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Festuca rubra  ssp. fra tercu lae .................
G astrolychnis apetala ssp. a r c t ic a ...........
 ssp. uralensis ....................................
— involucrata ............................................
 ssp. elatior ........................................
 ssp. tenella ........................................
— soczaviana ssp. ogilviensis ...............
— triflo ra  ssp. tlawsonii ............................
G entiana .........................................................
G entianales ............................................  139,
G entiananae .................................................
Gentianopsis detonsa ssp. raupii ...........
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— subsect. Hexapogon ...................

-------------- subsect. Oncocyclus.. ...................
— subg. Scorpiris ........................................
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 sect. Physocaulon ............................
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— ? heylandiana ................................  f m 400
— iberica ssp. lycotis ............................ f 214
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Isotom a .........................................................  f 105
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L aurentia   f 103
Leitneriales .....................................................  120
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— sect. Lepidium  ......................................... 20
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Lepyrodiclis h o lo s te o id e s ........................  f 300
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M allom onas triim m ensis   f 69
Malvales ...........................................................  128
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N em acladus   f 102
N epenthales .....................................................  137
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Nonnea caspica   f 307
-  persica   f 307

N ym pbaeales ...................................................  125
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— fernald ii .....................................................  520
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R a n u n cu la le s  ....................................................
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R h o d o d en d ro id eae  ...........................................
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Salica les ................................................................
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S ax ifrag a le s  .........................................................
S a x ifrag a n ae  .......................................................
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Scaevola  ............................................................ f
—  su av eo len s ....................................................
S co rzo n era  p ic r id io id e s .............................. f
S c ro p h u la r ia le s  .......................................  139,

IX
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— lin d s tro c m ii ................................................... 520
T h a lic tru m  iso p y ro id es   m  369
T h ea le s  ................................................................... 137
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T h la sp i ................................................................... 513
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T rio d a n is  .........................................................  f 98
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U rtica les  ................................................................. 128
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Epilobium L. Sect. Epilobium

A l f  Oredsson and Sven Snogerup

O r e d s s o n ,  A. & S n o g e r u p ,  S. 1975 07 08. Drawings of Scandinavian Plants 101—  
102. Epilobium L. sect. Epilobium. — Bot. Notiser 128: 1—7. Lund. ISSN 0006- 
8195.

Drawings and descriptions are given for E. hirsutum L. and E. parviflorum 
SCHREBER.

Alf Oredsson and Sven Snogerup, Department of Plant Taxonomy, University of 
Lund, 0. Vallgatan 18—20, S-223 61 Lund, Sweden.

In Scandinavia, Epilobium  L. sect. Epi­
lobium  is represented by nearly twenty 
species, sect. Chamaenerion  T a u s c h  by 
E. angustifolium  L. (not treated) only. 
F o r  practical reasons the species can be 
divided into four groups: (1) native
southern; (2) native northern; (3) na tu ­
ralized North American species; (4) 
escapes originating from New Zealand. 
Except for E. m ontanum  L. and E. colli­
num  C. C. G m e l i n  the species grow mainly 
in wet places, but many of them are also 
found in waste places where the most 
deviating forms are often found.

Self-pollination dominates in the sec­
tion but various intermediates are none 
the less known. They are easily recognized 
by the more or less reduced seed-setting 
often in combination with a long period 
of flowering. Such stands, which are 
probably of hybrid origin, are found 
primarily  in fens.

Hybrids that have been reported are 
mentioned, but ttie current survey con­
centrates upon the pure species. The 
descriptions have been prepared on the 
basis of material from ttie Scandinavian 
Herbarium  of Lund and observations 
made in nature. Morphological terms are 
according to S t e a r n  ( 1 9 6 6 ) .  Measure­
ments refer to the normal range of varia­
tion, as well as extreme values (in 
brackets). The drawings should be re- 
1

garded merely as examples, showing 
characters otherwise difficult to visualize.

According to R a v e n  (1968) the chrom o­
some num ber  is 2n =  36 in all species of 
the section, as fa r  as investigated. The 
standard  w ork by H u l t é n  (1971) accounts 
for most of the distributional records. In 
two recent papers by S k v o r t s o v  and 
R u s a n o v i t c h  (1974) and B e r g g r e n  (1974) 
the s tructure  of the seed surface is dis­
cussed on the basis of scanning electron 
microscopy. Scanning photomicrographs 
of seeds will be presented in our  final 
contribution to the curren t  series, as will 
also a complete list of the literature gone 
through and a key to the species.

O r e d s s o n  is responsible for the d raw ­
ings, S n o g e r u p  for the text.

101. Epilobiuin h irsu tum  L. 1753

Perennial herb, (30— )70— 150 (— 180) 
cm high. Stem usually richly branched in 
middle and upper  part, producing several 
usually 5— 20-flowered inflorescences.
Stolons hypogean, fleshy, white to reddish 
or brownish, usually 2—-4 mm thick, 5— 
50 cm long, with opposite, scale-like leaves 
of varying shape, at end rosuliferous or 
those produced late in au tum n ending in a 
±  swollen turion.

Stem terete or almost so, near the base 
4— 10 m m  thick, often with short,  in- 
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Fig. 101. E p ilo b iu m  h irsu tu m  L. —  A: Habit,  X 13 .  —  B: Stolons, X l /2 .  —  C: Stem node  
a n d  stem par ts  with  deviat ing  types of in dum en tum ,  X2.5. —  1): Cauline leaves, X l .  — 
E: Upper  leaves, X l .  —  F: Upper stem par t  and  leaves, X2.5. —  G: Bud, X l .  —  H: 
F lower,  x l .  — •!: Apical p a r ts  of capsules, X2.5. —  K: Style, X l -  — L: Petals,  X I .  —

M : Sepals, X2.5.
Bot. N otiser, vo l. 128, 1975
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conspicuous raised lines below the midrib 
of the leaves. Usually densely glandular- 
pubescent and with numerous patent, 
evenly distributed often slightly crispulate 
hairs, rarely the glandular hairs almost 
lacking and replaced by a dense covering 
of eglandular hairs; g landular hairs 0.15 
—0.30 mm, eglandular hairs 1.50— 2.50 
mm; falling off from older parts  of the 
stem.

Leaves usually all opposite, rarely a 
few upper ones alternate, all non-petiolate. 
Basal leaves soon withering; spathulate to 
lanceolate or ovate. Middle cauline leaves 
(40— ) 60— 120 (— 150) m m  long, (10— ) 15 
— 30 (— 40) mm broad, narrowly ovate or 
rarely lanceolate, semiamplexicaul and de­
current up to 10 mm, acute to apiculate, 
serrate with usually unequal, incurved 
teeth up to 1.5 m m  long, serration weaker 
in the basal part  of the margin. Upper 
leaves smaller, more lanceolate in form. 
Indum entum  of leaves patent to semi- 
patent,  hairs both glandular and egland- 
ular, usually slightly shorter than those 
on the stem, usually denser on the ahaxial 
side of the midrib.

Bracts large, leafy. Pedicels in hud 
erect, in flower and fruit erecto-patent.  
Buds ellipsoidal, mucronate. Sepals 8— 13 
mm, connate to 1.5— 2.5 m m  at base, 
narrow ly ovate, apiculate, green with ± 
reddish veins and margins, usually with 
glandular hairs only, rarely with ± dense 
eglandular hairs as well. Petals (10— ) 
15— 20 (— 22) mm, shallowly notched, 
purplish-red or rarely  more reddish-violet. 
Anthers 1.8—3.0 mm, long filaments 6— 9 
mm, short filaments 2.5— 5.0 mm, usually 
c. 1/2 as long as the long ones. Style 
longer than the stamens, stigma 4-lohed, 
lobes 3—-5 mm long, usually recurved in 
flower, rarely remaining erecto-patent.

Capsule stalk (6— )10— 15(— 20) mm.

Capsule (60— )75— 85 (— 90) mm, either 
glandular-hairy  only or  also with + dense 
eglandular hairs  up to 2 mm long. Seeds 
+ obliquely ovoidal, flattened on one side, 
1.0— 1.3 mm long, 0.5— 0.6 m m  broad, 
acute at base, neck inconspicuous, surface 
with c. 30 papillose longitudinal ridges, 
chalazal hairs c. 50— 60, 8— 12 mm long. 
F lower normally protandrous.

E. h irsutum  occurs spontaneously along 
ditches and the margins of streams and 
ponds as well as in some rich fens in S. 
Scandinavia, hut is also commonly in tro­
duced on different types of disturbed 
ground. It has a wide distribution in 
Europe, Asia, N. and S. Africa, and is 
widely spread as a casual established in 
N. America.

In Scandinavia E. h irsutum  is common 
in Denm ark and in Skåne, Sweden. There 
are m any localities along the coasts and 
in the lowlands of Västergötland, Öster­
götland, Södermanland and Uppland, and 
it has been locally in troduced in Norway, 
Sweden and F inland as far north  as c. 
62°N.

Known hybrids: with E. lamyi, m on­
tanum, parviflorum, roseum  and palustre.

102. E p i lo b iu m  p a r v i f lo r u m  Sc h r e b e r  
1771

Perennial herb, (15— )35— 90 (— 120) cm 
high. Stem in small specimens often simple 
with a single apical inflorescence, larger 
ones sparsely to richly branched  especially 
in the upper  part, producing several 3— 
20-flowered inflorescences. Basal rosettes 
either sessile or  especially in the au tum n 
on epigean stolons 0— 3(— 5) cm long, 
0.5— 3.0 mm thick, herbaceous hut reddish 
to reddish-violet, rarely  pale, with oppo­
site, scale-like, often spathulate leaves. 
Rosette leaves spathulate, often reddish, 
subglabrous.

Fig. 102. Epi lobium parvi f lorum  S c h r e b e r . —  A: Habit, X 1/3. —  B: Basal rosettes, 
X 1/2. —  C: Stem node and stem part with other type of indumentum, X2.5. —  D: Cauline 
leaves, X l .  —  E: Upper leaves, X l .  —  F: Upper stem part with leaves, X2.5. —  G: 
Buds, X 1. —  H: Flower, X I .  —  J: Apical parts of  capsules, X2.5. —  K: Style, X l -  —

L: Petal, X l .  -—■ M: Sepals, X2.5.
Bot. N otiser, vol. 128, 1975
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Stem terete or almost so, near the base 
1— 8 mm thick, often with short, in­
conspicuous raised lines below the midrib 
of the leaves, with a usually dense in­
dum entum  of eglandular, patent but ±  
crispulate hairs 0.6— 1.2 nun long and in 
the upper part also glandular hairs 0.2— 
0.3 mm long, indumentum persistent on 
older parts of the stem though less 
dense.

Leaves usually opposite in basal and 
middle parts, alternate above, rarely all 
±  markedly alternate. Basal leaves soon 
withering, spathulate to narrowly ovate, 
rarely  elliptical to ovate, usually only 
10— 15 nun long, entire to sparsely serrate, 
usually obtuse; petiole up to 15 mm long. 
Middle cauline leaves (20— )40— 120 (— 
140) nun long, (7— )10— 20 (— 30) mm 
broad, usually narrowly ovate, rarely very 
narrowly ovate, ovate or lanceolate, acute 
to apiculate, serrate with usually unequal, 
patent or ±  incurved teeth up to 1.3 mm 
long, serration weaker towards the base; 
never decurrent, petiole 1— 3(— 5) nun 
long. Upper leaves gradually becoming 
smaller with longer petioles. Indum entum  
lacking or sparse on the basal leaves, on 
the middle cauline leaves consisting mainly 
of evenly and ± dense eglandular, patent 
to semi-patent,  ± crispulate hairs usually 
0.2— 0.5 m m  long, on the upper leaves 
fewer eglandular hairs but also ± dense 
g landular hairs.

Bracts large, leafy. Pedicels in bud 
erect, in flower erect to erecto-patent,  in 
fru it  erecto-patent.  Buds ellipsoidal, ob­
tuse, short-mucronate. Sepals (3.5— )5.0—
7.0 (— 7.5) mm, connate to 1.2— 2.0 (— 3.0) 
m m  at base, ovate to narrowly ovate or 
rarely  lanceolate, acute to apiculate, green 
with + reddish margins and veins, usu­
ali}- with eglandular hairs only, more 
densely hairy towards apex. Petals (5— ) 
7— 9(— 11) mm, with a sharp, 1.5— 2.5 
nun deep notch, purplish-pink to reddish- 
violet. Anthers 0.6— 1.0 mm, long fila­
ments 3—6 mm, short filaments 1.8— 4.0 
Bot. N otiser, vol. 128, 1975

mm, usually c. 2/3 as long as the long 
ones. Style about equal in length to the 
long stamens, stigma 4-lobed, lobes 1.5—
2.0 mm, flat, usually remaining erecto- 
patent in flower.

Capsule stalk (7— )12— 15(— 25) nun. 
Capsule (40— )50— 60 (— 75) mm long, 
either with glandular hairs only or with 
both glandular hairs 0.1— 0.2 mm long, 
and eglandular 0.5— 1.5 mm long, rarely 
witli eglandular hairs only or subglabrous. 
Seeds obliquely obovoidal to almost 
ellipsoidal, flattened on one side, 0.9— 1.2 
mm long, 0.45— 0.55 mm broad, obtuse at 
base, neck inconspicuous, surface densely 
papillose, bu t papillae not in visible lines, 
chalazal hairs c. 35— 50, (5— )6— 7(— 8) 
mm long. Flower homogamous.

E. parviflorum  occurs along ditches, 
banks of streams and shores of ponds 
and lakes as well as in some rich fens 
and on open ground, wet fields and dif­
ferent types of disturbed ground, mainly 
on rich soils. Its spontaneous distribution 
includes Europe, W. and SW. Asia and 
N. Africa, but it has also been reported 
as a casual in other areas and as na tu ­
ralized in N. America.

In Scandinavia E. parviflorum  is com ­
mon in Denmark, in the Swedish provinces 
of Skåne, Öland, Gotland and eastern 
Södermanland and Uppland and on Aland. 
In other parts of C. and S. Sweden the 
species is scattered. It does not occur 
spontaneously north  of 61 N. It has only 
been reported from isolated localities on 
the mainland of F inland and in the Oslo 
area of Norway.

Known hybrids: with E. hirsutum, ro­
seum, palustre, obscurum, lamyi, adnatum,  
adenocaulon  and glandulosum.
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Revision o f the Genus Cardamine L. (C ruciferae) 

in  South and Central America

Bo Sjöstedt

S j ö s t e d t ,  B. 1975 07 08. Revision of the genus Cardamine L. (Cruciferae) in 
South and Central America. — Bot. Notiser 128: 8—19. Lund. ISSN 0006-8195.

From South and Central America and the West Indies 97 species of Carda­
mine  have been described. The following taxa are recognized: C. africana L., 
C. bonariensis Juss. ssp. bonariensis and ssp. eremita ( S t a n d .  & S t e y e r . )  B o  
S j ö s t e d t  comb, now, C. chenopodiifolia P e r s . ,  C. geraniifolia ( P o i r . )  DC. and 
C. glacialis ( F o r s t . )  DC. C. chenopodiifolia and C. geraniifolia show a narrow 
amplitude of variation, while the others are more complex. Other names of 
species are reduced to synonymy.
Bo Sjöstedt, Agricultural College of Sweden, Division of Plant Breeding, Balsgård, 
S-291 90 Kristianstad, Sweden.

The nam e Cardamine  appeared for the 
firs t time in lite ra tu re  in 1549 in L iber II 
by J a k o b  C o u p y l o . L i n n a e u s  established 
the genera Cardamine and  Dentaria 
(1753). C r a n t z  (1769) united these two 
genera under the nam e of Cardamine L. 
F o r  m ore detailed studies of the h istory  
of the genus Cardamine up to 1903 see 
S c h u l z  (1903 pp. 280— 624). He con­
sidered this genus to have 117 species 
d istribu ted  in all the continents.

In  South and  Central America S c h u l z  

distinguished 27 species of Cardamine  
w hich he considered to belong to the sec­
tions Cardamine, P aphyrophyllum  and 
Macrocar pus. T hree of these species he 
had  described him self. At the same tim e 
he gave 41 o ther species of this genus the 
ran k  of subspecies or form . E. G ilg  and 
R. Mu sc h l e r  (1909) reported  23 new 
species of Cardamine from  this area. But 
these au thors drew  attention  to the fact 
th a t only eleven of those species had  been 
defined. Since 1903 ten o ther species of

Cardamine from  South and Central 
America and the W est Indies have been 
described. Up to now 37 species of this 
genus have been held to exist in this area.

T he au tho r, who has carried  out a 
detailed exam ination  of extensive m ate­
rial (850 specim ens), distinguishes five 
d ifferen t species, C. af ricana L., C. bona­
riensis JU SS. ex. P e r s . ,  C. c h e n o p o d i i f o l i a  

P e r s .  and  C. glacialis ( F o r s t . )  DC. which 
belong to the section Cardamine and C. 
geraniifolia  (PoiR.) DC. which belongs 
to the section Macrocarpus. According to 
S c h u l z  species of section Cardamirte have 
short siliquae and thin placentae while 
the section Macrocarpus  O. E. Seit, is 
d istinguished by long siliquae and thick 
placentae.

The H erbaria  cited are abbreviated 
according to HOLM GREN ct K e u k e n , Index 
H erbario rum  (1974). A list w ith localities 
of specim ens can he ordered from  the 
au thor.

KEY TO THE CARDAMINE SPECIES IN SOUTH AND CENTRAL AMERICA 
AND THE W EST INDIES

1. Species with fruits under and above soil ................................................. C. chenopodiifolia
1. Species with fruits above soil only ...........................................................................................  2
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2. Leaves d o u b ly  o r  sim ply  p in n ate , deeply  incised. Seeds 3.0— 3.2 m m  long . C. geraniifo lia
2. Leaves sim ply  p in n a te  ................................................................................................................................... 3
3. All leafle ts a like  .......................................................................................... C. bonariensis  ssp. erem ita
3. L atera l an d  te rm in a l leafle ts d iffe ren t ................................................................................................  4
4. Seeds a lw ay s longer th a n  2.0 m m . Siliquae 16— 65 m m  long. P e ta ls w h ite— purp le, 

2— 14 m m  long. L eafle ts tr ia n g u la r— ovate— lin ear. L eaf m arg in s se rra te — d e n ta te — 
crenate . L eafle ts o ften  m u cro n a te  ..................................................................................... C. africana

4. Seeds 1.8 m m  or sh o rte r. S iliquae 7— 35 m m  long. P e ta ls  a lw ays w hite, 2.5— 10 mm 
long. L eafle ts ro u n d e d — ellip tic— linear. L eaf m arg in s c ren a te— u n d u la te— en tire . L eaf­
lets se ldom  m u cro n a te  ................................................................................................................................  5

5. W ith  b racts. Seeds 0.8— 1.2 m m  long ..................................  C. bonariensis  ssp. bonariensis
5. W ith o u t b racts. Seeds 1.4— 1.8 m m  lo n g ........................................................................... C. glacialis

1. C. africana L.

L i n n a e u s  ( 1 7 5 3 )  Spec, p lan t, ed. 1, II p. 
6 5 5 .  —  L ecto type: H e r m a n n  ( 1 6 9 8 )  P a ra ­
d isus R atavus Fig. p. 202.

ICONS: P l u k e n e t  (1696) P h y to g ra p h ia  p. 
252. —  P. H e r m a n n  (1698) P a ra d isu s  B a ta ­
vus p. 202. —  S.u. C. borbonica  P e r s ., W i g h t  
(1843— 45) le. PI. Ind. Or. I l l  t. 941. —  S.n. 
C. corym bosa  H o o k , f i l ., H o o k e r , I c . PI. 
Ind . Or. VII t. 686. —  S.n. C. borbonica  
P e r s ., W i g h t  (1846) Spicil. N eilgher I t. 9. —
S.n. C. picta  H o o k ., H o o k e r  (1847) L ondon  
Jo u rn . Rot. VI t. 12. —  S.n. C. Ja m eso n ii  
H o o k ., E n g l e r  (1903) bot. Ja h rb . XXXX1I t. 
7 Fig. 52. —  S.n. C. J o h n s to n ii  O l i v ., E n g l e r  
(1903) bot. J a h rb . XXXII t. 6 Fig. 37. —
S.n. C. ch ilensis  DC., E n g l e r  (1903) hot. 
Ja h rb . XXXXI t. 9 Fig. 4. —  K o o r d e r s  
(1912) E x k u rsio n sfl. II p. 289. —  F y s o n  
(1915) Nilgiri et P u ln ey  H illtope II 13. —  
L. B o l u s  (1923) N atu re  N otes W ild. F l. P ro t. 
Soc. S. A frica No. 2. —  S.n. C. ovata  B e n t h ., 
R o l l i n s  (1945) A nnals o f the  M issouri Bot. 
G arden  35 p. 100.

SYNONYMS: C. borbonica  P e r s .  (1807) 
Syn. II p. 195. —  C. a n ten iq u a n a  B u r c h .  
( i 821 ) a p u d  DC. Syst. Nat. II p. 252, n om en  
fa lsum . —  C. terna ta  B o r y .  (1821) a p u d  DC. 
Syst. Nat. II p. 252, nom en  nu d u m . —  C. rubi- 
fo lia  S m i t h  (1821) ap u d  DC. Syst. Nat. II p. 
252, n om en  n udum . —  C. ch ilensis  DC. (1821) 
Syst. Nat. II p. 254. H olo type: R uiz  et P a v o n  
n. 1104 ( B M )  I —  C. B u rchelli S p r e n g e l  
(1825) Syst. vet. p. 886. —  C. W igh tiana  
W a l l i s h  (1828) C atal. n. 4780, nom en n u ­
dum . —  C. allevia  C o . m m e r s .  (1832) ap u d  
DC. Syst. Nat. II p. 252, n om en  nu d u m . —  
C. ova ta  B e n t h .  (1845) P lan t. Ilartw eg . p. 
158. H olo type: H a r t w e g  n. 881 ( K ) !  —  C. 
obliqua  H ö c h s t .  (1847) a p u d  A. R i c h a r d ,  
T ent. FI. Abyss, p. 196. —  C. picta  H o o k .  
(1847) Jo u rn a l o f Arn. Arb. Lond. Jo u r. Bot. 
VI p. 292 T ab . 12. H olo type: P u r d i e  coll. 
1846. —  C. Ja m eso n ii  I I o o k .  (1847) Lond. 
Jo u r. Bot. VI p. 293. H olo type: J a m e s s o n  n.

88 (NY) ! Iso type: (BM) ! —  C. arm oracio ides  
T u r c z . (1854) Bull. Soc. Im p. N at. M oscou 
XXVII p. 293. H olo type: L i n d e n  n .  1416 
(C harkow ). Iso types: (BM, K) ! —  C. neva- 
densis  T u r c z . (1854) Bull. Soc. Im p. Nat. 
M oscou XXVII p. 295. H olo type: F u n c k  & 
S c h l i m  n .  1542 (P)! —  C. p un icea  T u r c z . 
(1854) Bull. Soc. Im p. Nat. M oscou XXVII 2: 
295. H olo type: F u n c k  et S c h l i m  ii. 1542 (G).
—  C. to lim en sis  P l . & L i n d . (1862) A n n .  Sei. 
Nat. Ser. IV: 17 p. 59. H olo type: G o u d o t  (P) !
—  C. ibaguensis  T r . & P l .  (1862) in Ann. 
Sci. Nat. Ser. IV 17 p. 60. —  C. pu lchra  
L i n d . & P l a n c h  Pl. C oulom b 12. —  C. java- 
nica  M iq. (1873) Illu str. FI. A rchip. Ind. 17
T ab. 10. —  C. Jo h n sto n ii  O l i v e r  (1887)
T ran sac t. L inn. Soc. Lond. Ser. 2 p. 328. 
H olo type: J o h n s t o n  ex. coll. in K ilim an d ja ro  
1884 (K) ! —  C. speciosa  B r i t t o n  (1889) Bull. 
T orr. Bot. Club. 16 p. 16. H olo type: R u s b y  n .  
1199 (NY) ! —  C. L eh m a n n i H iE R O N . (1895)
Engl. bot. Ja h rb . 20 B eib la tt 49 p. 16. H olo­
type: L e h m a n n  ii.  4759 (B). Iso types: (K, 
S) ! —  C. ecuadorensis  I I i e r o n .  (1895) Engl, 
bot. J a h rb . 20 B eib la tt 49 p. 19. H olotype: 
L e h m a n n  n . 4826 (B) ! —  C. fu lcra ta  G r e e n e  
(1897) P itto n ia  III p. 155. H olo type: P a l m e r  
n. 4989 (B). Iso ty p es: (BM, C. K, P. SI! — 
C. A scherson iana  (). E. Sen. (1903) Engl. bot. 
Ja h rb . 32 p. 410. H olo type: G o l l m a r  n. 3 6 9  
(B). —  C. inn o va n s  (). E .  Sen. (1903) Engl, 
bot. J a h rb . 32 p. 417. —  C. B radei O. E. Sen. 
(1923) N o tizb la tt V III p. 328. H olo type: A. C. 
B r a d e  n. 2305 (B). —  C. p o rp h yro p h y lla  
E k m a n  (1925) F ed d e ’s R ep erto riu m  21:62. 
H olo type: E k m a n  ii. 18502 (S)! —  C. A lbertii 
O. E . S c h u l z  (1927) N otizb la tt B erlin  p. 342. 
H olo type: K i l l i p  et S m i t h  ii .  15595 |B ). Iso- 
type ( K ) ! —  C. ocoana  O. E. S c h u l z  (1933) 
F ed d e ’s R ep erto riu m  32 p. 84. H olo type: E k ­
m a n  n .  11702 ( S ) !  —  C. rh izo m a ta  R o l l i n s  
(1940) Jo u rn . Arn. 21 p. 392. H olo type: C. V. 
P e n l a n d  et R. II. S u m m e r s  i i . 870 (GH) ! — 
C. je ju n a  S t a n d l .  & S t e y e r m .  (1944) F ield. 
Mus. Bot. 23 p. 54. H olo type: S t a n d l e y  ii. 
50569 (F) ! —  C. balneriana  S t a n d l .  &
S t e y e r m .  (1944) F ie ld . Mus. Bot. 23 p. 157. 
H olo type: S t a n d l e y  i i . 83332 (F)!
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Perennial herb with a suffruticose root 
up to 6 mm thick. Stolons sometimes 
occur. The whole plant glabrous or more 
or less covered with hairs. Stem more or 
less branched, mostly pale green or very 
seldom purple at the base, 2— 9 dm high. 
Leaves pale to dark  green, sometimes 
purple below, pinnate, 3— 13 leaflets on 
each leaf. Lower leaves petiolate. Upper 
leaves mostly sessile. Leaflets lanceolate—  
triangulate—ovate— elliptic, apex obtuse 
or mucronate. Terminal leaflets a l ­
ways petiolate, cuneate— truncate, seldom 
rounded at base, 2— 14 cm long, 1— 4 cm 
broad. Margins of the leaflets serrate— 
dentate— crenate.

Inflorescence racemose, with or w ith ­
out bracts. Sepals green to , , ' e, with
transparent margins, oblong— elliptic, gla­
brous or very seldom hairy, 2— 6 mm 
long. Petals white— pinkish— purple, short- 
petiolate, oblong— spathulate, 2— 14 mm 
long. Peduncles 2— 23 mm long. Ripe 
siliquae lb—65 mm long, 1— 3 111111 broad. 
Pedicels 8—37 111111 long. Styles 1—6 111111 

long. Seeds reticulate, elliptic, 2— 3 111111 

long, 1— 2 111111 broad.

L i n n a e u s  (1753) described C. of ricana, 
but as early as 1696 this species had been 
made known through P l u k e n e t . He gave 
the following description: “Nasturtium
Africanum floribus albis spicatis et foliis 
ternis Christophorianus facie.” I 11 Phyto- 
g raphia there is also a picture of C. afri- 
cana L. but this is ra ther  indistinct. 
P l u k e n e t  had collected the reproduced 
specimen in Hortus Reg. Hampton. P a u ­
l u s  H e r m a n n  (1698) gave a detailed 
description of this species and fu r the r ­
more made an excellent picture of C. 
a fricana  L. in Paradisus Ratavus, chosen 
here as lectotype. L i n n a e u s  in his descrip­
tion referred to H e r m a n n ’s picture.

D e  C a n d o l l e  (1821) described C. chi- 
lensis and emphasized that the species 
had hairy leaflets with crenate margins, 
while C. africana  L. had glabrous leaflets 
with serrate margins. Rut in his descrip­
tion L i n n a e u s  did not mention whether

the leaves of C. africana  L. were hairy 
or not (cf. Fig. 1). B e n t h a m  (1845) 
studied specimens of Cardamine from 
Colombia and on the basis of tha t  mate­
rial described C. ouata. He pointed out 
that the margins of the leaflets of that 
species were incisedly dentated as opposed 
to those of C. africana  L. which were 
dentate. B e n t h a m  said further :  “Raceme 
seldom is furnished with leaves.” In spite 
of this statement S c h u l z  distinguished 
between C. ouata B e n t h . and C. africana 
L. by saying that the form er always had 
bracts, the latter never.

T u r c z a n i n o v  (1854) described C. neua- 
densis T u r c z . 011 the basis of a specimen 
with white flowers from the state of 
Merida in Venezuela. In the same year he 
studied another  specimen of Cardamine 
from Merida, but this had violet flowers, 
and he considered it to be a new species: 
C. punicea  T u r c z . (cf. fu rthe r  discussion). 
F u rthe rm ore  T u r c z a n i n o v  said in his 
description: “due to the fact that the
flowers are violet to purple coloured it is 
allied to C. picta  H o o k . ” . He consequently 
realized that C. punicea  T u r c z . and C. 
picta  HOOK, were closely related, but did 
not consider them to be the same species. 
H i e r o n y m u s  (1895) described C. Leh- 
manni I I i e r o n . based 011 a specimen from 
the province of Cauca in Colombia. He 
said that it was allied to C. ouata B e n t h ., 

C. angulata  H o o k , and C. fulcrata  G r E e n e , 
which indicates that earlier delimitations 
of the species within C. africana  L,. have 
been to narrow.

S c h u l z  (1903) described C. innouans  
(). E. Sen. He also argued that it was 
allied to C. fulcrata  G r e e n e  but that it 
differed in its leafless raceme (cf. C. ouata 
B e n t h . ) .  In 1928 S c h u l z  described C. al- 
bertii (). E. S c h . based on a specimen 
from the province of Santander in Colom­
bia. He argued that the species was closely 
allied to C. Jamesonii  H o o k , from which 
it differed in having 1— 2 pairs  of leaf­
lets and smaller flowers. The latter has 
up to 4 pairs of leaflets on each leaf. In
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Fig. 1. L eaves o f  South  and Central A m er ica n  sp ec im en s  o f  C a r d am i ne  af r i cana.  —  
A: E k m a n  n. 5431. —  R: B u c h t i e n  i i . 455 (as C. ova t a) .  —  C: A s p i u n d  n. 7554 (as 
C. ova t a) .  —  D: v o n  S n e i d e r n  n. 1781, (as C. J am es o n i i ) .  —  E: M o s é n  n. 395. —  F: 
v o n  T ü r c k h e i m  n. 3030. —  (i: E k m a n  ii.  11702 (as C. ocoana) .  —  II:  E k m a n  ii. 10110 

(as C. Ja me s on i i ) .  —  I: E k m a n  n. 10054 (as C. J a m e s o n i i ) . —  All X0.5 .

my opinion C. Albertii O. E. S c h u l z  is 
more closely related to C. ovata  B e n t h . 
than to C. Jamesonii H o o k . S c h u l z  (1933) 
studied specimens of Cardamine f rom  
Haiti and on the basis of these described 
a new species, C. ocoana O. E. S c h u l z . 
Among other things he , ‘ed out that 
this species often produced rosette leaves

from stolons. He considered this species 
to he allied to C. Jamesonii  H o o k ., dif­
fering from the form er in having larger 
lateral leaflets distinctly lobed and with 
long petioles. S t a n d l e y  and S t e y e r m a r k  
(1944) described C. balneriana  S t a n d . & 
S t e y e r . on the basis of a specimen col­
lected in Guatemala. They said, among

Fig. 2. L eaves  o f  African sp ec im en s  o f  C a r d a m i n e  af r icana.  —  A: H a f s t r ö m  n. 511. —  
R: O. H e d b e r g  n. 1531. —  C: F r i e s  & F r i e s  n. 1179 (as C. J ohns t on i i ) .  —  I): E k b l o m  
ii . UHL —  E: E. S c h e l p e  n. 2718 (as C. J o h n s t o n i i ) . —  F: Y. S j ö s t e d t  (as C. Hol t z i ana) .

—  Alt X 0.5.
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o t h e r  t i l in g s ,  t h a t  it w a s  a n  u n u s u a l l y  
d i s t i n c t l y  s e p a r a t e  sp e c i e s ,  w i t h o u t  d o u b t  
r e la t e d  to  C. fu lcra ta  G r e e n e  a n d  C. in n o ­
vans  O. E . S c h u l z ,  b u t  d i f f e r i n g  f r o m  
b o t h  in th e  g r e a t  n u m b e r  o f  le a f le t s .

D ISCUSSIO N  BASED ON H ER B A R IU M  
MATERIAL. C. a fr icana  L. show s very  
b ro a d  am p l i tu d e s  of v a r ia t io n  in b o th  
f lo ra l  a n d  vegeta tive cha rac te rs .

S tem .  T h e  leng th  of the stem varies 
as a ru le  be tw een  20 an d  90 cm. B ut on  
one label is w ri t ten :  “ I i e rb a  caule  tenui-  
p ro lo ng a  15-pedali subvo lub il i .” (On 
C h im borazo  in Ecuador.)

Leaves. T h e  low er side of the leaves 
is u su a l ly  green, ra re ly  p u rp le  as in the 
case of the spec im en  E k m a n  n. 18502. 
E k m a n  co n s id e red  th is  d ivergence to be 
so im p o r t a n t  th a t  be described  the new 
species C. p o r p h y r o p h y l la  E k m a n  on the 
basis o f  th a t  specim en. B ut it w as  a 
m odif ica t ion  (growing on  cliffs). C or­
re s p o n d in g  chang es  of co lou r  have  been 
observed  by  m e on p lan ts  of C. cheno-  
podii fo l ia  P e r s .  an d  C. h irsu ta  L., w hich  
I have  g ro w n  in san d  exposed  to sun. 
Both  d e  C a n d o l l e  and  B e n t h a m  tr ied  
to s e p a ra te  species of Cardam ine  on the 
basis  of the  fact th a t  the m arg in s  of the 
leaflets  cou ld  be se r ra te  o r  den ta te ,  b u t  I 
have  fo u n d  b o th  types  of se r ra t io n  on one 
and  the  sam e  spec im en  in th ree  cases, 
viz. H o l m  et I l t i s  n. 5444 (P ) ,  A s p l u n d  
n. 20302 (S) an d  H e y d e  et L u x e  n. 2993 
(B, K ) .

Petals.  T h e  leng th  of the  petals  also 
show s  co n s id e rab le  varia tion ,  2.5— 14 111111. 
T h e  c o lo u r  varies  f ro m  w hite  to p in k  or 
violet, (note L e h m a n n  11. 4825 collected 
in Loja ,  E c u a d o r :  “Bliiten weiss oft ro sa .” 
S h o r te r  p e ta ls  a re  u sua l ly  w hite ,  w hile  a 
violet co lo u r  is m o re  f req u en t  in longer 
ones. S p ec im ens  w ith  3 o r  5 leaflets on 
each leaf o f ten  h av e  sh o r te r  (2.5— 9 mm ) 
peta ls  th a n  those  w i th  seven o r  m ore  (4—  
14 m m ),  bu t  the re  is a grea t  a m o u n t  of 
o v e r la p p in g  (Fig. 3).
Bot. N otiser, vo l. 128, 1975
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Fig. 3. Length of petals of specimens of 
Cardamine africana w ith varying num ber of 

leaflets on lowest stem-leaf).

C. a fr icana  L. h as  a co n tinu ou s  v a r ia ­
tion as reg a rd s  the  shape  an d  size of 
pe ta ls  a n d  leaves, a n d  I the re fo re  c o n ­
sider th is  species to be a complex.

D IS T R IB U T IO N . C. afr icana L. is a 
p a n tro p ic a l  species. It also o ccurs  in 
Mexico, Africa, In d ia  and  the  E ast  Indies. 
It is s t r ik in g  th a t  C. afr icana L.  in Africa 
a n d  the E as t  Ind ies  is very  s im ila r  to 
those o ccu r r in g  in South  A merica (cf. 
Figs. 1 a nd  2).

2. C. bonariensis J u s s i e u  ex P e r s .

P e r s o o n  (1807) Syn. II p. 185. —  Holojype: 
i n  J u s s i e u ’s  h e r b .  (I*!).

ICONS: O .  E. S c h u l z  (1903) Engler b o t .  
Jahrb . I. 10 Fig. 2. s.n. C. flaccida C h a m .  & 
S C H L .

SYNONYMS: C. flaccida C h a m .  & S c h l .  
(1826) L innaea I p. 21. — C. nasturtoides 
B e r t e r o  (1829) Merc. Chit. p. 600, nomen 
nudum. —  C. lierro S t e u d .  (1840| Nomenel. 
Bot. 2 ed. I p. 280. nomen nudum. — C. 
nasturtifolia S t e u d .  (1840) I.e., nomen nu­
dum. — C. hirsuta H o o k .  & A r n .  (1841) Bot. 
Beecheys Voy. non L. — C. taxa B e n t h .  
(1845) PI. Hartweg. p. 158. Holotype: H a r t -  
W E G  n. 880 (BM) ! — C. ramosissima S t e u d e l  
(1856) F lora XXXIX p. 409. — C. minima  
S t e u d e l  (1856) F lora XXXIX p. 410. Holo­
type: L e c h l e r  i i .  1811 (K)! — C. alsophila
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P h .  (1859— 60) Linnaea XXX p. 186. —  C. de­
missa  PL. & Tr. (1862) Anal. Sc. Nat. ser. 
XVII p. 60. —  C. axillaris W e d d .  (1864) 
Anal. Sc. Nat. 5 ser. I p. 291. Holotype: in 
SCO! —  C. marginata  Pu. (1865) Anal. Univ. 
Chii. XXVII p. 324. H olotype: SCO n. 49376 
(SCO)! —  C. andicola  P h .  (1891) Verzeich. 
Pfl. Prov. Antofagasta. H olotype: in SCO! —  
C. bracteata P h .  (1893) Anal. Univ. Chil. 
LXXXI p. 85. Holotype: in SGO! — C. micro-  
petala  P h .  (1893) Anal. Univ. Chil. LXXXI 
p. 76. Holotype: SGO n. 49306. —  C. caespi-  
tosa  P h .  (1893) Anal. Univ. Chil. LXXXI p. 
79. Holotype: in SGO! —  C. tridens  P h .  (1893) 
Anal. Univ. Chil. LXXXI p. 79. H olotype: SGO 
n. 63882 (SGO;! —  C. Killipii  O. E. S c h u l z  
(1927— 28) Notizblatt Bot. Gart. Berlin 341.

DIAGNOSTIC CHARACTERS OF C. BONAR IE Î 

ssp. bonariensis  

Perennial herb.

Stem ±  hairy, 4— 60 cm high, weak, usually  
creeping.

Leaves petiolate, leaf stalk up to 4 cm long.

3 to 9 leaflets on each leaf.

L eaflets petiolate, linear— ovate, cuneate—- 
truncate at base, apex obtuse— m ucronate.

Leaf m argins dentate— lobate— entire.

Term inal and lateral leaflets not alike. 
Terminal ones cuneate— truncate at base,
5— 20 m m X 4— 19 mm. Lateral ones 
cuneate— oblique at base, 2— 13 m m X  
1.5— 10 in in.

Inflorescence with bracts, racem e.

Sepals pale green, oblong— elliptic, 1.3— 2.2 
mm long.

Petals white, oblong— spathulate, 2.5— 5.0 
min long.

Siliquae 7— 22 mm X 0.8 mm.

Style 0.8— 1.7 nun long.
Seeds flat, ellipsoid, reticulate, 0.8— 1.2 nnnX  

0.6— 0.9 in in.

H olotype: n. 15596 E. P. K i l l i p  et C. S m it h
(NY) !

Nasturtium turfosum  K u n z e  apud W a l p . 
(1843) Nov. Act. Acad. Caes. Leop.-Carol. 
XIX 1 Suppl. 247. —  Nasturtium radicans  
W a l p . I.e.

C. b o n a r ie n s is  Juss .  ex P e r s .  co n s is ts  
o f  tw o  su bspecies ,  viz. ssp. bo n a r ie n s is  
and ssp. e re m i ta  ( S t a n d l .  & S t e y e k . )  
B o  S j Ö s t e d t .  C o m m o n  to the tw o  taxa  
is that they  are peren n ia l  herbs,  that  
th e y  ha v e  sp athu la te  petals  (over lapp in g  
lengths)  and petio late  leaves.

SIS SSP. BONARIENSIS AND SSP. EREMITA 

ssp. eremita  

Perennial herb.

Stem glabrous, 3— 20 cm high, not creeping.

Leaves petiolate, leaf stalk up to 1.5 cm long. 

5 to 7 leaflets on eacli leaf.

Leaflets sessile, linear— lanceolate, cuneate at 
base, apex obtuse— mucronate.

Leaf m argins entire.

All leaflets alike, 3— 7 m m X l— 2.5 mm.

Inflorescence w ithout bracts, raceme.

Sepals pale green with white m argins with a 
purple tinge, oblong, 2.5 mm long.

Petals white, spathulate, 5— 6 mm long.

Siliquae 20— 27 nun X 10 111111.

Style 1— 1.8 mm long.
Ripe seeds not seen.

T h e  greatest  d if fe re n c e  be tw een  the  
tw o  taxa  is that in C. b o n a r ie n s is  Juss.  ex  
P e r s .  the lateral and term in a l  lea f le ts  
d if fer ,  w h ile  all lea f le ts  o f  C. e r e m i ta  
S t a n d l .  <£ S t e y e r .  are alike.  I cons ider  
this d if feren ce  to be too  u n im p o rta n t  to 
d is t in g u ish  b etw een  tw o  sp ec ies ,  but 011 

the o ther  han d  I co n s id er  them  to b e lo n g  
to d if feren t  su bspecies .  T h e  fo rm er  a l ­

w a y s  g r o w s  in d a m p  p laces  su ch  as a long  
b rooks  a nd  in m o is t  m ea d o w s ,  w h ile  the  
latter g r o w s  011 c liffs.

C. bonariensis Juss. ex P e r s .  ssp. bonariensis

D IS C U S S IO N  B A S E D  M A IN L Y  ON  
D E S C R IP T IO N S . P e r s o o n  and J u s s i e u  
(1807) descr ib ed  C. b o n a r ie n s is  Juss.  ex
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basis of a specimen inP e r s .  on the 
J u s s i e u ’s herbarium  collected in Buenos 
Aires. 1 wish to point out the following 
information in the description: “lower
leaves 3-foliate, leaflets almost rounded, 
upper leaves obtuse, trilobate, flowers 
axillar.” O. E. S c h u l z  looked upon C. 
bonariensis Juss. ex P e r s .  as a subspecies 
of C. flaccida  C h a m . & S c h l . ,  but this 
species was not described until 1826. 
According to present rules of nomenclature 
C. bonariensis Juss. ex P e r s .  is the correct 
name of this species. In the diagnosis for 
C. flaccida C h a m . & S c h l .  the following 
should be noted: “Raceme always with 
axillar leaves at the base.” The leaflets 
are irregularily eremite and 3— 7, but the 
authors added tha t the leaflets are very 
variable (cf. Fig. 4). B e n t h a m  (1845) 
studied Cardamine specimens from the 
province of Cauca in Columbia and on 
the basis of these described C. I ax a B e n t h .  
The description said among other things: 
“Leaflets 3— 7, petiolate, reniform— ovate 
— oblong”, so the num ber of leaflets is 
the same as in (l. flaccida  C h a m .  & S c h l . ,  
while some leaflets are almost round as 
in C. bonariensis s.str. S t e u d e l  (1856) 
described C. ram osissim a  S t e u d e l  (from 
Chile). This species had 3— 5 leaflets on 
each leaf and they are crenate or entire. 
S t e u d e l  (1856) also distinguished C. m i­
nima  S t e u d .  as a new species. This spe­
cies also has 3 or 5 leaflets on each leaf. 
They were almost round with entire leaf 
margins.

DISCUSSION BASED ON HERBARIUM 
MATERIAL. The num ber of leaflets on 
each leaf varies from 3— 9 on the lowest
Bot. N otiser, vo l. 128, 1975

Fig. 4. Leaves of Garcia nine bo­
nariensis.  —  A :  SKOTTIBERG 11. 
251 (as C. flaccida).  — B F a g e r - 
l i n d  n. 2040. —  C: H a m m a r l u n d  
n. 156 (as C. flaccida). —  1): 
S p a r r e  ii . 348 (as C. )lacc ida ). 
—  E: F a g e r l i n d  n. 972. —  F: 
S k o t t s b e r g  ii . 435 (as C. flac­
cida).  —  G: S p a r r e  n. 2260 (as 
C. flaccida).  —  A l l  X0.5.

inflorescence always has 
bracts. The length of the petals varies 
from 2.5 to 5.0 mm. The length o f  the 
siliquae shows a wide am plitude of v a r ia ­
tion (7—-30 mm).

DISTRIBUTION. C. bonariemis ssp. 
bonariensis occurs from El Salvador in 
the north to Chile in the south a n d  in 
Brazil, Uruguay and Argentina. It grows 
along brooks or in dam p meadows from 
50 to 4,500 in.

F  /

Fig. 5. Cardamine bonariensis  ssp. eremita  
(holotype, F ).
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C. bonariensis J u s s .  ex P e r s .  ssp. erem ita 
( S t a n d l .  & S t e y e r . )  B o  S j ö s t e d t

C. eremita S t a n d l e y  & S t e y e r m a r k  (1944) 
Field. Mus. Pub .  Bot. 25 :53  1944. — Holo- 
type: J. A. S t e y e r m a r k  n. 50143 (F)!

DISTRIBUTION. This subspecies has 
only  been found in the m ountains of

I -,
Cuchumatanes in the central parts of
Guatemala at 3,300— 3,700 m. on c liffs  in 
a pine forest.

Guatemala: S t e y e r m a r k  n. 50143, 51075 
s.n. C. eremita S t a n d e .  & S t e y e r m .  Dept. 
H uehuetenango:  between T ojqu ia  a n d  Caxin 
bluff,  sum m it  o f  Sierra de los C uchum ananes ,  
alt. 3,700 m. On dry  rocks and  grassy slopes 

i covered by Pinus Montezumae  var. rudis
6 VIII 1942. (F).

3. C. chenopocliit'o lia  P e r s .

P e r s o o n  (1807) Syn. II p. 195. —  Holo- 
type: C o m e r s s o n  (P)!

SYNONYMS: Heterocarpus fernandeziana
P h i l i p p i  (1856) in Bot. Zeit. XIV p. 641 et 
Anal.  Univ. Chil. p. 164. P h o to type  in SGO! 
— C. argentina  S p e g a z z i n i  (1896) C o n tr ibu ­
tion al estudio  de la f lora  Minist, de Orb. 
Publ.  de la prov. de Buenos Aires. Holotype: 
S p e g a z z i n i  n. 829 (SI).

ICONS: S t .  H i l a i r e  (1829) FI. Bras. Merid 
II t. 106. —  E n g l e r - P r a n t l .  (1891) Nat. 
P f lanzenfam . 111:2 Tab. 119. —  O. E. S c h u l z  

[ (1903) E n g le r  Jah rb .  XXXII t. 7 Figs. 1— 5,
22— 30, 50. - V a l e n o v s k y  (1910) Vergl. 
Morphol.  Pfl. I l l  p. 1074. —  H e g i  (1903) FI. 
Mittel-Eur. IV p. 69. —  P h y s i s  (1916) p. 249.

M a s s a r t  et al. (1922— 23) Mission Biol. 
Belge a u  Brazil I Fig. 89.

A nnual herb. The w hole plant m ore or 
less den sely  covered w ith hairs. Stem 5—  
48 cm  long. Basal leaves petiolate, pedicels 
up to 5 m m  long. Upper leaves sessile. 
Leaves e llip tic— obovate, apex rounded, 
leaves dentate— undulate— entire (cf. Fig. 
6), cuneate at base, 2— 11 cm long, 0.8—
4.5 cm broad. P eduncles w ithout bracts. 
Inflorescen ce a raceme. Sepals pale to dark 
green, oblong. Petals w hite, spathulate, 
3— 4 m m  long. Seeds flat, ellipsoid , 
w inged, norm al seeds 2.0— 2.6 m m  long, 
1.5— 1.8 m m  broad. Geocarp seeds 3.0—  
3.2 nun long, 2.6— 3.0 mm broad.

15

MORPHOLOGY. C. chenopod ii fo l ia  
P e r s . displays a very narrow  am plitude  
of variation. The m argin of the leaves 
varies from  entire to dentate, but all the 
specim ens I cu ltivated show  a tendency  
to form  leaflets. The m ost interesting  
thing about this species is that it has 
geocarpous fruits (with only two seeds).

D ISTRIBU TIO N . C. chenopodii fo l ia  
P e r s . occurs in Bolivia, Brazil, Paraguay, 
Argentina and Chile. It grow s in pasture 
and in shady w oods.

CULTIVATION EXPERIM ENT. An ex ­
perim ent w as carried out in the garden  
“Bergianska trädgården” in Stockholm  to 
find out the possib ility  o f m odification. 
The seeds w ere sow n in pots filled with  
sand or soil. W hen the plants were som e 
centim eters high they w ere repotted. Half 
of the pots w ere shaded by som e open  
stakes. The other pots w ere not shaded. 
Most of the plants show ed little m od ifica­
tion, but the unshaded plants in sand  
show ed a m arked d ifference in height,
3.5 cm as com pared w ith about 20 cm. 
Only one “d w arf” plant developed flow ers 
and only one siliqua (4 m ill long) was 
form ed. On the others the length of the 
siliquae varied from  20 to 26 mm. The 
leaves w ere larger on plants grow ing in 
shade. The leaves show ed a variation

Fig. 6. Leaves of Cardamine chenopodiifolia. 
—  A: L i n d m a n  n. 339. —  B: Specimen culti­
vated in the g a rd en  “B erg ianska  T r ä d g å rd e n ” 
in Stockholm . —  C: H e r t e r  n. 62. —  1): 

P e d e r s e n  n. 790. —  All X0.5.
Bot. N otiser, vo l. 128, 1975
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from  d en ta te  to crenate , i.e. leaves at 
d i f fe ren t  levels h a d  d if fe ren t  types of leaf 
m a rg in s  (cf. C. of  r icana  L.).

soil, sun 
soil, shade 
sand,shade  
sand, sun

length of 
siliqua

21— 23 mm 
20—26 mm 
20—22 mm 

4 mm

length of 
style

0.5 mm 
0.4—0.5 mm 
0.2—0.3 mm 

0.1 mm

T he  m ater ia l  co m p r ise d  17 plan ts .  T h e  
ex p er im en t  show s th a t  the leng th  of the 
p lant,  si liqua an d  style can  be h igh ly  
modified  by the e n v iron m en t .

4. C. glacialis ( F o r s t .) DC.

D e  C a n d o l l e  (1821) Syst. Nat. II p. 265. 
—  Holotype: I. G. F o r s t e r  s.n. Sisymbrium  
glaciale F o r s t . ( B M I  !

SYNONYMS: Sisymbrium glaciale F o r s t .  
(1789) C om ment.  Soc. Reg. S c . . .  Gotting. IX 
pp. 36— 37. —  Sisymbrium grandiflorum
M o l i n i a  S a g g i o  (1810) Stor. Nat. Chil. ed. 2 
p. 292. —  C. tuberosa  DC. (1821) Syst. Nat. 
II p. 254. H olotype:  R uiz  & P a v o n  s.n. Erysi­
m um  Dom b. (BM) ! —  Erysimum tuberosum  
Domb. (1821) apud DC. Syst .  Nat. II p. 254, 
n o m e n  nudum . —  Sisymbrium tuberosum  
Lac;. (1821) apud DC. Syst . Nat. II p. 254, 
n o m e n  nudum . —  C. antiscorbutica  B an k s .  & 
SOLAND. (1821) ap u d  DC. Syst .  Nat. II p. 265, 
n o m e n  nudum . —  C. nivalis G i l l . (1833) 
H ook .  Bot. Miscell . p. 136. —  C. affinis 
H o o k .  & Arn. (1833) Bot. Michell.  p. 137. 
H olotyp e:  B r id g e s ,  Valpara iso  (E) ! —  C. 
tenuirostris  I Iook .  & Arn. (1830) Capt. 
B e e c h y ’s voyage  p. 6. —  C. cordata B a r n .  
(1845) Gay Fl. Chil. I p. 109. H olotype:  Gay  
(K)! Isotype: in SGO! —  C. decumbens  B a r n .  
(1845) Gay Fl. Chil. I p. 109. H o lo type:  Gay  
ii. 329 ( P )  ! Iso type  in SGO! —  C. rostrata 
G r is e b a c h  (1856) Abhandl.  Kgl. Gesellsch.  
Göttingen IV p. 115. T yp e  materia l:  L e c h l e r  
n. 841 (K. P )  ! —  C. gongylodes  P h . (18561 
Linnaea  XXVIII p. 664. H olotype:  F u n c k  
SGO n. 49417 (SGO) ! —  C. vulgaris Ph.  (1856) 
L innaea  28 p. 665. H o lo typ e:  P h i l i p p i  n. 110 
(K)! —  Lechleriana  S t e u d e l  (1856) F lora  
XXXIX ]). 409. H o lo ty p e:  L ec.h l e r  n. 2249  
(B). Isotypes:  (K, SGO) ! —  C. intermedia 
S t e u d e l  (1856) F lora  XXXIX p. 410. H o lo ­
type: B e r t e r o  n. 1793 (P) ! —  C. strictula 
S t e u d .  (1856) F lora  XXXIX p. 410. H olotype:  
L e c h l e r  n. 1116 (B). —  C. pusilla P h.  (1856)

Bot. Notiser, vol.  128, 1975

Linnaea XXVII p. 665. Holotype: SGO n. 
49308 (SGO) ! — C. litoralis P h . (1865) Anal. 
Univ. Chil. XXVII p. 313. Holotype: SGO n. 
63893 (SGO) ! — C. Solisii P h . (1865) Ibid. 
XXVII p. 325. Holotype: SGO n. 63895  (SGO) !
— C. variabilis P h . (1864—65) Linnaea 
XXXIII p. 5. Holotype: P h i l i p p i  SGO n. 
49329  (SGO)!, isotype: (K) ! — C. pentaphylla  
P h . (1864—65) Linnaea XXXIII p. 6. Holo­
type: P h i l i p p i  SGO n. 49337 (SGO) ! — C. 
calbucana  P h . (1872) Anal. Univ. Chil. XLI 
p. 668. — C. andina  P h . (1893) Anal. Univ. 
Chil. LXXXI p. 71. Holotype: in SGO. — 
C. integrifolia  P h . (1893) Ibid. p. 71. Holo­
type: SGO n. 63907 (SGO) ! — C. monticola  
P h . (1893) Ibid. LXXXI p. 72. Holotype: 
SGO n. 49321 (SGO) ! — C. triphylla ' P h . 
(1893) Ibid. p. 72. Holotype: SGO n. 49342  
(SGO) ! — C. macrostachya  P h . (1893) Ibid. 
p. 75. Holotype: SGO n. 49419 (SGO)! - 
C. stricta P h . (1893) Ibid. p. 77. Holotype: 
SGO n. 71638 (SGO) ! — C. ovata P h . (1893) 
Ibid. p. 69. Holotype: SGO n. 71452 (SGO)!
— C. hispidula  P h . (1893) Ibid. p. 79. - 
C. Palenae P h . (1893) Ibid. p. 79. Holotype: 
SGO n. 71618 (SGO) ! — C. Grandjotii O. E. 
S c h u l z  (1934) Notizblatt Berlin pp. 39— 40. 
Holotype: G r a n d j o t  n. 1 (B). Isotypes: (S. 
SGO) !

P e re n n ia l  he rb ,  som etim es  w i th  tu b e ro u s  
roots .  T h e  w ho le  p la n t  g lab rou s  o r  m ore  
o r  less densely  covered  w ith  ha irs .  U su ­
ally  one stem, so m etim es  several, 3— 45 
cm. Leaves w ith  3— 13 leaflets. Basal an d  
s tem  leaves pe tio late ,  leaf s ta lks  u p  to 12 
cm  long, u p p e r  leaves sessile. Leaflets  
ro u n d ed ,  obovate ,  lanceo la te— linear,  apex 
r o u n d e d — m u c ro n a te ,  leaf m a rg in s  den ta te  
— cren a te— u n d u la te .  T e rm in a l  leaflets 
u su a l ly  petio late ,  co rd a te — cunea te  at the 
base, 3— 40 m m  long, 1— 45 m m  broad . 
L a te ra l  leaflets cu n e a te— oblique  al base, 
1— 20 m m  long, 0.5— 7 m m  broad .  
P ed un c les  a lw ay s  w i th o u t  bracts .

In f lo rescence  a racem e. Sepals white, 
som etim es  w ith  a tinge of violet,  ob long—  
elliptic, 2— 4.2 m m  long. P e ta ls  w h ite  w ith  
sh o r t  stalks, ob lon g— elliptic, spa thu la te ,  
4— 10 m m  long. P ed un c les  2— 7 m m  long. 
R ipe  si liquae 18— 35 m m  long, 10— 16 
m m  b ro ad .  Pedicels  3— 22 m m  long, style 
1.3— 3 m m  long. Seeds flat, ell ipsoid, the 
su r face  re t icu la te ,  1.4— 1.8 m m  long, 0.7— 
1.0 n u n  broad .
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D I S C U S S I O N  M A IN L Y  R A S E D  ON  
D E S C R I P T I O N S .  F o r s t e r  (1789) d e s c r ib e d  
C. g la c ia l i s  ( F o r s t .) DC. u n d e r  t h e  n a m e  
o f  S i s y m b r i u m  glacia le  F o r s t . I n  1821 
d e  C a n d o l l e  r e v is ed  th e  g e n u s  Carcla- 
m i n e  a n d  p l a c e d  th is  sp e c ie s  in th e  g e n u s  
C a r d a m in e .  F o r s t e r  s t r e s s e d  th e  f a c t  t h a t  
th e  r o o t s  o f  th is  sp ec ie s  h a d  w h i te  f i b r o u s  
s e c o n d a r y  ro o ts .  I n  th e  s a m e  y e a r  d e  
C a n d o l l e  d e s c r ib e d  C. tu b e r o s a  DC., 
w i c h  h e  c o n s id e r e d  to he  d i f f e r e n t  f r o m  
F o r s t e r ’s sp ec ies  b e c a u s e  o f  its  tu b e r s .  
H o o k e r  a n d  A r n o t t  (1830) rece iv e d  
s p e c im e n s  o f  C a rd a m in e  f r o m  C o n c e p ­
c ion  in  Chile.  O n  the  b a s is  o f  t h e s e  s p e c i ­
m e n s  t h e y  d e sc r ib e d  C. t e n u i r o s t r i s  H o o k . 
& A r n .  T h e  n a m e  o f  t h e  sp e c ie s  s t re s se s  
th e  f a c t  t h a t  th e  p istil  o f  t h i s  sp e c ie s  h a s  
a  lo n g  n a r r o w  sty le,  b u t  t h e  l e n g th  of t h e  
s ty le  v a r ie s  c o n t i n u o u s l y  w i t h i n  C. g la ­
c ia l is  ( F o r s t .) DC. (cf. c u l t i v a t i o n  e x ­
p e r i m e n t s  w i th  C. c h en o p o c l i fo l ia  P e r s . ).  
G r i s e r a c h  (1856) a lso  c o n s i d e r e d  th e  
a p p e a r a n c e  o f  th e  s ty le  to b e  a n  i m ­
p o r t a n t  c h a r a c t e r  a n d  d e s c r ib e d  C. ro s lra ta  
G r i s e r a c h . H o o k e r  a n d  A r n o t t  a lso  tie- 
s c r ib e d  C. a f f i n i s  H o o k . & A r n . o n  th e  
b a s i s  o f  a  sp e c im e n ,  w h i c h  B r i d g e s  h a d  
c o l l e c te d  in V a lp a r a i s o  in Chile .  A m o n g  
o t h e r  th in g s  t h e y  sa id  a b o u t  th is  spec ies :  
“ T h i s  sp ec ies  s t a n d s  in the  s a m e  r e la t i o n  
to C. t e n u i r o s tr i s  H . A A. as  C. h ir su ta  L. 
d o e s  to C. p a ro i  f lo r a  L. a n d  is o n ly  d i f ­
f e re n t  in the  re la t iv e  b r e a d t h  o f  th e  l e a f ­
lets, in p a r t i c u l a r  in t h e  t e r m i n a l  l e a f le t s . ” 
B a r n e o u d  (1815) d e s c r ib e d  C. c o rd a ta  
B a r n , l i e  c o n s id e r e d  th is  sp e c ie s  to be  
c h a r a c t e r i z e d  b y  its “ f l e s h y ” leaves .  T h is  
is p r o b a b l y  a m o d i f i c a t io n .  P h i l i p p i  
(1856 - 97) d e sc r ib e d  27 sp ec ie s  o f  C arda­
m i n e  w h i c h  I c o n s id e r  to b e lo n g  to C. 
g lac ia l is  ( F o r s t .) DC. S c h u l z  (1934) d e ­
s c r ib e d  C. G ra n d jo t i i  O. F .  S c h u l z . In  a 
n o te  h e  p o i n te d  o u t :  “ T h is  n e w  sp ec ie s  
is d i f f e r e n t  f r o m  all  o t h e r s  d e s c r ib e d  u p  
to n o w  in  th e  re sp e c t  t h a t  t h e  s t a m e n s  
a r e  l o n g e r  t h a n  th e  p e t a l s . ” B u t  I h a v e  
e x a m i n e d  the  t y p e  c o l lec t io n  a n d  h a v e  
f o u n d  t h a t  in fa c t  th is  a p p l i e s  to  so m e  of 
th e  f l o w e rs  on ly .
2

Fig. 7. Leaves of Cardamine glacialis. —  A: 
C. and  I. S k o t t s b e r g  (as C. tuberosa  DC.).

-  B :  W e r d e m a n n  n. 1313 (as C. cordata 
B a r n .). —  C: C. G r a n d j o t  (as C. tuberosa  
DC.). — I): V a l e n t i n  n. 187. —  E: Sp a r r e  
n. 4887  (as C. cordata  B a r n .). —  F: B u c h t i e n  
a .  170 (as C. variabilis  P h .). —  H: S p a r r e  n .  
1558 (as C. andina  G i l l .). —  I: Gr a n d j o t  

(as C. Grandjoti) . — All X 0 .5 .

D I S C U S S I O N  B A S E D  ON H E R B A R I U M  
M A T E R IA L .  L e a v es .  T h e  s h a p e  o f  th e  
lea f le t s  s h o w s  a  w id e  v a r ia t io n .  T h e  sep a ls  
a r e  as r u le  w h i te ,  w i th  so m e t im e s  a t in g e  
o f  p u r p l e .  P e t a l s  a r e  a lw a y s  w h i te ,  4— 10 
m m  long .  T h e r e  is n o  c o n n e c t io n  b e tw e e n  
the  l e n g th  o f  th e  lea f le t s  a n d  th e  n u m b e r  
o f  l ea f le t s  o n  e a c h  lea f  (cf. F ig .  8).

F ru i ts .  S i l iq u a e  18—-35 m m  long .  Style  
1.3— 3.0 m m  long. Seeds 1.4— 1.8 m m  
long. As a r u le  t h e r e  is o n ly  o n e  r o w  of 
seeds  in e a c h  va lve ,  w h ic h  is c o n s id e r e d  
to be  c h a r a c t e r i s t i c  o f  C a rd a m in e .  Of 
in te res t  is t h a t  o n  th e  t y p e  c o l le c t io n  o f  
C. c o rd a ta  B a r n , t h e r e  a r e  s i l iq u a e  w i th  
a n  in c o m p le t e  se c o n d  r o w  o f  seeds.  B u t  
th e  seed s  in  t h a t  r o w  a re  o n ly  1 m m  long.

D I S T R I B U T I O N .  C. g lacia lis  ( F o r s t .) 
DC. h a s  a  v e r y  w id e  d i s t r ib u t io n :  Chile , 
A rg e n t in a ,  th e  F a l k l a n d  I s la n d s ,  T r i s t a n  
d a  C u n h a ,  K e rg u e le n ,  C a m p b e l l  I s la n d ,  
s o u t h w e s t e r n  A u s t r a l i a  a n d  N e w  Z e a la n d .  
S p e c im e n s  f r o m  A u s t r a l ia  a n d  N ew  Zea-

Bot. N otiser, vo l. 128, 1975
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L eng th  o f  p e t a l s
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Fig. 8. Length of petals of specimens of 
Cardamine glacialis with varying number of 

leaflets on lowest stem-leaf.

lan d  are  very s im ila r  to C. glacialis s. str. 
T he  greatest var ia t ions  w ith in  this spe­
cies a re  to be fo u n d  in Chile. C. glacialis 
( F o r s t . )  DC. usual ly  occurs  in d am p  
localit ies such as in bogs an d  n ea r  glaciers.

5. C. geran iifo lia  (Po ir .)  I)C.

D e  C a n d o l l e  (1821) Syst. Nat. 11. 
Holotype: 1162 L e c h l e r  (SGO)!

SYNONYMS: Sisymbrium geraniifolium
P o i r e t  (1806) Encycl. Bot. Vll p. 218. - 
Dentaria geraniijalia B e i c h e  (1806) El. Chil. 
I p. 104.

ICONS: J. 1). H o o k e r  (1844—47) El.
Antarct. tab. 88.

P e re n n ia l  he rb ,  m o re  o r  less ha iry .  S tem 
strong , u p r ig h t ,  up  to 55 cm  high. Root 
up to  6 m m  thick . L eaves petiolate , leaf 
s ta lk  u p  to 10.5 cm long, 7— 11 leaflets 
on  each  leaf, leaflets  deep ly  inc ised—  
b ip inna te .  T e rm in a l  leafle ts  cun ea te  at the 
base, 2— 4 cm long, 0.6— 3.5 b road .

In f lo rescence  a racem e. Ped un c les  6— 
16 m m  long. Sepals pale  green, oblong, 
5— 6 m m  long. Peta ls  w hite ,  sp a th u la te ,  
12— 17 m m  long. Ripe si l iquae  7.0— 8.5 
cm long, 2.0— 3.0 cm b road ,  pedicels 18— 
22 m m  long, style 4— 6 m m  long. Seeds 
ellipsoid, the su r face  re t icu la te ,  3.0— 3.2 
m m  long, 1.4— 1.5 cm b road .

C. geraniifolia  (POIR.) DC. show s a 
r a th e r  n a r ro w  am p l i tu d e  of varia tion .  Of 
in terest is th a t  on som e spec im ens  the 
m arg in s  of some leaflets a re  so deeply  
incised tha t they  becom e b ip in n a te  (cf. 
Fig. 9).

Eig. 9. Leaves of Cardamine geraniifolia. — A: L e c h l e r  n. 1162. — B: D u s é n  n. 107. —  
C: A n d e r s s o n  n. 318. —  1): S k o t t s b e r g  n. 194. —  All X 0 .5 .
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D I S T R IB U T IO N .  C. g er an i i f o l ia  ( P o i r .) 

DC. o c cu rs  in Chile and A rgentina ,  from  
Rio N egro  to Tierra del F u e g o .  It grow s  
on sh o re s  and in sh a dy  forests .
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APPENDIX

L is t  o f  s y n o n y m s .  1 : Cardcim ine  (ifr icana  
L .;  2: C. b o n a r ie n s is  Ju s s .  s sp .  b onar ie ns is ;  
3: C. b o n a r ie n s is  J u s s .  ssp.  e r e m i ta  ( S t a n d .  
& S t e y e r . )  B o  S j ö s t e d t ;  4:  C. c h e n o p o d i i -  
fo l ia  P e r s . ;  5: C. g er a n i i fo l ia  (PoiR.)  DC.; 
6 :  C. g lacia lis  ( F o r s t . )  DC.

C.ardamine a f f in i s  II. & A. =  6  
C. A lb e r t i i  O. F . S en .  1 
C. a lso p h i la  P h i l .  =  2 

a n d ic o la  P h i l .  =  2 
C. a n d in a  P h i l .  =  6

a n t isc o r b u t ic a  B a n k s .  =  6  
C. a r g e n t in a  S p e g .  =  4

a r m o ra c io id e s  T u r c z .  =  1 
C. A s c h e r s o n ia n a  0 .  E .  S c h . =  1 
C. a x i l la r is  W e d d .  =  2

b a ln e r ia n a  S t a n d ,  et S t e y e r .  = 1 
b o rb o n ic a  P e r s .  =  1 

C. bra c tea ta  P h .  =  2 
b ra d e i  O. E. Sen .  =  1 

C. B u r c h e l l i  S p r .  1 
C. ca esp i to sa  P h i l .  =  2 
C. ca lb u c a n a  P h i l .  =  6 
C. ch i len s is  D C . =  1 
C. c o r d a ta  B a r n .  =  6 
C. corym bosc t  H o o k .  f i l .  =  1 
C. d e c u m b e n s  B a r n .  =  6 
C. d e m is s a  T r i a n a  & P l .  =  2 
C. e c u a d o r e n s i s  H i e r .  =  1 
C. e r e m i ta  S t a n d .  & S t e y e r .  =  3  
C. f la c c id a  C h .  & S c h l .  =  2

C. fu lc r a ta  G r e e n e  = 1  
C. g o n g y /o d e s  P h .  =  6 
C. G r a n d jo t i  O. E . S c h u l z  =  6 
C. h ir s u ta  II. & A. n o n  L. =  2 
C. ib a g u en s is  T r .  & P l . =  1 
C. i n n o v a n s  O. E. S c h u l z  1 
C. in teg r i fo l ia  P h .  =  6 
C. in t e r m e d ia  H o o k .  =  6 
C. J a m e s o n i i  H o o k . =  1 
C. j e ju n a  S t a n d .  & S t e y e r .  =  1 
C. J o h n s l o n i i  ( ) l i v e r  =  1 
C. K i l ip p i  O. E .  S c h u l z  =  2 
C. laxa  B e n t h .  =  2 
C. L e c h le r ia n a  S t e u d e l  =  6 
C. L e h m a n n i  H i e r o n .  =  1 
C. l i tora l is  P h .  =  6 
C. m a c r o s t s c l i y a  P h .  =  6 
C. m a g e l la n ic a  P h .  =  6 
C. m a r g in a ta  P h .  =  2 
C. m ic r o p e ta la  P h .  =  2 
C. m i n i m a  S t e u D .  =  2 
C. m o n t ic o la  P h .  =  6 
C. n a s tu r t i o id e s  B e r t e r o  =  2 
C. n e v a d e n s i s  T u r c z .  =  1 
C. n iva l i s  G i l l .  =  6 
C. ob l iq u a  H ö c h s t .  =  1 
C. o c o a n a  O. E. S c h .  =  1 
C. ova ta  B e n t h . =  1 
C. p a len a e  P h .  =  6 
C. p e c t in a ta  Kz. =  6 
C. p e n ta p h y l la  P h .  =  6 

p e te r o a n a  P n i L .=  ö 
C. p ic ta  H o o k .  =  1 
C. p o r p h y r o p h y l l a  E k m a n =  1 
C. p u b e s c e n s  P h .  =  6 
C. p u lc h r a  L i n d .  & P l a n c h .  =  6 
C. p u n ic e a  T u r c z .  =  1 
C. pus i l la  P h .  =  6 
C. r a m o s i s s im a  S t e u d .  == 2 
C. r e n i fo r m i s  P h .  =  6 
C. r h i z o m a t a  R o l l i n s  = 1 
C. r o s tra ta  G r i s e b .  = 6  
C. So l is i i  Pl l .  =  6 
C. spec iosa  B r i t t o n = 1  
C. str ic ta  P h .  =  6 
C. s t r i d u l a  STEUD. =  6 
C. t e n u iro s t r i s  11. & A. =  6 

t o l im e n s i s  P l .  & L i n d .  1 
C. t r id e n s  P h .  —2 

t ri p h y  Ila PH. =  6 
C. var iab il is  P h .  =  6 
C. vu lgar is  P h .  =  6 
D en ta r ia  g e r a n i i fo l ia  REIC HE =  5  
H e te r o c a r p u s  f e r n a n d e z ia n a  P h .  =  4  
N a s t u r t i u m  ra d ic a n s  W ALPERS. =  2 
N a s t u r t i u m  t u r f o s u m  K u n z .  =  2 
S i s y m b r i u m  glacia le  F o r s t .  =  6 
S i s y m b r i u m  g era n i i  f o l i u m  P o i r .  =  5 
S i s y m b r i u m  g ra n d i f l o r a  M o l i n i a  =  6
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L ep id iu m  L. (C ru c ifera e) in  T ropical A frica  

A M orphological, T axonom ical and P h ytogeograp liica l Study

Bengt Jonsell

J o n s e l l ,  B. 1975 07 08. Lepidium L. (Cruciferae). A m orphological ,  taxonom ica l  
and  phytogeograph ica l  study. — Bot. Notiser 128: 20— 46. Lund. ISSN 0006-8195.

T he  m orpho logy  of the Lepid ium  species growing  in trop ical  Africa is s tud ied  
with  special em phasis  on seed structure .  The v a r ia t io n  in the palisade lay e r  of 
the testa  is of special interest  f rom  a taxonom ic  p o in t  of  view, as is also the 
ex te rna l  s tructure ,  w hen  seen un d e r  Ihe scann ing  e lectron  microscope. All Ihe 
taxa  have h ighly  reduced  flowers and  are  p ro h ah ly  strong ly  au togam ous.  On this 
basis  the taxonom ic  principles pe r tinen t  to the p re sen t  p ro b lem  are  discussed, 
a n d  the  taxonom y of the tropical African taxa is revised. Nine species are  fo u n d  
to occur  with in  the area,  among them L. sa t ivum  L., which  is n o t  fo rm al ly  
t rea ted  here. Two of the rem ain ing  species a re  in troduced ,  L. bonariense  L. and 
L. v irg in icum  L. L. a fvicanum  ( B u r m .  f i l . )  DC. has  the widest  d is t r ibu t ion  
(Sudan— S. Africa) an d  is variable. A p a r t  of the S. African  pop u la t io n  is recog­
nized as subsp. divaricatum  ( A i t . )  J o n s e l l  comb. nov. F o u r  species are  local 
endemics,  viz. L. suluense  M a r a i s ,  and  L. a n go la ise  J o n s e l l ,  L. inyangense  
J o n s e l l  and  L. keniense  J o n s e l l ,  which are  here  described as new  species. 
Most of the species belong to a group with  S. Afr ican  affinities, while L. a r m o ­
racia F i s c h .  & M e y .  is a m em ber  of a M ed i te r ranean  element. F o r  L. a fr icanum  
subsp. a fr icanum  a n d  L. bonariense  the ch ro m o so m e  n u m b ers  2n 16 and  2n 
64, respectively, are  reported. Both are f irst  rep o rts  fo r  the species.

B engt  Jonsell ,  Inst i tu te  of systematic  botany, University  of Uppsala, B o x  5 i l ,  
S-751 21 Uppsala, Sweden.

The present s tudy is a revision of Lepi­
dium  in tropical Africa, an area from 
which very little material was available 
for T h e l l u n g ’s  fundam ental monograph 
of the genus ( T h e l l u n g  1906b), and for 
which all that has accumulated since has 
been only tentatively determined. Special 
emphasis will be laid on the fine structure 
of the seeds, which has been little studied 
in the genus and not previously employed 
for its taxonomy.

Lepidium  contains more than 140 spe­
cies, all over the world, and only a very 
small fraction of the taxa is treated here. 
The subdivision of the genus presented 
by T h e l l u n g  (1906 b p. 56), based on 
silicula shape, is admittedly largely ar t i­
ficial. One African species, the well-known 
Bot. Notiser, vol. 128, 1975

L. sativum L. forms a monotypic section, 
Cardamon  DC, and indeed takes an iso­
lated position. It is f requent in Ethiopia, 
where probable wild or primitive culti­
vated forms occur. S c h w a n i t z  (1967) 
considered it to have gene centres in the 
Ethiopian, as well as in the Mediterra­
nean, Near East and Central Asian re­
gions, and its true geographical origin 
cannot he decided. It will not he formally 
treated here, only included in the key 
and its morphology briefly discussed. This 
paper will thus become confined to sect. 
Lepidium  ( =  sect. Nasturtioides  ( M e d i k . )  

T h e l l . ) ,  which is by fa r  the largest in 
the genus.

The area surveyed is Africa south of 
the Sahara southwards to the northern
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(eastern) borders of Namibia, Botswana, 
S. Africa and Swaziland. For this area a 
revision by M a r a i s  (1 9 6 6 ,  1970)  supplies 
a firm  basis. Detailed descriptions will be 
presented for the six species indigenous 
in tropical Africa, and condensed ones 
for the two aliens.

MATERIAL AND METHODS

The study is based upon the tropical 
African herbarium m aterial of the genus, ca. 
160 collections (excluding L. sativum),  
distributed on ca. 250 sheets available in R. 
BM, BR, COL EA, FI. K, LISC, LISU, M, P, 
S, STU, UPS, WAG, Z (abbreviations follow  
H o l m g r e n  & K e u k e n  1974). For special 
purposes also collections in G, LE, PRE and 
W  were consulted. A great number o f collec­
tions from  outside tropical Africa were also 
studied. A few  living plants of L. africanum,  
L. armoracia  and L. bonariense  were in­
vestigated in cultivation in the greenhouse. 
A list o f the collections revised is deposited  
in UPS and copies can be obtained on request.

Seeds were m ainly cut on a freezing m icro­
tome at 20 u and stained in safranine. A 
number o f sections were also m ade from  
seeds em bedded in paraffine. All available  
tropical African collections with ripe seeds 
were investigated and in addition a number 
of South African and Extra-African speci­
mens were included. Sections from  a total 
of ca. 150 collections were studied.

The chrom osom es were observed in root- 
tips fixed in chrom e-acetic form alin, em ­
bedded in paraffine, sectioned at 14 u, and 
stained in gentian violet. Voucher specim ens 
are deposited at UPS.

TAXONOMIC PRINCIPLES

In the tropical African Lepidia  varia­
tion can be observed in a long array  of 
features, but how this variation should 
be estimated for taxonomic purposes im­
poses special problems. T h e l l u n g  ( 1 9 0 6  b 
pp. 52— 55) discussed at some length the 
characters which could lie used for 
taxonomy at species level. He emphasized 
the fact that in different parts  of the 
genus different kinds of characters showed 
constancy within the species. W ha t is in 
one group a good key character varies in

another  seemingly at random. The cer­
tainly very widespread autogamy of this 
genus helps to preserve the deviating 
character combinations that may appear. 
To this difficulty is added another, in that 
similar stages in e.g. floral reductions, so 
common in this genus, have certainly 
been achieved along a num ber of different 
lines. There are for example in m ontane 
parts  of both S. America and Central Asia 
species highly reminiscent of some of 
those treated here, but certain features 
such as the pubescence indicate that the 
similarity is quite superficial. On the other 
hand  groups of closely allied species with 
similar, reduced flowers of course exist 
(e.g. the L. a fr icanum-group). F u r th e r ­
more, as M a r a i s  (1970 p .  84) pointed ont, 
intraindividual variation in floral and 
fruit characters is unusually great, which 
means that a quantitative treatment of 
them can hardly be recommended.

This leads on to the difficult problem 
of what would be reasonable to recognize 
as species in an inbreeding group of plants 
as this, and w hat criteria we should use 
to define the taxa. It is superfluous here 
to cite anew the classical examples of the 
problem, which can be found referred to, 
among others, in for example S t e b b i n s  

(1950) and D a v i s  & I I e v w o o d  (1963). 
I will only point to the fact that distinct 
m inor forms, which il would be reason­
able to interpret as the result of inbreed­
ing, may, if opportunity  for outcrossing 
arises, turn  out to be either occasional 
combinations easily broken down, or 
constant forms genetically isolated from 
their  most similar relatives. G r a n t  (1964) 
showed in Gilia that even the latter kind 
of inbreeders may grow mosaically in ter­
mingled in an area, and constitute sibling, 
bul neither geographically nor ecologi­
cally vicarious “biological” species. In ­
deed a mosaic situation might promote 
the development of sterility barriers.

For the present problem the inform a­
tion provided by the herbarium  material 
must be almost exclusively relied upon. 
It will be more the combination of certain
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characters that makes it possible not only 
to define but also to determine a species, 
since single key characters are rarely in- 
fallable. Geographical aspects are also 
relevant. In principle phytogeography 
should be founded on solid taxonomy, but 
not necessarily on those taxa where we 
are in special difficulties. Here an estab­
lished phytogeographical pattern may 
instead serve as a guide. The tropical 
African species have been distinguished 
with these principles in mind. They imply 
that within the widespread L. africanum,  
with its large-scale, partly  mosaical varia­
tion, no taxonomic subdivision apart from 
the regional subsp. divaricatum  is ac­
complished (p. 36). We do not know any­
thing at all about the genetical isolation 
between these forms, and cannot pre­
suppose anything either. The various 
forms of L. africanum  may be well iso­
lated genetically, or they may be poorly 
isolated; the same is true of the forms of 
the low-growing perennials (L. angolense, 
L. iiujangen.se, L. keniense), whose con­
siderable spatial isolation is an additional 
reason to regard them as separate spe­
cies. The alternative would be a collective 
species including as well a num ber of 
S. African taxa, but this would probably 
end up in a long chain of forms, un ­
wieldy to keej) together and at variance 
with traditional species concepts in the 
genus.

Our species concept in Lepidium  is 
m ainly influenced by T i ie l lu n g  (1906 b) 
w hose m ajor work has becom e the frame 
w ithin w hich later, regional accounts have 
been set. W hether T h e l lu n g ’s species con­
cept w as too w ide or narrow cannot of 
course be answered in a sim ple way, but 
his infraspecific taxa, of w hich there are 
m any in som e of his m ore variable spe­
cies, are not consistent w ith our present 
view s. It is true that som e of them, in the 
light o f recent collections, have been 
raised to specific rank, but m any are 
deviations such as we regard as com m on­
place w ith in  inbreeders. The range from  
cosm opolitan w eeds to extrem ely local 
Bot. Notiser, vol. 128, 1975

endemics met with in the genus adds 
furthe r  problems to the concepts of the 
taxa.

GROSS MORPHOLOGY

LONGEVITY. No clear distinction can 
be made between annual, biennial and 
perennial taxa. The indigenous species 
without apophytic tendencies seem to be 
long-lived perennials with thick woody 
roots and stem-bases in older plants. They 
are virtually subshrubs. The species which 
grow partially or exclusively as weeds are 
much more variable. In cultivation some 
strains of L. africanum  always flowrered 
and died within a few months (e.g. Ryman 
173 (UPS)), while others produced new 
shoots from the base and basal parts of 
the stems, which did not die off (e.g. 
Jonsell 2972 (UPS)). In one strain  from 
Ethiopia (from seeds of D e W ilde  4550 
(WAG)) the leaf-rosette lasted more than  
a year before flowering. The introduced 
L. bonarien.se seems to comprise strains 
with various properties. The Tanzanian 
Jo nsell 2138, repeatedly sown in the 
greenhouse, was consistently a short-lived 
annual, while R yman 151 (from Kenya) 
only formed a rosette the f irs t year. All 
the species seem to be in principle 
pollacanthic, although some strains are 
reduced to strict annual status.

LEAVES. The shape of leaves (Fig. 1), 
especially whether undivided or pinnatifid 
to pinnatipartite constitutes a quite useful 
specific character provided tha t  leaves of 
corresponding position and kind (cf. 
below) are compared. Nevertheless indi­
viduals (populations?) with more or less 
pinnate leaves may occur in species with 
normally undivided leaves, e.g. in some 
L. africanum-coWeciions f rom  Ethiopia. 
F rom  Mozambique tbere is a large collec­
tion (Mendonça 2797, 2797 a, BM, BR, 
LISC, WAG) with transitions from  simple 
to pinnate leaves. This collection gives, 
however, the impression of being in ter­
mediate between L. a fricanum  and L. su-
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h ie n se , w hich  m ight explain the  in ­
consis tency . Since in m a n y  cases on ly  the 
ev an escen t  rosette  a n d  lowest cau line  
leaves were fou nd  to he divided, this 
ch a ra c te r ,  even w hen  constant,  c a n  be 
d if f icu l t  to use in practice.

In p erenn ia l  s tra ins  the p r im a ry  cau line  
leaves a re  often deciduous and rep laced  
by the leaf-rosettes of axil lary  shoots, 
w h ich  m ay  not develop fu r the r .  In  L. cifri- 
c fim im ,  w here  this is most evident,  the 
“ p r i m a r y ” leaves are  linear to ob lanceo- 
late. a n d  the “se co n d a ry ” ones m a rk e d ly  
sp a th u la te  in outl ine a n d  m o re  serra te .  
In som e specimens of L. su luense  the 
p r im a ry  cauline leaves are  undiv ided ,  the 
seco n d a ry  ones p in na te  (Fig. 1 II).  P lan ts  
w ith  on ly  one o r  the o the r  leaf-type  p r e ­
sent m a y  there fo re  a p p e a r  very d i f fe ren t  
f ro m  each  other.

PU B E SC EN C E. In m o s t  of the  species 
th e re  is considerab le  va r ia t io n  as to 
pubescence, f rom  strong ly  p u b e ru lo u s  to 
p rac t ica l ly  g labrous  specimens. In  the 
la t te r  ha irs  usua l ly  r e m a in  on the adaxia l 
side of the pedicels. T he  type a n d  d irec ­
tion of ha irs  a re  good cha rac te rs  bu t  
dev ia t ing  individuals  o ccur  (cf. p. 57). 
T h e  ha ir s  are  a lways un ice l lu la r  an d  u n ­
b ran ch ed ,  hu t  m ay  be cylindrical, subu la te  
or c lavate, and  s traight,  fa lca te  o r  re tro rse .  
W ith in  any  one specim en the h a i r - ty p e  is 
h igh ly  constan t w ith  respect to these 
cha rac te rs ,  hut size m a y  v a ry  quite  a lot.

F L O W E R S . All species t rea ted  here 
give the im press ion  of being h igh ly  a u to ­
gamous, hu t th is was confirm ed  in cu l t i ­
va tion  only for L. a fr ica nu m  and  L. boria- 
riense. The flowers b e a r  m a n y  signs of 
au to gam y , especially th e  red u c t io n  of 
peta ls  and stamens, w h ich  often dehisce 
in hud. T h ere  is, how ever,  a c lea r  d if ­
ference betw een p lan ts  w ith  co m p ara t iv e ly  
well-developed petals an d  those w ith  very 
reduced  ones. T he  fo rm e r  is t ru e  fo r  L. 
arm oracia  an d  L. sa t ivum ,  w h ich  have  
peta ls  at least equall ing  the sepals  in 
length  and  w ith  conspicuous, w iden ed

Fig. 1. Drawings of leaves. — A: L. armo­
racia, Ethiopia, D e  W i l d e  7026 (WAG), 
middle cauline leaf. — B—E: L. africanum  
subsp. africanum, all from Ethiopia. — R: 
T e r r a c i a n o  & P a p p i  971 (FI), upper primary 
cauline leaf. — C: T e r r a c i a n o  & P a p p i  997 
(FI), middle secondary, cauline leaf. — I): 
T e r r a c i a n o  & P a p p i  971 (FI), basal cauline 
leaf. — E: D e  W i l d e  4550 (WAG), middle 
primary cauline leaf. — F—G: L. keniense, 
V e r d c o u r t  3820 (BR). — F: involute upper 
cauline leaf. — G: basal cauline leaf. -— H: 
L. suluense, G r a n d v a u x  B a r b o s a  7772 (LISC), 
middle cauline leaf (one primary with two 
axillary secondary ones). — 1— .1 : L, ango- 
lense, W e l w i t s c h  1190 (BM). — 1: upper 
cauline leaf. — J: basal cauline leaf. — K: 
L. bonariense, Ethiopia, D e  W i l d e  6951 
(WAG), upper cauline leaf. —- L— M: L. 
inyangense, R o b i n s o n  1969 (LISC). — L: 
upper cauline leaf. — M: basal cauline leaf. 
— N: L. virginicum, Mozambique, M a r q u e s  

2195 (COI), middle cauline leaf.

blades. T h e  o th e r  species all have 
ob lanceo la te— lin e a r  peta ls  sh o r te r  th an  
the sepals, a n d  in each of them , even 
w ith in  one ind iv idual ,  they  m ay  vary  
f ro m  being a lm ost  the sam e leng th  as the 
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E

2 mm5 mm

Fig. 2. Drawings of siliculae with pedicels, and apices of siliculae of the L. armoracia- 
group. — A— E: L. armoracia — A: S c h i m p e r  II: 74 1  (P), type of “subsp. abijssinicum ”. — 
B: Tanzania, N e w b o u l d  6300 (EA). — C: Ethiopia, D e  W i l d e  7026 (WAG). — I):  Q u a r t i n -  
D i l l o n  & P e t i t  s.n. ( P ) ,  type of “subsp. interm edium ”. — E: P e t i t  s.n. (P), type of 
“subsp. alpigenum ”. — F : L. gram inifolium , Italy, C e s a t i  8 (UPS). — The 5 m m  scale 

refers to the siliculae with pedicels, the 2 mm scale to the apices.

sepals to  absen t .  F lo w ers  of m ed ian  p o s i ­
tion in the  racem es  a re  usual ly  the best 
deve loped  ones. O nly  in the in t ro d u c e d  
L. v irg in ic u m  a m o n g  the  species tr e a ted  
here,  c a n  fo rm s  w ith  well-developed as 
well as fo rm s  w i th  redu ced  peta ls  be 
found ,  in t ro p ica l  Africa only  the  la t te r .

S tam in a l  red u c t io n s  ru n  para l le l  to 
those  in peta ls .  L. sa tivu m  has  the fu l l  
n u m b e r ,  6, w h ile  L . arm oracia  has  4 o r  2 
w ith  in t ra - in d iv id u a l  var ia tion . T h e  r e ­
d uc tions  m a y  take  p lace in various  w ays ,  
as th e  fo u r  a re  e i th e r  all m ed ian  (fide 
T h e l l u n g  1906 a) or tw o la tera l  a n d  
two m e d ian .  If  o n ly  two a re  p resen t th e y  
m ay  be la te ra l  o r  m edian .  T he  species 
w ith  ve ry  red u c e d  petals  co nsis ten t ly  
have on ly  tw o  m e d ia n  s tam ens left.

T h e  n ec ta r ia l  tissue is vis ible as glands, 
in L. sa tiv u m  as m a n y  as 6, one  be tw een  
each  of the  s tam ens.  As a ru le  th e re  are  
on ly  four ,  p laced  at e i ther  side of the 
f i lam en t hases  of each pa ir  of s tam en s  or, 
m o re  usua l ly ,  of the so l i ta ry  m ed ian  
s tam en.  T h ese  glands, w hich  in som e S. 
African species are  d is t inc tive ly  sh aped  
( M a r a i s  1970), a re  in the  t ro p ica l  A fr ican  
ones on the  w hole  of a co m m o n ,  b ro ad ly  
conical ty pe  a n d  d iagnos tica lly  r a t h e r  u n ­
im p ortan t .

SIL IC U LA E . V ar ia t ion  in s i liculae (Figs. 
2 an d  3) com p r ises  size, sh ape  in outl ine, 
v ena t ion  of the  valves, style leng th  an d  
the  size of th e  apica l  sinus. A p a r t  f ro m  L. 
sa tiv u m , w h ic h  is o u ts tan d in g  in  its large
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o 5 p m

Fig. 3. Drawings of siliculae with pedicels, and apices of siliculae of the L. africanum- 
group and of the introduced species. — A—D: L. africanum  subsp. africanum. — A: 
Ethiopia, D e  W i l d e  4550 (WAG). — B: Kenya, F r i e s  & F r i e s  875 (UPS). — C: Uganda, 
L y e  6917 (EA). — 1): Rhodesia, D r u m m o n d  4933 (BR). — E: L. suluense, G o m e s  & S o u s a  
3654 (COI). — F—G: L. keniense. — F: Kenya, V e r d c o u r t  3820 (BR). — G: Ethiopia, 
G i l l e t t  14365 (EA). — H: L. angolense, W e l w i t s c h  1190 (RM). — I: L. inyangense, 
R o b i n s o n  1969 (LISC). — J: L. bonariense,  E "  ' , ia, D e  W i l d e  6951 (WAG). — K: 
L. virginicum, Mozambique, M a r q u e s  2195 (COI). — The 5 mm scale refers to the siliculae 

with pedicels, the 2 mm scale to the apices.

an d  w inged  siliculae, the  two las t  m e n ­
tioned c h a rac te rs  are  the most im p o r ta n t .  
T h e  la te ra l  wings, best visible a t  the d is ta l 
m a rg in  of each loculus, a re  in all the 
o th e r  species ind is t inc t  o r absent. T h e ir  
p resence  is best ind ica ted  by the  m o re  or

less co rre sp o n d in g  apica l sinus, at the 
base  of w h ich  the style is inser ted .  This 
s inus  varies  f ro m  being a deep  an d  wide 
em arg in a t io n  (e.g. in  L. a fr ic a n u m  and 
L. bonariense , Fig. 3 A, J) to on ly  fa in tly  
re tu se  in L. arm oracia  (Fig. 2 A—-E).

Bot. N otiser, vo l. 128, 1975
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Fig. 4. Racemes with ripe fruits. — A— B : L. armoracia. —  A: Tanzania, N e w b o u l d  6300 
(EA). -— B: Ethiopia, R e  W i l d e  7026 (WAG). — C: L. graminifolium, O.S. 12.YIi.1854 
(UPS). — D—E: L. africanum suhsp. africanum. — I): Kenya, F r i e s  & F r i e s  875 (S). — 
E: Ethiopia, D e  W i l d e  4550 (WAG). — F: L. africanum suhsp. divaricatum. S. Africa, 
L e i s t n e r  2432 (K). — G: L. trifurcum. S. Africa, F l a n a g a n  1560 (PRE). — H: L. suluense, 
G o m e s  & S o u s a  3654 (COI). — I: L. keniense, G l o v e r  et al. 821 (K). — J: L. angolense, 
W e l w i t s c h  1190 (COI). — K: L. inyangense, R o b i n s o n  1969 ( K ) .  — L :  L. bonariense, 
Ethiopia, D e  W i l d e  6951 (WAG). — M: L. virginicum, Mozambique, M a r q u e s  2194'

( COI ) .  —  All  ca .  X 2.1.

Independently the style length varies, 
which means tha t  in distinctly emarginate 
siliculae, the stigma may be contained 
within or be outside the sinus margin, 
while il in only slightly retuse ones is of 
course always outside. Most specimens 
are easy to assess by means of these cha r­
acters hut a few collections deviate enough 
to cause overlap between species, espe­
cially in L. africanum,  while extremes 
such as L. bonariense  and L. armoracia 
are always clearcut.  The deviating speci­
mens always fall in other characters w ith­
in the range of the species concerned and 
are hence of m ore  practical than theoret­
ical difficulty. Deviations may also occur 
within one raceme, and, moreover, unripe 
Bot. Notiser, vol . 128, 1975

siliculae have often proportionate ly longer 
styles than  fully ripe ones.

Size and shape of siliculae are of some 
diagnostic value, hut absolute m easure­
ments mean little. L. armoracia  has some­
times, as in Tanzania, markedly  rhombic 
— ovate siliculae (Fig. 2 B), while most 
material f rom  Ethiopia has elliptic ones 
(Fig. 2 C, E).

PEDICELS. The direction of the 
pedicels (Figs. 2— 4), whether  straight 
(Fig. 2 B), curved (Fig. 3 H) or arcuate 
(Fig. 3 D) and erecto-patent (Fig. 2 A), 
patent (Fig. 3 J) or divaricate (Fig. 3 K) is 
of considerable taxonomic importance. In 
this respect too, L. armoracia  shows un-
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Fig. 5. Cross-sections of seeds. — A: Obliquely 
accumbent cotyledons, L. virginicum, M a r ­
q u e s  2195 (LISC). — B: Incumbent cotyle­
dons, L. a fvicanum, L y e  6197 (EA). — Both 

ca. X 50.

u sua l va r ia t io n  w ith  the  T an zan ian  an d  
som e o th e r  fo rm s hav ing  straight,  erecto- 
p a te n t  pedicels, con tras ting  bo th  w i th  
m ost p lan ts  of this species an d  w ith  the 
species w ith  very  reduced  petals, w h ich  
all have curved  to a rcua te  pedicels. T h e  
la t te r  f e a tu re  d iscr im inates  well e.g. to ­
w a rd s  L. ruclerale L., e r roneously  re p o r te d  
f rom  trop ica l  Africa (cf. p. 38). Pedicel 
leng th  is on  the whole an unre l iab le  c h a r ­
acter, o f ten  vary ing  great ly  w ith in  one  
an d  the sam e raceme.

SEED STRUCTURE

Seed s t ru c tu re s  are  increasingly  being  
used in taxon om ic  studies in C ruciferae, 
especially the an a to m y  an d  ex te rna l  
s t ru c tu re  of the testa. T he  basic  ea r l ie r  
studies, su m m arized  by  N e t o l i t z k y  (1926), 
have  in m o re  recen t years  been co m p le ­
m en ted  by  surveys of the  seeds in  a g rea t  
n u m b e r  o f genera  and  species (C e r n o - 
h o r s k y  1947, V a u g h a n  & W h i t e h o u s e  
1971 and, concern ing  ex ternal s t ru c tu re  
only, M u r l e y  1951).

The posi t ion  in the em bry o  of the  
coty ledons in re la tion  to the radicle ,  a n d

Fig. 6. Cross-sections of testa showing 
columns of the epidermis. — A: L. suluense, 
M e n d o n ç a  2797 (BR), ca. X385. -— B: L. bo- 
nariense, Tanzania, S h a b a n i  810 (EA), ca. 
X385. — C: L. virginicum, Switzerland,

S a m u e l s s o n  25.VI.1921 (UPS), ca. x 2 5 0 .

the  degree of fo ld ing of the  fo rm er ,  are 
c h a rac te rs  th a t  have  long been  u se d  to 
help  to define su p rag en e r ic  g ro u p s  w ith in  
the fam ily  ( D e  C a n d o l l e  1824, S c h u l z  
1936). Such c h a rac te rs  have  tu r n e d  out 
to be less con s tan t  w ith in  gen e ra  th a n  
was once believed, a nd  in  L e p id iu m  in ­
c u m ben t  (the m a jo r i ty  of species) as well 
as ob liquely  acc u m b e n t  (e.g. L. v irg in i­
cum)  co ty ledons are  k n o w n  (Fig. 5).

Im m ed ia te ly  inside the tes ta  and  closely 
associated  w ith  it th e re  is in L e p id iu m , 
as in n ea r ly  all Cruciferae, the one-cell 
th ick  a leu ron e  layer  (Figs. 6 A, 7), w hich  
is the rem ain s  of the  nucellus.  As fa r  
k now n it does no t  show  any  v a r ia t io n  of 
taxo no m ic  interest .

T he  testa  p ro p e r  of C ruc ife rae  seeds 
consists of layers  fo rm ed  by b o th  in teg u ­
ments, hu t  as a ru le  those genera l ly  co n ­
sidered to em a n a te  f ro m  th e  in n e r  in te g u ­
m ent (cf. e.g. S t o r k  1971 p. 285; f u r th e r  
references in V a u g h a n  & W h i t e h o u s e
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1971) do not differentiate in the maturing 
testa. This layer has been variously re­
ferred to as “colour cells” (G r a m  1894), 
“Pigmentschichte” ( N e t o l i t z k y  1926) 
owing to its often dark  colour, “épiderme 
in terne” (C e r n o h o r s k y  1947) and “inner 
parenchym a” (V a u g h a n  & W h i t e h o u s e  
1971). In Lepidium  it is sometimes seen 
as a cellular membrane but is in most 
cases compressed and without cellular 
s tructure (Figs. 6 A, 7, 8). This variation 
is intraspecific or even intraindividual.

The following layer, generally called 
the palisade layer (Figs. 7, 8), is the 
innermost one derived from the outer 
integument. It is one cell thick and nearly 
always well developed in Cruciferae seeds. 
The cell-walls are often thickened and the 
various ways in which these thickenings 
are accomplished offer, together with cell 
shape, variation of taxonomic interest. 
V a u g h a n  & W h i t e h o u s e  (1971) dis­
cerned eight main  types of palisade cell 
layers, which in many cases showed 
constancy within genera or even groups 
of higher rank, although the fairly small 
num ber of species surveyed did not, as 
the authors admitted, permit far-reaching 
conclusions. Four Lepidium-species were 
included in their study and all were found 
to have the inner tangential and the whole 
radial cell walls thickened. They differed 
in cell shape, one of them (L. campestre  
(L . )  11. H r . )  having the cells radially
elongated, and the others (among which 
was L. sativum  L.) tangentially elongated. 
They were therefore referred to different 
main types, “F ” and “E ”, respectively. 
But for the discovery of both types in 
L. sativum  (“F ” e.g. in S c h i m p e r  7 (P), 
from  Ethiopia), the species investigated 
here have their cells tangentially elon­
gated throughout bu t as a rule only the 
lower halves of the radial cell walls 
thickened (Fig. 8 A, II, I)— G), which cor­
responds lo type “D ” of V a u g h a n  & 
W h i t e h o u s e  (1971). In many cases the 
layer is, however, compressed, so that 
the outer tangential wall rests upon the 
radial thickenings with the thin part of 
B ot. N otiser, vol. 128, 1975

the radial walls folded inbetween (Fig. 
8 C, H). W ithin  Lepidium  the variation 
between at least groups “D ” and “E ” 
seems of no taxonomic significance.

F o r  the species investigated here the 
shape of the radial cell-wall thickenings 
was found to be of considerable interest. 
The thickenings are of several, on the 
whole distinct types when seen in t rans­
verse section. In “type I ” the thickenings 
taper gradually outwards, forming with 
that of the adjacent cell a structure sp ire­
like in outline (Figs. 7 A, 8 A— C). L. ar­
moracia, L. graminifolium,  and L. inyan-  
gense showed this type. In “type I I” the 
th ickenings are parallel-sided and only 
distally contracted so as to form with that 
of the adjacent cell a tr iangular  tip; some­
times the thickening is ra ther  convexly 
rounded  (Figs. 7 B, 8 D — G). The bases 
of the thickenings are in type II broader 
(0.06— 0.11 p w hen measured over two 
ad jacent thickenings), against 0.04— 0.05 
p in type I. Only in cells where only the 
lowermost part of the radial cell-wall is 
thickened can it be difficult to distin­
guish between types I and II, but this 
does not seem to occur with any constancy 
within uny one individual. Type II is 
present in all the rest of the indigenous 
tropical African taxa (L. africanum  
subsp. africanum, L. anguleuse, L. ke- 
niense, L. suluense) as well as in the S. 
African ones studied (L. africanum  subsp. 
divaricatum, L. capense, L. ecklonii, L. 
tr ifurcum)  and in the introduced L. vir- 
ginicum. In “type I I I ’ the thickenings 
are of the same size as in type II, but not 
distally tapered, the end being flat in 
section (Figs. 7 C, 8 11). Type III was 
observed only in the in troduced L. bona- 
riense. In L. ruderale, finally, the ends 
of the radial thickenings in sections a p ­
pear as notched around  the mid-lamella 
(Fig. 8 I). (For the material investigated 
see p. 21.)

The structures described show rem a rk ­
able constancy within the species studied 
and therefore mean an addition to the 
characters of taxonomic value in the



LEPIDIUM IN TROPICAL AFRICA

Fig. 7. Schematic drawings of testa in cross- 
section (a =  epidermis; b =  palisade layer; c =  
inner parenchyma; d =  aleurone layer; e =  
hyaline layer; terminology according to 
V a u g h a n  & W h i t e h o u s e  1971, cf. text). — 
A: Palisade layer, Type I. -— B: Ditto, Type 
II. — C: Ditto, Type 111. — See further in 

text. — Ca. X500.

genus. In  the A frican  taxa  it on the w hole  
divides w h a t  w ould fo r  o ther  reason s  he 
reason ab le  to keep ap a r t ,  a nd  jo ins  sp e ­
cies th a t  m ak e  a genera l  im press ion  of 
being closely allied. B u t  taxa  w ith  s im ilar 
s t ru c tu re  need no t of course he closely 
allied —  L. v irg in icum  and  the  L. afri-  
ca iuun-group , bo th  w ith  “type I I ” , ce r ­
tainly do no t  belong together. T h e  genera l 
constancy  of these ch a rac te rs  at species 
level m ak es  the  few exceptions w orth  
detailed  s tud y  to decide w h e th e r  the ir  
taxonom ic  posi t ion  sh ou ld  be recons idered

Fig. 8. Cross-sections of tesla, palisade layer. 
— A—C: Type I. — A: L. armoracia, Tan­
zania, N e w b o u l d  6300 (EA). — B: L. armo­

racia, Ethiopia, S o l l e g g i o  19 (FI). — C: 
L. inyangense, R o b i n s o n  1969 (K). — D—G: 
Type II. — D: L. africanum, Uganda, P u r s e - 
GLOVE 3620 (EA). — E, F: L. suluense, M e n - 
d o n ç a  2797 and 2797 a (BR), resp. -— G: 
L. africanum, Kenya, R y m a n  173 (UPS). — 
II: Type III. L. bonariense, Kenya, N j u k u  2 
(EA). — I: L. ruderale, Czechoslovakia,

J e d l i c k a  1312 (UPS). — All ca. X510.
Bot. Notiser, vol. 128, 1975
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or their seed anatomy regarded as excep­
tional (ef. L. iiiyangen.se p. 35). It remains 
to he proved whether these structures 
are of any use for Lepidium  taxonomy 
in general. The situation described may 
reflect the fact that the African Lepidium  
species belong to disparate phytogeogra- 
phical elements (cf. p. 39). W hen the 
genus is surveyed as a whole it may well 
he impossible to draw limits between the 
different types referred to here.

In some Cruciferae a subepidermis is 
developed outside the palisade layer. It 
was illustrated for L. campestre as a 
compressed non-cellular layer by Cerno- 
h o r s k y  ( 19 4 7  Fig. 62,  p.  57)  but it has 
otherwise not been observed in the genus 
(cf. Figs. 6  A, 7;  V a u g h a n  & W h i t e h o u s e  
1971 Fig. 8 B).

The outermost cell layer (testa epider­
mis acc. to V a u g h a n  & W h i t e h o u s e  1971, 
often also called “outer epidermis”, “épi- 
derme externe”) is well developed in the 
species of Lepidium  studied here (Figs. 
6 A, 7). The epidermis cells are rich in 
mucilage, which in contact with water 
swells considerably and breaks through 
the cell walls. The ultrastructure and 
chemical nature of this mucilage was 
studied in L. sativum  by M ÜHLETHALER  
(1950) and K a l a c  & Z e m a n o v â  (1959), 
respectively. In all the species studied 
here there is a large more or less hollow 
column left on the inner tangential cell 
wall after the swelling and rup ture  of the 
cell. The shapes of the columns in the 
African species are on the whole inter­
mediate between those described for L. 
sativum  and some other species by 
V a u g h a n  & W h i t e h o u s e  (1971), i.e. they 
have a hollow centre, which is rather 
wide especially distally. More recently the 
shapes of the columns of mucilaginous 
seed epidermis have been found to be of 
great taxonomic value at species and 
genus level ( S t o r k  1971, 1972 concerning 
Malcolmia  and related genera), but in 
Lepidium  the structures do not seem to 
be elaborate enough to permit accurate 
distinctions to be made. A tendency for the

columns of L. armoracia  to he narrow er  
with na r row er  and upwardly more 
abruptly  widened lacunae was noticed. In 
L. virginicum  some collections were found 
to have columns with a g ranular  structure 
(Fig. 6 C), while others (e.g. M a r q u e s  

2195 (LISC) from Mozambique) were 
cpiite normal. No other means of d ist in­
guishing between these plants was found, 
but the case may merit further  study.

In Lepidium  in contrast to for example 
Rorippa  (J o n s e l u  1968), the size and 
shape of the epidermis cells were not 
found to be of taxonomic importance. The 
testa surface is extremely finely sculp­
tured and its details cannot usually be 
observed with confidence under the stereo- 
microscope for differences to be dis­
cerned. M u r l e y  (1951) reported tuber- 
culate, alveolate, areolate and reticulate 
seeds in various species, but found some 
of the species impossible to distinguish 
on external seed characters. In all the 
species treated here the testa looks 
minutely reticulate, and only the seeds 
of L. bonariense  and L. virginicum  are 
possible to keep apar t  from the rest be­
cause of their  size and wings.

"Fhe scanning electron microscope re­
vealed in the indigenous African species 
a fine reticulum (the material studied is 
listed in the Appendix). Bulges from 
which striae radiate are in most cases 
visible in the middle of the areoles and 
seem to correspond to the above-men­
tioned columns, around which the outer 
cell wall seems to be more or less de­
pressed. The reticulum is in all species 
except one very thin and low (some­
times even rather  dissolved, Fig. 9 (i), 
and especially in L. armoracia  very 
regularly built (Fig. 9 A, B, J). Only L. 
keniense,  a species partly  defined by its 
testa surface structure (cf. p. 35), has 
a considerably coarser and more raised 
reticulum (Fig. 9 E, F, L) which is, how ­
ever, in some specimens ra the r  irregular. 
It is possible that Lepidium  seed surfaces 
when observed at a proper magnification
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Fig. 9. S can n ing  electron p h otom icrograp h s  o f  testa surface. —  A— B: L. a rm o r a c ia .  —  
A: T an zan ia ,  G r e e n w a y  9919 (K). —  B: E th iopia ,  F i o r i  1033 (FI).  —  C— D: L. a f r ica n u m .  
—  G: Kenya, R y m a n  173 (UPS). —  I): E th iopia ,  P a p p i  2951 (FI).  —  E — F: L. k en ien se .  —  
E: K enya, V e r d c o u r t  3820 (BR). —  F: Eth iopia ,  G i l l e t t  14365 (K). —  G: L. su luense ,  
G r a n d v a u x  B a r r o s a  7772 (COI). —  H : L. angolense ,  W e l w i t s c h  1190 (K). —  I: L. in ya n -  
gense ,  R o b i n s o n  1969 (K). —  J : L. a rm o ra c ia ,  F i o r i  1033 (FI).  —  K: L. a fr ica n u m .  R y m a n  
173 (UPS). —  L: L. keniense ,  VERDCOURT 3820 (BR). —  A— I ca. X 480 ,  J— L ca. X 40 .
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will turn out to be of a taxonomic im ­
portance comparable to that in other 
genera of Cruciferae (cf. e.g. B e r g g r e n  
1962 (Brassica), J o n s e l l  1971, 1973 (Ro- 
rippa)).

TAXONOMIC DISCUSSION

L. armoracia. T h e l l u n g  (1906 a, b) 
recorded this species from Ethiopia and 
the Yemen. He united with it three spe­
cies described by R i c h a r d  (1847; cf. 
synonymy) to which he gave subspecific 
or varietal rank. Nevertheless C u f o d o n t i s  

(1954 pp. 140— 141) again listed these 
three entities as separate species. One of 
these, L. abyssinien, was based on the 
collection S c h i m p e r  741, most probably 
the same that supplied seeds for the type 
of L. armoracia  (cf. synonymy; T h e l l u n g  
1906 b p. 172).

L. armoracia  was again revised by 
F r a n c h e t t i  (1958). She made some re ­
arrangements of the infraspecific taxa (cf. 
synonymy) but maintained T h e l l u n g ’s 
circumscription of the species. She gave 
a distribution map based on most of the 
herbarium  material available from E th io ­
pia, which shows the species to be re ­
stricted to Eri trea and Tigre, except for 
one erroneous locality in S. Ethiopia 
(Mega; G i l l e t t  14365, cf. p. 36 and 
Appendix). 1 have found no evidence for 
its occurrence in the extra-Ethiopian re ­
gions listed by F r a n c h e t t i  (1958), viz. 
Kenya, S. Africa, Tibet; these records 
certainly follow as a result of earlier m is­
conceptions. The Kenya record (also in 
Cu f o d o n t i s  1954) can he traced back to 
S c h u l z  (1927), who determined two 
F r i e s  collections of L. africanum  ( F r i e s  

& F r i e s  875 (K, S, UPS) and 1034 (UPS)) 
as L. armoracia.

F r a n c h e t t i ’s  subdivision of L. arm o­
racia was based upon the shape of siliculae 
and pedicels (cf. description). The type 
variety with straight pedicels and rhombic 
siliculae was known only from the few 
old S c h i m p e r  collections. The others, 
which as circumscribed by F r a n c h e t t i  
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show indistinct differences from  each 
other in pedicel shape and more striking 
ones in plant size, have ecological p re­
ferences corresponding to the latter 
feature, one (var. in term edium ) growing 
often in river-beds at lower altitudes, the 
other (var. alpigenum)  in drier places 
higher up. These facts and the fact that 
gatherings are from  very irregularly 
distributed localities, which are often in 
close proximity to each other suggest that 
infraspecific taxa should not, at least not 
at present, be recognized in L. armoracia. 
The plants from  the Yemen described 
with hesitation by T h e l l u n g  (1906 a, b) 
as L. schweinfurth ii  undoubtedly belong to 
L. armoracia. But for tha t slight incon­
gruity my circumscription of the species 
is in accordance with that of T h e l l u n g  

and F r a n c h e t t i . The simple, slightly 
serrate, somewhat firm leaves (Fig. 1 A), 
the w£ll developed petals and the retuse 
long-styled siliculae (Fig. 2 A— E) con­
stitute the best characters and makes it 
outstanding am ong the tropical African 
species. This impression is reinforced by 
its tesla ana tom y (cf. p. 28).

W ithin this f ram ew ork  fall some recent 
collections from N. Tanzania (Serengeti 
region ( B a u m  378 (EA, WAG), G r e e n w a y  
XII 1956 (EA), and  9919 (EA,K), N e w - 
b o u l d  6300 (EA, K)).  Both gross m o r­
phological features and testa anatomy 
point clearly to their inclusion in L. arm o­
racia. They have ra the r  rhombic siliculae, 
straight pedicels, and are glabrous except 
for some scattered very short hairs along 
the stem, rhachis and pedicels. They are 
accordingly ra the r  similar to the type 
material of L. armoracia  (T h e l l u n g ’s 
subsp. abyssinicum,  F r a n c h e t t i ’s var. 
armoracia). The specimens were collected 
within an area of ca. 30X 30 km and there 
is no variation of im portance within the 
material.  They look completely perennial,  
the localities are described as open to 
closed grassland on tuff  soil, and  there 
seems to be no reasons to doubt that they 
are indigenous.

The African distribution of L. armo-
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racia  is thus clearly d isjunct w ith an 
interval of ca. 1,800 km  (Fig. 10 A). It 
m ay in the future becom e partly filled  
by new  gatherings in E thiopia but less 
probably in the now  com paratively w ell- 
know n upland Kenya. M inuartia  filifolia  
( F o r s k .) M a t t f . show s a sim ilar d istribu­
tion; it is found in the m ountains of 
E thiop ia  (inch Eritrea) and adjacent 
parts o f Sudan and Som alia, and also in 
the N. T anzanian Mt. H anang at ca. 3,600  
m alt., w hich  is about 180 km  south of 
the L. armoracia  localities (cf. T u r r i l l  
1956). It is thus m ore m ontane than L. 
arm oracia.  A lthough a fa irly  conspicuous  
plant, this Minuartia  has so far not been 
discovered in the Kenyan m ountains.

Closest to L. armoracia  is L. gramini-  
fo lium ,  a ch iefly  M editerranean species 
(Fig. 10 A). Its thinner leaves, acutely  
ovate, non-retuse siliculae (Fig. 2 F ), a l­
w ays straight pedicels, and practically  a l­
w ays six stam ens are the m ajor d if­
ferentiating features. Of all the variants 
of L. armoracia,  the type and the S c h i m - 
p e r  collections (cf. above) and the T an­
zanian specim ens are closest to L. gramini-  
fo l ium  (cf. characters above). The two  
taxa l o i m a w ell-defined “supersp ecies” 
and are sim ilar enough for their treat­
ment as subspecies to he defensible. Their  
ranking as species is, how ever, in accord­
ance with the taxonom ic concepts in Le­
p id ium ,  and they also turn out to he phyto- 
geographically  natural entities. Rather 
closely  related to this species pair is 
probably the L. lyra tu m -com plex w ith  
several species in Central Asia and Persia.

The L. africanum-group. The rest of 
the native Lepidium  species form  a group  
of apparently closely related species, here 
referred to as the L. afr icanum -group. 
All have flow ers with reduced petals and 
only tw o stamens; other uniting characters 
are the curved to arcuate pedicels, som e­
what notched siliculae (Fig. 3 A— I), u su ­
ally m ore or less reflexed hairs and the 
testa palisade cell w alls of type II (with 
the notable exception of L. inyangense).  
3

Leaf-shape varies quite a lot (Fig. 1 R— J, 
L, M) as does longevity and various 
details of the silicula. T he determ ination  
of such plants show  in the herbaria much  
confusion , and som e of the few  published  
accounts are equally confused  (S c h u l z  

1927, G o n ç a l v e s  1961, R o b y n s  & Bou- 
TIQUE 1951, E x e l l  1973). It is clear that 
taxa very close to and partly conspecific  
with the tropical A frican species occur 
in S. Africa, and for that area a great 
deal of the taxonom ic and nom enclatural 
confusion  was resolved by M a r a i s  (1966, 
1970). The present revision m ust largely  
be concerned with the sim ilarities between  
the tropical and South A frican form s, 
w hich latter I have found it superfluous 
to revise anew.

Particularly problem atic from  a taxo­
nom ic point of view  are a num ber of 
perennials w ith a thick, strongly lignified  
root giving rise to num erous basally more 
or less lignified shoots, so that they are 
often  practically subshrubs. The leaves 
are undivided and the siliculae are retuse, 
not em arginate, and nearly alw ays with  
projecting stigma. Practically every co l­
lection has its d istinctive m inor features, 
not unexpected for autogam ous plants 
that m ay have been isolated for a long 
tim e. P lants of this general habit occur 
in Mega in S. E thiopia, a few  places in 
the Kenya uplands, the Inyanga area in 
Rhodesia, H uila area in Angola, as w ell as 
in S. Africa. T he few  collections are in 
m any cases rich in specim ens. The taxo­
nom ic treatm ent of this m aterial presents 
problem s ow ing to the vagueness of 
available characters (p. 22) and the
suspicion  that m uch rem ains to be dis­
covered about these inconsp icuous plants. 
According to the present species concept 
o f the genus (cf. p. 22) their character 
com binations indicate that they constitute 
more than one species.

Of the tropical African collections only  
the one from  Angola ( W e l w i t s c i i  1190) 
has been previously described, viz. as var. 
ciethiopicum  of L. ruderale  ( H i e r n  1896). 
It was placed by T h e l l u n g  (1906 a) as a 
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L .g ram in ifo liu m  Ç J
L .a f r ic a n

bsp. a fr ic an u m

Fig. 10. A: Total distribution of L. armoracia and approximate distribution of L. gramini- 
folium  (arrow points at occurrence in the Crimea). •— B: Total distribution of L. africanum  
subsp. africanum  (within hatched areas approximate). — C: Total distributions of L. ango- 
lense, L. inyangense, L. keniense  and L. suluense. — Each symbol represents one or more

herbarium collections.

varie ty  of L. a fr ic a n u m , a n am e  used by 
h im  for w h a t  is here  called L. capense  
T h u n b . (cf. synonym y).  A q u e ry  indicates, 
how ever, th a t  T h e l l u n g  was u n ce r ta in  of 
its p ro p e r  position, an d  it is a quite 
dis tinct plant.  The  ra th e r  n a r r o w  siliculae 
w ith  d is tinc tly  veined valves, only a 
m inu te  em arg ina t ion  a nd  p ro m in en t ly  
p ro jec ting  style (Fig. 3 H) m ak e  it dis tinct 
b o th  fro m  the o ther  t rop ica l  A fr ican  col­
lections an d  from  L. capense,  w hich , 
however, also has a p ro jec t ing  style. O ther  
im p o r ta n t  fea tures  of the A ngolan  p lan t
Bot. Notiser, vol. 128, 1975

are  the  undiv ided  leaves (in L. capense  
the  basal ones a re  u su a l ly  p in na t if id ) ,  
the cu rved  pedicels, w h ic h  a re  set a t  an 
angle of only ca. 45° (Figs. 3 IT, 4 J) (in 
L. capense  and  the tro p ica l  A frican  co l­
lections they  d ivar ica te  to 60— 90°) .

M orpholog ica l ly  as well as g eo g ra p h i ­
cally (Fig. 10 C), the  A ngola p la n t  occupies  
a ve ry  isolated position . I t  c a n n o t  w ith  
an y  ju s ti f ica t ion  be un ited  w i th  a n y  o th e r  
k n o w n  species, n o r  does it b r id g e  a gap 
b e tw een  o th e r  species in  su ch  a w a y  th a t  
m igh t  suggest the u n i t in g  of such  species.
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L-angotem » ♦  . 

L .inyangense  ■  

L .su luertse ▼ /—

1 0  c:

Therefo re ,  in spite of the existence of only 
one  collection, 1 f ind  it necessary  to 
describe it as a new species, L. angolense  
(see p. 43). F o r tu n a te ly  the m a te r ia l  is 
copious and  in good condition .

The isolated collection f ro m  the  In y ang a  
a re a  in E. R hodesia  ( R o b i n s o n  1969; cf. 
Fig. 10 C) was a t t r ib u ted  to “ L. a fr ica nu m  
var. ae th io p ic u m ” ( =  L. angolense) by
E x e l l  (I960), an d  il has  the m in u te  
em arg ina t ion  of the s ilicula (Fig. 3 I) in 
com m on w ith  L. angolense.  The cau line  
leaves (Fig. 1 L, M), w hich  a re  especially  
apica llv  acutely se r ra te  and  densely p u b es ­
cent in part ,  agree on the  o th e r  h a n d  with

the S. A frican  L. eck lon ii  S c h r a d ., the 
siliculae of w hich  are, how ever,  d is tinctly  
emarg inate .  M oreover the  R hodesian  p lan t  
is o u ts tand in g  in the n a tu re  of ils p u b e s ­
cence, w h ich  is very  dense a nd  consisting 
of n a rrow ,  falcate, often ca. 0.3 m m  long 
hairs, w hile  those of L. ecklonii  a re  only 
0.1— 0.2 m m  long an d  m ore  subulate .  
T he  testa  pa lisade  lay e r  is of type  I 
(Fig. 8 C), n o t  o therw ise  seen in this 
group  of species. T he  prof ile  of the  wall 
th ickenings is here  still m ore  po in ted  and 
n a r ro w e r  th a n  in L. armoracia ,  a n d  thus  
very c learly  d if fe ren t  f ro m  type II. W ith  
respect to the genera l  constancy  of the 
pa lisade layer  s t ru c tu re  th is  fea tu re  co n ­
firm s the im press ion  of taxonom ic  iso­
lation of the  R ho des ian  p lant.  It will 
therefore  be described  (p. 43) as a sep a ra te  
species, L. ingangense,  the re sem blance  of 
w hich to the species m entioned  above 
m ay  be on ly  r a th e r  superfic ia l.

The  seven K en y an — S. E th io p ian  collec­
tions (cf. Appendix) have  a n u m b e r  o f fe a ­
tures in co m m on . T he  s iliculae are  slightly  
bu t  d is tinc tly  retuse, u sua l ly  w ith  p ro je c ­
ting style, they  a re  r a th e r  b ro a d  in re la tion  
to the length, and the valves have no  o r  only  
indis t inc t  n e rv a tu re  (Fig. 3 F — G). T he  
stem an d  rh ach is  a re  less pubescen t  th a n  
in L. angolense  an d  especially  L. in g a n ­
gense,  w ith  on ly  ref lexed ha ir s  ca. 0.1 
m m  long. T h e  p r im a ry  leaf rose tte  was 
not p resent,  hut the  cauline  leaves are  
all lanceo la te  to l in ea r  (Fig. 1 F — G), 
seem ra th e r  coriaceous  an d  bear  shor t  
hairs  only along  the midveins.  T h e  am o u n t  
of pubescence  varies, how ever,  be tw een  
the collections. T h is  c h a rac te r  co m b in a ­
tion d is t inguishes it f ro m  the tw o above- 
m en t ioned  species as well as f ro m  any  
of the S. African ones, of w h ich  L .  ca- 
pense  u n d o u b ted ly  is the m ost similar. 
The la t te r  species has,  how ever,  m o re  o r  
less p in na t if id  low er cauline  leaves, while 
they are  p rac t ica l ly  en tire  in the East  A fri­
can specim ens th a t  a re  possible to s tu dy  in 
this respec t (e.g. N a p i e r  5 5 5 ) .  M oreover 
the seeds of all collections have a coarse  
testa re t icu lu m  (cf. p. 30 and  Fig. 9 E, F,
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L) not met with in the rest of the tropical 
African material,  nor in capense and 
the other S. African species studied. (One 
collection of L. keniense, B a l l y  8430, 
coidd not he studied in this respect be­
cause of failed seed-setting.) These East 
African collections have thus so much in 
common and can be so clearly distin­
guished from other species that I regard 
them too as a separate species, L. keniense  
described on p. 42 (cf. Fig. 10C). The 
collection from S. Ethiopia is somewhat 
deviating by its shorter style, divaricate 
pedicels and broader siliculae (Fig. 3 G). 
In herbaria this species has hitherto usu­
ally passed as “L. ofricanum  var. aethio- 
picum ”. The collection cited by A g n e w  
(1974) as an example of L. africanum  
( N a p i e r  “ 1525” =  N .  553 and 555) is in 
fact this species.

Within the L. africanum-group besides 
the three species described collections are 
found with longer stems with straighter 
branches, which may arise from the 
whole length of the stem or only from its 
upper part.  These plants seem usually to 
be erect and 3— 5 dm long, but may be­
come much longer with straggling, much- 
branched stems. Such plants are usually 
lignified below and definitely perennial,  
but very thick roots and stem-bases were 
not observed. The long and straggling 
plants often form axillary leaf-rosettes 
with spathulate leaves (cf. p. 23). Short­
lived forms also occur, and are in some 
areas perhaps more common (cf. p. 22).

Collections of this general habit occur 
in rather large numbers from  Sudan and 
Eritrea southwards through certain u p ­
land areas of eastern tropical Africa down 
to southern Africa. The apparently 
perennial forms are mainly from Ethiopia 
and N. Kenya, while most material from 
other tropical regions seems to be shor t­
lived and to have partly  grown as weeds.

Among the probably short-lived plants 
are some collections from Mozambique 
with pinnate or pinnatifid cauline leaves 
(cf. also p. 22 and Fig. 1 H) and ra ther  
deep and narrow  emargination of the 
Bot. N otiser, vol. 128, 1975

silicula, the lobes of which usually con­
verge (Fig. 3 E). Such plants were de­
scribed by M a r a i s  ( 1966)  as L. suluense, 
which also occurs in Natal (Fig. 10 C). 
There are, however, specimens combining 
the silicula type of L. suluense  with the 
type of undivided leaves found in L. afri­
canum  (e.g. MENDONÇA 2797 a, cf.  p. 22 
and below), and the species may he im ­
possible to delimit sharply. In spite of 
such morphological intermediates, the 
nature of which cannot now be decided, 
I recognize this species, especially be­
cause no collections with the typical L. 
suluense features were seen from  outside 
a limited area.

The great ma jority of collections, which 
are all attr ibutable to L. africanum, have 
undivided or somewhat pinnatifid leaves, 
and distinct bu t comparatively broad 
emarginations, from  which the style p ro ­
jects only slightly or not at all. L. afri­
canum  will as a result of the inclusion of 
all these form s become variable, not least 
as regards longevity. This means a partial 
contradiction of the way it was circum­
scribed by M a r a i s  (1966, 1970), who in­
cluded in L. africanum  only short-lived 
forms, mostly occurring as weeds. The 
S. African perennials of close affinity 
were regarded by him as a separate spe­
cies, L. divaricatum  A i t ., divided into 
two subspecies. The ra re r  of these, subsp. 
trifurcum  ( S o n d .) M a r a i s , is outstanding 
in several features (cf. below). The more 
widespread subsp. divaricatum,  occurring 
both in S. Africa and Namibia, is indeed 
very similar to certain forms of L. afri­
canum, especially the perennial ones of 
N.E. tropical Africa, and to some collec­
tions from Rhodesia. The differentiating 
features of subsp. divaricatum  include 
leaf-shape, size of siliculae and seeds and 
degree of pubescence (cf. p. 42). Un­
divided as well as pinnatifid cauline 
leaves seem to exist in both L. africanum  
s.str. and  subsp. divaricatum  (cf. M a r a i s  
1970 p. 90). The siliculae of subsp. divari­
catum  are as a rule both longer and 
broader (Fig. 4 F, cf. p. 42), but the dif-
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ferences f r o m  L. a fr ic a n u m  a re  not 
abso lu te .  In  subsp. d ivar ica tum  the  rh ach is  
is g lab rou s  o r  bears  scattered, s h o r t  ha irs ,  
w hile  L. a fr ic a n u m  is in trop ica l  Africa 
u sua l ly  m o d e ra te ly  to densely  p u b eru len t .  
T w o R ho des ian  collections f ro m  U m tali 

! (Ch a s e  4572 (K, LISC, SRGH ); P h i p p s  
2174 (HR, EA)) an d  tw o from  M arsab it  
in N. K eny a  (Rally  5476 (EA, K), F a d e n  
68/602 (EA)) come in this respec t very  
n e a r  to subsp .  d ivarica tum ;  w ere  it not 
fo r  the i r  sm a lle r  siliculae and  seeds they  
w o u ld  fall w ith in  its limits. T he  N. E th io ­
pian  p e renn ia ls ,  w h ich  are  ve ry  un ifo rm ,  
d if fe r  from  subsp. d ivar ica tum  m a in ly  in 
th e i r  dense  rhach is  pubescence  an d  the 
c lea rly  sm a lle r  average  size of the i r  
siliculae a n d  seeds.

In  N am ib ia  f ro m  w h ich  ra th e r  a lot of 
subsp . d ivar ica tu m  has  recen t ly  been co l­
lected, it a p p e a rs  v ariab le  and  a p p ro a ch es  
the E th io p ia n  plant even in pubescence  
(e.g. M e r x m ü l l e r  & G ie ss  3404 (M)). 
O thers  f ro m  N am ibia  deviate in the ir  
co m p a c t  f ru i t ing  racem es a nd  densely  
ap p ressed  cau line  leaves ( M e r x m ü l l e r  & 
G ie ss  2835 (M), U r s c h l e r  s.n. (M)). (The 
specim en S e y d e l  3457, cited by M e r x ­
m ü l l e r  (1966) as L. d ivar ica tum  does not 
belong  to th is taxon but is p ro b ab ly  an 
undesc r ib ed  species.)

I f ind  the  features  bv w hich  L. d ivar i­
ca tum  subsp .  d ivar ica tum  d if fers  from  
L. a fr ican um  so vague w hen  considered  
over  its w ho le  range  th a t  I can n o t  bu t  
rega rd  th e m  as conspecific. I re ta in  subsp. 
d ivar ica tum  as a subspecies u n d e r  L. a fr i­
can um  (cf. p. 41).

On the o ther  band subsp. t r i fu rc u m  
deviates so m u c h  that I prefer  to restore  
it to sp ec if ic  status as L. t r i fu rcu m  S o n d ., 
(but c ircu m scribed  according  to M arais  
1966, not T i ie l l u n g  1906 a, b) instead o f  
recogniz ing  it as a su bspecies  un der  L. 
a fr ica n u m  s. lat. It is c o m p le te ly  g labrous,  
even  a long  the adaxial  s ide of the  pedicels ,  
w h ic h  are erecto-paten t  and o n ly  s l ightly  
curved, never  sp reading  to ref lexed  as in 
L. a fr icanum ,  and the s i l iculae  are re­

m ark ab ly  n a r ro w  and  u sua l ly  ovate (Fig. 
4 G). T h is  cha rac te r is t ic  p la n t  occurs  
w ith in  a res tr ic ted  a re a  in N.E. South 
Africa (cf. Marais  1970).

L. a fr ica nu m  subsp. a fr ica nu m  would  
thus  co m p r ise  shor t- l ived  S. African an d  
all the t rop ica l  African m ater ia l  of the 
species. A short-l ived weed type grow s 
in R hodesia  (e.g. D r u m m o n d  4933 (BR, 
K, S)) an d  in trop ica l  E as t  Africa (e.g. 
P u r s e g l o v e  3620 (BR, EA, K) f rom  
Uganda, H en dr ick x  7836 (BR) fro m  Ivivu 
in Zaire). P lan ts  collected near Mt. Kenya 
(F r ie s  & F ries  875 an d  1034 (cf. p. 32), 
and  Jo n s e l l  2972 (UPS), w hich  grew as 
a weed) com prise  a local fo rm  deviating 
in un u su a l ly  long an d  s t ra igh t  hairs .  A n­
o ther  local, native fo rm  is certa in ly  the 
one f ro m  M arsab it  in N. Kenya (cf. above), 
which  is obviously  pe renn ia l ;  it is o u t ­
stand ing  in being n ea r ly  com ple te ly  g la­
brous, an d  in hav ing  a  very shallow 
em arg in a t io n  f ro m  w h ich  the  style p r o ­
jects dis tinctly . It can  be quest ioned  
w h e th e r  th is  fo rm  is no t deviating  enough  
to be recognized as a sep a ra te  taxon. A 
final local, u n ifo rm  v a r ia n t  is the one 
fro m  N. E th iop ia ,  a lr e ad y  frequ en tly  r e ­
ferred  to, w h ich  extends n o r th w a rd s  to 
the Red Sea Mills in S udan  (Jackson  
2883 (K)). T he  fact th a t  local fo rm s are  
easy to d iscern  m ak es  it p robab le  th a t  
L. a fr ica n u m  as a weed is an apophyte ,  
indigenous in the a reas  w here  it now  
occurs  (cf. Fig. 10 R). (A curious collec­
tion f ro m  S. M ozam bique, T orre  7510 
(EA, LISC), is a su b sh ru b ,  w hich  is 
ten ta tive ly  a t t r ib u te d  to L. a fr icanum  s. 
lat.)

T h e  p la n t  here  called L. a fr icanum  
has  un t i l  recen t ly  passed as L. d ivar i­
catum.  T h e  trop ica l  A frican  and  the s h o r t ­
lived S. A frican  p lan ts  w ere usual ly  called 
L. d ivar ica tum  A it .  subsp. l inoides  
(Thunb.)  T h e l l .  (based on L. linoides  
T hunb .)  or  even identif ied  w ith  a var.  
su b d e n ta tu m  (R u rc h .  ex DC.) T h e l l .  of 
this taxon, as in F r a n c h e t t i  (1958) fo r 
the E th iop ian  fo rm . All these nam es are  
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typified by collections from S. Africa, 
and those of the latter were included by 
M a r a i s  (1966) in subsp. divaricatum. As 
M a r a i s  (1966) demonstrated the name 
L. a fr icanam  has been misapplied by De 
C a n d o l l e  (1821) and T h e l l u n g  (1906 
a, b), as the B u r m a n  (1768) type and 
descri, ■' of L. africanam  turned out 
to fall within the limits of what had 
passed as L. divaricatum. The type of 
L. divaricatum  A i t . was regarded by 
M a r a i s  (1966 p. 107) as belonging to 
another  species than L. africaimm  and 
the nam e L. divaricatum  was thus re­
tained in this sense. This taxon is, how ­
ever, recognized by me only as a sub­
species of L. africaimm  (cf. p. 41). For 
the species earlier (e.g. by T h e l l u n g  1906 
a, b) called L. africaimm, L. ccipense 
T h u n b e r g  (1800) became the correct 
name. This species, frequently referred 
to above, is restricted to the Cape Penin­
sula.

The introduced species. L. bonariense, 
native in central S.  America (Argentina, 
Uruguay, Brazil, Paraguay, Chile fide 
H i t c h c o c k  1945), has become introduced 
in m any  parts of the world. It is wide­
spread in S. Africa ( M a r a i s  1970) and 
apparen tly  extending its range in parts 
of tropical Africa, from where the first 
specimens date from the 1950s. It seems 
invariably connected with cultivation 
there and has not become really na tu ­
ralized. It is easy to distinguish from the 
native African species by its leaves (Fig. 
1 K), siliculae (Fig. 3 J) and seeds (cf. key 
and description). In S. America it is some­
what variable and its delimitation from 
some other species is debatable ( T h e l l u n g  
1914, H i t c h c o c k  1945, B o e l c k e  1964). 
The only variation of importance in 
Africa concerns its longevity, about which 
the literature reports are contradictory 
( T h e l l u n g  1906 b considered it a peren­
nial, B o e l c k e  (1967) an annual; cf. p. 
2 2 ).

Another introduced species, L. virgini- 
cum  L. has, however, been confused with
Bot. N otiser, vol. 128, 1975

L. bonariense. L. virginicum, which grows 
as an in troduction  in S. Africa ( M a r a i s  

1970), is in tropical Africa known only 
from one ra ther  comprehensive collection 
from Mozambique ( M a r q u e s  2194— 2195 
(COI, FISC)), which was taken for /.. 
bonariense by E x e l l  & G o n ç a l v e s  (1973). 
The leaves, which in L. virginicum  are 
undivided except for those of the p r im ary  
rosette (cf. p. 44) constitute the most 
striking difference. It is true that some 
S. American form s of L. bonariense have 
undivided leaves ( T h e l l u n g  1914, H i t c h ­
c o c k  1945, B o e l c k e  1967), bu t the 
pedicel direction and the shape of the 
silicula emargination, prominent in both 
species, are also distinctive. The latter is 
in L. virginicum  ra the r  narrow, and the 
stigma is carried on a short but distinct 
style (Fig. 3 K) ; in L. bonariense it is 
broadly widened and with a practically 
sessile stigma (Fig. 3 J). On this point 
the descriptions of the two species in 
Flora Europaea (1964) are ra ther  m is­
leading, nor do the differences in petal 
length stated in its key hold good (cf. p. 
44). Specimens of L. virginicum  from 
Mozambique have petals as reduced as 
L. bonariense. Obliquely accumbent coty­
ledons were observed in its embryos (Fig. 
5 A), as well as in the eight other collec­
tions studied, f rom  various parts of the 
world. In L. bonariense only incumbent 
cotyledons were seen. L. virginicum  is a 
native of N. America, and has become 
widespread in for  example large parts of 
Europe. To a still higher degree than  for 
L. bonariense it seems reasonable to 
suspect that the introductions to Africa 
have taken place via Europe.

L. ruderate  L. was reported from tropi­
cal Africa in m any older flora works (cf. 
synonymies). This is simply due to con­
fusion with the superficially similar spe­
cies of the L. a fricaimm-complex, from 
which it is distinguished by the straight 
pedicels, the short, neither curved nor 
reflexed hairs, and anatomical features of 
the seed (cf. p. 28).
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L. armoracia, the closest relative of 
which is L. graminifolium  (cf. p. 23 and 
Fig. 2 F ) ,  belongs to the Mediterranean 
genetical element (cf. W h i t e  in C l a p h a m  
& W h i t e  1 97 0  p. 55 for a discussion of 
this term) of the upland tropical East 
African flora (map Fig. 10 A). The role 
of this element has been assessed only 
for the Afro-alpine flora ( H e d b e r g  1965  
p. 5 2 4 ) ,  and it is only sparsely repre­
sented here. The distribution of L. armo­
racia was commented upon above (p. 
33).

The remaining indigenous species, 
which are in my opinion closely allied, 
belong to a South African genetical ele­
ment. This statement is based upon the 
following considerations. Southern Africa 
is an im portan t centre of diversity for 
Lepidium  with about 15 native species. 
Some undescribed ones are probably  to 
be added, especially from Namibia. The 
S. African species seem to fall into various 
groups of affinities, but their  relation­
ships in detail have still to lie clarified. 
As emphasized above a num ber of species 
restricted to S. Africa are most certainly 
the closest relatives of the group of tropi­
cal African species. Such relatives are 
found both in the Cape (L. capense) and 
the Karroo-Namib phytogeographical re­
gions as well as in the S. African parts 
of the Sudano-Zambesian regions (cf. 
W h i t e  1972  as to phytogeographical divi­
sion). It seems therefore appropria te  to 
regard these tropical species as belonging 
to the S. African element of the tropical 
African upland flora; no fu r the r  defini­
tion of their phytogeographical affinity is 
possible at present.

The S. African genetical flora element 
of tropical Africa has been elucidated for 
the Afro-alpine flora and to some extent 
for the taxonomically far less well known 
Afro-montane flora ( H e d b e r g  1965, 1970.  
W e i m a r c k  1941, N o r d e n s t a m  1 969

among others). The tropical African Lepi­
dium  species are on the whole montane 
and usually confined to low-montane 
areas. W h i t e  (1965), who discerned the 
Afro-montane Region as one of the 
principal phytogeographical entities in 
Africa, tries (in Ch a p m a n  & W h i t e  1970 
pp. 64— 65) to define the lower limit of 
this Region with special reference to 
Malawi. It is found there somewhere be­
tween 1,065 and 1,525 m. The L. afri- 
canum  group in tropical Africa proper  
reaches no lower than 1,100 m and then 
perhaps only as weeds. They usually grow 
between 1,400 and 1,800 m, and may 
reach 2,200 (Mega in S. Ethiopia). In N. 
Ethiopia their altitudinal range is larger, 
but they are still montane. They would 
therefore belong to the Afro-montane 
phytogeographical element. Only in 
southernmost Mozambique do some spe­
cies grow at low altitudes, near the coast, 
viz. L. africanum  (sporadically and p er ­
haps as an introduced weed) and L. su- 
luense, which is endemic to this coastal 
strip and to its prolongation into Natal 
(cf. p. 36).

The only widespread species, L. afri- 
canum, shows the wide disjunctions (Fig. 
10 B) characteristic of many S. African 
and Cape elements in tropical Africa (cf. 
e.g. W e i m a r c k  1941, N o r d e n s t a m  1969 
pp. 56 and 59, G r a u  1973). The restricted 
endemics, L. keniense, L. inyangense  and 
L. angolaise  are all from Afro-montane 
areas that are regarded as centres of 
endemism ( W e i m a r c k  1941).

The S. African element is poorly re­
presented among tropical African Cruci- 
ferae. None of the genera endemic to 
southern Africa, of which Heliophila is 
by far the most important, reach tropical 
Africa proper. The best example besides 
Lepidium  is Rorippa midiuscula  T i i e l l ., 
which grows in S. Africa— Rhodesia and 
has an outlying group of localities in 
montane East Africa.
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TAXONOMY
KEY TO THE LEPIDIUM SPECIES IN TROPICAL AFRICA

1. Siliculae longer Ilian 4 mm; wings prom inent .......................................................  L. sativum
1. Siliculae shorter than 4 mm; wings absent or indistinct ...................................................... 2
2. Petals longer than or equalling sepals ..........    3
2. Petals shorter than sepals or absent .............................................................................................  4
3. Siliculae slightly retuse with distinctly projecting style .................................  L. armoracia
3. Siliculae deeply em arginate with style wholly w ithin the sinus   L. virginicum
4. Siliculae suborbicular. Seeds narrow ly winged ......................................................................... 5
4. Siliculae elliptic, oblong or ovate. Seeds not winged ..............................................................  6
5. Cauline leaves p innatifid  to pinnate .....................................................................  L. bonariense
5. Cauline leaves + deeply s e r r a te ............................................................................... L. virginicum
6. Siliculae distinctly em arginate; stigma within, or rarely only ju s t projecting beyond the 

sinus. Stems m ostly branched only in upper parts. Stems and  branches ± straight. 
Annuals or short-lived perennials .................................................................................................. 7

6. Siliculae only retuse; stigma projecting beyond the sinus (rarely just at its m argin). 
Stems branched ± equally along their whole length. Stems and branches curved. 
Perennials, often sub-shrubs ............................................................................................................ 8

7. Em argina tion narrow  and rather deep with margins distally converging. Cauline leaves 
usually pinnate .................................................................................................................. L. suluense

7. Em argination broader with margins not converging distally. Cauline leaves undivided
to pinnatifid ................................................................................ L. africanum  subsp. africanum

8. Most parts of p lant densely pubescent with mostly thin, ± falcate hairs, ca. 0.3 mm 
long. Leaves m arkedly oblanceolate and apically s e r r a te ..............................  L. inyangense

8. Moderately to sparsely puberulent with retrorse hairs, ca. 0.1 mm long. Leaves linear 
to oblanceolate, entire or distantly serrate ............................................................................... 9

9. Silicula valves with prom inent veins. Silicula narrow er than 1.9 m m  L. angolense
9. Silicula valves wdthout or with very indistinct veins. Siliculae nearly alw ays broader

than 1.9 mm ......................................................................................................................  L. keniense

L epidium  arm oracia F is c h . & Me y .

F i s c h e r  & M e y e r  1842: 77. — Orig, coll.: 
Specim. cult, in horto bot. petropolit. e sein, 
coll. S c h e m p e r  in E thiopia (LE holotypus!).

L .  abyssinicum  A. R i c h a r d  1847:21. L. 
armoracia F i s c h .  & M e y .  subsp. abyssinicum  
(A. R i c h . )  T h e l l u n g  1906 a :  176. — Orig, 
coll.: Ethiopia, Tigre, S c h i m p e r  11: 741 (P 
holotypus!).

L. alpigenum  A. R i c h a r d  1847:22. L. rude- 
rale L. var. alpigenum  (A. R i c h . )  O l i v e r  
1868: 69. L .  armoracia F i s c h .  &  M e y .  subsp. 
intermedium  (A. R i c h . )  T i i e l l .  var. alpi­
genum  (A. R i c h . )  T h e l l u n g  1906 a: 177. L. 
armoracia F i s c h .  & M e y .  var. alpigenum 
(A. R i c h . )  T h e l l . ;  F r a n c h e t t i  1958:170. — 
Orig, coll.: E thiopia, Ouodgerate, P e t i t  s.n. 
( P  holotypus!).

L. intermedium  A . R i c h a r d  1847:21. L. 
armoracia F i s c h . & M e y . subsp. intermedium  
(A. R i c h .) T h e l l u n g  1906 a: 176. L. armo­
racia F i s c h . & M e y . var. intermedium  (A. 
R i c h .) F r a n c h e t t i  1958: 169. — Orig, coll.: 
Ethiopia, Tchélikote, Q u a r t i n - D i l l o n  & P e ­
t i t  s.n. ( P  holotypus!).

L. ruderale sensu O l i v e r  1868:69 p.p., 
E n g l e r  1892:223 p.p., D u r a n d  & S c h i n z  
1898: 137 p.p., non L.

L .  graminifolium  s e n s u  D u r a n d  & S c h i n z  
1898: 136 p.p., non L.

L. schweinfurthii  T h e l l u n g  1906a: 178. — 
Orig, coll.: Yemen, Menacha (M anaklia), 16.
11.1889, S c h w e i n f u r t h  1392 (G holotypus!).

P e re n n ia l h e rb  o r su b sh ru b  w ith  a 
th ick  w oody ta p ro o t. S tem s sev e ra l fro m  
the base, w oody al base o r o ften  even to 
qu ite  h ig h  up, 20— 50 cm  h igh , ascend ing  
to erect, r ich ly  b ra n c h e d . B asal leaves 
evanescen t, p e tio led , ob lan ceo la te , u n ­
div ided o r w ith  a few  b asa l lobes, se rra te  
to w ard s  the apex . C auline leaves in ­
d is tin c tly  petio led , ra th e r  f irm , u p  lo 4 
cm long, lanceo la te , o b lan ceo la te  or 
linear, acu te , a tte n u a te  at base, sp a rse ly  
s e rra te  lo en tire ; ap ices an d  tee th  + 
cartilag in o u s. R acem es te rm in a l, ra th e r  
lax in f ru it  (Fig. 4 A— B), u p  to 25 cm 
long. Pedicels 3.0— 4.5 m m  long, s tra ig h t 
an d  e rec to -p a ten t o r a rc u a te ly  p a ten t 
(Fig. 2 A— 1’]). S tem s, leaves, rh a c h is  and  
pedice ls sp a rse ly  p u b e ru le n t w ith  very 
sho rt, p a te n t to recu rv ed , som etim es 
scab rid u lo u s  h a irs , o r g lab ro u s . Sepals 
ovate to oblong, g reen  w ith  p ro m in en t 
m em b ran o u s  m arg in s  an d  o ften  tinged
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w ith  violet, 0.8— 1.2 m m  long. Petals  
white ,  equall ing  or longer  th a n  sepals,
1.2— 1.8 m m  long, s p a th u la te  to clawed. 
S tam ens  4 or 2 (m edian  a n d /o r  la tera l) .  
N ec ta r ies  b road ly  cy lind rica l  to obtusely  
conica l. Siliculae o rb icu la r ,  ell iptic, 
rh o m b ic a l ly  ell iptic o r  ovate, re tuse ,  2.5—  
3 .8 X 2.0— 2.5 m m ; style p ro m in en t ,  d is­
t inc tly  p ro jec ting  bey on d  the s inus (Fig. 
2 A— E). Seeds wingless, b r ig h t  red -b row n,
1.3— 1 .7X ca .  0.8 m m , w ith  a fa in t,  very 
fine, reg u la r  re t icu lu m  (Fig. 9 A— B, J) . 
Pa l isad e  layer  of testa of ty p e  I (Fig. 8 
A— B). Cotyledons in cu m b e n t  in em bryo.

ECOLOGY: open d ry  g rass land ,  d ry  
riverbeds ,  rocky  g round ,  “k o p je s ” . Alt. ca. 
1,500— 2,800 m.

D IS T R IB U T IO N : Yemen, N. E th iop ia ,  
N. T an za n ia  (Fig. 10 A).

L e p i d i u m  a f r i c a n u m  (B u r m . f i l .) DC.

Lepidium  africanum  ( B u r m .  f i l . )  DC. 
subsp. africanum

D e  C a n d o l l e  1 8 2 1 : 5 5 2  q u o a d  s y n o n . ,  n o n  
q u o a d  d e s c r .  el a u c t .  n o n n .

Thlasp i  a fr icanum  B u r m a n  f i l .  1768: 17. 
— Orig, coll.: S. A frica, Cape Prov ince, 
B u r m a n  f i l .  s.n. (G ho lo ty p u s!).

L. ruderale  sensu O l i v e r  1868: 69 p.p. cl 
auct. sqq., no n  L.

L. d ivaricatum  A i t .  s u b s p .  linoicles s e n s u  
E x e l l  1 9 6 0 :1 9 2 ,  G o n ç a l v e s  1 9 6 1 : 6 3 ,  E x e l l  
& G o n ç a l v e s  1973: 8 p . p . ,  n o n  L .  divari­
ca tum  A i t . ,  n e c  s u b s p .  l inoides  ( T h u n b . )  
T h e l l .  s . s i r .

L. divaricatum  A i t .  s u b s p .  su b d en ta tu m  
( B u r c h ,  ex DC.) E n g l e r  1915:262 quoad 
basion ., non quoad speeim ., C u f o d o n t i s  
1954: 141, non DC.

L. divar icatum  A rr .  s u b s p .  linoides  ( T h u n b . )  
T h e l l .  v a r .  sub d en ta tu m  s e n s u  R o b y n s  & 
B o u t i q u e  1 9 5 1 :5 2 6 ,  E r a n c h e t t i  1 9 5 8 : 1 7 2 ,  
n o n  v a r .  subdenta tum  ( B u r c h ,  e x  DC .)  T h e l l .  
s . s i r .

L. armoracia  s e n s u  S c h u l z  1 9 2 7 : 1 1 0 3 ,  non 
F i s c h .  & M ey .

A n n u a l— perenn ia l  h e rb  (sometimes 
n ear ly  a subshrub)  w ith  r a t h e r  slender 
tap roo t.  Stems one to m a n y  f ro m  the 
base, som etimes w oody  in basa l  parts ,  
20— 75 cm high, erect o r  straggling, u s u ­
ally b ra n ch in g  only  f ro m  above the

middle. Basal leaves in a short- l ived 
rosette, ob lanceolate .  Cauline leaves not 
d is tinctly  petioled, thin , up  to 6 cm long, 
acute , a t tenu a te ;  the  p r im a ry  ones lanceo­
late— oblanceolate ,  d is tan t ly  se rru la te  or, 
in low er leaves p inn a t if id ;  the secondary  
ones m ore  p ro n o u n ced ly  oblanceola te  and  
serru la te .  R acem es te rm in a l  an d  axil lary, 
r a th e r  dense in f ru i t  (Fig. 4 D— E), up 
to 15 cm long. Pedicels 2.5— 3.7 m m  long, 
curved  o r  a rc u a te ly  p a ten t  (Fig. 3 A— D). 
Stem, leaves, rh ach is  a n d  pedicels sparse ly  
to r a th e r  densely  p u b e ru len t  with very  
sh o r t  re tro rse ,  ra re ly  s t ra ig h t  hairs. Se­
pals ovate, green, w ith  m em b ran o u s  
m arg ins  an d  often  a tinge of violet, 0.6—  
0.8 m m  long. Pe ta ls  absen t  o r  up to 0.5 
m m  long, n a r ro w ly  sp a th u la te  o r linear. 
S tam ens 2 (m edian) .  N ectaries  ±  conical.  
Siliculae elliptic to ovate  (usually  1.5— 1.8 
times as long as b ro ad ) ,  shallow ly bu t 
dis tinctly  em arg in a te  1.8— 3.2 X I . 4— 2.1 
m m ; style w ith  its st igm a usua l ly  not 
p ro jec ting  b eyond  the  sinus, o r ra re ly  
reach ing  jus t  b ey o n d  it (Fig. 3 A— I)). 
Seeds wing-less, red -b ro w n  to brow n, 1.1

1 .4X ca .  0.7 111111 w ith  a faint, very fine 
re t icu lum  (Fig. 9 G, I), K). Palisade  layer  
of testa of typ e  II (Fig. 8 D, G). Coty­
ledons in cu m b en t  in em b ry o  (Fig. 5 B ) .  
C hrom osom e n u m b e r  2 n = 1 6  (cf. A pp en ­
dix) .

ECOLOGY: open  d ry  grassland , a rab le  
fields, roadsides.  Alt. (100— ) 1,100— 2,600 
m.

D IS T R IB U T IO N : S ud an  (Red Sea Hills), 
N. E th iop ia ,  K enya up land s ,  m o n tane  
a reas  of U ganda  an d  eas te rn  Zaire, 
e as te rn  Rhodesia ,  sou th  M ozam bique and  
large p a r t s  of S. Africa (Fig. 10 B).

Lepidium africanum  ( B u r m .  f i l . )  DC. subsp. 
divaricatum  (A i t . )  J o n s e l l  com b. nov.

L. d ivar icatum  A i t o n  1789:375. —  Orig. 
coll.: Speeim . cult. “L. d iv arica tum  B anks’ ex 
H ort. Kew.” (G). F o r  synonym y cf. M a r a i s  
1966: 107 u n d e r L. divaricatum  A i t .  subsp. 
divaricatum.
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D iffe rs  f ro m  subsp. afr ican i im  in  its 
a lw ay s  p e re n n ia l  h ab i t  in co m b in a t ion  
w i th  b ra n c h in g  along the w h o le  leng th  of 
the  s tem , u sua l ly  very  sparse  pubescence, 
la rg e r  siliculae (2.5— 3.7 X 1.8— 2.3 m m ) 
a n d  la rg e r  seeds (ca. 1 .4X 0.8  m m ).  T esta  
r e t ic u lu m  faint,  very  fine; pa l isade  layer 
of ty p e  II . Cotyledons in cu m b en t  in 
em b ry o .

D IS T R IB U T IO N : confined  to N am ib ia  
an d  S o u th  Africa (Gape Prov. and  O range 
F re e  S ta te).

L epid iu in  su luense M a r a i s

M a r a is  1966: 109. — Orig, coll.: S. Africa, 
Natal, Hlabisa Distr., W a r d  4577 (PRE holo­
typus !) .

L. divaricatum  A it . su b sp . eu-divaricatum  
T h e l l . var. dissectum T h e l l u n g  1906 a: 167. 
— Orig. coll.: Mozambique, Delagoa Bay, 
Khocène, XI. 1890, J u n o d  314 (Z holotypus!).

L. divaricatum  subsp. divaricatum  se n su  
E x e l l  1960:192, Go n ç a l v e s  1961:63 s a lte m  
p.p., E x e l l  & Go n ç a l v e s  1973: 8 s a lte m  p.p., 
n o n  A i t .

L. africanum  var . aethiopicum  s e n s u  E x e l l  
1960:  190 p .p . ,  E x e l l  & Go n ç a l v e s  1973: 7, 
n o n  L. africanum  (B u rm . FIL.) DC., n e c  v ar . 
aethiopicum  (H i e r n ) THELL.

P ro b a b ly  sh o r t  lived p e ren n ia l  (perhaps  
also  an n u a l)  w ith  r a th e r  s len de r  tap roo t .  
S tem s u su a l ly  solitary, som etim es  w oo dy  
in b a sa l  p a r ts ,  30— 60 cm h igh, erec t  w ith  
long, s t ra ig h t  b ra n c h e s  along th e i r  w hole  
leng th .  (Basal leaves no t seen.) Cauline 
leaves  u su a l ly  pe tio late ,  th in ,  up  to 5 cm  
long, ±  lanceo la te  to e lliptic in ou tl ine ; 
the  lo w e r  ones suh p in n a t i f id  to  acu te ly  
s e r ra te ;  th e  u p p e r  an d  in p a r t ic u la r  the 
se c o n d a ry  ones p inna tisec t  w ith  n a r ro w ,  
l in ea r  lobes (rare ly  und iv ided  an d  d is tan t ly  
se r ra te ) .  R acem es term inal,  r a th e r  dense 
in f r u i t  (Fig. 4 H) and  up  to 25 cm long. 
Ped ice ls  2.0 -3.5 m m  long, a rcu a te .  Stem 
an d  rh a c h i s  sparsely, an d  pedice ls m o re  
densely , p u b e ru len t  w ith  ve ry  sh o r t  
re t ro r s e  h a i r s ;  leaves p rac t ica l ly  g labrous. 
S epa ls  oblong, green w ith  m e m b ra n o u s  
m arg in s ,  0.7— 0.8 m m  long. P e ta ls  absen t 
o r  up  lo 0.3 m m  long, a lm o s t  l inear.  
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Stam ens 2 (m ed ian) .  N ectaries  t r iangu la r .  
Sil iculae elliptic, 2.2— 3 .0 X 1.7— 1.9 m m , 
r a th e r  deep ly  a n d  n a r ro w ly  e m arg ina te  
w ith  the lobes +  co n v e rg in g  to w a rd s  th e  
m o u th  of the s inu s ;  style w ith  its st igm a 
no t p ro jec t ing  b e y o n d  the  sinus (Fig. 3 E ) .  
Seeds wingless, re d -b ro w n ,  1.1— 1.4X 0.6  
— 0.7 m m  w ith  a fa in t  +  dissolved, very  
fine re t ic u lu m  (Fig. 9 G ) .  Pa lisade  layer  
of lesta of type  II (Fig. 8 E — F). Cotyle­
dons in cu m b en t  in  em bryo .

ECOLOGY: o p en  sa n d y  g round .  Alt. 0 
250 m.

D IS T R IB U T IO N : so u th e rn m o s t  M o­
zam b iq u e  a n d  n o r t h e r n  N ata l  (Fig. 10 C).

Lepidium  k en ien se  J o n s e l l  sp. now

Herba perennis vel suffrutex, e basi valde 
ramosa, pilis minutis retrorsis sparsim in­
duta. Caules ascendentes vel decumbentes, 
ramosi, 10—30 cm longi. Folia caulium vix 
petiolata, subcoriacea, lanceolata, integra vel 
serrulata. Racemi fructiferi subdensi pedi- 
cellis arcuate patentibus. Petala sepalis bre­
viora, alba, linearia. Stamina duo. Siliculae 
ellipticae, retusae, valvis non venatis. Stylus 
distinctus; stigma huius ex sinu protruderis. 
Semina non alata, inconspicue sed subgrosse 
reticulata.

Orig. coll.: Kenya, Masai Distr., Narok, 
11.XII.1963, V e r d c o u r t  3820 (EA holotypus! 
BR. K iso typi!).

L. africanum  sensu A g n e w  1974:95 p.p., 
non (B u rm . f i l . )  DC.

P e ren n ia l  h e rb  lo su b s h ru b  w ith  a th ick  
w oody tap roo t .  S tem s m a n y — n u m ero u s  
f ro m  the  base, w o o d y  at base o r  often  
even to cpiite h ig h  up, 10-—30 cm long, 
ascending  o r  d ecu m b e n t ,  r ichly  b ran ch ed  
along th e i r  w ho le  length . Basal leaves 
evanescent,  ob lanceo la te ,  en tire  to  sparsely  
serrate .  C auline leaves ind is t inc t ly  petioled, 
r a th e r  f i rm  an d  o ften  involute ,  up  to 5 
cm long, lanceo la te  to n e a r ly  linear, acute, 
a ttenua te ,  en ti re  to d is tan t ly  serru la te ;  
apices an d  teeth  ±  car t i lag inous .  Racemes 
m os tly  te rm in a l ,  d en se  in  f ru i t  (Fig. 4 I), 
up  to 12 cm long. Pedicels  3.0— 4.5 m m  
long, a rcu a te ly  p a te n t  (Fig. 3 F — G). Stem
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leaves, rh a c h is  an d  pedicels finely a nd  
u su a l ly  sparse ly  p u b e ru le n t  w ith  v ery  
s h o r t  r e t ro r s e  hairs .  Sepals ovate, g reen  
w ith  m e m b ra n o u s  m arg ins ,  occas iona lly  
w i th  a tinge of violet, 0.8— 1.3 m m  long. 
P e ta ls  w hite ,  a lways sh o r te r  th a n  sepals, 
n ea r ly  linear ,  up  to 0.8 m m  long. S tam ens
2 (m ed ian ) .  Nectaries t r ia n g u la r  to 
cy lind rica l .  Siliculae ell iptic (1.3— 1.6 
t im es as long as b ro ad ) ,  retuse, 2.5— 4.OX 
1.7— 3.0 m m ; valves no t o r  ve ry  in ­
d is tinc tly  veined; style distinct, its s t igm a 
usua l ly  p ro jec t ing  b eyond  the s inus (Fig.
3 F — G). Seeds wingless, red -b ro w n ,  1.2—  
l .B X ca .  0.8 m m  w ith  a fa in t  b u t  r a t h e r  
coarse  re t icu lu m  (Fig. 9 E, F, L). P a l isade  
layer  of testa  of type  II. Coty ledons 
in c u m b e n t  in embryo.

ECOLOGY: open, d ry  som etim es  ro cky  
g rass land .  Alt. ca. 1,850— 2,400 m.

D IS T R IB U T IO N : S. E th io p ia  (Mega) 
an d  S.W. K enya (Fig. 10 G).

L ep id ium  angolense J o n s e l l  sp. n o v .

Suffrutex. e basi valde ramosus, pilis tenui­
bus retrorsis parce indutus. Caules decum­
bentes, ramosi, ad 25 cm longi. Folia caulium 
inferiora petiolata, superiora sessilia, sub- 
coriacea, lanceolata ad oblanceolata, serrata. 
Racemi fructiferi densi, pedicellis erecto- 
patentibus curvatis. Petala sepalis breviora, 
sublinearia. Stamina duo. Siliculae ellipticae, 
retusae, valvis distincte venatis. Stylus distinc­
tus ex sinu protrudens. Semina non alata, 
inconspicue et tenue reticulata.

Orig. coll.: Angola, Hulla, inter Humpata 
et Serra d e  Uiahoia, 2 3 . IV. 1860, W e l w i t s c h  
1190 (K holotypus! RM, COI, G, LISU, P 
isotvpi !).

L. ruderale L. var. aethiopicum  I I i e r n  
1 8 9 6 :  2 5 .  L. africanum  ( B u r m . f i l .) DC. var. 
(?) aethiopicum  (H lE RN .)  T h e l l u n g  1906 a: 
187. Typus: vide supra.

P e re n n ia l  su b sh ru b  w ith  a th ick  w oo dy  
tap roo t.  S tems n u m e ro u s  f ro m  the  base, 
w oody to r a th e r  h igh  up, ca. 25 cm  long, 
d ecum ben t ,  r ich ly  b ra n c h e d  a long  the 
w ho le  length . (Basal leaves no t  seen.) 
Leaves petio la te  or (upw ards)  sessile, 
r a th e r  f i rm  and  ±  involute, w ith  la m in a

up  to 15 m m  long, n a r r o w ly  lanceo la te—  
ob lanceola te ,  acute , a t tenua te ,  acu te ly  
se r ra te  especially  to w ard s  th e  apex; apices 
and  teeth  som ew h a t  car t i lag inous .  R acem es 
te rm ina l ,  dense in f ru i t  (Fig. 4 J ) ,  u p  to 
12 cm long. Pedicels ca. 2.5 m m  long, 
erec to -pa ten t,  cu rved  (Fig. 3 11). Stem, 
leaves, rh ac h is  a n d  pedicels m o d e ra te ly  
p u b e ru le n t  w ith  th in  re t ro rse  ha irs .  Se­
pals oblong, greenish, ca. 0.8 111111 long. 
Peta ls  w hite ,  n ear ly  l inear,  ca. 0.5 111111 

long. S tam ens 2 (m edian) .  N ectar ies  
r ec tan gu la r .  Sil iculae elliptic, re tuse , 2.7 
— 2 .9 X 1 .7 — 1.8 m m ; valves w ith  p r o m i ­
nent veins; style dis tinct,  p ro jec t in g  
b eyond  the s inus (Fig. 3 11). Seeds w in g ­
less, red -b ro w n , ca. 1 .2X 0.7  m m  w ith  a 
fa in t  a n d  very  fine r e t ic u lu m  (Fig. 9 H). 
P a l isade  layer  of testa of type II. Coty le­
dons in cu m b en t  in em bryo .

ECOLOGY: in r a th e r  d ry ,  a b a n d o n ed  
fields. Alt. ca. 1,600 m.

D IS T R IB U T IO N : Angola, H u ila  Distr. 
(only k n o w n  f ro m  type collection; Fig. 
10 C ) .

L epidium  inyangen se J o n s e l l  sp. nov.

Suffrutex humilis, e I »a si ramosus, pilis 
falcatis dense indutus. Caules decumbentes, 
parum ramosi, 6— 10 cm longi. Folia cau­
lium sessilia, subcoriacea, oblanceolata, ad 
apicem acute incisa, Racemi fructiferi densi, 
pedicellis arcuate patentibus. Petala sepalis 
breviora, late linearia. Stamina duo. Siliculae 
ellipticae, retusae, valvis indistincte venatis. 
Stylus distinctus, stigma huius cx sinu pro ­
trudens. Semina non alata, inconspicue et 
tenue reticulata.

Orig. coll.: Rhodesia, Inyanga, Gairesi
Ranch, 20.XI.1957, R o b i n s o n  1969 (K  holo­
typus! LISC, SRGH isotypi!).

L. africanum  ( B u r m . f i l .) DC. var. aethi­
opicum  sensu E x e l l  1960: 190 p.p., non 
( H i e r n ) T h e l l .

P e re n n ia l  su b s h ru b  w ith  r a th e r  th ick  
w oody  tap roo t .  S tems several f r o m  the 
base, w oo dy  to r a th e r  h igh  up, 6— 10 cm 
long, decu m b en t ,  w ith  r a th e r  few 
b ran ch es .  (Basal leaves no t  seen.) Leaves 
p rac t ica l ly  sessile, r a th e r  f i rm , u p  to 15
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m m  long, oblanceola te ,  acute , a t tenuate ,  
in  the d is ta l  p a r t  se r ra te  w i th  few bu t  
p ro m in en t  incisions; apices and  teeth 
slightly ca r t i lag inous .  R acem es term inal,  
dense in f ru i t  (Fig. 4 K), u p  to 7 cm long. 
Pedicels ca. 2.0 m m  long, a rcua te ly  
pa ten t  (Fig. 3 1). Stem, leaves (especially 
on basal a n d  cen tra l  p a r ts ) ,  rh a ch is  and  
pedicels densely  pubescen t  w ith  thin, 
co m para t ive ly  long, fa lca te  hairs .  Sepals 
ovate, green, w ith  w hite  m arg ins ,  0.8— 
1.0 m m  long. Peta ls  white , b road ly  linear, 
ca. 0.4 m m  long. S tam ens 2 (median). 
Nectaries n a r r o w ly  tr ian gu la r .  Siliculae 
elliptic, re tuse , 2.5— 2.7 X I . 4— 1.6 m m ; 
valves w i th o u t  d is t inc t  veins; style dis tinct 
hut short,  p ro jec t ing  b eyo nd  the sinus 
(Fig. 3 1). Seeds wingless, dull red -b row n , 
ca. 1 .3X0.7  m m  w ith  a fa in t  and  very 
fine re t icu lum  (Fig. 9 1). Pa lisade  layer 
of testa of type  I (Fig. 8 C). Cotyledons 
incum ben t in em bryo .

ECOLOGY: “B are  g ro u n d  by  r iv e rs ide” . 
Alt. ca. 1.800 ni.

D IS T R IB U T IO N  : E as te rn  Rhodesia,
Iny an ga  a re a  (only k n o w n  fro m  the type 
collection; Fig. 10 C).

Lepidium  bonarien se L.

L i n n a e u s  1753:645. — O r ig .  coll.: planta 
ex America austr. illustr. D i e l e n i i  1742:318, 
Tab. 286, Fig. 370.

A nnual to p e renn ia l  lierh w ith  one to 
m a n y  stems, e rec t— ascending, 20 70 cm
high, b ra n c h in g  above, p u b e ru len t  w ith  
th in , s t ra igh t  o r  re t ro rse  hairs .  Leaves 
p inna tif id  to tr ip in n a t ip a r t i te ,  w ith  + 
lanceolate, se r ra te  lobes. R acem es dense 
in fru it  (Fig. 4 L ) .  Pedicels 2.5— 5.5 mm , 
±  patent,  a rc u a te  (Fig. 3 J ) .  Sepals 
greenish, ca. 1 n u n  long. Peta ls  u sua l ly  0.5 
— 0.8 m m  long  o r  absent.  S tam ens 2 (me­
dian) .  Nectaries tr ian g u la r .  Siliculae sub- 
orb icu lar ,  2.8— 4.OX 2.5— 3.0 m m , widely 
an d  deeply  em arg ina te ;  style very  shor t  
w ith  st igm a com ple te ly  con ta ined  w ith in  
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the sinus, u su a l ly  close to its base (Fig. 
3 J ) .  Seeds n a r r o w ly  w inged, light red- 
b ro w n ,  1.4— 1.8 X c a .  0.9 nun. P a l isade  
layer of tes ta  of ty p e  III (Fig. 8 II).  C o ty ­
ledons in c u m b e n t  in em bryo .  C h ro m o ­
some n u m b e r  2n =  64 (cf. A ppendix) .

ECOLOGY: w eed  of cult iva t ion , r o a d ­
sides etc., m os tly  in  u p la n d  areas.

D IS T R IB U T IO N : native  of S. America. 
Almost co sm o p o l i tan  weed. African spec i­
m ens seen from  E th io p ia ,  Kenya, U ganda, 
Tanzan ia ,  M ozam bique ,  R hodesia  and  S. 
Africa.

L epidium  virg in icu m  L.

L i n n a e u s  1753: 645. — Orig. coll.: specim. 
in horto hot. upsal. cultum, Herb. Linnaei 
No. 824: 18 (LINN, lectotypus!).

L. bonariense sensu E x e i .l  & G o n ç a l v f . s  
1973: 7 p.p., non L.

A nnual (or sl igh t ly  perenn ia l)  he rb  
w ith  one to few  stems, e rec t— ascending, 
20— 80 cm h igh , b ra n c h in g  above,
p u b e ru len t  w ith  th in  fa lca te  hairs .  Leaves 
o b lanceola te  (lowest ones som etim es
p inn a t if id ) ,  a c u te ly  serra te .  R acem es 
ra th e r  dense in f ru i t  (Fig. 4 M). Pedicels 
3.5— 5.5 mm , d ivar ica te ,  s t ra ig h t  (Fig. 3 
K). Sepals greenish , ca. 1 mm long. Petals 
white , longer  o r  sh o r te r  th an  sepals.  
S tam ens 2 (m edian) .  N ectaries  t r iangu la r .  
Siliculae su b o rb icu la r ,  3.0— 3.5 X 2.7— 3.5 
m m , r a th e r  w idely  and  deeply  em arg ina te ;  
style sh o r t  w i th  s t igm a com pletely
con ta ined  w ith in  th e  sinus (Fig. 3 K). 
Seeds n a r r o w ly  winged, red -b row n , ca. 
1 .5X 0.9 m m . P a l isade  laye r  of tes ta  of
type  II. Cotyledons obliquely  accum ben t  
in em bryo  (Fig. 5 A).

ECOLOGY: weed of cu lt ivation , etc.

D IS T R IB U T IO N : native of N. America. 
W id e sp read  as a weed. A frican  specim ens 
seen f ro m  M ozam bique  a n d  S. Africa.
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APPENDIX

List of specimens, fo r  wh ich  tlie c h ro m o ­
some n u m b er  w as de te rm ined  an d /o r  whose  
seeds were studied in the scanning  electron 
m icroscope (SEM).

L. a fr icanum  subsp. africanum :  E th iopia,  
P a p p i  2951 (FI) ,  SEM. Kenya, B a l l y  5476 
(EA), SEM, R y m a n  173 (UPS), 2 n = 1 6 ,  SEM. 
—  L. a fr icanum  subsp. divaricatum:  Namibia, 
V o l k  12698 (M), SEM. S. Africa, L e i s t n e r  
2432 (K), SEM. — L. angolense:  Angola,
W e l w i t s c h  1190 (K), SEM. —  L. armoracia:  
E th iop ia ,  F i o r i  1033 (FI),  SEM. Tanzania ,  
G r e e n w a y  9919 (K), SEM. —  L. bonariense:  
Kenya, R y m a n  151 (UPS) a n d  164 (UPS), 
bo th  2n =  64; v. H o f s t e n  504 (UPS), 505 
(UPS) a n d  530 (UPS), all 2n =  ca. 64. T a n ­
zania, J o n s e l l  2138 (UPS), 2 n = c a .  64. — 
L. capense:  S. Africa, 1)o d  2889 (K), SEM.
L. ecklonii:  S. Africa, A c o c k s  9314 (K), SEM, 
M a r a i s  423 (K), SEM. —  L. inyangense:  
Rhodesia,  R o b i n s o n  1969 (K), SEM. —  L. 
ken iense:  E th iopia ,  G i l l e t t  14365 (K), SEM. 
Kenya, B o g d a n  1041 (K), SEM; Gl o v e r  et 
al. 821 (K), SEM, N a p i e r  553 (EA) and  555 
(K), SEM; V e r d c o u r t  1157 (K) a n d  3820 
(BR), SEM. —  L. suluense:  Mozambique, 
G r a n d v a u x  B a r b o s a  7772 (COI), SEM.
L. tr i furcum :  S. Africa, P o t s  793 (PRE), 
SEM.
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Shrubby Rubus Species in Sweden

I. Severity  o f  W inter

A lf  Oredsson

O r e d s s o n , A. 1975 07 08. Factors possibly influencing th e  range of shrubby 
Rubus species in Sweden. 1. Severity of winter. — Bot. Notiser 128: 47—54. Lund. 
ISSN 0006-8195.

In 1973, earliness of autumn colouring and leaf fall was recorded for wild 
raspberry, dewberry and eighteen blackberry species native to Sweden. Using 
four species as standards one of which at least was to occur in each of the 35 
localities investigated, all the twenty species could be compared, in principle as 
if growing under uniform conditions.

A correlation between earliness and size of distributional area in Sweden was 
established.

Divided into five groups of earliness the combined area of distribution of the 
species corresponds relatively well with severity of winter, so that late species 
are restricted to areas where extreme winter conditions are of short duration, 
whereas species with early autumn colouring and early leaf fall also occur where 
there are extreme winter conditions for a comparatively long period of time.
A l f  O r e d s s o n , D e p a r t m e n t  o f  P la n t  T a x o n o m y ,  U n iv e r s i t y  o f  L u n d ,
Ö. V a llga tan  18— 20, S -223  01 L u n d ,  S w e d e n .

The northern  boundary  of some twenty 
European  blackberry species traverses 
southern Sweden. Three main patterns of 
distribution can be observed with con­
siderable variation in frequency and 
range. None the less, preference for a 
coastal habitat is common to all ( O r e d s ­
s o n  1973, 1974).

Along the coasts of southern Sweden 
there is a zone with a maritime climate 
stretching 30— 40 km inland ( Å n g s t r ö m  

1968 pp. 120 ff .). Compared with the 
interior the number of days when frost 
occurs during the vegetative period is low 
( W a l l é n  1965), winters are shorter  and 
less severe ( Å n g s t r ö m  1953).

Since shrubby Rubus  species do not 
flower until the second year the canes 
must survive the first winter to set fruit . 
Variation in size of distributional area 
in the species native to Sweden could

conceivably be due to hereditary differ­
ences in hardiness. The purpose of the 
present paper  is to test this hypothesis.

As regards trees, hardiness is initiated 
with decreasing day-length in late summ er 
( E v e r t  1968). The same applies to ra sp ­
berries ( W i l l i a m s  & H u d s o n  1956). 
W he the r  or  not this is true of all shrubby 
R ubi, the fact remains that during the 
critical period day-length is approximately 
un ifo rm  over the entire area of investiga­
tion ( L i n d h o l m  1965).

Hardiness increases with the fall of 
tem perature .  There  is a threshold tem ­
pera ture  of hardening (usually 5° to 10°C), 
above which the tissue again becomes 
sensitive ( L e v i t t  1956). Raspberry canes 
m ay  become dorm ant and shed their 
leaves when exposed to temperatures no 
lower than  2 °  to 4°C ( W i l l i a m s  & H u d s o n  
1956). In Germany, howrever, most of the 
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blackberry species retain their leaves until 
the following spring, unless the are . . 
spells of unusually  severe f rost” during 
the winter ( W a r m i n g  & G r a e b n e r  1933 
p. 318; au th o r ’s translation). Considering 
how much climate also varies locally, the 
accumulated hardening effect of tempera­
ture at a given time must generally differ 
even between ad jacent localities. Since the 
canes examined in the present study where 
taken from an apparently  uniform area 
within each locality, differences should be 
at their least.

In higher plants, abscission “. . . is the 
result of organ maturity, senescence, or 
in ju ry” (C a r n s  1966 p. 309). In rasp­
berries, primocane m aturity  is largely 
governed by day-length and temperature 
( W i l l i a m s  & H u d s o n  1956). Along the 
canes of raspberry  as well as blackberry 
“. . . leaf-fall always proceeds from the 
base in acropeta l succession” ( L i e g e l  
1961 p. 42; au thor 's  translation), probably 
a manifestation of senescence.

Having studied more than twenty genera 
of trees and shrubs  cultivated in Sweden, 
A n d e r s s o n  and  S y l v é n  (1936 p. 611) 
conclude: “ . . . within a genus, the earlier 
a species becomes decolorized or loses its 
leaves the m ore cold resistant it is” 
(author’s translation).  In raspberry  vari­
eties grown in Norway “. . . a close rela­
tionship was found between hardiness and 
length of the rest period” ( T h o r s r u d  & 
H j e l t n e s  1963 p. 116). After a severe 
occurrence of cane death in Scottish rasp­
berry plantations J e n n i n g s  el al. (1964 
p. 65) report: “ . . . the varieties and seed­
lings which habitually  shed their leaves 
late in the f irs t year of growth were 
more prone to dam age than those which 
shed them e a r ly ”. Early  leaf abscission 
was “. . . d irectly  related to w in te rh a r­
diness” in ra sp b e rry  cultivars during a 
four-year per iod  in Canada (v a n  A d r i - 
c h e m  1970 p. 187). W hen growing foreign 
blackberries in southern  Sweden, T a m à s  
(1962 p. 45) found  “. . . a good correlation 
between hard iness  and  the degree of leaf 
decoloration in the au tum n”.

Thus, it is highly probable that under 
natural conditions au tum n colouring and 
leaf fall constitute an adequate measure 
of hardiness for the R ubus species under 
consideration. Other methods of assess­
ment are also available, one of these 
being based on the electrical conductivity 
of cell-sap (see N y b o m  et al. 1962).

MATERIAL AND METHODS

In 35 localities, principally along the coast 
of southern Sweden (Appendix), all witli at 
least one o f the Rubus  species corylifol ius,  
plicatus,  nessensis  and iclaeus (the four  
standard species), autum n colouring and leaf 
fall was recorded for wild raspberry (idaeus),  
dewberry (caesius) and eighteen blackberry 
species.

Each locality  was visited once, either in 
October or late in Novem ber 1973 (three of 
the October localities were revisited). At least 
two species were recorded at a time. I tried 
to find a hom ogeneous area covering m ost 
of the occurrence from  which three primo- 
canes (first-year growth) per species were 
taken by random sampling.

Beginning at the node o f the leaf to un­
fold last (keeping to the m ain stem if the 
cane was branched) and ending at the fourth  
node from  below, each leaf on the canes 
chosen was subjectively classified  according  
to this scale:

1 green
2 partly autum n-coloured
3 autum n colours predom inant
4 withered
5 shed, petiole persisting
6 shed, petiole absent

The number of classified  leaves varies 
from 3 to 44 per cane (average 18.4). Three 
hundred canes in all were exam ined, five of 
these being com pletely naked. Of the re­
mainder none were entirely green.

Local i ty  mean  show s how  far autumn 
colouring and leaf fall had advanced in each  
separate species when the loca lity  concerned  
was visited. It is based directly on the sum 
of the leaves classified.

Local i ty  difference  is the difference in 
locality  m eans of any two species recorded  
at one time.

Table 1 shows data collected in the form  
of locality means.
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RESULTS

Earliness of the Species Compared

The poin t in keep ing  to localities w here 
at  least one of the fo u r  w ide-spread 
s tan d a rd  species occurs  w as to m ake  it 
possible to com p are  the  tw en ty  species 
as if all were grow ing  in one locality. 
T his  was achieved in  two steps, as follows: 
(1) The relative posi t ions of the  s tan d a rd  
species were established, (2) T h e  locality 
m ean s  of all species  in ves tiga ted  w ere 
re la ted  to the  f ixed p osi t ions  of the  s t a n ­
d a rd  species.

(1) To illustrate how the relative positions 
of the standard species have been established 
corylifolius and plicatus will be taken as 
examples. In four localities (nos. 18, 19, 31 
and 43) both species were found, the locality 
difference between them being —0.51, +0.10,
— 0.21 and —0.09. In other localities four 
other species have been recorded either to­
gether with corylifolius or with plicatus. One 
of these four is linclebergii. In  one of its 
localities (no. 12), corylifolius was also re­
corded, but not plicatus. The reverse was 
true of two other localities (nos. 21 and 23). 
Note: Observations made during ttie same 
month only have been considered. The 
locality difference calculated between coryli­
folius and lindebergii was +0.93 and be­
tween plicatus and lindebergii +0.17 and 
+  1.04 (average +0.61). An indirect difference 
could thus be calculated for corylifolius as 
compared with plicatus using lindebergii and 
was found to be ( +  0.93- +  0.61 =  ) +0.32. 
Corresponding values were also derived using 
idaeus ( +  0.21), radula ( — 0.24) and insularis 
( +  0.03). These four indirect differences were 
added to the four locality differences and 
the sum divided by eight, the result ( — 0.05) 
being an estimate of the actual difference 
between corylifolius and plicatus.

Estimates have only been made for pairs 
of standard species that are both found in 
one locality at least. If plicatus is given the 
value of zero, the estimates of the actual 
differences between the standard species are 
as below. (As idaeus is found together with 
all the other three species, the average of 
the three separate estimates is given here.)
— 0.05 corylifolius

0.00 plicatus
+  0.80 nessensis 
+  1.08 idaeus

(2) To illustrate how the locality means 
were related to the fixed positions of the
Bot. N otiser, vo l. 128, 1975

standard species scheutzii from locality no. 3 
may serve as an example. The locality differ­
ence between scheutzii and corylifolius is
— 0.89. As the fixed value of corylifolius is
— 0.05 this value must be added to get the 
relative value for scheutzii. which thus is 
-0 .94 .

In a locality where more than one s tandard 
species occurred plicatus, if present, was used 
as the standard, otherwise corylifolius, 
nessensis or idaeus in that order. By mis­
take, no standard species were recorded for 
locality no. 4 (thyrsanthus and bellardii) nor 
for no. 40 (lindebergii and nitidus). Except 
for lindebergii relative values for these spe­
cies have been calculated by indirect methods. 
Unless recorded together with other standard 
species relative values of the s tandard  spe­
cies themselves were not calculated.

F ina l ly ,  the  b la c k b e r ry  species were 
r a n k e d  acco rd in g  to earliness of a u tu m n  
co lour ing  a n d  leaf fall.

As the actual differences may not be the 
same in October and November the following 
adjustment lias been made. As regards the 
fourteen species that were recorded in three 
localities only (two in October, one in 
November), the rank was determined from 
the average of the three relative values. For 
the remaining four species means have been 
calculated for each of the two months. The 
sum of the November mean and twice the 
October mean have then been divided by 
tbree.

In Fig. 1 the re la tive  va lues  of the  sp e ­
cies a re  show n. T h e  p lo t ted  values fo r 
both O ctober  an d  N o vem b er  a re  fo u nd  
to lie a long  an  a p p ro x im a te ly  s t ra igh t 
line w ith  ro u gh ly  the sam e angle  o f ascen t 
fo r  b o th  m on ths .  T h is  d em o n s tra te s  an 
ac tua l d if ference  in earl iness  be tw een  
species. U n fo r tun a te ly ,  the re  is c o n s id e r ­
able in traspec if ic  v a r ia t io n  so th a t  the 
relative o rd e r  of closely r a n k e d  species is 
not clear.

Some idea of the ex ten t  of th is v a r ia ­
tion m a y  be gained f ro m  the O ctober 
values fo r  the fo u r teen  species recorded  
twice tha t  m on th .  If the  in traspec if ic  
var ia t ion  is m easu red  aga ins t  the range  of 
var ia t ion  of the fo u r teen  species (from 
+  1.66, scissus  to — 1.41, sprengelii , see 
Fig. 1) the  resu lts  are  fo u n d  to lie be tw een 
1 and  57 °/o (average 13 °/o).
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Fig. 1. Relative earliness with respect lo 
autumn colouring and leaf fall (dots). Fixed 
values for the relative positions of the four 
(for November, three) standard species 

(lines).

Correlation between Earliness and Range

In  Table  2 the ran k s  of the b la c k b e r ry  
species w ith  respect to earliness of a u tu m n  
colouring  and  leaf fall are c o m p a re d  w ith  
the rank s  w ith  respect to size of d is t r ib u ­
tional a rea  w ith in  Sweden ( O r e d s s o n  

1974, Table  3 c, N um b er  of Squares ) .  
S p e a rm a n ’s coefficient of ra n k  co rre la t ion  
test ( S o k a e  &  R o h l f  1969 pp. 538— 540) 
applied to these two variab les  gives 
+  0.647, significant a t  the 1 %  level.

T h ere  are two dis tinct cen tres  of d is tr i ­
bution  for b lackberr ies  in Sw eden ( O r e d s -  

s o n  1974 pp. 61— 65, su bg ro up s  1 and  7), 
one covering the coastal p a r t s  of Ö s te r­
götland and  NE Småland, the o th e r  
com pris ing  N W  Skåne. T h e  fo rm e r  in ­
cludes sulcatus, thyrsa n thu s ,  bellardii,

Table 2. The blackberries ranked according 
to (a) earliness of autumn colouring and leaf 
fall, (b) size of distributional area within 

Sweden.

Rubus  species a b

1 7
nessensis ............................. 2 1
sulcatus ............................... 3 8
plicatus .................................. 4 2
thyrsanthus  ......................... 5 4
nitidus .................................. 6 17.5
cori/lifolius ......................... 7 3
taeniarum ........................... 8 10.5
bellardii ................................ 9 9
insularis ............................... 10 10.5
hartmanii ............................. 11 13
lindebergii ............................ 12 5
r (alula .................................... 13 6
scheutzii ............................... 14 14
axillaris ................................ 15 12
fuscus .................................... 16 15.5
vestitus .................................. 17 17.5
sprengelii .............................. 18 15.5

hartm anii ,  sch eu tzii an d  fuscus.  F o r  bo th  
earliness of a u tu m n  co lour ing  and  leaf 
fall an d  size of d is tr ibu t iona l  a rea  the 
o rd e r  is the same, except fo r the first two 
species, w h ich  a re  in te rchanged .  T he  
o rd e r  is also the sam e fo r  th ree  of the 
fo u r  species fo u n d  in the o th e r  centre  of 
d is tr ibu tion ,  viz. linclebergii, axillaris  and  
vestitus, w h ereas  nit idus  is consp icuous 
as a co m p ara t ive ly  ear ly  species with an 
exceedingly limited a re a  of dis tr ibution .

Length of Extreme W inter Compared 
with Range

To fac ili ta te  the  co m p ar iso n  of length 
of ex trem e w in te r  an d  size of d is tr ib u ­
tional a rea  the species ( including idaeus  
and  caesius)  w ere  div ided into five groups  
w ith  respect to earliness of au tu m n  
colouring  a n d  leaf fall (Fig. 1). Average 
n u m b e r  of days  w ith  m ea n  te m p e ra tu re  
— 10°C o r  low er  ca lcu la ted  over a 30- 
yea r  period  (1901— 30) is the  m easure  
denoting  length of ex trem e winter.

GROUP 1. W ith  the exception  of the 
is lands of Ö land  an d  Gotland, idaeus  is

Bot. Notiser, vol. 128, 1975
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Fig. 2. D istr ibution  of A: wild ra sp b erry  and  
B: dewberry  in Sweden. Very co m m o n — 
c om m on occurrence  (thick lines),  fair ly
com m on— less co m m o n  (fine lines),  isolated 
finds (dots). After H u l t é n  (1971 ) .  -— Length 
of extreme w in ter  (p. 51) indicated  by iso­
chrones for 5— 9 0  days. After A n g s t r o m  

(1953) .

co m m on  over the whole  of sou th e rn
Sweden up to the isochrone  fo r  30 days 
w ith  extreme w in te r  condit ions. T h o ug h  
becoming less f r eq u en t  going n o r th w ard s ,  
the species is w id esp read  up  to the 60- 
day  isochrone. F a r th e s t  n o r th ,  w here  
ex trem e w in te r  lasts fo r  90 days  or more, 
wild r a sp b e r ry  is no t  fou nd  (Fig. 2 A).

GROUP 2. D ew b erry  (caesius) is c o m ­
m on on Gotland on ly  an d  does not occur 
a t  all in the u p lan d s  of so u th e rn  Sweden. 
In  the east the  n o r th e rn  limit of d is t r ib u ­
tion agrees fa ir ly  well w ith  the  15-day 
isochrone  (Fig. 2 B). In the  west the  sam e
applies  to the n o r th e rn  limit fo r  nessensis
(Fig. 3 A). The th i rd  m em b e r  of this 
g roup , scissus,  is a strict ly  so u th -w este rn  
species, the rang e  of w hich  coincides 
com ple te ly  with p a r t  of th a t  of nessensis.

GROUP 3. T w o species, viz. plicatus  
and  corylifolius,  toge ther  accou n t  for the 
Bot. Notiser, vol. 128, 1975

entire  ran ge  of this  g roup ,  with the ex ­
ception of a sm all a re a  N E of S tockho lm , 
w h ere  t h y r s a n th u s  is the only species 
found. None of the  five species in th is  
g rou p  o ccu r  w h e re  ex trem e w in te r  las ts  
fo r  m o re  th a n  10 days (Fig. 3 B).

G RO UP 4. All the  six species of this 
g rou p  co n tr ib u te  to its range w h ic h  is 
m a in ly  re s tr ic ted  to a reas  w h ere  ex trem e  
w in te r  lasts less th a n  5 days (Fig. 3 C).

G RO UP 5. T he  d is tr ib u t ion  of the five 
species in th is g ro up  is discrete. W h i le  
the co m b in ed  a rea  of d is tr ibu t ion  c o r ­
re sp o nd s  su b s tan t ia l ly  w ith  th a t  of g ro u p  
4, the ac tua l a rea  covered  is considerab ly  
less (Fig. 3 D ) .  In the east of Sweden, 
species of bo th  g rou p  4 an d  g ro up  5 a re  
fou nd  even w here  ex trem e w in te r  la s ts  
fo r m ore  th a n  five days.

CONCLUSIONS

In the m ain , the la te r  the  incip ience  of 
a u tu m n  co lour ing  a n d  leaf fall, the  less 
w idesp read  the species. If the species are  
considered  groupw ise , the genera l  d i s t r i ­
bu tion  is the  sam e b u t  the  a rea  covered  
becom es m o re  limited w ith  ta rd in ess  of 
au tu m n  co lour ing  and  leaf fall. T he  c o n ­
tours  of these areas  tend  to lie para l le l  
to the  isochrones  fo r  n u m b e r  of days  
w ith  ex trem e  w in te r  conditions .

T h u s  it seems as if severity  of w in te r  
sets the u lt im ate  limit to the o ccu rrence  
of sh ru b b y  K ub us  species in Sweden, a 
limit th a t  varies w ith  the h a rd in ess  of 
the ind iv idua l species, a  c h a ra c te r  a p ­
p a ren t ly  ref lec ted  in ear l iness  of a u tu m n  
co lour ing  and  leaf fall.

O ther  fac to rs  of in te res t  in th is respect 
will be d iscussed in fo r th co m in g  p apers .
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Combined
frequency

Fig. 3. D istr ibution  of b lack b erry  species in Sweden. Separate  m ap s  for earliness groups 
(see Fig. 1). —  A: Group 2 (caesius excluded),  two species. —  B: Group 3, five species. — 
C: Group 4, six species. — D: Group 5, five species. Range (thick zigzag line) and  Combined 
frequency (scale inset), the la t ter  based on  the levels of frequency, m ax im um  four  per 
species (see O r e d s s o n  1974). —  Isochrones  for 5— 15 days with extreme w in ter  conditions.
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APPENDIX

List o f localities. O rig inally  fo und  w hen  
the a u th o r  c a rr ie d  o u t h is ow n freq u en cy  
m ap p in g  of b lac k b e rry  species in Sw eden, 
1959— 63. R oadsides, excep t fo r no. 22 (p as­
tu re). M aps av ailab le  a t the U niversity  L i­
b ra ry  of Lund.

No. P rov ince

1 B lekinge
2 Sm åland
3
4

5
6
7
8 Ö stergö tland
9 

10
11 Skåne
12 B lekinge
13 Skåne
14
15 Sm åland
16 V ästergö tland
17 B ohuslän
18
19
20 H allan d
21 Skåne
22

23
24
25
31 S m åland
32
33
34

35
36 Ö stergö tland
37 B oh u slän
38
39 H allan d
40 Skåne
41
42
43

D istance  from  the n eare st 
church

B ack a ry d , 1,800 m E N E  
D ö d erh u lt, 200 m  SE 
O sk arsh am n , 2,300 m SSE 
V ästerv ik , 3,500 m E the 
so u th e rn  ch urch  
L ofta , 7,100 m ESE 
U kna, 5,800 m W SW  
U kna, 2,700 ni W SW  
S :t A nna, 7,900 m  SE 
S:t A nna, 10,700 m SE 
B örrum , 4,300 111 SSW  
N. Ä karp , 4,700 m NNE 
M jällby, 3,900 m S 
F åg e lto fta , 2,400 m E SE 
Sövde, 5.000 m SSW 
L ju n g a ru m , 3,600 m E N E  
T v ärred , 1.900 in NW  
H ögås, 3,200 m SSW 
Sta la, 1,100 m S 
M arstran d , 3,700 ni EN E 
S v artrå , 4,200 m W 
Jo n s to rp , 3,500 m  NW  
F ö rs lö v , 1,400 m  NNE 
(Grevie, 2,400 111 ESE)
Ask, 2,000 ni SSE 
S tenestad , 4,100 m SE 
S tenestad , 7.200 m  E 
Ålem, 4,100 m SW  
O sk arsh am n , 1,600 111 N 
O sk arsh am n , 2.200 m  S 
V ästerv ik , 6,300 m NNW  
t lie n o r th e rn  ch u rch  
See No. 7 
Gryt, 900 m NNE 
S tala, 4,000 m SSE 
Stala, 5,600 m SSE 
V àxtorp , 5,900 m S 
See No. 22
Välinge, 2,400 m NNW  
See No. 23
S:t Olof, 2,700 m W SW
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A M orphological Analysis o f  Phenotypes in  

Populations o f Quercus (F agaceae) in Sweden

i U l f  O lsson

O l s s o n ,  Ü .  1975 07 08. A morphological analysis of phenotypes in populations 
of Quercus (Fagaceae) in Sweden. — Bot. Notiser 128: 55—68. Lund. ISSN 0006- 
8195.

Quercus petraea ( M a t t u s c h k a )  L i e b l .  and Q. robur  L. are indigenous lo Swe­
den. This study shows that they hybridize within the whole range of Q. petraea 
in southern Sweden. Six types of oak apart  from the specific ones are described. 
A hybrid or introgressive origin for these interspecific phenotypes is suggested 
on the basis of the information derived from population analvses by means of 
pictorial scatter diagrams, and on the basis of pollen stainability. The special 
problem of mixed oak woods, i. e. the occurrence of both specific phenotypes 
and interspecific types within a relatively small area is discussed. Four hypoth­
eses about tbe causes of the unexpectedly great variability in peduncle length in 
robur oaks are presented. The study contributes to tbe species concept of Q. 
petraea and Q. robur  in giving the amplitudes of some diagnostic characters for 
trees with high male fertility (pollen stainability). However, because of the com­
mon occurrence of intercrossing the specific status of the oak taxa should lie 
revised.
Ulf Olsson, Department of Plant Taxonom y, University of Lund, (). Vallgatan 
IS—20, S-223 61 Lund, Sweden.

T h e re  a re  tw o species of na t iv e  o aks  in 
Sweden, the  co m m o n  o r  p e d u n cu la te  oak  
(Quercus ro b u r  L .,  syn. Q. p e d u n cu la ta  
E h r h .) a n d  d u rm a s t  o r  sessile o a k  (Q. p e ­
traea  ( M a t t u s c h k a ) L i e b l ., syn. Q. ses­
sili f lora  S a l i s b ., Q. sessilis E i i r i i . ) .  T hey  
belong  to the  subgenus Quercus  (Subgenus 
L ep id ob a la nu s  ( E n d l .) O e r s t e d ) w h ich  
lias e ighteen E u ro p e a n  rep resen ta t ives  
( S c h w a r z  1964). Most of these o aks  are  
dec iduous  b u t  sem i-evergreen species a re  
also ind igenous  w ith in  the d is t r ibu t ion  
range  of sessile and  p ed u n c u la te  oak  in 
E u ro pe .  T h e  evergreen  oaks of subgen. 
Sc le ro p h y l lo d ry s  O. S c h w a r z  h av e  a m a in ­
ly M ed i te r ran ean  d is tr ibu tion .  T h e  m o r ­
phologica l a nd  phenolog ica l  c h a ra c t e r i ­
stics of the  evergreen  a n d  dec iduous  oaks 
poin t lo a t rop ica l  o r sub trop ica l  orig in  
( S c h a r f e t t e r  1953). T h e re  is reason  to 
believe th a t  Q. petraea  and  Q. rob ur  r e ­

t rea ted  to th e  M ed i te r ranean  region o r  the 
Middle  E as t  d u r in g  a glacial period . T he  
p e d u n c u la te  oaks reached  w este rn  Sweden 
a b o u t  6500 H. C., tbe sessile oaks  n o t  until 
c. 2000 11. C. ( L i n d n e r  1935). In  h is to ­
rical times these oaks  have  m o re  th an  
a n y  o th e r  k in d  of tree been  associated  
w i th  the activ it ies of m an . Q. robur  in 
p a r t ic u la r  has  been w idely  p lan ted  fo r  
h u n d re d s  of years .  T his  toge ther  w ith  the 
poss ib il i ty  of a  c o m m o n  ances to r  an d  the 
g rea t  n u m b e r  o f in te rm ed ia te  oaks  gives 
rise to d ifficu l t ies  of identif ication . Some 
su rvey s  of tbe  l i te ra tu re  on the p rob lem s  
of th e  specific  s ta tus  of sessile a n d  p e ­
d u n cu la te  o aks  have  recen t ly  been p u b l i ­
shed  ( K r a h l - U r b a n  1959, J o n e s  1959, 
G a r d i n e r  1970).

B o th  Q. petraea  an d  Q. robur  a re  pro- 
t a n d r o u s  a nd  cross-po ll ina ted  ( I r g e n s - 
M ö l l e r  1955). T h e  var ia t io n  in the taxa  

Bot. Notiser, vol. 128, 1975
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Mt i  l e  

f e r t i l i t y
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QY

P e d u n c l e  l e n g t h  
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f e r t i l i t y u
100 %

?o
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Q  A B

5  1 0  P e d u n c l e  l e n g t h  5 0  m m

I ig. 3. C om bined petiole °/o and  ped u n cle  length. — A: Sca tte r d iag ram  fo r all ind iv iduals 
c lassified  as theo re tical species types (phenotypes petraea (a)  an d  robur (i)  respectively). 
C ircles: ind iv idual values fo r  “p e tra e a ”-oaks; sq uares: ind iv idual values fo r “ro b u r”-oaks. 
Solid sym bols rep resen t ind iv iduals w ith  a po llen  s ta in ab ility  exceeding 90 p e r cent. —  C: 
S ca tte r d iag ram  as in  A. Values fo r all individuals of in d e te rm in a te  o rig in  (in terspecific  
phen o ty p es b— b) are ad d ed  (triang les). Solid sym bols rep re sen t ind iv iduals w ith  a pollen  
sta in ab ility  below  70 per cent. —  E : S ca tte r d iagram  fo r the  in te rsp ecific  phen o ty p es b— h 
as in C, but each type is designated  by sym bols (see Fig. 4) of com bined  secondary  c h a ra c ­
ters as show n in T able 1. Oaks w ith  a po llen  sta in ab ility  below  70 per cen t a re  in d ica ted  
by V. —  B, 1), F —-T : P ic to ria lized  sc a tte r  d iag ram s fo r all trees exam ined  in 17 p o p u latio n s 
o f oak  in  so u th e rn  Sweden. T he frequency  d is trib u tio n  of po llen  s ta in ab ility  values fo r 
the ind iv iduals of a p o p u la tio n  is ad d ed  each figure in a  sep ara te  d iagram . T he sym bols 
used of com bined seco n d ary  c h ara c te rs  a re  show n in Fig. 4. T h eir d iagnoses are  given in

Table 2.

is shown in the individuality of general 
leaf shape as exhibited in the survey of 
oak-leaf types presented in Figs. 1 and 2. 
Spontaneous self-fertilization in Q. pe­
traea has been reported ( W e t t s t e i n - 

W e s t e r h e i m  1935). P v a t n i t s k i i  (1934)

and K o l e s n i k o v  (1933) tried selling oaks 
and found pronounced differences in de­
gree of variability between the selfed p ro ­
geny and normal plants. However, an 
increase in the heterozygosity, with sub­
sequent variation caused by spontaneous 

Bot. Notiser, vol. 128, 1975
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Fig. 4. H istogram s s h o w in g  the frequency  d istribution o f  n ine  p h e n o ty p e s  o f  oak in d i f ­
ferent c la sses  o f  po l len  stainability . T he  p h en o ty p es  are designated  by sy m b o ls  and  ar ­

ranged in five groups (I— V) a ccord in g  to Tab le  2.

in tr a sp e c ific  cro ssin g  b etw een  d ifferen t  
lo ca l ra ces or p ro v en a n ces, is o f greater  
im p o rta n ce . T h is ten d en cy  is acce lera ted  
b y  th e  p la n tin g  o f  oak s all over n orth ern  
E u ro p e . It has a lso  b een  su ggested  that Q. 
p e tr a e a  an d  Q. r o b u r  had  h y b rid ized  and  
h a ck -cro ssed  to p ro d u ce  trees w ith  in ter­
m ed ia te  m o rp h o lo g y . As regards sess ile  
and  p ed u n cu la te  oa k s in S w ed en , sim ilar  
c o n c lu s io n s  co n cern in g  in tro g ress io n  have  
been rea ch ed  hy  J o h n s s o n  (1952) from  
the s tu d y  o f  p ro g en y  tests, and  by K r a h l - 

U r b a n  (1951) w h o  com p ared  the gross  
m o r p h o lo g y  o f oa k s in S w ed en  and  in 
the rest o f  E urop e.

T h e  a im  o f th is stu d y  is not p r im arily  
to so lv e  an y  sp ec if ic  ta x o n o m ic  p rob lem s, 
but to a ssess  the degree o f m o rp h o lo g ica l  
h e te ro g e n e ity  o f natu ra l oak  p o p u la tio n s  
w ith in  the range o f sess ile  oak  in so u ­
thern Sw ed en . T h e  p o ss ib ility  o f in tr o ­
g ress io n  is d iscu ssed  011 the b asis o f the  

Bot. N otiser, v o l. 128, 1975

o ccu rren ce  o f  p r o v is io n a l sp ec ies ty p es  
as rep resen ted  by the m ost h o m o g en eo u s  
“se s s ile ” or  “p e d u n c u la te ” , , 'a tio n s
stu d ied . An a ttem p t h as a lso  been  m ade  
to d eterm in e  the ta x o n o m ic  p o s itio n  o f  
in d iv id u a ls  and  , , 'a tio n s o f oak . T he  
in v estig a tio n  h as been  in flu e n c ed  by  s im i­
lar s tu d ies carried  out in B rita in  by  
C o u s e n s  (1962, 1963, 1965) and C a r l i s l e  

& B r o w n  (1 9 6 5 ). U n lik e  th ese  a u th o rs I 
ha v e  p resen ted  the d istr ib u tio n  o f ga m etic  
fe r tility  w ith in  the oak  , t 'a tion s as the  
p ercen tage  o f p o llen  sta in a h le  in co tton  
blue, and  u sed  it as an  im p o rta n t fa c to r  
in p o p u la tio n  a n a ly sis .

MATERIAL AND METHODS 

Sam pling and Collecting T echniques

All natural oak  p o p u la t io n s  investigated  
have  been  taken  as be ing  representative  o f  
the variat ion  in oaks w ith in  parts o f  the
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Table t. T he d iagnos t ic  ra n g es  fo r  secondary  c h arac te rs  w ith  symbols.

Charac ter Diagnosis — Range Symbol

1. Abaxial stellate 
pubescence

2— 4-branched ,  t richomes 
a b u n d a n t ( petraea) o
Only  up  to 2-branched tr ichom es 
o r  all  types very sparse (indeterminate) ☆
B ra n ch e d  tr ichomes absen t (  robur) •

2. Auricle type Lobes w eak  or nil; lam ina  
n o t  sh a rp ly  reflexed (  petraea)

M edium  lobes not reaching the (indeterminate) [
petiole;  lam ina  sharply  reflexed

Lobes  well developed reach ing  the 
petiole on a t  least one leaf; lamina (robur)
sh a rp ly  reflexed

T heore t ica l  petraea type (a)  

T heore t ica l  robur  type (i)
0
•
1

d istr ibu tional  range of Q. petraea,  viz. in 
Skåne, Blekinge and  B o h u s lä n  (cf. H u l t é n  
1950). To confirm  w h e th e r  o r  n o t  the species 
were indigenous inquiries w ere  m ad e  of the 
ow n er  of the forest  (where  know n) as to the 
orig in  of the oak stand. In  o th e r  cases the 
rela tive age of the o ak s  a n d  the  c h a ra c ­
teristics of the site have been  s tud ied  to de te r ­
mine w he ther  the trees h a d  been p lan ted  or 
w h e th er  the wood w as  indigenous.  A p re ­
lim inary  trial using a table  of  r a n d o m  s a m ­
pling n u m b ers  to get the  c om bined  c o o rd i ­
nates fo r  localities on  econom ic  m ap s  and  
satellite  pho tos (ERTS; Kullaberg  region) 
w as  perform ed. Owing to the low f requency  
of indigenous oak s tan d s  in the regions in ­
vestigated, statistical r a n d o m iza t io n  of the 
oak  populat ions  was fo u n d  to he im p rac t ic ­
able. However, the p o p u la t io n s  p r im ar i ly  
chosen were not  later  re fused  unless  their  
indigenous n a tu re  was d isputed.

The individuals of a sam ple  were  taken 
f ro m  a limited area  w ith  a m ax im u m  d ia ­
m eter  of c. 80 m because o f  the l im ited  range 
of pollen d ispersal u n d e r  ” n o r m a l” cond i­
tions with in  an  oak fo res t  ( S e m e r i k o v  & 
G l o t o v  1971). A m ax im u m  sam ple  of abou t  
20 trees was chosen f ro m  a re la tively  large 
oak  stand  a long an a r b i t r a r y  line (00— 100 
m). In some cases of sm alle r  po p u la t io n s  
the sample chosen represen ts  all o lder  oaks 
w ith in  the restr ic ted range. A tree w as chosen 
a n d  labelled independen t  of  its f low ering  or 
fru i t ing  state.

All trees were  labelled with  a lum in ium  
plates on which is ind ica ted  the p o pu la t ion

(QA, QB etc. and  QAA, QAB etc.) a n d  the 
individual trees (01, 02 etc.).

F o r  fou r  years  (1971— 1974) the localit ies 
of oak s tan d s  that  had  been m ark ed  were 
visited twice a y ear  to collect sam ples of 
leaves and  of f lowering and  f ru i ting  twigs. 
Because of phonological differences between 
populat ions in pa r t icu la r  in time of flowering 
and  in f ruit-yield  from year  to year,  the col­
lections were  not  completed  until  1974. To 
induce an thes is  in male flowers, small  twigs 
were placed in a g reenhouse  a t  the Botan ical  
Gardens, Lund, dur ing  F e b ru a ry  a n d  March 
(1973) and  kept un d e r  identical micro- 
climatic conditions.  The d o rm an cy  of fertile 
buds was b ro k en  in 72 pe r  cent of the oaks, 
leading to anthesis.  Only Ibis pollen (n =200) 
was used fo r  calcula ting male  fertility. (Note: 
The d iag ram s in Figs. 3 A, 3 C, 3 E ,  4 showing 
the d is tr ibu tion  of oaks  of know n m ale  fe r t i ­
lity do thus not represen t  the total n u m b er  of 
all oaks investigated as represen ted  in Table 
2.) Twigs with fru i t ing  peduncles  on ly  were 
collected f rom  Septem ber to October to s tudy 
the characteris tics  of leaves and  fruits .

Differences in petiole length expressed as 
per cent of total leaf length (m ean  values,  
n==25— 44) from  samples of leaves taken  in 
W, N, E  and  S p a r ts  of a n  oak  c ro w n  have 
been observed. E xam ples :  Q. robur  isolated 
in an  open field: 4.2 °/o (W), 4.1 (N), 4.9 (E), 
4.7 (S) ; Q. petraea  in a closed s tand :  15.9 
(W), 15.3 (N), 12.9 (E), 12.3 (S); introgressive  
oak in a closed s tand :  7.4 (W), 8.4 (N), 7.1 
(E), 6.0 (S). To minim ize va r ia t ion  in d ia ­
gnostic c h arac te rs  due to posi t ion  on  the tree,
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twigs were always taken from south sides 
of the crown, using a pole-cutter, at a maxi­
mum heigth of c. 4.5 m. Lammas shoots and 
epicormics were avoided as being known to 
be aberrant or modified in relation to the 
annual shoot.

Method of P opulation A nalysis

Of the various graphical techniques de­
vised by A n d e r s o n  (1949), the pictorial 
scatter diagram has been used by COUSENS  
(1962, 1963" 1965) and by C a r l i s l e  & B r o w n  
(1965) who compared the methods of hybrid 
index (HI) and pictorial scatter diagrams 
(PSD) applied to the study of British oaks. 
They argued that PSD provides better in­
formation on hybridization and introgression. 
This method has also been used by t he author 
analysing the variation pattern of Swedish 
oak populations. The pattern of the scatter 
is interpreted in terms of degree of hybri­
dization and introgression. Four main dia­
gnostic characters are used. Two of these, 
viz. the length of the petiole expressed as 
percentage of total leaf length, and the length 
of the peduncle to the first flower bract or 
first bract scar are recorded as continuous 
variables according to COUSENS, and de­
signated primary characters. The other two 
are secondary characters: abaxial leaf pu­
bescence and auricle type. The latter is also 
defined according to COUSENS (1962) and is 
based on the development of the basal lobes 
which in the extreme robur  shape overlap 
the petiole, and the amount of reflexion of 
the lamina where it joins the petiole (see 
Diagnosis, Table 1). The indumentum charac­
ter is classified in a slightly different manner 
from that suggested by COUSENS (1963). No 
distinction is made between small and large 
erect trichomes. The stellate pubescence is 
recorded separately for bifurcate trichomes 
only, and 2—4-branched trichomes (cf. O l s ­
s o n  1974).

Table t shows the diagnostic ranges and 
the symbols for secondary characters. Each 
of them have a petraea (phenotype a), inde­
terminate and robur  (phenotype i) range 
giving nine possible combinations or pheno­
types, classified according to their degree 
of divergence from either theoretical species 
type (Table 2: a, i). The degrees of diver­
gence (0—4) are calculated from the scores 
(0, 1, 2 or reverse order) of the three ranges 
of a secondary character,  and may attain a 
maximum value of 4 for the difference be­
tween two specific phenotypes.

The population sampled is designated by 
the most represented class of phenotypes. 
The general categories obtained are pre­

sented in Table 2. The heterogeneity index 
of a population is obtained from the sum of 
relative degrees of divergence from either 
“species type” (see above) for the pheno­
types observed, and is applied to species or 
aff. species dominating woods only (cf. 
C o u s e n s  1965).

POPULATION ANALYSIS

Phenotypes

T h e  f requ ency  d is t r ib u t io n  of p h e n o ­
types observed  (Table 2) gives a genera l  
p ic tu re  of the  v a r iab i l i ty  of com bin ed  
seco n d a ry  c h a rac te rs  in the o ak  p o p u la ­
tions. No one , , ’ ation consis ts  of one 
p h en o ty p e  only. T h e  types th a t  a re  c o m ­
m ones t  have  been a ssu m ed  to be the  spec i­
fic types. T h u s  23 p e r  cen t of all th e  oaks 
inves tiga ted  have  the c o m b in a t io n  c h a r a c ­
ter ist ic  of p h e n o ty p e  a (petraeci)  w hich  
is d o m in a n t  in th ree  p o p u la t io n s  f ro m  
S kåne  an d  B ohuslän .  In the  sam e p r o ­
vinces seven p o p u la t io n s  rep re sen ta t iv e  of 
w oods  dom in a ted  by robur  a re  fo un d .  T h e  
robur  (7 )-phenotype  com p r ises  31 p e r  cent 
of th e  oaks. Of the  in te rm ed ia te  types 
those of an  in d e te rm in a te  posi t ion ,  viz. 
d, e, an d  /  (Table 2, class III)  m a y  be of 
special in te res t  as suggesting  F i  hybrids .  
No one  p o p u la t ion  is d o m in a te d  b y  th is  
in te rm ed ia te  g rou p  of p h e n o ty p e s  b u t  they  
a re  p resen t  in all o th e r  ca tegories  of woods 
an d  on ly  th ree  p o p u la t io n s  in all lack 
these types :  one p e fra e a -d o m in a te d  and  
tw o ro b u r -d o m in a ted  po p u la t io n s .  T h e  
b, c a nd  g, h p hen o typ es  sh o w  close a f ­
finities w ith  the respective  specific  types 
an d  m ay  in some cases be long  to th e  n o r ­
mal va r ia t io n a l  range  of the  species. 1 his 
m ay  p a r t ly  exp la in  the r a t h e r  h ig h  f r e ­
quencies  of b and  h  p h e n o ty p e s  in some 
of the p o p u la t io ns  d o m in a te d  by petraea  
(a)  an d  robur  (i).

All theore tica lly  possib le  p h e n o ty p e s  are  
rep re sen ted  in the m a te r ia l  (Fig. 3, QA, 
QB etc.) T h e  ph en o ty p e  w i th  the lowest 
f r equ ency  is a “ sessile’ oak  ( c )  w h ich  
e i ther  lacks stellate 3— 8 -b ra n c h e d  tr i-
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Table 2. Classification of secondary charac ter combinations and their frequencies. The 
population  samples are  classified in general categories on their component sec. combi­
nation classes. Heterogeneity index is compiled from the degrees of difference from either 

“specific” phenotype for the individuals of a population.

General
category

Population
sampled Code

Phenotypes observed—no. of 
oaks Sec. character combination 

classes Total
Hetero­
geneity

I II III IV V index

a ! 6 1 c d 1 e f g 1 h i

Phenotype a or Hjärås, Sk. QA 9 _ 2 _ _ 3 _ _ _ 14 0.57 (a)
petraea-dominated Sundsvik, Boh. QB 17 3 20 0.15

Kullaberg, Sk. QAA 17 1 — —- 2 — — — — 20 0.25
Aff. petraea- Nedre Dal, Boh. QC — 9 — 2 1 — — — — 12 1.25 (a)
dominated
Intermediates
dominating 
Aff. robur- Sännås, Boh. QG 1 2 1 1 4 2 11 1.36 (i)
dominated 
Phenotype i Skredsvik. Boh. QD 2 2 2 5 11 0.72 (f)
or Tobur- Aby, Boh. QE — —- — 2 1 — 1 1 8 13 0.62
dominated woods Iiamburgö,

Boh. QF 3 1 1 7 12 0.75
Resö, Boh. QH — 1 — — 1 1 1 1 6 11 0.82
Skärje, Boh. Qi — 1 •— — — — 1 — 7 9 0.44
Hemlinge, Sk. QN 1 3 — — - — — 1 — 15 20 0.70
Veberöd, Sk. QO — — — 3 1 — 1 1 10 16 0.63

Mixed woods Lönsboda, Sk. QQ 3 — — — 2 — — 4 3 12 —
Abrolla, Sk. QB 1 4 1 1 1 — — 1 5 14 —
Tjurkö, Bl. QX 1 2 — 1 — — 2 1 3 10 —
Verkö, Bl. QY 1 3 — 1 2 — 1 8 2 18 —
Skogdala, Bl. QAB 5 3 1 — 1 1 — 3 2 16 —

Totals 
Per cent

Degrees (0—4) of difference from

56
23

0

30
13

1

4
2

1

15
6
2

16
7
2

5
2
2

11
5
3

27
11
3

75
31

4

239
100

(«)
f

either theoretically specific phenotype 4 3 3 2 2 2 1 1 0 (0 —
according to the sec. character combi 
nation classes (I—V)

chôm es, or m ay  have sp a rse  tr ich o m es  
of an y  of these types. T he  th ree  classes 
of ph en o ty p es  d isp lay ing  m o re  o r  less 
in te rspec if ic  charac te r is t ics  w ere  fo u n d  to 
be equa l ly  com m on, viz. II : 15 °/o, I I I :  15 
°/o, IV: 16 %  (Table 2). T h is  u n i fo rm  
d is t r ib u t ion  suggests th a t  the d iagnos tic  
s ec o n d a ry  cha rac te rs  used a re  u n d e r  p o ly ­
genic control. T h is  is d iscussed below, 
u n d e r  Gametic Fer t i l i ty  a n d  P o p u la t io n  
S truc tu re .

Mixed Oak W oods

T he o ccurrence  of m ixed  o ak  woods, 
i. e. w ith  both  specific  phen o typ es  and  
in terspec ific  fo rm s  w ith in  a r a th e r  l im i­
ted and  som etim es  iso la ted  a rea  of the p r e ­
sum ab ly  u n i f o rm  bio tope , is a prob lem  
of great in te res t  w h en  s tudy ing  the fo r ­
m at ion  of a p o p u la t io n  an d  its evolution. 
This  category  of oak  w oods  is relatively 
com m o n  in so u th e rn  Sweden. About one 
th i rd  of the p o p u la t io n s  sam pled  in loca- 
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lilies p r im a r i ly  in N E Skåne and  in Ble­
kinge are of th is type.

The d eve lopm ent  of condit ions neces­
sary  for in terspec if ic  cross-po ll ina t ion  is 
apprec iab ly  in creased  by the fact tha t  
bo th  species h ave  been  p lan ted . As regards  
Sweden a t ten t ion  can be called to Ihe fact 
th a t  King C harles  XII in ab ou t  1700 o r ­
dered the  extensive p lan t ing  of oaks to 
supp ly  t im ber fo r  the fu tu re  Swedish fleet. 
T his  m ay  be in p a r t ic u la r  true of the oak 
woods of Blekinge in the v icinity  of the 
naval base at K a r lsk ro n a  (cf. QX, QY in 
T able  2). R ecent n a tu ra l  m ixed oak p o p u ­
lations of a l im ited  range  w ith in  the sym- 
p a tr ic  woods of the species, as rep re sen ­
ted by  this s tudy , m a y  in p a r t  be the re ­
sult of the ac tiv ity  of jays w h ich  fly aw ay  
w ith  acorns  a n d  b u ry  them  in an o th e r  
p a r t  of the w ood. No in fo rm a t io n  is ava il­
able on the re la tive  im p o r ta n c e  of, and  
the relative f req u en cy  of, the  long-distance 
dispersal of a c o rn s  by  b irds  or o the r  a n i ­
mals as c o m p ared  w ith  local regenera tion  
of a po p u la t io n  by  the  seedlings fro m  
acorns  tha t  h av e  d ro p p ed  f ro m  the trees. 
Owing to ihe com bin a t ion  of the n o n ­
random izing  effect of p lan t ing  by m an  
and  of fru i t  d ispersa l  by birds,  p re c a u ­
tions m us t he taken  w h en  analyz ing  iso­
lated cases of m ixed  oak sam ples by m e­
thods  based u p o n  the a ssum tion  of r a n ­
domized c ross-po ll ina t ion  a n d  d ispersa l  of 
diaspores.

To test the  specific  n a tu re  of all oaks of 
the p heno types  a (pe traea ) and  i (ro b u r ), 
the degree of d i f fe ren t ia t ion  of the con ­
tinuous s e co n d a ry  ch a ra c te rs  w as asses­
sed by using th e m  as coord ina tes  of sca t­
te r  d iagrams. F ig  3 A show s th a t  the 
theoretical species types (petraea, circles; 
ro b u r , squares) a re  n o t  entire ly  discretely  
d ifferen t ia ted  enti ties a l tho ug h  they do 
no t overlap. T h e  con tinuous  secondary  
cha rac te rs  of i ( r o b u r )  have a very  wide 
range of varia tion .  If each coord ina te  is 
considered ind ep en d e n tly  (petiole length in 
percentage of leaf length and  peduncle  
length  respectively) the re  is an overlapp ing  
of the two species. T he  va r ia t ion  of bio- 
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lopes increases the  n u m b e r  of eco types  
fo un d  and  the degree  of h e te ro g e n e ity  of 
th e  gene pool o f  o aks  in Sw eden  as  r e ­
p resen ted  in th is  inves tiga tion , so the 
s ca t te r  is w ider  as cou ld  he expected . T h is  
cou ld  well ex p la in  the w ide v a r ia t io n  in 
pedu nc le  length .

A second poss ib il i ty  is th a t  the ex trem e  
values rep resen t  in t rog ress ive  types fo rm e d  
by  b ack cross in g  to w a rd s  e i ther  species.

A th i rd  h y p o th es is  is th a t  the p r im a ry  
c h a rac te rs  are  u n d e r  polygene co n tro l  as 
is also the case w ith  seco n d a ry  ch a rac te rs .  
T h e  m a jo r i ty  of o ak s  of petraea (a )  o r  
rob ur  ( i )  types  in a single petraea-  o r  a 
single r&bur-d o m in a ted  p o p u la t io n  r e ­
spectively a re  sca t te red  w ith in  a re la tive ly  
n a r r o w  zone on the  d ia g ra m  (Figs. 3 I) - 
QB, 3 N - QN, etc.).  A s im ila r  ob se rva t io n  
w as m ade  by  C o u s e n s  (1963) w h e n  s tu ­
dy ing  iso lated  Scottish  o ak  popu la t io ns .  
O wing to the  poss ib le  po lygenic  n a tu r e  of 
the c h a ra c te r  p e d u n c le  length th e re  is 
reaso n  to believe tha t  w ith in  the  specific 
range  of this  c h a ra c te r  p ro v e n a n c es  o r  
ecotypes of d if fe re n t  types are  fo rm ed .

F o u r th ly ,  Ihe v a r iab i l i ty  of p ed u n c le  
leng th  for Ihe “p ro v i s io n a l” rob ur  type  
m a y  be the resu l t  of iso la ted  o c c u r ­
rences of inb reed ing .  T h is  could  p ro d u c e  
ind iv idua ls  d isp lay ing  g rea te r  v a r iab i l i ty  
in the  c h a ra c te r  in q uest ion  th a n  that 
fo u n d  in the  m o th e r  trees, p re s u m a b ly  
as a result of som e ho m ozy go us  effect 
on  the  ba lanced  po lygenic  system.

(■unirtir F er t i l i ty  and  P o p u la t io n  S tr u c ­
ture

F ert i l i ty  tests, i. e. the  d e te rm in a t io n  
of m ale fe r t i l i ty  as the p e rcen tag e  po llen  
g ra ins  s ta inab le  w ith  co tton  blue, have  
long been used as an  ind ica t ion  of bybri-  
dity. Fig. 4 show s the f r e q u e n c y  d is t r i ­
bu tion  of ind iv idua ls  of k n o w n  pollen 
s ta inab i l i ty  w ith in  sam p les  of n ine  p h e n o ­
types d iv ided into five classes (I— V). As 
reg a rds  the to ta l  sam p le  of the  specific 
p h en o ty p es  of a (I) a n d  i (V) d iscussed 
above, Fig. 4 show s th a t  8 pe r  cent on ly
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of  i has a pollen stailiability of less than  
70 per cent, the corresponding value for 
the petraea (a)  phenotypes being 14 per 
cent. The relative frequency of the inter­
specific  phenotypes w ith  low pollen stain- 
ability is 19 per cent. As seen in the scatter  
diagram for petiole % /peduncle length  
values (Fig. 3 C), the interspecif ic oaks  
with low pollen stainahility (solid tri­
angles) have a distribution limited to the 
range of the robur  type (squares). This  
may indicate a gene flow  in the direction  
of robur.

The next step in the analysis is to c o m ­
itare the percentages of oaks with low  
pollen stainahility ( <  70 %) within each  
group of non-specific phenotypes and 
their distribution in the scatter diagram  
(Fig. 3 E). The types are designated by 
the symbols b -h (see Fig. 4) w hich are 
symbols of combined secondary characters 
as shown in Table 1. Oaks with a pollen  
stainahility below 70 %  are indicated by  
V.  Their distribution in classes (II IV) 
of ascending degrees of divergence from  
the theoretical petraea  species type is as 
follows: II: 5 %>; III: 27 %; IV: 29 %>. Of 
these, class IV (g, h )  is distributed in a 
rather narrow zone with a centre at about 
the coordinates 8/30 of petiole °/o/peduncle 
length (Fig. 3 E). Phenotypes i with high  
pollen stainahility ( >  90 °/o) are co n ­
sidered to represent “g oo d ” specific  robur  
oaks. Their distribution is shown in Fig. 
3 A (solid squares). One can observe that 
some g and h oaks with low pollen stain- 
ability (Fig. 3 E) have a position outside 
the centre of concentration of robur  oaks 
and may constitute introgressive products  
towards Q. robur.

4'he intermediate (s. str.) phenotypes  
(III) with low fertility do not have the 
expected intermediate position in the dia­
gram of combined primary characters 
(Fig. 3 E). In the group as a whole, h o w ­
ever, including oaks with normal pollen  
stainahility, there is a zone of con cen ­
tration which is more or less intermediate, 
indicating that, to a great extent, assumed  
F 1 hybrids have an unexpectedly high

percentage of pollen stainahility. S n o g e - 
r u p  (1967) has discussed the causes of a 
similar distribution in filial generations 
of Erys imum,  l ie  also mentioned other  
cases of “cryptic structural hybridity”, 
as it was termed by S t e b b i n s  (1945), 
which implies that structural hetero­
zygosity displayed as minor translocations  
and inversions may cause slight reductions  
only in fertility of F,. The F 2 individuals  
of Erys imum  were reported to show  
greater variation in pollen stainahility  
than in first generation hybrids and the 
values were on the average lower.

If the gametic lethality of spontaneous  
Quercus  hybrids is also mainly due to 
meiotic disturbances and cryptic struc­
tural hybridity, the distribution of g and 
h (Figs. 3 E, 4: IV) phenotypes of low  
stainahility is explainable.

Apart from the material presented in 
this investigation the author has investi­
gated oak populations that have been  
reported as UQ. petraea  w ood s”. (They  
are not included here as being non-ran-  
domly chosen). Two examples: at Sibb- 
arp, Osby (Skåne) a population was  
found to consist of isolated trees of Q. 
petraea  mixed with Q. robur  and intro­
gressive individuals. In one particular 
wood in Håverud (Dalsland; S y lv é n  1945) 
Q. petraea  is represented in greater n u m ­
bers but the introgressives are predom ­
inant. It is my opinion that isolated hom o­
geneous stands of Q. petraea  are very rare.

CONCLUSIONS

The distribution in scatter diagrams 
(petiole % /peduncle length, Fig. 3 A) of  
petraea  and robur  oaks with a high pollen  
stainahility ( >  90 %) agrees reasonably  
well with the distribution presented by  
C o u s e n s  (1963) for oaks in Scotland. It 
may also be true that Q. petraea  and Q. 
robur  in Sweden and Scotland and regions 
of N W  Europe are of the same origin and 
have evolved along similar lines. T heo­
retical species types (a, i) as described  
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an d  d iscu ssed  above p ro b ab ly  th e re fo re  
belong  to  Q. petraea  ( M a t t u s c h k a ) Liebl. 
a n d  Q. robu r  L. H ow ever, because of the 
gen era l o c c u rre n c e  of in te rc ro ssin g  the 
sp ecific  s ta tu s  o f petraea  and  robur  needs 
to be ex am in ed , a task  th a t is ou tside the 
scope of th is  inves tiga tion .
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M allom onas trum m ensis Nov. Spec. (C hrysophyceae) 
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Mallomonas tru m m en s is  nov. spec, is described f rom  the fo rm er ly  polluted 
lake, T rum m en ,  in cen tra l  sou the rn  Sweden. The u l tra s t ru c tu re  of the cell, scales 
a n d  bristles w as  investigated  by m eans of scanning an d  transm iss ion  electron 
microscopy. M. t ru m m en s is  belongs to the Tripartitae.  Of the M allom onas  species 
previously  described it m os t  closely resembles M. portae-ferreae  P é t e r f i  & 
A s m u n d .

Gertrud Cronberg, L im nolog ica l  Institu te, S-220 03 Lund,  Smeden.

M a l lo m o n a s  t r u m m e n s i s  w a s  f o u n d  in 
th e  lak e ,  T r u m m e n ,  in s o u t h e r n  S w ed e n .  
I 'h is  f o r m e r l y  p o l lu t e d  lak e  h a s  n o w  b e e n  

r e s t o r e d  ( A n d e r s s o n  et al. 1973) .  T h e  
c h e m ic a l  a n d  p h y s i c a l  c o n d i t i o n s  h a v e  
b e e n  in v e s t ig a te d  s ince  1968 ( B e n g t s s o n  

et  al. 1974) .
M. t r u m m e n s i s  w as  f o u n d  in  s a m p le s  

t a k e n  f r o m  th e  la k e  f r o m  F e b r u a r y  to 
A p r i l  1971, t h e  l a k e  b e in g  c o v e r e d  w i th  
ice f o r  p a r t  o f  th is  t im e.  D u r i n g  th is  p e r i ­
o d  th e  p H  w a s  7.0— 7.7 a n d  th e  t e m p e ­
r a t u r e  0 .5— 2.8 C. T h e  d o m in a t in g  p h y t o ­
p l a n k t o n  sp ec ie s  t h e n  w a s  M. eoa  T a k a - 

j i a s h i  ( C r o n b e r g  1973).

P la n k to n  was collected w ith  a w a te r  sa m ­
pler  a n d  fixed witli Lugol’s solution. The 
sam ple  was washed with distil led water .

F o r  p u rp o ses  of scanning e lectron  m ic ro ­
scopy a d rop  of the sample  was placed on a 
ro u n d  cover glass which was then glued onto 
a specim en stub. After the d rop  h a d  dr ied  (lie 
s tub  w as covered with  a layer of gold (60 °/o) 
a n d  p a llad ium  (40 °/o) u n d e r  vacuum . The 
m icroscope  used was a Cambridge Stereoscan 
M ark  II A.

F o r  exam inat ion  by transm iss ion  electron 
m ic roscopy  a drop of the sam ple  w as  placed 
on form var-coa ted  grids and  dried. It was 
then  s tudied  directly un d e r  a Phil ips  t r a n s ­
mission e lectron microscope.

The descrip t ion  of M. tru m m en s is  is based 
on the scanning  e lectron m icroscopic  investi­
gations. The m easu rem en ts  of  cells, scales 
and  bristles are  m ade  on the e lectron m ic ro ­
graphs. Under the light m icroscope  M. trum-  
mensis  could no t  be d is t inguished from M. 
eoa T a k a h a s h i  o r  M. coronifera  M a t v i e n k o  
tha t  was also found  in the lake during  this  
period.

Mallomonas trummensis C r o n b e r g  n o v .  
spec .

Cellula elongate ovoïdes, 20— 25 /um longa, 
5— 6 .«ni lata, squam is  rhom bic is  d im orphis  
tecta, anticis appendices se t ifo rm es duo ru m  
generum  cuique unam  gerentibus ,  pos te r io ­
ribus nullas  setas exhibentibus.

Species inter  T r ipa r t i tas  re ferenda.  Sq u a ­
m ae apicales 3 X 4  /um m agnae,  quaque  tholo 
et cris ta  V-formi o rna ta ,  poste riores  2 X 4  
u m  magnae, cris tas  sed nullos  tholos exh i­
bentes. Area m ed ia  cris ta  V-formi l imita ta  
transverse  costata,  inter  costas dense punctu- 
lata.

Setae solum in pa r te  an tica  cellulae f o r ­
matae,  squam is apical ibus laxe affixae, aliae 
9— 10 « m  longae, denticula tae ,  circiter 10 
aliae 20— 25 p m  longae, nullis  dentibus a r ­
matae, sensim a ttenuatae ,  re tro  directae.

Cystae no n  visae.
P lan ta  in lacu  T ru m m e n  Sueciae Meri­

dionalis inventa.

TYPUS: Fig. 1 in this paper.
Bot. Notiser, vol. 128, 1975
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Fig.  1. M allo m o n a s  t r u m m e n s is .— A: A co m p le te  cell  sh o w in g  the ap ica l  part w ith  short  
serrate brist les  and long  thin bristles to the left o f  the cell seen  under the sc ann in g  e lec tron  
m ic r o sc o p e  (SEM). —  B: A nterior part o f  cell  s h o w in g  sca les  w ith  d o m e  and brist les  
lo o s e ly  fastened  to d om e (SEM). —  Ci: P oster ior  part o f  cell  sh o w in g  sca les  w ith o u t  d om e  
a n d  brist les  (SEM). —  1): T w o  sca les ,  to the left ap ical  scale  with dom e ,  to the right a

b o d y  sca le  w ithou t  d o m e  (SEM).

The cell is narrowly elliptic, the cell 
length being 20— 25 pm and the cell 
b read th  5— 6 pm. The cell has two types of 
scales and two types of bristles. Only the 
apical par t  of the cell carries bristles (Fig. 
1A) .  The scales that carry bristles are 
Tripartitae  scales with dome, shield and
Bot. N otiser, vol. 128, 1975

flange ( H a r r i s  & B r a d l e y  1960), whereas 
the other scales lack the dome (Figs. 1 I), 
2 ('.). The scales are rhomboid. The  shield 
has 6— 7 transverse ribs and between these 
there is a fine network (Figs. 1 B, 2 A, B). 
On the dome are small round  raised dots. 
On the prolongation of the V-rib against



MALLOMONAS TRUMME NS I.S 7 1

Fig. 2. Mallo monas trummcnsis.  — A: Some scales 
seen under the transmission electron microscope 
(TEM). — B: Apical scale showing dome with small 
dots, the shield with the transverse ribs and the 
network between the ribs. The flange also has a 
network with small holes (TEM). — C: Scale from 

the posterior end without dome (TEM).

the d om e sm all p ro tu b e ra n t  po in ts  also 
occur. On (lie flange the re  is a fine n e t ­
work.

T h e  ap ica l  scales w ith  bris t les  a re  3 X 4  
urn. the o thers  2 X 4  pm.

The u p m o s t  apica l scales have  the  dom e 
direc ted  an te r io ra l ly  an d  they  have  fo r ­
w ard ly  directed bris t les  9— 10 p m  long, 
th ick  a n d  se r ra te  (Fig. 1 A). T h e  o th e r  
ap ica l  scales have bris tles  tha t  a re  d i r e c ­
ted o u tw a rd s  and  s l ightly  b ac k w a rd s ,  21 — 
25 pm long, evenly n a r ro w in g  to a point .

P o s te r io r  scales have no  bristles (Fig. 1 C). 
Cysts w ere  n o t  found .  T h e  alga has been 
n a m e d  a f te r  L ak e  T ru m m e n .

M. tr u m m e n s i s  m os t  closely resem bles 
M. portae- ferreae  P é t e h f i  & A s m u n d  
(1972), b u t  th is  species is m u c h  la rg e r  
(30— 60 pm long  an d  8 -  12 pm b ro ad )  
th a n  M. tr u m m e n s is .  T he  u l t r a s t ru c tu re  
of th e  scales also differs .  M. portae-ferreae  
has  b ris t les  over  the w hole  cell, w h ile  M.  
t r u m m e n s i s  h a s  ap ica l  bris tles  only (Fig. 
1 A) .
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Sam ples contain ing Mallomonas  species 
from  som e other lakes w ere investigated  
under the electron m icroscope. M. trum-  
mensis  w as found in tw o other lakes, viz. 
Södra B ergundasjön down stream from  
Trum m en, and R yssbysjön in another 
part of central southern Sweden, also in 
w inter plankton. All these lakes with M. 
trum m ensis  are polluted to a greater or 
less degree and h ighly eutrophic. M. trum ­
mensis  seem s to prefer eutrophic and cold  
water.
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On pollen  o f Campanulaceae and Related Fam ilies with 

Special R eference to the Surface Ultrastructure

I. C am panulaceae Subfam . C am panuloidae

A nita Dunbar

D u n b a r ,  A. 1975 07 08. On pollen of Campanulaceae and related families with 
special reference to the surface ultrastructure. I. Campanulaceae subfam. Cam­
panuloidae. — Bot. Notiser 128: 73— 101. Lund. ISSN 0006-8195.

Pollen grains of 61 species of Campanuloidae representing 18 genera have 
been studied by means of light microscopy and scanning electron microscopy. 
Similarities between some genera and species of Campanuloidae based on (be 
sexine pattern have been found as well as compound patterns, constituting pos­
sible transitions. A line of evolution from ridges to finger-like structures is sug­
gested. There seems to be a relation between shape of pollen grains and the 
nature of the apertures.
Ani ta  Dunb ar ,  Ins t i tut e  of  B o t a n y ,  Uni ver s i t y  of  S t oc k h o l m ,  a n d  S we d i s h  Mu ­
se um of  Na t ura l  Hi s t ory ,  S-104 05 S t o ck ho l m,  Swe d e n.

C am p an u laceae  a n d  related  fam il ies  
such  as Sphenocleaceae  an d  Goodeniaceae, 
are  rep re sen ted  all over the w orld .  In 
his m o n o g ra p h  on C am pan u laceae  DE  
C a n d o l l e  (1830) described  334 species 
be longing  to 21 genera. Since then  m a n y  
new  g en e ra  have been  recognized a n d  the 
fam ily  n o w  consist of som e 60— 70 genera  
and  2,000 species ( W i l l i s  1966).

Most a u th o r s  divide the fam ily  in to  
th re e  subfamilies : C am panu lo idae ,  Lo-
belio idae an d  Cyphioidae. T his  division 
will he used  in the p resen t  study.

A corre la t ion  of the pollen  m o r p h o lo g y  
w ith  the  ta xo no m y  of C a m p an u laceae  h as  
been  m a d e  by m eans  of light m ic ro sco p y  
by C h a p m a n  (1967) w ho  s tud ied  31 sp e ­
cies rep resen t in g  21 genera , an d  by  A v e - 
t i s j a n  (1967, 1973). A v e t i s j a n  (1967) 
gave a schem atic  p resen ta t io n  of evo lu t ion  
b ased  on the deve lopm ent  of ap e r tu re s  
f ro m  pollen  w ith  m a n y  colpi to p an to -  
p o ra te  pollen  grains. A review of the  
pollen  l i te ra tu re  w ith  respect to light 
m ic ro sco py  can  fu r th e rm o re  be fo u n d  
in E r d t m a n  (1952) and  w ith  respect

to light m ic ro scop y  a nd  e lec tron  m ic ro ­
scopy in D u n b a r  (1973 a ) .  Since th e n  a 
cytological s tud y  on the C am panu la  sp e ­
cies be longing to the ro tund ifo l ia  g ro u p  
has been m ade  by m e an s  of scann ing  
e lec tron m ic roscop y  (G e s l o t  & M é d u s  

1974).
T he  considerab le  v a r ia t ion  in the po llen  

m o rp ho log y  h i th e r to  fo u n d  ind ica tes  th a t  
a m ore  com plete  inves tigation , inc lud ing  
tha t  of the fine s t ru c tu re  of the po llen  
surface, m a y  resolve som e of the p h y lo ­
genetic and  tax o n o m ic  p rob lem s.

T h is  p a p e r  is the f irs t of th ree  par ts ,  
the second ( D u n b a r  1975) dealing  w ith  
the subfam il ies  C yphioidae  and  Lobe- 
lioidae and  the  re la ted  fam ilies G oode­
niaceae an d  Sphenocleaceae. T he  resu l ts  
are  d iscussed toge ther  in the second pa r t .  
T he  th i rd  p a r t  is p la n n ed  to deal w ith  the 
u l t r a s t ru c tu re  of sectioned pollen gra ins  
of some of the p resen t  materia l .

MATERIAL AND METHODS

The pollen grains have been studied by 
means of light microscopy and scanning 
electron microscopy. The material was either
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74 ANITA DUNBAR

Table 1. T he species a re  a rra n g e d  m o rp h o lo g ically  a c c o rd in g  to  the p a tte rn  of the sex ine 
fine s tru c tu re . The n u m b ers  1— 11 and  a— d in d ica te  the d iffe re n t types of fine s tru c tu re

Size [ju)

Tax on P o la r axis X equa­
to ria l axis (E)

Shape A perture
con d itio n

P ore  d iam .

SE
MGLM SE MG LM

C am panulaceae,
C am panuloidae

Campanula garganica 32X 38 — suh o b la te 4 -porate 4 —
var. h irsu tam

C. rapunculus 28X 32 ■— su b ob la te 3- (4-) p o ra te 3 4
C. p h yc t idoca lyx 36X 34 — p ro la te -sp h e ro id a l 4— 3 -p orate 4 6
C. trachelium 28 — sp h ero id a l 3 -p orate 3 5
C. glomerata 27X 29 — o b la te -sp h ero id a l 3-porate 2 5
C. lactiflora 32 — sp h ero id a l 3-porate 4 5

rapunculoides 42.5X 45 — o b la te -sp h ero id a l 4-porate — 5
C. ro tundi  folia 29X 33 — suhob la te 4 -p orale — 4
C. persicifolia 42 -— sp h ero id a l 4 -porate — 5
C. er in us — 30 sp h e ro id a l 3 -porate — 4
C. uniflora 36 — sp h ero id a l 3 -p orate 2 3

C. pyramidalis 34X 36 — o b la te -sp h ero id a l 3 -porate 4 5
C. alliurifolia 34X 36 — o b la te -sp h ero id a l 3 -porate 5 6
C. strigosa 30 — sp h ero id a l 3 -porate 4 5
C. carpatica 36X 40 — subob la te 4 -porate 3 5
C. speciosa 40 -— sp h ero id a l 3 -p orate 4 5
C. m ed ium 40 — sp h ero id a l 3 -p o ra te 4 5
C. trachelium  f. alba 42X 44 — o b la te -sp h ero id a l 4-porate 5 6
C. amcricana 36.5X 38 — o b la te -sp h ero id a l p an to p o - 3.5 —

A syn eu m a  canescens 40 sp h ero id a l

ra te , 12 
po res 

4-(5-) p o ra te 3.5 4
P h y  te um a  scheuchzerii — 30X 32 suh o b la te 4 -p orate — 3.5
S y m p h ya n d ra  armena 26 X 29 -— o b la te -sp h ero id a l 3 -p orate 3.5 4
S. h o fm a n n i i 28 — sp h ero id a l 3 -p orate 3 —
Edraiantlius serpylli  folia 31X 33 — o b la te -sp h ero id a l 3 -p orate 2 5
Wahlenbergia abyssinica — 27X 30 o b la te -sp h ero id a l 3 -porate — 4.5
VU. denticulata — 32X 40 o b la te -sp h ero id a l 3 -p o ra te —- 3.3
W. madagascariensis — 32 sp h ero id al 3- (5-) p o ra te — 3
W. na pi form is E 33 — o b la te -sp h ero id a l 3-porate — 4
W. perrieri — 30 sp h ero id a l 3 -p orate ■— 3
VU. upembensis E 33— 44 — o b la te -sp h ero id a l (3-)4 (5-) o r — 3

VU. and rosaceae _ 42 sp h ero id a l
3 -p orate

3 -p orate — 6
VU. masafuerae — 24X 30 suhobla te 3 -p orate — -—-
VU. com m unis —• 38X 45 o b la te -sp h ero id a l 3 -p orate — 3.8
W. krebsii  ssp. arguta E 25— 42 — o b la te -sp h ero id a l 3 -p orate ■— 4
VU. subaphylla  ssp. — 40X 45 o b la te -sp h ero id a l 3 -p orate — 5
thesioides

W. perrottett ii — 30 sp h ero id al 3-p o ra te — —
VU. undulata -— E 42 o b la te -sp h ero id a l 3 -p orate — 3
Adenophora  aurita -— 34X 36 o b la te -sp h ero id a l 4 -p orate — 3.3
A. lilifolia E 48 36X 45 subobla te 4-p o ra te — 2
.4. palustris — 30X 36 o b la te -sp h ero id a l 4 -p orate — 3
A. thunbergiana — 33X 36 o b la te -sp h ero id a l 4 -p orate — 3
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T a b le  1 c o n t in u e d .
a n d  the  ty p e s  o f  sp in u le s /v e r ru c a e ,  r e sp e c t iv e ly ,  see pp .  76, 77. T w o  n u m b e r s  =  c o m p o u n d  

p a t t e r n .  *: c o u ld  n o t  be d e te rm in e d .

S c u lp tu r in g

Sexine  b e tw e e n  s p in u le s  
o r  e n t i r e  sex ine

T y p e
( s p in u le s /
v e r r u c a e

ex cep ted )

S p in u le s /
v e r r u c a e

H e ig h t  
o f  

sp in u le s  
SE MG

S h a p e  of  
s p in u le s

T y p e
of

s p i n ­
u les /
v e r ­

ru c a e

r id g es 1 sp in u le s 0.5 b a s a l ly  d iv id e d a

r idges 1 s p in u le s 0.8 b a s a l ly  d iv id e d a
r id g es 1 s p in u le s 1 h a s a l ly  d iv id ed a
s h o r t  r idges 1 s p in u le s 1.5 b a s a l ly  d iv id ed a
s h o r t  r idges 1 s p in u le s 0.7 b a s a l ly  d iv id e d a
s h o r t  r idges 1 s p in u le s 1 b a s a l ly  d iv id e d a
s h o r t  r idges 1 s p in u le s 1.6 b a s a l ly  d iv id ed a
s h o r t  r idges 1 s p in u le s 0.6 b a s a l ly  d iv id e d a
s h o r t  r idges 1 s p in u le s 1 b a s a l ly  d iv id ed a
s h o r t  r idges 1 s p in u le s 1.2 b a s a l ly  d iv id e d a
s h o r t  r idges ,  top e n d  b e n t  

u p w a r d s
2 s p in u le s 1 b a s a l ly  d iv id ed a

r id g es ,  top  e n d  b e n t  u p w a r d s 2 s p in u le s 1.8 b a s a l ly  d iv id e d a
r idges ,  p r o t r u s i o n s 1, 4 s p in u l e s I b a s a l ly  d iv id e d a
ridges ,  p r o t ru s io n s 1, 4 s p in u le s 0.6 b a s a l ly  d iv id e d a
f in g e r - l ik e  e le m e n ts 3 s p in u le s 2 b a s a l ly  d iv id ed a
p r o t r u s io n s 4 s p in u le s 3.3 b a s a l ly  d iv id ed a
p r o t r u s i o n s 4 s p in u le s 3 b a s a l ly  d iv id ed a
i r r e g u la r  r idges ,  a ty p ic a l 6 s p in u le s 0.9 b a s a l ly  d iv id e d a
re t i c u la te ,  low  re l ief 5 s p in u le s 0.4 b a s a l ly  d iv id e d a — b

s h o r t  r idges 1 s p in u le s 0.8 b a s a l ly  d iv id ed a
s h o r t  r idges 1 s p in u le s 1 b a s a l ly  d iv id ed a
r idges 1 s p in u le s 0.6 b a s a l ly  d iv id ed a
s h o r t  r idges,  p r o t ru s io n s L 4 s p in u le s 1.2 b a s a l ly  d iv id ed a
r idges ,  p r o t ru s io n s E  4 s p in u le s 0.8 b a s a l ly  d iv id ed a
s h o r t  r idges, low  re l ief 1 sp in u le s 0.8 b a s a l ly  d iv id e d a
s h o r t  r idges 1 s p in u le s 1.6 b a s a l ly  d iv id ed a
s h o r t  r idges,  low rel ief 1 sp in u le s 0.9 b a s a l ly  d iv id e d a
s h o r t  r idges 1 sp in u le s 0.8 w i th o u t  ro o ts h
s h o r t  r idges 1 s p in u le s 0.8 w i th o u t  ro o t s b
s h o r t  r idges I s p in u le s 0.8 b a s a l ly  d iv id ed a

s h o r t  r idges 1 s p in u le s 0.7 w i th o u t  r o o t s b
s h o r t  r idges ,  low rel ief 1 s p in u le s 0.7 w i th o u t  r o o t s b
s h o r t  r id g e s /m u r i 1, 5 s p in u le s 1.2 b a s a l ly  d iv id e d a
s h o r t  r id g e s - re t ic u la te 1, 5 s p in u le s 0.7 b a s a l ly  d iv id ed a
s h o r t  r id g e s /m u r i 1, 5 sp in u l e s 1.2 b a s a l ly  d iv id e d b

re t icu la te ,  low  re l ie f / r id g es 5, 1 s p in u le s 0.8 b a s a l ly  d iv id e d a
re t icu la te ,  lo w  rel ief 5 s p in u le s 2 w i th o u t  r o o t s b
s h o r t  r idges,  p r o t ru s io n s 1, 4 s p in u le s 1 b a s a l ly  d iv id ed a
s h o r t  r idges,  p r o t r u s io n s 1, 4 s p in u le s 1.5 b as a l ly  d iv id ed a
s h o r t  r idges,  p r o t r u s io n s 1, 4 s p in u le s 1 b a s a l ly  d iv id e d a
p ro t ru s io n s ,  r idges 4, 1 s p in u le s 0.9 b a s a l ly  d iv id e d a
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Table 1 con tinued .

Taxon

Size (ju)

Pola r  ax isX eq u a-
i n r i n l  n v i c  / P  \

Shape Aperture
condit ion

P o re  diam.

LM SE
LM 1 SE MG MG

Jasione m o n ta n a 22 X 25 ob la te -sphero ida l 3-porate _ 5
Roella amplexicautis — E 38 ob la te -sphero ida l 3-porate — 5
R. leptosepala — E 55 o b la te -sphero ida l 3 -porate — 4
R. muscosa — 50 sphero ida l 3-porate — 5
Githopsis specularioides 36X 40 — subobla te 6-porate 3 —

Prism atocarpus
peduncula tus

— 42 X 55 pro la te -sp h ero id a l 3-porate — 4.5

Triodanis  falcata 40 E 31 sphero ida l 3-4-porate 1.7 3
Pla tycodon  grand i f lo rum 53 X 55 •—• ob la te -sphero ida l 5-6-colpo-

ra te
— —

C a m pan um oea  I an cifol ia — 25X31 subob la te 3-colpora te — —

C. m a x im o w icz i i — 30X 35 subob la te 5-6-colpo-
ra te

— —

Canarina eminii E 30 30X 33 o b la te -sphero ida l 3-colpora te — —

C. abyssinien .— 22 sp h e ro id a l 3-colporate _ —

Ostro vs k  i a m  ay nifica -— 50X57 obla te -sphero ida l 6-7-colpate — —

C yananthus  incanus — 42X 45 obla te -sphero ida l 9-colpate — —

C. inflatus E 36 E 33 ob la te -sphero ida l 9-colpate — —

C. m icrophy llu s — E 42 o b la te -sphero ida l 8-colpate — —

C. lobatus E 40 E 38 sphero ida l 8-10-colpate — —

Codonops is cle m a t i dca 40X44 E 45 ob la te -sphero ida l 8-colpate — —

C. handeliana 48X46 38X 40 obla te -sphero ida l 7-colpate — —

C. vir idiflora 36X40 — ob la te -sphero ida l 8-colpate — —

f resh  o r  w as  ob tained  from  dried  specimens 
f rom  the fo l low ing H erbar ia :  BR, CONC, 
K, P, S, S-MB (Bot. Inst. Univ. Stockholm) 
a n d  UPS. F o r  p u rp o se  of light m icroscopy the  
pollen gra ins  were  acetolyzed, em bedded in 
u ns ta ined  glycerine jelly on  slides and  sealed 
with  pa raff in .  F o r  electron m icroscopy  the 
fresh m ate r ia l  was a ir-dried.  Both Ihe air- 
dried m ate r ia l  an d  the h e rb ar iu m  m ate ria l  
was coated  w ith  gold during  evapora tion .  
A S tereoscan MK 11a (Cambridge Scientific 
In s t ru m en t  Co.) a t  the Swedish Geological 
Survey, S tockholm , a n d  a Jeol,  JSM U3 
in s t ru m e n t  a t  the W allenberg  L abora to ry ,  
Uppsala were  used for exam inat ion  and  fo r  
taking the  m icrographs .

Some of the  m ate r ia l  has been trea ted  by  
m eans of the crit ical poin t  m ethod (A n d e r s ­
s o n  1950) .

The te rm inology  used to describe the s u r ­
face of the pollen  wall is m ain ly  as in 
E r d t m a n  (195 2 ) .  The features  revealed by 
scanning e lectron m icroscopy  need how ever

som etim es  to be expressed m o re  adequate ly ,  
fo r  in s tance  finger-like s truc tures .

OBSERVATIONS

T he surface pattern except sp inu les/ 
verrucae has been divided into 11 arbi-
trary types:

1 . ridges
2. ridges, top end bent upw ards
3. finger-like structures
4. protrusions
5. reticulate, low  relief
6. irregular ridges, atypical
7. perforated tectum
8. pits
9. granulate

10 . reticulate, high relief
11. striate

Bot. N otiser, vol. 128, 1975
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Table  1 con tinued .

Scu lp tur ing

T ype Height
Type

of
Sexine between spinules (spinules/ Spinules/ of Shape  of sp in ­

or entire  sexine verrucae
excepted)

verrucae spinules
SEMG

spinu les ules/
v e r­

rucae

p ro tru s io n s 4 sp inu les — basa l ly  divided a
p ro tru s io n s 4 spinules 1.6 w ithou t  roo ts b
p ro tru s io n s 4 spinules 2.8 w ith o u t  roo ts b
pro tru s io n s 4 spinules 2.5 w ithou t  roots b
pro tru s io n s 4 spinules 1.2 w ithou t  roo ts a
reticulate , low relief 5 spinules / 1 w ith o u t  roots a, b, c

*
short  ridges 1

verrucae
v errucae
sp inu les

1.5
1.5 basa lly  div ided

c
a

sh o r t  ridges 1 spinules 2 basa lly  div ided a
sh o r t  curved  ridge-like e lements 6 spinules 0.8 basa lly  div ided a

pro trus ions ,  round 4 spinules / 1 b, c

reticulate-ridge-like 5
verrucae

verrucae _ c
pro trus ions ,  round 4 verrucae 3.5 c
p erfo ra ted  tectum, p unc ta 7 verrucae — c
p erfo ra ted  tectum, punc ta 7 verrucae — c
p erfo ra ted  tectum, p unc ta 7 verrucae — c
reticulate , high relief, 10 — ■— d

incomplete  m uri  
reticulate , small  lum ina 5 spinules / _ withou t  roo ts b, c

reticulate , small  lum ina 5
verrucae

sp inu les / w ithou t  roo ts b, c

reticulate , small  lumina 5
v e rrucae

spinules .— . w ithou t  roo ts b

Furtherm ore, the sexine (sp inu les/ 
verrucae) has been divided into 4 arbi­
trary types:

a. spinules, basally divided
b. spinules w ithout “roots”
c. verrucae
d. absence of sp inules/verrucae

The two types (1— 11, a— d) are then  
com bined in  the description. A description  
o f a genus is presented only w hen a large 
num ber of the species it com prises 
(W illis 1966) have been studied, w hen  
there is a conspicuous difference betw een  
the species of the genus and w hen the 
genus is o f special sign ificance, for in ­
stance, w hen providing a link betw een  
the subfam ilies. Since the shape of the

pollen grains changes somewhat during 
acetolysis, they have been measured in 
scanning electron micrographs (SEMG’s). 
both sets of data are presented where 
available.

Campanulaceae, Canipanuloidac

CAMPANULA

Pollen grains generally spheroidal to 
suboblate, occasionally subprolate, ranging 
in size from 27 to 45 p, porate. The pores 
are generally arranged equatorially (E), 
exceptionally in panto-position (C. ameri- 
cana). The number of pores ranges from 
3 to 4 (C. americana 12). The pore dia­
meter ranges from 2— 5 p (2— 6 p SEMG). 
The surface is covered with spinules of 
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Fig. 1. Campanula. — A, B: C. am ericana. —  A: P a n to p o ra te  po llen  grain.  Spinales of 
varying size are  dis tr ibuted  over the surface. G. X 1,700. —  B: P a r t  of the pollen wall 
with a pore to the r ight;  the m arg in  is i r regu lar  (thick a r row ) .  T he  su rface  of the sexine 
consist of a low relief re ticulum with  small  lumina. The  sp ina les  a re  basally  divided 
into short  “ro o ts” (thin a rrow ).  C. X9.000. Line c. 1 p. —  G, 1): C. garganica  var. hirsu tum . 
—  C: 4-porate pollen g ra in  w ith  pores  equator ia l ly  a r ranged .  Spinules of  va ry ing  size a re  
d istr ibuted over the surface. C. X 1,800. —  D: The sexine su rface  consis t  of spinules and  
ridges occasionally b ranched .  C X9,000. Line c. 1 p. —  F o r  shape ,  size a n d  aper tu res  

etc. see Table 1. The line equals 5 p in all f igures unless o therw ise  indicated.

Fig. 2. Campanula. —  A, B, E: C. trachelium  f. alba. —  A: 4 -pora te  pollen  gra in  with  
pores a r ranged  equatoria lly .  Spinules of varying size a re  d is tr ibu ted  over  the  surface. 
C. X 1,300. —  B: P a r t  of the pollen wall w ith  basally  divided spinules a n d  ir regu lar  s truc­
tures (see p. 86), except a ro u n d  the pore  m arg in  w here  th ey  are  rad ia l ly  a r ra n g e d  (see 
Fig. 2 E ) .  C. X8.000. Line c. 1 p. —  E: Detail of a pollen g ra in  w ith  opercu lum . Note 
the s tructures  extending radia lly  f ro m  the pore  margin .  G. X 2,000. — G, I): C. trachelium

Bot. Notiser, vol. 128,1975



PO LL E N  OE CAMPANULAGEAE J 79

(Asplund 1489). — C: 3-porate  po llen  g ra in  show ing  one pore. Spinules d istribu ted  
over surface. C. X 1,800. —  D: T he sexine consists of sh o rt ridges and b asa lly  divided 
spinules. C. X 4,500. Line c. 2 p. —  F: C. trachelium  (M arins 1299). P a rt of pollen  grain  
w ith  pore. The sexine consists of sh o rt ridges an d  basa lly  d iv ided spinules also occurring  

close to the  pore. C. 4,000. L ine c. 2 p.
Bot. N otiser, vol. 128, 1975
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varying size, shape and number, the 
size ranging from 0.4 to 3.3 p. The base 
of the spinules is divided into a varying 
num ber of “roots” which anchor the 
spinules to the sexine or nexine. According 
to the sexine pattern between the spinules 
the genus is divided into types (1—-6). 
The ridges of Type 1 are about uniform 
in width, although the length varies. The 
protrusions of Type 4 are relatively close 
together, while the reticulum of Type 5 
is in low relief with short muri and small 
lumina. These types occur frequently; 
Types 2, 3 and 6 occur occasionally.

Campanula garganica T e n . var. hirsutum  
— Fig. 1 C, D

Shape: subohlate.
Size: 32X 38 p.
Apertures: pollen grains 4-porate, pore 

diam. 4 p.
Exine: 2 p thick, sexine slightly thicker 

than  nexine, spinules mostly 0.5 p high, 
occasionally lower, irregularly spaced; 
ridges sometimes branched. Type 1 a.

Campanula rapunculus L. —  Fig. 4 A, 
B, D

Shape: subohlate.
Size: 28X32 p.
Apertures: pollen grains 3(—4)-porate, 

pore diam. 3 p, 4 p (SEMG), elongated 
structures cover surface of operculum 
(Fig. 4 B).

Exine: 2 p thick, sexine slightly thicker 
than nexine, spinules irregularly spaced,

mostly 0.8 p high, lower ones occur; ridges 
occasionally branched  (Fig. 4 D). Type 1 a.

Campanula phyc tidoca lyx  Boiss. & NoÉ. 
—  Fig. 4 C

Shape: prolate-spheroidal.
Size: 36X 34  p.
Apertures: pollen grains 3— 4-porate, 

pore diam. 4 p, 6 p (SEMG), surface of 
operculum covered with g ranular  and 
elongated structures.

Exine: 2 p thick, sexine thicker than 
nexine, spinules mostly 1 p high, irregu­
larly spaced; ridges occasionally branched. 
Type 1 a.

Cam panula trachelium  L. — Fig. 2 C, D, 
F

Shape: spheroidal.
Size: 28 p.
Apertures: pollen grains 3-porate, pore 

diam. 3 p, 5 p (SEMG).
Exine: 2 p thick, sexine with spinules 

1.5 p high, somewhat irregularly spaced; 
short ridges. Type 1 a.

Campanula glom erata  L. —  Fig. 3 D, E, F 
Shape: oblate-spheroidal.
Size: 27X 29 p (Ch a p m a n  1967). 
Apertures: pollen grains 3-porate, pore 

diam. 2 p, 5 p (SEMG), surface of oper­
culum granular,  small granules also oc­
curring on pore m argin  (Fig. 3 D).

Exine: sexine with spinules mostly 0.7 
p high, ir regularly  spaced; short ridges. 
Type 1 a.

Fig. 3. Campanula.  —  A— C: C. pyramidal is.  —  A: 3-porate pollen grain show ing one pore. 
Relatively few spinules distributed over surface. C. X  1,700. —  B :  Part o f  pollen wall 
showing one pore with operculum. Surface of operculum appears granulated (arrow head) ; 
spinule with rattier long “roots” (arrow); short branched ridges cf. D u n b a r  (1975 Fig. 6 D ).  
C. X 8.300. Line c. 1 p. —  C: Detail of sexine surface with ridges m ostly  bent upwards, 
finger-like. C. X 15,000. Line c. 0.5 p. —  I)— F: C. glomerata.  —  E: 3-porate pollen grain 
showing two pores. Spinules of varying size distributed over surface. C. X 1,400. —  D: 
Part of pollen wall w ith pore and operculum. Small granula occur at the pore margin  
(arrow). Spinules basally divided. C. X6,000. Line c. 2 p. —  F: Part o f non-apertural 
pollen wall. Between spinules the sexine consists of short ridges. C. X 8,000. Line c. 1 p. 
— G, H: C. uniflora.  G: ( B j ö r l i n g  s.n.) 3-porate pollen grain show ing one pore. Spinules 
are closely spaced. C. X 1,200. —  H: C. uniflora ( B e r g g r e n  s .n .) .  D etail o f pollen wall 
showing a basally divided spinule; short ridges, som e with ends bent upwards. C. X 15,000.

Line c. 1 p.
Bot. Notiser, vol . 128, 1975
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Campanula lactiflora L. — Fig. 4 E, F, G 
Shape: spheroidal.
Size: 32 p.
Apertures: pollen grains 3-porate, pore 

diam. 4 p, 5 p (SEMG).
Exine: 2 p thick, sexine with spinules 

mostly 1 p high, irregularly spaced; short 
ridges (Fig. 4 F), the mass of ridges in 
places broken up showing bacula beneath 
the ridges (Fig. 4 G). Type 1 a.

Campanula rapunculoides  L.
(D u n b a r  1973 a, b) Type 1 a.

Campanula rotundifolia  L.
(D u n b a r  1 9 7 3  a, b) Type 1 a.

Campanula persicifolia L.
(D u n b a r  1973 a, b) Type 1 a.

Campanula erinus  L.
Shape: spheroidal.
Size: 30 p (SEMG).
Apertures: pollen grains 3-porate, pore 

diam. 4 p (SEMG).
Exine: sexine with spinules mostly 1.2 

p high, irregularly and closely spaced; 
short ridges. Type 1 a.

Campanula uniflora  L. — Fig, 3 G, H 
Shape: spheroidal.
Size: 36 p.
Apertures: pollen grains 3-porate, pore 

diam. 2 p, 3 p (SEMG).
Exine: 1.8 p thick, sexine thicker than 

nexine, spinules about 1 p high, closely 
and irregularly spaced; short ridges, oc­
casionally with ends bent upwards (Fig. 
3 11). Type 2 a.

Campanula pyramidalis  L. — Fig. 3 A, B, 
(',; D u n b a r  (1975 Fig. 6 D)

Shape: oblate-spheroidal.
Size: 34X 36  p.
Apertures: pollen grains 3-porate, pore 

diam. 4 p, 5 p (SEMG), surface of oper­
culum granular  (Fig. 3 B).

Exine: 2 p thick, sexine slightly thicker 
than nexine, relatively few spinules, mostly 
1.8 p high, almost evenly spaced (Fig. 3 A); 
ridges frequently bent upwards, f inger­
like (Fig. 3 C). Type 2 a.

Campanula alliarifolia WlLLD. -— Fig. 
5 A, B

Shape: oblate-spheroidal.
Size: 3 4 X 36 p.
Apertures: pollen grains 3-porate, pore 

diam. 5 p, 6 p (SEMG), surface of 
operculum consisting of elongated and 
g ranular  structures (Fig. 5 B).

Exine: 2.2 p thick, sexine thicker than 
nexine, spinules mostly 1 p high; short 
ridges, protrusions. Type 1 ,4  a.

Campanula strigosa S o l .
Shape: spheroidal.
Size: 30 p.
Apertures: pollen grains 3-porate, pore 

diam. 4 p, 5 p (SEMG).
Exine: 2 p thick, sexine thicker than 

nexine, spinules mostly 0.6 p high, irregu­
larly spaced; ridges, sometimes branched, 
protrusions. Type 1, 4 a.

Campanula carpatica J a c q . — Fig. 5 C, 1) 
Shape: suboblate.
Size: 36X 40 p.

Fig. 4. Campanula.  —  A, B, D: C. rapunculus.  —  A: 3-porate pollen grain showing two 
pores; surface covered with spinules of varying size. C. X 1,600. —  B: Part o f pollen wall 
show ing pore with operculum; elongated structures cover operculum. Ridges of varying  
length between spinules. C. X3,500. Line c. 2 p. — D: Detail o f non-apertural pollen  
wall. Thin structures at a lower level between main ridges farrow); main ridges branching. 
C. X 15,000. Line c. 0.5 p. — C: C. phyctidocalyx.  Part o f pollen wall show ing one pore 
with operculum  and basally divided spinules. Surface o f operculum granular. Sexine  
between the spinules consists of branching ridges. C. X 5,000. Line c. 2 p. —  E— G: C. 
lactiflora.  —  E: 3-porate pollen grain. Spinules distributed over surface. Ridges situated  
less closely  in places. C. X 1,800. —  F: Detail o f pollen wall with ridges between spinules. 
C. X 4.500. Line c. 2 p. —  G: Detail of the expanded pollen wall show ing bacula (arrow) 
beneath ridges situated apart. Spinules basally divided (arrow-head). G. X8.500. Line c. 1 p.

Bot. N otiser, vo l. 128, 1975
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Fig. 5. Campanula.  —  A, B: C. alliariaefolia. —  A: 3-porate  pollen gra in  showing two 
pores. Spinules d is tr ibuted  over surface.  ('.. X 1.700. — B: P a r t  of pollen wall with pore  
a n d  operculum. Surface of opercu lum  shows elongated structures.  Sexine be tw een spinules 
consists of short  ridges and  protrusions.  G. X5,500. Line c. 2 p. — G, 1): C. carpatica. 
— C: 4-porate pollen grain  showing two pores. Relatively few and large spinules d is tr i ­
buted  over surface.  C. X2.000. — 1): Detail  of pollen wall with finger-like, m ore  o r  less 

u pw ard ly  bent s tructures .  C. X 20.000. Line c. 0.5 p.

A p e r tu re s :  p o l le n  g r a in s  4 -p o ra te ,  p o re  
d i a m .  3 p, 5 p (SEM G ).

E x in e :  2 p th ic k ,  s ex in e  w i th  r e la t iv e ly  
f e w  sp in u les ,  2 p h ig h ,  i r r e g u l a r l y  s p a c e d  
(Fig.  5 C) ; f i n g e r - l ik e  s t r u c tu r e s  c lose  
t o g e t h e r  (Fig. 5 D).  T y p e  3 a.

Bot. Notiser, vol. 128, 1975

C a m p a n u la  sp ec io sa  P o u r r . —- Fig. 6  A, B 
S h a p e :  s p h e ro id a l .
Size: 40 p.
A p e r tu re s :  p o l le n  g r a in s  3 -p o ra te ,  p o r e  

d ia m .  4 p, 5 p (SEM G ), o p e r c u l u m  c o v e re d  
w i th  g r a n u la  a n d  p r o t r u s i o n s .
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Fig. 6. Campanula. — A, B: C. speciosa. — A: 3-porate pollen grain showing one pore. 
Few and large spinales distributed over surface. Ci. X 1,800. — B: Detail of the pollen 
wall w ith a pore; operculum appears to be covered with protrusions. Verrucose-like 
protrusions on sexine surface. C. X4,300. Line c. 2 p. — C, 1): (',. medium. — C: 3-porate 
, ” grain with one pore visible. Large spinules distributed over surface; also occurring 
close to pore margin. C. X 1,500. — 1): P art of pollen wall. Spinules w ith m any “roo ts” 

(arrow). Between spinules verrucose-like protrusions. C. X 7,000. Line c. 2 p.

E x in e : 2 p th ick , sexine th ick e r th a n  
nex ine, few  sp inu les, 3.3 p high, a lm ost 
even ly  spaced ; verrucose-like  p ro tru s io n s  
close to g e th er. T ype 4 a.

C a m p an u la  m e d iu m  L. —  Fig. 6 C, D 
S h ap e : sp h e ro id a l.
Size: 40 p.
A p ertu res : 3 -po ra te , po re  d iam . 4 p, 

5 p (SEM G).
Bot. F o tiser, vol. 128, 1975

00



8 6 ANITA DUNBAR

E xine : 2 p thick, sexine w ith  few,
evenly  spaced spinules, 3 p high, som e­
times p rov ided  w ith  m a n y  “ro o t s” (Fig. 
6 D) ; verrucose-like p ro tru s io ns ,  close 
together.  T ype -I a.

C am p an u la  trachc lium  L. f. alba  —  Fig. 
2 A, 13, E

S hape: ob late-spheroidal.
Size: 4 2 X 4 4  p.
A p ertu res :  pollen gra ins  4 -porate ,  pore 

d iam . 5 u, 6 p (SEMG).
E xine : 2 p thick, sp inules  m ostly  0.9 p 

h igh ; i r regu la r ,  very  sh o r t  “r idges” form  
an asym m etr ica l  p a t te rn  (Fig. 2 13) except 
a ro u n d  the pore m arg in  w here  they  are 
rad ia l ly  a rran g ed  (Fig. 2 E ) .  T ype  6 a.

C a m panu la  a m ericana  L. —  Fig. 1 A, 13 
S hape: obla te-spheroidal .
Size: 36 .5X 38  u (Cha pm a n  1967). 
A pertu res :  pollen gra ins  pan to po ra te ,  

ab o u t  12 pores, 3.5 p in diam., occasio­
nally  smaller.

E xine : spinules m ostly  0.4 p high,
f r eq u en t ly  lower (Fig. 1 A) ; low relief 
r e t icu lu m  w ith  n a r ro w  m u r i  and  small 
lu m in a  (Fig. 1 13). T ype  5 a— 1).

ASYNEUMA

A s y n e u m a  canescens  G k i s e b . & S c h e n k  — 
Fig. 7 C, I)

S hape: spheroidal.
Size: 40 p.
A pertu res :  pollen gra ins  4 -pora te ,  excep­

tionally  5-porate, pores equa to r ia l ly  a r ­
ranged , pore diam. 3.5 p, 4 p (SEMG).

E xine : 1.5 p thick, sp inu les  basallv  
divided, i r regu la r ly  spaced, abou t 0.8 p

high, low er  ones also o ccurr ing ; sh o r t  
ridges of u n i f o rm  w id th  a nd  v a ry ing  
length , so m etim es  b ra n c h e d  (Fig. 7 1)). 
T yp e  I a.

PH Y T E U M A

P h y te u m a  scheu chzer i i  A l l .  —  Fig. 7 E, F  
Shape : subobla te .
Size: 3 0 X 3 2  p (SEMG).
A pertu res :  p o l len  gra ins  4-porate ,  po re s  

eq u a to r ia l ly  a r ra n g e d ,  p o re  diam. 3.5 p 
(SEMG).

Exine: re la tive ly  m an y ,  basa llv  divided 
spinules ,  1 p h ig h ;  s h o r t  ridges of u n ifo rm  
w id th  a n d  va ry in g  length , som etim es  
b ran ch e d .  (Fig. 7 F ) . T y pe  1 a.

SYMPHYANDRA

S y m p h y a n d r a  armenci (S tev .)  A. DC. 
S hape: ob la te -sph e ro id a l .
Size: 2 6 X 2 9  p.
A p ertu res :  po llen  gra ins  3-porate , pores  

eq u a to r ia l ly  a r ra n g e d ,  p o re  diam . 3.5 p, 
4 p (SEMG), su r face  of o p e rcu lu m  g r a n u ­
la r.

E xine :  2 p thick, sexine th ick e r  than  
nexine, sp inu les  b asa l ly  divided, mostly  
0.6 p high, i r re g u la r ly  spaced ; ridges u n i­
fo rm  in w id th ,  of vary ing  length, o cca­
sionally  b ra n c h e d .  T y p e  1 a.

S y m p h y a n d r a  h o fm a n n i i  P a n t . —  Fig. 
9 A, 13

S hape: sphero ida l .
Size: 28 p.
A p ertu res :  po llen  gra ins  3 -pora te ,  pores  

eq u a to r ia l ly  a r ran g e d ,  po re  diam. 3 p, 
su r face  of o p e rc u lu m  g ra n u la r .

Fig. 7. A, B: Githopsis specularioides. — A: 6-porate, spinulose pollen grain with 
equatorially arranged pores, cf. D u n b a r  (1975 Fig. 6 13). Spinules close together. C. X 1.500.
— B: Part of pollen wall showing pore. Spinules basally divided (arrow). Between spinules 
protrusions of different shapes. C. X 4,700. Line c. 2 p. — C, D: Asyneuma canescens. — 
C: 4-porate pollen grains. Surface covered with spinules of varying size. C. X 1,000. Line 
c. 1 p. — D: Part of pollen wall showing basallv divided spinules and branched and 
irregularly curved short ridges. C. X 10,000. Line c. 0.1 p. — E, F: Phyteuma scheuchzerii. 
—• E: 4-porate pollen grains. Relatively few spinules distributed over surface. C. X 1,400.
— F: Detail of pollen wall with basally divided spinule and short ridges. C. X 18,000.

Line c. 0.5 u.
Bot. N otiser, vol. 128, 1975
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E xine : 2 p th ick , sexine th icke r  th an  
nexine , sp inules basa l ly  divided, abou t 1.2 
p h igh, i r re g u la r ly  spaced ; shor t  ridges 
(see S. armena)  and  p ro tru s io ns .  T ype 1,
4 a.

ED R A IA N T H U S

E d ra ia n th u s  serpylli fo lia  (Vis.) A. DC. — 
Fig. 11 C, D

Shape : ob la te-sphero idal .
Size: 3 1 X 3 3  p.
A per tu res :  pollen gra ins  3-porate ,  pores 

e q u a to r ia l ly  a r rang ed ,  po re  diam . 2 p,
5 p (SEMG), su rface  of ope rcu lum  
sm ooth ,  occasionally  p rov ided  w ith  sp i­
nu les  (Fig. 11 D).

E x ine : sexine w ith  spinu les  fa irly
closely spaced, basa lly  divided, mostly  
0.8 p high, low er ones occurr ing ;  ridges 
u n i fo rm  in w id th ,  of vary in g  length, 
occasionally  b ran c h e d ,  p ro t rus ions .  Type 
1 , 4 a .

W A H L E N B E R G IA

P ollen  gra ins  sl ightly  spheroidal-oblate ,  
31.5 to 45 p, 3— 5-porate ,  pore  d iam eter  
3— 6 p (SEMG). Surface  covered  with 
sp inu les  of vary in g  size, n u m b e r  and 
shape .  Base of sp inules  som etim es a p ­
p ea rs  to be divided, the  “ ro o ts” a lw ays 
being  sh o r te r  th a n  those in the C ampanula  
species. Sexine be tw een  spinules m ostly  
consis t ing  of sh o r t  ridges (Type 1) in some 
species in low relief, an d  som etim es of 
low relief re t icu lum  (Type 5) w ith  shor t  
m u r i  and  small lu m in a  as in the surface  
p a t t e rn  of C am panu la  am ericana  (see 
above) .  A t r an s i t io n  between these p a t te rn s  
also occurs  (Type 1, 5) .  Light m icroscopic  
o bserva tions  on size, exine th ickness  and

num ber of aperture as in T hulin  (1975; 
if not otherw ise stated.

W ahlenberg ia  a byss in ica  ( R i c h .) T i i u l i n  

Shape : ob la te -sp he ro id a l .
Size: 2 7 X 3 0  p (SEMG).
A p er tu res :  p o l len  g ra ins  3-pora te ,  p o re  

diam . 4.5 p (SEMG).
E xine : sexine w ith  basal ly  div ided sp i­

nules m os tly  0.8 p h igh, low er ones also  
occurr ing ,  c losely a n d  ir re g u la r ly  spaced: 
sh o r t  ridges, s l igh t ly  curved, low re l ief  
p a t te rn .  T y pe  1 a.

W ahlenberg ia  den ticu la ta  (Bu r c h .) A. DC. 
—  Fig. 12 A, B

S hap e :  ob la te -sp he ro ida l .
Size: 3 2 X 4 0  p (SEMG).
A per tu res :  po llen  g ra ins  3-pora te ,  p o re  

d iam. 3.3 p (SEMG).
E xine : sexine w ith  sp inu les  m ostly  1.0 

p h igh, b a sa l ly  divided, c losely and i r ­
regu la r ly  spaced ;  sh o r t  r idges occasio­
nally  b ra n c h e d .  T y p e  1 a.

W ahlenberg ia  m adagascariensis  A. DC. 
Shape : sphero ida l .
Size: 32 p (SEM G ).
A per tu res :  po llen  g ra in s  3 (— 5)-pora te ,  

p o re  diam . 3 p (SEMG).
E xine : sexine w ith  sp inu les  basally

divided, i r reg u la r ly  spaced, m o s tly  0.9 p 
high, low er  ones  also o ccu r r in g ;  short 
ridges in low relief. T y p e  1 a.

W ahlenberg ia  n a p i fo rm is  (A. DC.) T hulin  
Fig. 12 È, F

Shape : ob la te -sphe ro ida l .
Size: E  33 p.
A p ertu res :  po llen  g ra in s  3-pora te ,  po re  

d iam . 4 p (SEMG), o p e rc u lu m  spinulose.
E x ine :  2 p th ick , sp inu les  ir regu la r ly  

spaced, m o s tly  0.8 p h igh, low er ones

Fig. 8. Adenophora. A, B: A. aurita. A: 4-porate pollen grain with one pore in face view. 
Pore margin slightly thickened. Spinules distributed over surface. G. X 1.500. — B: Part 
of pollen wall. Sexine consists of basally divided spinules, rounded protrusions and in 
between short ridges (arrow). C. X 7,600. Line c. 1 p. — U, D: A. palustris. — ('.: 4-porate 
pollen grain with one pore in face view. Spinules distributed over surface. C. X 1,600. 
— 1): Spinules, short ridges (left bottom corner) and rounded protrusions are shown. 
C. X6.300. Line c. 2 p. — E, F: .4. lilifolia. — E: 4-porate pollen grain. Spinules distributed 
over surface. C. X 1,300. — F: Detail of pollen wall showing part  of pore with operculum 
(arrow), spinules basally divided, short ridges with thickened ends and protrusions.

C. X 8,600. Line c. 1 p.
Bot. Notiser, vol. 128, 1975
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Fig. 9. S y m p h ya n d r a  ho fm ann i i .  — A: 3 -porate , sp inu lose  pollen  g ra in s w ith  po res. 
G. X940. L ine c. 10 p. —  B: P a rt of pollen  wall show ing basa lly  d iv ided spinules, sh o r t  

ridges and  ro u n d ed  p ro tru sio n s. C. X 13.000. L ine e. 1 p.

Fig. 10. Roella muscosa.  —  A: 3 -porate  pollen  g ra in  w ith  pore in face view . Spinules 
d is trib u ted  over surface . C. X 1,600. — B: D etail of pollen  wall show ing  one pore  and  

p ore  m arg in . R ounded  p ro tru sio n s betw een spinules. C. X8,000. L ine c. 1 p.

Fig. 11. A, B: Triodanis  falcata.  —  A: 3— 4-porate  pollen  g ra in  w ith two po res visible. 
T h e  sexine su rface  is covered by verrucae. C. X 1,200. — B: P a rt of the v e rru co se  sexine 
su rface  w ith  pore. The verrucae  are  of vary ing  size. C. X 4,200. L ine c. 2 p. —  C, D:

B ot. N o tiser, vol. 128, 1975
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E dra ian thus  serpylli folia.  —  C: 3-porate  pollen grains. Spinules of variable  size are 
closely d is tr ibu ted  over the surface.  C. X 1 300. — I): P a r t  of pollen wall with pore. Surface  
of opercu lum  a lm ost  sm ooth  a lth o u g h  occasionally  provided with  small  spinules. Sexine 
surface  consists of sh o r t  ridges, p ro tru s io n s  and  basally  divided spinules. C. X 3,600. 
Line c. 2 p. —  E, F: Prism atocarpus  pedunculatus.  3 -porate  pollen grain. Spinules of 
d ifferent size closely d is tr ibu ted  over surface. C. X  1,200. —  F: Pa r t  of pollen wall. Sexine 
with spinules of vary ing  shape  an d  size, some of them being verrucose-like  and  a low 

relief re ticulum. C. X  3.800. Line c. 2 p.
Bot. Notiser, vol. 128, 1975
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also occurring; short ridges, somewhat 
curved, occasionally branched. Type 1 b.

Wahlenbergia perrieri T h u l i n  
Shape: spheroidal.
Size: 30 p (SEMG).
Apertures: pollen grains 3-porate, pore 

diam. 3 p (SEMG).
Exine: sexine with spinules irregularly 

spaced, mostly 0.8 p high, lower ones 
also occurring; short ridges in low relief. 
Type 1 b.

Wahlenbergia upembensis  T h u l i n  —  
Fig. 12 C, D

Shape: oblate-spheroidal.
Size: E 33— 44 ,u.
Apertures: pollen grains (3— )4(— 5)- or 

3-porate, pore diam. 3 p (SEMG).
Exine: 2 p thick, sexine with spinules 

basally divided, closely and irregularly 
spaced, mostly 0.8 p high, lower ones 
also occurring; short ridges, occasionally 
branched. Type 1 a.

Wahlenbergia androsaceae A. DC.
Shape: spheroidal.

Size: 42 p (SEMG).
Apertures: pollen grains 3-porate, pore 

diam. 6 p (SEMG).
Exine: sexine with spinules mostly 0.7 

p high, less closely spaced than is usual 
in Wahlenbergia ; short ridges. Type 1 b.

Wahlenbergia masafuerae  (P h i l .)
S k o t t s b . ( a u th o r ' s  o b s e r v a t io n s )

Shape: suboblate.
Size: 24X 30  p (SEMG).
Apertures: pollen grains 3-porate.
Exine: sexine with spinules irregularly 

spaced, mostly 0.7 p high, lower ones 
also occurring; short ridges in low relief. 
Type 1 b.

Wahlenbergia com m unis  Ca r o l i n  ( a u ­
th o r 's  o b s e r v a t i o n s )

Shape: oblate-spheroidal.
Size: 38X 45 p (SEMG).
Apertures: pollen grains 3-porate, pore 

diam. 3.8 p (SEMG).
Exine: sexine with spinules basally

divided, ra ther  closely and irregularly 
spaced, mostly 1.2 p high, lower ones 
also occurring; short ridges or m uri of  
irregular shape. Type 1, 5 a.

Wahlenbergia krebsii C h a m . ssp. arguter 
(H o o k , f i l .) T h u l i n  

Shape: oblate-spheroidal.
Size: E 25— 42 p.
Apertures: pollen grains 3-porate, pore 

diam. 4 p (SEMG).
Exine: 1.5— 2 p thick, spinules mostly 

0.7 p high, ir regularly  spaced; short ridges, 
in terrupted  by reticulate areas. Type 1 , 5 a .

Wahlenbergia subaphylla  (B a k .) T i i u l i n  
ssp. thesioides  T h u l i n  

Shape: oblate-spheroidal.
Size: 40X 45 p (SEMG).
Apertures: pollen grains 3-porate, pore 

diam. 5 p (SEMG).
Exine: sexine with spinules irregularly 

spaced, mostly 1.2 p high, lower ones 
also occurring; very short ridges/muri. 
Type 1, 5 b.

Wahlenbergia perrottetti (A. DC.) T i i u l i n  
Shape: spheroidal.
Size: 30 p (SEMG).
Apertures: pollen grains 3-porate.
Exine: sexine with spinules mostly 0.8 

p high, occasionally lower, irregularly 
spaced; reticulate, small lumina, in ter­
rupted by areas with ridges. Type 5, 1 a.

Fig. 12. Wahlenbergia.  —  A, B: W. denticulata.  —  A: 3-porate  pollen g ra in  with  one 
pore  in face  view. Spinules closely dis tr ibuted  over  surface.  Critical p o in t  t reated .  C.
X 3,000. Line c. 2 p. — B: P a r t  of pollen wall w i th  spinules and  sh o r t  ridges. Critical
point  treated. C. X6.000. Line c. 2 p. —  C, 1): IV. upembensis .  — C: 3 -porate  pollen  grains.
Spinules d is tr ibu ted  over surface.  C. X 1,600. — D: P a r t  of pollen wall w ith  closely 
spaced spinules of varying size a n d  short  ridges. C. X 4,500. Line c. 2 p. —  E, F :  W. napi-  
formis.  —  E: 3-porate  pollen grain  with one p o re  visible. Spinules of  d if feren t  size
distr ibuted over surface. C. X 2,400. —  F : P a r t  of pollen  wall.  The  sexine su rface  consists 

of spinules and  short ,  som ew hat curved and  b ran ch ed  ridges C. X 8,000. Line c. 1 u.
Bot. Notiser, vol. 128, 1975
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Fig. 13. C a m p a n u m o e a .  —  A, B: C. lanci /o t ia .  —  A: 3 - c o lp o ra te  p o l le n  g r a in  w i th  re la t iv e ly  
f e w  a n d  la rge  sp in u le s .  O n e  o f  the  c o m p o u n d  a p e r t u r e s  t r a c e a b le  ( a r r o w ) .  C. X 1,400. 
—  B: P a r t  o f  p o l l e n  w a l l  w i th  b a s a l ly  d iv id e d  s p in u le s  a n d  s h o r t  i r r e g u la r  r idges .  C.
X 5,000. L ine  c. 2 p. —  C, 1): C. m a x im o w ic z i i .  —  C: 5— 6 - e o lp o ra te  p o l l e n  g r a in  w i th  
sp inu les .  O ne  o f  th e  c o m p o u n d  a p e r tu r e s  t r a c e a b le  ( a r r o w ) .  C. X 1,400. —  1): P a r t  o f  
p o l l e n  w al l  w i th  b a s a l ly  d iv id e d  s p in u le s  a n d  s h o r t  c u rv e d  r idges .  U. X 4,700. L in e  c. 2 p.

Wahlenbcrgia undulata  A. DC. Apertures: pollen grains 3-porate, pore
Shape: oblate-spheroidal. diam. 3 p (SEM).
Size: E 42 p (SEMG). Exine: sexine with spinules closely and

Fig. 14. A— D: C anar ina .  —  A. B: C. a b ys s in ien .  —  A: 3 -c o lp o ra te ,  v e r r u c o s e  p o l l e n  g ra in .  
C. X 1.000. L in e  c. 10 p. —  B: D eta i l  o f  p o l le n  w a l l  s h o w in g  p a r t  o f  e o lp u s .  F in e  s t r u c tu r e  
w i th  p a r t l y  a t y p i c a l  r e t i c u lu m .  C. X 7,600. L in e  c. 1 p. —  C, D :  C. em in i i .  —  C: 3 - c o lp o ra te  
p o l le n  g ra in  w i th  ve ry  s h o r t  colpi .  Sex ine  w i th  r e la t iv e ly  b lu n t  sp in u le s .  C. X 1.800.
D: P a r t  o f  p o l le n  w a l l  w i th  s h o r t ,  ova l  a p e r t u r e .  S ex ine  w i th  sp in u le s  a n d  r o u n d e d  
p r o t r u s i o n s  c lo se ly -p la c e d .  C. X5,500. L ine  c. 2 p. —  E , F :  O s tr o v s k ia  m a g n i f i c a .  —  E : 
6— 7-co lpate  p o l le n  g r a in  in o b l iq u e  p o l a r  v iew. P a r t  o f  e o lp u s  ( a r r o w ) .  V e r r u c a e  v e ry  
i r re g u la r ly  d i s t r i b u t e d  o v e r  su r fa c e .  C. X 1,100. E M G  t a k e n  w i th  J e o l  JS M -U 3  e le c t ro n  
m ic ro sco p e .  —  F :  T h e  se x ine  s u r f a c e  c o n s i s t s  o f  v e r r u c a e  a n d  c lo s e ly -p la c e d  r o u n d e d  
p r o t ru s io n s  o f  v a r y in g  size. V e r ru c a e  s o m e t im e s  e lo n g a t e d  ( a r ro w ) .  C. X 7,000. L in e  c. 1 p.
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Fig. 15. Platycodon grandiflorum.  — A: 5—6-colporate pollen grain. Two of the apertures 
visible. Spinules distributed over surface. C. X I,600. — B: Detail of pollen wall showing 
basally divided spinules and short branched ridges form ing an irregular pattern . Note 
connection between one ridge and more Ilian one “ro o t” (arrow). C. X 18.000. Line c. 0.5 p.

i r regu la r ly  d is tr ibuted , m ostly  2 p high, 
low er ones also occu rr ing ;  reticulate ,  low 
relief, sm all  lum ina.  T ype  5 b.

A D E N O PH O R A

P ollen  gra ins  ob la te -sphe ro ida l  to sub- 
oblate, 30 -3 6 X 3 6 -  45 u, 4-porate . S u r ­
face covered  w ith  sp inu les  basa l ly  divided. 
Sexine betw een  spinules  consisting mostly  
of p ro tru s io n s  (Type 4), sh o r t  ridges 
occasionally  occur.

A d e n o p h o ra  aurita  F r a n c h . Fig 8  A, B 
Shape: ob la te-sphero idal .
Size: 3 4 X 3 6  p (SEMG).
A pertures :  pollen gra ins  4-porate ,  po re  

d iam . 3.3 p (SEMG), po re  m arg in  th ick ­
ened.

Exine: sexine w ith  spinu les  ir regu la r ly  
spaced, m ostly  1 p h igh, occasionally  
low er;  sh o r t  ridges, p ro tru s io n s  (Fig. 8 B ) .  
T ype  1, 4 a.

A d en o p h o ra  lili folia  L. —  Fig. 8 E, F 
Shape: subobla te .
Size: E 48 p (3 6 X 4 5  p SEMG).
A pertu res :  po l len  gra ins  4-porate ,  pore  

diam. 2 p (SEMG).
E xine: 3 p, sp in u les  a lm os t  regu la r ly  

spaced, 1.5 p h ig h ;  sh o r t  ridges occa­
sionally  b ra n c h e d ,  p ro t ru s io ns .  Type 1, 
4 a.

A d eno ph ora  p a lus tr is  N o m a r  -  

Fig. 8 C, I)
Shape: o b la te -sphe ro ida l .
Size: 3 0 X 3 6  p (SEMG).
A pertu res :  po l len  g ra ins  4-pora te ,  po re  

diam. 3 p (SEMG).
E xine: sp inu les  a lm o s t  re g u la r ly  spaced, 

1 p h igh ;  sh o r t  ridges, p ro t ru s ion s .  T ype  
1, 4 a.

A d eno ph ora  th un b erg ia n a  K u d o  
Shape: o b la te -sphe ro ida l .

Fig. 16. A—1): Cyananthus. —- A, B: C. incanus. — A: 9-colpate pollen grains. Verrucae 
closely distributed over sexine surface, also occurring on colpus m em brane. C. X 1,100. 
— B: P art of pollen wall showing colpus at the top. Small puncta are seen in tectum. 
C. X 10,000. Line c. 1 p. — C, D: C. lobatus. C: 8—10-colpate pollen grains in polar view. 
C. X900. Line c. 10 p. — 1): Detail of pollen wall with part of colpus to the right. Reticulate 
sexine surface with incomplete muri. C. X4,600. Line c. 2 p. — E, F: Codonopsis clema- 
tidea. — E: 8— 10-colpate pollen grain. Spinule and/or verrucae irregularly distributed 
over surface. C. X 1,500. — F: Part of pollen grain tow ards polar region. The sexine con­
sists of irregularly spaced verrucae and between them of a reticulum  with short, thick 

muri and very small lumina. C. X 6,500. Line c. 2 p.
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Size: 33X 36  p (SEMG).
Apertures: pollen grains 4-porate, pore 

diam. 3 p (SEMG).
Exine: spinules almost regularly spaced, 

0.9 p high; relatively few ridges between 
protrusions. Type 4, 1 a.

JASIONE

Jasione m ontana  L.
( D u n b a r  1973 a, b) Type 4 a.

ROELLA

Pollen grains suboblate-oblate spheroi­
dal ( E r d t m a n  1952), E 38— 55 p, 3-po- 
rate. Spinules of varying size, without 
“roo ts” , cover the surface. Between them 
the sexine consists of small, rounded 
protrusions (Type 4).

Roella am plexicaulis  Don.
Shape: oblate-spheroidal.
Size: E 38 p (SEMG).
Apertures: pollen grains 3-porate, pore 

diam. 5 p (SEMG).
Exine: spinules closely and irregularly 

spaced, of varying size, mostly 1.6 p high; 
small rounded protrusions. Type 4 b.

Roella leptosepala  S o n d .
Shape: oblate-spheroidal.
Size: E 55 p (SEMG).
Apertures: pollen grains 3-porate, pore 

diam. 4 p (SEMG).
Exine: spinules of varying size up to 

2.8 p high, closely spaced; rounded pro­
trusions. Type 4 b.

Roella muscosa  T h u n b . —  Fig. 10 A, B 
Shape: spheroidal.
Size: 50 p (SEMG).
Apertures: pollen grains 3-porate, pore 

diam. 5 p (SEMG).
Exine: spinules of varying size up to

2.5 p high, closely spaced; rounded pro­
trusions. Type 4 b.

GITHOPSIS

G ithopsis specularioid.es N u t t . —  Fig. 7 A, 
B; D u n b a r  (1975 Fig. 6 B)
Bot. N otiser, vo l. 128, 1975

Shape: suboblate.
Size: 36X 40 p.
Apertures: pollen grains 6-porate, pores 

arranged  equatorially, pore diam. 3 p.
Exine: 2 p thick, basally divided sp inu ­

les (Fig. 7 B), 1.2 p high; club-like to 
verrucose-like protrusions close together 
(Fig. 7 B). Type 4 a.

PRIS MATO CA B P U S
P rism atocarpus pedunculatus  ( B e r g .) A. 
DC. —  Fig. 11 E, F

Shape: prolate-spheroidal.
Size: 42X 55 p (SEMG).
Apertures: pollen grains 3-porate, pore 

diam. 4.5 p (SEMG).
Exine: spinules mostly 1 p high and 

verrucae somewhat lower, closely spaced; 
low relief reticulum. Type 5 a, b, c.

TRIODANIS
Triodanis falcata  (T e n .) M e V a u g h  —  F ig .  
11 A, B

Shape: spheroidal.
Size: 40 p (E 31 p SEMG).
Apertures: pollen grains 3— 4-porate,

pore diam. 1.7 p, 3 p (SEMG).
Exine: 1.8 p thick, verrucae mostly

1.5 p high, lower ones also occurring; 
pat te rn  of tectum could not be deter­
mined. Type - c.

PLATYCODON
Pollen grains oblate-spheroidal, 53X 55  

p, 5— 6-colporate. The sexine resembles 
that of Campanula persicifolia, for ex­
ample, with a distinct feature of basally 
divided spinules and short branching 
ridges (Type 1 a).

Platycodon grandiflorum  J a c q . —- Fig. 
15 A, B

Shape: oblate-spheroidal.
Size: 53X55 p.
Apertures: pollen grains 5— 6-colporate. 
Exine 1.5 p thick, sexine with basally 

divided spinules, irregularly spaced, m ost­
ly 1.5 p high, lower ones also occurring; 
short ridges occasionally branched. Type 
1 a.
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CAMPANUMOEA

Pollen grains suboblate, 25— 30X31 — 
35 p, 3— 6-colporate. The sexine differs 
in the two species investigated in Campa­
numoea. Spinales of C. lancifolia are 
comparatively large in relation to size 
of pollen grains, those of C. maximowiczii  
being smaller; spinales of both species 
basally divided, llie “roots” being shorter 
than  those in the Campanula  species. 
According to the sexine pattern between 
the spinales the genas is divided into 
Types 1 and 6.

Campanumoea lancifolia ( R e x b .) M e r k . 
- Fig. 1 3 A, B 
Shape: sabohlate.
Size: 25X31 p (SEMG).
Apertures: pollen grains 3-colporate. 
Exine: relatively few and large, basally 

divided spinales, mostly 2 p high irregu­
larly spaced, with short “roots” ; short 
ridges. Type 1 a.

Campanumoea maximowiczii H o n d a  — - 

Fig. 13 C, 1)
Shape: sabohlate.
Size: 30X 35 p (SEMG).
Apertures: pollen grains 5—6-colporate. 
Exine: basally divided spinales, closely 

and irregularly spaced, mostly 0.8 p 
high, lower ones also occurring; short,  
curved ridge-like structures. Type 6 a.

CANARI NA

Pollen grains spheroidal to oblate-sphe­
roidal, 22 p to 30X 33 p., 3-colporate, 
length of colpus differs considerably in the 
two species investigated, (Fig. 14 A, C). 
Surface covered with blunt spinales in C. 
cminii, in C. abyssinien with verrucae. 
Sexine between verrucae in C. abyssinien 
with reticulum-like pattern (Type 5), that 
between spinules in C. cminii  consisting 
of protrusions.

Canarina cminii  A s c h e r s . —  Fig. 14 C , I) 
Shape: oblate-spheroidal.
Size: E 30 p (30X33 p SEMG).
Apertures: pollen grains 3-colporate,

very short colpus (Fig. 14 C).

Exine: 2 p thick, sexine with blunt sp i­
nules mostly 1 p high, irregularly spaced; 
rounded protrusions close together. Type 
4 b—c.

Canarina abyssinien Enge. — Fig. 14 A, B 
Shape: spheroidal.
Size: 22 p (SEMG).
Apertures: pollen grains 3-colporate,

colpus membrane granular.
Exine: sexine with verrucae mostly 1 p 

high, irregularly spaced; reticulum-like 
pattern with short “m u r i” . Type 5 c.

OSTROVSKIA

Pollen grains oblate-spheroidal,  50X 57 
p, 6— 7-colpate. Sexine surface covered 
with verrucae of varying shape. Sexine 
between verrucae consisting of closely 
spaced protrusions (Fig. 14 F), similar 
to those of Canarina cminii (Fig. 14 D).

Ostrovskia magnifica  Rgl. — Fig. 14 E, F 
Shape: oblate-spheroidal.
Size: 50X57 p (SEMG).
Apertures: pollen grains 6— 7-colpate. 
Exine: sexine with very irregularly

spaced verrucae, round or elongated, up 
to 3.5 p high; protrusions, sometimes 
appearing to consist of subunits. Type 4 c.

CYANANTHUS

Pollen grains spheroidal,  36— 42 p 
and oblate-spheroidal,  42X 45 p, 8— 10- 
colpate. Except in C. lobatus, sexine s u r ­
face covered with verrucae, also present 
on the colpus membrane. Sexine between 
verrucae consisting of perforated tectum, 
except in C. lobatus  provided with reticu­
lum in high relief, sometimes with incom ­
plete muri.

Cyananthus incanus H o o k . f i e . & T h o m s . 
— Fig. 16 A, B

Shape: oblate-spheroidal.
Size: 42X 45 p (SEMG).
Apertures: pollen grains 9-colpate, col­

pus membrane verrucose.
Exine: verrucae closely and irregularly 

spaced; tectum perforated by small puncta 
of about equal size. Type 7 c.
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C yancmthus in f la tus  H o o k .  Fir.. & T h o m s .  

S h ape :  obla te-spheroidal .
S i/e : E  36 u (E 33 u SEMG).
A p er tu res :  pollen gra ins  9-colpate, col- 

])iis m e m b ra n e  verrucose .
E x ine :  2 u thick, verrucae  closely and 

ir reg u la r ly  spaced ; tec tu m  pe r fo ra ted  by 
sm all  p u n c ta  of equa l size. T ype  7 c.

C ya n a n th u s  m ic ro p h y l lu s  E d g e w .
Shape :  ob la te-sphero idal .
Size: E  42 u (SEMG).
A per tu res :  po llen  g ra ins  8-colpate, col- 

pus m e m b ra n e  ve rrucose  and g ranu lar .
E xine : v e rru cae  closely and  ir regu la r ly  

spaced ; tec tum  p e r fo ra te d  by sm all  pu nc ta  
of e q u a l  size. T y p e  7 c.

C ya n a n th u s  lobatus  W a l l . — Fig. 16 C, D 
S hape :  sphero idal.
Size: E 40 p ( E r d t m a n  1952); (E 38 u 

SEMG).
A p ertu res :  pollen  gra ins  8— 10-colpate. 
E x in e :  sexine ab o u t  as th ick  as nexine, 

sexine re t icu la te  in h igh  relief, long, i r ­
re g u la r ly  sh aped  m ur i ,  occasionally  in- 
com plete .  T ype  10 d.

CODONOPSIS

P ollen  gra ins  sphero idal ,  48 u and  
o b la te -sphe ro ida l ,  36— 4 0 X 4 0 — 44 p, 
7— 8-colpate, colpi longer  th a n  in Cyanan-  
thus ,  occasionally  a n a s to m o sed  a t  the 
poles (Fig. 16 E).  Small sp inu les  an d /o r  
v e r ru c ae  cover sexine surface ,  increasing 
in n u m b e r  on m arg in  of ap e r tu re .  Sexine 
betw een sp inu les  consists  of a low relief 
re t icu lu m  w ith  thick, sh o r t  m u r i  an d  very 
sm all lum ina.

Codonopsis  clc mat idea  S c h r e n k  —  Fig. 
16 E, F  

S hape :  ob la te-sphero idal .
Size: 4 0 X 4 4  p (E 45 SEMG).
A per tu res :  p o l len  g ra ins  8-colpate.
E xine : 2 p th ick , sexine w ith  sp inules 

a n d /o r  ve rru c ae  closely and  ir regu la r ly  
spaced ; re ticulate ,  low relief, sm all lum ina. 
T y p e  5 b — c.

C odonopsis  hande liana  N a n n f .  —  D u n b a r  

(1975 Fig. 6 C)
Bot. N otiser, vol. 128, 1975

Shape: o b la te -sphe ro ida l .
Size: 4 8 X 4 6  (3 8 X 4 0  p SEMG).
A pertures :  p o l len  g ra ins  7-colpate.
E xine: 2 p th ick , sexine w ith  sp inu les  

a n d /o r  v e rru c ae  i r re g u la r ly  spaced , a c c u ­
m ula ting  a t  a p e r tu re  m a rg in ;  low relief 
re t icu lum , small lum ina.  T y p e  5 b— c.

Codonopsis  v ir id i f lora  M a x i m .
Shape: o b la te -sphe ro ida l .
Size: 3 6 X 4 0  p.
A pertu res :  po llen  g ra in s  8-colpate.
Exine: 2 p th ick , sexine su r face  w ith  

closely spaced  sp inu les ;  low  relief re t i ­
cu lum  w ith  sm all  lum ina .  T yp e  5 b.
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(C am panulaceae) in tro p ical A frica and  
M adagascar. —  Sym b. Bot. Upsal. 21(1). 

WILLIS, J . C. 1966. A D ic tio n ary  of the 
F lo w erin g  P la n ts  an d  Ferns. 7 ed. — 
C am bridge.

APPENDIX. SPECIMENS INVESTIGATED
A d enophora  aurita  F r a n c i l ,  C hina 1934, 

E r a n c h .  s.n. det. Y. N a n n f e l d t  (S). —  
.1. l ili folia (L.,) B e s s . ,  cult. H ort. UPS. ex 
T h o m p s o n  & M o r g a n  (UPS). -—- .4. palustris  
N o m a r ,  cult. 1974 H ort. Berg, ex (GB). — 
.1. thunbergiana  K udo, cult. 1974 H ort. Berg, 
ex (GB).

A sg n eu m a  canescens  ( W .  & K.) G r i s e b . 
& S ch en k , cull. 1974 (UPS).

Campanula  alliciriaefolia W i l l d ., C aucasus, 
cult. 1974 H ort. Berg, ex (WA). C. americana  
L., cult. H ort. Ups. ex Sudbury , M ass., U. S. A. 
C. G. A l m  s .n . 1951 (UPS). — G. carpatica  
J a c q .,  C arp a th ian , cult. 1974 l lo r t .  Berg.

- C. erinus  L., Spain  1968, S t r a n d h e d e  
et al. 501 (S-MB). —  C. garganica T e n . var. 
h irsu tum ,  cult. 1974 H ort. Kew ex W a t e r e r  
& Sons, T w yford , E n g lan d  (K). — C. g lo m e­
rata L., Sw eden 1945, C. G. A l m  & H. S m i t h  
362 (UPS). — C. lactiflora  M. B., C aucasus, 
V acra to t 70 cult. 1970 H ort. Berg. (SBT). -— 
C. m ed iu m  L.,  Fran ce  1952, S o n s t e r  1286 ( K ) .  
— C. persicifolia  L., Sw eden 1970, A. D u n b a r  

s. n., det. A. N i l s s o n . -— C. ph yc t id o ca lyx  
B oiss. & N o é , cull. 1974 (K) ex (E). —• C. 
pyram idalis  L., cult. 1974 H ort. Berg. det. 
L. K e r s . — C. rapunculoides  L., Sw eden 
1970, A. D u n b a r  s . u ., det. A. N i l s s o n . — 
C. rapunculus  L., cult. 1974 H ort. Berg. det. 
L. K e r s . —  C. rotundi  folia  L., Sw eden 1970, 
A.D u n b a r  s .u ., det. A. N i l s s o n . —  C. speciosa  
P o u r r ., Spain  1974, H. & H. E. W a n n t o r p , 
K. B r e m e r , B. S v e n s s o n  90 (S-MB). —  C. 
strigosa  S o l ., cult. H ort. UPS. ex C open­
hagen  1965 (UPS). — C. trachelium  L., E n g ­
land 1937, U .K. M a k i n s  1299 (K) ; Sw eden, 
E. A s p l u n d  1489 (K). — C. trachelium  L., 
f. alba cult. H ort. Kew ex J. F o r b e s  Ltd., 
H aw ick, Sco tland  (K). —  C. uniflora  L., 
G reenland 1891, J. A. B j ö r l i n g  s .n . (S-MB); 
N orw ay 1892, J. B e r g g r e n  s .n . (S-MB), Sw e­
den 1904, W . N e t z e l  s. n. (S-MB).

Cam panum oea  lancifolia  ( R e x b .) M e r r ., 
S u m atra  1928. R. T o r o e s  763 (S); C hina 
1931, N . S t e w a r d , C. C i i i a o  & H .  C h e o  291 
(S). — C. m axim ow icz ii  H o n d a , C hina 1964, 
M. M i z u s h i m a  17497 (S).

Canarina abyssinien  E n g l ., K enya 1962, 
I r w i n  s .n . (UPS). — C. eminii  A s c h e r s , ex 
S c h w e i n e ., Kenya 1948, O. H e d b e r g  158

I (UPS).
Codonopsis clematidea  S c h r e n k , China 

1933, C. B. C l a r k e  det. E. W a l k e r  s .n . 
(S); C. B. C l a r k e  cult. H ort. UPS. ex H ort. 
V ilar (UPS). — C. handeliana  N a n n f ., C hina

1934, J. N a n n f e l d t  11086 (S). —  C. viridi-  
flora  M a x i m ., C hina 1925, J. R o c k  12738(S).

C yananthus incanus  H o o k .  f i l .  & T h o m s . ,  
T ibet 1938, L u d l o w ,  S h e r i f f  & T a y l o r  
6020 (UPS). —  C. in fla tus  IIOOK. FIL. & 
T h o m s . ,  T ibet 1947, L u d l o w ,  S h e r i f f  & 
E l l i o t t  14497 (S). —  C. lobatus  W a l l .  
ex B e n t h . ,  B h u tan  1949, L u d l o w ,  S h e r i f f  
& H i c k s  17221 (S). —  C. m icrophyllus
E d g e w ., cult. H ort. UPS. ex T räd g å rd sam a t. 
Spånga 62, Sw eden (UPS).

E draian thus  serpylli folia  (Vis.) A. DC., 
A lbania 1916, I. D ö r f l e r  239 (UPS).

Githopsis specularioides  N u t t ., C alifornia  
1958, R. A l a v a  2086 (UPS).

J asione m ontana  L., Sw eden 1970, A. 
D u n b a r  s . n., det. A. N i l s s o n .

Ostrovskia magnifica  R g l ., A fghanistan  
1969, R e g e l  462 (K).

P h y teu m a  scheuchzerii  A l l ., Sw itzerland 
1942, W . K o c h  42/293 (UPS).

P la lycodon  grand i f lo rum  ( J a c q ) .  A. DC., 
cult. 1974 H ort. Ups. ex T h o m p s o n  & M o r g a n , 
Ipsw ich, E n g lan d  (UPS); —  China 1955, 
B r y n y i n - T j a  s . n. (S).

Prismatocarpus peduncula tus  ( B e r g .) A. 
DC., S. Africa 1972, K. B r e m e r  328 (S).

Roella amplexicaulis  W . D o d ., S. Africa 
1968, J. S i d e y  4144 (S). — R. leptosepala  
S o n d ., Cape P rov ince  1937, E. W a l l  s . n. 
(S). —  R. muscosa  T h u n b ., Cape P rov ince  
1937, H a f s t r ö m  s .n .  (S).

S y m p h y a n d r a  arm ena  ( S t e v .) A. DC., 
cult. 1974 H ort. Berg, ex (O). —  S. ho fm a n n i i  
P a n t . cull. 1974 H ort. Berg. (SBT).

Triodanis  falcata  ( T e n .) Me V a u g h , Greece 
1933, F. G u i o l  2315 (UPS).

Wahlenbergia abyssinien  ( R i c h .) T h u l i n , 
T an zan ia  1970, M. T h u l i n  314 (UPS). — 
W. androsaceae  A. DC., Cape Prov ince  1963, 
11. SCHLIE ßEN 9821 ( S ) ;  Cape P rov ince  972, 
K. B r e m e r  413 ( S ) .  — IV7. com m unis  C a r o ­
l i n , S. A ustra lia  1967, B. C o p l e y  1680 (UPS).

- W. denticulata  ( B u r c h .) A. DC., S .W . 
Africa 1934, K. H i n t e r  (S). —  IV7. krebsii  
C h a m . ssp. arguta  ( H o o k , f i l .) T h u l i n , 
E th io p ia  1971, T h u l i n  1392 (UPS). —  W. 
madaggscariensis  A. DC., M adagascar 1950, 
M. R. B e n o i s t  469 (I5). —  W. masafuerae  
( P h i l .) S k o t t s b ., Ju a n  F ern an d ez , C. & I. 
S k o t t s b e r g  428 (UPS). —  IV7. napiform is  
(A. DC.) T h u l i n , K enya 1970, T h u l i n  298 
(UPS). —  W. perrieri  T h u l i n , M adagascar 
1960, C o u r s  5731 (P) ; M adagascar 1956,
B o s s e r  9978 (O). — B', perrotteti i  (A. DC.) 
T h u l i n , N igeria 1957, H e p p e r  1020 (BR). — 
IV7. subaphylla  ( B a k .) T i i u l i n , subsp. the- 
sioides  T h u l i n , T an zan ia  1970, T h u l i n  & 
M h o r o  1166 (UPS). — W7. undulata  A. DC., 
S. A frica 1920, T h . F r i e s  & R o b . 3010 (UPS). 
—  II7. upembens is  T h u i . i n , K atanga 1953, 
R o b y n s  3959 (BR).
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Sp ecia l R eference to the Surface U ltrastructure

II. C am panulaceae Sub fam . C yphioidae and Sub fam . 
L ob elio id ae; G oodeniaceae; Sph en oeleaceae

A n ita  Dunbar

D u n b a r , A. 1975 07 08. On pollen of Cam panulaceae and related families with 
special reference to the surface u ltrastructure. II. C am panulaceae subfam. Cyphi­
oidae and subfam. Lobelioidae; Goodeniaceae; Sphenoeleaceae. — Bot. Notiser 
128: 102— 118. Lund. ISSN 0006-8195.

22 species representing 14 genera have been studied by m eans of light m icro­
scopy and scanning electron microscopy. Pollen m orphology suggests that 
Cyphioidae is a link between the two other subfam ilies Cam panuloidae and Lobe­
lioidae. As yet there is no evidence that supports a connection between Cam pan­
uloidae and Lobelioidae. A sim ilarity in u ltrastructure between Goodeniaceae 
and Campanulaceae has been found.
Anita Dunbar,  In s t i tu te  of B o tany ,  Universi ty  of S to ck h o lm ,  and  Sw ed ish  M u­
seum of N atura l  History,  S-104 05 S to ck h o lm ,  Sw eden .

This paper  is the second of two parts, 
the first being ( D u n b a r  1975). This part 
deals with two subfamilies of Cam panu­
laceae, Cyphioidae and Lobelioidae. The 
families Goodeniaceae and Sphenoeleaceae 
are briefly dealt with. F or  furthe r  details 
see D u n b a r  (1975).

OBSERVATIONS

F or  material and methods, terminology 
and the division of the surface pattern  in­
to a rb i t ra ry  types see D u n b a r  (1975).

Campanulaceae, Cyphioidae

CYPHIA
Cyphia assimilis S c h e e p e r s  

Shape: prolate.
Size: 48X 35  u.
Apertures: pollen grains 3-colporate,

colpi constricted at equator.
Exine: 1.5 u thick, sexine surface almost 

smooth bu t for a finely granu la r  pattern. 
Type 9 d.
B ot. N o tise r, v o l. 128, 1975

Cyphia bulhosa  L. — Fig. 5 F 
Shape: prolate.
Size: 54X 39  p ( E i i d t m a n  1952). 
Apertures: pollen grains 3-colporate. 
Exine: sexine almost smooth hut for a 

finely g ranular  pattern. Type 9 d.

PARISHELLA

Parishella cal i fornica  G r a v  —  Fig. 1 A, H 
Shape: oblate-spheroidal.
Size: 32X 36  p.
Apertures: pollen grains 6-colpate. 
Exine: 2 p thick, sexine with spinules 

mostly 1 p high, closely and  irregularly 
spaced; small pits in tectum, closely- 
placed, of equal size. Type 8 b.

NEMAGLADUS

Nemacladus rubescens G r e e n e  — Fig. 1 
C, I)

Shape: spheroidal.
Size: 27 p (E).
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Apertures: pollen grains 3-colporate,
colpi obliquely arranged at varying angles 
or parallel to pollen axis.

Exine: 1.8 p tliick, sexine surface with 
spinules almost regularly spaced, about 1 
u high; small pits in tectum, closely-placed, 
of equal size. Type 8 b.

CYPHOCARPUS

Pollen grains prolate-spheroidal, 44— 
52 X 4 0 — 46 p, 3-colporate, reticulate with 
muri in high relief and lumina of varying 
shape. Protrusions occur in lumina, they 
are more conspicuous in C. psam m ophilus  
than in C. innocuas  or C. rigescens.

Cyphocarpus psammophilus  R i c a r d  —  

Fig. 1 E, F
Shape: prolate-spheroidal.
Size: 44 X 40 p.
Apertures: pollen grains 3-colporate.
Exine: 2.4 p thick, sexine slightly th ick­

er than nexine, high relief reticulate, lu ­
mina 4— 6-angular, smaller in size towards 
apocolpia; protrusions sometimes consis­
ting of compound structures with up to 
three, occasionally more, subunits p ro ­
truding either unattached from centre of 
lumina or attached to a m um s. Type 10, 
4 d.

Cyphocarpus innocuus  S a n d .

Shape: prolate-spheroidal.
Size: 5 2 X 46 p.
Apertures: pollen grains 3-colporate.
Exine: 2 p thick, sexine slightly thicker 

than nexine, high relief reticulate, lumina 
of varying shape and size, generally de­
creasing in size towards apocolpia; 1— 4 
small protrusions, sometimes at tached to 
muri, mostly unattached, occur in many 
lumina. Type 10, 4 d.

Cyphocarpus rigescens M i e r s

Shape: prolate-spheroidal.
Size: 44X 40 p.
Apertures: pollen grains 3-colporate,

colpus membrane granular.
Exine: 2 p thick, sexine slightly thicker

than nexine, high relief reticulate, lum ina 
of varying shape and size, generally 
smaller on apocolpia; protrusions occur 
in some lumina. Type 10, 4 d.

Campanulaceae, Lobelioidae

LAURENTIA

Pollen grains prolate-spheroidal, 26X 24  
p and prolate, 33— 46X 24— 32 p, 3-col­
porate except L. petraea 3-colpate. Sexine 
reticulate to striate. P rotrusions occur in 
the lumina of some species. They are less 
conspicuous however (Fig. 2 b) than  those 
in Cyphocarpus  species of the subfamily 
Cyphioidae. (Fig. 1 F).

Laurentia petraea  (F. v. M.) W i m m . —  Fig. 
2 A, B

Shape: prolate.
Size: 46X 32  p.
Apertures: pollen grains 3-colpate. 
Exine: 2 p thick, sexine reticulate with 

broad muri,  lower than in Cyphocarpus;  
low protrusions of varying size and n u m ­
ber occur in lumina. Type 10, 4 d.

Laurentia carnosula  ( I I o o k . & A r n .)  - 

Fig. 2 C, I)
Shape: prolate.
Size: 33X 24  p (SEMG).
Apertures: pollen grains 3-colporate. 
Exine: sexine striate, lirae branched, 

with transverse connections situated lower 
in the sexine. As the lirae are situated 
somewhat apart in the equatorial region 
small “lum ina” occur between them: low 
protrusions occasionally occur in these lu ­
mina. Type 11, 4 d.

Laurentia miclielii A. DC.
Shape: prolate-spheroidal.
Size: 26X 24  p.
Apertures: pollen grains 3-colporate. 
Exine: 2 p thick, sexine th icker  than 

nexine, striate with branched lirae, con ­
nected at a lower level and situated som e­
what apart,  especially in the equatorial 
region where small “lum ina” occur; no 

Bot. Notiser, vol.  128, 1975
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Table 1. The species a re  a r ra n g e d  m orpho log ica l ly  accord ing  to the p a t t e rn  of the sexine 
fine s truc ture .  The  num bers  1— 11 a n d  a— d indicate  the different  types of fine s truc ture  

a n d  the types of spinules/verrucae,  see D u n b a r  (1975 pp. 7(5, 77).

T ax o n

Size (/u.)
P o la r  axisX 

equatoria l  axis (E) Shape Aperture
condition

LM SEMG

C am panu laceae ,  Cyphioidae
Cyphia  assimilis 48X35 prolate 3-colporate
C. bul ho sa 54X39 prolate 3-colporate
Parisbella  californica 32X36 oblate -spheroida l 6-colpate
N em acladus  rubescens E 27 sphero idal 3-colporate
C yphocarpus  p sa m m o p h i lu s 44X40 pro late-sphero ida l 3-colporate
C. innocuus 52X46 pro late-sphero ida l 3-colporate
C. rigescens 44X40 pro late-sphero ida l 3-colporate

Cam panulaceae ,  Lobelioidae
Lauren tia  petraea 46X32 prolate 3-colpate
L. carnosula 33 X 24 prolate 3-colporate
L. m i  che l ii 26X24 pro late-sphero ida l 3-colporate
Lobelia  anceps 25X17 prolate 3-colpate
L. d o r tm a n n a 29X22 subpro la te 3-colpate
L. zeylanica 26X22 subpro la te 3-colpate
Iso to m a  a nem on ifo l iu s 42X30 36 subpro la te 3-colporate
Palmerelia  debil is 22X17 pro late-sphero ida l 3-colporate
D ow ning ia  elegans 44X32 E 36 prolate 3-colporate
S ip b o ca m p ylu s  biserrat us 30X24 subpro la te 3-colporate
Pratia angulata 30X21.5 prolate 3-colporate
Gram m ato theca  bergiana 30 X 25 subpro la te 3-colporate

Gooden iaceae
Scaevola  cerastifolia 38X31 subpro la te 3-colporate
S. koenigi i 48X44 pro late-sphero ida l 3-colporate

Sphenocleaceae
Sphenoclea  zey lanica 17.5X15 subpro la te 3-colporate

protrusions have been found in these lu­
mina. Type 11 d.

LOBELIA

Lobelia anceps  I., f i l . —- Fig. 3 C, 1)
Shape: prolate.
Size: 2 5 X 1 7  p (SEMG).
AI jertures: pollen grains 3-colpate, col- 

pus membrane granular.
Exine: sexine reticulate to reticulate- 

-striate, muri and/or lirae increase in 
width at poles, lumina irregular in size. 
Type 10, 11 d.

Lobelia dortmcinna  L. —  Fig. 3 A, B 
Shape: subprolate.

Bot. N otiser, vol. 128, 1975

Size: 2 9 X 2 2  u.
Apertures: pollen grains 3-colpate. 
Exine: 2 it thick, sexine reticulate-striate, 

muri and/or lirae variable in width, nar­
row bridges connect the lirae at a som e­
what lower level; small rounded lumina. 
Type 10, 11 d.

Lobelia zeylanica  L. —  Fig. 3 E, F 
Shape: subprolate.
Size: 2 6 X 2 2  p.
Apertures: pollen grains 3-colpate, colpi 

occasionally anastomosed at the pole (Fig. 
3 E).

Exine: 2 p thick, sexine striate, lirae 
closely-placed, branched and connected at 
a lower level by thin bridges. Type 11 d.
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Table 1 continued.

Sexine between spinules or 
entire sexine

Sculpturing

Type Height
(spinules/ Spinules/ of Shape of
verrucae verrucae spinules spinules
excepted) SEMG

Type of 
spinules/ 
verrucae

almost smooth, nano-granulate 9
almost smooth, nano-granulate 9
pits in tectum 8
pits in tectum 8
reticulate, protrusions 10,4
reticulate, protrusions 10,4
reticulate, protrusions 10,4

spinules
spinules

without roots 
without roots

reticulate, protrusions 
striate, protrusions 
striate
reticulate-striate
reticulate-striate
striate
reticulate, protrusions
striate-reticulate
striate
striate
striate
striate

10.4
11.4 
11 
10,11 
10,11 
11
10.4 
11.10 
11
11
11

perforated tectum, puncta 
perforated tectum, puncta

spinules
spinules

0.7
0.3

without roots 
without roots

granular

1SOTOMA

Iso to m a  a n em on ifo l iu s  K n i g h t  —  Fig. 2 
E, F

Shape: spheroidal.
Size: 4 2 X 3 0  p (36 p SEMG).
A pertu res :  pollen gra ins  3 -co lpora te ,

colpus m e m b ra n e  g ran u la r .
Exine: 2 p thick, sexine th ick e r  th a n  

nexine, sexine high relief re t icu la te ,  m u r i  
ab ou t  equa l in w idth , 3— 5 an g u la r  lu m in a  
increasing  in size in n o n -a p e r tu ra l  p a r t s  of 
the pollen  grains, r a th e r  small at a p e r tu re  
m arg in  a n d  also at poles; p ro t ru s io n s  of 
v ary ing  size and  n u m b e r  occu r  in  m o s t  
lum ina . T ype  10, 4 d.

PALM EH ELLA

Palmerella  deb ilis  G rav  var. serrata  G ray  

Shape: pro late-spheroidal.
Size: 2 2 X 1 7  p (Ch a p m a n  1967). 
A pertu res :  pollen gra ins  3-colporate . 
E xine: sexine s tr ia te-re ticula te ,  lirae

a n d /o r  m u r i  curved, the space be tw een  
them  sm all  an d  ir regu la r .  T ype  11, 10 d.

D O W N IN G IA

D ow ning ia  elegans D o u g l . —  Fig. 4 A, B 
Shape: pro la te .
Size: 4 4 X 3 2  p.
A pertures :  pollen grains  3-colporate .

Bot. Notiser, vol. 128, 1975
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Exilic: 2 p thick, sexine th ick e r  th an  
nex ine , striate, li rae b ran ched ,  un ifo rm  in 
w id th  and  connected  at a lower level by 
b r idg es  th in n e r  th a n  m a in  li rae; fla ttened 
p ro t ru s io n s  o ccur  on lirae  (Fig. 4 15). Type 
11 d.

SIPH OCA M PYLU S

S ip  ho  cam py  I us biscrrcitus (C a v .) A. DC.. -— 
F ig . 4 C, D

S hape : subpro la te .
Size: 3 0 X 2 4  p.
A pertu res :  pollen gra ins  3-colporate,

colpi constric ted  equator ia l ly ,  colpus m e m ­
b ra n e  granu lar .

E xine : 1.5 p thick, striate, l irae un ifo rm  
in w id th ,  b ra n c h e d  a nd  connected  at a 
low er  level by th in  bridges. T y pe  11 d.

PR A T IA

P ra tia  angulata  H o o k .  f i l . —  Fig. 4 E, F 
S hape: prolate .
Size: 30 X 21 .5  p ( E r d t m a n  1952). 
A p ertu res :  po llen  gra ins  3-colporate. 
Exine:  sexine striate, b ra n c h e d  lirae 

closely-placed. T ype  11 d.

GRAMMATOTHECA

G ram m ato theca  bergiana  (C h a m .) P r e s l  
S hape: subpro la te .
Size: 3 0 X 2 5  p (SEM G).
A pertures :  pollen  gra ins  3-colporate,

co lp u s  m em b ra n e  g ran u la r .
E x ine : sexine stria te ,  b ran ch ed  lirae 

closely-placed. T y pe  11 d.

Goodeniaceae

SCAEVOLA

Scaevola  cera s tifo lia  S k o t t s r . —  Fig. 5 C, 
D

S hape: sub p ro la te .
Size: 3 8 X 3 1  p (SEMG).
A p e r tu res :  po llen  gra ins  3-colporate,

colpus m e m b ra n e  g ran u la r ,  surface of 
o p e rc u lu m  covered  w ith  e longated  s t ru c ­
tures.

Exine: sexine w ith  spinules ir regu la r ly  
spaced, m os tly  0.7 p h igh ; tec tu m  p e r fo ­
ra ted  by p u n c ta  of s im ila r  size and u n i ­
fo rm  shape .  T y p e  7 b.

Scaevola  ko en ig ii  V a h l  —  Fig. 5 A, B, 
Fig. 6 A

Shape: p ro la te -sp he ro ida l .
Size: 4 8 X 4 4  p.
A p er tu res :  pollen  g ra ins  3-colporate,

la longa ted  o ra  (Fig. 6 A), co lpus m e m ­
b ra n e  g ran u la r .

Exine: 4 p th ick  a t  the th innest  places, 
sexine th ick e r  th a n  nexine, varies consid ­
erab ly  in d i f fe ren t  p a r t s  of pollen  gra in , 
being th ickes t  be low  the poles, c. 5 p; 
sp inu les  ab o u t  0.3 p high, i r regu la r ly  
spaced ; te c tu m  p e r fo ra te d  by  p u n c ta  of 
un ifo rm  size a n d  shape . T y pe  7 b.

Sphenoeleaceae

S P H E N O C L E A

Sphenocleci zey la n ica  G a e r t n . —  Fig. 5 E 
S hape : sub p ro la te .
Size: 17 .5 X 1 5  p (C h a p m a n  1967).

Fig. 1. A, B: Parishella calif arnica. — A: 6-colpate pollen grains. Spinules closely distri­
buted over surface. C. X 950. Line c. 10 p. — B: Part of pollen wall. Sexine provided with 
spinules. Small pits of uniform size occur in the tectum. C. X 4,000. Line c. 2 p. — C, D: 
Nemacladus rubescens. — C: 3-colporate pollen grain. Spinules are almost uniformly 
distributed over sexine surface. C. X 2,000. — D: Detail of wall with part  of aperture vi­
sible. Rounded protrusions on colpus membrane (arrow). Pits are seen in the tectum. 
C. X 4,700. Line c. 2 p. — E, F: C g p ho car pus psam m ophilus. — E: 3-colporate, reticidate 
pollen grain showing two of its apertures. C. X 2.000 . — E: Detail of pollen wall with part 
of colpus to the left. The reticulum consists of muri in high relief, and 4—6-angular lu­
mina. Protrusions in lumina, sometimes consisting of compound units. C. X 7,000. Line 
c. 1 p. — For shape, size and apertures etc. see Table 1. The line equals 5 p in all figures

unless otherwise indicated.
Bot. Notiser, vol. 128, 1975
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Apertures: pollen grains 3-colporate.
Exine: sexine granular  with rounded 

protrusions of varying size. Type 9 d.

DISCUSSION

The relationship between the three sub­
families of Campanulaceae is not easily 
discerned. No direct similarity between the 
sexine pa t te rn  of pollen grains in the Cam- 
panuloidae and Lohelioidae has so far 
been detected hut there is evidence how­
ever, that the Cyphioidae can he regarded 
as a connecting link (see below) between 
the other two subfamilies (Fig. 8).

The pollen grains in the Lohelioidae 
are either 3-colpate or 3-colporate. This 
fact may indicate that phylogenetically the 
subfamily would have a position near to 
the genera of Cyphioidae, or to those 
Campanuloidae tha t have 3-colpate/col- 
porate apertures. A y e t i s j a n  ( 1 9 6 7 )  pointed 
out tha t the 3-colporate pollen grains in 
Sphenocleaceae, Lobeliaceae and Cyphi- 
aceae show a general similarity to the tro ­
pical species of the bell-shaped ones with 
colporate pollen, for example Canarina, 
Campanumoea, Platycodon  and Penta- 
phragma  (Campanuloidae). The author 
regarded these as having common ances­
tors possibly with 3-colporate or related 
types of apertures. Other characters how­
ever, such as fine structure of Ihe sexine, 
support tha t  the Campanuloidae and Lo­
helioidae are remote, since the reticulate/ 
striate pa t te rn  in high relief (Type 10, 11)  
of Lohelioidae are absent in the genera 
of Campanuloidae (Fig. 8). Moreover Lo­
helioidae, as far  as has been investigated, 
lacks spinules while most Campanuloidae 
pollen are spinulose or verrucose.

The fine structure  in Cyphioidae points 
to a connection between the two other 
subfamilies. Genera with spinulose pollen 
grains and genera with pollen grains lack­
ing spinules belong to this subfamily. 
A distinct sexine pattern (Type 10, 4 d) 
can he discerned in both Cyphioidae (Cy- 
phocarpus)  and Lohelioidae ( Laurentia , 
Isotoma). The similarity between Cyphioi­
dae and Campanuloidae is less distinct. 
There is however a resemblance between 
the 8— 10-colpate pollen grains of Cya- 
nanthus  (Campanuloidae) and the 6-col- 
pate pollen grains of Parishella  (Cy­
phioidae). In some of the Cyananthus  
species the tectum is perforated with 
puncta of about equal size, while there are 
only pits in the tectum of Parishella. 
F u r the r  ontogenetical studies may reveal 
a closer relationship.

That lines of evolution have proceeded 
in Campanuloidae is indicated by the 
shape, num ber and position of the ape r­
tures ( A y e t i s j a n  1967, 1973, D u n b a r  in 
press). A v e t i s j a n  (1973) stated tha t  col- 
pate, colporate and colpate-porate pollen 
grains are typical of all families and ge­
nera of Campanulaceae found in tropical 
zones, and that porate apertures consti­
tute one of the most im portan t characters 
in the new type of pollen grains of the 
family distributed in temperate zones. 
This au thor moreover suggested tha t the 
evolution in Campanula  pollen can he seen 
in the decrease in length of spinules in 
association with an increase in num bers of 
pores. As far  as concerning the genus Cam­
panula  my observations agree with this 
interpretation ( D u n b a r  1975 Table 1). In 
addition to decrease in height of spinules, 
a change in fine structure is also evident

Fig. 2. A— D: Laurentia .  —  A, B: L. pe traea.  —  A: 3 -co lp ate , reticu late, p o llen  gra in s. 
C. X 2 .7 0 0 . L in e c. 10 p. -—  B: D etail o f p o llen  w all w ith  th ick  m uri and  lu m in a  o f  va ry in g  
size. L o w  p ro tru sio n s o f vary in g  size occu r in tlie lum ina. C. X  7,000. L ine c. 1 p. —  C. D: 
L. c a rn o s u la .  —  C: 3 -co lp orate , stria te  p o llen  grain w ith  on e  c o lp u s in fa ce  v iew . C. X 1.800. 
-—- D: D eta il o f p o llen  w a ll w ith  co lp u s to the right. B ranched  lirae co n n ec ted  at lo w er  
level. C. X 3 .500 . L ine c. 2 p. —  E, F: I s o to m a  a n cm o n ifa l iu s .  —  E: 3 -co lp o ra te  p o llen  
grain . R eticu la te  sex ine . C olpus m em brane w ith  sm all, c lo se ly -p la ced  p ro tru sion s. C. X  1.500. 
—  F: D eta il o f  reticu late p o llen  w all. N ote the b acu la  (arrow ). S tructures on m uri are 

a rtefacts . Sm all p ro tru sion s occur in lu m in a . C. X 6 .000 . L ine c. 2 p.
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(Fig. 7). If, however,  the he ight of spi- 
nules  in the p ora te  C am p an u lo idae  pollen 
in g enera l  is com pared ,  the re  is no definite 
assoc ia tion  betw een  this c h a rac te r  and  
n u m b e r s  of pores . Hence, the height of 
sp inu les  can  h a rd ly  he rega rded  as a c h a r ­
ac te r  to be relied upon  in the genus Cam- 
pan u la  e i ther.  A reliable c h a ra c te r  is, ho w ­
ever, k n o w n  to he p rov ided  by  the sexine 
u l t r a s t ru c tu re ,  the specific p a t te rn in g  of 
the po llen  gra in . In C am panula  a line of 
evo lu t ion  can  now  he traced  f ro m  the 
p a t t e rn  of ridges to finger-l ike s truc tu res  
(Fig. 9). T h is  line s tands  in d irec t  re la ­
t ionsh ip  to a reduc t ion  of the in f lo res­
cence, i l lu s tra ted  by the following: (1) C. 
ra p u n cu lo id es:  sexine pa t te rn :  ridges; cy- 
m o u s  f lo w ers ;  and C. persicifo lia : sexine 
p a t te rn :  ridges; 4— 6 flow ers;  (2) C. un i­
flora:  sexine pa t te rn :  ridges, top end  bent 
u p w a rd s ;  f low ers  so l i ta ry ;  (3) C. carpa- 
tica: sexine pa t te rn :  finger-l ike s t ruc tu res ;  
f low ers  so litary .

O n togene tica lly  all th ree  sexine p a t te rn s  
p ro b a b ly  develop fro m  the s lender  s t ru c ­
tures o f u n ifo rm  th ickness  of the young  
pollen w all fo rm ed  by  b ran ch in g  of pro- 
h ac u la  ( D u n b a r  1973 a).  T h is  m ode of 
exine fo rm a t io n  (i. e. b ran ch in g  of pro- 
bacu la ) also k n o w n  for the  sexine fo r ­
m a t ion  in Gerbera ja m eso n ii  in C om po­
sitae ( S o u t h w o r t h  1970) m ay  be regarded 
as an a d v a n c ed  deve lopm ent com p ared  to 
the d ev e lo p m en t leading to a m ore  co m ­
m o n  ty p e  of sexine p rov ided  w ith  p ro ­
trus ions ,  Jasione  m ontana , fo r  exam ple  
( D u n b a r  1973 c ) .  If and  ho w  the type  of 
p a t t e rn  of low relief re t icu lu m  is re la ted  
to the o th e r  su rface  p a t te rn s  in the po ra te  
C a m p an u lo id ae  cann o t  he decided at p re ­
sent. It is of significance, how ever,  that 
this p a t t e rn  a lthough  slightly modified, 
also o cc u rs  on the su r face  of colpate  pol­

len g ra in s  in the genus C odonopsis p r o ­
vided w ith  7— 8 a p e r tu re s  (Fig. 9). M ore­
over it o ccurs  toge the r  w ith  the  pa t te rn  
of r idges in som e species of W cihlenbergia  
(Fig. 9). It c a n n o t  he entire ly excluded 
th a t  this  c o m p o u n d  sexine pa tte rn  prov ides  
a t r a n s i t io n  be tw een  the two sexine p a t ­
terns. A s im ila r  p h e n o m e n o n  m a y  be due  
for the pollen  g ra ins  of the genus A deno- 
p h o ra  (Fig. 9) an d  E d ra ia n th u s serpy lli-  
fo lia  ( D u n b a r  1975 T ab le  1), w h e re  the  
c o m p o u n d  sexine p a t t e rn  consists of p r o ­
trus ions  an d  ridges. T he  4 -pora te  pollen 
g ra ins  of A d en o p h o ra  m a y  provide a t r a n ­
sition betw een , on  one h a n d  the 3- a n d  4- 
po ra te  C am panu la  pollen with ridges, and  
on the o th e r  h a n d  the 6-pora te  pollen 
g ra ins  of G ithopsis specu lario ides, the s u r ­
face p a t t e rn  o f  w h ich  consists o f on ly  p r o ­
tru s io n s  (Fig. 9).

T h e  delimition  of the genera in C am ­
p a n u lo id ae  is still open  fo r  discussion. In 
the genus C am panula  d oub t  is still ju s t i ­
fied w ith  reg a rd  to its hom ogene ity  (Ga- 
d e l i . a  1966) despite  the fact th a t  m a n y  
gen era  have  been  split off. T h e  re su lts  of 
m y  inves tigation  s u p p o r t  this  s ta tem en t.  
W h ile  sho r t  ridges an d  basa lly  d iv ided  sp i­
nu les  w ith  d is tinct “ro o t s” (Type la)  is by  
fa r  th e  com m o n es t  p a t t e rn  in the genus, C. 
am ericana  h as  a low relief re t ic u lu m  re ­
sem bling  the p a t te rn  in som e W a hlen -  
bergia  species. M oreover the sp inu les  are  
very  sh o r t  an d  the base not too  d is tinctly  
divided. As rega rds  a p e r tu re s  C. am ericana  
d if fe rs  m a rk e d ly  f ro m  all o th e r  species 
of the  p o ra te  C am panu lo idae ,  being  the 
on ly  one w ith  p an to p o ra te  po llen  gra ins .  
A lthough  th e re  is an  increase in p o re  n u m ­
bers  in C am pan u lo id ae  the p ores  are  equa- 
to r ia l ly  a r ran g e d .  C. am ericana  is by  v ir tu e  
of its sexine p a t te rn  closer to som e of the 
W ahlenberg ia  species and  to P rism ato -

Fig. 3. Lobelia. — A, B: L. dortmanna. — A: 3-colpate pollen grain with one colpus in 
view. Reticulate-striate sexine. C. X 2,000. — B: Detail of pollen wall with part of colpus. 
Muri or lirae connected by thin bridges at slightly lower level. C. X 4,200. Line c. 2 p. — 
C, D: L. anceps. — C: 3-colpate pollen grain with two colpi visible. C. X 2,400. — D: Detail 
of pollen wall with part of colpus. Small granula on colpus membrane. Sexine reticulate
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to re ticu la te -stria te . C. X 8,500. L ine c. 1 ;x. —  E, F : L. z t  ca. —  E: P o llen  g rain  in
p o la r  view. Two colpi a n as to m o sin g  a t pole. Sexine su rface  stria te . C. X 2,500. —  F: P a r t  

o f pollen w all to w ard s  one pole. Long, b ran ch ed  lirae  connected  at low er level.
C. X 7,(500. Line c. 1 ix.
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carpus than to the o th er  Campanula  sp e ­
cies. G a d e l l a  (1964) su ggested  that C. 
americana sh ou ld  be rem oved  from  the 
Campanula  genus on b o th  cy to lo g ica l and  
m o rp h o lo g ica l ev id en ce, and p laced  in the 
m o n o ty p ic  genus Campanulastrum.

The Asiatic plant Platycodon grcindi- 
f lorum  has 5— 6-colporate pollen grains 
along with a sexine pattern  closely resem­
bling some species of Campanula, e. g. the 
European plant C. persicifolia (Type la). 
This similarity of fine structure points to 
a close affinity between the two genera in 
spite of distance of geographical distribu­
tion. Differences in type of aperture may 
indicate that the evolution from colporate 
to porate apertures has proceeded more 
slowly, being a more rigid character than 
the sexine pattern. In addition the porate 
nature of the pollen grains of Campa­
nula persicifolia could be influenced by 
the European distribution of the plant 
in a temperate zone (see above). It could 
be expected that ontogenetically the pollen 
wall of Platycodon  would develop in a 
similar way to Campanula rapunculoides 
or C. persicifolia with branching proba- 
cula.

In many Campanula  species, in some 
Wahlenbcrgia  species and in Asyneuma, 
Phyteuma, Adenophorct, Sym phyandra  and 
Platycodon, for example, the basally di­
vided spinules (D u n b a r  1973 a, b, c, 
G e s lo t  & M éd u s 1974) are a conspicuous 
character. G e s e o t  and M éd u s (1974) sug­
gested that one of the basal ramifications 
of the spinules is in contact with more 
than one ridge in the hybrids of Campa­
nula rotundifolia subsection Heterophylla. 
I have, however, not observed this feature 
in the present material.  In contrary, se­

veral ” roots' '  are observed to be connec­
ted to one ridge. It is of ontogenetical 
significance that where no ridges occur, 
the ”roo ts” are in direct contact with the 
lion-sculptured surface between pro tru­
sions for instance, and that there seems 
to be no direct contact between p ro tru ­
sions and “roo ts”. In this case probably 
the ramified spinule-base develops from 
the lower pa r t  of the sexine, in both 
cases their fu ture  shape determined during 
the critical period of early wall formation 
while the protectum  and probacula are 
still influenced by the primexine template. 
(D u n b a r  1973 a, c ) .

The different shapes of the pollen 
grains in Campanulaceae appear to he re ­
lated to the type of the apertures. Mostly 
the porate pollen grains are spheroidal to 
oblate-spheroidal; the 3-colporate ones 
are frequently prolate, while those having 
5 or  more colpi increase equatorially in 
width along with the increase in aperture 
num ber. The shape of the pollen grains 
however, is changed after acetolysis, being 
more natura l when air-dried.

As regards related families the tectum 
in Scaevola  (Goodeniaceae) is perforated 
by puncta of uniform shape. This pattern 
is also recognized in Campanulaceae in 
most of the Cyancinthus species. Sphenoc- 
lea zeylanica (Sphenocleaceae) on the o th ­
er hand, has a smooth surface from which 
round  protrusions of varying size arise, 
a pat tern  which has no relationship w hat­
ever with any genera in Campanulaceae. 
Goodeniaceae hence appears  in some re­
spects to be palynologically closer to Cam­
panulaceae than is Sphenocleaceae. On the 
o ther  hand the nature of the apertures 
(lalongated ora) in Scaevola  pollen is not

Fig. 4. A, B: D ow ningia  elegans. —  A: 3 -co lpora te  pollen  g ra in  with  one  colpus visible. 
Striate  sexine. C. X 1,600. —  B: P a r t  of pollen wall.  Adjacent lirae connec ted  at lower level. 
Fla ttened  pro trus ions  on  lirae (arrow). C. X l5 ,000 . Line c. 0.5 p. — C, D: S ip h o ca m p ylu s  
biserratus. —  C: Pollen  gra in  in oblique p o la r  v iew with  two colpi visible. Colpi eq u a to r i ­
ally constricted. Striate  sexine surface. C. X2,000. —  1): Detail of pollen wall  with  p a r t  of 
colpus. P ro trus ions  on  colpus m em brane .  L irae  connected  at lower level. C. X5.000. Line c. 
2 p. — E, F : Pratia angulata. —  E: 3 colpora te  pollen  g ra in  with  two colpi visible. Str iate  
sexine. X 2,200. —  F: Detail of pollen wall. L irae  closelv-placed, b ran ch in g  to become again

fused. C. X 7,200. Line c. 1 p.
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seen  in  a n y  p o l l e n  g r a in s  o f  C a m p a n u -  
laceae ,  n o r  is t h e  c o n s id e r a b le  v a r ia t i o n  
in the  t h i c k n e s s  o f  the  s ex in e  a lso  d e ­
sc r ib ed  b y  D u i g a n  (1961) in  S c a ev o la  
r a m o s i s s i m a  (Pl.  XV I,  F ig .  3) a n d  G oode-  
n ia  p i n n a t i f i d a  (Pl.  XV, F ig .  20).  F i n a l l y  
it s h o u l d  h e  n o t e d  t h a t  J e x s e n  et al. (1975) 
f o u n d  a n  e s s e n t i a l  d i f f e r e n c e  b e tw e e n  the  
p l a n t s  o f  t h e  t w o  f a m i l ie s  G o o d e n iae ea e  
a n d  C a m p a n u l a c e a e .
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J e n s e n , S., N i e l s e n , B. & D a h l g r e n , R. 

1975. I r ido id  com pounds ,  (heir occurrence  
and  system atic  im portance  am o n g  angio- 
sperms. -— Bot. Notiser  128: 148— 180.

S o u t h  w o r t , 1). 1970. Pollen wall studies: 
Composition, s t ruc tu re  a n d  development.

- Ph. 1). Thesis , Univ: Calif. Berkeley.

APPENDIX. SPECIMENS INVESTIGATED

C ainpanu laccae ,  C yph io idae

Cyphia assimilis  S c h e e p e r s , S. Africa 1967,
.1. S c h e e p e r s  s . n .  (S). —  C. bulbosa  L.,
Cape Province  1938, E .  W a l l  s. n. (S); Berg.,
Cape Prov ince  1 9 1 1 ,  R .  E .  F r i e s  s. n .  (UPS).

Fig. 5. A— D: Scaevola.  —  A, B: S. koenigii.  —- A: 3-colpora te  pollen grain. Sexine with 
very small  sp inules .  C. X 1,300. —  B: Detail of pollen wall with  p a r t  of  eolpus, see also 
Fig. 6 A. Betw een  spinules p u n c ta  of u n i fo rm  shape  visible (a rrow). C. X3,200. Line c. 2 p. 
— C, D: S. cerastifolia.  —  C: 3-colporate  pollen g ra in  show ing  one c o m pound  apertu re .  
Curved, i r regu la r  s t ruc tu res  on  operculum . Pollen wall covered with  small,  i r regu lar ly  
d is tr ibu ted  spinules .  C. XL200. — D: P a r t  of pollen wall w ith  pu n c ta  in tectum. C. X 5,500. 
Line c. 2 p. —  E : Sphenoclea  zeylanica.  3 -colporate  pollen grain . Sexine with  rounded  p r o ­
trus ions  of d i f fe ren t  size. C. X 3,000. Line c. 2 p. — E: Cyphia bulbosa.  3 -colporate  pollen 
grains.  Sexine a lm o s t  smoth; finely g ra n u la r  pa t te rn  how ever  traceable  (arrow).  C. X800.

Line c. 10 p.
Bot. Notiser, vol . 128, 1975



P O L L E N  OF CAMPANULACEAE II

Bot. N o tise r, vol. 128, 1975



116 A N IT A  D U N B A R

D

F i g .  6. A: S c a e v o l a  k o e n i g i i .  T w o  o f  th e  th ree  c o m p o u n d  a p e r t u r e s  a re  s h o w n .  N o t e  la -  
l o n g a t e  o r a  (a r r o w ) ,  a n d  th i c k  la y e r  o f  e x in e  w i th  b a c u la ,  e x i n e  v a r y in g  in t h i c k n e s s  w i t h  
t h i c k e s t  a r e a s  b e l o w  p o le .  C. X  1,500. —  B: G i t h o p s i s  s p e c u l a r i o i d e s .  F o u r  o f  the  6  e q u a t o r i -  
a l l y  a r r a n g e d  p o r e s  are  s h o w n .  S u r f a c e  c lo s e l y  b e s e t  w i t h  s p in u le s .  C. X 1,500.  —  C: C o d o -  
n o p s i s  h a n d e l i a n a .  E q u a t o r i a l  v i e w  o f  7 -c o lp a t e  p o l l e n  g r a in  w i t h  r e l a t i v e l y  th in  e x in e  
la y e r .  C. X  1,500. —  D : C a m p a n u l a  p y r a m i d a l i s .  3 - p o r a t e  p o l l e n  gra in .  T w o  o f  the p o r e s  

v is ib le .  C. X 1,500.  All p o l l e n  g r a in s  a r e  a c e t o l y s e d .

C y p h o c a r p u s  i n n o c u u s  S a n d . ,  C hile  1956.  C. 
.11 l e s  3092  (C O N C ).  —  C. p s a m m o p h i l u s  R i ­
c a r d ,  C hile  1971,  M a r t ic o r e n a ,  R o d r i g u e z  & 
W e l d t  1766 (C O N C ).  —  C. r i g e s c e n s  M i e r s ,  
C h i le  1973,  M a r t ic o r e n a ,  M a t t h e i  & Q u e z a d a  
4 7 2  (C O N C ).

N e m a c l a d u s  r u b e s c e n s  G r e e n e , C a l i fo r n i a  
1949, K e c k , B a k e r , D a n s e r e a u  & N o r d e n - 
s k i o i . d  6241 ( U P S ) .

P a r i s h e l l a  c a l i f  a r n ic a  G r a y , C a l i f o r n i a  1957,  
C. S m i t h  5 4 5 2  ( S ) .
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Height of 
spinules |i Type 1 : 0  2 - 5: T  4 : îfc 5: V

Fig. 7. Height of spinules in re la t ion  to the 
size of  pollen grains and  (he p a t t e rn  of sexine 
in Cam panula. A change in the surface  p a t ­
tern a long with a decrease in  the he ight  of 
spinules is obvious. The types of surface  p a t ­
tern (see D u n b a r  1975 p. 76) a re  indicated 

by the symbols 1— 5.

0 .9

26 4622 30 34 42
Pollen s i z e  jj.

Lobclioidac

D ow ning ia  elegans ( D o u g l .) T o r r ., cult. 
Hort.  UPS. ex ' Hort.  Berg. & (GOET) 
(UPS).

G ram m atotheca bergiana  (C h a m .) P r e s l , 
South Africa 1972, K. B r e m e r  571 (UPS).

Iso tom a  an em o n ifo liu s  K n i g h t , Australia  
1944, M. C l e m e n s  s . n. (S).

Laurentia  carnosula  ( H o o k . & A r n .) G r a y , 
U .S .A .  1952, II. M a s o n  s. n. (S); U .S .A .,  
W yom ing  1963, C. L. & M. W. P o r t e r  9412 
(UPS). —  L. m ichelii A. DC., Spain  1960, 1). 
H u m m e i . det. C. A. T o r é n  (S). — L. petraea

(F. v. M.) W i m m ., cult. Hort.  UPS. ex Ade­
laide, Austra lia  (UPS).

Lobelia anceps  L. e i l . ,  Kenya 1970.  M. 
T h u l i n  3 02  (UPS). — L. dortm a n n a  L., Sw e­
den 1885,  C. R e u t e r m a n  s . u . (S-MB). —  L. 
zeglanica  L., Ceylon 1974, 11. & H. E. W a n n ­
t o r r  2857  (S-MB).

Palm erella  debilis G r a y  var. serrata  G r a y ,  
U.S.A., Senor Canyon, 1949.  11. P o l l a r d  s . u . 

(S).
P ratia angulata  H o o k , e i l ., N e w  Z e a l a n d  

1949,  C. S k o t t s b e r g  s . n .  (S ).
S ip h o ca m p ylu s b iserratus  (C a v .) A. DC., 

Pe ru  1940,  E . 'A s p l u n d  11286 (UPS).

I
---------------------------1-----------------------

1 a  —  7 c - 8 b  9 d  i 1 0 ,  4 d
I

1 0 ,  4 d  i 1 1 d

Campanuloidae Cyphioidae Lobelioidae

Fig. 8. Schematical,  hypo the t ica l  rep resen ta t ion  of re la tionsh ips  be tw een the subfam il ies  
of C ampanulaceae.  F o r  types of sexine pattern ,  indica ted  by n u m b ers  and  letters,  

see D u n b a r  (1975 pp. 76, 77).
B ot. N o tise r, vo l. 128, 1975



118 ANITA DUNBAR

Campanula am er ican a

ß G i th o p s i s  
\ s p e c u l a r i o i d e s«•J^Campanula c a r p a t i c a

W ahlenberg ia  k r e b s i i

Phyteuma ^  '{j 
sch eu ch z .

Campanula u n i f l o r a

Asyneum a^  can e s c e n s
Adenophora

Campanula p e r s i c i f o l i aLsmatocarpus
p e d u n c u la tu s

Symphyandra armena 

© •  W ahlenberg ia  d e n t i c u l a t a

R o e l l a  /  

&  Campanula s p e c io s a

C a n a r in a  em in i i

Codonopsis

lyananthus

• 'Goodeniaceae (Scaevo la  )

connec ts  ty p e  o f  r i d g e s
connec ts  t y p e  of  low r e l i e f  r e t i c u l u m
c o n n ec ts  ty p e  of  p r o t r u s i o n s

(W>) O s t r o v s k i a ^ \  
I m a g n i f ic a Campanumoea l a n c i f o l i a  

' ©  C a n a r in a  a b y s s i n i c a  

P la ty c o d o n  g r a n d i f lo ru m  y

c o n n ec ts  ty p e  of  p u n c ta  i n  tectum, 
l i n e  o f  e v o l u t i o n  from r i d g e s  to  f i n g e r -  
- l i k e  s t r u c t u r e s

Fig. 9. Sim ilarities betw een som e of the genera and species o f Cam panuloidae ( D u n b a r  
1975  Table 1), and a possible line of evolu tion  o f the sexine pattern. The pollen grains are 
represented schem atically, the porate above the colpate-colporate and the G— 12-porate 
above the 3— 4-porate ones. One pattern o f sexine ultrastructure between spinules/verrucae  
is dem onstrated at som e o f the m ain levels of apertural evolution , two patterns at each 
level. The fourth show s a relationship between Cam panulaceae (Campanuloidae) and

Goodeniaceae.

G oodeniaceae

Scaevola cerastifolia  S k o t t s b . ,  H a w a i i a n  
I s la n d s  1948, F .  F a g e r l i n d  s. n. (S ) .  —  S.  
koenigii  V a h l ,  C e y l o n  1974,  11. & H. E .  W a n n -  
t o r p  2850 (S-MB).

Sphenocleaceae

Sphenoclea zeylanica  Ga e r t n ., Madagascar 
1954, P. M o r a t  799 (P).

B ot. N o tise r, vol. 128, 1975



A System  o f Classification o f the A ngiosperm s to be 

Used to Dem onstrate the D istribution o f Characters

R o lf  Dahlgren

D a h l g r e n ,  R. 1975 07 08. A system of classification of the angiosperms to be 
used to demonstrate the distribution of characters. — Bot. Notiser 128:119— 147. 
Lund. ISSN 0006-8195.

A system of classification of the angiosperms is presented down to family 
level. The angiosperms are divided into 34 superorders, 27 in the dicotyledons 
and 7 in the monocotyledons. They are: Magnolianae, Rafflesianae, Ranunculanae, 
Nymphaeanae, Rutanae, Aralianae, Asteranae, Dillenianae, Thymelaeanae, 
Violanae, Celastranae, Solananae, Campanulanae, Hamamelidanae, Rosanae, 
Proteanae, Myrtanae, Saxifraganae, Balanophoranae, Plumbaginanae, Primulanae, 
Theanae, Cornanae, Gentiananae, Loasanae, Lamianae and Caryophyllanae — 
and Alismatanae, Lilianae, Typhanae, Zingiheranae, Commelinanae, Arecanae 
and Aranae.

Short diagnoses of the superorders and orders are given, and the families in 
each order are enumerated. The system deviates considerably from other current 
systems.

The system is presented graphically as a phylogenetic tree in transection, each 
order being represented by a branch; the thickness of this is roughly proportional 
to the number of species in the order. In determining the relative position of 
the orders in the system as many characters as possible have been used, the 
similarities having been weighed against dissimilarities.

In forthcoming articles the distribution of a number of presumably important 
characters will be placed in their respective positions in this system.

Rolf  Dahlgren, Botanical  M useum  of  the  Universi ty  of Copenhagen, Gothersgade  
130, DK-1123 Copenhagen, Denmark.

T h e  sys tem  p resen ted  h e re  is based  on 
the d is tr ib u t io n  w ith in  tlie fam il ies  an d  
h ig h e r  taxa  of the  an g io sp e rm s  of a co n ­
siderab le  n u m b e r  of ch a rac te rs :  chem ica l 
as well as em bryological,  an a tom ica l ,  cyto- 
logical,  pa lyno log ica l  a nd  in p a r t ic u la r  
gross m o rph o log ica l  cha rac te rs .

It h as  been devised p rogress ive ly  w i th ­
out u n d u e  conside ra t io n  be ing  p a id  in 
the  f i rs t  stages to an y  p a r t i c u l a r  of the 
p rev io us  systems, a n d  c o n s t ru c te d  so as 
to a c co u n t  fo r  t rend s  in va r ia t io n  be tw een  
m a in  groups . In  a n u m b e r  of cases the  
posi t ion  of a fam ily  m a y  co incide  w ith  
its posi t ion  in a n o th e r  sys tem ; in o the r  
cases th e re  is no ag reem en t  w ith  the p o ­

sition  in a n y  o th e r  system. Admittedly, 
w h e re  evidence  h as  been w eak  or about 
eq u a l  fo r  tw o or m ore  a lternatives,  p a r t i ­
c u la r  c o n s id e ra t io n  has  been pa id  to the 
p osi t ion  of the  g rou p  in cu r ren t  systems, 
fo r  in s tance  in those p roposed  by T h o r n e  

1968, T a k h t a j a n  1969, C r o n q u i s t  1968, 
M e l c h i o r  1964 a nd  H u t c h i n s o n  1973. 
R ecen t  conv inc ing  a rgum ents  p resen ted  in 
the l i te ra tu re  have been accepted  as fa r  
as possible. Needless to say, the classi­
f ica tion  p ro p o sed  here  is p re l im in a ry  in 
p a r t ic u l a r  as regards  small, l i t t le -know n 
fam ilies ,  b u t  it m ay  nevertheless serve 
its p u rp o se .

T h e  a im  in presen ting  th is sys tem is 
Bot. N otiser, vol. 128, 1975
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Fig. 1. The present angiosperm system pictured as the transection of an imaginary phylo­
genetic tree. Details of connections between branches should not be considered as having

great significance.

tw ofold . The p r im e  considera t ion  h as  been 
the g ra p h ic  rep resen ta t io n  of the angio- 
sp e rm s  in the fo rm  of a tw o-d im ens ion a l  
m o de l  or “m a p ” (Fig. 2), on  w hich  the 
d is tr ibu t ion  of selected cha rac te rs  can  be 
dem o n s tra te d  b y  shading. This  d ia g ram  
rep resen ts  an  im ag in a ry  phylogene tic  tree 
(Fig. I) in t ransec t ion .  —  Secondly, hav ing  
d em o n s tra ted  the occurrence  of a c o n ­
s iderab le  n u m b e r  of c h a rac te rs  the a im

is to  use the accu m u la ted  ev idence  to im ­
prove  an d  reco n s tru c t  the  sys tem . Certain 
deficiencies in this sys tem  will inev i tab ly  
p resen t  them selves as the  r e p e a te d  o c c u r ­
rence  of spots in the sam e p lace  on tlie 
“m a p s ” .

A m ong the  n u m ero u s  p ro b le m s  e n ­
coun te red ,  some are  co n n ec ted  w ith  the 
c ircu m sc r ip t io n  of families. W h e r e  h e te ro ­
geneity  in fo rm erly  b ro a d ly  c ircu m sc r ib ed

Bot. Notiser, vol. 128,1975
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families is great, such as in Saxifragaceae 
s. lat. and Liliaceae s. lat., I have preferred 
to split. To recognize smaller entities 
sometimes placed within these families 
as families themselves is a useful means 
of taking into account their m utua l d if­
ferences and the fact that some should 
possibly be placed at a distance from the 
others. In dividing up the two col­
lective families mentioned and the related 
families I have been influenced by two 
papers by H u b e r  (1963 and 1969), a l­
though I have not adhered in detail to 
the classification proposed in them. —  I 
have not found it possible to place in 
my system all the small and lit tle-known 
families recognized by A i r y  S h a w  (1973). 
Many of the observations by A i r y  S h a w  
have been taken into consideration, hut 
knowledge is often very incomplete. The 
status and position in the system of the 
small families, it is hoped, will eventually 
he made clearer in fu ture  m onographic 
studies.

The short descriptions given below are 
not meant to he exhaustive in any way, 
nor are they meant to he consistent by 
giving the same characters for  each group. 
The intention is merely to present some 
of the most characteristic features of each 
superorder and order. The data are com ­
piled with the help of a num ber  of text­
books and separate articles. Among the 
most important of the form er are M e t ­
c a l f e  & C h a l k  1950, E r d t m a n  1952, 
H e g n a u e r  1963— 1973, D a v i s  1966 and 
A i r y - S h a w  1973.

THE ANGIOSPERM SYSTEM DEPICTED  
AS THE TRANSECTION OF AN EVOLU­
TIONARY TREE

To present orders or families of angio- 
sperms as a two-dimensional model is no 
innovation. Where this has been done the 
relative position of the groups has been 
determined by the degree of m utua l simi­
larity. One disadvantage is tha t  Ihe reader, 
and sometimes even the constructor of the 
system, has been inclined to look upon

the system of groups of now living plants 
as an evolutionary tree, where some groups 
are regarded as descendants of others in 
the diagram. This applies in particu lar  
to H u t c h i n s o n  1969. Evidence for this 
type of evolutionary tree is usually sparse 
or lacking. The present Magnoliales in 
particular  is often regarded as an ancestral 
group, o ther  groups being frequently in­
dicated as shooting out of it like lateral 
buds.

The introduction here of a th ird  d i­
mension, time, in Fig. 1 is intended to 
prevent any such misinterpretation. It 
must he said that practically nothing is 
known about the course of evolution in 
the angiosperms, so that the tree must 
be presented in such a generalized form 
that no evolutionary details are shown. 
Even the two-dimensional representation 
of the angiosperms involves a trem endous 
num ber of problems.

Two principles are adhered to:

(1) The orders ore represented as imag­
inary transections of branches roughly  
proportional in size to the number of spe­
cies in the order, although the size of Ihe 
smallest groups has been sufficiently exag­
gerated to allow details to be clearly vis­
ible.

(2) The orders exhibiting the greatest 
degree of similarity are placed closest 
together. In the hypothetical ideal state 
the many similarities and differences when 
judged in conjunction would give some 
measure of the distance between the 
groups. F o r  practical reasons, however, 
a numerical estimation is not possible. 
Firstly, only a fraction of the possibly 
im portant characters are known in a suf­
ficient num ber  of plant groups (and very 
seldom in a sufficient num ber of species 
in each group), and only a certain n u m ­
ber of the characters can be presented in 
a diagram and used or evaluated in phy lo ­
genetic calculations. Secondly, not all cha­
racters are of equal phylogenetic value, a 
fact that should receive more consideration

Bot. Notiser, vol. 128, 1975
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in numerical taxonomy. And to what ex­
tent is it possible to give an adequate re­
lative measure or factor for each charac­
ter? One and the same difference may 
he of great taxonomic importance in one 
part of the system but of little significance 
in another. It is also a well-known fact, 
for example, tha t  conspicuous morpholo­
gical effects are sometimes caused by com­
paratively small genetic changes. Further,  
m any similarities are due to convergence 
(see D a h l g r e n  1970 and 1971).

In the course of evolution the different 
characters have probably  developed along 
entirely independent lines of evolution 
from a common primitive ancestor. Thus 
certain conservative (“ancient”, “prim i­
tive”) characters may have persisted in 
some descendants, others in other descen­
dants.

Is it then at all possible to construct 
a reasonably functionable two-dimensional 
d iagram for the orders and families of 
angiosperms?

The answer is presumably in the nega­
tive. To place groups in exactly those po­
sitions that reflect their affinities becomes 
increasingly difficult when consideration 
has to be taken to the num ber of species 
in each group. F o r  example, large “bub ­
bles” m ay prevent other, related groups 
from  meeting in the model, and small 
groups cannot be extended so as to ap ­
proach sufficiently close to other groups 
showing great similarity. In any system, 
it seems, some families or orders ap ­
parently  appropriately  placed at the same 
time show several perhaps phylogene- 
tically im portant similarities to one or 
more remotely placed group which in 
tu rn  appears to occupy an appropriate 
position.

It is imperative that botanists should 
persevere with the construction of systems 
of the type outlined above or of other 
types to survey the many groups of angio­
sperms. The need is pedagogic rather  than 
scientific.

After all, a two-dimensional model of­
fers greater scope for the expression of 
affinities than do linear sequences of fa­
milies and orders. Moreover, as the orders 
are illustrated as transections it is possible 
to extend these in any direction so as to 
meet demands of affinities between groups. 
The transections m ay be circular, linear 
or even slightly branched. The shape in 
these cases does not necessarily have any 
connections with the relationships of the 
families w ith in  the order, but aims at 
bringing the orders into a position that 
reflects their affinities.

Abbreviations used in text:
alt.: alternatively incl.: including
esp.: especially occas.: occasionally
excl.: excluding usu.: usually

DICOTYLEDONEAE

Magnolianae

Mainly woody; vascular elements vari­
able, primitive to advanced; leaves mostly 
alternate, usu. exstipulate; cells containing 
ethereal oils present in most families; 
flowers hypo- to epigynous; stamens often 
flat; microsporangia often below stamen 
apex; pollen grains binucleate, usually with 
1, 2 or no apertures, seldom 3-colpate; 
apocarpy  dominant; ovules mostly ana- 
tropous, usu. crassinucellate, hi- (seldom 
uni-)tegmic; integuments thick; endosperm 
usu. cellular ab initio; benzylisoquinoline 
alkaloids usu. present; ellagic acid lacking.

Magnuliales: woody; leaves usu. exstipu­
late; stomata often paracytic; vessels occas. 
absent; sieve tube plastids usu. with protein; 
nodes usu. 3- to multilacunar; flowers well- 
developed, acyclic or usu. spirocyclic, gener­
ally not with urceolate receptacle, often 
3-merous; microsporangia usu. below stamen 
apex; pollen grains usu. tectate and with 
one or no aperture; apocarpy dominant; 
carpels several to numerous; stigma often 
decurrent; endosperm formation usu. cellular; 
plants sometimes rich in tannins. — Winter- 
aceae, Degeneriaceae, Himantandraceae, 
Magnoliaceae, Annonaceae, Cannellaceac, 
Mgristicaceae, Eupomatiaceae.

Bot. N otiser, vol. 128, 1975
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Laurales: usu. woody; mainly exstipulate; 
stomata para- or anomocytic; nodes usu. 
unilacunar; perforations of vessels variable; 
sieve tube plastids usu. with starch (except 
in Calycanthaceae) ; flowers well developed; 
receptacle often urceolate; perianth often 3- 
merous; microsporangia usu. on stamen 
apex, often opening by 2—4 valves; pollen 
grains usu. tectate and inaperturate or occas. 
with 1 or 2 apertures; carpels one or several; 
ovules one or few per carpel, bitegmic; 
endosperm cellular or nuclear ab initio, 
seeds often without endosperm. — Monimi- 
aceae (incl. Siparunaceae and Atherosperma- 
taceae) , Trimeniaceae, Lauraceae, Idiosper- 
maceae, Austrobaileyaceae, Gomortegacene, 
Amborellaceae, Calycanthaceae, Hernandia- 
ceae, Lactoridaceae, Chloranthaceae, Gyro- 
carpaceae (position of the last three families 
not quite certain).

Aristolochiales: largely herbs, but also
woody, often climbers; medullary rays broad; 
stomata anomocytic; vessels with simple per­
forations; sieve tube plastids with protein; 
flowers cyclic, usu. epigynous; perianth 
double or usu. simple, in latter case syn- 
tepalous, usu. zygomorphous; stamens free 
or usu. united to a gynostemium; pollen 
grains tectate or occas. semitecta te, inaper­
turate or occas. with 1—many apertures; 
(apocarpy or) usu. syncarpy; ovules numer­
ous, bitegmic; endosperm formation cellular; 
fruit usu. capsular; seeds rich in fatty oils; 
cells with ethereal oils and benzylisoquinoline 
alkaloids (magnoflorin type) characteristic. 
— Aristolochiaceae.

Piperales: shrubs, climbers or mostly
herbs; leaves alternate, simple, entire, often 
carnose; stipules lacking or small and united 
with petiole; atactostele; vascular strands 
scattered or in 1—2 whorls; vessels usu. 
with simple perforations; flowers in spike 
or spadix, uni- or bisexual, naked; stamens 
1 or more; anthers opening by splits; pollen 
grains tectate, without or with one aperture; 
carpels 1—5; pistil often pseudomonomerous, 
syn or paracarpous, usu. with one basal or 
subbasal, uni- or bitegmic ovule; embryo sac 
usu. tetrasporic; endosperm cellular or n u ­
clear ab initio; seeds with richly developed 
perisperm containing starch; ethereal oils in 
all parts; tannins lacking. — Saururaceae, 
Piperaceae (incl. Peperomiaceae).

Illiciales: woody, often lianes; leaves a lter­
nate (to whorled), exstipulate; stomata 
anomocytic; hairs lacking; vessels with sca- 
lariform perforations; sieve tube plastids 
with starch; idioblasts with ethereal oils in 
all parts; flowers acyclic or spirocyclic, uni­

or bisexual; perianth not clearly differenti­
ated into sepals and petals; stamens 4 to 
numerous, often broad, occas. fused lo a ± 
globose synandrium; pollen grains semitectate 
and 3- or 6-colpate, often syncolpate; carpels 
5 lo numerous, free, each with 1—5 ovules; 
endosperm cellular ah initio; carpels either 
forming separate fruits or a collective fruit; 
seeds rich in endosperm, with oil; plants 
poor in tannins. — Illiciaceae, Schisandra- 
ceae.

Rafflesianac

Carnose, ch lo ro ph y lle ss  p a ras ite s  in ­
vad ing  hosts  w i th  cell row s o r  cork-c lad  
cell m asses ;  scale-like leaves usu. p resen t;  
v a scu la r  sys tem  often  lacking; a ta c to ­
stele in H y dn o racea e ,  vessels here  with 
sim ple  p e rfo ra t io n s ;  s to m ata  a b n o rm a l ;  
flow ers  bi- o r  un isexu a l;  f lo r ife rous  shoots  
d i f fe ren t ia ted  end ogenous ly ;  p e r ia n th  s im ­
ple; s y n a n d r iu m  or r ing-like and ro ee ium  
on in n e r  side of tepals ; pollen gra ins  in- 
ap e r tu ra te  o r  w ith  2— 3 ap e r tu res ,  binuc- 
leate; fem ale  f lowers  ep igynous ; ca rpe ls  
3— 8; usu. p a ra c a r p y ;  p lacen ta t io n  p a r i ­
etal; ovules n u m e ro u s ,  tenu inucella te ,  h i­
or  un itegm ic ; e n d o sp e rm  fo rm ation  ce llu ­
lar  o r  n u c lea r ;  em b ry o  little d if fe ren t ia ted ; 
p lan ts  tann in ife rous .

Rafflesialcs: Rafflesiaceae, Hydnoraceae.

R an iin cu lu nuc

H erb aceo us  o r  w oody; a tac toste le  c o m ­
m on in h e rb s ;  vessels w ith  s im ple p e r fo ­
ra t ion s ;  leaves usu. exs t ipu la te ;  s tom ata  
usu. an o m o cy t ic ;  f low ers  hy p o g y n o u s ;  
p e r ia n th  usu . 5-, 3- o r  2 -m erous, honey-  
leaves co m m o n ;  s tam ens usu . nu m erou s ,  
in a sp iral,  developing cen tr ipe ta l ly ;  po llen  
g ra ins  usu . 3-colpate, b inuc lea te ;  a p o c a rp y  
to p a ra c a r p y ;  ca rpe ls  n u m e ro u s  to one; 
ovules  uni- o r  bitegmic; usu . crassinucel-  
late o r  pseu d ocrass in uce l la te ;  en d o sp e rm  
fo rm a t io n  usu. nuc lea r ;  no  p e r i sp e rm  hut 
e n d o sp e rm  usu. p resen t;  cells w ith  e therea l 
oils lack ing ; b enzy lisoqu ino line  a lka lo ids  
usu. p re sen t;  tan n in s  an d  m a n y  poly- 
phenolics,  such  as e llagic acid lacking.
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N cluinbonalcs: aq u a t ic  he rbs ;  rh izom e
with la t ie iferous ducts ; leaves long-petiolate,  
pe lta te ;  atactoste le ;  vessels with  sca la r ifo rm  
p e rfo ra t io n s  p resen t  in rhizome; f low ers  la r ­
ge; tepals  in spiral;  s tam ens num erous ,  l inear;  
m ic ro sp o ra n g ia  below stam en apex; pollen 
g ra ins  3-colpate; receptacle obconical ,  on 
up p e r  side with  m onocarpe l la te  cavities; 
each carpe l  with  1 subapical,  bitegmic, c ra s ­
s inucellate  ovule; endospe rm  cellu lar  a b  ini­
tio; nu tle ts  one-seeded; endo- a n d  pe r isperm  
lacking in seed; benzylisoquinoline  bases 
reco rd ed  in the group. — N elum bonaceae.

Itanunciilales: woody  or often he rb aceo u s ;  
leaf base of ten  dila ted; a tactoste le  with 
sca t te red  vascu lar  s t rands  com m on in herbs; 
s to m a ta  usu. anom ocytic ;  f lowers act inom or-  
ph o u s  to m edian-zygom orphous ,  hemicyclic  
to cyclic; p e r ian th  in one to several whorls,  
o f ten  3- or 5-merous; petaloid s tam inodes  
with basa l  nectary  often present;  s tam ens 
o f ten  m any ,  sometimes in w horls  of 3; a n ­
thers opening  by splits or  valves; a p o ca rp y  
d o m in an t ,  som etim es syncarpy  occas.  co m ­
bined with p se u d o m o n o m e ry ; carpe ls  1 to nu ­
m erous;  ovules usu. crassi-  or p seudocrass inu -  
cellate,  uni- or  bitegmic; e n d o sp e rm  usu. 
nuc lear  (seldom cellular) ab init io; seeds 
rich in endosperm ; benzylisoquinoline  a lk a ­
loids of ra th e r  advanced  types com m on;  
cyanogen ic  co m pounds  occasional. —  Lardi- 
zabalaceae, M enisperm aceae, S a rgen todoxa-  
ceae, K ingdoniaceae, B anunculaceae, Cir- 
caeasteraceae, H ydrastidaceae, Glaucidia- 
ceae, P odophyllaceae, N andinaceae, B erberi- 
dacecie (incl. Leon ticnceae).

Papaverales: usu. h e rbaceous ;  a tactos te le  
with  one w horl  of vascu la r  s t rands  co m m o n ;  
latieiferous sacs or  ducts presen t;  f lowers 
3- o r  usu. 2-merous, tri-, hi- o r  t ransversa l ly  
m onosym m etr ic ,  in de te rm ina te  o r  in d e te r ­
m ina te  inflorescences; sepals 3 o r  2, o f ten  
c aducous ;  peta ls 2 +  2 o r  3 +  3; s tam en s  n u ­
m erous  o r  2 +  2, or  derived in n u m b e r  f rom  
2 +  2; an th e rs  opening by splits; gynoecium  
p araca rp o u s .  of 2 to n um erous  carpels ;  p la ­
cen tas  par ie ta l ;  s t igmas car inal  or  (and) 
com m issura l ;  ovules crassinucellate ,  bitegmic; 
e n d o sp e rm  nuclear  ab  initio; seeds with  e n d o ­
sperm  rich in oil; w ith  advanced  types of 
benzylisoquinoline  a lkaloids. —  P apavera- 
ceae, H ypecoaceae, F um ariaceae.

N y m p h a e a n a e

A quatic  herbs ;  atac tostele ; vessels l a c k ­
ing; leaves entire  to dissected; in t ra -  
vag inal or la te ra l  s t ipules occas. p resen t;  
f low ers  spirocyclic, hypo- o r  ep igynous ;

p e r ian th  often 5- o r 3 -m erou s ;  s tam ens  6 
to n um ero us ,  developing cen tr ipe ta lly ,  usu. 
flat; thecae often  lateral , be low  stam en 
apex; pollen gra ins  teclate, w ith  one a p e r ­
ture, b inuclea te ;  a p o c a rp y  to (pseudo-) 
synca rp y ;  gynoecium  o ften  enclosed  by r e ­
ceptacle; st igmas often  d e c u r r e n t ;  p lace n ­
tation lam ina i ;  ovules b itegm ic  (except in 
C era tophyllaceae) ,  c ras s inuce l la te ;  en d o ­
spe rm  fo rm ation  cellu lar ,  lie lobial or o c ­
cas. n u c lea r ;  seeds w ith  endo- an d  p e r i ­
sperm  and  w ith  small em b ry o ;  tann in s  
(and gallic acid, som etim es  also  ellagic 
acid) p resen t;  b enzy lisoqu ino line  a lk a ­
loids lacking.

Nym phaeales: C abom baceae, N ym phaea-  
ceae (incl. E u rya laceae), B arclayaceae, Cerato­
phyllaceae.

R u tan ae

W o o d y  o r  herbaceo us ;  leaves c o m p o u n d  
or simple, genera l ly  exs t ipu la te ;  vessels 
usu. w ith  simple p e r fo ra t io n s ;  w ood, b a rk  
and leaves often  w ith  resins o r  e thereal 
oils in cavities, ducts  o r  g lands ;  f lowers  
hy po gy no us  an d  often  5 -m erous;  choripe- 
taly o r  apeta ly ;  o b d ip lo s tem on y  com m on, 
also diplo- o r  h a p lo s te m o n y ; pollen  grains 
mostly  b inuclea te  (except, e. g. in m any  
Geraniales and  som e Rutales) ; in tra -  or 
ex tra s ta m in a l  disc often p re sen t ;  carpels  
usu. 2— 5; ap o ca rp y  to s y n c a rp y ;  ovules 
usu. an a tro p o u s ,  b itegm ic (except in Jug- 
landales  an d  Myricales in p a r t ic u la r ) ,  and  
crassinucel la te  (except in B alsam inales  
and  m an y  G erania les); en d o sp e rm  fo r m a ­
tion usu. n uc lea r  (in som e g ro u p s  in te r ­
m edia te) ;  tan n in s  usu. rich; b enzy liso ­
quino line  alkalo ids only  in som e R utaceae ; 
saponins  com m on in m an y  families.

Kutalcs: woody, leaves usu. a l te rn a te ,
exstipulate;  ba rk  an d  leaves of ten  with  secre­
tory cells, ducts , o r  cavities w ith  resin  and 
e thereal oils; f lowers hypogynous ,  act inom or-  
phous,  usu. with  5 sepals an d  5 pe ta ls ;  an- 
droecium haplo- or  usu. obd ip los tem onous;  
f i laments  free or united to a tube; a n n u la r  
in tras tam inal  disc typical;  carpe ls  usu. 2— 5;
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apo- o r  eusyncarpy;  each carpel usu. with
1— 2 epitropous (occas. a tropous  o r  campylo- 
t ropous),  usu. bitegmic ovules; seeds with or 
w ithout  endosperm ; tr i terpenoids an d  sapo- 
n ins with pentacyclic  terpene acids comm on; 
condensed tann ins  and  o th e r  phenolics often 
very rich; ellagic acid ra re ;  tendency  to accu­
m ulate  silicic acid; a lkalo ids com m on; ben- 
zylisoquinoline a lkalo ids in some genera  of 
Rutaceae. — R utaceae  (incl. F lindersiaceae ) , 
Cneoraceae, Surianaceae, Simciroubaceae, 
K irkiaceae, Burserciceae, M eliaceae.

P olygalales: m ain ly  woody; leaves usu. 
simple, opposite  o r  a lternate,  often stipulate 
(always in Malpighiaceae) ; secretory  cells 
an d  lysigenous secretion cavities or  ducts 
com m on; inflorescence usu. a raceme; f lo­
wers usu. zygom orphous ;  sepals basally  
nectariferous;  petals usu. 5 or  3, free or  oc­
cas. fused with fi lam ents;  s tamens 1— 5 or 
6— 12, in Malpighiaceae usu. 5 +  5 (obdiploste- 
mony) ; f i lam ents  often connate;  an the rs  
sometimes with pores; pollen gra ins usu. bi- 
nucleate, occas. t r inueleate ;  eusyncarpy ;  ca r ­
pels (1— )2— 3, usu. with one ovule; embryo 
sac mono- or te trasporic ;  seeds usu. with 
endosperm ; sapon ins  with tr iterpene sapo- 
genins characteris tic;  condensed tann ins  and 
quebrachito l  and  polygalitol f requent;  galli- 
a n d  ellagi-tannins lacking. —  M alpighiaceae, 
Trigoniaceae, V ochysiaceae, X a n th o pyllaceae, 
Polygalaceae, K m m eriaceae , Em blingiaceae  
(position u n c e r ta in ) .

Sapindales: usu. woody; s t ipules p resen t  
or  absent;  mucilage cells a n d  ducts or  cells 
with balsam  (mono- and  tr i te rpenes) , sapo­
nins o r  tann ins  com m on; f lowers usu. ± 
zygom orphous;  sepals usu. 5, peta ls 5, often 
c lawed; haplo- o r  often dip los tem ony; s ta ­
m ens free, some often  reduced; carpels usu.
2— 3, free or usu. ±  fused (eusyncarpy);  
ovules apo tropous  (cf. Rutales),  usu. biteg­
mic; seeds occas.  aril late;  endosperm  usu. 
lacking and  em bryo  large, rich in oils, 
p ro te in  or s ta rch ;  condensed  tann ins  usu. 
rich; occas. o rd in a ry  (e. g. ellagi-) tannins;  
tr iterpene sapon ins  com m on, also quebrach i­
tol a n d  polygalitol.  —  Coriariaceae, Anaccir- 
diciceae (incl. P istnciaceae) , Podoaceae, Ju- 
lianaceae, Akaniaceae, Uapucaceae  (position 
uncer ta in ) ,  Sapindaceae, A itoniaceae, Acera- 
ceae, H ippocastanaeeae, Sabiaceae  (position 
uncer ta in ) ,  M eliosm aceae, Koeberliniaceae.

Juglandales: woody; usu. trees; leaves
com pound,  digitate  or  im parip innate ,  usu. 
exstipulate , with g lands conta in ing e thereal  
oils a n d  resin; s tom ata  anomocytic ;  vessels 
with  scalariform  o r  usu. simple pe rfora t ions ;  
h a rk  r ich  in tann ins ;  flowers usu. unisexual,

in panicles,  co m p o u n d  spikes,  or catkins; 
b rac ts  a n d  b racteo les  occas. enlarging;  pe ­
r ian th  simple; m ale  f low ers  with  1— 5 tepals 
and  a va r iab le  n u m b e r  of s tamens; pollen 
grains usu. po ra te ;  fem ale  flowers epigynous, 
with 4 o r  less, small  o r  obsolete  per ian th  
lobes; pistil b icarpellate ,  unilocular;  o ules 
1(— 2), basal,  a tropous ,  unitegmic, ras- 
sinucellate, cha lazogam ous ;  d rupe  o r  nut;  
seed w i th o u t  endosperm ; embryo  large, oil- 
rich; p lan ts  rich in po lyphenolics  (incl v a ­
rious tann ins ,  m vricet in  and  ellagic acid); 
n ap h th o q u in o n e s  typical;  c itrullin found  in 
Jug landaceae .  — R hoipte leaceae, Juglanda- 
ceae.

M yricales: woody; sh ru b s  or trees;  leaves 
simple, entire  to lobate,  exstipulate, usu. 
with pelta te  glands a n d  enlarged epidermis 
cells w ith  e therea l  oils; vessels usu. with 
sca la r ifo rm  (to simple) pe rfo ra t ions ;  flowers 
unisexual,  naked ,  in spikes, with b ra c t  and 
bracteoles, m ale  with 4— 8 stamens;  pollen 
grains 3-porate ;  pistil b icarpellate ,  unilocular,  
with one basal,  a tropous ,  unitegmic ovule; 
fru i t  usu. a d rupe ;  seed w ithou t  endosperm, 
with oil-rich em bryo; chem is try  m ain ly  as 
in Jug landales ,  in which  Myricales could 
well be included. —  Myricctceae.

L eitneriales: woody; leaves a l te rna te ,
simple, exst ipula te ;  h a ir s  simple or g landular;  
secretory  ducts  with  resinous contents  at 
m arg in  of p i th  and in leaf midveins;  vessels 
small,  w ith  simple p e rfo ra t ions ;  flowers u n i ­
sexual, dioecious, in erect spikes, solitary 
in axil of b ract ;  male  naked ,  with 3— 12 s ta ­
mens; pollen  grains 3— 6-colporate;  female 
hypogynous,  w ith  one w hor l  of small,  u n ­
equal p e r ian th  scales; pistil  m onom erous;  
stigma decurren t;  ovule solitary, lateral ,  
bitegmic; d rupe ;  seed with th in  endosperm  
and  large, s tra igh t  em bryo;  b a rk  rich in 
tannins.  — Leitneriaceae.

Géraniales: m ostly h e rb s ;  leaves opposite  
or  a l te rna te ,  simple o r  com p o u n d ;  e thereal 
oils occas.  in glands, occas.  in wood  of trees 
and sh rubs ;  f lowers usu. a c t inom orphous ,  
bisexual;  disc usu. absen t;  obdip los tem ony 
with one w horl  often s tam inodial ,  or  haplo- 
s temony; he terosty ly  co m m on;  pollen grains 
usu. colpate  (to co lpora te ) ,  occas. pora te ,  
hinucleate o r  often tr inueleate ;  pistil eusyn- 
carpous,  of ten  with 3— 5 stylodia; ovules 
bitegmic, crassi- to tenuinucella te;  endosperm  
fo rm at io n  nuc lear  or  occas.  in te rm ediate ;  
fruit variable ,  often a schizocarp; seeds 
with oil o r  p ro te in  (in Oxalidaceae also 
starch) ; polyphenolics  co m m o n  (occas. ellagic 
acid) ; p lan ts  rich in oxalates,  som etim es 
also in sapon ins  and  a lkaloids,  t ro p an e  deri-
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vatives in Erythroxylaceae. — Zygophylla- 
ceae (should probably be further divided), 
Nitrariaceae, Peganaceae, Balanitacecie, Anci- 
strocladaceae, Erythroxylaceae, Dirachma- 
ceae (position uncertain), Geraniaceae, 
Ledocar paceae, Vivianiaceae, Biebersteinia- 
ceae (alt.: in Rosales), Ixonanthaceae, Humi- 
riaceae, Hugoniaceae, Linaceae, Lepidobo- 
tryaceae, Averrhoaceae, Oxalidaceae, Hyp- 
seocharitaceae.

Balsaminales: mainly herbs, often with
semitransparent stem without sclerenchyma; 
leaves simple, alternate, opposite or in 
whorls; exstipulate; flowers in racemes, zy- 
gomorphous, bisexual; of sepals at least the 
two foremost often reduced, the back, median 
sepal helmet-like and often spurred; petals 
unequal, the lateral on each side often 
fused; stamens 5, filaments free, but anthers 
connate to a corona-like structure around 
the stigma; pollen shed apically; pollen grains 
3—4-colpate; disc lacking; pistil eusyncar- 
pous, 5-carpellary; ovules hi- (to almost uni-) 
tegmic, tenuinucellate; embryo sac mono- or 
bisporic; endosperm helobial (intermediate) 
ab initio; fruit a carnose explosion capsule; 
seeds with oil and protein, seed oil with 
glycerides of acetic acid and parinaric acid; 
calcium oxalate raphides common; naphtho­
quinone derivatives typical; leucoanthocya- 
nins and other polyphenolics common. — 
Balsaminaceae.

A ralianae

W o od y  or herbaceo us ;  leaves usu. a l ­
te rna te ;  vegetative p a r ts  a n d  usu. also 
f ru i t  w ith  scliizogenous duc ts  w ith  m u c i ­
lage, resin an d  e therea l  oils; f low ers  usu. 
a c t in om orph ou s ,  (4— )5 -m e ro u s ;  s tam en s  
usu. 5, a l te rna t ing  with pe ta ls ;  pollen 
gra ins  usu. 3-colporate ,  free, tr in uc lea te ;  
pistil 2— 5-carpella te ; ovules unitegm ic , 
crassinucella te ,  p seudo-crass inuce l la te  o r 
usu. tenu inucella te ;  e n d o sp e rm  n u c lea r  ab 
initio; seeds w ith  m u c h  e n d o sp e rm  c o n ­
ta in ing oil (rich in p e trose lin ic  acid) and  
p ro te in ;  em b ry o  sm all;  e th e rea l  oils, 
resins, gums, t r i te rpen e  sapon ins ,  furo- 
and  p y ran o -co u m arins,  caffe ic  acid d e r i ­
vatives and  po lyace ty lenes p re sen t;  t a n ­
nins, leucoan th ocy an in s  a n d  ellagic acid 
as well as ir idoids lacking.

Araliales: woody or herbaceous, leaves 
simple, entire, deeply and often repeatedly 
dissected or compound; leaf base usu. wide­

ned into a sheath; vessels with scalariform 
or usu. simple perforations; herbaceous 
stems often hollow; inflorescences usu. com­
pound umbels (of apparently dichasial ori­
gin); flowers epigynous; calyx teeth usu. 
small; petals free, usu. white, yellow or rose; 
stamens free on an epigynous disc (stylopo- 
dium) ; stylodia usu. separate; pistil 5—2- 
carpellate, eusyncarpous; each locule with 
one pendulous, crassi-, pseudocrassi- or te­
nuinucellate ovule; drupe, berry or usu. 
schizocarp with 2 nut-like mericarps. — 
Araliaceae, Torricelliaceae (alt.: in Cornales), 
Apiaceae.

Pittosporales: woody; shrubs or lianes; 
leaves opposite or whorled, simple, entire, 
evergreen, exstipulate; vessels with simple 
perforations; stomata paracytic; flowers 
hypogynous, usu. bisexual and sympetalous; 
anthers dehiscing by spits or pores; pistil 
2(—5)-carpellate, usu. paracarpous, unilo­
cular, with 2(—5) parietal placentas; ovules 
numerous, anatropous, tenuinucellate; cap­
sule, berry or dry fruit; chemistry very simi­
lar to that in Araliales; saponins and couma- 
rins present. — Pittosporaceae.

Asteranae

W o od y  or h e rb aceou s ;  leaves a lte rna te  
o r  opposite ,  exs t ipu la te ;  la t ic iferous and 
res in iferous canals, sec re to ry  canals  and  
cavities, g lan d u la r  ha irs ,  etc. o f ten  p re ­
sent; s tom ata  usu. an om ocy t ic ;  vessels 
usu. w ith  s im ple (occas. sca lar ifo rm ) p e r ­
fora tions ;  f low ers  in heads  w ith  green  to 
scarious in vo lucra l  b rac ts  and  usu. flat 
to conical recep tac le ;  f lowers epigynous, 
ac t in o m o rp h o u s  o r  zy g o m o rp ho us ;  the 
la t te r  often  p e r ip h e ra l  (“ray - f lo re ts” ) ; 
calyx teeth usu. rep laced  by p app us ;  
sym peta ly ;  petals  tu b u la r  or 3 or 5 ior- 
ming tongue  o r  1 o r  2 lips; an th e r s  in- 
trorse , conna te  lo a tub e ;  pollen gra ins  usu. 
p o ra te  o r  (3-)co lpora te ,  tr inuc lea te ;  c a r ­
pels (and s ty la r  lobes) 2; locule one; 
ovule solitary, basal , erect, ana tropous ,  
unitegmic, ten u inuce lla te ;  en do sp e rm  n u ­
clear o r ce llu lar  ah  initio, w i th o u t  hau- 
storia; f ru i t  an  achene ;  seed w ithout 
end ospe rm ; e m bry o  s tra igh t ,  r ich  in fa tty  
oils; su b te r ra n ean  p a r t s  of pe renn ia ls  usu. 
w ith  inulin ; po lvace ty lenes , tr i te rpenes  
and  flavones usu. p resen t;  py rro liz id ine  
alkalo ids an d  o th e r  a lka lo ids  in some 
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g enera ;  tann ins,  ellagic acid a n d  ir idoids 
lacking.

Asterales: Asteraceae.

D iilen ianae

W o o d y  or h e rb aceo u s ;  leaves usu. s im ­
ple, s t ipu la te  o r  exs t ipu la te ;  stellate and 
pe lta te  hairs  as well as m ucilage  cells 
c o m m o n ;  f low ers  a c t in o m o rp h o u s  (or 
s t rong ly  reduced) ,  hi- o r  un isexua l,  hemi- 
cyclic or cyclic, hy po g y n o u s ,  w h en  well 
developed usu. 5 -m erous  in calyx and 
coro l la ;  chor ipe ta ly ;  s tam en s  o ften  (?pri- 
m ar ily )  in 2 w horls ,  o u te r  o f ten  reduced  
bu t in n e r  often a t ta in in g  to h igh n u m b er ;  
s tam ens  w h en  n u m e r o u s  w ith  cen tr ifugal 
deve lopm ent;  f i lam en ts  o f ten  fused  into 
fascicles or to a tube  o r  c o lu m n ; pollen 
g ra ins  b inuclea te  o r  (in p a r t  of E u p h o r-  
biales and  in U lm us)  t r in u c lea te ;  carpels  
1 to nu m erou s ,  free o r  un ited , som etim es 
secondar ily  n u m e ro u s ;  p lace n ta t ion  usu. 
c en tra l  in S yncarpous  gynoecia ;  ovules 
b itegm ic  an d  c rass in uce l la te ;  o b tu ra to r  
c o m m o n ;  en d o sp e rm  n u c le a r  ab  initio, 
in seed often  rich  in oil a n d  p ro te in  
(occas. s ta rch ) ;  a m o n g  po ly ph eno l ic s  ta n ­
nins and  m yrice t in  r ich ly  presen t,  leuco- 
de lp h in id in  o ften  presen t,  ellagic ac id  usu. 
lack ing ; g lucosinola tes  la rge ly  lacking.

Dilleniales: mostly woody, leaves usu.
evergreen, simple to lobate or compound, 
exstipulate; vessels with scalariform per­
forations; sclereid idioblasts common; flowers 
henucyclic; bracteoles often several; sepals 
3—5; petals 2—5, brightly coloured; stamens 
usu. numerous, sometimes developing centri- 
l'ugally, often dilated apically (spatludate) ; 
pollen grains 3-eolpate or 3-colporate; apo- 
carpy predominant; carpels 1—numerous, 
each with 1 to numerous ovules; follicles, usu. 
with arillale seeds; these rich in amyloid or 
oils; polyphenolics such as leucodelphinidin, 
leucoanthocyanin and myricetin known in 
Dilleniaceae; quercetin and kaempferol in 
Paeoniaceae. — Paeoniaceae, Dilleniaceae 
(possibly not so closely related).

Cistales: shrubs and herbs; leaves usu. 
opposite, entire, often stipulate; vessels small, 
with simple perforations; trichomes often 
stellate or peltate; in Cistus glandular hairs 
with balsam and aethereal oils; flowers well 
developed; sepals 5—3; petals usu. 5, thin,

brightly coloured; stamens on hypogynous 
disc, numerous, developing centrifugally, 
pollen grains 3-colporate; pistil paracarpous; 
carpels usu. 3—5; style simple, sometimes 
obsolete; placentation parietal; fruit capsular; 
endosperm rich in starch; caffeic acid absent; 
polyphenolics such as myricetin and leuco­
delphinidin common. — Cistaceae, Bixaceae 
(approaches Cochlospermaceae in Malvales).

Malvales: woody or herbaceous; leaves
simple or digitate, usu. stipulate; cells, sacs 
or ducts with mucilage common; vessels with 
simple perforations; flowers usu. large, 
showy, usu. 5-merous and bisexual; petals 
free, often contorted in bud; stamens prin­
cipally in 2 whorls, outer often reduced, 
inner multiplied, often forming a column; 
pollen grains 3-colpate to polyporate; carpels 
2 to numerous; free stylodial branches or a 
single style; syncarpy or (probably secon­
darily) apocarpy; placentation in syncarpous 
pistils usu. central; fruit variable, often a 
capsule or schizocarp; seeds with variable 
amount of (sometimes no) endosperm; endo­
sperm with oil, protein and sometimes starch; 
glycerides with cyclopropene fatty acids fre­
quent; ellagic acid and myricetin only occas. 
present; balsam with tri-, mono- and ses­
quiterpenes csp. in Dipterocarpaceae. — 
Sphaerosepalaceae (all.: in Thymelaeales)
Cochlospermaceae, Elaeocarpaceae, Sterculia- 
ceae, Huaceae (position uncertain), Tiliaceae, 
Dipterocarpaceae, Bombacaceae, Malvaceae, 
Neuradaceae (alt. in Geraniales or Rosales).

Urticales: woody or herbaceous; leaves
entire to digitate, usu. stipulate; leaf lamina 
often with oblique base; hairs of stellate, 
glandular, stiff and other types; cystoliths 
common; cells with tanniniferous or mucilage 
contents typical; laliciferous cavities or ducts 
in Moraceae; vessels with simple perforations; 
inflorescence often carnose and head-, plate- 
or urn-shaped; flowers simple, reduced, usu. 
unisexual; tepals 5, 4 or 2 +  2, inconspicuous; 
stamens few, usu. opposite tepals; pollen 
grains porate; pistil usu. bicarpellate, some­
times pseudomonomerous; with 2 or 1 stig­
mas; only one locule fertile; ovule solitary; 
chalazogamy predominant; nut or drupe, 
occas. capsule; alkaloids common; tannins 
and polyphenolics rare or absent; latex with 
resin, wax, rubber etc. in Moraceae. — Ulma- 
ceae, Hymenocardiaceae, Moraceae, Canna- 
baceae, Urticaceae.

Kuphorbiales: woody or herbaceous, some 
stem-succulents; leaves alternate or opposite, 
usu. simple and stipulate; lamina often with 
oblique base; trichomes stellate, peltate, glan­
dular, stinging, etc.; mucilage cells often pre­
sent; tannin and latex vessels usu. present;
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flowers often in pseudanthia (e.g. cyathia), 
unisexual, vvilli double or simple perianth 
or none; stamens numerous to 1; pollen 
grains variable, hi- or trinucleate; pistil 
eusyncarpus, 3-carpellate, each carpel with 
few or usu. one ovule; obturator usu. present; 
fruit usu. a schizocarp with 3 cocci; seeds 
with endosperm rich in oil or occas. starch; 
latex with various tannins, rubber, ethereal 
oils, etc. usu. present; cyanogenic glycosides 
common; also alkaloids of various kinds, 
benzylisoquinoline alkaloids in Croton-, glu- 
cosinolates in Drypetes, which is perhaps 
wrongly placed in Euphorbiaceae ( E t t l i n g e r ,  
priv. comm.). — Euphorbiaceae (should prob­
ably be divided into several families), Panda- 
ceae, Aextoxicaceae (position of last two fam­
ilies uncertain), Picrodendraceae (alt.: in
Sapindales).

Thym elaeanae

Mostly w oody ; leaves entire ,  a l te rn a te  
o r opposi te ,  exs tipulate; s tem  w ith  tough 
pericycle  fib res;  in te rna l  p h lo e m  usu. p re ­
sent; vessels w ith  simple pe rfo ra t io n s ;  
m ucilage  cells c om m on; s to m a ta  anom o- 
cy tic ; f low ers  usu. a c t in o m o rp h o u s ,  4 
(— 5)-m erous ,  hypogynous ,  hi- o r  u n i ­
sexual, usu. with h y p a n th iu m ;  petals  oc­
cas. p resen t  or petal- o r  scale-like s t ru c ­
tu res  o r  tu f ts  of ha irs  often  in th ro a t  of 
h y p a n th iu m ;  s tam ens  in 2 o r  1 w horls ;  
pollen g ra ins  3-colporate  to p o lypora te ,  t r i ­
o r  in D ichape ta laceae  b inuc lea te ;  pistil 
simple, usu. m on om ero us  o r  p seudom ono-  
m erou s  b u t  som etimes 2— 12-carpellate; 
o va ry  usu . un ilocu lar ,  with one pendulous ,  
ep i t ropous ,  hitegmic, c rass inuce l la te  or 
(in D ichapeta laceae) tenu inuce lla te  ovule; 
o b tu r a to r  usu. present; endosperm  n u c lea r  
ab initio; f ru i t  usu. a nu t  o r d ru p e ;  seed 
w ith  little o r no  en d o sp e rm ; em bryo  
s tra ig h t ;  toxic substances and  co u m ar in  
deriva tives (d aphn in  etc.) c o m m o n  in 
T hym elaeaceae ;  organ ic  f luo rid  co m ­
po un ds  in D ichapeta laceae; f lavonoids 
co m m o n ;  tann in s  no t accum u la ted ;  leuco- 
an th o c y a n in s  found  bu t ellagic acid lack ­
ing.

Thymelaeales : Dichapetalaceae, Thym elaea­
ceae (tlie two families doubtfully related; 
Dichapetalaceae perhaps closer to E uphor­
bia ceae) .
9

Violanae

W o o d y  o r  h e rb aceou s ;  vessels usu. w ith  
s im ple  p e r fo ra t io n s ;  tr ic h o m es  often stel­
late; f low ers  a c t in o m o rp h o u s ,  b isym m etr ic  
o r  zy g o m o rp h o u s ,  h y p o -  or ep igynous; 
p e r ia n th  double,  5-, 4- o r  2 -m erous or 
ab sen t ;  a n d ro g y n o p h o re  o r  g ynophore  
c o m m o n ;  an d ro e c iu m  hap lo -  or diplo- 
s tem o no us ,  o r  w ith  n u m e ro u s  s tam ens 
usu. develop ing  cen tr ifuga lly ;  pollen  grains 
b in uc lea te  o r  (in B rass icaceae  and  F ran -  
ken iaceae)  t r in uc lea te ;  gynoecium  usu. 
p a r a c a r p o u s ;  ca rpe ls  usu . 3 or 2; p lacen tas  
usu. pa r ie ta l ;  ovules usu . n um erous ,  ana- 
t ro p o u s  o r  c am p y lo tro p o u s ,  usu. bitegmic 
(except, e. g., in m os t of Salicales) and  
c rass inu ce l la te  (except in several families 
in C appara les)  ; e n d o sp e rm  nuc lea r  ab 
in itio; ta n n in s  an d  v a r iou s  polyphenolics  
ra re  (except in Salicales an d  T am arica les )  ; 
cyanogen ic  co m p o u n d s  often  presen t;  
g lucos ino la tes  typ ica l  of C apparales .

Violales: woody or herbaceous, often clim­
bers; leaves simple or often digitate, usu. 
stipulate; laticiferous ducts and internal 
phloem sometimes present; flowers actino­
morphous or sometimes zygomorphous, usu. 
5-merous, hypo- or epigynous; corona struc­
tures and androgynophore often present; 
pollen grains usu. 3-colporate; paracarpy 
dominant; carpels usu. 3; ovules anatropous; 
seeds usu. with straight embryo; endosperm 
usu. well-developed; cyanogenic compounds 
accumulated in several families; tannins and 
many polyphenolic compounds sparse to 
absent (but ellagic acid etc. known in Be- 
goniaceae) ; glucosinolates in Caricaceae only. 
— Ftacourtiaceae (incl. Lacistemataceae) , 
Passifloraceae, Dipentodontaceae, Scypho- 
stegiaceae, Violaceae, Turneraceae, Malesher- 
biaceae, Achariaceae, Cucurbitaceae, Begonia- 
ceae, Datiscaceae (position uncertain), Cari­
caceae (alt.: in Capparales).

Tamaricales: usu. woody; leaves small,
often ericoid or scale-like, exstipulate; epi­
dermis often with salt glands; flowers small, 
actinomorphous, usu. 4- or 5-merous, haplo- 
or diplostemonous; disc usu. present; pollen 
grains free, usu. 3-colpate, hi- or trinucleate; 
pistil paracarpous, unilocular, 2—5-carpel- 
late; each carpel with 2 or more crassi- or 
tenuinucellate ovules; embryo sac mono- or 
tetrasporic; loculicidal capsule; seeds with 
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copious endospe rm ; leucoan thocyanins,  tan ­
nins a n d  pinitol present,  ellagic acid in Tam a- 
ricaceae.  —  Tam arieaceae, Frankeniaceae.

Salicales: w o o d y ;  leaves simple, st ipula te;  
leaf t races w ith  closed vascu lar  s trands;  
s to m ata  pa racy tic ;  ha irs  usu. unicellular;  
flowers in sp ikes or  catk ins; unisexual, 
dioecious,  n ak ed ;  cup-shaped  receptacle  or  
lobate  n ec tar  g land  present;  s tamens 2 or 
m ore;  pollen g ra in s  3-colporate o r  nonaper-  
tu ra te ;  pistil p a rac a rp o u s ;  carpels 2; ovules 
with  inner  in tegum en t  usu. reduced; capsules 
small;  seeds basa lly  hairy ;  tann ins  and  
phenolic  glucosides like salicin and  populin  
p resen t ;  no ellagic acid. —  Salicaceae.

Capparales: m o st ly  he rbaceous ;  leaves usu. 
a l te rna te ,  usu. exstipula te ;  pro tein-storing  
(“m y ro s in ” ) cells usu. present;  s tom ata  usu. 
an o m o cy t ic  or  anisocytic;  ha irs  m ainly  u n i ­
cellular, simple o r  b ranched ;  inflorescence 
inde te rm inate ;  f low ers  usu. bisym metric  or  
z ygom orphous ,  w ith  sepals and  petals; pollen 
g ra ins 3-colpate or  3-colporate , binucleate  
o r  in B rassicaceae  tr inucleate ;  carpels usu. 
2, occas.  3, 5 o r  m ore;  pistil usu. p a raca rp o u s  
with pa r ie ta l  p lacen tas ;  ovules campylo- 
t ro p o u s  o r  a n a t ro p o u s ,  usu. hitegmie, c rass i­
o r  tenu inucella te ;  seeds with  large, oil-rich, 
o f ten  fo lded em bryo ,  usu. w ithout  en d o ­
sperm ; g lucosinolates  present;  seed oils in 
som e families w i th  erucic acid; tann ins  and  
m a n y  po lyphenol ic  com pounds largely lac­
king; cer ta in  p ro toa lka lo ids  often present. 
—  L im n a n th a cea e , Tropaeolaceae  (alt.: these 
in Geraniales),  Bretschneideraceae  (alt.: in 
Sap indales) ,  Salvadoraçeae  (alt.: in Celastra- 
les o r  O leales) , M oringaceae, Resedaceae, 
Tovariaceae, Cappctracecie, P en tad ip landra- 
ceae, B rassicaceae, G yrostem onaceae, Bata- 
ceae (alt.: the las t  two families in a separa te  
o r d e r ) .

C e la stra n a c

M ainly w oody plants; in som e fam ilies  
parasites; leaves alternate or opposite, 
usu. sim ple but occas. com , '; stipu­
late or exstipulate; idioblasts with m uci­
lage and tannin iferous contents and crys­
tals o f calcium  oxalate com m on; flow ers  
in determ inate inflorescences, actinom or- 
phous, usu. sm all, (3— )4— 5-m erous, w ith  
double or in Santalales in particular  
w ith sim ple perianth, hypo- to epigynous; 
stam ens usu. in one w horl (occas. in 
two) alternating with or opposite petals; 
pollen grains usu. colporate, hi- or (in part 
Bot. N otiser, vo l. 128, 1975

of Celastrales) trinucleate; intrastam inal 
disc com m on; pistil eusyncarpous, usu.
2— 5-carpellate w ith separate loculi; each  
locule usu. w ith  1— 2 ascending ovules; 
these bi-, uni- or ategm ic (in Santalales 
usu. strongly reduced), crassi- or tenuinu­
cellate; endosperm  cellu lar or nuclear ab 
initio; endosperm  usu. copious in seed 
(fruit), rich in oil; condensed tannins 
present in all orders, often in rich quanti­
ties; iridoids lacking; chem ical relation­
ships otherw ise som ew hat obscure. The 
superorder is likely  to be heterogeneous, 
as m ay also be som e of its orders, in 
particular Celastrales.

Celastrales: leaves s im ple  or occas. c o m ­
pound ,  of ten  glabrous ,  s t ipula te  o r  exs t ipu­
late; ha irs  of simple construc t ion ;  vessels with 
sca la r ifo rm  or simple p e rfo ra t ions ;  intraxy- 
lary ph lo em  o r  ducts w ith  gu t tape rcha  occas.  
p resent;  id ioblasts w i th  tann ins  a n d  druses 
o r  simple c rys ta ls  of calcium oxalate  c o m ­
mon; sepals a n d  peta ls  usu. present,  but 
inconspicuous,  hypo- to perigynous;  peta ls 
usu. free; s tam ens  usu. 4— 5, a lte rna t ing  with 
petals;  pollen gra ins usu. 3-colporate,  bi- or 
t r inucleate ;  pistil 1— 5-carpella te ;  ovules well- 
developed, erect or  ascending, crassi- or  
tenuinucella te ,  bi- or  m o re  seldom unitegmie; 
endosperm  fo rm at io n  usu. nuc lear  (but cel­
lu lar  in Aquifoliaceae a n d  som e Buxaceae, 
for  example) ; seeds w ith  or w ithou t  e n d o ­
sperm, of ten  aril late, rich in oil o r  occas.  
wax; g u t tap e rch a  an d  dulcitol o f ten  present;  
tan n in s  usu. p resent ,  bu t  ellagic acid lacking. 
—  P ro b a b ly  no t  a n a tu ra l  order.  The first 
five families sh o w  affinit ies to Euphorb ia les ,  
F lacour t iaceae  in Violates and  pe rh ap s  lo 
H am am elidales ;  Geissolomataceae shares 
some fea tu res  with H am am elida les  o thers  
with Oleales; S taphyleaceae  is of ten  placed 
in Sapindales;  the last three  families, finally, 
have a very  p re l im in a ry  posi t ion  in Celastra ­
les. — B uxaceae, S im m o n d sia cea e , S ty lo -  
cerataceae, D idym elaceae, B arbeyaceae, Geis- 
solom ataceae, A vicenniaceae, S taphyleaceae, 
S p h en ostem onaceae, A quifo liaceae, Celastra- 
ceae (incl. H ippocra teaceae) , S tackhousiaceae , 
S ip h o n o d o n ta cea e, Goupiaceae, L o p h o p yx id a -  
ceae, M ontiniaceae.

Santalales: woody  o r  h e rbaceous ,  m ost ly  
pa ras i tes  on trees; leaves opposite  or  a l te r ­
nate;  vessels w ith  simple p e rfo ra t io n s ;  schizo- 
genous resin ife rous ducts  occas.  presen t;  
cells with  mucilage a n d  tan n in s  usual:  f lo­
wers usu. haplo- o r  ho m o ch lam y d eo u s ,  occas.
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w ith  calyx  o r  calyculus; tepals variable ;  s ta ­
m ens in one (or 2) whorl(s) ,  opposi te  tepals;  
d isc  usu. lacking; pistil 1—3(— 5) -loculate; 
each locule usu. with one tenuinucella te  
ovule, o r  this n o t  differentiated,  ovule when 
discern ib le  usu. w ithou t  (occas. with 1— 2) 
in tegum ent (s) ; endosperm  cellular  ah  initio;  
berry ,  d ru p e  o r  nu t;  endosperm  usu. well- 
developed, rich in oils; t ann ins  com m on  
in som e  families, sometimes leucoantho- 
c yan in ,  m yricet in  a n d  ellagic acid; triglyce­
rides of  acetylenic fa tty  acids in some f a m ­
ilies; a ccu lu m a tio n  of silicic acid co m m o n  in 
leaves, tr i te rpenes common. — Olacaceae 
(incl. O ctoknem acecie  and  E ry th ro palaceae ) , 
O piliaceae, L oran t haceae, M isodendraceae, 
Santa laceae, Erem olepidaccae, Viscacecie.

Ilham indes: leaves simple or com p o u n d ,  
opposi te  or  a l te rna te ;  st ipules usu. small; 
ha irs  simple; crystals  com m on; vessels with 
simple pe rfo ra t ions ;  flowers usu. greenish 
o r  yellowish-white ,  hypogynous or occas. 
ep igynous ;  petals inconspicuous, often  small,  
hood-like ,  som etim es fused an d  shed at 
an thes is  in one part;  stamens 4— 5, opposi te  
peta ls;  pollen g ra ins  usu. 3-colporate , hi- or  
t r inuc lea te  (apertures  opercula te  in Lee- 
aceae) ; pistil eusyncarpus ,  2— 8-locular; o v u ­
les bitegmic , crassinucellate;  endospe rm  n u ­
clear ah  initio; drupe,  capsule  or  be rry ;  
seeds r ich  o r  (espec. in Rham naceae)  poor  
in endosperm , conta in ing fatty oils a n d  p r o ­
tein, but not s ta rch ;  leucoan thocyanins  usu. 
a n d  ellagic acid often  present;  organic  acids 
such as oxalic and  malonic acids com m on; 
a n th ra q u in o n e  glycosides and  cyclopeptide 
a lka lo ids  in Rham naceae ;  pentacyelic  triter-  
pene acids in Vitaceae. Relat ionships not 
fully  verified. —  R ham naceae, V itaceae, Lee- 
aceae  (position uncertain).

Solananae

M o s tly  h e r b s  b u t  a lso  w o o d y  p l a n t s ;  
lea v es  u su .  a l t e rn a t e ,  e x s t ip u la te ;  i n t r a x y -  
l a r y  p h l o e m  in  so m e  fam i l ie s ;  ve sse ls  w i th  
s im p le  p e r f o r a t io n s ;  i n f lo re sc e n c e s  u su .  
d e t e r m i n a t e ;  f l o w e rs  usu .  a c t i n o m o r p h o u s ,  
h y p o g y n o u s ,  u su .  5 -m ero u s ,  4-cyclic ,  s y m ­
p e ta lo u s ;  sepa ls ,  p e ta ls  a n d  s t a m e n s  in 
a l t e r n a t i n g  w h o r l s ;  p o l le n  g r a in s  v a r ia b le ,  
bi- o r  t r in u c l e a te ;  pistil  b ic a rp e l l a te ,  e u sy n -  
c a r p o u s ;  o v u le s  2 to n u m e r o u s  p e r  locu le ,  
u n i te g m ic ,  u su .  t e n u in u c e l la t e ;  e n d o s p e r m  
n u c le a r  o r  c e l lu la r  a b  in it io ;  f r u i t  v a r ia b le ;  
seed s  r i c h  in oil;  t r o p a n e  a lk a lo id s ,  n i c o ­
t in e  a n d  s t e ro id a l  s a p o n in s  esp .  in S o la n a -

ceae ;  p y r r o l i z id in e  a lk a lo id s  in B o r a g in a -  
ceae ;  d e r iv a t iv e s  o f  ca f fe ic  a c id  a n d  fla- 
v o n o ls  c o m m o n ;  t a n n i n s  usu .  l a c k in g ;  
i r id o id s  a b se n t .

Solanales: Solanaceae, Goetzeaceae, N ola- 
naceae, C onvolvulaceae  (inch H um bertiaceae ) , 
Cuscutaceae, C ardiopterygiaceae, Cobaeaceae, 
Polem oniaceae, H ydrophyllaceae, Ehretiaceae, 
Boraginaceae, W ellstediaceae, Lennoaceae, 
H oplestigm ataceae.

Campanulanac

H e r b s  o r  s h r u b s ;  leaves  usu .  a l t e r n a t e ,  
e n t i re ,  a n d  e x s t ip u l a te ;  g l a n d u l a r  h a i r s  
la c k in g ;  l a t i c i f e r o u s  d u c t s  p r e s e n t  in 
p h l o e m ;  vesse ls  w i th  s im p le  p e r f o r a t io n s ;  
f l o w e rs  a c t i n o m o r p h o u s  o r  z y g o m o r p h o u s ,  
u su .  e p ig y n o u s ,  te t r a c y c l ic ,  5 - m e r o u s ;  c a ­
lyx u su .  w i th  g r e e n  lobes ;  c o r o l l a  s y m p e t ­
a lo u s ,  in z y g o m o r p h o u s  f lo w e rs  d e e p ly  
p a r te d  m e d ia l ly  a n d  w i th  u n e q u a l  lo b e s ;  
a n t h e r s  5, in t r o r s e ,  f ree  o r  c o n n a t e  to a 
t u b e ;  p o l le n  g r a in s  v a r ia b le ,  bi- o r  occas .  
t r in u c l e a te ;  g y n o e c iu m  2— 5 - c a rp e l l a te ,  
e u s y n c a r p o u s ;  o v u le s  sev e ra l  to n u m e r o u s ,  
u n i te g m ic ,  t e n u in u c e l la t e ;  e n d o s p e r m  c e l ­
lu la r  a b  in i t io ,  w i th  t e r m in a l  h a u s t o r i a ;  
f r u i t  u su .  c a p s u la r ;  seeds  u su .  w i th  e n d o ­
s p e r m ;  a c c u m u l a t i o n  in p e r e n n i a l s  o f  
i n u l in ;  la tex  w i th  a lk a lo id s  a n d  c h e l id o n ie  
a c id  o n ly  in L o b e l iac ea e ,  b u t  c a f f e ic  ac id  
in p a r t i c u l a r  in C a m p a n u l a c e a e ;  t a n n i n s  
a n d  i r id o id s  lac k in g .

Cam panulalcs: C am panulaceae. P en ta-
phragm ataceae, Lobeliaceae, Sphenocleaceae  
(position uncerta in ) .

Hamamelidanac

W o o d y  p l a n t s ;  leav es  usu .  a l t e r n a t e ,  
s im p le ,  s t i p u la t e  o r  e x s t ip u la te ;  s t o m a t a  
a n o m o c y t i c  o r  p a r a c y t i c ;  s te lla te ,  p e l t a te  
a n d  g l a n d u l a r  h a i r s  c o m m o n ;  vesse ls  o c ­
cas. lac k in g ,  u su .  p r e s e n t  a n d  w i th  s c a la r i -  
f o r m  o r  s im p le  p e r f o r a t io n s ;  u su .  c o m p a c t  
sp ik e s ,  h e a d s  o r  c a tk in s ,  t h e i r  c o m p o n e n t s  
o f t e n  t r i a d s  o f  f lo w e rs ;  c h ie f ly  a n e m o -  
g a m y ;  f l o w e rs  u su .  u n i s e x u a l ,  h y p o -  o r  
e p ig y n o u s ;  p e r i a n t h  o f te n  4 - m e r o u s ,  u su .
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m o r e  o r  less re d u c e d ,  s im p le  o r  l ack in g ;  
f i l a m e n t s  u su .  long, s l e n d e r ;  a n t h e r s  d e ­
h i s c in g  l o n g i tu d in a l ly ;  p o l le n  g r a in s  o f ten  
p o r a t e  a n d  sm o o th ,  a lw a y s  b in u c le a te ;  
c a r p e l s  f ree  ( a p o c a rp y )  o r  +  fu s e d  (eu- 
s y n c a r p y )  b u t  w i th  f ree  s ty lo d ia ,  o f ten  
o n l y  o n e  lo cu le  d e v e lo p e d ;  o v u le s  usu .  bi- 
te g m ic  ( u n i te g m ic  in B a la n o p a le s  a n d  p a r t  
o f  F a g a l e s  a n d  C a n o n ia le s )  a n d  c ra s s in u -  
ce l la te ;  c h a l a z o g a m y  c o m m o n ;  e n d o s p e r m  
u su .  n u c l e a r  a b  in it io ,  b u t  c e l l u la r  in esp. 
T r o c h o d e n d r a l e s ;  seeds  r i c h  in  oil, p r o t e in  
a n d  o ccas .  s t a r c h ;  t a n n i n s  a n d  o i l ie r  p o ly -  
p h e n o l i c s  r ich ,  in so m e  g r o u p s  e llag ic  
a c id ;  cel ls  w i th  e th e r e a l  oi ls  a n d  henzy l-  
i s o q u in o l in e  a lk a lo id s  l a c k in g ;  i r id o id s  
u su .  l a c k in g  (p re sen t  in L iq u id a m b a r  a n d  
D a p h n ip h y l lu m ).

Trochodendrales: leaves s t ipu la te  or  ex- 
st ipula te;  vessels e ither lacking (then solely 
t racheids) or with oblique end walls  and 
sca la r ifo rm  perfo ra t ions  (m any b a rs ) ;  sclereid 
an d  secre tory  idioblasts of ten  present;  flowers 
a c t inom orphous ,  n aked  o r  with  simple pe r i ­
an th  of small , bract-like tepals,  occas. in syn- 
an th ia ,  m ono- or bisexual; s tam ens  4— n u m er­
ous; pollen gra ins 3-colpate with  colpi occas. 
tending lo be pore-like; carpels free, 1— n u ­
merous,  w hen  several in one wliorl, usu. with 
d ecu rren t  st igma; ovules few lo num erous ;  
end o sp e rm  cellular ah  initio;  follicle, multi- 
follicle o r  c luster  of nutlets;  seeds usu. with 
oil-rich endosperm ; po lyphenolics  like leu- 
codelphinid in  and  quercetin  (in Cercidiphyl- 
laceae also ellagic acid) usu. present. — 
T rochodendraceae , Tetracentraceae, E uptele- 
acecie, C ercidiphyllaceae.

H uniam clidales: leaves s t ipu la te ;  t r ichom es 
s imple  o r  stellate; vessels present,  usu.  with 
sca la r ifo rm  perfora t ions ;  secretory  ducts in 
Altingiaceae; f lowers hypo- to epigynous, o f ­
ten in compact ,  de te rm inate  or  indeterm inate  
inflorescences, cyclic or  hemicyclic; pe r ian th  
double,  simple o r  lacking, when present  often 
4 -m erous;  s tam ens  in one or occas. 2 whorls;  
pollen gra ins usu. 3-colpate, ra re ly  polypo- 
rate;  carpels usu. 2 (occas. m ore  and free), 
m ore  or less syncarpous ;  stigma usu. d e cu r ­
rent;  each locule with 1— num erous ,  usu. 
p endu lous  ovules;  endosperm  nuc lea r  (or 
occas.  cellular) ah initio; capsule  or nut;  
seeds usu. with copious endosperm , w ith  oil 
and  protein ; tannins,  leucoan thocyan ins  and 
m yriee t in  typical;  sometimes ellagic acid; 
sh ik im ic  and  quinic  acids k n o w n  in Ham a- 
m elidaceae; iridoids ra re  (see above). —  M y-

ro thum naceae, H am nm elidaceae, P latanaceae, 
Altingiaceae, D aphniphyllaceae, Rhodoleia- 
eeae (position uncertain).

Casuarinales: b ra n ch e s  sulcate;  leaves
whorled ,  fused  with the stem for one in te r ­
n ode  a n d  appear ing  w ith  tips a t  following 
node; s to m ata  paracytic;  t r ichom es simple or 
b ran ch ed ;  vessels with sca la r ifo rm  or usu. 
simple perfora t ions ;  f lowers axillary a long 
b ra n ch  ends, extremely reduced, unisexual, 
m onoec ious;  male with 2 small  prophylls ,  2 
sm all  tepals a n d  one s tam en  with  long, thin 
fi lam en t ;  pollen grains 3 -por(or)a te ;  female 
f lowers in cone-like inflorescence, with 2 
p rophy l ls  a n d  a unilocu lar  b icarpellary  p i ­
stil; only  one locule fertile, with 2— 4 ovules; 
cha lazogam y;  few lo m a n y  m onosporic  e m ­
bryo sacs developed; winged nut; seed w i th ­
out  endosperm , with oil-rich embryo; tann ins  
rich, esp. in the ba rk ;  polyphenolics  in ­
c luding ellagic acid, ca tech in  an d  leucoan- 
th o cy an in s  present. -— Casuarinaceae.

Fagales: leaves st ipula te ;  s tom ata  a nom o-  
csdic; vessels with sca la r ifo rm  or simple 
pe rfo ra t ions ;  flowers usu. unisexual and  m o ­
noecious, in small, d ichasia l  units  of ten  in 
catk ins;  male naked or w ith  simple pe r ian th  
a n d  2 or m ore  s tamens; pollen grains with 
3— 7 pori  or  colpi; female  flowers n ak ed  or 
epigynous,  pistil syncarpous ,  3- o r  2-carpel- 
late; each locvde with 1— 2 uni- o r  bitegmic  
ovules; chalazogamy; fru i t  usu. a 1-seeded 
nu t ;  em bryo  large, rich in oil a n d  occas.  
s ta rch ;  tann ins  and  t r i te rpenes very rich; 
t an n in s  m ade  up of ellagic a n d  gallic acids 
an d  catechin;  often shik imic  and  quinic acids; 
n i trogen  transpor ted  in the fo rm  of citrullin 
in Betulaceae. — Fagaceae, Corylaceae, B etu- 
laceae.

B alanopales: leaves exs t ipu la te ;  s tom ata  
anom ocy t ic ;  vessels large, with sca la r ifo rm  
p e rfo ra t ions ;  flowers unisexual,  dioecious; 
m ale  in catkins,  with p e r ia n th  of a single 
scale  a n d  usu. 5—6 s tam ens;  pollen gra ins 
3— 4-colpoidate, m inutely spinulose; female  
f low ers  solitary, in an  involucre of bracts,  
n aked  (?), 2(— 3)-carpellate , 2- o r  3-locular;  
each locule with  2 sub-basal unitegm ic ovules; 
d rupe ;  b a rk  very rich in tann ins  and  t r i te r ­
penes. —  Bcdanopaceae (position uncer ta in ) .

Cunoniales: trees or  sh ru b s ;  leaves a l t e r ­
n a te  o r  often opposite, s imple  or com pound ,  
w ith  o r  w ithou t  stipules;  un ice l lu lar  (rare ly 
also mult icel lu lar  glandular)  ha irs  present;  
vessels w ith  scalariform (or sometimes with 
simple) pe rfora t ions ;  f lowers a c t inom orphous ,  
hy p o g y n o u s  to half o r  entirely epigynous; 
pe r ia n th  double or simple, usu. 5-merous; 
s tam ens  4 lo num erous ,  of ten  of sam e o r
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double the number of petals; anthers de­
hiscing longitudinally; pollen grains usu. col- 
porate, occas. porate, usu. with 2—8 aper­
tures, binucleate (as far as known); carpels 
usu. 2, rarely up to 5 or more, free or usu. 
united (eusyncarpous) in ovary region, then 
usu. with free stylodia; ovules few to nu­
merous, bitegmic or (in Bruniaceae) uni- 
tegmic, crassinucellate; endosperm nuclear ah 
initio; follicles or capsule, seeds with copious 
endosperm; embryo small; tannins probably 
always rich, chemistry otherwise little known. 
The families show affinities with Hamameli- 
dales, Rosales and Saxifragales; possibly a 
heterogeneous group. — Cunoniaceae, Itea- 
ceae, Brunelliaceae, Eucryphiaceae, Bauera- 
ceae, Bruniaceae.

Rosanae

W o o d y  or h e rbaceous ;  leaves usu . a l te r ­
nate, simple o r  co m p o u n d  a n d  usu. with 
w ell-developed stipules; s to m a ta  anom o- 
cytic o r in F aba les  often p a ra c y t ic ;  in- 
t r a x y la ry  ph lo em  lacking; vessels usu. 
w ith  simple p e r fo ra t io ns ;  f low ers  actino- 
m o rp h o u s  o r  zygo m o rp ho us ,  hypo- o r  
pe r igynous  (epigynous in M alaceae) ; p e r i­
an th  usu. double  an d  5- (or 4 -)m erous ;  
sy n sepa ly  com m on, m ore  se ld o m  sym pe- 
taly (viz. in  some Mimosaceae) ; s ta ­
m ens usu. in 2 o r  m ore  w h o r ls ,  usu. 5 
o r  m ore  in each, free o r un i te d  to a tube 
o r  shea th ;  pollen grains  variab le ,  usu.
3-colporate ,  b inucleate; c a rp e ls  I n u ­
merous, usu. free; ovules ana-  o r  cam pylo- 
tropous ,  usu. b itegmic (but un itegm ic  in 
a g rea t  p a r t  of Rosaceae), c ra ss inuce l la te ;  
en do sp e rm  nu c lea r  ab initio; seeds usu. 
w i th o u t  e n d o sp e rm ; co ndensed  tann ins  
an d  gallo- and  e llagi- tannins a n d  o ther  
polyphenolics  co m m on ; s a p o n in s  c o m ­
mon; ir idoids lacking.

Rosales: woody or herbaceous; mucilage 
cells common; flowers actinomorphous or 
zygomorphous; floral receptacle exception­
ally variable, often urceolate, flat, columnar 
or conical; perianth usu. 5-merous; petals 
free or sometimes lacking; haplo- or diplo- 
stemony or usu. numerous (then centripetally 
developing) stamens in successive whorls 
tending to 5-mery; stamens free; intrastami- 
nal disc common; carpels 1 lo numerous, 
usu. free (fused with receptacle in Malaceae); 
ovules usu. 1—2 per carpel, anatropous, hi­
or unitegmic; embryo rich in fatty oils; in

some groups ellagie acid; triterpenes and 
saponins common, often also sorbitol, cyano- 
genic compounds and fruit acids. — Crossoso- 
mataceae, Rosaceae, Malaceae, Amygdalaceae, 
Connaraceae, Meliantliaceae (position uncer­
tain), C.hrysobalanaceae (alt.: in Fabales).

Fabales: woody or herbaceous; leaves usu. 
compound (or secondarily simple) ; flowers 
actinomorphous, or zygomorphous, in inde­
terminate inflorescences; perianth usu. double,
4—5-merous; petals free, lower coherent in 
Fabaceae; sympetaly common in Mimosaceae; 
aestivation of petals valvate, descending 
or ascending; stamens usu. 5 +  5 (diploste- 
mony), also 4, 5, 4 +  4. numerous or o ther­
wise; pistil usu. solitary, often stipi ta le, with 
long style; ovules 1—numerous, ana- or cam- 
pvlotropous; endosperm often with chalazal 
haustorium; fruit normally a legume; seeds 
often arillate; embryo with fat, protein and 
often starch; ellagie acid, quinolizidine a lk a ­
loids, triterpene saponins and isoflavones 
common. — Mimosaceae. Eaesalpiniaceae, 
Fabaceae.

P ro te a n a e

Mainly w oody  p lan ts ;  leaves a l te rna te ,  
entire  to deeply  and  finely dissected, ex- 
st ipu la te ;  ha irs  when presen t m os tly  u n i ­
ce llu lar ; s to m ata  usu. pa racy t ic ;  vessels 
n a rrow ,  w ith  s imple p e rfo ra t io n s ;  f low ers  
uni- o r  bisexual, + ac t in o m o rp h o u s ,  often 
in co m p ac t  spikes o r  heads;  fem ale  sp ikes 
som etim es cone-like; f lowers  o ften  orn i-  
thogam ou s;  p e r ia n th  sim ple ;  tepa ls  4, usu. 
fused lo a tube  w ith  va lvate  lobes; s tam ens  
4, opposi te  tepals  and  usu. fused  w ith  
these; pollen gra ins  usu. t r ian g u la r ,  2— 3- 
porate, b inuclea te ;  pistil m o n o ca rp e l la te ;  
style often  th ickened  into a pollen  p r e ­
senter; ovules n u m ero u s  to one, bitegmic, 
crassinucel la te ;  en do sp e rm  n uc lea r  ab  in i­
tio; follicle, capsule ,  nut o r  d ru p e ;  seeds 
w ithou t  end ospe rm , som etim es w ith  3— 8 
cotyledons, lack ing  s ta rch  b u t  rich  in p r o ­
tein and  fat;  flavonol derivatives,  leuco- 
an th o cyan in s ,  a rb u t in ,  condensed  tann ins ,  
a lu m in iu m  and  cyanogenic  c o m p o u n d s  
ch arac te r is t ic ;  a lka lo ids an d  e llag i- tann ins  
lacking o r  rare .  Chemical co n ten ts  so m e ­
w h a t  rem in iscen t  of those in F ab a n a e ,  
o therw ise  great similiarit ies to T hym elae -  
aneae.

Proteales: Broteaceae.
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M yrtanae

W o od y  o r  h e rb aceo u s ;  leaves usu. o p ­
posite, s im ple, en tire ;  in t ra x y la ry  phloem 
c o m m o n ;  vessels usu. w ith  s im ple  p erfo ­
ra t ions ;  s to m a ta  usu . an o m o cy t ic ;  flowers 
usu. a c t in o m o rp h o u s ,  genera l ly  4 -m erous; 
usu. epi- o r  p erigynous ,  o f ten  w ith  hypan- 
th iu m ; o n  edge o f  th is: calyx lobes, petals 
and  1— 2 w h o r ls  of s ta m en s ;  la t te r  occasio­
nally n u m e r o u s  a n d  then  develop ing  cen- 
t r ipe ta l ly ;  pe ta ls  free; po llen  g ra ins  usu. 
co lpate  o r  co lpora te ,  gene ra l ly  b inuc lea te  
o r  in M elas tom ataceae  an d  H alo ragaceae  
t r in u c lea te ;  pistil e u sy n ca rp o u s ,  usu . 2- 
o r  4-carpe lla te ,  in E laeagna les  m onocar -  
pellate, usu . w ith  one style; ovules  usu. 
b itegmic a n d  c rass inu ce l la te ;  end ospe rm  
usu. n u c le a r  ab  initio; seeds usu . w ithou t  
e n d o sp e rm  or  w ith  li tt le e n d o sp e rm ;  poly- 
phenolics  inch galli- an d  e llagi- tannins 
and  co n d en sed  ta n n in s  usu . in r ich  q u a n ­
tities; caffe ic  acid usu. lacking.

Myrtales: woody or herbaceous; stipules 
usu. rudimentary but present, occas. large 
and interpetiolar; scliizolysigenous secretory 
cavities esp. in Myrtaceae; sclereid-idioblasts 
common; flowers often with hypantbium; 
perianth usu. double, but petals occas. lack­
ing; haplo- or diplostemony or stamens nu­
merous; connective often thick or carnose; 
capsule or berry; seeds usu. without or with 
little endosperm with fatty oils (starch 
in Myrtaceae only); accumulations of alu­
minium and calcium oxalate common. — 
Lytbraceae  (inch Sonneratiaceae) , Punica- 
ceae, Rhizophoraceae  (incl. Anisophyllaceae) , 
Dialypetalanthaceae (position uncertain), 
Crypteroniaceae, Combretaceae, Oliniaceae, 
Melastomataceae (incl. Memecylaceae) , Pe- 
naeaceae, Myrtaceae (incl. Heteropyxidaceae) , 
Onagraceae.

Elaeagnales: woody; leaves simple, entire, 
usu. alternate, exstipulate; stem and  leaves 
with stellate or peltate hairs; crystal needles 
or crystal sand common; intraxylary phloem 
lacking; flowers actinomorphous, epigynous, 
with hypantbium; perianth simple (corolla 
lacking); stamens 4 or 8. on edge of hypan- 
thium; pollen grains usu. 3-colporate; pistil 
monocarpellate, with one basal, anatropous 
ovule; nut; seed with little endosperm and 
straight embryo containing oil and aleuron
Bot. N otiser, vol. 128, 1975

(no starch), occas. enclosed by carnose being 
perianth; L-quebrachitol typical; ellagic 
acid, quercetin and other polyphenolics 
present; myricetin and caffeic acid lacking; 
accumulation of simple indole bases, sinapic 
acid and saponins. Perhaps close to Thyme- 
laeales, Rhamnales or Proteales. — Elaeagna- 
ceae.

Trapales: aquatic  annual herbs with floa­
ting rosettes of leaves with dissected caducous 
stipules; crystal raphides lacking; epidermis 
sometimes with mucilage and oil cells; petiole 
with aerenchyma; intraxylary phloem pre­
sent; flowers solitary in leaf axils, perigynous, 
with 4-merous calyx, corolla and androeeium; 
pollen grains tricolpate; folded intrastaminal 
disc present; pistil bicarpellate, bilocular, with 
single style; each locule with one pendulous, 
anatropous ovule; endosperm not formed at 
all; fruit a nut enclosed by the perianth; 
seed with large embryo, rich in starch; coty­
ledons unequal. — F rapaceae.

Haloragales: herbs, part ly  aquatic; leaves 
opposite or in whorls, from simple and en­
tire or serrate to finely dissected, exstipulate; 
flowers small, often spicate, bi- or unisexual, 
usu. 4-merous, with simple or double peri­
anth and 2 or 1 whorls of stamens; pollen 
grains colpate to porate, with 1— 7(— 16) aper­
tures; pistil 2—4-loculed, each with one pen­
dulous ovule; endosperm cellular (possibly oc­
cas. nuclear) ah initio; suspensor haustorium 
formed; nut, drupe or schizocarp; endosperm 
rich in oil; embryo straight; plant rich in po­
lyphenolics such as ellagic acid and quercetin; 
also cyanogenic compounds and saponins. 
Alternative position: near Saxifragales. -
llalorayaceae.

Saxifraganae

W o o dy  o r  usu. he rb a ceo u s ;  vessels 
w ith  s c a la r i fo rm  or s im ple  p e r fo ra t io n s ;  
f lowers  usu. a c t in o m o rp h o u s ,  w ith  doub le  
o r  occas. s t ron g ly  red uced  p e r ian th ,  usu. 
5-m erous, som etim es  4— 2-m erous;  pe ta ls  
w h en  p re sen t  usu . free; o b d ip lo s tem o ny  
or h a p lo s tem o n y ;  pollen  g ra ins  free  o r  o c ­
cas. in dyads ,  b inuc lea te ;  c a rp e ls  o f ten  2, 
free or o f ten  m o re  o r  less fused, w i th  2 
(or 1) locules, genera l ly  w ith  free  s ty lod ia ;  
ovules usu. nu m ero u s ,  a lw ays  b itegm ic  
and  usu. c rass inuce l la te  ( tenu inuce l la te  e.g. 
in Podostem ales)  : e n d o sp e rm  usu. ce l lu la r  
ab  initio (not fo rm ed  at all in Podoste-
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m a l e s ) ;  seeds  w i th  v a r ia b le  a m o u n t  of
e n d o s p e r m ,  th is  n e v e r  w i th  s t a r c h ;  p l a n t s  
u su .  r i c h  in  t a n n i n s  a n d  o t h e r  p o l y p h e n o -  
lics, su c h  as l e u c o a n t h o c y a n i n s  a n d  e l lag ic  
ac id  (ex cep t  in P o d o s te in a le s )  ; i r id o id s  
l a c k in g ;  s a p o n i n s  o ccas .  p re se n t .

Saxifragales: w oody  or he rbaceous ;  leaves 
s imple or com pound,  with or w ithou t  stipules; 
vessels usu. with simple pe rfo ra t ions ;
f low ers  ac t inom orphous ,  usu. 5-merous,  hypo-  
or  epigynous,  usu. with  free peta ls;  obdi- 
p los tem ony  or hap los tem ony; s tam ens usu. 
free; pollen g ra ins free; va r ia tion  from  apo- 
c a rp y  to syncarpy ;  carpels usu. 2— 5 (or 
m o re ) ;  stylodia often  free; ovules usu. n u ­
merous ,  a p o tropous ;  endosperm  fo rm at io n
cellu lar  o r  in te rm ediate ;  fruit  (apocarpous  
gynoecia) multifollicle, or  (syncarpous gyno- 
ecia) capsule , b e r ry  etc.; seeds with  little 
(Grassulaceae) o r  usu. m uch  endosperm ; sedo- 
hep tu lose  often present.  -— Crassulaceae, Pen- 
thoraceae, Saxifragaceae, F ouquieriaceae  
(position uncer ta in ) ,  Francoaceae, B rexiaceae  
(posit ion uncer ta in ) ,  Cephalotciceae, T rem a n d -  
raceae, Vahliaceae, Ribesiaceae, Greyiaceae  
(posit ion uncertain).

Podosteinales: usu. small , h e rbaceous ,  a n ­
nual o r  pe renn ia l  fresh-water  aquat ics  fou n d  
in ru n n in g  w a ter ;  roots  usu. dorsiventra l ,  
flat,  o f ten  green and  assimila tory,  l ive rw ort­
like. adhering  to stones; sil icate bodies often 
p re sen t  in pe r iphery  of lobes; sec re tory  ducts 
usu. present;  stem reduced, o f ten  dorsivent-  
rally f lattened; s tom ata  lacking; f lowers bi- 
o r  unisexual,  so l i ta ry  or in small  o f ten  di- 
chasial  inflorescences, often basa lly  with  a 
“sp a th e l la” ; tepals usu. lacking o r  2— 5, hypo- 
gynous;  s tam ens  1, 2, 4 or  m ore,  occas. in 
2 whorls ,  w hen  2 often  fused by the ir  f i la­
m ents;  pollen gra ins free or in dyads;  pistil 
usu. biearpellate ;  ovules several,  an a tro p o u s ,  
tenuinucella te;  em bryo  sac bisporic;  e n d o ­
sperm not  fo rm ed  at all; capsule; seeds 
small , with s tra ight,  thick em bryo;  silicate 
bodies and  laticiferous o r  resin ducts typical 
as  is also accum ula tion  of salts. —  T ristieha-  
ceae, Podostemacecie.

(«minerales: small  to giant he rbs ;  leaves 
basal,  long petiolate, st ipulate;  cortex  of 
s tems rich in slime contain ing colonies of 
a lgae (N ostoc); upper  par ts  of stem  polystelic; 
vessels with simple perfora t ions;  inflorescence 
b ranched ,  usu. sh o r te r  th an  leaves, carnose ,  
with num erous  small,  bi- or unisexual ,  epi­
gynous  flowers;  p e r ian th  simple, 2- o r  4- 
m erous ;  s tamens 2; pollen g ra ins  free,  3- 
colpate;  pistil biearpellate , unilocu lar ,  with 
one subapical,  pendulous,  crass inuee lla te

ovule; em bryo  sac te t rasp o r ic  (of Peperomia- 
type) ; endospe rm  cel lu lar  ab  initio; small 
d rupe ;  seed rich in endosperm ,  with small  
em bryo;  p lan ts  rich in tan n in s ;  ellagic and  
caffeic  acids and  sap o n in s  present.  —  Gun- 
nentceae.

Balanophoranae

P a r a s i t i c ,  c h lo r o p h y l l e s s ,  red ,  ye l low ,  
b r o w n  o r  w h i t i s h  p l a n t s  f o r m in g  la rge ,  
o f t e n  b r a n c h e d  u n d e r g r o u n d  t u b e r c le s  p o s ­
s ib ly  p a r t l y  o f  r o o t  n a t u r e  a n d  p a r t l y  c o n ­
t a i n i n g  h o s t  t i s su e ;  f l o r i f e r o u s  b r a n c h e s  
u su .  d i f f e r e n t i a t e d  e n d o g e n o u s ly  in  th e s e ;  
s t e m s  u su .  w i th  b r a c t - l i k e ,  a l t e rn a t e ,  o p p o ­
si te  o r  w h o r l e d  lea v es ;  in f lo r e s c e n c e  c a r ­
nose ,  b r a n c h e d  o r  u n b r a n c h e d ,  sp ik e - l ik e ;  
f l o w e rs  u n i s e x u a l ;  m a le  w i th  2— 8 (usu. 
3— 4) t e p a l s  a n d  1— 8 (o r  m o re )  f r e e  o r  
fu s e d  s t a m e n s  w i t h  o n e -  o r  s e v e ra l - c h a m -  
b e r e d  a n t h e r s ;  p o l le n  g r a in s  bi-  o r  t r in u -  
c lea te ,  i n a p e r t u r a t e  o r  a p e r t u r a t e ;  f e m a le  
f l o w e r s  n a k e d  o r  e p ig y n o u s  w i th  f e w  te- 
pa ls ,  in e x t r e m e  case s  a r c h e g o n iu m - l ik e ;  
c a r p e l s  (5— )3 — 1; p l a c e n t a  c e n t r a l ;  o v u le s  
1 o r  m o r e ,  u su .  a t e g m ic  a n d  t e n u i n u ­
ce l la te ,  o f t e n  c o m p l e te ly  u n d i f f e r e n t i a t e d  
a n d  f u s e d  w i th  p e r i c a r p ;  e m b r y o  sac  
m o n o s p o r i c ;  e n d o s p e r m  c e l l u l a r  a b  in i t io ;  
n u t  o r  a c h e n e ;  e n d o s p e r m  w i th  o i l;  e m ­
b r y o  a c o t y l e d o n o u s ;  C y n o m o r i a c e a e  w i th  
t a n n i n s .  T h e  h o m o g e n e i ty  o f  t h e  g r o u p  is 
q u e s t io n a b le .

B alanopliorales: B alano  phoraceae, C yno­
m oriaceae.

Plunihaginanae

W o o d y  o r  h e r b a c e o u s ;  leav es  u su .  a l t e r ­
n a te ,  s im p le ,  e x s t ip u l a t e  o r  w i th  o c h r e a ;  
t r i c h o m e s  a n d  s t o m a t a  v a r ia b le ;  vesse ls  
w i t h  s i m p le  p e r f o r a t i o n s ;  f lo w e rs  h y p o -  
to  p e r ig y n o u s ,  w i t h  s im p le  o r  d o u b le ,  u su .  
3- o r  5 - m e r o u s  p e r i a n t h ;  p e r i a n t h  m e m ­
b e r s  f r e e  o r  c o n n a t e ;  s t a m e n s  in o n e  o r  
tw o  3- o r  5 - m e r o u s  w h o r l s ;  p o l le n  g ra in s  
v a r ia b le ,  t r i n u c l e a t e ;  p is t i l  s y n c a rp o u s ,  
u n i lo c u l a r ,  u s u .  3- o r  5 -c a rp e l l a te ,  w i th  
o n l y  o n e  o v u le ;  th is  o r t h o t r o p o u s  o r  a n a ­
t r o p o u s ,  b i t e g m ic  a n d  c r a s s in u e e l l a te ;  en- 
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d o sp e rm  n u c lea r  ab  initio; seeds w ith  e n ­
d o sp e rm  rich  in sim ple  s ta rch  g ra ins  and 
p ro te in ,  w i tho u t  p e r ispe rm ; p lan ts  rich  in 
po lyphenolics ,  incl. condensed  tan n in s  and 
q u inones ,  lack ing  betalains .

Plumbaginales: leaves exstipulate, without 
ochrea, usu. with glandular hairs or sail 
glands; flowers 5-merous, synsepalous and 
sympetalous; stamens 5, epipetalous; pollen 
grains usu. 3- or 5-colpate to polyporate; p i­
stil 5-carpellate; ovule anatropous, with long 
funiculus; embryo sac usu. tetrasporic (of 
various types); obturator usu. present; cap­
sule; seed with straight embryo; naphthoqui­
nones, flavonols such as myricetin, leucoan- 
thocyanins and often ellagic acid present. — 
Plumbaginaceae, Limoniaceae.

Polygonales: ochrea usu. present; nodes 
often prominent; flowers usu. inconspicuous; 
perianth often white, pink, brown or hyaline, 
either double and 3-merous or simple and 
5-merous, when double the inner whorl some­
times enclosing fruit; stamens in one or usu. 
two 3-merous, sometimes collaterally doubled 
whorls; pollen grains variable, 3-colpate to 
polyporate; gynoecium (2- or) 3-earpellate, 
with free stylodia; ovule orthotropous or 
oceas. anatropous; embryo sac monosporic; 
nutlet; embryo straight or curved; plants 
rich in oxalic acid, polyplienolic compounds 
(incl. tannins) and anthraquinones; saponins 
largely lacking. — Polygonaceae.

Primulanae

W o o d y  or h e rbaceo us ;  leaves usu. s im ­
ple; vessels usu. w ith  simple pe rfo ra t io n s ;  
f lowers  usu. ac t in o m o rp h o u s  an d  hyp o -  
gynous, genera l ly  sym peta lous;  s tam en s  in 
1, 2 o r  3 w h orls ;  p o l len  g ra in s  co lp a te  o r 
c ate, usu. binucleate ,  pisti l syncar-  
pous, 1-, 2- o r  p lu r i- locu la r ;  ovules usu. 
bitegmie and  tenu inuce l la te ;  e n d o sp e rm  
n u c le a r  ab initio o r  cellu lar  in som e Ebe- 
nales ; seeds r ich  o r  p o o r  in e n d o sp e rm ;  
sap on ins ,  q u in o n e s  an d  p o ly p h e n o l ic s  
p resen t,  esp. leu co a n th o cy an in s  and  t a n ­
n ins d e r iv ed  f ro m  them  c h a ra c te r i s t i c  of 
m os t fam ilies .

Priinulales: woody or herbaceous; leaves 
usu. exstipulate; stomata usu. anomocytic; 
capitate glandular hairs common; flowers usu. 
5-merous; stamens 5, opposite petals, occas. 
Bot. N otiser, vol. 128, 1975

also staminodes alternating with I hose ; pol­
len grains binucleate; pistil unilocular, with 
simple style and free, central placentation; 
ovules usu. numerous, occas. solitary, biteg- 
mic, or rarely unilegmic; berry, capsule or 
drupe; seeds usu. rich in endosperm (with 
oil and cellulose) and with straight embryo; 
triterpene saponins (neutral sapogenins), 
leucoanthocyanins and benzoquinones com­
mon. — Myrsinaceae, Aegicerataceae, Theo- 
phrastaceae, Primulaceae, Coridaceae.

Ebenales: woody, usu. with alternate, en­
tire leaves, with or without caducous stipules; 
ducts with guttapercha in certain groups; 
wood often hard, heavy and dark; flowers 
actinomorphous, 3—7-merous; sepals occas. 
iu 2 whorls; petals in one or more whorls, 
occas. with dorsal petaloid appendices; sta­
men whorls usu. 2—3, isomerous with and 
alternating with petals; anthers introrse or 
extrorse, opening by splits or pores; pollen 
grains bi- or sometimes trinucleate; disc 
absent; pistil eusyncarpous, usu. 2— 12-car- 
pellate, with 2 or more locules; ovules uni­
or bitegmie; endosperm formation nuclear or 
cellular; berry or drupe; seeds with variable 
amount of endosperm; polyphenolics (but 
not ellagic acid), triterpenes and saponins 
common; in Ebenaceae naphthoquinone de­
rivatives. Probably heterogeneous. Perhaps 
more closely related to Sapindales or Ce- 
lastrales than to Priinulales. — Ebenaceae, 
Sapotaceae, Lissocarpaceae, Styracaceae. 
(Symplocaceae is placed in Theales.)

Theanae

W o o d y  o r  h e rbaceous ;  leaves usu. a l ­
te rnate ,  w ith  o r  w ithou t  st ipu les;  vessels 
usu. w ith  s im ple p e r fo ra t io n s ;  s to m ata  
variab le ;  f low ers  a c t in o m o rp h o u s ,  sp iro- 
cyclic o r  cyclic,  usu. b y p o g y n o u s  and  w ith  
5 -m erous  ca lyx an d  co ro l la ;  pe ta ls  w h en  
p resen t  free ;  s tam ens  (4— )5 to n u m e ro u s ,  
w hen  n u m e ro u s  often in fascicles and  usu. 
with  cen tr ifuga l deve lop m en t;  po llen  
gra ins  usu. b inuclea te ;  g yn oec ium  usu. 
2— 5-carpella te ,  para -  o r  eu sy n c a rp o u s ,  in 
o va ry  reg ion  som etim es a p o c a rp o u s ;  o v u ­
les usu. bitegmie, genera l ly  ten u in u ce l la te  
except in N epen tha les  an d  p a r t  of Drose- 
ra les; e n d o sp e rm  nu c lea r  ab initio  (except 
in M arcgraviaceae) ; va r ious  p o ly p h e n o l ic s  
(often tann ins) com m on, som etim es  a lk a ­
loids.

4
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Thealcs: m ain ly  woody; leaves simple,
usu. entire;  sehizogenous secre t ion  ducts 
som etim es  present;  vessels w ith  sca la r ifo rm  
o r  m ore  often simple p e rfo ra t ions ;  s tam ens  
usu. num erous ,  often in fascicles;  an th e rs  
open ing  by splits o r  pores; pollen  gra ins usu. 
free, 3-colporate , usu. b inucleate ;  carpels 
2— c. 20, usu. 3— 5; stylodia o f ten  separa te ;  
seeds usu. w ithou t  or  with  little endosperm  
a n d  with  well developed em bryo ,  rich in oil 
bu t  usu. w ithou t  s ta rch;  tann ins  a n d  var ious 
o th e r  polyphenolics  com m on, also ellagic 
acid; of ten  tr iterpene saponins,  alkaloids,  
an th ra q u in o n e s  and  coum ar ins ;  a lum in ium  
a ccum ula t ion  common. — Stachyuraceae , 
O chnaceae, Quiinaceae, M edusayynaceae, 
Scytopeta laceae  (position uncer ta in ) ,  Sarco- 
laenaceae, Strasburgeriacecie, O ncothecaceae, 
Theaceae  (incl. Sladeniaceae  and  T etram eri-  
staceae) , P entaphylacaceae, M arcgraviaceae, 
Garyocaraceae, Pelliceriaceae, Napoleonacecie, 
B onnetiaceae, F oetidiaceae, Lecyth idaceae, 
Sym plocaceae, Clusiaceae  (incl. H ypericace- 
ae ) , Ancistrocladaceae, E ln tinaceae  (position 
of last two families uncerta in ) .

N epenthales: h erbs  o r  lianes; leaves a l t e r ­
nate , of ten  he terom orphic ,  som etim es fo rm ing  
specialized p i tcher  (ascidium) with  o p e rcu ­
lum, in o ther  cases with a pa ir  of apical 
elastic  hooks,  often g landuliferous;  petioles 
with per ipheral  ring of fibres;  stem cortex 
with  2 zones, ou ter  with  th ick-walled  fibrous 
cells, inner  with thin-walled cells; lianes with 
an o m a lo u s  secondary  growth; flowers actino- 
morplious,  hi- or  unisexual;  p e r ia n th  5-me- 
rous  and double (with var ious  reduct ions  of 
calyx) or 4(— 3)-m erous a n d  simple; peta ls 
(tepals) free; disc absent;  s tam ens  of ten  n u ­
merous,  ±  free or united to a co lum n; pollen 
grains free or in tetrads,  binucleate,  a per tu res  
3 or  obscure; carpels 2, 4, or  5; pist il  pa ra-  or 
eusyncarpous;  ovules num erous ,  crassinucel-  
late; fruit  capsular ,  occas.  with  equator ia l  
wing; seeds with  wing-l ike p ro jec t ion ;  e n d o ­
sperm rich (occas. with  s ta rch ) ;  em bryo  small. 
(D ioncophyllum  conta ins the n a p h th o q u in o n e  
p lumbagin ,  also found  in Drosera  a n d  var ious 
o ther  plants.) —  N epenthaceae, D io ncophyl- 
laceae  (relationship uncerta in ) .

Droserales: m ostly  herbs,  seldom w oody  
at base; leaves exstipulate;  e ithe r  g landu la r  
ha irs  with  proteoly tic  secre t ion  o r  f im bria te  
appendages  secreting mucilage usu. presen t;  
vessels with simple pe rfo ra t ions ;  f lowers b i ­
sexual, hypogynous (to ha lf  epigynous) ; s ta ­
mens free, 14— 15 or 10 to 20. one  whorl  so m e­
times trans fo rm ed  into  variable ,  o f ten  digi­
tate, gland-tipped stam inod ia ;  pollen  grains 
free or in tetrads,  3-colpate, 3-co lpora te  or 
7— polyporate,  bi- or  tr inucieate ;  pistil  3— 5- 
carpellate , unilocular,  with pa r ie ta l  or  basal

p lacen tas ;  free stylodial b ranches  o r  c o m ­
m issura l  s t igmas; ovules crassi-  to tenuinucel- 
late; f ru i t  capsu la r ;  tesla  o f ten  with wing-like 
p ro jec t ions ;  n a p h th o q u in o n e s  in Droseraceae;  
po lyphenolics  com m on, occas. ellagic acid 
and  cyanogenic  com pounds .  — D roseraceae, 
Lepuropeta laceae , P arnassiaceae.

Cornanae

W o o d y  o r  p a r t l y  h e r b a c e o u s ;  l e a v es  u su .  
s im p le ,  occas .  c o m p o u n d ;  vesse ls  u su .  w i th  
s c a l a r i f o r m  p e r f o r a t i o n s ,  esp. in  w o o d y  
m e m b e r s ;  f l o w e r s  usu .  4 — 5 - m e ro u s ,  acti-  
n o m o r p h o u s ,  h y p o -  to e p ig y n o u s ,  g e n e ­
r a l l y  w i th  d o u b l e  p e r i a n t h ;  s y m p e ta l y  o r  
c h o r i p e t a l y ;  a n d r o e c i u m  u su .  o b d ip lo s te -  
m o n o u s  o r  h a p lo s t e m o n o u s ,  occas.  w i th  
m o r e  t h a n  10 s t a m e n s ;  p o l le n  g r a in s  s i m ­
p le  o r  in t e t r a d s ,  u su .  3 -c o lp o ra te ,  b i n u c ­
lea te  o r  in C o r n a le s  o f t e n  t r i n u c i e a t e ;  p i ­
stil  u su .  e u s y n c a r p o u s  a n d  2— 5 - c a r p e l l a te ;  
o v u le s  u n i t e g m ic ,  u su .  t e n u in u c e l la t e ,  e n ­
d o s p e r m  u su .  c e l l u la r  a b  in i t io ,  o f t e n  w i th  
t e r m i n a l  h a u s t o r i a ;  seed s  usu .  r i c h  in e n ­
d o s p e r m  a n d  w i th  s m a l l  e m b r y o ;  p o ly -  
p h e n o l i c s  u su .  r ich ,  o f t e n  galli-  a n d  e llag i-  
t a n n i n s ;  i r id o id s  p r e s e n t  in all  o r d e r s  
a n d  m o s t  f a m i l i e s  (bu t  n o t  c o n s t a n t ly ) .

Ericales: usu. woody; vessels usu. w i th  sc a ­
lar ifo rm  p e rfo ra t io n s ;  leaves usu. simple, e n ­
tire, of ten  cricoid o r  coriaceous,  exstipulate;  
flowers 5- o r  4-cyelic, hypo- or  epigynous; 
corolla  o f ten  cam p an u la te ;  obd ip los tem ony 
o r  h ap lo s tem o n y ;  f i lam ents  usu. free; a n th e rs  
in trorse ,  deh iscing  by splits or  often by apical 
pores;  pollen  g ra ins  of ten  in te trads;  in tra-  
s tam in a l  disc  co m m o n ;  pistil usu. 5—3-earpel-  
Iate, style usu. simple; ovules tenuinucella te;  
e n d o sp e rm  usu. with  term inal  h aus to r ia ;  
capsu le  o r  b e r ry ;  seeds small; ellagic acid, 
l eu c o an th o c y an in s  a n d  tann ins  com m on, also 
phenolic  he terosides such as a rbu tin ;  tri- 
te rpenes  in cuticula ;  mono- a n d  sesqu i te r­
penes co m m o n ;  ir idoids k n o w n  in ab o u t  half  
of  the  families.  —  A ctin id iaceae  (incl. Sau- 
rau iaceae ) , C lethraceae, Cyrillaceae, R oridu la- 
ceae, Ericaceae, M onotropaceae, Pyrolaceae, 
E pacridaceae, D iapensiaceae, B yb lidaeeae  
(position uncer ta in ) ,  E m petraceae, Grubbia- 
ceae (position uncer ta in ) .

Sarraceniales: herbs;  leaves a l te rna te ,  b a ­
sal, p i tcher-like,  tubulifo rm  or funnel-shaped ,  
of com plica ted  construction ,  w ith  a lid p ro ­
jec t ion  over the  m ou th ;  p i tcher  with  several 
zones of g lands  and  hairs ;  vascular  s t ra n d s
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scattered; vessels with scalariform perfo­
rations; flowers hypogynous, with double or 
simple perianth; sepals 3—6; petals when 
present usu. 5, free; stamens 12 to numerous, 
often in groups; pollen grains simple, often 
polycolporale; pistil 3—5-carpellate; style api- 
callv 5-lobate or umbellular; ovules tenuinu- 
cellate; seeds numerous, rather small. — 
Sarraceniaceae.

Eucommiales: tree; leaves alternate, sim­
ple, exstipulate; latex cells with guttapercha 
esp. in phloem of stems and leaves; vessels 
with simple perforations; hairs unicellular, 
simple; flowers unisexual, dioecious, naked; 
stamens 6— 10; pollen grains 3-colpate (colpi 
unequal); carpels 2; pistil eusyncarpous, one 
locule abortive; stylodia separate; ovules 2, 
apical, pendulous, tenuinucellate; samara; 
bark with condensed tannins; iridoids pre­
sent; types of iridoids (incl. ajugol, harpagide 
etc.) indicating relationship with Lamiales. — 
Eucommiaceae.

Cornales: woody or occas. herbaceous;
leaves simple to compound, often opposite, 
usu. exstipulate; vessels often with scala­
riform perforations in woody members, usu. 
simple in herbaceous; flowers without epi- 
calyx; sepals and petals usu. 4 or 5; syn- 
sepaly and sympetaly common; haplo- or 
obdiplostemony or numerous stamens (with 
centrifugal development); anthers usu. de­
hiscing longitudinally; pollen grains free, 
binucleate or trinucleate; intrastaminal disc 
esp. in haplostemonous taxa; pistil 2—5-car­
pellate, often with free stylodia; ovules 
crassi- to tenuinucellate; endosperm usu. 
cellular ab initio (except in Garryaceae and 
some Alangiaceae) ; often gallic and ellagic 
acids and leucoanlhocyanins; saponins, resins 
and caffeic acid usu. absent. — Garryaceae, 
Alangiaceae, Cornaceae (incl. Aucubaceae, 
Helwingiaceae, Griseliniaceae, Mastixiaceae, 
Melanophyllaceae and Curtisiaceae) , Davidia- 
ceae, Nyssaceae, leacinaceae, Escalloniaceae, 
('.olumelliaceae, Stylidiaceae (incl. Donatia- 
ceae) , Hydrangeaceae, Alseuosmiaceae, Sam- 
bucaceae, Adoxaccae. (Possibly also the mo­
nogeneric Dalongiaceae, Tribelaceae, Eremo- 
synaceae, Pterostemonaceae and Tetracarpae- 
aceae belong here.)

G entiananae

W o o d y  o r  herbaceo us ;  leaves usu. o p ­
posite, en tire  o r co m p ou nd , w ith  or w i th ­
out s t ipules; vessels usu. w ith  simple p e r ­
fo ra t ion s  (except, e.g. in M enyanthaceae) ; 
in t r a x y la rv  ph loem  in som e g roups ;  flo- 
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w ers  5- o r  4 -m erous, ac t in o m o rp h o u s  to 
zy g o m o rp h o u s  o r  a sym m etr ic ,  usu. b i ­
sexual, hypo- to ep igynous ; calyx often 
reduced  an d  som etim es p appus- l ike ;  co ­
ro l la  sy m pe ta lou s ;  s tam en s  in one w horl  
a l te rn a t in g  w ith  petals, o f ten  on ly  1— 4; 
po llen  g ra ins  usu. 3 -colpora te ,  hi- or t r i ­
n uc lea te  (varible in several fam il ies) ;  pistil 
5— 2 - (usu. 2-) carpella te ,  usu. eu sy n c a r ­
pous, som e lo c u le (s) often  ab o r ted ;  ovules 
few to so l i ta ry  in each locule, unitegmic, 
ten u in u ce l la te ;  en d o sp e rm  ce llu la r  ab in i­
tio o r  in G entianales  usu. nuc lea r ;  seeds 
w ith  or w i th o u t  en d o sp e rm  conta in ing  fa t ­
ty oils an d  p ro te in s  b u t  no t  s ta rch ;  ir idoids 
(chiefly seco-iridoids) usu. p resen t;  caffeic 
acid usu. p resen t ;  ta n n in s  usu. lacking; 
t r i te rp e n e s  com m on.

Dipsacales: woody or herbaceous, usu.
with opposite, simple or compound, exstipu­
late leaves; intraxylary phloem lacking; flo­
wers usu. in determinate inflorescences, from 
actinomorphous to zygomorphous or asym­
metric, epigynous, usu. 5-merous; epicalyx 
often present; calyx often reduced and/or 
pappus-like; petals never contorted in bud; 
stamens 5— 1; pollen grains usu. 3-colpate 
or 3-colporate, usu. trinucleate; pistil 5—2- 
carpellate; one carpel often sterile; ovules 
few or 1 per locule; endosperm cellular ab 
initio; seeds with or without endosperm, rich 
in fatty oils; iridoids, caffeic acid and often 
saponins present. The order is possibly hete­
rogeneous; Caprifoliaceae shows many simi­
larités to Cornales. — Caprifoliaceae, Valeria- 
naceae, Triplostegiaceae, Dipsacaceae, Mori- 
naceae, Calyceraceae (position of last two 
families somewhat uncertain).

Olcales: woody; leaves usu. opposite, ex­
stipulate, simple or compound; intraxylary 
phloem lacking; peltate and glandular hairs 
common; sdereids common in mesenchyma; 
stomata usu. anomocytic; flowers in deter­
minate types of inflorescences, bisymmetric; 
perianth whorls 4-merous; stamens 2, trans­
verse; pollen grains usu. binucleate; carpels 
2; flowers occas. naked and unisexual; pollen 
grains free, usu. 3-colporate, binucleate; pi­
stil 2-loeular, with 1—2 ovules in each locule; 
endosperm cellular ab initio; seeds with or 
without endosperm; tannins, leucoanthocy- 
anins, etc. lacking; ethereal oils in some ge­
nera; free terpenic acids common. — Oleaceae.

Goodeniales: herbs or shrubs; leaves usu. 
alternate, exstipulate; glandular and non-
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glandular hairs and sclerenchymatous idio- 
blasts present; stomata anomocytic or para- 
c v tic ; laticiferous vessels absent (cf. Cam- 
panulanae) ; flowers hypo- or epigynous, 5- 
inerous, zygomorphous; calyx 5-lobed; corolla
1- or 2-lipped; stamens 5; anthers free or 
com m ent around style; pollen grains binu- 
cleate; pistil biearpellate, 1—2-locular, style 
simple, widened in upper part into pollen- 
cup; each locule with 1 (or more) erect or 
ascending ovule; endosperm cellular ab initio; 
drupe, nut or capsule; seed with or without 
endosperm; calcium oxalate druses common; 
caffeic and chlorogenic acids and usu. ursolic 
acid present; saponins and inulin often ac­
cumulated. — Goodeniaceae (incl. Brunonia- 
ceae).

Gentianales: woody or herbaceous; leaves 
usu. simple and entire, opposite or not, ex- 
stipulate or often with interpetiolar stipules; 
intraxylary phloem in some families; latici­
ferous ducts in Apocynaceae and Asclepiada- 
ceae; inflorescences usu. determinate; flowers 
actinomorphous; petals often contorted in 
bud; pollen grains often in tetrads (often in 
pollinia), hi- or trinucleate; pistil biearpellate, 
eusyncarpous or paracarpous or in ovary 
region secondarily apocarpous; ovules few 
to numerous; endosperm cellular or generally 
nuclear ab initio; seeds often rich in endo­
sperm; embryo small; tannins lacking; seco- 
iridoids common (lacking in Asclepiadaceae) ; 
accumulation of aluminium and of a lka­
loids, especially indole alkaloids derived from 
iridoids common; cardenolides in Apocyna­
ceae and Asclepiadaceae; caffeic acid com­
mon (except in Gentianaceae). — Loganiaceae 
(incl. Antoniaceae, Spigeliaceae, Stryclina- 
ceae and Potaliacecie) , Buddlejciceae (all.: in 
Scrophulariales), Retziaceae, Rubiaceae (incl. 
I'heligonaceae), M enyanthaceae, Gentianaceae, 
Apocynaceae, Asclepiadaceae (incl. Periploca- 
ceae,.

Loasanao

H erbs  o r  occas. sh rubs ,  often  clim bers;  
leaves a l te rn a te  or opposi te ,  exs t ipu la te ;  
t r ichom es variable ,  incl. simple, hook-l ike  
o r  st inging types; cysto li ths  c o m m o n ;  in ­
tr ax y la ry  p h lo em  lack ing ; vessels w ith  
s im ple  p e rfo ra t io n s ;  in f lo rescence  usu. d e ­
te rm ina te ;  f lowers a c t in o m o rp h o u s ,  b i ­
sexual, usu. epigynous, usu. 5 -m erous; 
petals usu. free, occas. basa l ly  conna te ;  
s tam en s  5, 5 +  5 or seco nd ar i ly  n u m e ro u s ;  
s tam in od ia  p resen t in som e gen era ;  pollen 
gra ins  variable ,  colpate, co lp o ra te  o r  po-

rate, b inuclea te ;  pistil usu. 3— 5-carpella te ,  
usu. un ilocu lar ,  w ith  parie ta l  p lacen tas ;  
ovules h em ian a tro p o u s  to an a trop ou s ,  uni- 
tegmic, tenu inuce lla te ;  end o sp e rm  ce l lu la r  
ab initio, with te rm in a l  h au s to r ia ;  capsu le  
o r nu t;  seeds w ith  end o sp e rm  con ta in ing  
oil and  fa t ; tan n in s  lacking; caffeic acid, 
ir idoids an d  druses of ca lc ium  oxa la te  
found  in leaves.

Loasales: Loasaceae.

L am ianae

W o o d y  o r  herb aceou s ;  leaves a l te rn a te  
o r opposi te  (or in w horls ) ,  exs t ipu la te ;  in ­
trax y la ry  ph lo em  usu. lacking; vessels usu. 
with s im ple p e rfo ra t io n s ;  flowers usu. 
hypogynous ,  genera l ly  zy g o m o rph ou s  (or 
s trongly  reduced) ; sepals and  petals 5 -m e­
rous (but o ften  b i lab ia te) ;  synsepa ly  and  
sym peta ly  (naked and  m o n o ch lam y d o u s  
fo rm s occur  esp. in the small o rders)  ; 
s tam ina l w h or l  a l te rn a t ing  with petals,  
usu. redu ced  to 4 o r  2 (occas. 1) s tam en s ;  
pollen gra ins  variable ,  b inuclea te  o r  t r i ­
nuclea te; gynoec ium  usu. b iearpella te ,  1-,
2- o r  (secondarily) 4-locular ; style usu. 
simple; ovules 1, 2 o r n u m e ro u s  p e r  c a r ­
pel, unitegmic, tenu inuce lla te ;  e n d o sp e rm  
usu. ce llu lar  ab  initio, often with te rm in a l  
hausto ria ,  occas. helobial;  f ru it  o f te n  a 
capsu le  o r  4 -par ti te  sch izocarp ; seeds w ith  
or w ith ou t  end o sp e rm ; with fa t ty  oils; 
tann ins an d  po lypheno lics  incl. ellagic 
acid, m yrice t in  a n d  le u c o an th ocv an in s  
lacking; caffeic  acid, feru lic  acid and  
tr i te rp enes  co m m o n ; ir idoids (but no t 
seco-iridoids) p resen t in m os t fam ilies 
(H ydros tachya les  not know n in this  re ­
spect).

Scrophulariales: woody or herbaceous;
some parasites or semiparasites; leaves op­
posite or alternate; intraxylary phloem rare; 
inflorescences usu. thyrses, racemes or spikes; 
flowers usu. zygomorphous, usu. 5-merous 
(Plantaginaceae 4-merous) ; stamens usu. 4 
or 2; pollen grains usu. binucleate; colporate 
or porate; pistil biearpellate, bilocular or 
sometimes unilocular; ovules 1 to numerous 
per carpel; endosperm usu. with micropylar 
and chalazal haustoria; fruit variable, usu.
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a capsule, never a 4-parlitc schizocarp; seeds 
with fatty oils; saponins and stachyose com­
mon. — Scrophulariaceae, Selaginaceae, 
Globulariaceae, Lentibulariaceae, Plantagina- 
ceae, Pedaliaceae, Trapellaceae, Martynia- 
ceae. Orobanchaceae, Gesnerinceae, Bignonia- 
ceae, Henriqueziaceae, Myoporaceae, Acantha- 
ceae (inch Thunbergiaceae and Mendoncia- 
ceae).

Hippuridales: erect, aquatic lierh; leaves 
in whorls of 6— 12, linear, entire; peltate hairs 
with multicellular head present; flowers 
small, in leaf axils, often bisexual (hut also 
unisexual, male or female), epigynous; ovary 
monocarpellate, subapically with one slightly 
lateral style, one stamen and a small, simple
2— 4-lobate perianth borne near the top of 
the ovary; pollen grains 4—6-colpate, trinu- 
cleate; one locule with one apical, pendulous 
ovule; with suspensor haustorium but not 
endosperm haustoria; small drupe with endo- 
spermless seed; embryo large; caffeic and fer- 
ulic acids present; iridoids of same type as in 
Scrophularia les (aucubin). — Hippuridaceae.

Hydrostachyales: |>artly submerged fresh­
water aquatics with short, tuber-like stem; 
leaves in rosette, simple or divided 1—3 
times, partly  covered with scale-like ex­
crescences; inflorescence spicate, on unbran­
ched leafless peduncle with a ring of vas­
cular bundles; flowers naked, unisexual, each 
in the axil of a bract, usu. with a tuft of 
hairs on each side; male with one stamen, 
its extrorse anther longitudinally divided into 
two monothetic halves; pollen grains in te­
trads, probably inaperturate, binucleate; pi­
stil bicarpellate, paracarpous, with 2 parietal 
placentae and 2 free stylodia; ovules several 
to numerous; endosperm with micropylar 
haustorium; small capsule with numerous, 
small, endospermless seeds; druses of calcium 
oxalate in vegetative parts. — Hydrostachya- 
ceae.

Lamialcs: woody or herbaceous; leaves 
opposite; plants usu. covered with glandular 
hairs containing ethereal oils; stems often 
quadrangular; inflorescence usu. a thyrse 
or raceme; flowers hypogynous, actinomor- 
phous or usu. zygomorphous, often bilabiate; 
stamens 5 or usu. 4 or 2; pollen grains usu.
3- or 6-colpate, bi- or trinucleate; pistil usu. 
bicarpellate; style usu. simple, often gyno- 
basic; ovules 2 per carpel, with micropyle 
directed downwards; usu. drupe or 4-partite 
schizocarp with one-seeded mericarps; seeds 
rich in fatty oils (in Lamiaceae often with li- 
nolic and linolenic acids); tendency to p ro­
duce essential oils in glandular hairs and to 
produce and accumulate diterpenes; otherwise
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chemically similar to ScrophulariaLs. — 
Verbenaceae (incl. Stdbaceae) , Callitrichaceae, 
Lamiaceae (incl. Tetrachondraceae).

C aryophyllanae

Mostly herbs; succulents common; ab ­
normal secondary growth common; essels 
with simple perforations; sieve tube plas­
ticis with characteristic protein bodies; 
inflorescences mainly determinate; flowers 
usu. actinomorphous, hypogynous to epi­
gynous, usu. 4— 5-merous; perianth vari­
able; involucre occas. present; sepals near­
ly always present, usu. green, occas. (in 
Portulacaceae) deeply bilabiate; petals (or 
petaloid staminodia) of various types, cy­
clic or spirally set; haplo- or diplostemony 
or numerous centrifugally developing sta­
mens; pollen grains variable, often poly- 
porate, trinucleate; pistil usu. syncarpous, 
2— 5-carpellate, unilocular with central 
placentation or sometimes otherwise; 
ovules campylotropous or amphitropous, 
usu. bitegmic, crassinucellate; endosperm 
nuclear ab initio; seeds usu. with curved 
embryo encircling a richly developed peri- 
sperrn with compound starch grains; 
plants with betalains instead of antho- 
cyanins (except in Caryophyllaceae and 
perhaps Molluginaceae) ; tendency of ac­
cumulating acids, esp. oxalic acid: sapo­
nins common; pinitol present in some 
families (absent in Amaranthaceae, Gheno- 
podiaceae and Portulacaceae) ; alkaloids 
occasional.

Caryophyllales: Phytolaccaceae, Agdestida- 
ceae, Stegnospermataceae, Achatocarpaceae, 
Nyctaginaceae, Aizoaceae, Molluginaceae (? 
distinct from preceding), Didiereaceae, Cacta- 
ceae, Portulacaceae, HectoreUaceae, Basella- 
ceae, Chenopodiacecie, Dysphciniaceae, Halo- 
phytaceae, Amaranthaceae, Caryophyllaceae.

MONOCOTYLEDONEAE  

A lism atanae

Chiefly aquatic herbs, often with rh i­
zomes; leaves linear, band-like or differen­
tiated into petiole and lamina; intravagi- 
nal stipules frequent; stomata usu. lacking
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or  w hen  p resen t  the ne igh bo u r in g  cells 
w ith  or w i th o u t  ob lique d ivisions; schizo- 
genous d u c ts  in som e fam ilies; f lowers  
fro m  ac t in o m o rp h ic ,  with  3 +  3 (or more) 
s tam ens an d  3 (or more) carpels, to re ­
duced, nak ed ,  unisexual,  som etim es w ith  
one s tam en  o r  one carpe l  only; p e r ia n th  
in some fam ilies  rega rd ed  as func t io na l ly  
rep laced  by lam in a r  connect ive  o u t ­
g row th s ;  f i lam en ts  na rro w ,  w ith  apica l 
m ic ro sp o ran g ia ;  pollen gra ins  w ith  one  or 
no a p e r tu re s ,  free o r  in te trads,  usu . tri- 
nuclea te ;  a p o c a rp y ;  p lacen ta t ion  lam ina i 
o r  su b m arg in a l ;  ovules usu. bitegmic, 
crassi-  o r  pseudocrass inuce lla te ;  en d o ­
sp e rm  fo rm a t io n  helobial o r  som etim es  
nuc lea r;  nu tle ts  o r  follicles; seeds w i th o u t  
e n d o sp e rm ;  leu co an th ocy an in s  ra re  o r a b ­
sent.

Alismatales: secretory ducts present; flo­
wers hypogynous, in panicles or similar in­
florescences, usu. with 3 greenish to white 
outer tepals ("sepals”) and 3 whitish lo pink, 
petaloid inner ones; pollen grains 2—30-po- 
rate; carpels 3 to numerous, with laminar to 
laminar-basal placentation; ovules 1 or more, 
pseudocrassinucellate; embryo sac bisporic; 
follicles or nuts; seeds with horseshoe-like, 
curved embryo; rhizomes with starch and 
sugars; no anthocyanin pseudobases. — 
Alismataceae, Limnocharitaceae.

Hydrocharitales: secretory ducts lacking; 
flowers solitary or in cymose inflorescences, 
often enclosed by a spathe, hypo- or usu. 
epigynous, often unisexual and dioecious; 
tepals usu. 3 +  3, outer 3 often sepaloid, oecas. 
(Aponogetonaceae) 1—3 (by reduction); sta­
mens in one or more, usu. 3-merous whorls; 
pollen grains usu. with one distal aperture; 
apocarpy in hypogynous flowers; placen­
tation laminai to lateral or basal; ovules usu. 
several to numerous, usu. anatropous and bi­
tegmic (unitegmic in some Aponogetonaceae), 
crassinucellate; embryo sac monosporic; fruit 
variable; seeds with straight embryo; an tho­
cyanin pseudobases often present. — Butom a- 
ceae, Hydrocharitaceae, Aponogetonaceae.

Zosterales: leaves variable, usu. stipulate; 
secretory ducts common in leaves; hairs and 
stomata usu. lacking; flowers hi- or uni­
sexual; naked (except, perhaps, in Scheuch- 
zeriaceae), perianth then sometimes function­
ally replaced by what is considered to be 
petal-like outgrowths from connectives; sta­
mens 3 +  3 or fewer, sometimes only 1; pollen

grains simple or in dyads or tetrads, globose 
to thread-like, inaperturate; carpels 6— 1, 
free or slightly fused in centre; ovules usu. 
1—2, atropous or anatropous, crassi- or 
pseudocrassinucellate; embryo sac mono­
sporic; follicles, nutlets or schizocarp; calcium 
oxalate usu. lacking; rhodoxanthin some­
times present; anthocyanin pseudobases p rob­
ably lacking; cyanogenic compounds found 
in the first two families. — Scheuchzeriaceae, 
Juncaginaceae, Potamogetonaceae (inch Rup- 
piaceae), Zosteraceae, Posidoniaceae, Zan- 
nichelliaceae, Cymodoceaceae.

Najadales: fresh- and brackish-water
plants; branching at least partly sympodial; 
leaves subopposite (!), linear, often toothed, 
dilated at base, with intravaginal scales; sto­
mata lacking; flowers terminal (?), uni­
sexual, usu. monoecious; male basally with 
2 scales (bracteoles), consisting otherwise of 
an almost sessile anther enclosed in a thin, 
apicallv 2-lobate, flask-shaped sheath (peri­
anth?); pollen grains ellipsoidal, inaperturate; 
female flowers usu. naked, consisting per­
haps of one carpel, but apically with 2—4 
stylar branches; ovule solitary, basal, an a ­
tropous, crassinucellate; nutlet; seed with 
reticulate testa. — Najadaceae.

Lilianae

H erb s  or so m ew h a t  w oody p lan ts  w i th ­
out o r  occas. w ith  a b n o rm a l  s e c o n d a ry  
th icken in g  g ro w th ;  leaves usu. l in ea r  o r 
lanceolate ,  occas. petiolate, a l te rn a te  ( r a ­
rely opposite) ; n e ighbour ing  cells of s to ­
m a ta  with o r  w i tho u t  divisions, these 
ob lique  or non-oblique; vessels usu . p r e ­
sent in roo t only  (or lacking a l to ge the r ) ;  
f low ers  3 -m erous; tepals usu. 3 +  3, usu. 
of s im i la r  co lour  an d  tex tu re  in the two 
w ho rls ;  s tam en s  3 +  3, 3 o r  less, f ree  o r 
co n n a te ;  pollen  gra ins  usu. w ith  o ne  (oc­
cas. 2— 3) a p e r tu re  (s), usu. b inu c lea te  (ex­
cep t in some paras i t ic  g ro up s  an d  one ge­
nus of Bromeliales) ; pistil usu. 3 -carpel-  
late, usu. p a ra -  o r  eu sy nca rp ou s ,  occas. 
a p o c a rp o u s  or a lm ost so (m ain ly  T r iu r i-  
dales) ; ovules usu. bitegmic, c ra s s in u ce l­
late, pseudocrass inuce lla te  or (Orchidales,  
B urm ann ia le s ,  T riu r ida les ,  etc.) t e n u in u -  
cellate; en do sp e rm  n o t  fo rm e d  in O rc h i­
dales, o therw ise  nu c lea r  o r  o ften  helob ia l  
ab  initio; en do sp e rm  w h en  p resen t  usu.
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w ithout starch; steroidal saponins and 
leucoanthocyanins very com m on.

Dioscoreales: c lim bers  a n d  c reepers ;  usu. 
with thick tubu lar  rh izom e rich in starch 
and with abnorm al  secondary  thickening; 
vascular  s trands  often in one or more rings; 
leaves often opposite, simple, to digitately 
compound, petiolate, ra re ly  stipulate;  tri- 
chomes and  glands variable ;  s tom ata :  neigh­
bouring  cells with ir regular  divis ions; idio- 
blasts  with resin o r  tann ins  com m on; flowers 
small, usu. unisexual;  s tam ens  3 or 3 +  3, in 
fo rm er case 3 staminodes;  connective tip 
often extended; pollen grains with  1, 2, 3 or 
4 variable aper tu res ;  ovary  3-locular; ovules
2 or more per carpel,  usu. crassinueellate;  
embryo sac m onosporic ;  endosperm  nuclear 
ab  initio; capsule or  be rry ;  seeds often 
winged; endosperm  with cellulose; embryo 
occas. with terminal p lum ula ;  steroidal 
saponins and  tropane  a lka lo ids as wrell as 
leucoan thocyanins and  o ther  polyphenolics 
(incl. tannins) com m on;  raph ides  common. 
— Dioscoreaceae  (incl. S tenom eridaceae  and 

Trichopodaceae).

Stem onales: erect or c lim bing  perenn ia l  
herbs with rhizome; leaves a lte rna te ,  opposite  
or  whorled; flowers  hypogynous;  tepals 2 +  2,
3 +  3 or 4 +  4, green or coloured; s tamens 
of same n u m b er  as tepals,  of ten  flat; c o n ­
nective projecting  beyond  the la trorse  or  
introrse  thecae; pistil of  2— 5 carpels , either 
unilocular  with parie ta l  p lacen tas  o r  3— 5- 
locular with central  p lacentas;  septal nec ta ­
ries lacking; ovules 2— m any, with  m ult i ­
layered ou ter  integuments;  endosperm  fo r­
m ation nuclear o r  helobial;  be r ry  or capsule ; 
seeds often with  e la iosome fo rm ed  from  
raphe  or h ilum; seeds rich in endosperm  
containing fat and  a leurone  an d  also often 
s tarch, but not cellulose; certain  a lkaloids 
and  poisonous saponins (with diosgenin as 
sapogenin) kno w n  in the o rder.  -— S tem o n a - 
ceae (incl. C room iaceae) , Trilliaceae.

Asparagales: herbs  or sh rub-l ike  p lants,  
occas. with ab n o rm a l  secondary  thickening 
growth; bulbs, rh izom es o r  roots serving as 
storage organs;  vessels restr ic ted  to roots,  
with sca lariform  to simple pe rfora t ions ;  
leaves often succulent;  raph ides  of calcium 
oxalate  and  mucilage cells com m on; s tom ata :  
neighbouring cells usu. with divisions, oblique 
or non-oblique; flowers  usu. pentacyclic; 
tepals 3-merous, not with variegated pa t te rn  
of drop-like dots, ou ter  and  inner  similar, 
basally  w ithout  nectar ies  (except in Philesia- 
ceae) ; an the rs  usu. basi- or  dorsifixed, usu. 
introrse; pollen grains usu. with one aper tu re ;  
gynoecium syncarpous ;  carpels  3, usu. with

septal nectar ies;  ovules crassi-,  pseudocrass i-  
o r  tenu inucella te ;  ou ter  layer of  testa  b lack, 
incrus ted  w ith  m elan in  layer; inner  in tegu­
ment co llapsed  in testa; em bryo  sac hi- or 
m ono sp o r ic ;  endospe rm  nuclear  or  helobial 
a b  initio; f ru i t  usu. be r ry  o r  capsule; e n d o ­
sperm  se ldom  with s ta rch ;  saponins,  calcium 
oxala te  (esp. raphides)  a n d  chelidonie  acid 
com m on;  a lka lo ids in some families. — 
Sm ilacaceae, Philesiacecie  (incl. Luzuriagaceae  
an d  P eterm a n n ia cen e ) . Ruscaceae, Conval- 
lariaceae, A sparagaceae, D racaenaceae  (incl. 
N olinaceae, A steliaceae  and  Dianellacecie) , 
H gpoxidaceae, Tecophileaceae  (incl. W alleria- 
ceae, C yanastraceae  a n d  E rio sp erm a cea e ) , 
P horm iaceae , X an thorrhoeaceae  (incl. D asy- 
pogonctceae) , A phyllan thaceae , A sphodela-  
ceae, A n thericaceae , Ixio liriaceae, Agavaceae, 
P horm iaceae , H em erocallidaceae, H yacin tha -  
ceae, A lliaceae, A m aryllidaceae.

T accales: p e ren n ia l  h e rb s  w ith  tu b e rc u la r  
rh izom e r ich  in s ta rch ;  vessels w i th  sca la r i ­
fo rm  p e r fo ra t io n s  p resen t  in roots;  leaves 
usu. in basa l  rosette , petiolate,  en tire  or 
deeply  dissected, with  paral le l  nerves and 
a n as to m o s in g  side-veins;  f lowers in sympo- 
dial um bel-l ike  inflorescences; involucre  usu. 
o f  4 b ro ad  leaves; b racts  long an d  fi l i form ; 
f lowers epigynous;  tepals 3 +  3, sim ila r ;  s t a ­
m ens 3 +  3; an the rs  short ,  b road ,  in tro rse ,  
with consp icuous  connective; f i lam en ts  short ,  
ep itepalous;  a n th e r  walls  fo rm ed  a lm ost  as 
in d ico ty ledons ;  pollen g ra ins  with  one  a p e r ­
ture; o v a ry  unilocular;  p lacen ta s  par ie ta l ;  
inner  in tegum en t  m ult i layered ;  f ru i t  b e r ry ­
like bu t  dehiscing i r regu lar ly ;  seeds with 
h o rn y  en d o sp e rm  conta in ing  fa t  a n d  a leurone.  
—  Taccaceae.

H acm odorales: t e r re s t r ia l  o r  (Pontederia-  
ceae) aq u a t ic  herbs; leaves d is t ichous,  l inear 
o r  with petiole and  lam ina;  s to m a ta  usu. with 
n e ighbour ing  cells w ith  o r  w i th o u t  oblique 
divis ions; g landu la r  ha irs  a n d  ra p h id e s  often 
p resent;  vessels o f ten  with  sca la r ifo rm  p e r ­
fo ra t ion ;  flowers usu. z y g o m o rp h o u s ;  tepals 
3 + 3 ,  hypo-  or  epigynous,  pe ta lo id ,  often 
fused into  tubu lar  o r  b i lobate  s t ruc tu res ;  
s tam ens  3 +  3, 3 o r  1 plus s tam in o d es ;  pollen 
g ra ins  usu. with 2— 3 a p er tu res ,  occas. in 
te trads ;  gynoecium  eu sy n carp o u s ,  3-carpel- 
late; septal  nectaries usu. p resen t ;  ovules usu. 
c rass inuee lla te ;  em bryo  sac m on o sp o r ic ;  
endospe rm  fo rm at ion  helobial;  n u t  o r  c a p ­
sule; endospe rm  with  s ta rch ;  e m b ry o  small; 
c hem is t ry  little know n ,  the o rd e r  possibly 
he terogeneous.  —  H aem odoracecie  (incl. Co- 
n o sty lid a cea e ), P ontederiaceae, P hilydraceae .

Liliales: mostly  he rbs ,  w i th o u t  secondary  
th ickening; rh izomes a n d  bulbs in m ost  taxa;
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roo ts  usu. n o t  thick storage o rgans (except 
in A lstroemeriaceae) ; leaves usu. n o t succu­
lent an d  not  d ifferentia ted  into petiole and  
lam in a ;  s to m ata :  ne ighbouring cells a p p a r ­
ently  usu. w ithout  divisions; vegative o r ­
gans usu. n o t  with raph ides or mucilage in 
cells o r  ducts ;  inflorescence usu. te rm ina l  on 
shoot;  f low ers  5- or  4-cyclic; tepals in two 
whorls ,  o u te r  and inner  similar or dissimilar,  
o f ten  va r iegated  with drop-shaped  dots;  nec­
taries usu. p resen t  a t  base of tepals (seplal- 
nectar ies  usu. lacking);  stamens 3 +  3 or 3; 
an th e rs  basi- or  medifixed, in trorse  o r  ex-
trorse;  pollen  grains with  one aper tu re ;  c a r ­
pels 3; apo- or usu. syncarpy;  ovules usu. 
num ero u s ,  crassi- or  tenuinucellate;  en d o ­
sperm fo rm at io n  nuclear  or helobial;  fruit 
never  a he rry ;  seeds never with da rk  melani-
fe rous  testa, its inner in tegument intact;
e n d o sp e rm  withou t  s tarch; a lkaloids largely 
absent;  s te ro ida l  saponins usu. present (except 
in some Alstroemeriaceae).  —  Colchicaceae, 
Iridaceae  (incl. Geosiridctceae), A lstroem eria ­
ceae, L iliaceae  (incl. C alochortaceae) , M elan- 
thiaceae  (inch Petrosaviaceae  and  T ricyrtida -  
ceae).

T riuridales: small ,  ch lorophylless ,  whit ish ,  
yellow, red  o r  violet saprophytes  with my- 
corrh iza ;  leaves small, bract-like; flowers in 
cymose inflorescence, small,  a c t inom orphous ,  
usu. unisexual,  with 3 o r  6(— 10) tepals 
som etim es extended into tails; s tam ens 3 or 6, 
with short  f i laments;  pollen grains sm ooth , 
inape r tu ra te ,  trinucleate;  apocarpy ;  carpels 
free, small , num erous ,  developing into small 
nutle ts o r  follicles; ovules tenuinucella te;  em ­
bryo sac m onosporic ;  endosperm  nuc lea r  ah 
initio;  seed endosperm  with pro te in  a n d  fat. 
—  Triuridaceae.

lturm annialcs: au to t ro p h ic  or  sap rophy t ic ,  
with or w i thou t  chlorophyll;  p robab ly  with 
m ycorrh iza ;  leaves l inear (when green) or 
b ract-like (when chlorophylless) ; flowers 
so litary  and  often terminal or  in various 
inflorescences, a c t inom orphous  o r  occas. 
(Corsiaceae) zygomorphous,  a lways epigy- 
nous; tepals 3 +  3, similar or usu. dissimilar 
in the two whorls,  often with b iza rre  p ro ­
jections; s tam ens  3 +  3 or 3, free or united 
with tepal tube; pollen grains free, without 
o r  with 1(— 3) apertu re(s ) ,  hi- or  t r inucleate ;  
ovary  3- o r  1-locular, with  central  o r  pa r ie ta l  
p lacen ta tion ;  ovules num erous ,  tenuinucella te;  
em bryo  sac bisporic; endosperm  fo rm ation  
helobial (or sometimes cellular ?) ; capsule ; 
seeds diminutive,  with  little endosperm . — 
B urm anniaceae , Corsiaceae, Thism iaceae.

Orchidales: perenn ia l  herbs;  roo ts  o r  stem 
o f ten  swollen storage organs; leaves l inear

to c ircular;  s tom ata :  ne ighbouring  cells v a r i ­
able,  with or w ithou t  divisions, these usu. 
oblique; ra,  ' ' 'es of calcium oxalate co m ­
mon; mucilage cells pa r ticu la r ly  in succulent 
taxa; f lowers usu. zygom orphous ,  solitary 
o r in spike; usu. bisexual; tepals 3 +  3, inner 
m edian  one usu. fo rm ing  a labellum (directed 
d o w n w ard s  by resup ina t ion );  this  or o ther  
tepals often  with a spur;  s tam ens 3, 2 o r  usu. 
1 ( =  the lateral  of inner  w h o r l  or  the median  
of ou ter  whorl or  bo th ) ;  s tam ens  united with 
style to a gynostegium; pollen grains free, in 
tetrads,  in massulae ,  or  in pollinia;  st igmatic  
lobes 3, one often  sterile, extended into a 
roste llum; ovary  3- o r  1-locular; ovules n u ­
merous ,  tenuinucellate;  embryo  sac mono- 
or bisporic;  endosperm  usu. not fo rm ed  at 
all; glucosides and  a lka lo ids rich. — A posta- 
siaceae, C ypripediaceae, Orchidacecie.

Brom oliales: herbs,  of ten  with  large, coarse  
leaf rosette;  leaves l inear o r  lanceolate , ses­
sile, often serrate  and  xerom orphous ,  som e­
times stiff o r  tough; s tom ata :  neighbouring 
cells as fa r  as k n o w n  with oblique divisions; 
vessels with simple or occas. scalariform  p e r ­
fo rat ions;  flowers ac t inom orphous ,  hypo- or 
epigynous; tepals 3 +  3, s imilar o r  dissimilar; 
s tam ens  3 +  3 to num erous ;  pollen grains oc ­
cas. in tetrads,  with 1 or occas. 2 apertures ,  
hi- (or occas.  tri-) nucleate, gynoecium syn- 
carpous,  3-locular; septal nectaries usu. p re ­
sent; ovules num erous ,  crassi-  or  pseudo- 
crass inucella te ;  em bryo  sac monosporic;  e n ­
dosperm  fo rm at io n  (where known) helobial;  
be r ry  or capsule; endospe rm  rich in s tarch, 
lacking fat;  embryo  small; a lkalo ids lacking; 
s teroidal saponins  sometimes present.  The 
o rd e r  a p p ro ach es  Commelinales (Commelina- 
nae) in e.g. the s ta rchy  endosperm . —  Bro- 
m eliaceae, Velloziaceae.

T y p h a n a e

G la b ro u s ,  p e r e n n i a l  h e r b s  w i th  c ree p in g ,  
s t a r c h - r i c h  rh i z o m e ;  leav es  d is t ic h o u s ,  l i ­
n e a r ;  s t o m a t a :  n e ig h b o u r in g  cells  w i th  
o b l iq u e  d iv is io n s ;  m u c i la g e  cells  in v e g e ­
ta t iv e  p a r t s ;  c a l c iu m  o x a la te  as  r a p h id e s  
a n d  in o t h e r  f o r m s ;  i n f lo re sc e n c e  u n ­
b r a n c h e d  o r  b r a n c h e d ,  w i th  sp ik e s  o r  
h e ad s ,  u p p e r  w i th  m a le ,  lo w e r  w i th  fe m a le  
f lo w e rs ,  th ese  h y p o g y n o u s ,  w i th  3 +  3 t e ­
p a ls  o r  n a k e d  ( th o u g h  th e n  w i t h  n u m e r ­
ou s  s c a t t e r e d  t r ic h o m e s )  ; s t a m e n s  u su .  
2, 3 o r  6; a n t h e r s  e x t ro r s e ;  c o n n e c t iv e  
d i s t a l ly  b r o a d ;  p o l len  g r a in s  occas .  in t e ­
t rad s ,  w i t h  o n e  a p e r t u r e ,  b in u c le a te ;  gy- 

B ot. N o tise r, vo l. 128, 1975

65



1 4 4 ROLF DAHLGREN

noecium monocarpellate, with one pen­
dulous, anatropous, bitegmic, crassinucel- 
late ovule; endosperm formation helobial; 
drupe or nutlet; endosperm with starch, 
aleurone and fatty oil; embryo small, 
straight; plants rich in polyphenolics such 
as leucoanthocyanins and tannins.

Typhales: Spcirganiaceae, Typhaceae.

Z in g ib eran ae

Often large, occas. tree-like, usu. gla- 
brous herbs with starch-rich rhizomes; 
leaves petiolate, with broad, usu. lanceo­
late or linear-oblong, pinnately veined 
lamina; sheaths occas. forming a “false 
stem” (in Musaceae) ; stomata: neighbou­
ring cells with divisions, non-oblique or 
usu. oblique; silicate cells (stegmata) and 
raphides sometimes present; inflorescence 
usu. with monochasial units; flowers zvgo- 
morphous or asymmetric, usu. epigynous; 
tepals 3 +  3, often inconspicuous, outer 
usu. smaller than  inner; syntepaly com­
mon; stamens 6— 5 or reduced to 1, in 
latter case (1 —)3— 5 often transformed 
into large, showy petaloid staminodia; 
pollen grains with one or no aperture, bi- 
nucleate; pistil eusyncarpous or paracar- 
pous; carpels 3; ovules usu. numerous, 
crassinucellate; embryo sac usu. mono- 
sporic; endosperm helobial or nuclear ab 
initio; seeds arillate, with peri- and endo­
sperm rich in starch; calcium oxalate p re­
sent in diverse forms; silicic acid common; 
ethereal oil present in vegetative parts 
and testa in Zingiberaceae; polyphenolics 
such as leucoanthocyanins and flavonols 
common.

Zingiberales: Low iaceae, H eliconiaceae,
M usaceae, S trelitziaceae, Zingiberaceae, Costa- 
ceae, M arantaceae.

C o m m elin a n a e

Herbs and graminids, often tufted; stem 
often hollow, with compact nodes; leaves 
usu. linear, generally with basal sheath, 
almost never with distinct petiole and
Bot. Notiser, vol. 128, 1975

lamina; hyaline ligula common at edge of 
sheath; stem usu. with vessels; stomata: 
neighbouring cells nearly always with non­
oblique divisions; epidermis cells often 
with silicate bodies; inflorescences spikes, 
heads or cvmose assemblages; flowers 
entomogamous or usu. anemogamous, 
hypogynous; perianth members 3 +  3, 3 
or less than  3, often lacking (differentiated 
into sepals and petals in Commelinales) ; 
stamens 3 +  3, 3, or less; pollen grains 
single or in tetrads, usu. with one aperture, 
generally trinucleate (except at least, in 
Commelinales and some genera of Cype- 
rales) ; pistil 3-, 2- or possibly 1-carpellate; 
ovules usu. bitegmic, crassi-, pseudocrassi- 
or teuuiuucellate; endosperm usu. nuclear 
ab initio (except at least in Juncales) ; 
seeds with endosperm rich in starch; sa- 
ponins and alkaloids sporadic or lacking.

Com m elinales: p eren n ia l  herbs;  leaves e n ­
tire, usu. l inea r  to lanceolate ,  shea th  closed; 
mucilage ducts an d  raph ides  of calcium 
oxalate  at least  in Commelinaceae; only 
druses or  single c rystals k n o w n  in the o ther  
families; vessels p resen t  in stem; flowers usu. 
bisexual, a c t in o m o rp h o u s  to zygom orphous ;  
tepals usu. 3 +  3, ou ter  usu. green and  sepaloid 
or hyaline ,  inner peta lo id ; s tam ens  usu. 3 +  3; 
a n th e rs  basifixed; pollen  g ra ins  with  1 (occas. 
0 o r  3) aper tu res ;  pistil 3-carpellate , 3-locular; 
style single; stigmas 1— 3; p lacen ta t ion  usu. 
central;  ovules crassi-  or  tenuinucella te;  e m ­
bryo sac mono- or b isporic;  fruit  usu. a 
loculicidal capsule ; e n d o sp e rm  rich in s tarch, 
p ro te in  a n d  often oil; em bryo  small , u n d i f fe ­
rentiated ,  apical,  often separa ted  f rom  e n d o ­
sperm. —  C om m elinaceae, C artonem ataceae, 
M agacaceae, Xyridaceae, A bolbodaceae, Ra- 
pateaceae.

E riocaulales: a n n u a l  o r  p e ren n ia l  he rbs  
with  roset tes  of usu. sp ira lly  set, l inea r  or 
filiform leaves; crystal  r ap h id es  lacking; f low ­
ers num erous ,  small,  unisexual,  m onoecious 
or dioecious, in p eduncu la te  heads  enclosed 
by an  involucrum ; f low ers  usu. a c t in o m o r ­
phous;  tepals 3 +  3 o r  2 +  2; ou ter  dry, chaffy,  
inner  scarious to hya line ;  s tam ens  ha lf  the 
n u m b er  of o r  in sam e n u m b e r  as tepals; 
pollen gra ins sp iraper tu ra te ;  style with  2— 3 
or m ore  b ranches;  pistil 2— 3-locular;  each 
locule w ith  one tenuinucella te  ovule; small 
loculicidal capsules; seeds with well-devel­
oped, m ea ly  endosperm  rich  in s ta rch .  —- 
Eriocaulaceae.
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Juneales: gram in ids ,  usu. tu f ted ,  usu.
e ither a n n u a l s  or  rh izom atous  pe renn ials ;  
leaves usu. tris tichous,  n a r ro w ,  f lat  o r  terete, 
with o p e n  o r  closed sheath ,  often w ith  ligule; 
flowers usu. anem ophilous ,  bisexual, in cy­
mose inflorescence; bracteoles  of ten  several 
per f lower;  tepals 3 +  3, bract-like, of s imilar 
texture, green to b ro w n  o r  black, of ten  m a r ­
ginally  hyaline ;  s tam ens  3 +  3. free; pollen 
g ra ins  in tetrads,  t r inucleate ,  w ith  one a p e r ­
ture; pistil  3-carpellate , 3- o r  1-locular; sty- 
lodial b ran ch es  3; ovules crass inucella te ;  
e n d o sp e rm  fo rm at io n  helobial;  capsule  lo- 
culicidal;  seeds often with  elaiosome; e n d o ­
sperm  enclosing the small ,  s tra igh t  em bryo;  
tann ins  com m on;  calcium oxalate  lacking; 
silicic acid rich; a n th o cy an in s  lacking, r e ­
p laced by glucosides of luteolinidin. —  Junca-  
cene, Thurn iaceae.

Cyperales: gram in ids ,  usu. h e rbaceous ,  o f­
ten rh izom atous ,  no rm al ly  with 3 -angu la r  to 
terete, m arrow -fi l led  stem; leaves usu. tristi- 
chous,  n a r ro w ,  with closed shea th ;  epidermis 
cells o f ten  with  silicate bodies of conical 
shape;  s to m ata  of poaceous  type; spikelets,  
often in com pound  systems; flowers (or flow- 
er-like synanth ia)  uni- o r  bisexual, naked  
or with 3, 3 +  3 or n u m ero u s  scales, bristles 
or  ha irs ;  s tamens usu. 3 o r  less, w ith  th in  
f i lam ents;  3 m icrospores in each te t rad  de ­
genera ting  an d  inco rpora ted  in wall of fo u r th  
which  becom es a func tional  pollen grain; 
this hi- o r  trinucleate, w ith  one a per tu re ;  
pistil 2— 3-carpellate , unilocular ,  w ith  2— 3 
long st igmatic  b ranches;  locule w ith  one 
basal,  a na tropous ,  c rass inucella te  ovule; e n d o ­
sperm  nuc lea r  ab  initio; nutlet;  endosperm  
s ta rchy ;  em bryo  basal;  tann iferous  cells co m ­
mon; calcium oxalate  absen t  o r  ra re .  — 
('.yperaceae.

Centrolepidales: gram in ids ,  usu. a n n u a l
and  growing in tufts; leaves not distichous,  
co n cen tra ted  basally; s to m ata  of poaceous 
type; sil icate  bodies an d  calcium oxalate  
p ro b ab ly  lacking; inflorescence usu. a short  
Spike o r  head  with d is t ichous b rac ts ;  these 
in their  axils with  male  o r  fem ale  f lowers 
or  bisexual (? flowers or) synan th ia ,  the 
f lowers usu. in te rpreted  as being unisexual,  
nak ed  and  assem bled in small  sy n an th ia  with 
1— 3 hyaline  bracts ;  m ale  in terpreted  as 
consis t ing  of a single tetra- or  b ispo rang ia te  
(or 2— 1 bisporangiate) an th e r ( s ) ;  pollen 
gra ins m onopora te ,  2-(? o r  3-)nucleate ;  fe ­
male  f lowers usu. in te rp re ted  as m onocarpe l-  
late; carpels  2 or m ore  together on  sam e or 
d iffe ren t  levels; ovule one per carpel,  p e n ­
dulous, o r tho tropous ,  p seudocrass inuce lla te  
(or crassinucellate) ; endosperm  p ro b ab ly  n u ­
clear ab  initio;  f ru i t  usu. dehiscent;  endo- 
10

sperm s ta rchy ;  embryo  peripheral.  -— Cen- 
trolepidaceae.

Poales: g ram in ids ,  usu. w ith  hollow stems; 
leaves distichous,  band-like;  shea th  usu. open, 
with m em b ran o u s  ligule; s tom ata :  ne igh­
bouring  cells usu. with non-oblique divisions; 
one small  subsid ia ry  cell on each side of the 
s toma; “sh o r t  cells” present ,  with  rounded, 
saddle-shaped or quad ra t ic  (but not  conical) 
bodies of silicate; b rac ts  of spikelets usu. 
distichous, lowest  two usu. empty  ( =  “glu­
m es”), o thers  f loriferous ( =  “lem m ae”), o p ­
posite these usu. 2-keeled “pa leae” (brac­
teoles o r  p roduc t  of 2 o u ter  tepals) ; f lowers 
usu. bisexual; tepals 3 +  3 or usu. 3— 2 and  
small (“lod icu lae”); s tam ens 3 +  3 or usu. 3 
(— 2 or 1); pollen grains with one usu. c i r ­
cular  aper tu re ,  usu. t r inucleate ;  ovary 3- or 
usu. unilocular ,  with  3 o r  usu. 2 stigmatic  
b ranches;  ovule solitary, basa l  to apical,  usu. 
pseudocrass inucella te ;  em bryo  sac mono- 
sporic; endosperm  nuc lear  ab  initio; berry,  
nutlet  or  usu. caryopsis ;  embryo small,  
lateral;  endosperm  large, rich in simple or 
com p o u n d  s ta rch  grains ; calcium oxalate 
absen t  or  scanty;  cyanogenic  com pounds  
com m on; leucoan thocyan ins  lacking; cou- 
m ar in  and  silicic acid generally  present. — 
R estionaceae  (incl. A narthriaceae ) , Ecdeio- 
c oleaceae, F lagellariaceae, J oinvilleaceae, 
Poaceae.

Arecanae

T re e - l ik e  o r  u su .  a t  lea s t  l a rg e  p l a n t s ;  
u su .  w i th  w o o d y  s tem ,  b u t  s e c o n d a r y  
g r o w t h  usu .  la c k in g  o r  w e a k ;  leaves  u su .  
la rg e ,  s im p le  o r  s e c o n d a r i ly  d iv id e d ;  f r e ­
q u e n t ly  f a n -  o r  f e a th e r - l i k e  o r  2 -c le f t;  
v esse ls  p r e s e n t  in s tem ,  w i th  s c a la r i f o r m  
o r  s im p le  p e r f o r a t io n s ;  r a p h i d e s  a n d  s i m ­
p le  c r y s t a l s  o f  c a l c iu m  o x a la te  u su .  p r e ­
se n t ;  s t o m a ta :  n e ig h b o u r i n g  cells  usu .  w i th  
n o n - in te r s e c t in g  o b l iq u e  d iv is io n s ;  steg- 
m a t a  o f  s i l ic ic  a c id  in A re ca c ea e  o n ly ;  i n ­
f lo re s c e n c e  u su .  a c o m p o u n d  p a n ic le  o r  
s p ik e ;  f l o w e rs  u su .  sm a l l ,  h y p o g y n o u s ,  
u su .  w i th  3 +  3, 4, 3 o r  n o  t e p a l s ;  s t a m e n s  
n u m e r o u s ,  9, 6, 3 o r  less,  f ree  o r  u n i te d  in 
v a r io u s  w a y s ;  p o l l e n  g r a in s  w i th  o n e  c i r ­
c u l a r  o r  t r i p a r t i t e ,  occas .  2 a p e r t u r e  (s), 
b in u c l e a t e ;  c a r p e l s  v a r ia b le ,  o f t e n  3 o r  4, 
f ree  o r  fu s e d  in v a r io u s  w a y s ;  o v u les  bi- 
tegm ic ,  u su .  c r a s s in u c e l l a te ;  e n d o s p e r m  
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probably m ostly  nuclear ab initio; endo­
sperm  copious, horny, rich in fat, protein  
and often hem icellu lose; condensed tan­
nins and other polyphenolics such as 
leucoanthocyanins com m on in Arecales 
and Cyclanthales, saponins in Arecales.

Arecales: trees,  sh ru b s  or lianes w ith
m on o p o d ia l  g rowth ;  aerial  stem often u n ­
b ran ch ed ;  leaves usu. in rosette ; lam ina  e n ­
tire in juvenile  stage, divided a n d  feather-  
o r  fan-l ike  in adu lt  stage; “ lobes” V- o r  
A-shaped in transec tion ;  leaf base o f ten  with  
ligule (“h a s tu la ” ); isodiametric  “s te g m a ta ” 
with silicic acid often present (resem blance 
to Poales!);  flowers in simple or com pound  
panic les  or  spadices, rela tively  small ,  usu. 
a c t in o m o rp h o u s  an d  unisexual;  tepals 3 +  3, 
9 o r  m ore;  pollen  gra ins with one  pore  or 
3-lobate a per tu re ;  carpels 3, free or united; 
locules usu. separa te ;  be rry  or d rupe ;  seeds 
large; endosperm  well developed, r ich  in fat, 
a leu ro n e  an d  cellulose; embryo  small , lateral ,  
with co ty led o n ary  h aus to r ium ; calcium o x a ­
late and  silicic acid comm on. M any  s im i­
larit ies to Poa les  and  possibly closely re la ted 
with this. —  Arecaceae.

Pandanales: dioec ious trees, sh ru b s  or l ia ­
nes, of ten  with  support ing  aerial roots;  s trong 
p r im a ry  and  pa r tia l ly  secondary  growth,  b u t  
not  fo rm ed  from  a continuous  cam b iu m  ring; 
leaves usu. n a r ro w ,  often  m arg inally  den ta te ,  
in rosettes;  rap h id es  and mucilage cells or  
d uc ts  com m on; inflorescences spadix, head  or 
panicle,  suppor ted  by spa the  rich in e thereal 
oils; f lowers naked  or occas. with  ru d im e n ­
tary  tepals;  s tam ens on  a peltate  o r  o th e r ­
w ise-shaped floral axis; pollen gra ins  mono- 
p o ra te ;  female  f lowers with few to n u m ero u s  
carpels ,  pa ra-  o r  eusyncarpous;  e m bryo  sac 
mono- or b isporic;  berries  or d rupes;  seeds 
with endospe rm  conta in ing oil a n d  p ro te in ;  
e m b ry o  small; t ann ins  and  po lyphenolics  
absen t.  —  P andanaceae.

C yclanthales: large  p e ren n ia l  h e rb s  or
so m e w h a t  w oo d y  p lan ts  or  lianes; leaves usu. 
a l te rna te ,  petiolate,  with broad ,  usu. 3-nerved, 
usu. 2-cleft lam ina,  mucilage ducts occas.  
presen t ;  spadix  unbranched ,  m onoecious,  
with male a n d  female  flowers a l te rn a t in g  in 
g ro u p s  or rings on  the surface; male  flowers 
with (i or m ore  basally  united s tam ens;  te ­
pals i r regu lar  o r  ru d im en tary ;  pollen g ra ins 
free, with 1— 2 aper tu res ;  female f lowers usu. 
w ith  4 carnose  tepals a l te rna t ing  with the 
4 s ty la r  lobes o f  a p a rac a rp o u s  pistil ; ovules 
num erous ,  p seudocrass inuce lla te ;  e n d o sp e rm  
fo rm a t io n  helobial;  fru i ts  berry-like, seeds 
small ,  r ich in h o rn y  endosperm  conta in ing

fat and  a leu rone;  embryo  small; srponins 
and  po lyphenolics  com m on. In ciemical 
charac te rs  in te rm ediate  between A raes  and  
Arecales. —  Cyclanthaceae.

A ran ae

M ostly herbs w ith rhizom es rich in 
starch, occas. root clim bers, epiphytes and  
aquatics; som e strongly reduced a n i root­
less; leaves usu. alternate and 1 ' 'ate, 
w ith entire (seldom lobate or compound) 
lam ina; stom ata: neighbouring c e ls  usu. 
w ith divisions; stom ata “p aracytic’ , “tri- 
cy tic”, etc.; trichosclereids comm on; la- 
ticiferous (usu. row s of intact) cells in 
som e genera; calcium  oxalate occurring 
as raphides, druses, etc.; cells containing  
ethereal oils occas. present; inflorescence  
a carnose spadix basally  supported by a 
spathe; flow ers m inute, hi- or unisexual, 
usu. w ith 3 +  3 or 2 +  2 or no tepals, these 
when present usu. prism atic or scale-like; 
stam ens from  3 +  3 to 1; pollen grains 
w ith variable num ber (1— 4) and cha­
racter of apertures; bi- or trinucleate; 
pistil m onom erous or 2— 3-m erous and 
eusyncarpous; ovules bitegm ic, varying in 
number, appearance and position; nucellus 
variable; endosperm  cellular ab initio (!), 
with chalazal haustorial cell; seeds with  
or w ithout endosperm ; plants occas. with  
ethereal oil in cells or schizogenous ducts 
or cavities; calcium  oxalate, polyphenolics  
and cyanogenic com pounds com m on.

Arales: Araceae, Lem naceae.
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Iridoid Com pounds, Their Occurrence and Systematic 

Importance in the Angiosperm s
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Naturally occurring iridoid compounds are divided into ten groups on bio­
synthetic grounds, demonstrated or postulated. Iridoid-bearing genera of plants 
are tabulated according to the iridoids found in them.

Iridoid compounds are found in thirteen orders within the superorders Hama- 
melidanae, Cornanae, Gentiananae, Loasanae and Lamianae (sensu D a h l g r e n ) .  
The mutual relationships of the orders are discussed with regard to the groups 
of iridoids found, together with other characters. Arguments for a monophyletie 
origin of these orders are presented, and the traditional “Sympetalae” is rejected 
as a natural group.

The results of an investigation for iridoids in 44 species from 36 families are 
recorded in an appendix. Iridoid glucosides have been detected or identified for 
the first time in the families Retziaceae, Dipsacaceae, Calyceraceae, Roridulaceae, 
Stylidiaceae, Sarraceniaceae and Goodeniaceae. Comments on the systematic 
position of the last four families are presented.
Soren Rosendal  Jensen  and Rent  Juh l  Nielsen, D epartm ent o f  Organic Chemistry ,  
Technica l  University  of D enm ark ,  DK-2800 Lyngby ,  D enm ark .
Rolf  Dahlgren, Botanical  M useum  o f  the University  o f  Copenhagen,
Gothersgade ISO, DK-1123 Copenhagen, D enm ark .

'The ir idoids (for genera l  s t ru c tu re  see 
Fig. 1) fo rm  a h o m o g eneo us  g ro u p  of 
m o n o te rpen o id  co m p o u n d s  tha t  a re  fo u n d  
as const i tuen ts  of a n u m b e r  of o rd e r s  in 
I he dicotyledons.

T h e  p resence  of c o m p o u n d s  such  as 
these in a given g rou p  of p lan ts  is c o n ­
sidered by  m a n y  taxo no m is ts  (e.g. H e g -  
n a u e r  1966 1), 1969, 1971, K u b i t z k i  1969, 
M e e u s e  1970, B a t e - S m i t h  1972, B a t e - 
S m i t h  and  S w a i n  1966) to he a v a luab le  
(chemical) cha ra c te r .  It is used toge ther  
w ith  o the r  ch a ra c te rs  to re la te  all ir idoid- 
con ta in ing  taxa  an d  th u s  suggesting  a 
com m on  origin fo r  them .

On accoun t of the  a b u n d a n t  o ccu rrence  
of ir idoids in ce r ta in  o rd e r s  of the  “ S y m ­
pe ta lae” (e.g. Gentianales,  Lam iales ,  
S crophular ia les)  an d  th e i r  com ple te  a b ­
sence in o th e rs  (e.g. Asterales, Cam pa- 
Bot. Notiser, vol. 128, 1975

nula les),  H e g n a u e r  (1964 p. 544), using 
add it iona l chem ical evidence, a rg ued  fo r  
a revis ion  of th is subclass  (Asteridae) of 
T a k h t a j a n ’s sys tem (1959).

K u b i t z k i  (1969) h as  m ad e  use of the  
p resence  of ir idoids as an  im p o r ta n t  
c h a ra c te r  connecting the R osa lian  a n d  I lie 
G utti fera lian  com plexes. In C r o n q u i s t s  
sys tem  (1968) these  a re  bo th  derived  from  
Magnoliidae w hich , how ever ,  com ple te ly  
lacks ir idoids. T he  p resence  of ir ido ids  in 
som e p a r t s  of the t r a d i t io n a l  R osif lo rae  
and  th e ir  absence in o th e r  par ts ,  h as  been 
used by  M e e u s e  (1970) in s u p p o r t  of a 
po lyp hy le t ic  orig in  fo r  the  d icoty ledons .

The  d is tr ib u t io n  of e llagic acid in d i ­
co ty ledons has  been  extensively  s tu d ied  
by B a t e - S m i t h  (1972) w h o  also rec o g ­
nized the  presence of ir ido ids  as a taxo- 
nom ica lly  va luab le  ch a ra c te r ,  p a r t ly  over-
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lapping with and partly complementary 
to ellagic acid in distribution.

The aims of the present study are: (1) 
to give a survey of the different types of 
iridoids occurring in nature and as far  as 
possible to classify them on biosynthetic 
grounds; (2) to give an account of and 
to evaluate the distribution of iridoids 
in general, as well as of the various 
groups within them, as found in the 
angiosperm system (of D a h l g r e n  1975), 
and finally (3) to make use of the iridoids 
in conjunction with other categories of 
characters (morphological, embryological, 
anatomical, palynological and additional 
chemical characters) to re-evaluate the 
position of certain plant groups.

This paper will bring up to date in­
formation on the iridoids found in higher 
plants. F o r  the occurrence of iridoid 
glucosides reported before 1971 we have 
quoted from  the reviews of Pi. ou v i e r  and 
F a v r e - B o n v i n  (1971) and C o r d e l l  (1974). 
In addition, the current literature has 
been covered up to the end of 1974. Data 
on iridoid alkaloids are taken from 
S n i e c k u s  (1968) and B r o s s i  et al. (1971) 
supplemented by W i l l a m a n  and Li (1970), 
H e g n a u e r  (1973 pp. 137 & 731, Rubia- 
ceae) with additional more recent data.

Finally, a limited number of species 
have been investigated experimentally by 
the authors. Most of them were selected 
because of their similarities to iridoid- 
containing groups, using the D a h i .g r e n  
(1975) system.

IRIDOIDS: BIOSYNTHETIC CLASSI­
FICATION AND OCCURRENCE

B iosyn th esis and D efin ition

The iridoids are terpenoid in origin. 
Numerous experiments making use of the 
in vivo incorporation of radioactive com­
pounds have established that mevalonic 
acid (1, Fig. 1) is a precursor of the 
iridoid compounds ( I n o u y e  1971, C o r d e l l  

1974, G r o s s  1970). Geranyl pyrophos-

H0v a:H3

n
H 0 0 C  CH 20 H

H f C

H„r H i

COOCH3 u  COOCH3

ht t S
0 <4v°

H3C M 5-g lucose  ^  o -g lu co se

COOCH3

Fig. 1. Examples of

phate (2) is an intermediate in the fo rm a­
tion of the “basic” iridoid skeleton 
depicted as 3 (where the carbon atoms 
are numbered). Most of the glucosides 
(glucose seems to be the obligatory sugar) 
contain this skeleton, although often with 
some modification. Thus C -ll  is some­
times missing and C-10 also in a few cases. 
One example is known where none of 
these carbon atoms are found. Nepeta- 
lactone (4) and loganin (5) have been 
chosen as examples of single iridoids con­
taining the basic carbocyclic skeleton.

The seco-iridoids form the largest class 
of ir idoid compounds found both as 
glucosides and, more commonly, in 
modified forms as “complex” alkaloids. 
We have chosen secologanin (6) as an 
example of a glucoside, and corynantheine 
(7) and emetine (8) as examples of 
complex alkaloids. Secologanin is formed 
biosynthetically from loganin (5) by 
cleavage of the 7,8-bond of the latter 
compound, thus leaving an aldehyde func­
tion at C-7. Condensation of this aldehyde 
group with tryptophane or 3,4-dihydroxy- 
phenylalanine (DOPA) gives rise to the 
alkaloids.
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iridoid structures  (3— 8).
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3 0 - g l u

R = H or CH3

C 00 R

"Y-rS0 A 0
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•10-OH iridoids (fig. 3)

l - O H -8 a -C H j iridoids ( f ig . i)

C ornin g ro u p  ( f ig .5 )

10 -C O O H  and -d ec arb o x y la te d  

irido ids ( f ig .5) 

V a le ria n a  group (fig  5 )

Gentiopicroside g roup ( f i g . 6) 

Oleuropein g roup (f ig . 6 )

G roup of com plex alkaloids (f ig .7 ]

Fig. 2. Classification of carbocyclic and seco- 
iridoids.

T h e  s te reochem is t ry  sho w n  a t  C-5 and  
C-9 (4, 5 and  6, h ydrogen  a tom s po in t ing  
u p w a rd s )  is com m on to all ir idoids co n ­
tain ing  the basic  o r the seco-skeleton in 
n o n - r e a r ra n g e d  form.

In an  a t tem p t to classify the ir ido id  
co m p o u n d s ,  one can use e i ther  a rb i t ra r i ly  
chosen  fu nc t iona l fea tu res  o r  p a th s  of 
b iosynthesis .  The la t te r  possibil ity  is 
obv ious ly  to he recom m en ded  in dealing 
w ith  p ro d u c ts  of living organism s. H o w ­
ever, as too little b iosyn the t ic  research  
has been  carr ied  out on  the glucosides it 
will he necessary  to use the chem ical 
fea tu res ,  the reby  choosing such  fu n c ­
tionali ties  as are  th o ug h t  to ref lect b io ­
syn the t ic  re la tionships .

F r o m  the b iosynthet ic  experim ents  so 
fa r  ca r r ied  out,  it ap p ea rs  th a t  loganin  (5) 
m ay  be a key in te rm ed ia te  in the fo r m a ­
tion of m ost o th e r  com pounds .

A p r im a ry  sub-divis ion in to  seco- 
ir idoids and  ir idoids con ta in in g  the c a rb o ­
cyclic skeleton  is self-evident on  b io­
syn the t ic  g rounds ,  as secologanin is an 
in te rm ed ia te  co m p o u n d  in the  synthesis  
o f all o the r  seco-iridoids so fa r  inves ti­
gated  ( C o r d e l l  197-1, I n o u y e  et al. 1974 
c). T h e  results  of b iosyn the t ic  research  
jus ti fy  a sub-divis ion of the seco-com- 
p o u n d s  into three  g rou ps  (see Fig. 2 
an d  c o m m en ts  to Figs. 6 and  7). Among
Bot. N o tise r, vol. 128, 1975

the ir ido ids  w ith  the carbocyclic  skeleton 
only a single class, the  10-hydroxylated  
co m p ou nd s ,  h as  been relatively tho rough ly  
investigated  ( I n o u y e  1971). Using well- 
es tab lished  b iosyn the t ic  m echan ism s  co m ­
bined w ith  s t ru c tu ra l  fea tu res  of the com ­
pounds ,  we have  divided the non-seco 
ir idoids into five sub g rou ps  as show n in 
Fig. 2. W e have postu la ted  10-desoxy- 
g en ipos ide  (9) as an  in te rm e d ia te  in the 
syn thesis  of all these sub g rou ps  and  will 
give o u r  rea so n s  fo r  this  in the comm ents .  
In conn ec t ion  with each g ro u p  we have 
tabu la ted  the occu rrence  of all com p ou nd s  
in fam ilies a n d  genera  am o ng  the d i ­
cotyledons.

T he  above classif ication m ay  be used 
fo r  p u rp o se s  of bo tan ic  taxo no m y  on the 
condit ions  th a t  the sam e co m p o u n d  is 
alw ays fo rm e d  b io syn the t ica l ly  in the 
sam e w ay, a n d  th a t  the abil ity  to p ro du ce  
ir idoids at all has a r isen  once only  in the 
dicoty ledons. These  a ssu m ptio ns  have 
been m ade  here,  an d  seem to he su pp o r ted  
by the d is t r ib u t io n  of ir idoids in the 
an g io spe rm  system.

C arbocyclic Iridoids

Croup I. 1 0-hy d ro x y la te d  C o m p o u n d s  
(Fig. 3)

T h e  glucosides of this g ro up  a re  p laced  
toge ther  on  the  basis  of co m m o n  s t ru c ­
tu ra l  fea tu res ,  i.e. the p resence  of a 10- 
h y d ro x y  g ro u p  and  a doub le  bond  o r  an 
epoxide fu nc t io n  in the  f ive-m em bered  
ring. E v iden ce  fo r  the  b iosyn the t ic  c o n ­
nection betw een  the  c o m p o u n d s  exists 
( I n o u y e  1971, I n o u y e  et al. 1972), ex­
cept fo r 14 a n d  20. T h e  schem e is essen ­
tially th a t  p re sen ted  by  I n o u y e , again  
w ith  the exception  of 14 a nd  the g rou p  
of c o m p o u n d s  rep resen ted  by 20 (plumie- 
ride g ro up ) .  C o rro b o ra t io n  of the s t r u c ­
tu ra l  a n d  b io syn th e t ic  evidence  is fo u n d  
in the fact th a t  the  c o m p o u n d s  a re  o c c a ­
sionally  fo u n d  to o c cu r  toge ther  in the 
plants. T h u s  10 a n d  18 a re  fo u n d  in 
C o m a s  suecica  ( J e n s e n  et al. 1973 a) ,  10
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and 19 in Gardenia jasm inoides (In o u y e  
et al. 1969 c), 11 and 12 in G arrya sp. 
(Je n s e n  a n d  N i e l s e n  unpubl.), 11, 16 
and 17 in Paederia scandens (In o u y e  et 
al. 1969 a), and finally 12 and 13 occur 
together in a number of genera (see 
Table 1).

The inclusion of 14 and 20  in this 
group calls for comments. As can be seen 
from Table 1, melittoside (14) has so far 
been found solely in Lamiaceae, in which 
aucubin (12) is not found at all. On the 
other h and  catalpol (13), a com pound 
derived from aucubin, is frequently found 
in this family. As the ability to introduce 
a hydroxy group at C-5 is an established 
faculty of Lamiaceae (see Group II), we 
find the inclusion of 14 warranted. 
Plumieride (20) is the only glucoside of 
a group of compounds where the gardeno- 
side (19) aglucone is combined with an 
acetoacetic acid residue. The biosynthesis 
of 20 has been investigated ( Y e o w e l l  
and S c h m i d  1964).

In Table 1 we have tabulated the re­
ported occurrence of the 10-hydroxylated 
iridoids in plants. Some trends are 
apparen t from  the table. Compounds late 
in the biosynthetic scheme (the de- 
ca rboxylated  compounds 12, 13 and  14 in 
Fig. 3) are found to occur only sporadi­
cally in some families often considered 
to be more primitive. On the other hand, 
they occur in a large num ber of genera in 
the more “advanced” families.

Group II. 8ß-oxy-8a-methyl Compounds 
(Fig- 4)

These glucosides are grouped together 
because of a presumed common bio- 
genetic origin, i.e. the formation of the 
8-hydroxy-compounds by the opening of 
an epoxide ring. This structural feature 
is found in 21, 27 and 31. Structurally, 
these compounds are closely related to 
13. except that they lack the 10-hydroxy 
function. This points to a biosynthetic 
formation of the group under study 
closely parallel to that of Group I except

HO 0 -g lu  

15

HO o -g lu  

15

HO o —glu

17

HO OH

C00R OH C00R OH

, 0  r'S-'0 VS-0
H O ' o - g lu  HO o -g lu  HO o -g lu

C00R

HO H0 o - g lu

HO O -g lu  
14

OH

H O '' 0 - g lu  

13

"° tl C - ;
19  u  I 2 0

CH3

C00R

R = H or. CH j

Fig. 3. Iridoids of Group I (10-hydroxylated 
compounds).

that the initial step, the oxidation of 9 
to 10, has not taken place. Thus, hypothe ti­
cally, 9 may he oxidised in position 5 and/ 
or 6, followed by epoxidation at 7,8 to 
give the possible immediate precursors of 
22, 24 (hydrolytic opening) and 23 and  25  
(reductive opening). An alternative p a th ­
way could he involved in the formation 
of the compounds lacking functionality 
at position 7. Instead of reductive opening 
of an epoxide ring these compounds 
could he formed by the addition of water 
to a 7,8-double bond. Decarboxylation 
followed by reactions analogous to those 
above may give rise to the remaining 
compounds, except 39. Assuming a com ­
mon basic biosynthesis of the iridoid 
glucosides, we suppose the methyl group 
of 30 to be formed by the reduction of a 
carboxylic acid derivative. That this may 
in fact he the case is indicated by the 
occurrence of a C-l 1-methyl group in 
other iridoids (see Fig. 5, and comments).

The group as a whole must be regarded 
as generally more advanced than the 10- 
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Table t. D istr ib u tio n  of irido ids of Group I 
(10 -h y d ro x y la ted  com pounds, Fig. 3).

G eniposide (10) incl. gen ip in  an d  its 1- 
g en tio b io s id e

C o rn aceae : C o rn u s 1
R u b iaceae : G ardenia,3, 23 Genipa -, 15

S can d o sid e  (11)

G arry aceae : G a rrya 4 
R u b iaceae : Gardenia,-3 P a ed e ria 2

A u cub in  (12) incl. 10-glucosy l-aucubin , agnu- 
side, o d o n to s id e , m e lam p y ro s id ,25 and  o th er 
e ste rs

E u co m m iaceae : E u co m m ia  2>26 
C o rn aceae : A u c u b a 2 
G arry aceae : G a rry a 2 
E ric ac e ae : several species 5 
(A pocynaceae: T h eve tia  6)
B u d d le jaceae : B udd le  j a 2 
G lobu lariaceae : Globularia 2, 8 
H ip p u rid aceae : H ippuris  2 
L en tib u la riaceae : Utricularia  2 
O ro b an ch aceae : L a th ra e a 2, 7 
P la n ta g in ac ea e : P lantago  2 
S c ro p h u la riac e ae : A ngelonia ,7 A n tirrh i­

n u m ,2, 7 A ureo laria ,7 B artsia ,2 B ellardia,7 
B ungen ,7 C a m p ylan thus,7 Castilleja,7 Cel- 
sia,7 C h e lo n e 7 C ollinsia,2, 7 C ordylan- 
th u s ,7 D erm a to b o try s ,7 D iascia,7 E rinus,7 
E u p h ra sia ,2, 7 F reylin ia ,2 H e b e 7 H em i- 
p liragm a ,7 Lago tis,7 Lep tandra ,7 Leptor- 
rh a b d u s ,7 L im osella ,7 L inaria ,2, 7 L inden- 
b e rg ia 7 M azus,7 M ela m p yru m ,2, 7, 25 
O do n tite s ,2, 7 O rthanta ,7 O rthocarpus,7 
O urisia ,7 P arahebe,7, 8 P arentucellia ,7 Pe­
d icu la ris ,2, 7 P en ts tem o n ,2, 7 P hygelius,7 
R eh m a n n ia ,7 R h in a n th u s,2, 7 R usselia ,7 
Scro p h u la ria ,2, 7 Su teru ,7 S y n th y r is ,7 Tee- 
dia ,7 T e tra n em a ,7 V erbascum ,2, 7 Vero­
n ica ,2, 7 V eron icastrum ,2 W u lfe n ia 7 

V erb en aceae: V itex  2, 9 
C a llitrich aceae : Call it riche 2

C a ta lp o l (13) incl. ca ta lp o sid e , m ethy l- 
ca tap o l, g lo b u la rin , p icroside, am pliieoside,10 
an d  o th e r  e s te rs

B u d d le jaceae : B u d d le ja  2 
B ign o n iaceae : A m p h ico m e,10 C a ta lp a 2 
G lobu lariaceae : Globularia  2 
L en tib u la ria c ea e : Pinguicula  2 
M arty n iaceae : n o t nam ed 11 
M y o p oraceae: n o t n am ed  11 
P la n ta g in ac ea e : P lantago 2 
H ip p u rid aceae : H ippuris  2 
S c ro p h u la riac e ae : B u n g e a 7 Castilleja,7 Cel- 

sia,7 C helone,7 Collinsia,7 D erm atobo trys,7 
E u p h r a s ia 7 H eb e ,8 H em ip h ra g m a 7 La­
g o t i s 7 L ep ta n d ra ,7 L ep to rrhabdus ,7 L im o-
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sella,7 L indenberg ia ,7 M azus,7 M elam py­
ru m ,7 O d o n tite s7 O rthanta ,7 O urisia,7 
Parahebe,7 P a u lo w n ia 2 P ed icu la r is7 
P en tstem o n ,7 P hygelius ,7 P icrorhiza ,2 
R ehm ann ia ,7 R h in a n th u s7 Russelia .7 
Scrophularia ,7 S u tera ,7 S y n th y r is 7 l'ee- 
dia,7 T e tranem a ,7 V erbascum ,2, 7 Vero­
nica,2, 7, 8 W u lfen ia ,7 Z a lu zia n skya  7 

C allitrichaceae: Callitriche  2 
L am iaceae: H em iandra ,11 Salazaria,11 S cu­

tellaria  11

M acfad ien o s id e24 ( =  5 -hydroxy-catalpo l) 

B ignoniaceae: M acfadyena  24

M elittoside (14) incl. m on o m elitto sid e

L am iaceae: M elittis,2, 11 P rasium ,11 S ideri­
tis ,11 S ta ch ys  11

T hev iridoside  (15) incl. theveside 

A pocynaceae: C erb era 12 T h e v e tia 2

D aphy lloside  (16, R =  Me) incl. “g a lium
glu co sid e” 13 (16, R =  H), a sp e ru lo s id e , des-
ace ty l-asp eru lo s id e  (17) a n d  p aed ero sid e

Altingiaceae: L iq u id a m b a r 2 
D aphniphyllaceae : D a p h n ip h y llu m  2 
E ucom m iaceae: E u co m m ia  2 
E ricaceae : V accinium  2 
E seallon iaceae: E scallon ia ,2 P o lyo sm a  14 
H ydrangeaceae: F endlera  14 
Icacinaceae: A p o d ytes  14 
D avidiaceae: D avidia  14 
A pocynaceae: A lston ia  2 
R ubiaceae: A llacophan ia ,15 A n th o sp erm u m ,15 

A rgostem m a,15 A speru la ,2, 15 Borreci,15 
B ouvardia ,15 C allipeltis ,15 C occocy psc-
lu m ,n  C oprosm a,2, 15 Coussarea,15 Cru- 
cianella,2 D a m n a ca n th u s,15 D iodia ,15 Ga­
liu m ,2, 15 Gardenia,2 H y d n o p h y tu m ,15 La- 
sian thus,15 M orinda,2, 15 O ldenlandia ,2, 15 
Paederia,2, 15 P e n ta n is ia 13 P en tas,15 Pe- 
ram a ,15 P h u o p sis ,15 P h yllis ,13 P lo c a m a 13 
P ô  m ax,13 P sych o tria ,15 R e lb u n iu m ,15 Ri- 
chardsonia ,15 R ubia ,2, 14 S aprosm a ,15 Sper- 
m acoce,13 T ria n o lep is ,15 T h e lig o n u m ,1* 
Vaillantia 15 

G lobulariaceae: G lobularia  2 
O robanchaceae: O robanche 2

M onotropein  20 (18, R =  H) incl. v acc in o s id e  18

A ltingiaceae: L iq u id a m b a r 2 
E ricaceae : A rc to s ta p h y lo s,2,16 O xycoccu s,216 

Tripeta leia ,17 V a cc in iu m 2,13,18 
M onotropaceae: M onotropà ,2 M on o tro -

pastrum  2 
Pyro laceae : C him aphila ,2 P y r o la 2 
C ornaceae: Cornus 1
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Stylidiaceae: Stylid ium  19 
Rubiaceae: Asperula,2< 21 Galium 2>16 
Globulariaceae: Globularia 2

Gardenoside (19)
Rubiaceae: Gardenia,2 Macrosphyra15

Plumieride (20) incl. other plumeria com­
pounds and allamandicines 22

Apocvnaceae: Allamanda,22 Plumeria 2

1 J e n s e n  e t a l. 1973 a. —  2 P l o u v i e r  & 
F a v r e - R o n v in  1971.  —  3 E n d o  & T a g u c h i
1970. —  4 J e n s e n  & N i e l s e n  u n p u b l. —  
5 I n o u y e  1971 p. 308.  —  6 P a r i s  & E t c h e -  
p a r e  1966; th is  o c c u r r e n c e  w a s  n o t c o n ­
ti r m ed  la te r  ( S t i c h e r  & S c h m id  1969,  S t i c h e r  
1970).  —  7 K o o im a n  1970. —  8 G r a y e r -  
R a r k m e i j e r  1973.  —  9 R im p le r  1972 a a n d  b.
-  10 K a p o o r  e t a l. 1971. —  11 K o o im a n  1972.

—  12 I n o u y e  & N is h im u r a  1972. —  13 K o o i ­
m an  (1969) isolated “galiuin glueoside” from 
seeds of Galium aparine and offered the 
structure 16 (R =  II) for the compound. The 
data given for “galiuin glueoside” (m.p. and 
[a] d) are almost identical to those of des- 
acetyl-asperulosidic acid (16, R =  H) prepared 
by I n o u y e  et al. (1969 b). — 14 K o o im a n
1971. —  15 K o o im a n  1969. —  16 S w i a t e k  & 
K o m o r o w s k i  1972. — 17 Y a s u e  et al. 1971.
—  18 S a k a k i b a r a  et al.  1971.  —  19 See  
A p p e n d ix .  —  20 A c c o r d i n g  to K o o i m a n  (1 9 7 1 ) ,  
16 (R =  H) a n d  18 a re  n o t  d i s t i n g u i s h a b l e  b y  
p a p e r  c h r o m a t o g r a p h y .  T h u s ,  m o n o t r o p e i n -  
o c c u r r e n c e s  m a y  h e r e  h a v e  b e e n  r e c o r d e d  
u n d e r  d a p h y l l o s i d e  a n d  v i c e  v e r s a .  —  
21 St i c h e r  1971 a. —  22 K u p c h a n  et a l .  1974.
—  23 In o u y e  et al.  1974 b. —  24 B i a n c o  el 
al. 1974 a; th is  r e p o r t  w a s  i n c lu d e d  a f t e r  the  
tex t  h a d  b e e n  f in i s h e d .  —  25 A h n  & P a c h a l y  
1974. —  26 B ia n c o  et al. 1974 b.

h y d ro x y la ted  com pounds ,  as it includes 
reac t ions  ad d i t io n a l  lo those foun d  in the 
la t te r  g roup ,  in p a r t icu la r  the  opening  of 
the epoxide  ring.

No b io sy n the t ic  w ork  has  been re ­
p or ted  on th is  g rou p  of ir idoids.

'Fhe re p o r te d  occurrence  of these c o m ­
p o u n d s  is sh o w n  in Table  2. It can  be 
seen th a t  b iosyn the t ica l ly  advanced  c o m ­
po un ds  a re  res tr ic ted  a lm ost entire ly  to 
L am ianae .  V erbenaceous  plants, on w hich  
only  few phy toch em ica l  investigations 
have  as yet  been carr ied  out,  show  a 
re m a rk a b le  s im ila r i ty  to Lam iaceae  with 
re g a rd  lo the ir ido id  glucosides so fa r  
repor ted .

I n fo rm a t io n  on  the fu r th e r  occurrence  
a n d  the b iosyn the t ic  p a th w ay s  of this 
in te res t ing  g ro u p  of glucosides will p r o b ­
ab ly  p rov e  of great use fo r  taxonom ic  
purposes .

co rn in  in V erbena  o ffic ina lis . This, c o m ­
bined w ith  the identical co n f ig u ra t ion  
at C-8, could  p o in t  to a d irec t  ro u te  to 
cornin  by ox ida t ion  at the 6-posit ion  in 
desoxy-loganic  acid as p ro p o sed  by

HO HO r CH3 HO ? ° 0CH4

„^0 “-£0 ÇÇj
CH3 Q-glu H° CH3 0-glu H° CH3 6 -glu

HO
HO'

OH ÇOOCH3 OH COOCH3 OH

pu  i ho' pj, i
3 Q-glu ^^o-glu CH3 0-glu

, uniOHO
1 0 -glu 1 0 -glu ’0 -glu

Group 111. C o rn in  G roup  (Fig. 5)

T h e  b iosyn thes is  of co rn in  (33) has  
been  inves tigated  to som e extent ( H o r o - 

d y s k y  et al. 1969, I n o u y e  et al. 1969 d, 
1972). T h u s  it has  been show n tha t  
desoxy- loganic  acid (57, R =  IT =  FI) gives 
a very  h igh  in vivo in co rp o ra t io n  into

hoho ?h3 ho

0 - .^ 3 Q-glu CH3 o-glu

Fig. 4. Iridoids of Group II (8ß-oxy-8a-methyl 
substituted compounds).

Bot. Notiser, vol. 128, 1975



154 S0REN ROSENDAL JENSEN ET AL,

Table 2. Distribution of iridoids of Group II
(8ß-oxy-8a-methyl substituted compounds, 

Fig. 4).

Galiridoside (21)
Lamiaceae: Galeopsis,1 L am ium ,2 Leonurus8

Lamiide (22)
Lamiaceae: Lam ium  1
Verbenaceae: Caryopteris,4 Chascanum  3

Caryoptoside ( =5-desoxy-lamiide) 
Verbenaceae: Caryopteris 4

Ipolamiide (23) incl. reptoside 15 
Eucommiaceae: Eucom m ia  16 
Lamiaceae: Lam ium ,1 A ju g a 15

Lamalbide (24)
Lamiaceae: Lam ium  5, 6 
Verbenaceae: Caryopteris 4

Shantziside (25)
Rubiaceae: Gardenia 7

Ajugol (26) and ajugoside 
Eucommiaceae: E ucom m ia  18 
Lamiaceae: Ajuga,8 Leonurus,8»9 M elittis8

Antirrhinoside (27)
Scrophulariaceae: A ntirrhinum ,1, 10 Anar-

rhinum ,10 Asarina,10 Chaenorrhinum,10 
Galvezia,10 K ickxia,10 Linaria,1, 14 Mau- 
randia,10 Cymbalaria 12

I n o u y e  et al. (1972). T h e  find ing  of 
griselinoside (36) in G riselinia littora lis  
(Table  3), also w ith  a  6-keto  g rou p  
suggests, how ever ,  th a t  a m e c h a n ism  of 
m ore  general o ccu r ren ce  m a y  be in o p e ra ­
tion. T h u s  desoxy-geniposide  (9), hav ing  
C-6 an d  C-10 in allylic posi t ions  liable to 
ox idation , p rov ides  a conceivab le  p re ­
c u rs o r  fo r both  33 a n d  36. T h e  la t ter  
co m p o u n d  is h igh ly  oxidized at bo th  C-6 
an d  C-10, a nd  11 suggests itself as one of 
the  steps b e tw e e n  9 a n d  36. R e d u c ­
tion of the d oub le  bond  in 11 com bined  
w ith  the ox ida t ion  of the h y d ro x y  g ro up s  
at C-6 and C-10 p rov id es  36. If a m e c h a ­
nism such as this  is involved in the  fo r m a ­
tion of 36, the 6-keto g ro u p  in co rn in  
cou ld  p re su m ab ly  be fo rm e d  an a logous ly  
f ro m  9 w i th o u t  the initial o x ida t ion  at 
C-10. In fact, H a n s e l  (1966) has  p ro p o sed  
B ot. N o tise r, vo l. 128, 1975

L in a rio sid e  (28)
S cro p h u lariaceae: Cymbalaria12 Linaria11

H arp ag id e (29) in ch  esters

E u co m m ia cea e: Eucommia  18 
P ed a lia ce a e: Harpagophytum 1 
S cro p h u lariaceae: Scrophularia 1, 10 
L am iaceae: A ju g a 1, 10 Betonica,1 Galeo p-

sis,1, 10 Eremostachys,10 Lagochilus ,9 La­
mium,2 Leucas,10 Melittis,1, 10 Molucelta 10 
Stachys,1, 10 Teucrium,1, 10 Trichostema  10 

V erb en aceae: Caryopteris 4

L am io l (30) and  la m io s id e  

L am iaceae: Lamium 1

P ro cu m b id e  (31)13
P ed a lia ce a e: Harpagophytum  b 13

1 P l o u v ie r  & F a v r e -B o n v in  1971. —
2 WlEFFERING & FlKENSCHER 1974. —  3 RlMP- 
LER 1972 1). —  4 R im p le r , H .; pers. com m . —
3 B r i e s k o r n  & A h l b o r n  1973. —  6 E i g t v e d  
et al. 1974. —  7 I n o u y e  et al. 1974 b. —  
8 G u iso  et al. 1974 b. —  9 W e i n g e s  et al. 
1973. —  10 K o o i m a n  1970. —  11 K i t a g a w a  et 
al. 1972. —  12 K a p o o r  et al. 1974. —  13 R e­
vised  stru ctu re by B i a n c o  et al. 1971. —- 
14 S t i c h e r  1 9 7 1 b . —- 15 Guiso et al. 1974 a, 
this report w as in c lu d ed  after the text had  
been  fin ish ed . —  16 B i a n c o  el al. 1974 b.

this b io syn th e t ic  p a th w a y  to cornin . T h e  
co-occur rence  of 33 a nd  36 in Cornaceae  
poin ts  to a c o m m o n  m e ch a n ism  in the 
fo rm a t io n  of these co m po un ds .

T he  th r e e  co m p o u n d s  32— 34 are  here  
g ro up ed  to ge the r  because  of an  obvious 
s t ru c tu ra l  re la t ion sh ip  in add it ion  to the  
co -occur rence  of 32 and  33 in C ornus  
flo rida  ( J e n s e n  et al. 1973 b) and  of 33 
and  34 in V erbena  hasta ta  ( R i m p l e r  and  
S c h ä f e r  1973). T h e  few records  of the 
g ro up  are  p resen ted  in T ab le  3.

Group IV. 10-carboxyl an d  10-decarboxy- 
la ted  I r id o id s  (Fig. 5)

T h e  co m p o u n d s  of this sm all g rou p  
have  all b e e n  d isco vered  v e ry  r e c e n t ly  e x ­
cept fo r u n ed o s ide  (37, R =  H). U n e do s ide  
has been rep o r te d  to h av e  th e  oppo s i te
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Table 3. Distribution of iridoids of Groups 
III, IV and V (Fig. 5).

Group III. Cornin Group

Dihydrocornin (32)
Cornaceae: Cornus 1

Cornin (33)
Cornaceae: C o rn us1 
Verbenaceae: Verbena 2, 3

Hastatoside 134)
Verbenaceae: Verbena3

Group I\ '.  10-carboxyl and 10-decarboxylated
Compounds

Forsythide (35, R =  H)
Oleaceae: Forsythia 4

(îriselinoside (36)
Cornaceae: Griselinia 5

I'nedoside (37, R =  H)
Ericaceae: Arbutus - 
Verbenaceae: Stilbe 6, 13

Stilbericoside (37, R =  OH)
Verbenaceae: Stilbe 13

Decaloside (38)
Loasaceae: Mentzelia7

s te reo ch em is t ry  of th a t  sho w n  in Fig. 5, 
at C-6, C-7 a n d  C-8 (G eissm an et al. 1966). 
The s t ru c tu re  show n has  recen t ly  been 
p ro p o sed  by R im p le r  and  PlSTOR (1974).

C o m p o u n d s  37— 39 have  lost C-10, 
p re s u m a b ly  by  decarboxy la tion ,  an d  thus  
seem to have a b iogenetic orig in  in c o m ­
mon w ith  35 and  36. No biosynthet ic  
e x p e r im en ts  on the co m p o u n d s  have yet 
been repor ted .  D erivat ion  f rom  10- 
hy d ro x y la ted  co m p ou nd s  is conceivable 
using the reac t ions sho w n  in Fig. 3 be ­
side the  ox idation  to a 10-carboxylic acid 
fu n c t io n  followed by decarboxyla tion ,  and  
f ina lly  the  fo rm a tion  of the reduced  
fun c t io n s  at O i l .  An ind ica tion  th a t  the 
m e th y l  g rou p  in 39 is a c tua l ly  fo rm ed  by 
red uc t io n  of a ca rboxy lic  acid func t ion  
is fo u n d  in the co-occurrence  of decaloside 
(38) a n d  deutzioside (39, R =  H) in Ment-  

! zelia decapetala  ( D a n i e l s o n  et al. 1973,

Deutzioside (39, R =  H)
Hydrangeaceae: Deutzia 8 
Loasaceae: Mentzelia 9

Scabroside (39, R =  OH)
Hydrangeaceae: Deutzia 10

Group V. Valeriana Group

Valtrate (40, R =  isovaleroyl) incl. dihvdro- 
valtrate (41, R =  isovaleroyl, R '=isocaproyl) , 
other nonglucosidic compounds and valero- 
sidate

Valerianaceae: Centranthus ,2 Fe(lia,2 Vale­
riana,2> 14 Valerianella -

Villoside (42)
Valerianaceae: Patrinia  11

Patrinoside (43, R =  isovaleroyl) 
Valerianaceae: Patrinia 12

1 J e n s e n  et a l .  1973 b. —  2 P l o u v i e r  & F a v r e -  
R o n v i n  1971. —  3 R i m p l e r  & S c h ä f e r  1973. 
—  4 I n o u y e  & N i s h i o k a  1973. —  5 J e n s e n  & 
N i e l s e n  u n p u b l .  —  6 R i m p l e r  1972 c. —  
7 D a n i e l s o n  et a l. 1973. —  8 B o n a d i e s  et a l. 
1974. —  9 D a n i e l s o n  & H a w e s  1973. —  
10 E s p o s i t o  & Guiso 1973. —  11 T a g u c h i  et 
a l.  1973. —  12 T a g u c h i  & E n d o  1974. —  
13 R i m p l e r  & P i s t o r  1974. —  14 P o p o v  et a l. 
1974.

D a n i e l s o n  a n d  H a w e s  1973), w h e re  38 
is a p ro b a b le  p r e c u r s o r  of 39. It has 
been  s h o w n  fo r  c o rn in  (33), p lum ie r id e  
(20) a n d  a c t in id in e  (see G ro s s  1970, 
C o r d e l l  1974) th a t  sc ram bling  takes 
p lace be tw een  C-3 a n d  C - l l  in the early  
b iosy n the t ic  steps.  T h is  indicates a  c o m ­
m on high s ta te  of ox idat ion  fo r  C-3 and 
C - l l .

T h e  very  sca t te red  d is tr ib u t ion  is show n 
in T ab le  3.

Group V. V a le r ia n a  C o m p o u n d s  (Fig. 5)

T h is  g ro u p  of ir ido ids is res tr ic ted  in 
o cc u r re n c e  to the V aler ianaceae  a nd  shows 
s t ru c tu r a l  fe a tu re s  se ldom  or never e n ­
co u n te red  in o th e r  ir idoids. T h e  CH2-OR 
fu n c t io n  at C - l l  is co m m on  to all these 
c o m p o u n d s ,  R rep re sen tin g  e ither  an  acyl 
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T a b l e  4. D istribution of iridoids of Group 
VI (simple seco-iridoids, Fig. 6).

Secologanin (6) incl. secologanic acid (49), 
foliam enthin, cantleyoside and other deriva­
tives

Adoxaceae: Adoxa 1 
Cornaceae: Cornus,2 Corokia 1 
Davidiaceae: Davidia 1 
H ydrangeaceae: Hydrangea 4 
Icacinaceae: Cantleya 3
Caprifoliaceae: D iervilla4 Dipelta,1 Kolk- 

w itzia,1 Lonicera,3 Sym phoricarpus,1 Wei- 
gela 1

M enyanthaceae: M enyanthes,3 Villar s ia 4 
Dipsacaceae15: D ipsacus4 Scabiosa 4 
Calyceraceae: Acicarpha 4 
Goodeniaceae15: Scaevola,4 Selliera4 
Apocynaceae: Catharanthus,6 Rhazya ,6

V in ca7 
Loganiaceae: Strychnos  5

M orroniside (47) incl. oliveridine 6
Adoxaceae: A d o xa 1
Cornaceae: C ornus8
Sambucaceae: Sam bucus 9
Sarraceniaceae: Darlingtonici4 Sarracenia4
Gentianaceae: Gentiana 6, 10
Caprifoliaceae: Lonicera 3
Valerianaceae: Patrinia 11

Kingiside (48) incl. jasm inine 12, 13> 14

Caprifoliaceae: Lonicera 3 
Oleaceae: Jasm inum ,13, 14 Ligustrum ,13> 14 

0 /eo  3> 12

1 J e n s e n  & N i e l s e n  unpubl. — 2 J e n s e n  el
al. 1973 c. — 3 P l o u v i e r  & F a v r e - B o n v i n
1971. — 4 See Appendix. -— 5 B i s s e t  &
Ch o u d h u r y  1974. — 6 Co r d e l l  1974 p. 229.

-  7 Gu a r n a c c i a  et al. 1974. — 8 E n d o  &
T a g u c h i  1973. — 9 J e n s e n  & N i e l s e n  1974.
— 10 In o u y e  & N a k a m u r a  1971. — 11 T a g u c h i

et al. 1973. — 12 H a r t  et al. 1971. Note that
the present compound is not identical with
jasm inin  in Table 5. — 13 H a r t  el al. 19(58. —
44 H a r t  el al. 1969. — 15 Dipsacäceae and
Goodeniaceae have for some time been sus­
pected to contain iridoid glucosides. For an
account, see H e g n a u e r  (1966 a pp. 24 and
213).

C o r n i n  g r o u p

OH COOCHj 0 COOCH3 0 nuCC0CH3

-  # 1  -  < £ '
c h 3 O - g l u  c h 3 O - g l u  CH3 O -g lu

3 2  3 3  34

1 0 - C O O H  a n d  -d e c a rb o x y la te d  ir ido ids  

ÇOOH 0  COOCH3

ROOC 0  — g lu  H3COOC 0  — g I u

3 5 3 6

HO ÇH2OH HO D Çh3O H r  HO CH2ÜH HO R ÇH3

0 ^ 0  Ä
O - g l u O - g l u

0
O - g lu

V a le r ia n a  g ro u p  

CH20A c C H ,0 R

■V-rS ,

o L V °no

CH2 0 —glu  CH20  - g l u

HO

CH3 0  

4 2

Fig. 5. Iridoids of Groups III. IV and V

a re  h e re  re p re se n te d  by  ace to x y -v a ltra te  
( 4 0 )  a n d  d ih y d ro v a ltra te  ( 4 1 ) ,  w hile the  
th ree  k n o w n  g lucosides a re  rep re sen ted  
b y  v illoside  ( 4 2 )  an d  p a tr in o s id e  ( 4 3 ) .  
No b io sy n th e tic  w o rk  h as  been  rep o rted , 
bu t th e  co -occu rrence  of p a tr in o s id e  ( 4 3 ) ,  

lo g an in  (5) an d  m o rro n is id e  (47 )  in 
P atrin ia  villosa  co m b ined  w ith  the u n i­
form  s t ru c tu ra l re la tio n sh ip s  w ith in  the 
g ro u p  suggests a b io sy n th e tic  o rig in  in 
co m m o n  w ith  o th e r  ir id o id s  w ith  the 
ca rb o cy c lic  skele ton . In F ig . 2 we have 
p o s tu la ted  th a t  10-desoxy-gen iposide (9) 
is a p re c u rso r  o f the g roup .

o r g lucosy l m oie ty . A 5 ,6-double bond  is 
fo u n d  in som e co m pounds , and  e s té r if ic a ­
tion  a t v arious positio n s (inc lud ing  C -l) 
w ith  isovaleric  o r isocap ro ic  ac id  is 
com m on. T he non -g lucosid ic  co m p o u n d s
Bot. N otiser, vol. 128, 1975

S eeo -Irid o id s

Group VI. S im ple  S e c o -ir id o id s  (Fig. 6)

T h e  seco-irido ids have  been  sh o w n  to 
be d erived  b io sy n th e tic a lly  fro m  logan in  
(5) w ith  seco logan in  (6) as an  a p p a re n tly
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4 4  4 5  4 6

COCCH3COOCH,COOCH3

COOCH3 COOCH3 COCCH3

hooc^ y S  rooc^ t^   ^ rooc^ V a

, f Y °  * H O ' ^ y '0
O - g l u  0  — g lu  O - g l u

4 9  5 0  51

Fig. 6. Seco-ir idoids of Groups VI, VII and  
VIII.

o b lig a to ry  in te rm ed ia te  to the m ore  a d ­
van ced  co m p o u n d s  (Co r d e l l  1974).

A m o n g  the  g lu co s id e s  o n ly  th ree  a d ­
v a n c e d  g r o u p s  h a v e  b e e n  s e p a r a t e d  f ro m  
(lie m o r e  p r im i t iv e  (or d iverse)  c o m ­
p o u n d s :  th e  g e n t io p ic r o s id e  g ro u p ,  th e  
o l e u r o p e in  g r o u p  a n d  the  c o m p le x  a lk a ­
loids.

I n  T a b le  4 w e  h a v e  p r e s e n t e d  the  o c c u r ­
r e n c e  o f  th e  b io c h e m ic a l ly  m o s t  p r im i t iv e  
c o m p o u n d s ,  viz. s e c o lo g a n in  (6) a n d  its 
d e r iv a t iv e s  m o r r o n i s id e  (47) a n d  k in g is id e  
(48). T h e  l a t t e r  c o m p o u n d  is n o t  rea l ly  
p r im i t iv e ,  h u t  w e  h a v e  i n c lu d e d  it h e re  as 
il h a s  so f a r  o n ly  b e e n  f o u n d  in a few  
sp ec ie s .

Group VII.  G e n t io p i c ro s id e  G r o u p  (Fig. 6)

T h i s  g r o u p  o f  c o m p o u n d s  h a s  b e en  
w ell  in v e s t ig a te d  b io s y n th e t i c a l ly  (In ouye  
1971) a n d  th e  c o m p o u n d s  f o r m in g  the  
s e q u e n c e  a r e  all f o u n d  as  n a t u r a l l y  o c c u r ­
r in g  c o m p o u n d s  —  a n d  o f t e n  to g e th e r  
( T a b le  5) . In  th e  g r o u p  a re  a lso  in c lu d e d  
so m e  t e r p e n o id  b a se s  d e r iv e d  f r o m  th e  
g lu co s id e s  e i t h e r  b io g e n e t ic a l ly  o r  f o r m e d  
as  a r t e f a c t s  d u r i n g  th e  i so la t io n  o f  th e  
c o m p o u n d s  f r o m  th e  p lan ts .

Tabic 5. D is t r ib u tio n  of seco-ir idoids of 
Groups VII a n d  VIII  (Fig. 6).

G roup VII. Gentiopicroside Group

Sw eroside  (44) incl. a m aro g en t in ,  am aro -  
sw erin ,  b ak an k o s in ,  t r i f lo ro s id e 3 and  am aro -  
p a n in  4

Cornaceae: C ornus 1 
Caprifoliaceae: Lonicera  2 
M enyanthaceae:  M en ya n th es  2 
Gentianaceae: C entaurium ,2 G entiana,3, 4

S w ertia  2 
Apocynaceae: V in c a 6 
Loganiaceae :  A nth o c le is ta ,5 S trych n o s 2

S w er t i a m a r in  (45) incl. f o n tap h i l l in  7 
Gentianaceae: S w e r tia 2 
Oleaceae: F ontanesia  7 
Loganiaceae:  A nthocleista  2

G entiopicros ide  (46) incl. e ry th ro c en ta u r in ,  
gen tian in ,  gentioflavoside  9 and  gentioflavine

Gentianaceae: C en ta u riu m ,9 Chlora,2 Cicen- 
dia,2 G e n tia n a 2 L o m a to g o n iu m ,8 O phe­
l ia 8 P leurogyne 2 

Dipsacaceae: D ipsacus,2 Succisa  13 
Oleaceae: F ontanesia  1 
Loganiaceae :  A n th o c le ista ,2, 5 F a g ra ea 8

G roup VIII. Oleuropein  Group

O leuropein  (50, R =  3 ,4-dihydroxy-phenyl-  
e thyl) incl. l igstroside  11 (50, R =  4-hydroxy- 
phenyl-e thy l) ,  10-hydroxy-l igs tros ide  11 (51,
R =  4-hydroxy-pheny l-e thy l) ,  nü zh en id  10 and  
j a s m in in  2

Oleaceae: F ra x in u s ,12 J a s in in u m 2 L ig u st­
ru m ,10, 11 Olea 2

1 E n d o  & T a g u c h i  1973. — 2 P l o u v i e r  & 
F a v r e - B o n v i n  1971. —  3 I n o u y e  et at. 1974 d. 
— 4 W a g n e r  & V a s i r i a n  1974. —  5 C h a p e l l e  
1973. —  6 B h a k u n i  & K a p i l  1972. —  7 B u d z i -  
k i e w i c z  et al. 1967. —  8 W i l l a m a n  & Li 
1970. —  9 P o p o v  & M a r k k o v  1971 a .  —  
10 I n o u y e  & N i s h i o k a  1972. —  11 A s a k a  e t  
a l .  1972. — 12 J e n s e n  & N i e l s e n  unpubl.  —  
13 T o r s e l l  1964.

G ro up VIII.  O l e u r o p e i n  G r o u p  (Fig.  6)

T h is  s m a l l  g r o u p  is v e r y  h o m o g e n e o u s ,  
a n d  th e  c o m p o u n d s  a r e  e a s i ly  r e c o g n iz a b le  
b y  th e  d o u b le  b o n d  in th e  8 ,9 -p o s i t io n .  
T h e y  o f te n  c o n ta in  a  p - h y d r o x y - p h e n y l -  
e th v l  m o ie ty  e s t e r i f ie d  w i th  th e  C-7 
c a r b o x y l  g r o u p .  As w i th  t h e  g e n t io p ic ro -

Bot. Notiser, vol. 128, 1975
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o
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O O I  N
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Fig. 7. Complex iridoid alkaloids. Group IX.

side group some alkaloids are included. 
There appears to be some doubt about 
details of the pathway of biosynthesis 
( I n o u y e  et al. 1974 c), but it seems that 
the group as a whole is formed via seco- 
loganin (6). The occurrence reported is 
confined solely to genera of Oleaceae (see 
Table 5).

Group IX. Complex Iridoid Alkaloids
(Fig- 7)

Only a few examples of this very large 
group of compounds, comprising hundreds 
of indole alkaloids, are shown (7, 8, in 
Fig. 1 and 52—56, in Fig. 7). Biochemical 
evidence ( C o r d e l l  1974) proves that the 
group as a whole is biosynthesized from 
secologanin by condensation with trypto­
phane (or tryptamine) to give the indole 
alkaloids (7, 52— 54), and, after re­
arrangement of these also the quinoline 
alkaloids (e.g. 55) of the group. We have 
included here a small group of isoquino­
lines (8, 56), the “ipecac alkaloids”, which 
are formed analogously from secologanin 
and DOPA. Some com pounds of the 
la tter  type contain an indole group hut 
these are presumably formed by a 
secondary reaction of an isoquinoline pre­
cursor with tryptophane.
Bot. N otiser, vo l. 128, 1975

In Table 6 we have compiled the re ­
ported occurrence of Group IX according 
to increasing complexity of the molecules. 
Regarding the indole alkaloids it is pre­
sumed (C o r d e l l  1974) that the bio­
synthetic sequence in the formation of the 
rearranged skeletons is:

corynanthe (inch strychnos) —> 
aspidosperma -> iboga alkaloids.

The iridoid moieties of the three alka­
loid types are exemplified below by com­
pounds 52, 53 and 54, respectively. The 
corynanthe group here includes all com­
pounds with intact seco-iridoid skeleton 
(the bond marked by a dotted line may 
have been broken, leaving only 9 carbon 
atoms). The cinchona alkaloids, which 
formally are not indole alkaloids at all, 
are nevertheless formed from  these 
( C o r d e l l  1974) and are therefore in­
cluded in the corynanthe group. Like the 
cinchona alkaloids, camptothecine (55) is 
formally a quinoline alkaloid but is p rob­
ably derived from the corynanthe group. 
Here we have arbitrarily  allowed it to 
form a subgroup of its own as it is the 
only one of these alkaloids that occurs 
solely in the Cornales.

In the aspidosperma and iboga groups 
a 3-carbon unit has migrated to another 
position and is attached by a different 
carbon atom to the main carbon chain 
(see Fig. 7).

Table 6 shows that the reported occur­
rence of this very large group of com­
pounds is restricted to a few families. The 
DOPA-derived ipecac alkaloids are  found 
only in three families and can be con­
sidered primitive in this context.

As regards the main group of indole 
alkaloids two occurrences in Table 6 are 
entirely unexpected, viz. Poutcria  (Sapo- 
taceae) and Enantia  (Annonaceae), which 
allegedly are sources of yohimbine ( H e g - 
n a u e r  1973 p.  296) and quinidine ( H e g - 
n a u e r  1964 p.  118), respectively. Until 
recently yohimbine was believed to occur 
in Alchornea  (Euphorbiaceae) ( I I e g n a u e r  

1966 a p.  122). Recent investigations ( R a y -
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Tabic 6. D is tr ib u tio n  of i r ido id  c o m p o u n d s  
o f Group  E \  (comj)Iex ir ido id  a lka lo ids ,  

Fig. 7).

Ipecac a lk a lo id s  (e.g. 8 and  56)
(A raliaceae: H e d e ra 14)11 
A langiaceae: A langium  b 2 
Icac inaceae: C assinopsis 1 
R ubiaceae: C epliaelis,* P ogenopus,1 P sycho-  

tria  1

C am p to th ec in e  (55)
N yssaceae: C am pto theca  2 
Icac inaceae: M a p p ia 2

Indole  a lk a lo id s  of c o ry n an th e  type (e.g. 7 
an d  52)

(Annonaceae: E nantia  3) 11 
(Sapotaceae: P outeria  3)n 
(Ericaceae: Vaccinium  5)u  
Oleaceae: L ig u stru m ,7 Olea 7 
Apocynaceae: A ls to n ia 3 A m so n ia ,3 A spido- 

sp erm a ,3 B leekeria ,4 C a tharanthus 3 Co- 
nopharyng ia ,3 D ip lo rrh yn cu s,3 E xca va ­
ti a,3 Gabunia,3 G eissosperm um ,3 Go- 
n io m a ,3 H unt cria 3 M elod inus,3 O chrosia,3 
P icralim a,3 P leiocarpa,3 R a uw olfia ,3 Rha- 
z y a 3 S tem m a d en ia ,3 T  aber nae m o n ta n a ,3 
T onduzia ,3 Vallesia,3 V inca,3 V o a ca n g a 3 

Loganiaceae: Gardneria,6 G elsem ium ,3 Mos- 
tuea,3 S trych n o s  3 

Rubiaceae: A dina,3 A n th o cep h a lu s ,8 A ntir-  
rhea,3 C inchona 3 C orynan the  3 Coutarea,3 
Is e r t ia 3 Ladenbergia ,9 M itragyna ,3 Neo- 
nauclea ,9 O urouparia,3 P ciuridiantha ,9- 10 
P ausinysta lia ,3 P se u d o c in ch o n a 3 Rem i- 
jia ,3 S a r c o c e p h a lu s S te le c a n th a ,10 T im o -  
n iu s ,9 Uncaria  3

Indole a lk a lo id s of a sp id o sp e rm a  (e.g. 53) 
an d  iboga (e.g. 54) types

Apocynaceae: A lston ia ,3 A m so n ia ,3 A sp id o ­
sp e rm a 3 Callichilia,3 C a th a ra n th u s3 Co- 
no p h aryng ia ,3 C rasp idosperm um ,12 Crio- 
ceras,13 E rva tam ia ,3 G abunia,3 G oniom a,3 
H a p lo p h y to n ,3 H unteria ,3 K opsia ,3 M elo­
d inus,3 P leiocarpa,3 R ejo u a ,3 R h a zya ,3 
Schizogyn ia ,3 S tem m a d en ia ,3 Tabernae- 
m o n ta n a ,3 Vallesia,3 V inca,3 V o a ca n g a 3

1 B r o s s i  et al. 1971. —  2 See re fe ren ces in 
C o r d e l l  1974. —  3 S n i e c k u s  1968. —
4 S a i n s b u r y  & W e b b  1972. —  5 J a n k o w s k i  et 
al. 1974. — fi S a k a i  et al. 1971. —  7 S c h n e i d e r  
& K l e i n e r t  1972. — 8 B r o w n  et al. 1974.
—  9 H e g n a u e r  1973 pp. 140 an d  730. — 
10 B o u q u e t  & F o u r n e t  1972. —  11 See co m ­
m ents in the text. — 12 K a n - F a n  et al. 1971.
—  13 G a v é  et al. 1971. —  14 M a h r a n  et al. 
1972.

m o n d - H a m e t  a n d  G o u t a r e l  1965, H a r t  

et al. 1970) h a v e  n o t  c o n f i r m e d  this.

T h e  tw o  f o r m e r  r e p o r t s  m u s t  b o th  he 
t r e a te d  w i th  r e se rv e  u n t i l  th e  b o ta n i c a l  
id e n t i ty  o f  the  m a t e r i a l  u sed  in the  c h e m i ­
cal in v e s t ig a t io n s  h a s  b e e n  c h e c k e d  b y  
b o ta n i s t s .  In the  c ase  o f  E n a n tia  p o ly -  
ca rp a , th e  o r ig in a l  r e p o r t  o f  w h ic h  w e  
h a v e  seen  ( B u z a s  et al. 1959, B u z a s  a n d  
E g n e l l  1965),  n o t h in g  is sa id  a b o u t  th is  
m a t t e r ,  b u t  t h r e e  d i f f e r e n t  lots o f  b a r k  
w e re  all  f o u n d  to  c o n ta in  q u in id in e  as  a 
m in o r  a lk a lo id  w i th  p a lm a t i n e  as  th e  
m a j o r  one .  P a l m a t in e  is a b e n z y l - i s o q u in o -  
l ine a lk a lo id  a n d  th e  tw o  ty p e s  of a l k a ­
lo ids a re ,  e x ce p t  f o r  th is  one  case, m u t u ­
a lly  e x c lu s iv e  in p la n t s .

R e c e n t ly  M a h r a n  et al. (1972) h a v e  
r e p o r t e d  th e  i so la t io n  o f  e m e t in e  (8) in 
five v a r ie t i e s  o f  H e d era  h e lix  (A ra liaceae ) .  
In  a n  a t t e m p t  to  r e p e a t  th is ,  the  a u th o r s  
h a v e  f o u n d  t h a t  th e  c o n te n t s  o f  em e t in e ,  
if p r e s e n t  a t  all, is b e lo w  1 p p m  (d ry  
l e a v e s ) .

In  a d d i t io n ,  a m e n t i o n  s h o u ld  be m a d e  
on  a p o s s ib le  i r id o id  in d o le  a lk a lo id  in 
V a c c in iu m  o x y c o c c u s  ( J a n k o w s k i  et al. 
1971, J a n k o w s k i  1973, J a n k o w s k i  et al. 
1974). T h e  c a r b o n  sk e le to n  o f  th e  s t r u c ­
tu re s  p r e s e n t e d  is n o t  t h a t  o f  a  t r u e  i r id o id ,  
b u t  as tb e  s t r u c tu r e s  a p p e a r  to  be  i n c o n ­
s is ten t  w i th  th e  c h e m ic a l  d a ta  ( J o u l e  1973

COOR C 00R
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Fig. 8. Unclassified iridoids.  Group X.
Bot. Notiser, vol. 128, 1975
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Table 7. D istr ibu tion  of ir ido ids of  Group X 
(primitive or o therw ise  non-c lass if ied  iri­

doids, Fig.  8).

Desoxy-loganin  (57, R' =11, R =  Me) incl. 
desoxy-loganic  acid 

Apocynaceae: V in c a 2 
Loganiaceae: S trych n o s  1 
Lamiaceae: Physostegia  3

Adoxoside (57, R' =  OH, R =  Me)
Adoxaceae: A d o x a 4 
Sam bucaceae:  V iburnum  4

Logan in  (5) incl. loganic  acid  and  can t ley in  8 
Alangiaceae: Alangium  5 
Cornaceae: C ornus ,6 Mastixiu  3 
Hydrangeaceae:  Hydrangea  3 
Icacinaceae: C a n t le y a 1
Caprifoliaceae: Lonicera ,3 S y m p h o r ica rp u s  4 
Gentianaceae: Sinertia  5 
M enyanthaceae:  M enyanthes  3 
Apocynaceae: Catharanthus,5 R hazya ,5 

Vinca 2 
Loganiaceae: S trych n o s  3 
Rubiaceae: M itragyna  5 
Oleaceae: Ja sm in u m  8 
Valerianaceae: Patrinia  9 
Scrophular iaceae :  Veronica  10

Ketologanin  (58, R =  Me) incl. sy r ingopicro-  
side (58, R =  4-hydroxy-phenvl-e thy l)  

Apocynaceae: Vinca  2 
Loganiaceae: S trych n o s  1 
Oleaceae: Syringa  3

A nti r rh ide  (59, R =  H) a n d  g a r d o s i d e 18 (59, 
R =  COOMe)

Rubiaceae: Gardenia 18 
Scrophular iaceae :  A n tirrh inum  3

Nepeta lac tones (e.g. 4) incl. m a ta tab io le s ,  
m vodeser t ine  a n d  o thers  

Actinidiaceae: Actinidia  3

p. 199, 1974 p. 291) ,  th e  p o s s ib i l i t y  of  
i r id o id  o r ig in  sh o u ld  still  be  c o n s id e r e d .

Group X. P r i m i t i v e  o r  O t h e r w i s e  N o n ­
c la s s i f i e d  I r i d o id s  (Fig.  8)

T h e  i r id o id s  so f a r  d e s c r ib e d  a r e  all  
t h o u g h t  to  be  d e r iv e d  e i t h e r  f r o m  d e so x y -  
g e n ip o s id e  (9) o r  f r o m  s e c o lo g a n in  (6), 
w h ic h  in t u r n  a r e  b o t h  d e r iv e d  f r o m  
lo g a n in  (5). T h e  g lu co s id e s  in  t h e  bio-

Bot. N otiser, v o l. 128, 1975

M yoporaceae:  M y o p o ru m  3 
O roban ch aceae :  Boschn iak ia  13 
L am iaceae:  Nepeta  3> 11 

Iridoid  p y r id in e  a lka lo ids  incl. actinidine 
((il, R =  Me), tecost id ine  (61, R =  CH2011), 
ind ica in  (61, R =  CHO), p lan tagonine  (61. 
R =  COOH) a n d  o th e rs  (but not gentianine) 

Actinidiaceae: Actinidia  3 
Gentianaceae:  E ry threa ,12 Gentiana 3 
V a ler ianaceae:  Valeriana  3 
Apocynaceae :  Rauw olf ia ,3 S e y ta n th u s 3 
Bignoniaceae:  Incarvillea ,12 Stenolobium ,12 

T e co m a  3> 12 
O ro b an ch aceae :  B oschn iak ia  13 
P lan tag inaceae :  Plantago  12 
Scrophu lar iaceae :  Pedicularis  12

Iridoids of  u n k n o w n  s t ru c tu re  
Cornaceae :  C.urtisia4 
R oridu laceae :  Roridula  14 
Retziaceae: R e t z i a u  
Gentianaceae:  Gentiana  20 
Rubiaceae: Feretia  19 
Acanthaceae :  Cardanthera  15 
Sc rophu lar iaceae :  several genera 19 
Selaginaceae: several genera  16 
Lam iaceae:  several genera  17 
Verbenaceae:  Durant h a ,17 Stachytarpheta  17

1 B i s s e t  & C h o u d h u r y  1974. —  2 B i i a k u n i  & 
K a p i l  1972. — 3 P l o u v i e r  & F a v r e - B o n v i n  
1971. —  4 J e n s e n  & N i e l s e n  unpubl. -— 
5 C o r d e l l  1974. —  6 E n d o  & T a g u c h i  1973. 
—  7 S e v e n e t  et al. 1971. —  8 H a r t  et al. 
1971. —  9 T a g u c h i  et al. 1973. —  10 G r a y e r -  
B a r k m e i j e r  1973. —  11 S a s t r y  et al. 1972. —  
12 W i l l a m a n  & Li 1970. —  13 S a k a n  et al. 
1967. 14 See Appendix.  —  15 W i e f f e r i n g
1966. —  18 K o o i m a n  1970. —  17 K o o i m a n

19 7 2. —  48 In ou y e  el  al. 1974 a. —  19 T he  
structure o f fer ed  by  D e l a v e a u  el al. (1974) 
for “fe r e to s id e ” ap p ears  n o t  to be in a c c o r ­
dance w ith  the data g iven  in the paper. —
20 P op o v  & M arek ov  1971 b.

s y n th e t i c  p a t h w a y  b e f o r e  6 a n d  9 m u s t  
th e n  i n h e r e n t l y  b e  p r e s e n t  in a ll  th o se  
p l a n t s  w h i c h  p r o d u c e  t h e  m o r e  a d v a n c e d  
c o m p o u n d s .

In  T a b l e  7 t h e s e  “ p r i m i t i v e ” i r id o id s  
h a v e  b e e n  l is te d  t o g e t h e r  w i th  so m e  c o m ­
p o u n d s  t h a t  a r e  n o t  e a s i ly  c la s s i f i e d  on  
th e  b a s i s  o f  t h e i r  s t r u c tu r e s .  D e so x y -  
l o g a n in  (57, R  =  Me, R '  =  H) h a s  b e e n  
f o u n d  to  b e  th e  p r e c u r s o r  o f  l o g a n i n  (5) 
(In o u y e  e t  al. 1972) ,  a n d  b o th  th e se  c o m -
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Table 8. Distribution of iridoid groups among families. Orders according to the system
o f  D a h l g r e n  1 9 7 5 .

Order Family (group of iridoid)

Ericaceae (I, IV), Pyrolaceae (I),

IV, V, VI), Sambucaceae (VI, X), Adoxaceae (VI, X), 
IV, VI, VII, X), Garryaceae 11), Alangiaceae (IX, X), 
, Nyssaceae (IX), Escalloniaceae (I), Icacinaceae (I, VI,

Hamamelidales Altingiaceae (I), Daphniphyllaceae (I)
Ericales Actinidiaceae (X), Roridulaceae (X)

Monotropaceae (I)
Cornales Hydrangeaceae (I,

Cornaceae (I, III,
Davidiaceae (I, VI)
IX, X), Stylidiaceae (1)

Sarraceniales Sarraceniaceae (VI)
Eucommiales Eucommiaceae (I, II)
Oleales Oleaceae (IV, VI, VII, VIII, IX, X)
Gentianales Loganiaceae (VI, VII, IX, X). Buddlejaceae (I), Retziaceae (X), Rubiaceae (I,

II, IX, X), Gentianaceae (VI, VII, X), Menyanthaceae (VI, VII. X), Apocyna- 
ceae (I, VI, VII, IX, X)

Dipsacales Caprifoliaceae (VI, VII, X), Valerianaceae (V, VI, X), Dipsacaceae (VI, VII),
Calyceraceae (VI)

Goodeniales Goodeniaceae (VI)
Loasales Loasaceae (IV)
Scrophulariales Scrophulariaceae (I, II, X), Selaginaceae (X), Globulariaceae (I), Plantagina- 

ceae (I, X), Myoporaceae (I, X), Martyniaceae (I), Orobanchaceae (I, X), 
Lentibulariaceae (I), Bignoniaceae (I, X), Pedaliaceae (II), Acanthaceae (X) 

Hippuridales Hippuridaceae (I)
Eamiales Verbenaceae (I, II, 111, IV, X), Callitrichaceae (I), Lamiaceae (I, II, X)

po u n d s  a re  th u s  prim itive. Adoxoside (57, 
R =  Me, R ' =  OH) w ith  a 10-hydroxy  
group ,  sh o u ld  be fo rm a lly  classified w ith  
the o th e r  c o m p o u n d s  h av in g  this  fu n c ­
tionality  —  and  indeed is poss ib ly  de ­
rived f ro m  geniposide  (1(1) by red uc t io n  
of the doub le  bond. H ow ever,  as seco- 
loganin  (6), w h ich  is also fo u n d  in A doxa, 
is th o u g h t  (see C o r d e l l  1974) to be p ro ­
duced  f ro m  loganin  (5) via  10-hydroxy- 
loganin  (not show n),  a 10-hydroxyla ting  
enzym e m u s t  be involved an d  adoxoside  
could  1 ) 0  a by -p ro d u c t  of the enzym e 
w ork ing  on 57 (R/ =  H). W e  have  th e re ­
fore inc luded  adoxoside as a p r im itive  
com p ou nd .

G ardoside (59; R =  C()OMe) o ccurs  to ­
g e ther  w ith  geniposide (10) in Gardenia  
ja sm in o id es, an d  In o u y e  et al. (1974 a) 
consider  tha t  the fo rm e r  m a y  he fo rm ed  
by an  allylic re a r ra n g e m e n t  of the latter . 
T h u s  it m a y  be be tte r  to place gardoside  
a n d  the d eca rb ox y la ted  fo rm  a n t i r rh id e  
(59; R =  H) in G roup I. W e  have, h o w ­
ever, re ta in ed  these co m p o u n d s  in Group 
X. K eto logan in  (58) h as  p re v io u s ly  been  
11

th o ug h t  to be a p re c u rso r  of the o leu rope in  
g ro u p  ( I n o u y e  1971), b u t  this  a p p a re n t ly  
is n o t  the case ( I n o u y e  et al. 1974 c).

T h e  non-glucosid ic  m o n o te rpen es  (e.g. 
n ep e ta lac to n e  (4) and  i r id om y rm ec in e  
(60) ) an d  m o no te rp en o id  a lka lo ids (e.g. 
61 a n d  62) with  the basic ir idoid skeleton 
have  also  been inc luded  in Table  7, to ­
g e the r  w ith  some com p o u n d s  th o u g h t  o r 
k n o w n  to be ir idoids bu t  w ith  u n k n o w n  
s t ru c tu res .  In the review by P l o u v i e r  

and  F a v r e - R o n v i n  (1971 p. 1700) the  
s te reo fo rm u lae  in th e i r  Fig. 1 shou ld  he 
in te rch an g ed  w ith  those of the  enantio -  
m ers  in o rd e r  to con fo rm  w ith  the f o r ­
m u la e  in the  orig inal pap e rs  re fe rred  to.

SYSTEMATIC EVALUATION OF T H E  
OCCURRENCE OF D IFFE R EN T  
IRID O ID S E X PR ESSE D  IN 
TABLES 1— 7

G eneral Trends

F r o m  the tables it can  be seen th a t  in 
two cases on ly  has the sam e genus been  
re p o r te d  to con ta in  bo th  of the m a in  

Bot. Notiser, vol. 128, 1975
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groups of iridoids, viz. seco-compounds 
(Groups VI— IX) aud the compounds 
belonging to Groups I— V. These are 
Cornus (see below under Cornales) and 
Davidia. The latter is monotypic and ap­
pears to be the only species reported to 
contain both types of compounds. In 
addition Alstonia, Apocynaceae, (having 
Group I and IX iridoids) may possibly 
be another example of this, but the 
finding of asperuloside dates from 1880 
and is most dubious.

The tables and figures show that the 
biosynthetically more advanced com­
pounds generally occur in the families 
and orders usually considered to be the 
most advanced. However, as mentioned 
ahove in connection with Fig. 3, this is 
not necessarily true when a single taxon 
is considered. One explanation may be 
tha t when producing the more advanced 
compounds the plants must first synthesize 
precursors of these. Mutations causing loss 
of a single enzyme may thus give rise to 
“advanced” plants producing primitive iri­
doids or none at all. This is presumably 
the case with Asclepiadaceae and a con­
siderable num ber  of genera in Lamiaceae.

In the tables shown here we have used 
biosynthetic pathways (demonstrated or 
postulated) as a criterion for classifica­
tion. F rom  the tables, however, it can be 
seen that some types of reactions (demon­
strated by the compounds produced) are 
almost solely found in families generally 
considered to be advanced. Thus the 
ability to hydroxylate the 5-position of 
the iridoid skeleton, to epoxidize at 
various positions and to esterify the com­
pounds with aromatic acids is extremely 
com mon in Lamianae. On the other hand 
the products resulting from these reac­
tions occur only sporadically in Ericanae 
(Vaccinium , D eutzia), and not at all in 
Hamamelidanae.

Ham amelidales

Only two genera of this order are 
know n to contain iridoid compounds
Bot. N otiser, vol. 128, 1975

(Group I), viz. Liquidam bar  (Altingia- 
ceae) and D aphniphyllum  (Daphniphvlla- 
ceae). The two families differ from all 
other iridoid-bearing taxa in having 
bitegmic ovules. The endosperm, which 
in most other iridoid-containing orders 
except Gentianales (and Garryaceae and 
Alangiaceae in Cornales) is cellular ah 
initio, is also probably nuclear ab initio 
in the genera mentioned. Other members 
of Hamamelidales and adjacent orders 
such as Cunoniales, have been investigated 
for iridoids. They are lacking at least in 
samples of Trochodendron, Tetracentron, 
Cunonia and Staavia  investigated by us, 
and according to W i n d e  ( 19 5 9 )  also in 
several genera in Hamamelidaceae. Liqui­
dambar and D aphniphyllum  both have 
reduced flowers and seem to agree well 
with other members of Hamamelidales. 
The iridoids indicate a close relationship 
between Hamamelidales and Cornales.

Ericales

About half the families in the order are 
known to produce iridoids. These belong 
either to Group I (Ericaceae, Pyrolaceae 
and Monotropaceae) or to Group X, the 
group of unknow n or otherwise un ­
classified compounds, (Actinidiaceae and 
Roridulaceae). In addition, Byblis is 
suspected to contain iridoids ( Gi bb s  1 974) .  
One species from each of the remaining 
families except Epacridaceae has been 
investigated in the course of this project, 
but no iridoids have been detected. E ri­
cales is thus heterogeneous as regards the 
occurrence of iridoids. However, the three 
first-mentioned families all produce Group 
I compounds. F u r th e r  investigations are 
needed, especially in the smaller families. 
Grubbiaceae may be wrongly placed in 
Ericales, though F a g e r l i n d  (1 94 7 )  found 
close embryological and morphological 
agreement with other families of this 
order. For fu rthe r  observations on Rori­
dulaceae see Appendix.
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Sarraceniales

T he tw o genera  in v estig a ted  in th is  
sm all order w ere both  fo u n d  to conta in  
the p r im itive  seco -ir id o id s b e lo n g in g  to 
G roup VI. In th is resp ect they agree  
w ell w ith  the a d jacen t order C ornales 
a lth o u g h  certa in  genera  o f  E r ica les seem  
to agree so m ew h a t better  in  m o rp h o lo g ica l 
fea tu res (see A p p en d ix ). E m b ry o lo g ica lly , 
Sarracen ia les resem b les both  o f the tw o  
orders m en tio n ed . As far as w e can see, 
it sh o u ld  not be p laced  near P a p a v era les  
as in certa in  o th er  m od ern  sy stem s. W e  
have a lso  in vestig a ted  on e  m em b er o f  
each  o f  tw o o th er  fa m ilie s  so m etim es c o n ­
sidered  to be c lo se ly  related  to Sarra- 
cen iaceae , viz. D ro seraceae  and  N epenth a-  
ceae, but these did n ot co n ta in  irido id  
g lu co sid es (see A p p en d ix ).

Eucommiales

T h is m o n o ty p ic  order co m p ris in g  Eu-  
c o m m ia  u lm o id e s  is u n u su a l in hav in g  
u n isex u a l n ak ed  flo w ers  and  du cts c o n ­
ta in in g  gutta -p erch a . It h as u su a lly  been  
placed  in or near  U rtica les or H am am eli-  
dales, but the m o n o th etic , ten u in u ce lla te  
o v u les w ith  ab in itio  ce llu la r  en d o sp erm  
sp eak s aga inst th is. T he p resen ce  o f  iri- 
doids a lso  su p p o rts a p o s itio n  rem oved  
from  them . T h e  em b ry o lo g ica l featu res  
agree w e ll w ith  C ornales and o th er  iridoid- 
co n ta in in g  orders. T he sp ec ies  a lso  agrees  
w ith  certain  L am ianae, e.g . L am iaceae  
and S crop h u la r ia cea e , in the p resen ce  o f  
ir id o id s b e lo n g in g  to both  G roup I and  
Group II  ( B i a n c o  et al. 1 9 7 4 b ) .  I n  sp ite  
o f th is, in the p resen t system  it has been  
p laced  in a sep arate  order near C ornales 
a w a itin g  fu rth er  ev id en ce . (T he U lm us-  
like fru its and naked , u n isex u a l f lo w ers  
p rob ab ly  rep resen t derived  fea tu res.)

Cornales

T h is app ears to be a re la tiv e ly  h o m o ­
g en eo u s order in the sen se  that all the 
fa m ilie s , th o u g h  not all the m em b ers, 
in vestig a ted  co n ta in  irido id  co m p o u n d s of

Bot. N o tise r, vo l. 128, 1975

som e kind. H ow ever , as regards the groups  
o f ir id o id s the order d isp la y s m ore  
d iv ersity  th a n  a n y  other, as iridoids b e ­
lon g in g  to G roups I, III, IV, VI, IX and X 
are presen t.

'Fhis d iv ers ity  is a lso  d isp la y ed  w ith in  
som e o f the fa m ilie s  o f  the order. T hus  
in Ica c in a cea e , D a v id ia cea e , H ydrangea- 
ceae and C ornaceae there are som e m em ­
bers w ith  seco -ir id o id s  and  som e w ith  
m ore or less ad v a n ced  irido ids be lon g in g  
to G roups I, III and IV. E v en  w ith in  a 
sin g le  genus, C ornus ,  ir id o id s be long ing  to 
G roups I, III and  IV are fo u n d , a lthough  
in d ifferen t sp ec ies , and  m ost sp ecies  
prove to h a v e  110 ir id o id s at all ( J e n s e n  

et al. 1975). As far as is k n o w n  110 other  
gen u s d isp la y s  su ch  d iv ers ity  as regards 
ir id o id s, but C o rn u s  is k n o w n  to be very  
variab le  in o th er  ch a ra cters as w e ll and  
is o ften  d iv id ed  in to  sev era l m inor groups  
o f sp ec ies  so m etim es treated  as genera.

Of sp ec ia l in terest is th e  co -o ccu rren ce  
o f  ca m p to th e c in e  (G roup IX, 55) in 
N y ssa cea e  and  Ica c in a cea e  and ip ecac  
a lk a lo id s (e.g. 8, 50) in A lan g iaceae  and  
Ica c in a cea e . A lth ou gh  c a m p to th ec in e  it ­
se lf h as so  far not b een  fo u n d  in  G entia- 
n a les it is a rep resen ta tiv e  o f a c lass o f  
in d o le  a lk a lo id s very  o ften  fo u n d  in this 
order, th u s fo rm in g  a ch em ica l link b e ­
tw een  C ornales and  G en tian ales. T he  
sam e can  he said  o f  the ip eca c  a lk a lo id s  
as th is ty p e  o f  c o m p o u n d  is a lso  fo u n d  in 
R u b iaceae.

As em p h a sized  b y  H u b e r  (1963), w h o se  
c ircu m scr ip tio n  o f  C ornales la rg e ly  agrees  
w ith  the one a ccep ted  h ere  ( D a h l g r e n  

1975), there is c lo se  a g reem en t b etw een  
C ornales and  E r ica les . T h is  in c lu d es the  
em b r y o lo g ica l ch a ra cters su ch  as the u s u ­
a lly  ab in itio  c e llu la r  en d o sp erm , un i-  
teg m ic  o v u les, and fr eq u e n t en d o sp erm  
ha u sto r ia , and the a n a to m ica l ch a ra cters ,  
su ch  as the o ften  sc a la r ifo rm  p er fo ra tio n  
of the v esse ls , as w e ll as th e  f lo ra l and  
veg eta tiv e  m o rp h o lo g y . T h u s D ia p en s ia -  
ceae  co u ld  w e ll be treated  in e ith er  order  
hut is here p laced  in E r ica les .

T h ese  orders are p laced  w e ll apart from
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A ralia les  (see below) an d  also f ro m  Saxi- 
f raga les  w h ich  p rac t ica l ly  a lways has bi- 
tegm ic ovules  an d  also seems to be entire ly  
lack ing  in ir idoids. F u r t h e r  investigations 
a re  needed  before  th is  can  be concluded 
w ith  certa in ty .  F o r  the position  of Styli- 
d iaceae in Cornales see Appendix.

Oleales

T his  o rd e r  consists  of a single family, 
Oleaceae, w hich  is m a in ly  charac ter ized  
by ir idoid  co m p o u n d s  of G roups VI, VII 
an d  VIII, the last g ro up  not being fo u nd  
elsew here . As these co m p o u n d s  are  k n o w n  
to be derived  fro m  secologanin and  as 
th e  fam ily  also conta ins  complex a lk a ­
loids its p rox im ity  to the  o rd e r  Gentiana- 
les is well-established. Only a  few genera  
have  so fa r  been investigated and  a m ore  
deta i led  know ledge of the chem istry  of 
the o rd e r  is desirable .

Dipsacales

'The p resence  of seco-iridoids is a co m ­
m on fe a tu re  of the o rd e r  being foun d  
with in  all fam ilies except Morinaceae of 
w hich  on ly  a single species has  been in ­
vestigated (see A ppendix).  T he  type of 
seco-ir idoids suggests close re la tionsh ip  
w ith  Gentianales,  Oleales an d  Goodeniales, 
bu t  also w ith  certa in  families in Cornales 
a n d  w ith  Sarracenia les .  Valerianaceae 
occupies  a s ingu la r  posi t ion  in also p r o ­
ducing ir idoids of Group V w ith  an intact 
five-ring. These  co m pounds ,  a l though  they  
are  b iochem ica l ly  closely related to 
G roups I— IV, are  k no w n  f ro m  V aler iana­
ceae o idy  and  d isp lay  som e special 
fea tu res  n o t  fou nd  elsewhere. They  can 
be in te rp re ted  as being p ro d u c ts  of a 
seco nd ary  evolu t ion  with in  the family. 
Thus the  o rd e r  could have  a com m on 
ances to r  th a t  p rod uced  seco-iridoids only.

One of the weaknesses of this system 
( D a h l g r e n  1975) is a p p a re n t  in the fact 
th a t  there  seems to be an  a lm ost in ­
definab le  b order l ine  be tw een  Cornales 
an d  D ipsacales  as rega rds  m orpho log ica l

fea tures.  This  close re la t ionsh ip  is also 
reflected in the ir idoids. T he  o rd e r  D ip ­
sacales m ay  possib ly  rep re sen t  a h e te ro ­
geneous assem blage of families. T he  
flowers have  p e rh a p s  p roceeded  to sym- 
pe ta ly  a nd  zy go m o rp h y  o r  a sy m m etry  in 
the p e r ian th ,  o ligom ery  in  the andro ec ium , 
epigyny, a nd  few p e nd u lou s  apica l  ovules, 
a long m ore  than  one line of evolution 
f ro m  d if fe ren t  ances to rs  in a pre-Cornales  
w h ere  several of these fea tures  a re  found  
separa te ly .

T he  position  of Calyceraceae in D ipsa ­
cales is d iscussed in the Appendix.

No definite  conclus ions can be d raw n  
f ro m  the absence of ir idoids in Morina  
(M orinaceae). It shou ld  be kep t in m ind  
that the re  are  d if ferences in va r ious  details 
be tw een  M orina (longifo l ia ) and  the  m e m ­
bers of D ipsacaceae  (see V u a y a r a g h a v a n  

and  S a r v e s h w a r i  1968 pp. 383— 402). 
' Ib is  evidence casts do u b t  up o n  the  close 
re la t ionsh ip  be tw een  M orinaceae  and  
D ipsacaceae.

Goodeniales

F u r t h e r  evidence will be p resen ted  in 
the A ppendix , in su p p o r t  of t rea ting  
Goodeniaceae (inch B runoniaceae)  as a 
separa te  o rder ,  Goodeniales. Goodeniaceae 
is u sual ly  inc luded  in C am panu la les ,  but 
does no t seem to belong the re  at all.

So fa r  on ly  a few m em bers  of the 
o rde r  have been  inves tigated  fo r  iridoids. 
T he  c o m p o u n d  fo u nd  suggests r e la t io n ­
ship w ith  both  D ipsacales and  Gentianales.

Gentianales

T he  fam ilies  of Gentianales are  m a in ly  
charac te r ized  by the  occu rrence  of seco- 
iridoids, excep tions being Retziaceae, 
B udd le jaceae  a n d  Asclepiadaceae. Retz ia­
ceae, w h ich  is m ono typ ic ,  has  been in ­
vestigated in the  course of the presen t 
project,  resu lt ing  in the detec tion of an 
ir idoid, but the m a te r ia l  was too limited 
to p e rm it  d e te rm in a tio n  of its s t ru c tu re  
(see A p p e n d ix ) .
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Table 9. Iridoid-bearing orders and their families (whether these contains iridoid com­
pounds or not). The figures given refer to genera and species of each family. They are 

highly approximative and mostly in accord with A i r y - S h a w  1973.

HAMAMEL1DANAE (other orders than Hamamelidales omitted here)
Hamamelidales: Myrothamnaceae (1:2),  Hamamelidaceae (23:80), Platanaceae (1:10), 

Altingiaceae (2: 10), Daphniphvllaceae (1: 10), Rhodoleiaceae (1:1)

CORNANAE
Ericales: Actinidiaceae (3:350), Clethraeeae (1:120), Cyrillaceae (3:13), Roridulaceae 

(1:2),  Ericaceae (50:1,350), Pyrolaceae (3:30), Monotropaceae (12:21), Epacridaceae 
(30:400), Diapensiaceae (6:20), Byhlidaceae (1:2),  Empetraceae (3:10), Gruhhiaeeae 
(2:5)

Sarraceniales: Sarraceniaceae (3: 17)
Eucommiales: Euconnniaceae (1:1)
Cornales: Garryaceae (1: 18), Alangiaceae (2:20), Cornaceae (12: 100), Davidiaceae (1: 1), 

Nyssaceae (2:10), Icacinaceae (58:400), Escalloniaceae (7:150), Columelliaceae (1:4), 
Stylidiaceae (6:150), Hydrangeaceae (10:115), Alseuosmiaceae (3:11), Sambucaceae 
(2:240), Adoxaceae (1:1), and, perhaps, some smaller families (see D a h l g r e n  1975 
p. 138)

GENTIAN AN AE
Dipsacales: Caprifoliaceae (11:250), Valerianaceae (13:400), Triplostegiaceae (1:2), 

Dipsacaceae (8: 150), Morinaceae (1: 17), Calyceraceae (4:40)
Oleales: Oleaceae (29: 600)
Goodeniales: Goodeniaceae (15:300)
Gentianales: Loganiaceae (22:548), Buddlejaceae (6:150), Retziaceae (1:1), Ruhiaceae 

(500:6,000), Menyanthaceae (5:33), Gentianaceae (80:900), Apocynaceae (180:1,500), 
Asclepiadaceae (175:2,200)

LOASANAE
Loasales: Loasaceae (15:250)

LAMIANAE
Scrophulariales: Scrophulariaceae (215:2,700), Selaginaceae (5:300), Glohulariaceae (2: 

30), Lentibulariaceae (4:170), Plantaginaceae (3:270), Pedaliaceae (12:50), Trapella- 
ceae (1:2),  Martyniaceae (3:13), Orobanchaceae (13:180), Gesneriaceae (120:2,000), 
Bignoniaceae (120:650), Ilenriqueziaceae (2:13), Myoporaceae (2:85), Acanthaceae 
(250: 2,500)

Hippuridales: Hippuridaceae (1:1)
Hydrostachyales: Hydrostachyaceae (1:30) (iridoids present?)
Lamiales: Verhenaceae (75:3,000), Callitrichaceae ( 1: 25), Lamiaceae (180:3,500)

In Buddlejaceae, lUiddle ja  has been 
reported to contain Group I ir idoids 
typical of Scrophulariales but not of 
Gentianales. However, iridoids of Group I 
are found in a large part of Rubiaceae 
and a few species of Apocynaceae, though 
none of the iridoids in these families are 
identical with those in Buddlejaceae.

Seco-iridoids are relatively com mon in 
the order having been reported in 
Menyanthaceae, Gentianaceae, Loganiaceae 
and Apocynaceae. The presence of this 
group of iridoids links these families with 
Bot. N otiser, vol. 128, 1975

Dipsacales, Goodeniales and Oleales in all 
of which seco-iridoids are predominant,  
and also with Sarraceniales and families 
within Cornales.

The complex alkaloids are characteristic 
of Gentianales, being widely distributed 
in Loganiaceae, Rubiaceae and Apocyna­
ceae. The few scattered occurrences ou t­
side this order, viz. in Cornales and 
Oleales, indicate a com mon ancestry  for 
the three orders.

The apparently  complete absence of 
iridoid compounds in the florally most
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Fig. 10. ■— A: a: Distribution of carbocyclic iridoids (Groups I— V and X) if seco-iridoids 
are not present; b: Distribution of seco-iridoids (Groups VI—IX). Families where both 
kinds occur are checkered. — B: a: Occurrence of “complex” iridoid alkaloids (Group IX), 
the records are numerous in Rubiaceae and Apocynaceae; b: occurrence of iridoid gluco- 

sides of Group II; c: occurrence of iridoid glucosides of Group IV.

advanced  of th e  families, Asclepiadaceae, 
is of g rea t  in terest .  T h e  close connect ion  
be tw een  this an d  A pocynaceae  is d e m o n ­
s t ra ted  by m a n y  m o rpho log ica l  fea tu res  
an d  also by o th e r  chem ica l ch a rac te rs  
(see H e g n a u e r  196 4  p. 2 2 3 ) .  Lack of 
ir idoids could he re  be in te rp re ted  as being 
a  derived  ch a rac te r .

T h e  types of ir idoids p re sen t  in m o s t  
fam ilies of Gentianales s u p p o r t  the view 
tha t  the o rd e r  is largely a  n a tu ra l  one. 
Som e slight d o u b t  still rem a ins  as to 
w h e th e r  R etziaceae an d  B uddle jaceae  b e ­
long here  and  the fam ilies  are  kep t 
sep a ra te  f ro m  L ogan iaceae  w here  th e y  
a re  o therw ise  likely to be included.

Loasales

In Loasaceae , the on ly  fam ily  in the 
o rd e r ,  a  single species (of Mentzel ia)  
h a s  so fa r  been rep o r ted  to con ta in  ir i­
doids .  C o m p o u n d s  of the  sam e g ro u p  are  
k n o w n  m ain ly  f ro m  C orn a les  a nd  Lam ia- 
les. On acc o u n t  of the u n i teg m ic  ovules, 
the  ah  in itio  ce l lu la r  en d o sp e rm ,  an d  the 
te rm in a l  e n d o sp e rm  h a u s to r ia ,  etc., L o a ­
saceae  has long been  recognized  as 
d iverg ing  f ro m  the o th e r  fam ilies  in 
V iolales (Par ie ta les) .  It w as  p laced  by 
H a l l i e r  (1912) in C am p an u la le s  a n d  by 
T a k h t a j a n  (1969) in Po lem o n ia le s .  None 
of these g ro up s ,  ho w ever ,  co n ta in  iri- 
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doids. A place near Lamiales-Scrophu- 
lariales or, perhaps, Cornales is more 
satisfactory from this point of view. H ow­
ever, Loasaceae is morphologically ra ther  
isolated even here and should he treated 
as a separate order.

See also note on p. ISO.

Serophulariales

No seco-iridoids have been found in 
this large order. The iridoid compounds 
know n are restricted to Groups I, II and 
X, which all have the basic iridoid 
skeleton. A gradient of complexity can 
be seen in the Group I compounds found 
in the order.

Some taxa contain aucubin ( 12) alone, 
i.e. Orobanchaceae and some genera of 
Scrophulariaceae (c. 2 0  °/o of the total 
num ber  of species found to contain 12 
and/or  13) .  Some contain aucubin in 
adm ix tu re  with catalpol (13 ) ,  i.e. Globu- 
lariaceae, Lentibulariaceae, Plantagina- 
ceae and approximately 70 °/o (as defined 
above) of Scrophulariaceae. Catalpol alone 
is found in Martyniaceae, Myoporaceae, 
Bignoniaceae and some genera of Scro­
phulariaceae (c. 10 °/o; see K o o im a n

1972).
The two compounds often occur esteri- 

fied with aromatic acids (for a com pre­
hensive sum m ary see G r a y e r - B a r k m e i j e r

1973), and in this form have only been 
found in one case among the “more 
prim itive” orders, viz. in Ericaceae, E r i­
ca les.

Compounds of Group II are less often 
encountered in the order, hut a few occur­
rences are known from Scrophulariaceae 
and  one from Pedaliaceae.

In addition to the compounds m en­
tioned some apparently  simple iridoid- 
derived pyridine alkaloids (Group X) 
have been discovered in Serophulariales. 
They occur in Bignoniaceae, Orobancha­
ceae, Plantaginaceae and Scrophulariaceae.

Of the families not mentioned above 
Selaginaceae ( K o o i m a n  1970) and Acan-
Bot. Notiser, vol. 128, 1975

thaceae ( W i e f f e r i n g  1966) are suspected 
to contain iridoids, while none have yet 
been reported from Trapellaceae and 
Gesneriaceae.

Taxonomically, Serophulariales does not 
seem to be controversial.  The families 
usually resemble one another closely and 
generally speaking the order is easily 
distinguished on morphological features. 
It is evident that Solanaceae should not 
be included in the order. Like the other 
families placed in Solanales (according to 
the system accepted here, D a h l g r e n  

1975), such as Polemoniaceae, Convolvu- 
laceae and Boraginaceae (W in d t  1959), 
Solanaceae seems to lack iridoids entirely 
( K o o i m a n  1971 p .  397).

Serophulariales is distinguished from 
Gentianales and other orders of Gentiana- 
nae in lacking seco-iridoids.

Hippuridales

This monotypic order  contains ad ­
vanced iridoid glucosides belonging to 
Group I and identical with those found 
in a num ber  of families of Serophulariales. 
Like this order, it lacks tannins and 
gallic and ellagic acids. The unitegmic 
ovules and the ab initio cellular endo­
sperm in combination with these features 
point to a position close to Scrophu- 
lariales, perhaps near Plantaginaceae or 
Scrophulariaceae. This position has been 
suggested by H e g n a u e r  (1966 b p. 267). 
The epigyny and reduced perianth in this 
connection seem to be of no great sig­
nificance, hut in combination with the 
whorled leaves, for example, may justify 
treating the family Hippuridaceae as a 
separate order.

Hydrostachyales

No chemical investigations have been 
reported  from this order consisting of 
the small family Hydrostachyaceae. The 
present taxonomic position has been p ro ­
posed by J ä g e r - Z ü r n  (1965).
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La filiales

Like Scrophulariales, this large order 
is characterized by a complete lack of 
seco-iridoids. Iridoid glucosides belonging 
to Group I have been reported from all 
three families. These are Ihe only iridoids 
found in Callitrichaceae. The close affinity 
between this and the other families in the 
order  has now been fully established. As 
regards composition of iridoids it agrees, 
however, equally well with Scrophula- 
riales.

Group II iridoids appear to he charac­
teristic of certain groups of genera in 
Ihe o ther  two families in Lamiales, La- 
miaceae and Verbenaceae, where their 
diversity is greatest. Biochemically the 
known Group II iridoids are in general 
more advanced than those belonging to 
Group I. This would support the view 
often expressed that Lamiales is more 
advanced than Scrophulariales. However, 
they have doubtless evolved along more 
or less parallel lines.

Verbenaceae also contains Group III 
compounds, otherwise known only in 
Cornaceae, and Group IV compounds, 
know n also in Oleaceae, Cornaceae, Hyd- 
rangeaceae, Ericaceae and Loasaceae.

Not all the genera of Verbenaceae or 
Lamiaceae contain iridoids. They are 
lacking in certain groups of genera, some 
of which are quite large. In Lamiaceae 
there seems to he a high degree of cor­
relation between the presence of iridoids 
and other characters such as pollen grain 
m orphology and num ber of nuclei in 
m ature  pollen grains (see K o o i m a n  1972). 
This opens up new possibilities, and 
prompts to similar investigations in other 
families.

SYMPETALAE, A POLYPHYLETIC 
GROUP

“Sympetalae” or at least most orders 
in this somewhat ill-defined group, has 
long been acknowledged as a presumably 
natura l (i.e. monophyletic) group. This

applies in particular  to those orders of 
Sympetalae that according to T a k h t a j a n  

(1969) comprise the subclass Asteridae, 
viz. Dipsacales, Gentianales, Polemoniales, 
Scrophulariales (including Solanaceae), 
Lamiales, Campanulales, Calycerales and 
Asterales.

This group is characterized by 5- or 4- 
merous, tetracyclic flowers with sepals, 
petals and stamens in alternating whorls 
and with generally 2 carpels; fu rther  by 
the sympetalous corolla, unitegmic tenui- 
nucellate ovules and generally by ab initio 
cellular endosperm.

Now, chemical evidence does not 
entirely support the view that this group 
is natural.  The presence of iridoids in 
certain orders and families provides a 
ra ther  distinct dividing line between 
Dipsacales, Gentianales, Scrophulariales 
(excluding Solanaceae) and Lamiales on 
the one hand  and the remaining orders 
on the other. Furtherm ore ,  they are more 
or less closely connected with Oleales, 
Cornales, Ericales, Sarraceniales, Eucom- 
miales and Hippuridales (s. str.). Certain 
orders thus need to he broken up; in 
particular  Goodeniales must be excluded 
from Campanulales and Loasales from 
Violales. This is in fact supported by 
embryological and gross morphological 
characters. It should also he stressed 
that in general most of the characters 
considered typical of Asteridae are also 
found within orders outside this subclass, 
for instance within Oleales, Cornales and 
Ericales.

On the other hand those sympetalous 
orders tha t lack iridoids, viz. C am panula­
les, Solanales, Asterales and Pittosporales, 
show a varying degree of similarity in 
chemical as well as morphological ch a r ­
acters to o ther  orders. This applies in 
particu lar  to Araliales which in its turn  
approaches Rutales.

Chemical characters apar t  from the 
presence of iridoids support the dem arca­
tion between the iridoid-containing groups 
on the one hand and at least some of the 
sympetalous groups not containing iri-
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doids on  the  other .  T h u s  in  the  ir idoid- 
bearing  o rd e r s  necin  a n d  t ro p an e  a lk a ­
loids are  a lm ost com ple te ly  absen t  b u t  are  
foun d  in some of the o th e r  o rders .  P o ly ­
acetylenes are  typ ica l  of C am panula les ,  
Asterales, P i t to spora les  a n d  Araliales (and 
are  also kn o w n  in R u ta le s ) ,  b u t  are, 
as it seems, lack ing  in the ir idoid-con- 
ta in ing orders .

This  an d  addit ional ev idence  can he 
tak en  to  indicate  a d o ub le  o r  possibly 
even m u l t ip le  an ces t ry  fo r  the “Sym- 
pe ta lae” (or T a k h t a j a n ’s Asteridae),  
w hereas  Erica les,  fo r  exam ple ,  w h ich  is 
som etim es p laced in the subclass  Dille- 
niidae, is closely connec ted  w ith  the 
families of C ornales  (sensu D a h l g r e n ) 
m ost fam il ies  of w h ich  a re  fo u n d  in 
T a k h t a j a n ’s Rosidae.

PHYLOGENETIC CONSIDERATIONS. 
SUMMARY

An increas ing  degree of com plex ity  and  
varie ty  in the ir idoid  c o m p o u n d s  can  be 
seen w h e n  proceed ing  f ro m  H am am eli-  
dales (in H am am e lid an ae )  th ro u g h  the 
o rders  in C ornanae  thence  e i ther  to Gen- 
t ian anae  o r  to L am ianae .

The few  o ccurrences  of ir idoids so fa r  
reg is tered  in H a m a m e lid a n a e  belong  ex ­
clusively to G roup I, w h ich  p re su m ab ly  
rep resen ts  the p r im a ry  co m p o u n d s .  T his  
type is also fo u n d  in the  o th e r  s u p e r ­
orders  an d  has its m ost com plex  fo rm s  in 
L am ianae .

T he  o rd e r s  in C o rn an ae  have  p ro b ab ly  
developed ir idoids a t  an ea r ly  stage and  
these h av e  successively a t ta in ed  to great  
diversity .  T his  app lies  in p a r t ic u la r  to 
Cornales w hich  co n ta in  a g rea t  varie ty  
of ir idoids belonging  to G roups  I, III, 
IV, VI, IX an d  X. T h e  seco-iridoids 
a p p a re n t ly  evolved first in Cornales . This  
is ind ica ted  by the  p resence  in c o n tem ­
po ra ry  fo rm s  of m os tly  p r im it ive  c o m ­
po unds  of G roups VI an d  IX.

One evo lu t io na ry  b r a n c h  connected  
with the early  C o rn a n a e  is p ro b ab ly  
G en tiananae  w h e re  th e  ir ido ids have

fu r th e r  evolved a long  m ore  o r  less dis­
tinct b iosyn the t ic  lines (to com pounds  
belonging to G roups  VII a n d  VIII  . A 
fu r th e r  deve lo pm en t of the G roup  IX 
co m po un ds  has  also taken place. As r e ­
gards the i r ido ids  G en tiananae  is thus 
clearly  connected  w ith  C ornanae ,  and  
these su p e ro rd e rs  a re  p ro b a b ly  of com ­
mon origin. T h e  G roup  V co m p o u n d s  are  
found  solely in V aler ianaceae  and  have 
p re sum ab ly  evolved w ith in  p r im it ive  m em ­
bers of this fam ily .

L am ianae  co n ta in s  b iochem ica l ly  a d ­
vanced ir idoids belonging to G roups  I, II, 
III and  IV. T h is  suggests a com m on 
orig in  for th is  su p e ro rd e r  a n d  Cornales 
in Cornanae , poss ib ly  also w i th  Gentia­
nanae . At an  ear ly  stage Cornales ,  with 
its grea t  var ie ty  of ir idoid types, could 
have  given rise to p r im itive  L am ianae  
w h ere  Group II ir ido ids h av e  developed. 
This  g roup of ir ido ids is not found  in 
Cornales, w hereas  the o th e r  g roups  a p ­
pe a r  in Cornales  as well as L am ianae .

P rim itive  G entiana les  a n d  prim itive  
L am ianae ,  011 the o th e r  h a n d ,  m ay  also 
he of co m m on  o rig in  as fa r  as ir idoids 
a re  concerned . B uddle jaceae ,  w h ich  
m orpho log ica l ly  is re la ted  to L oganiaceae  
an d  chem ically  is re la ted  to S c ro p h u la r ia -  
les, is thus  in te rm ed ia te  a n d  m ay  r e ­
present a relict f r o m  c o m m o n  ances tors .  
T he  one k n o w n  occu rre n c e  in R ub iaceae  
of a Group II glucoside, shan tz is ide  (25), 
po in ts  to a poss ib le  con nec t ion  betw een  
L am ianae  an d  Rubiales.

T he  ir idoids so f a r  d iscovered  in the 
p lan t  o rders  m en t io n ed  s u p p o r t  the  c o n ­
clusion tha t these g rou ps  m ak e  u p  a 
relatively hom o gen eou s  a n d  p ro b a b ly  
m ono, ' 'e tic  g roup .  T he  re s t r ic t io n  of 
ir idoid  c o m p ou nd s  m a in ly  to g ro u p s  w ith  
unitegmic ovules suggests th a t  they 
developed a long  a n  ev o lu t io n a ry  line 
w here  the ovules  w ere  ju s t  a b o u t  to 
evolve from  the b itegm ic  to tb e  u n i te g m ic  
condition. Altingiaceae an d  D a p h n ip h y l la -  
ceae, both in H am am e lida le s ,  a re  p e r h a p s  
relicts of p r im itive  ir id o id -b ea r ing  g ro u p s  
with b itegmic ovules. F lo ra l  r e d u c t io n  has
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here proceeded further than in m ost of 
the other iridoid-bearing groups. This 
connection  betw een H am am elidales and 
Cornanae is of particular interest w hile  
also raising som e phylogenetic problem s.

APPENDIX I. MATERIALS AND METHODS

Investigations fo r  ir idoid glucosides were 
made on single species f rom  selected families 
o f  the d icotyledons.

Individual  c o m p o u n d s  were identified by 
co m p ar iso n  of Hl-NMR-speetra with those 
o f  au then t ic  com pounds .  The spectra were 
recorded  at 90 MHz on  a B ruker  HX-90E 
ins t rum en t  with a deu te r ium  lock. The sol­
vents were  D2 O a n d  CDCI3  with DSS and  
TMS, respectively, used as standards .

Generally 20— 50 g samples of  fresh p lan t  
m ate r ia l  o r  2 — 10 g of h e rb ar iu m  m ate ria l  
were ex trac ted  with EtOH. evaporated,  d is ­
solved in w a te r  a n d  extracted  with CHCI3 

a n d  EtoO to remove fats , etc. T he  aqueous  
solu t ion  was filtered th ro u g h  a  colum n of 
neu tra l  AI2 O3  followed by washing with 
water .  T he  e luate w as  concen tra ted  and fixed 
0 1 1  a co lum n of silica gel, and  iridoid and  
o th e r  glycosides eluted with acetone. The 
stages of puri f ica t ion  were checked by 
1 H-NMR with D2O as a solvent, and  if the 
ace tone  eluate showed absorp t ions  between 
5.5 a n d  10 ppm (vinylic a n d  a ldehyde  re ­
gion) the m ix ture  was fu r th e r  purif ied by  
m eans of p repara t ive  thin  layer  c h ro m a to ­
g rap h y  (silica gel), if necessary  preceded by 
acéty la tion . If the acetone eluate did not 
show apprec iab le  NM R-absorption  at 5.5—  
1 0  ppm, the result was considered  negative.

In a few cases (E m petrum , M yoporum)
I he vinylic regions of the spectra  were 
obscured  by multiple absorp tions ,  p robab ly  
f rom  a ro m a t ic  esters, a n d  fu r th e r  separa t ion  
a f te r  acé ty la tion  did not reveal any ir idoids 
in the complex mixtures.  These cases, h o w ­
ever, deserve fu r th e r  investigation. It should  
be pointed  out that  — a lthough  we regard  
tliis m ethod  as convenient  an d  also c o m ­
parat ive ly  sensitive, as an  iridoid content  as 
low as 0.91 pe r  cent of the fresh  weight can 
norm ally  be detected — com pounds with 
vicinal phenolic  OH-groups are p resum ably  
s trongly  adso rb ed  to the a lum ina  and thereby  
lost. Exam ples  of substances no t  detected by 
this p roced u re  are  o leuropein  a n d  esters of 
caffeic acid. Acids such as m ono trope in  are 
eluted slowly f rom  a lum ina.

Secologanin was separa ted  as  its t e t r a ­
ace ta te  and  identified by the NM R-spectrum 
( J e n s e n  et al. 1973 c) .

Table  10 shows the results  obtained. N u m ­

bers fo llowing the n am es  of species where  
given refer  to the n u m b ers  in the catalogue 
o f  p lan ts  g row n in the B o tan ical  Gardens of 
Copenhagen. Voucher n u m b ers  are  given in 
the next column. Voucher specimens w ithout  
co llecto rs’ n am es  are to be deposited in the 
B otan ica l  Museum of the University  of 
C openhagen  (C).

NOTES ON INVESTIGATIONS OF SPECIES

Roridu la  dentata  L. —  4.5 g of h e rb a r iu m  
m ate r ia l  w as available fo r  investigation, and  
f rom  this w as isolated 7 mg of a glycoside; 
NM R-spectrum : 7.70 ppm  (s, H-3), 5.22 ppm  
(d , J  =  3.5 Hz, H-l)  a n d  1.15 ppm  (d, .1 =  7 
Hz, IO-CH3 ). After ch ro m a to g ra p h y  acé ty la ­
tion yielded ca. 3 mg of a te t raaceta te ;  
NM R-spectrum : 7.36 p p m  (s, H-3), 2.0— 2.1 
ppm  (4xO A c)  a n d  1.27 ppm  (d, .1 =  7 Hz, 
IO-CH3 ). In bo th  spec tra  add it ional  a b so rp ­
tions indicating  the p resence of a n  iridoid 
g lucoside were observed, though w i th o u t  a 
signal indica ting  the co m m o n  m ethy l  ester 
group.

S ty t id iu m  a d n a tu m  R. B r .  —  A m ix tu re  of 
ir idoid  g lucosides was obtained. One of the 
f rac t io n s  a f te r  acé ty la tion  and  fu r th e r  
c h ro m a to g ra p h y  yielded a nonaaceta te ,  p ro b ­
ably  of a dimeric  ir idoid glucoside. The  NMR- 
spec trum  of this  co m p o u n d  resembles that 
of  m o n o tro p e in  m ethy l  ester ace ta te  in 
several respects.

Sarracenia purpurea  L. and  Darlingtonia  
californica  TORR. — Morroniside  in the pure  
sta te  w as o b ta ined  from  each of these spe­
cies. It w as identified by its NMR-spectrum 
( J e n s e n  a n d  N i e l s e n  1974).

Retzia capensis  T h u n b . —  9 g of h e rb a r iu m  
m ate ria l  was available  fo r  investigation. After 
extensive c h ro m a to g ra p h y  it gave a f rac t ion  
(5 mg), the NM R-spectrum of which  indi­
cated the p resence of an  ir idoid (absorp tion  
a t  7.48 ppm ).  F u r th e r  a t tem pts  to c h a ra c ­
terize the c o m p o u n d  were not  successful.

K naut ia  arvensis  (L.) Co u l t . —  T h e  m ain  
co m p o n e n t  of  the  acetone eluate resulting  
from  this p lan t  w as  methyl glucoside. It was 
identified by its NMR-spectrum which  a p ar t  
f rom  a b so rp t io n s  from  the glucose moiety, 
show ed  d is t ingu ishab le  signals at 4.38 ppm  
(d, .1 =  7.5 Hz, H-l)  and  3.57 ppm  (s. OCH3 ). 
The  spec trum  w as identical with  tha t  of  the 
a u th en t ic  com pound.

Dipsacus sy lvestr is  H u d s . —  T h i s  p la n t  
g a v e  a  c o m p l e x  m ix t u r e  o f  i r id o id  g lu c o s i d e s ,  
c h a r a c t e r i z e d  b y  a b s o r p t i o n s  in  th e  NMR- 
s p e c t r u m  at  7.40— 7.65 p p m .  C h r o m a t o g r a p h y ,  
f i r s t  o f  th e  g l u c o s i d i c  m ix t u r e ,  a n d  t h e n  o f  
th e  a c e t a t e ,  g a v e  a p e n t a a c e t a t e  a s  th e  m a i n
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è  = 'S

•2 S

•2 5> a  
^  to ^

s  F

3 n=- 
o."s

•2 e E 
E -2
45 05
2  e

to Q

H 
>3 
3  .
0  CO

U  g
■^x >

< “5
U  F

**>« ^ 
2  S

3 -r- ~  -2 3  33 2
Ü S  £03 3  ̂ i3; C/5 Co

>3
j  Ë

-'«a  

s 5I I
S, o
C  PC

fa
3

EJ
£ 5
3  ■— '

-> fa

C 3
3 y

® . £ 3

-S »  s .  s ;
Q  £= fa

w  c

<v a; u  
o  cd cd 
03 a; o

„  f i  .ES ~  v v -c 2

c - 2  >?>> 
£ ; C  c o  f f i

U

■— 3
>- CO3

QJ 3
3  t  
S

J2 to  
fa

3 3C ■ -
3  .N

tS 45
c aseu

a

«  0) 45

I I  JJJ
«  £  .ES «  0 .E c ■£

^  '— v  o  
3 M

u  S
s
g o
a

S 3 c  -  o  cs o  
X

.2  cdUt o
ü «  .2  cd u
o  cd u  —  cd
cd C  cd ^  fc-

~  *r~ !  a  a
O. S £

X
B o t. N o t ise r , v o l .  128, 1975



174 S 0 R E N  ROSENDAL JE N S E N  E T  AL.

component.  The NMR-spectrum o f  this  com ­
pound  was pa r tly  superim posable  upon  that  
of seeologanin te traacetate ,  p a r t ly  upon that  
of loganin pen taace ta te ,  except fo r  a doublet 
(J  =  2.5 Hz) at 6.04 ppm. F ro m  the integral  
values it was deduced that  the glucoside 
conta ins one molecule of glucose and  one 
each of the seeologanin and loganin  aglu- 
cones, except for the lack of one methyl 
ester group. The abso rp t ion  at 6.04 ppm , not 
seen at  this frequency  in the free glucoside, 
m ust  be assigned to I I -1 in an  acetylated 
aglucone moiety. Assuming the same con­
figuration  as in the p a ren t  glucosides loganin 
and  seeologanin, this abso rp t io n  is assigned 
to H -l  of loganin  aglucone because  of the 
small coupling constant.  Tentatively,  we sug­
gest that the s truc ture  of the c o m p o u n d  is 
secologanic acid esterified to C-7 of the 
aglucone of loganin.

Scabiosa colum baria  L. —  T he  presence 
of iridoids was d em o n s tra ted  by NMR- 
absorp tions at 7.40— 7.70 ppm. Seeologanin 
(or derivatives), which  was a m a in  c o m p o ­
nent,  was characterized  by the aldehyde 
signal at 9.65 ppm. No a t tem pts  were m ade  
at fu r th e r  characterizat ion .

Scaevola suaveo lens  R. B r .  —  NMR- 
absorp tions at 7.47 and 7.62 p p m  indicated 
tha t  iridoids were present. T he  absorp tions  
at 7.62 and  a t  9.65 ppm ind ica ted  th a t  seco- 
loganin  was a m in o r  constituent.  No fu r ther  
characte rizat ion  was a ttempted.

Digitalis purpurea  L. —  No ir idoids could 
he detected in this  p lant.  By com parison  
with the NM R-spectrum of the au then tic  
compound,  the m ain  glucoside p re sen t  p roved 
to be the Cornus quinol glucoside, here  
n am ed  cornoside,  found  in several  species of 
Cornus ( J e n s e n  et al. 1 9 7 3  d) a n d  in some 
species of F o rsy th ia  ( J e n s e n  a n d  N i e l s e n  
un, ' ’ished).

E rem oph ila  m acula ta  ( K e r r ) F. M u e l l . —  
P ru n as in  was isolated in a small  a m o u n t  and 
identified by its NMR-spectrum. It was co n ­
verted to a m ixture  of p ru n a s in  and 
sam bunigr in  te t raaceta tes  by acéty la tion  
( J e n s e n  and N i e l s e n  1973).

The work will he con tinued  in o rde r  to 
identify the rem ain ing  u n k n o w n  com pounds .

APPENDIX II. ON THE SYSTEMATIC 
POSITION OF CERTAIN FAMILIES 
CONTAINING IRIDOIDS

Sarraceniaceae

In some o th e r  sys tem s Sarracen iaceae  has 
been placed together with  Nepenthaceae  and  
Cephalotaceae because of the s im ilar  p i tch e r­
like leaves, a ch a ra c te r  tha t  is k n o w n  to

have developed by convergence along d if ­
ferent  lines of evolution. A position often 
recently  p roposed  for the family (or fcr the  
o rder  Sarraceniales)  is next to Papavtra les .  
It is in te res t ing  tha t  K e r n e r  (1 8 9 1 )  ] laced 
Sarracen iaceae  in Sclerophyllae  ( =  Ericales), 
a place which, as we shall  see, agrees rather 
well w ith  the evidence presented  belov. On 
m orpholog ical  and  embryological grounds 
Sarracen ia les  was p laced next to Eiicales 
and Corna les  by one of the present authors  
( D a h l g r e n ) in 1 9 7 4 .  The presence of a seco- 
ir idoid in Sarracenia  as well as D arlingtonia  
suppor ts  a posi t ion  close to Cornales.

Apart f rom  the presence of iridoids there  
are a g rea t  n u m b er  of charac te rs  in oarra- 
ceniaceae that  together po in t  to affinity with 
the E ricales-Corna les  all iance. Morphologi­
cally a n d  embryologically  Sarraceniaceae 
p e rh ap s  m ost  closely resembles cer ta in  m em ­
bers of  Ericales. In pa r t icu la r  they have a 
n u m b er  of charac te rs  in com m on with 
Pyro laceae :

A lternate  leaves; absence of stipules; 
anom ocy t ic  s tom ata ;  vessels with sca la riform  
perfo ra t ion ;  5-merous f lowers with 10 o r  
more s tam ens;  pollen gra ins shed at the 
b inucleate  stage; s imilar  pollen  m orphology;  
n u m ero u s  a na tropous ,  unitegmic, tenui- 
nucellate  ovules; P o lygonum  type of embryo  
sac; cellu lar  endosperm  fo rm at ion ;  loculicidal 
capsule; small  seeds with  th in  testa  often 
extended to fo rm  a process o r  wing; small  
em bryo  fo rm ed  according to the Caryophyllad  
p a t te rn ;  f leshy endosperm ; presence of 
an th o cy an in s  and  tann ins  of the condensed 
type a n d  of kaem pferol ,  cyan id in  a n d  caffeic  
acid in the extracts  of leaves. The presence  
of ir idoids is also co m m o n  to both ,  bu t  they 
are of  d ifferent  types in the two families,  
which m ay indicate that Sa rracen iaceae  is 
closer to Cornales than  to Ericales.

By vir tue  of the p itcher-leaves,  the sca ttered  
vascu la r  bundles in the stem a n d  the m ore  
n u m ero u s  s tam ens  we pre lim inarily  p ro p o se  
treating Sarracen iaceae  as a separa te  order.  
This we place a d jacen t  to Ericales  an d  C or­
nales.

Roridulaccae

T he  presence of an  ir idoid (though in low 
concen tra t ion)  in the leaves of R o ridu la  d e n ­
tata  in com bina tion  with a n u m b er  of m o r ­
phological cha rac te rs  w a r ra n t s  p lac ing  the 
genus in or  next to Ericales.

T h e  genus has  been placed in R osa les  
(s.lat.) in several of the classic  sys tem s 
( E n g l e r , W e t t s t e i n , S k o t t s b e r g , P u l l e , 
etc.), in which  Sax ifragaceae a n d  a n u m b e r  
of supposed ly  re la ted  families were  a lso  usu-
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ally included. In recent years the genus h as  
usually  been t rea ted  separately  as the family  
R oridu laceae  or together with  Byblis  in 
Byblidaceae,  and  in various works placed 
n e a r  Ochnaceae,  Saxifragaceae,  P i t tospora-  
ceae o r  Droseraceae.  It was placed in Clethra- 
ceae hy H a l l i e r  (1812). In a study of the  
embryologica l  c h arac te rs  of Roridula gor- 
gonias, V a n i H a r d e v  (1972  pp. 3 3 9 — 351) 
c o m p ared  the genus w ith  Byblis  and d is ­
covered a n u m b er  of differences th a t  
w a r ran te d  placing the two genera  at least 
in different  families, bo th  of which  were  
well separa ted  from Droseraceae.

Roridula  (2 spp.) is fo u n d  in South Africa. 
The ten tacu la r  glands, which superficially  
though  not  in detail resemble those  of Bybli­
daceae a n d  Droseraceae,  produce  a b a ls a m ­
like secretion and  are  thus not proteoly tic  
a n d  no t  insectivorous in the true sense.

The fo llowing charac te rs  should  be c o n ­
sidered in com bination :  Shrubby  habit ;
a l te rna te ,  exstipula te  leaves; vessels with 
sca la r ifo rm  perfo ra t ion ;  ten tacu lar  glands 
w ith  balsam-like  secre tion; paniculate,  r acem e­
like inflorescence; ac t inom orphous ,  hypo- 
gynous, 5-merous f lowers w ith  persis ten t  
sepals a n d  imbricate  petals;  5 free s tam ens  
with  massive connective nectaries;  tetra- 
sporangia te  a n th e rs  dehiscing by apical 
pores;  3-colporate , single pollen grains r e ­
leased at the b inucleate  stage; the 3- 
earpella te  and  3-loeular pist il  w ith  its funnel- 
shaped style apex; the ovary  with num erous ,  
pendulous ,  ana tropous ,  unitegmic and  tenui- 
nucellate  ovules; the P o lygonum  type of 
embryo  sac; the cellular endosperm , the 
m ie ro p y la r  pa r t  of which  tends to behave 
as a h aus to r ium ; an d  the loculicidal capsule 
with several seeds with well-developed en d o ­
sperm  a n d  a small  embryo. Moreover, the 
plan ts  a re  rich in tann ins  a n d  crystals  of 
calcium oxalate. Unlike Sarracenia  (see 
above), the seeds have a thick testa  an d  the 
em bryogeny  confo rm s to the Solanad  type.

T he  presence of ir idoids agrees well with  
this com bina tion  of charac te rs ,  which  s u p ­
ports  placing Roridula  in Ericales  or  in its 
vicinity. Many features  of Byblidaceae also 
f avour  a position in this order,  b u t  fu r th e r  
investigation is desirable. The two families 
should  be placed a t  some distance from each 
o ther,  however,  an d  the secreting glands in 
them at least in pa r t  seem to have developed 
by convergence.

Stylidiaceae

Group I iridoids were found  in Sty l id iu m  
in this family. T an n in s  an d  leucoan tho-  
cyan ins a re  kno w n  to occur  in Stylidiaceae

( H e g n a u e r  1973 p. 471). This am ong other  
things, a rgues s trongly agains t  placing the 
family  in o r  next to C am panulales  or  Astera- 
les, thou gh in one conspicuous chemical 
c h arac te r  there is ag reem ent with the latter 
orders ,  i.e. in the presence of inulin.

Some m orphological  characteris tics  of 
Stylidiaceae are  as follows:

The  5-lobate or  2-lipped corolla;  only 2 
o r  3 s tam ens usually  m ore  or less fused 
with  their fi lam ents  to the style; the hi- 
locu la r  ovary  with several to num erous  
ovules, which are  unitegmic an d  tenui- 
nucellate;  a n d  the capsu la r  fruit.  E ndosperm  
fo rm at io n  is cellular, and  term inal  e n d o ­
sperm haustor ia  have been recorded. In a d d i ­
tion, there  are  g landu la r  ha irs  in Stylidia­
ceae, but not  laticiferous ducts , two c h a r ­
acters in which  this  family differs f rom  
C am panulaceae  and Lobeliaceae.

This  com bina tion  of charac te rs  (except the 
presence of inulin  a n d  the few stamens) is 
also fo u n d  with in  Cornales (sensu D a h l ­
g r e n  1975). The position in this order  also 
agrees principally  with that  in the system 
of T h o r n e  1968, where  Stylidiaceae is placed 
in the suborder  Saxifragineae in Rosales 
where  several families (i.e. chiefly those with 
one integument) of ou r  Cornales were in­
cluded.

Gooden iaceae

The fac t  that  the genera Scaevola  and 
Selliera  of this family con ta in  seco-iridoids 
(see also H e g n a u e r  1966 a p. 213), con tra ry  
to the taxa of C am panulaceae  and  Lobelia­
ceae investigated, actualizes the question  as 
to w h e th e r  Goodeniaceae is a t  all closely 
re la ted  with  the two families mentioned.

Goodeniaceae was trea ted  by H u t c h i n s o n  
(1963), together w ith  the scarcely distinct 
B runoniaceae ,  and  with  Stylidiaceae, in the 
o rde r  Goodeniales, placed nea r  C am p an u ­
lales. In E n g l e r ’s  Syllabus W a g e n i t z  (1964) 
placed these three families in Campanulales ,  
and  also T h o r n e  (1968 p. 61) m ade  a similar 
a r ran g em en t ,  but excluded Stylidiaceae, 
w hich  w-as placed in his Rosales (see above).

Goodeniaceae (inch Brunoniaceae) is c h a r ­
acterized by absence of latex in the vegeta­
tive pa r ts ;  exstipulate, usually  a lte rna te  
leaves; zygom orphous ,  hypo- to epigynous 
flowers in a racem ose  inflorescence; 5 usu ­
ally small  calyx lobes and  5 petals which 
generally  form  an apically  5-lobate tongue 
o r  ray ;  5 s tam ens with free f i laments  and 
free or m ore  o r  less connate  an the rs ;  and  a 
un ilocu lar  ovule with 2 or m ore  ovules. The 
pollen gra ins are  usually  3-colporate and  
re leased in the b inucleate  stage.

Bot. Notiser, vol.  128, 1975



176 S 0 R E N  ROSENDAL JE N S E N  ET AL,

Comparing Goodeniaceae with o ther  groups,  
one will f ind some consp icuous di f ferences.

(1) from Asterales ( =  Asteraceae) in p re s ­
ence of iridoids,  b inucleate  pollen grains, 
presence of a pollen cup on  the style, well- 
developed calyx, a n d  usually  m ore  th an  one 
seed free from  the pericarp .  — But it m ay  
have similar pollen grains and  inulin  in the 
vegetative parts ,  the petals a re  united  to a 
tongue, the a n th e rs  a re  often  connate  and  
introrse, and  endospe rm  h au s to r ia  are  lack ­
ing as in Asteraceae.

(2) f rom  C am panulales  s. str. (see D a h l ­
g r e n  1975) in the presence  of iridoids,  
absence of laticiferous ducts , presence of 
sc lerenehym atous idiohlasts and g landula r  
hairs ,  presence of a pollen cup, different  pollen 
grains (according to E r d t m a n  1952), absence 
of endosperm  h aus to r ia  ( V i j a y a r a g h a v a n  & 
M a l i k  1972 p. 251) an d  lack of poly- 
embryony. The  testa , m oreover,  is 7— 14 
layered (1— 4 layered  in C am panulales  s. 
str.). —  But Goodeniaceae has  inulin in the 
vegetative parts ,  peta ls of s imilar  appearance ,  
and  sometimes similar,  connate,  in trorse  
an th e rs  as in Lobeliaceae.

(3) f rom  e.g. Gentianaceae, Gentianales, in 
the zygomorphous,  usually  epigynous corolla, 
absence of in te rnal  phloem, presence of 
cellular endosperm  (mostly  ah initio nuc lear  
in the chlorophyll-bear ing  genera  of Gen­
tianaceae). —  But it has  the iridoids in 
comm on, and  it lacks laticiferous ducts as 
does Gentianaceae; inulin  is also occasionally  
p resent  in Gentianaceae,  a n d  in Gentianales 
(Apocynaceae etc.) one will f ind  various 
s tylar  heads, possibly paralle l  s truc tures  to 
the pollen cup in Goodeniaceae. Moreover, 
in the 1 ' ly re la ted  M enyanthaceae,  there 
are sc lerenehym atous idiohlasts and  cellular 
endosperm  as in Goodeniaceae.

The m entioned groups,  wh ich  at f i rs t  might 
seem to be closely re la ted  to Goodeniaceae, 
thus exhibit some str ik ing  differences. Re­
maining, possibly closely re la ted  groups a re  
the Cornales,  D ipsacales a n d  Scrophular ia les ,  
in the fo rm er two of which  seco-iridoids a re  
present, jus t  as in Goodeniaceae. E x a m in a ­
tion of these g roups  s imilarly  reveal a n u m ­
ber of differences.

It m ay  be concluded  that  Goodeniaceae 
(inch Brunoniaceae) has  a distinct posi t ion  
and  m ay deserve being t rea ted  as a separa te  
order.  Its d is tinctness  f ro m  C am panula les  
was dem ons tra ted  by V i j a y a r a g h a v a n  & 
M a l i k  (1972), who m ain ly  on embryological  
g rounds  suggested its t rea tm en t  as a n  o rder,  
Goodeniales, with its place next to C a m p a ­
nulales.  Goodeniaceae seems to agree quite  
as well with  o rders  like Gentianales, Dipsa-
Bot. Notiser, vol. 128, 1975

cales a n d  Cornales, however,  and  the p res­
ence of seco-iridoids su p p o r t  a position lather 
in this vicinity.

Calyceraceae

Calyceraceae in m ost  recent botin ical  
l i te ra tu re  is placed close to Cam panuhceae ,  
Lobeliaceae and  Asteraceae. Because mainly 
of the pendulous  ovule and  cer ta in  e ubry -  
ological peculiarities it was excluded from 
th is  group  by T a k h t a j a n  (1969 p. 233 and  
p laced  in a separa te  order,  Galyctrales. 
C r o n q u i s t  (1968 p. 309) placed Calycera­
ceae in Dipsacales, where  it was considered 
by  T a k h t a j a n  to be so m ew hat  out  of place 
because of the a l te rna te  leaves, the lack of 
g lan d u la r  hairs ,  the Asteraceae-like inflores­
cences and  the so m ew hat  different, b i­
nucleate  pollen gra ins (the pollen grains are 
t r inuc lea te  in Dipsacales).

The  presence of simple seco-iridoids is not 
in accord  with a position in or  close to C am ­
panu la les  or  Asterales,  b u t  agrees well with 
the condit ions found  in o rders  of Gentiananae. 
Calyceraceae agrees with  Dipsacales in 
hav ing  un i locu lar  ovules with  one pendulous 
ovule, bu t  adm itted ly  is so m ew hat  out of 
place  here  by the traits  m entioned by 
T a k h t a j a n . Awaiting fu r th e r  detailed in ­
vestigations, we prefer  to follow C r o n q u i s t  
(1968) and T h o r n e  (1968) in placing Caly­
ceraceae  as a per iphera l  m em ber  of Dipsa­
cales.
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Current Topics

T he D istr ib u tion  o f  Characters w ith in  an A ngiosperm  System  

I. Som e E m bryological Characters

R o lf  Dahlgren

D a h l g r e n ,  R . 1975 07 08. C u rren t  topics.  The d is tr ibution  of charac te rs  w i th in  
an  ang iosperm  system. I. Some embryologica l  characters .  —  Bot. Notiser  128: 
181— 197. Lund. ISSN 0000-8195.

D is tr ibu tion  in the ang iosperm  system of the following charac te rs  is p re sen ted :  
(1) unitegmic versus bitegmic  an d  (2) tenuinucella te  versus c rass inucella te  ovules , 
(3) ab  initio cellular versus n u c lea r  a n d  helobial endosperm , a n d  (4) b inuc lea te  
versus tr inucleate  pollen grains.

F o r  each of these, one p a r t icu la r  state  is vir tua l ly  p re d o m in an t  in va r ious  
constel lat ions of orders  or  su p e ro rd e rs  in the system. Great im portance  c an  a t  
times be laid upon  these c h a ra c te rs  in cases where  families with an  u n c e r ta in  
taxonom ic  position are re fe r red  to one such m a jo r  group in which  there  is 
absolute  dom inance  of a p a r t icu la r  state. In  o th e r  o rders  o r  supero rders  in the  
system there  may be great inconsis tency  in the ch arac te r  concerned, wh ich  will 
thus be of less taxonom ic  im por tance .  The groups tha t  are  variable  in one  of the 
charac te rs  m ay  not  be variable  a t  all in an o th e r  of the characters .  C orre la t ion  
between the d is tr ibutions of som e of the charac te rs  concerned is discussed.

Unitegmic ovules, tenuinucella te  ovules, ah  initio nuc lear  endosperm  a n d  t r i ­
nuc leate  pollen gra ins are  p ro b a b ly  secondary  states. In m an y  cases it is of 
crucial  im portance  to decide w h e th e r  convergence or co m m o n  origin is responsib le  
fo r  the s imilarity  between taxonom ic  g roups  w ith  these secondary  features .

R o lf  Dahlgren, Botanical M useum  o f  the  University  of Copenhagen,
Gothersgade 130, DK-1123 Copenhagen, Denmark.

In this and forthcoming articles a survey 
of the distribution of certain characters 
within the angiosperm system will he p re ­
sented. The system is that appearing on 
pp. 1 19— 147 in this issue of Botaniska No­
tiser, and to which the reader is referred 
for fu rthe r  information.

The orders to the left of the broken 
line in Figs. 1—4 represent the m ono­
cotyledons, those to the right (he dicoty­
ledons. In some recent reports the order 
Caryophyllales stands out as an isolated 
group. As its connections with other 
orders are most uncertain a broken line 
has also been drawn between this order 
and the rest of the dicotyledons.

Superorders are often mentioned in the 
text but are not indicated by names in 
the diagrams (Figs. 1— 4). The system 
with its superorders and orders is the re ­
fore presented in Table 1.

'Fbe presence of a given character  in 
an order or some of its families is denoted 
by shading. W here there are several 
alternatives different shading has been 
used (dots, hatching, etc.).

Each family in the order has its fixed 
position in the diagram. W hen a family 
differs from  the others in the order  in 
two different characters it appears as a 
shaded or unshaded spot in the same posi­
tion in the diagrams for these characters.
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Table 1. O rders and superorders of the angio- 
sperm system  used (according lo  D a h l g r e n  

1975).

1 ) 1 COTYLEDONE AE
Magnolinnae: Magnoliales, Laurales, Ari- 

stolochiales, Piperales, 111 iciales. — Raffle- 
sianae: Rafflesiales. — Ranunculanae: Ne- 
lum bonales, Ranunculales, Papaverales. — 
Ngmphaeunae: Nymphaeales. — Rutanae:
Rutaies, Polvgalales, Sapindales, Juglandales, 
Myricales, Leitneriales, Geraniales, Balsami- 
nales. — Aralicinae: Araliales, Pittosporales.
— Asteranae: Asterales. — Dillenianae: 
Dilleniales, Cistales, Malvales, Urticales, Eu- 
phorbiales. — Thgmelaeanae: Thymelaeales.
— Violcinae: Violales, Tamaricales, Salicales, 
Capparales. — CelaStranae: Celastrales, San- 
lalales, Rham nales. — Solancincie: Solanales. 
—- Campanulanae: Campanulales. — Hamci- 
melidcinae: Troehodendrales, Hamamelidales, 
Casuarinales, Betulales, Balanopales, Cuno- 
niales. — Rosanae: Rosales, Fabales. —
R rote untie: P roteales. — Myrtanae: Myrtales, 
Elaeagnales, T rapales, Haloragales. — Saxi- 
fraganae: Saxifragales, Podostemales, Gunne- 
rales. — Balanophoranae: Balanophorales. -— 
Rrimulunne: Prim ulales, Ebenales. — Theu- 
nue: Theales, Nepenthales, Droserales. —
Cornunue: Ericales, Sarraceniales, Eucom-
miales, Cornales. — Gentiununue: Dipsacales, 
(Reales, Goodeniales, Gentianales. — Lou- 
stinue: Loasales. — Lumianue: Scrophula- 
riales, H ippuridales, Hydrostachyales, Laini- 
ales. — Cttryophyllunae: Caryophyllales.

MONOCOTYLEDONEAE
Alismutunue: H ydroeharitales, Alisma tales, 

Zosterales, N ajadales. — Liliunue: Diosco- 
reales, Stem onales, Asparagales, Taccales, 
Haem odorales, Liliales, Triuridales, Burman- 
niales, Orchidales, Brorneliales. — Typhunue: 
Typhaies. — Zingiberancte: Zingiberales. — 
('.ommelinunue : Commelinales, Eriocaulales,
.1 uncales, Cyperales, Centrolepidales, Poales.

Arecunne: Arecales, Pandanales, Cyclan- 
thales. — Aranue: Arales.

Inform ation  on the occurrence of cer­
tain characters  in m any (or most) families 
is often difficult to find. It is usually 
widely scattered in the literature, and 
knowledge is sometimes very restricted. 
The four  characters presented here have 
been surveyed by other botanists relatively 
recently though in combination with other 
systems and elucidated from other angles.
Bot. N otiser, vol. 128. 1975

The diagrams are to he studied in 
conjunction with the text, keeping in mind 
the limited basis of information available. 
In particular it should he pointed out that 
there is often little or no information on 
small exotic families.

Three of the aims of the present and 
forthcoming articles are:

(1) to show the general distribution of 
a num ber of characters in the angio- 
s perms

(2) to provide a basis for a discussion 
on w hether the characters have evolved 
along many lines of evolution or only a 
few, possibly one single line

(3) when many characters are com­
pared in the future by means of the 
diagrams, to use the information thus 
obtained as a basis for improving the 
system.

D ISTRIBU TIO N  OF UNITEGMIC  
VERSUS BITEGMIC OVULES

The systematic importance of the n u m ­
ber of integuments in an ovule has long 
been recognized in taxonomic literature. 
It has sometimes been almost completely 
neglected in system making, sometimes 
strongly emphasized, with resulting over­
simplification.

An extensive survey of the num ber ot 
integuments and other embryological 
characters in the angiosperms was made 
by W u n d e r l i c h  in 1959, and integument 
and nucellus characters in dicotyledons 
have recently been discussed by P h i l i p - 
sox (1974). The survey presented here 
has made use of inform ation especially 
from these articles and from D a v i s  1966.

In Fig. 1 the num ber  of integuments 
has been shown in the d iagram represen t­
ing the angiosperm system. Inform ation  
is often only available for one or a few 
species in each family. To accept th is  as 
being representative of the family as a 
whole is a gross generalization. The n u m ­
ber of integuments is usually taken to be 
known in most families, bu t  in actual
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fact there is often a considerable lack of 
information on this character, and the 
literature is sometimes contradictory (e.g. 
for Byblidaceae).

The bitegmic ovules are considered to 
represent the prim ary state, an assum p­
tion tha t has practically never been 
questioned. In particular, the multi­
layered integuments found in orders here 
placed in Magnolianae are generally re­
garded as the most primitive.

Bitegmic ovules are  predom inan t in 
the monocotyledons, and in the dicotyle­
dons they are overwhelmingly dom inant 
in the following superorders (exceptions 
within some of these are given below): 
Caryophvllanae, Magnolianae, Nymphaea- 
nae, Butanae, Dillenianae, Violanae, Thy- 
melaeanae, Theanae, Primulanae, Plum- 
baginanae, Myrtanae, Rosanae and Pro- 
teanae.

In the same way, there are several 
superorders where the ovules are exclu­
sively unitegmic: Cornanae, Gentiananae, 
Loasanae, Lamianae, Solananae, Campa- 
nulanae, Asteranae and Aralianae.

Unitegmic ovules, however, occur in a 
num ber of isolated families within orders 
with otherwise predominantly  bitegmic 
ovules, pointing to independent lines of 
evolution. It should be kept in mind that 
the unitegmic state may have arisen by 
reduction from the bitegmic state or by 
fusion.

In Caryophy Hales, unitegmic ovules 
have been reported in a few genera only 
of Nyctaginaceae. —  In Piperales, Pe pe­
ro mi a has unitegmic ovules, and in Lau- 
rales there is a (dubious) record of one 
integument in Sipnruna, Monimiaceae.
Of particular interest is Rafflesiales. 
Mitrastemon  in Rafflesiaceae has uni­
tegmic ovules but ab initio cellular endo­
sperm, Pilostyles bitegmic ovules and 
nuclear endosperm and in Rafflesia  the 
outer integument is strongly reduced and 
the endosperm nuclear ab initio. (If 
cellular endosperm and bitegmic ovules 
are considered primitive features, the

situation must be regarded as somewhat 
complicated in this family.) In the other 
family in Rafflesiales, Hydnoraceae, the 
ovules are unitegmic.

In Nymphaeales, the ovules are un i­
tegmic in Ceratophyllaceae only. —  In 
Ranunculales, Circaeasteraceae, some gen­
era of Menispermaceae, and several genera 
of Ranunculaceae (chiefly those with one- 
seeded nutlets) also have unitegmic ovules.

In Rutales unitegmic ovules have been 
reported in Surianaceae (Suriana), Bur- 
seraceae (Commiphora, Santiria) and 
some species of Meliaceae. —  hi Sapin- 
dales we likewise find unitegmic ovules 
in Pistacia (Anacardiaceae) and Sabiaceae, 
and in the possibly closely related orders 
Juglandales and Myricales the ovules are 
consistently unitegmic. —  Similarly in 
Fagales in the superorder Hamamelida- 
nae, the ovules are consistently unitegmic 
in Betulaceae, in Corylaceae except Car­
pinus  and in the genus Nothofagus  in 
Fagaceae. The ovules are also unitegmic in 
Balanopales. W hether  the orders of “amen- 
tifers” are closely related or not is still a 
moot point (here they are placed in 
principle according to T h o r n e  1968).

Other orders where bitegmic ovules are 
predominant include restricted unitegmic- 
ovuled members. These are, for example, 
Bruniaceae (Cunoniales), several im por­
tant genera in Rosaceae (Rosales), Sym- 
plocaceae and single genera of Theaceae 
(Theales), species of Eugenia  and Sy:y-  
gium  in Myrtaceae (Myrtales), most m em ­
bers of Salicales, Limnanthaceae and some 
Salvadoraceae (Capparales), Aegicerata- 
ceae (Primulales), Sapotaceae and Halesia 
in Styracaceae (Ebenales), and Aquifolia- 
ceae and Avicenniaceae (Celastrales). In 
the parasitic orders Balanophorales and 
Santalales we find unitegmic or usually 
ategmic ovules (in Olacaceae in Santalales 
even from bitegmic to ategmic ovules). 
Moreover, the ovules are often completely 
undifferentiated in these orders.

The sporadic occurrence of unitegmic 
ovules in the m onocotyledons does not

Bot. N o tise r, vo l. 128, 1975
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appear to make any substantial contribu­
tion to the knowledge of phylogeny or 
interrelationships. Unitegmic ovules occur, 
for example, in some species of Aponoge- 
ton  (Aponogetonaceae in Hydrocharitales), 
in a few genera of Orchidaceae (Orchi- 
dales) and  in some genera of Amaryllida- 
ceae (Asparagales) and Poaceae (Poales). 
In C rinum  (Amaryllidaceae) and Melo- 
canna  (Poaceae) there are even some cases 
of ategmic ovules.

There is no doubt that the distribution 
of unitegmic ovules in the dicotyledons, 
in part icu la r  in combination with other 
characters,  s , , ' 'es information of great 
systematic importance. Within large com­
plexes such as Cornanae— Gentiananae— 
Lam ianae— Loasanae, Aralianae— Astera- 
nae and  Campanulanae— Solananae (which 
may he closely related to Aralianae— 
Asteranae), the unitegmic state may well 
have developed early in the phylogeny 
and thus become widely distributed in the 
course of subsequent evolution and dif­
ferentiation.

In practically all of the above-men­
tioned superorders unitegmic ovules are 
also tenuinucellate, suggesting a close con­
nection here between the two characters. 
Moreover, in several of these superorders 
the unitegmic ovules are found in combi­
nation with ab initio cellular endosperm. 
These facts are often quoted as evidence 
for a close connection between the groups. 
Each of these three characters is distri­
buted independently, however, and a l­
though they are frequently found in 
combination this is by no means always 
the case.

Another interesting point of coincidence 
has been demonstrated by J e n s e n  & al. 
1975, viz. that iridoids are restricted to 
almost hundred  per cent to groups with 
unitegmic (and generally tenuinucellate) 
ovules, although occurring in far from 
all of them. For example they do not 
occur in Solananae, Campanulanae, Aste­
ranae and Aralianae.

In the other groups with unitegmic 
ovules mentioned above the unitegmic 
Bot. N otiser, vol. 128, 1975

state may have developed independently 
along different lines, in some cases per­
haps in later stages of the phylogeny. The 
isolated occurrence in some of these 
groups may therefore be of restricted 
taxonomic importance.

DISTRIBUTION OF TENUINUCELLATE 
VERSUS CRASSINUCELLATE OVULES

In many groups of angiosperms the 
development of the nucellus stands in 
direct relationship to the num ber of inte­
guments and the type of endosperm for­
mation and should be discussed in con­
nection with these features.

Truly crassinucellate ovules are by defi­
nition characterized by the presence of 
parietal cells formed by division of the 
archesporial cells. In tenuinucellate ovules 
the archesporial cells function directly 
as megaspore m other  cells. Pseudocrassi- 
nucellate ovules will be defined and dis­
cussed at the end of this section.

The tenuinucellate versus crassinucellate 
state has long been used as a taxonomi- 
cally im portant character,  and then often 
considered in combination with the num ­
ber of integuments. The importance of 
ttie character was stressed, for example, 
by W a r m i n g  in 1878 and D a h l g r e n  1927. 
It also plays an im portan t  pa r t  in the 
interpretation and evaluation of endo­
sperm types in W u n d e r l i c h  1959. The 
occurrence of tenuinucellate ovules in di­
cotyledons was surveyed by P h i l i p s o n  as 
late as 1974.

In the present trea tm ent 1 shall largely 
make use of data presented in the last 
two of these works and in D a v i s  1966. 
Unfortunately there is some vagueness in 
the definition of the concept ‘' ten u i­
nucellate ovule”. The above-mentioned 
authors  do not agree, for example, in the 
classification of the ovules in Theales. 
Thus Theaceae and  Ochnaceae were 
classified as crassinucellate by W u n d e r ­
l i c h  and as tenuinucellate by D a v i s . A s 

parietal cells are not formed they are 
here classified as tenuinucellate.

51
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The distribution of tenuinucellate 
ovules in angiosperms is shown in Fig. 2 
(hatching). Broad generalizations have 
been made, as the sometimes ra ther  few 
cases known in some families have been 
taken as being representative. Future in­
vestigations may therefore modify details 
of the pictnre.

This character varies considerably in 
a number of families, e.g. in Brassicaceae, 
Linaceae, Convolvulaceae and Boragina- 
ceae, and sometimes also in one and the 
same genus, for instance in Brassica and 
L inum  where prim ary parietal cells may 
he present or not.

While there are relatively few groups 
with unitegmic ovules in the mono­
cotyledons, tenuinucellate ovules are com ­
moner. They occur, for example, in 
practically all members of Orchidales and 
Eriocaulales, in Xyridaceae (Commelina- 
les), some genera of Araceae, some mainly 
saprophytic groups (Burmanniales and 
Triuridales) and in certain members of 
Asparagales and Liliales such as Rusca- 
ceae and many members of Liliaceae. In 
many of these cases the tenuinucellate 
state seems to he simply an expression of 
the diminutive size of the ovules. Except 
in Araceae and possibly some member of 
Burmanniales, tenuinucellate ovules and 
ah initio cellular endosperm do not occur 
together (which they do in large groups 
of the dicotyledons), and there is p rob­
ably no group with tenuinucellate ovules 
having a single integument.

In the dicotyledons, the ovules are 
tenuinucellate in all or most families and 
genera in the superorders Rafflesianae, 
Theanae, Primulanae, Cornanae, Gentia- 
nanae, Lamianae, Loasanae, Solananae, 
Campanulanae, Asteranae and Aralianae, 
as seen in Fig. 2.

In Rafflesiales the tenuinucellate state 
may have developed in connection with 
reduction of the ovules, a first stage, 
perhaps, in a reduction of the ovules such 
Bot. X otiser, vol. 128, 1975

as found in the similarly parasitic group 
Balanophorales. In the families in Santa- 
lales and Ralanophorales the ovules are 
usually much more reduced and should 
likewise be classified as tenuinucellate.

In Theales the ovules are tenuinucellate 
except in Stachyuraceae and Elatinaceae 
included with hesitation in the order. 
Parnassiaceae and some Droseraceae (both 
in Droserales) have tenuinucellate ovules, 
hut the ovules are crassinucellate in other 
members of Droseraceae and in Nepentha- 
ceae, the latter family making np most of 
Nepenthales.

Other exceptions from  the tenuinucellate 
state in the above superorders are: 
Aegicerataceae (Primulales) and several 
families in Cornales, viz. Garryaceae, 
Alangiaceae, Davidiaceae, Nyssaceae, and 
some or most Icacinaceae, Escalloniaceae, 
Cornaceae and Sambucaceae (V iburnum ). 
The last four families include transition 
forms between crassinucellate and tenui­
nucellate ovules. In Solanales there are 
crassinucellate (or pseudocrassinuceliate) 
ovules at least in some Ehretiaceae and 
Convolvulaceae, and in Araliales in most 
genera of Araliaceae studied, but in Apia- 
ceae (and in the related Pittosporales)
I he ovules are usually tenuinucellate. In 
Ihe other superorders mentioned above 
the ovules are nearly always tenui­
nucellate.

Crassinucellate (in Ranunculales also 
pseudocrassinuceliate) ovules characterize 
most or all members of Magnolianae, 
Nymphaeanae, Ranunculanae, Rutanae, 
Violanae, D illen ianae , Hamamelidanae, 
Rosanae, Proteanae, Myrtanae and Saxifra- 
ganae. The following noteworthy excep­
tions in these superorders can he m en­
tioned:

In the more primitive orders, H outtuy-  
nia in Saururaceae (Piperales) a n d  Cir- 
caeaster (Circaeasteraceae, Ranunculales) 
have tenuinucellate ovules.

In Thymelaeales, D ichapetalaceae dif­
fers from Thymelaeaceae in having tenui-
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nuce lla te  ovules, ln  Podostem ales ,  w here  
e n d o s p e rm  does no t develop at all, the  
ovules  a re  likewise tenu inucella te ,  and  in 
S ax if raga les  tenu inuce lla te  ovules are  
k n o w n  to occur in Vahliaceae and  
F o u q u ie r ia ceae .

In T ropaeo laceae ,  L im n an th ac eae  and  
som e g en e ra  of B rass icaceae (C app ara le s ) , 
B a lsam in a ceae  (Balsaminales) ,  as well as 
som e g en e ra  of Oxalidaceae ( though no t 
A verrhoaceae)  an d  L inaceae (Geraniales) 
the  ovules  a re  tenuinucella te ,  O xalidaceae 
a n d  L inaceae  being variab le  as regards  
d ev e lo pm en t  of parie ta l cells. In  Celastra- 
les, S tackhous iaceae ,  Avicenniaceae, some 
species of I lex  in Aquifoliaceae, and, fo r 
exam ple ,  species of E u o n y m u s  and  Gym-  
nospor ia  in Celastraceae are  likewise 
k n o w n  to have  tenu inuce lla te  ovules. In 
R h a m n a le s  the ovules a re  k n o w n  to be 
c rass inuce l la te ,  and  in Santa la les  te n u i­
nucella te .  These  th ree  o rders  com prise  
C e las t ranae ,  w hich  is th u s  a he terogeneous 
s u p e r o rd e r  in this respect.

'Fhe p a t t e rn  of d is tr ib u t io n  of te n u i­
nuce lla te  ovules is m ost in teres t ing  w hen 
c o m p a r e d  w ith  th a t  of un itegm ic  ovules, 
an d  w ith  th a t  of ab  initio ce llu lar  en d o ­
sperm .

Tenuinucellate ovules with two integuments 
occur chiefly in the following groups: most 
members of Theanae and Primulanae and 
many of Celastrales, all Podostemales and 
Balsaminales, Oxalidaceae and some genera 
of Linaceae (Geraniales), Tropaeolaceae and 
members of Resedaceae and Brassicaceae 
(Capparales), Vahliaceae and Fouquieriaceae 
(here placed in Saxifragales), some Olaca- 
ceae (Santalales), some Raffiesiaceae (Raffle- 
siales), and Hnuttuynia  in Saururaceae (Pi­
pera les) .

These groups doubtless comprise a hetero­
geneous assemblage, several of them having 
no obvious relationship with one another. 
Families in some orders, however, show 
certain affinities with one another, viz. 
Capparales, Geraniales and Balsaminales.

In most other groups of dicotyledons, i.e. 
in the “Svmpetalae”, the unitegmic ovules 
are also tenuinucellate. This phenomenon is 
so consistent that there is reason to suppose 
that the two characters have here developed

at a very early stage in a few or perhaps 
only one main evolutionary line. No func­
tional connection between the two characters 
is apparent.

The tenuinucellate state and ab initio 
cellular endosperm often occur together, i.e. 
chiefly in the superorders Cornanae, Gentia- 
nanae (except most of Gentianales), Lamianae 
and Loasanae. Further, in Ebenaceae and 
Styracaceae (Ebenales), in about half of the 
members of Solanales, in Campanulales and 
Santalales, in Avicenniaceae and some Aqui­
foliaceae (Celastrales), and in numerous 
scattered genera with ab initio cellular endo­
sperm in Asterales. To these should also he 
added Houttuynia  in Saururaceae (Piperales) 
and members of Marcgraviaceae iTheales).

Tenuinucellate ovules with ah initio nuclear 
endosperm occur in certain groups. Examples 
of this are: most families of Theales and 
Droserales, Primulales, Sapotaceae (Ebenales), 
most Gentianales, some members of Celastra­
ceae (Celastrales), and many in Solanales, in 
particular most genera of Boraginaceae, 
Hydrophyllaceae, Polemoniaceae, Cuscutaceae 
and Convolvulaceae. Also most genera of 
Apiaceae (Araliales), Pittosporaceae (Pit to- 
sporales) and many genera with ah initio 
nuclear endosperm distributed in most tribes 
of Asteraceae (Asterales). They are also 
found in Tropaeolaceae, Limnanthaceae and 
genera of Resedaceae and Brassicaceae in 
Capparales, in Oxalidaceae (Geraniales), and 
finally in Circaeaster (Ranunculales) and 
Mitrastemon (Rafflesiales).

Although there are many  groups where 
tenuinucellate ovules and ah initio cellular 
endosperm occur together, there are also 
certain tenuinucellate orders where endo­
sperm has become predominantly  nuclear ab 
initio. This will be dealt with later in con­
nection with the different types of endo­
sperm.

On the other hand the dicotyledons with 
cellular endosperm formation, with some 
exceptions, are usually tenuinucellate. The 
exceptions are: most families within Magno- 
lianae and some possibly related groups, for 
example Nelumbonales, Lardizabalaceae in 
Banunculales, Nymphaeales and Trochodend- 
rales, the last two possibly more remotely 
related to Magnolianae. Further  exceptions 
are Saxifragales, Gunnerales and members of 
Haloragales, Celastrales and Cornales.

In the dicotyledons with cellular endosperm 
formation the ovules are usually also uniteg­
mic or even ategmic. There are some excep­
tions to this which include some of the groups 
just mentioned.

Bot, N otiser, vol. 128, 1975
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Pseiidocrassinucellar Ovules

In truly tenuinucellate ovules parietal 
cells are not formed and the megaspore 
mother eel] lies directly beneath the epi­
dermis of the nucellus. Crassinucellate 
ovules in a broad sense are characterized 
by well-developed parietal tissue com ­
posed of one or several layers of cells. 
W here parietal tissue is formed from a 
prim ary parietal cell cut off from the 
archesporium  the ovule is classified as 
truly crassinucellate, but where p rim ary  
parietal cells are not formed and the en ­
largement of the nucellus takes place by 
periclinal divisions of the epidermis the 
term "pseudocrassinucellate” is often 
used. The truly crassinucellate and pseudo- 
crassinucellate types thus differ liisto- 
geneticallv.

There are various groups where the 
ovules are pseudocrassinucellate. They 
a re  shown in Fig. 2 by shading (dots). 
Many of them  are m onocotyledons. Here 
belong certain members of Alismatanae, 
in particular  members of Alismatales and 
Zosterales (except Potamogetonaceae), 
most members of Poales, several genera 
studied in, for example, Araceae (Arales), 
fu rther  most Cyclanthales (but according 
to available literature not in other Are- 
canae, which needs perhaps fu rther  veri­
fication). Finally there are pseudocrassi- 
nucellate ovules in Velloziaceae (Brome- 
liales) and certain members of Aspara- 
gales, such as Hypoxidaceae and some 
Amaryllidaceae.

Of dicotyledons reported  to have 
pseudocrassinucellate ovules the following 
should be mentioned: members of Caly- 
canthaceae (Laurales), Podophyllaceae and 
several genera of Ranunculaceae (Ranun- 
culales), Frankeniaceae (Tamaricales), 
some genera of Olacaceae (Santalales), 
Cobaeaceae and some members of Ehre- 
tiaceae and Boraginaceae (Solanales), a 
few genera in Lamiaceae (Lamiales), and 
finally certain genera of Apiaceae (Ara- 
liales). These obviously do not form a 
phylogenetically connivent group.

DISTRIBUTION OF AB INITIO CELLU­
LAR ENDOSPERM VERSUS NUCLEAR 
AND HELOBIAL ENDOSPERM

The taxonomic value of the different 
types of endosperm formation has been 
discussed by W u n d e r l i c h  (1959). In 
particular the fact that nucellus volume 
and endosperm type often stand in re la­
tionship to each other has led certain 
botanists to conclude that a poorly 
developed nucellus favours the develop­
ment of ab initio cellular endosperm, 
whereas in a well-developed nucellus cel 1 - 
wall formation is delayed in the early 
stages. Tenuinucellate ovules, where ab 
initio cellular endosperm predominates, 
occur notably in sympetalous groups 
which are generally taken to be “ad­
vanced", and as a consequence ab initio 
nuclear endosperm lias often been con­
sidered the more primitive type. H ow ­
ever, apar t  from many sympetalous 
groups, ab initio cellular endosperm is 
also found in the majority  of the (“p r im i­
tive”) superorder Magnolianae, which in­
creases the scope of the problem.

The circumstances and problems con­
nected with this were tackled by W u n d e r ­

l i c h , in 1959, who examined the embryo- 
logical characters and their distribution 
in the angiosperms. The present account 
is based chiefly on information obtained 
from her article and from D a v i s  1966, as 
well as from recent articles such as that 
by S w a m  v & K r i s h n a m u r t h y  1973.

Certain general trends can be seen in 
Fig. 3. First,  there are a few groups 
obviously not closely related where endo­
sperm formation does not take place at 
all or is arrested in the p rim ary  stages. 
These are Orchidales, Podostemales and 
Trapales.

In the m onocotyledons, endosperm  
formation is either nuclear or helobial 
(intermediate) with the im portant excep­
tion of members of Arales and possibly 
some isolated species of Thism ia  in This- 
miaceae (Burmanniales), in which the

Bot. Notiser, vol. 128, 1975
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endosperm is cellular ab initio. In other 
members of the latter order endosperm is 
helobial.

Exclusively or predominantly nuclear 
endosperm form ation is found in Arecales, 
Poales, Cyperales, Commelinales and Dio- 
scoreales, and has also been reported in 
the few species of Pandanales, Centrolepi- 
dales, Stemonales, Taccales and Triurida- 
les that have been embryologically investi­
gated. In the remaining orders the helobial 
type of endosperm formation appears to 
be either predom inant or to occur parallel 
to the nuclear type.

W hether  the distribution of endosperm 
types in the families of Asparagales and 
Liliales is of phylogenetic significance or 
not is doubtful. In the rather  limited 
material studied it seems that ab initio 
nuclear endosperm is predominant in 
Liliales, an o rder  in which the helobial 
type is known in Melanthiaceae at least. 
In Asparagales the pattern is more com­
plicated. Nuclear endosperm formation is 
known, for example, in the three probably 
closely related families Smilacaceae, Con- 
vallariaceae and  Asparagaceae and also in 
Tecophileaceae, whereas the helobial type 
is known in members of certain other 
families such as Agavaceae, Amaryllida- 
ceae, Haemodoraceae and Hypoxidaceae.

Zingiberales is likewise heterogeneous 
with regard to endosperm formation, the 
helobial type being reported in Zingibera- 
ceae and Costaceae, the nuclear type in 
Musaceae, Heliconiaceae, Cannaceae and 
Marantaceae. In Alismatanae (“Helobiae”) 
the helobial type is probably predominant 
but the nuclear type is known in some 
genera of Alismataceae and in Juncagina- 
ceae and  Najadaceae.

The helobial o r  intermediate  type of 
endosperm  fo rm a tion  is know n only in 
isolated families of dicotyledons. Of these 
families only some show obvious affinities. 
One of them, viz. Cabombaceae (Nym- 
phaeales), resembles in particular the 
monocotyledonous order Hydrocharitales, 
Bot. N otiser, vol. 128, 1975

helobial endosperm having been reported 
in Cabomba  and Brasenia  ( S c h x a r f  1931). 
These two genera seem to show greater 
affinities with Hydrocharitales than do 
the other members of Nymphaeales where 
endosperm is generally cellular ab initio 
(and where ellagitannins have been re ­
corded) .

Helobial or intermediate endosperm is 
also known in members of Saxifragaceae, 
Ribesiaceae, Linaceae (L inum  spp.), some 
members of Boraginaceae and Solanaceae 
(Hyoscyamus) , Balsaminaceae, and several 
Acanthaceae (in the last two families in 
connection with the formation of aggres­
sive haustoria). In most or all of these 
families the intermediate endosperm type 
seems to have developed independently 
and represents a transition from the ab 
initio cellular type to the nuclear type, 
though in the first two families m en­
tioned the helobial endosperm could have 
developed along a single line of evolution.

The most conspicuous feature in the 
distribution of types of endosperm fo rm a­
tion is the preponderence of the ab initio 
cellular type in the orders of Magnolianae, 
in which are found the greatest num ber 
of features considered to be primitive. 
Cellular endosperm formation is also 
found in a num ber of “in term edia te” 
orders with some “primitive” features, 
viz. those in Saxifraganae and Cornanae, 
and finally in orders of the relatively 
“advanced” superorders Gentiananae, La- 
mianae, Loasanae, Solananae, Celastranae, 
and Campanulanae, and also in a great 
many Asteranae, but not at all in Ara- 
lianae! In this system some families with 
ab initio nuclear endosperm have been 
placed together in Cunoniales. In Saxifra- 
gales and Cornales, on the other hand, the 
endosperm is chiefly but not always 
cellular. However there are several points 
of doubt as to relationships in this p a r t  of 
the system.

Cellular endosperm formation also oc­
curs within a num ber of isolated genera
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or families outside the superorders men­
tioned, in orders in which the endosperm 
is otherwise nuclear ah initio. Although 
the cellular type dominates in Magnolia- 
nae, nuclear endosperm is known in some 
of the families, e.g. Winteraceae (D rim ys) 
and Myristicaceae (Myristicci) (both in 
Magnoliales), in several of the genera 
studied in Lauraceae (Laurales) and in 
Piper (Piperales). Aristolochiaceae con­
forms to the typical cellular type which 
is also in agreement with its chemical 
contents, its kind of sieve tube plastids 
(of Annonaceous type), etc., indicating a 
close relationship with Annonaceae (Mag­
noliales) for example.

In the orders Nymphaeales (except Ca- 
bombaceae) and Nelumbonales the endo­
sperm is cellular ah initio, which also 

, , ' 'es to Decaisnea  in Lardizabalaceae 
and Circaeaster in Circaeasteraceae (both 
Ranunculales) and in Mitrcistemon (Raff- 
lesiales).

Apart from most of the groups men­
tioned cellular endosperm formation in 
crassinucellate ovules is also found, how­
ever, in Trochodenclron  and Cercidiphyl- 
lum  (Trochodendrales) at least and some 
genus in Hamamelidaceae (Hamamelida- 
les). Furthe r  in Gunnerales, most taxa of 
Saxifragales, and some families in Cor- 
nales. All these groups differ chemically 
to a great extent from Magnolianae and 
Ranunculanae. In Saxifragales endosperm 
formation is usually cellular, but in many 
Saxifragaceae and in Ribesiaceae it is 
intermediate, and in Greyiaceae, Francoa- 
ceae and Brexiaceae it is reported to be 
nuclear. The type of endosperm fo rm a­
tion in Tremandraceae is not known. 
Many characteristics of Saxifragales and 
Hamamelidales approach  those of Gorna- 
nae, where cellular endosperm formation 
is likewise predominant,  but often in 
tenuinucellate and always in unitegmic 
ovules. W ithin the Cornales, nuclear endo­
sperm formation is known in Gcirrya and 
Alangium  (though cellular endosperm for­
mation is also recorded in the latter 
genus).
Bot. Notiser, vol. 128, 1975

It is of particular interest tha t  the endo­
sperm formation is cellular in Balanopho- 
rales, just as in some Rafflesiales and 
all Gunnerales and Santalales. It has some­
times been proposed that these two last 
orders are closely related to Balanopho- 
rales.

There is close connection between the 
orders of Cornanae, in particular Cor­
nales, on the one hand and Oleales, Dipsa- 
cales and Goodeniales on the other. In 
all these orders the endosperm is almost 
exclusively cellular ah initio. There is 
much evidence in support of placing 
Gentianales here too. W ithin  this order 
cellular endosperm formation is found in 
the possibly rather  primitive families 
Buddlejaceae and Menyanthaceae (each of 
which deviates in different respects from 
the other families of the order), and in 
some parasitic genera of Gentianaceae. In 
the other (main) groups of Gentianales 
endosperm formation is nuclear ah initio.

In all Lamianae, Loasanae and Cam- 
panulanae cellular endosperm formation 
is combined with unitegmic and crassi­
nucellate ovules (except for a few pseudo- 
crassinucellate Lamiaceae). In Solanales 
endosperm formation varies greatly, h o w ­
ever. It is cellular in most of the genera in 
Solanaceae, Nolanaceae and Ehretiaceae 
that have been studied and in some 
“primitive” members of Boraginaceae. In 
most of the other genera of Boraginaceae 
and in Convolvulaceae, Cuscutaceae, Pole- 
moniaceae and Hydrophyllaceae that have 
been studied it is nuclear.

The most variable family as regards 
this character is without doubt Astera- 
ceae, where both the cellular and nuclear 
types of endosperm formation occur 
within most tribes. Seen against the b a c k ­
ground of the relative consistency found  
in the rest of the system this variation is 
highly remarkable.

In Santalales endosperm formation 
seems to be cellular according to available 
reports, as is also the case in Aquifolia- 
ceae, Avicenniaceae and some Buxatceae
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and Celastraceae in Celastrales. In other 
members of this order and in Ihe taxa 
that have been investigated in Rhamnales 
the endosperm is nuclear ah initio.

In Ebenales, the endosperm formation 
recorded is cellular in Ebenaceae and 
Styracaceae, but nuclear in Sapotaceae. 
The heterogeneity of Celastrales and Ebe­
nales is also reflected in other characters, 
and the orders are presumably unnatural.

In the remaining chief superorders, 
Caryophyllanae, Rutanae, Violanae, Dille- 
nianae, Thymelaeanae, Plumbaginanae, 
Theanae, Myrtanae, Rosanae, Proteanae 
and Aralianae Ihe endosperm formation 
is consistently nuclear or usually so (in a 
few families sometimes intermediate, see 
above). Few but notable exceptions are 
Marcgraviaceae in Theales (which, more­
over, has tenuinucellate ovules and small 
micropylar endosperm haustoria) and at 
least some Haloragaceae (Haloragales).

The type of endosperm formation is 
doubtless of great taxonomic significance 
especially when considered together with 
number of integuments, development of 
nucellus and occurrence of endosperm 
haustoria, as in W u n d e r l i c h  1959. Ac­
cording to her the bitegmic crassinucellate 
ovule with ah initio cellular endosperm 
is probably the original state. A transition 
to nuclear endosperm formation has prob­
ably occurred at an early stage within 
certain evolutionary lines, particularly in 
groups where the ovules remained crassi­
nucellate. W ithin a few other evolutionary 
lines where the ovules soon became tenui­
nucellate endosperm formation remained 
cellular. A later transition to the nuclear 
type seems also to have occurred in 
several of these families, for example 
within Gentianales, Solanales and Aster- 
ales. As pointed out by W u n d e r l i c h , the 
endosperm haustoria with free nuclei 
might well have represented a first step 
towards the nuclear endosperm in some 
lines of evolution. A furthe r  stage in the 
evolution towards nuclear endosperm for­
mation might be the intermediate (in- 
13

eluding the "helobial”) type. The types 
of endosperm formation in genera of 
Acanthaceae (Scrophulariales) in particular 
may be examples of such intermediate 
states.

Applied to the monocotyledons this 
hypothesis would place Arales in a unique, 
primitive position with regard to endo­
sperm formation. Orders within Alisma- 
tanae and also Asparagales, Juncales, etc. 
with helobial endosperm formation would 
be intermediate, and those with ah initio 
cellular endosperm would be the most 
advanced. If this were the case, it should 
be remembered that primitiveness in one 
set of characters is not necessarily com­
bined with primitiveness in other cha r­
acters.

DISTRIBUTION OF POLLEN GRAINS 
RELEASED AT THE TRINUCLEATE 
VERSUS THE BINUCLEATE STAGE

The data on this character is taken 
mainly from B r e w b a k e r  1967, who 
studied approximately 2,000 species of 
angiospenns. The num ber of nuclei in 
the pollen grains may be regarded as a 
matter  of stage only, i.e. whether the 
mitotic division of the generative cell has 
yet divided into two sperm cells. In spite 
of this the character shows a distinctive 
pattern of distribution in the angiospenns 
and contributes aspects on phylogeny. It 
is also connected with physiological and 
genetical properties (e.g. with types of 
self-incompatibility).

The terms hi- and tr inucleate are used 
here ra the r  than  two- or th ree-celled, as 
the walls of the sperm cells are not or 
hardly  visible under an ordinary  micro­
scope.

The distribution of hi- and trinucleate 
pollen grains in angiospenns and the 
systematic conclusions that may be drawn 
from this were discussed by B r e w b a k e r . 
In  the present account will be dealt mainly 
with distribution in the particular system 
of angiospenns used here.

The sometimes ra the r  few data available 
Bot. Notiser, vol. 128, 1975
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have been taken as representative of the 
families in the respective orders and form 
tlie basis of Fig. 4. This is a very broad 
generalization. In fact most smaller 
families are known only from  the charac­
teristics in one or a few species. In large 
orders this is usually compensated for by 
records from many families so that a 
considerable num ber of taxa are known 
for m any orders. Homo- and  heterogeneity 
respectively will therefore generally lie 
revealed.

The binucleate state is usually con­
sidered to be more “primitive” than the 
trinucleate and there is no evidence to 
contradict this assumption. It seems that 
groups know n by early fossils also tend 
to have binucleate pollen grains.

In the m onocotyledons trinucleate 
pollen grains occur chiefly in three types 
of plants: (1) in groups with reduced
wind-pollinated flowers such as Poales, 
Juncales, most of Cyperales and Eriocau- 
lales; (2) in groups adapted to aquatic 
habitats, for example all Alismatanae, the 
family Lemnaceae, and some genera of 
Araceae; and (3) in chlorophylless sapro­
phytic groups such as Triuridales and 
some Burmanniales.

The trinucleate pollen type has p ro b ­
ably not developed as the result of any 
of these adaptations hut it is rather  a 
fortuitous developed in each of these 
ra ther  homogeneous groups of plants. 
Poales and Arecales have several im ­
portant features in common which have 
been stressed particularly in recent litera­
ture, hut they are different in regard to 
num ber of nuclei in the pollen grains. 
The m arked dominance of trinucleate 
pollen grains in the Alismatanae is not 
found in the few members of Nymphae- 
ales so far  investigated, though the two 
groups have otherwise many important 
traits in common.

In the dicotyledons, the p a t te rn  differs 
somewhat from that in the monocotyle­
dons. There seems to lie no general
Bot. N otiser, vol. 128, 1975

tendency among aquatic groups such as 
Nymphaeales, Podostemales and Trapales 
to produce trinucleate pollen grains, but 
they do occur, for example, in Lentibu- 
lariaceae and Myriophyllum (Scrophu- 
lariales and Haloragales respectively). 
Nor do the wind-, ated trees (“Amen- 
tiferae” s.lat.) distributed in various 
orders in this system in general have tr i­
nucleate pollen grains.

Certain orders are reported to have 
consistently trinucleate pollen grains, viz.: 
Caryophyllales, Plumbaginales, Polygona­
les, Araliales, Pittosporales and Asterales, 
and they are predominant,  for example, 
in Thvmelaeales (except Dichapetalaceae) 
and Dipsacales (except Calyceraceae). In 
these cases the character  is obviously of 
great taxonomical significance, though not 
all these orders are related to one a n ­
other.

The fact that tr inucleate pollen grains 
are found in both Caryophyllales and 
Plumbaginales— Polygonales has some­
times been pointed out when placing these 
groups close together in the system, but 
certain differences in other characters 
make a close relationship doubtful.  The 
agreement between Araliales, Pittosporales 
and Asterales as regards this character  is 
however supported  by numerous chem i­
cal and morphological similarities. In this 
case the tr inucleate pollen grains seem 
to point to close relationship. Several 
families in Cornales (Icacinaceae, Escallo- 
niaceae, Adoxaceae and Sambucaceae), 
which likewise have trinucleate pollen 
grains, are also similar in m any chemical 
and morphological characters to D ipsa­
cales and together with Gentianales and 
Oleales they all seem to form  ano ther  
natura l group.

Remarkably enough, most families of 
Gentianales, Oleales, Eamiales and  Gam- 
, ' s are heterogeneous in the present
character, some genera having tr inucleate 
pollen grains, others binucleate.

In Rutales the binucleate pollen grains 
are predominant, but tr inucleate pollen
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grains have been recorded in some genera 
of Rutaceae, in Cneoraceae, and in at 
least one genus of Meliaceae. In Polyga- 
lales, Polygalaceae is heterogeneous, Se- 
curidaca  and Salomonia  having binucleate 
pollen grains and species of Polygala  and 
M onnina  trinucleate pollen grains. In 
Geraniales, tr inucleate pollen grains are 
the commonest,  but in Oxalidaceae at 
least and most genera of Zygophyllaceae 
studied (except Tribulus) the pollen 
grains are binucleate.

Other heterogeneous families where 
there are certain genera w ith trinucleate 
others with binucleate pollen grains are 
Euphorbiaceae (Euphorbiales), Ulmaceae 
(Urticales), Droseraceae (Droserales), Le- 
cythidaceae (Theales), Mimosaceae (Fa­
bales), Ericaceae (Ericales), Vitaceae 
(Rhamnales), Staphyleaceae and Celastra- 
ceae (Celastrales) and Sapotaceae (Ebe- 
nales). In some of these families we have 
only a single record or few records of 
trinucleate pollen grains. In the other 
families of the orders the pollen grains 
seem to he chiefly or exclusively bi- 
nucleate. It is interesting to note tha t Ul­
mus  differs from other genera of Urti- 
cales studied in having trinucleate pollen 
grains, as it is also known to have a dif­
ferent type of sieve tube plastids and a 
tetrasporangiate embryo sac.

F urther,  Brassicaceae deviates notably 
from other families in Capparales in hav­
ing, as far as is known, trinucleate pollen 
grains only (a fact which prom pts  further  
studies in border genera between Brassi­
caceae and Capparaceae). In Tamaricales, 
F ranken  iaceae is likewise reported  to 
differ from Tamaricaceae in having tr i­
nucleate pollen grains. The genera of 
Melastomataceae studied also differ from 
all o ther known taxa of Myrtales in 
having trinucleate pollen grains. Melian- 
thaceae, here provisionally placed in Ro­
sales, is said to have trinucleate pollen 
grains by contrast to the rest of this 
order.

Most genera of Boraginaceae studied 
(except Heliotropium) as well as Cuscuta- 
Bot. N otiser, vol. 128, 1975

ceae, both in Solanales, have trinucleate 
pollen grains, but they are binucleate in 
the remaining families of the order 
(among them is Ehretiaceae) . In Scrophu- 
lariales the character  is somewhat vari­
able, hut binucleate pollen grains are pre­
dominant. Trinucleate pollen grains are 
known in Lentibulariaceae, Martyniaceae, 
some Plantaginaceae and a few genera of 
Acanthaceae. The pollen grains are also 
trinucleate in the monotypic Hippuris 
(Hippuridales).

As regards Balanophoraceae reports 
differ somewhat. According to D a v i s  

(1966) the pollen grains are trinucleate 
when shed, but in the genera studied by 
B r e w b a k e r  (1967) there were two nuclei 
only.

As is mentioned above it is a generally 
accepted fact that grains in the primitive 
angiosperms were released at the bi­
nucleate stage. Obviously a transition to 
trinucleate grains (i.e. division of the 
generative nucleus at an earlier stage) has 
taken place in m any independent groups 
that are only remotely related or not at 
all. Thus they appear  to he scattered over 
m any orders in the system, and in some 
orders they are limited to certain families 
or even to certain genera. In other groups 
there are consistently either trinucleate or 
binucleate pollen grains which are thus 
of great taxonomic value.

Trinucleate pollen grains are of p a r ­
ticular significance in groups such as 
Poales, Caryophyllales and Asterales and 
seem to he entirely lacking in orders such 
as Magnoliales, Laurales and Violates. 
Orders where variation is great and the 
character is of little taxonomic im por­
tance are, for example, Gentianales, 
Oleales, Campanulales and Euphorbiales.

It is som etim es stated in the literature 
that hi- and trinucleate pollen  grains do not 
occur within the sam e genus. This does in­
deed seem to be rare but B r e w b a k e r  (1967) 
has recorded the occurrence of both types 
in several genera: Burmannia  (Burmannia- 
ceae, Burm anniales), Lobelia  (Lobeliaceae, 
Cam panulales), Ipom aea  (Convolvulaceae,



DISTRIBUTION OF CHARACTERS 1 9 7

Solanales), Drosera (Droseraceae, Drose­
rales), Euphorbia  (Euphorbiaceae, Euphor- 
biales), lliree genera of Lamiaceae (Lamiales), 
Calliandra (Mimosaceae, Fabales), Plantago 
(Plantaginaceae, Scrophulariales), and Ruta 
(Rutaceae, Rutales).

T he im p o rta n t recen tly  d iscovered  co n ­
nection  betw een  hi- an d  tr in u c lea te  
po llen  g ra in s  and  types of se lf-incom pati- 
b ility  sy s tem  (see B r e w b a k e r  1957)  opens 
uf) fu r th e r  possib ilities. P a r t ic u la r ly  in 
the d ico ty ledonous taxa  the  g ro u p s  w ith  
b in u c lea te  po llen  g ra in s  ten d  to h av e  the 
g am e to p h y tic  type  of se lf-incom patib ility , 
an d  those w ith  tr in u c lea te  po llen  g ra ins 
the sp o ro p h y tic  type  (see fu r th e r , e.g., in 
P a x d e y  1 9 6 0 ,  and  L u n d q u i s t  & al. 1 9 7 3 ) .

In  L am iaceae  K o o i m a n  (1 9 7 2 )  h a s  also 
d em o n s tra te d  the c o rre la tio n  betw een  b i­
n u c lea te  an d  trico lp a te  po llen  g ra in s and  
betw een  tr in u c lea te  and  h ex aco lp a te  pollen  
g ra in s  (the fo rm e r being  fo u n d  in  taxa  
co n ta in in g  ir id o id  co m p o u n d s).
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T his  is the seco nd  great service index 
of this k ind u n d e r ta k e n  by D r  T r a l a u , 
Section for P a la eo b o tan y  at th e  Swedish  
M useum  of N a tu ra l  H istory . T h e  fo u r th  
p a r t  o f the  o th e r ,  In d e x  H o lm ens is ,  has  
ju s t  been , 1 ' ' s h e d .

The  present w o rk  is in two volum es, 
the  B ib l iog raphy  an d  the Index. T he  Bi­
b lio g rap hy  co n ta in s  abo u t  30,000 re fe ­
rences a rrang ed  in a lp h a b e tic  o rd e r  of 
au th o rs .  The a u th o r  (s) w ith  initials , y ea r  
of publica tion , ti tle of the  ar t ic le  o r  book ,  
title of series ( s ta n d a rd  abbrev ia tions)  
and  volume, n u m b e r  of pages an d  n u m b e r  
of il lus tra t ions  a re  given. A w o rk  th u s  
shou ld  be easy to trace  th ro u g h  most 
lead ing  libraries.

E ach  re ference  in the  B ib l iog raph y  is 
p receded  by a code consis ting  of the first 
six letters of the  a u th o r  s n am e  fo llow ed 
by n u m era ls  ind ica t ing  the y e a r  of p u b l i ­
cation  and, at the  end, th ree  le t te rs  
genera l ly  rep re sen tin g  the  art ic le  o r  book .

T h e  Index v o lu m e  consists  of a k e y ­
w ord  index w h e re  tlie title o r  p a r t  of the 
title of each re fe re n c e  is p resen ted ,  the 
key-w ord, p r in te d  in Holies, being  p laced  
in the centre of the co lum n. T h us ,  w ith  
the help  of key  w o rd s  it is poss ib le  to 
trace  references, the  codes of w hich  a re  
fo u n d  on the r igh t.  These  codes lead to 
the full refe rences  in the B ib l io g rap hy  
volum e. T he  p ro ce d u re ,  w h ich  I have  
persona lly  p rac t ised  m a n y  times, is s im ple  
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a n d  effective. A shor t  gu ide  show ing how 
to use  the Index m os t  effectively is given 
in the  preface. ( T r a l a u ’s Index  dem on ­
s t ra te s  the im p o rtance  of p rep a r in g  an 
a d eq u a te  title fo r an  article. It should 
be s h o r t  and  contain  the  relevant key 
words.)

T h e  fields of pa lae o b o tan y  an d  p a ly no ­
logy have  developed t r e m en d u o u s lv  d u ­
ring  the  tw en ty  years  covered  by T r a l a u  s 
Index , and  trac ing  a refence  in these
fields has often been t im e-consum ing  and  
trou b lesom e . H ere  is an ind ispensib le  tool 
th a t  will save m u ch  time an d  energy. T he  
index m ay  also help  to avoid  a consider­
able  am o u n t  of un ne cessa ry  double re ­
search  and  create  a basis  fo r  contacts,
the im p o r ta n c e  of w hich  c a n n o t  he o v e r ­
em phas ized .

T h e  B ib l iography  and  Index  to P a laeo ­
b o ta n y  an d  P a lynology  is I he resu lt  of
m o re  th an  twelve yea rs  w o rk  by Dr
T r a l a u . A ccording to h im  it is no t ab so ­
lu te ly  complete, bu t this does no t de trac t  
f ro m  its g rea t  value. It is a m u s t  fo r all 
in s t i tu tes  using pa laeobo tan ica l  and  paly- 
no logica l data.

R o l f  D a h l g r e n

D e g e l i u s , G.: T h e  L i c h e n  G e n u s  
C o 1 1 e m a w i t h  S p e c i a l  R e f  e r- 
e n c e t o  t h e  E x t r a - E u r o p e a n  
S p e c i e s .  —  Sym bolae  B o tan ieae  Upsali- 
enses 20:2. U ppsa la  (Almqvist A W iksell)  
1974. 215 pp. 65 m a p s  and  f igu res  in text. 
P r ic e  Sw. Kr. 60:—  (w rap p e rs ) .

R elatively  few un ive rsa l  m o n o g r a p h s  on 
lichen  genera  have  been p u b l i sh ed  since 
W . N v l a n  d e r  s Synopsis  L ic h e n u m  (1858 
— 1860), w hich  w as o r ig ina l ly  in tend ed  
to cover  all genera  an d  species of l ichens  
k n o w n  fro m  the w h o le  w o r ld  bu t  w h ich  
w as  never completed . K eeping to the  ma-
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c ro l ich ens  the  fo l low ing  w orks  can  l)c 
m en t ion ed :  Cladonia  ( W a i n i o  1887-
1897), Roccella  a n d  all ied genera  ( D a r b i - 
s h i r e  1898), Usnea  ( M o t v k a  1936— 1938), 
N eu ro p o g o n  ( L a m b  1939), A n a p tych ia  
( K u r o k a w a  1962), P arm elia  ( H a l e  1965, 
to be co m ple ted  in the n e a r  fu ture) and 
D irinaria  ( A w a s t h i  1974).

In  1954 D r  G. D e g e l i u s  (then of U p p ­
sala, now  of the In s t i tu te  of System atic  Bo­
tany  Göteborg) p ub lish ed  a m o n o g rap h  
on “T h e  Genus Collema  in E u ro p e ” . T he  
p resen t  vo lum e t r ea ts  (he no n -E u ro p ean  
species a n d  also inc ludes m a n y  add it ions  
to the vast m a te r ia l  pub lished  in 1954. 
The  co m p le t ion  of this m agn if icen t w o rk  
is a g rea t  event in the h is to ry  of licheno-
!ogy-

T he  1954 issue is a large vo lum e (499 
pp., n u m e ro u s  d is tr ibu t ion  m aps  a n d  i l ­
lus tra t ions)  dealing  with Ihe 35 species 
of Collema  k n o w n  fro m  E urope. E ach  
species is descr ibed  in g reat  detail with  
ex tensive c h ap te rs  on n o m encla tu re ,  
d is tr ib u t ion  and  h a b i t a t  ecology, etc. A 
genera l  c h a p te r  on  ex te rna l and  in te rna l 
m o rp h o lo g y  gives m u c h  new  in fo rm at ion ,  
expecia llv  on  the n a tu r e  of lichen s y m ­
biosis. T hese  resu l ts  w ere  founded  on 
co m p reh en s iv e  c u l tu re  experim en ts  with 
va r ious  Collema  species an d  the ir  phyco- 
b ion t Nostoc.

T h e  p resen t  w ork ,  w h ich  covers the 
w hole  genus, is a sm alle r  volum e th a n  
its p redecessor .  T h e  total n u m b e r  of sp e ­
cies is re co rd ed  as 77, 42 of w hich  do no t 
o ccu r  in E u ro p e .  All 35 E u ro p e a n  species 
a p p e a r  again  w ith  ad d it io na l  in fo rm at io n  
on in te res t ing  new  localities and  on sp e ­
cies th a t  have  been d is tr ibu ted  in exsiccata 
since 1954.

16 new  species a n d  3 in fraspecif ic  taxa  
a re  descr ibed  here.  N u m ero u s  species and  
o th e r  p rev iously  es tab lished  taxa have  
been d eg rad ed  to sy n o n y m s  and m an y  
species to  varieties.

'Fhe a u t h o r ’s species concep t is fa ir ly  
b ro a d  an d  is fo u n d e d  exclusively on m o r ­
pho log ica l  ch a rac te rs .  He has  the a d v a n ­
tage of ha v in g  seen a lm ost  all species in

n a tu re .  V aria t ion  w ith in  each species an d  
ch a ra c te rs  d is t inguish ing  the species are  
d iscussed  in g rea t  detail.

As in the prev ious vo lum e ch em is t ry  is 
h a rd ly  m entioned . T h e  only  chem ical r e ­
action specified is “gela t ine  1 +  o r  I - ” in 
the  Nostoc-cel\s.  Jn fact, very few lichen 
subs tances  are  k no w n  in Collema. “L ichen 
ac id s” have  often been  used in lichen  ta x o ­
nomy, som etim es to d is tinguish  “ species” 
w i th ou t  any  re la tion  to m orp ho lo g ica l  d i f ­
ferences. As they do not occur at all in 
Collema  Ihe a u th o r  has  not been faced 
w ith  the p rob lem  of judg ing  the taxo no m ic  
value  of the  “chem ical s t ra in s” .

Subgeneric  divisions recognized u n d e r  
the  Code of N o m en c la tu re  (subgenera  or 
sections) have not been used, but the  sp e ­
cies have  been a r ra n g ed  in 22 “n a tu ra l  
g ro u p s ” .

“T h e  total n u m b e r  of ex tra -E u ro p e an  
Collema  sam ples exam ined  by m e in 
h e rb a r ia  m ay  be at least 3 500” —  a short 
no te  th a t  indica tes  in a nut-shell the  m ore  
than  tw en ty  yea rs  of m eticu lous  w ork  
th a t  lies b eh ind  the publica tion  of this 
volum e. Seldom has  bo tan ica l  ta x o n o m y  
k n o w n  a m ore  diligent and  care fu l w o rk e r  
th a n  D r D e g e l i u s . His survey  of m a te r ia l  
b o th  f ro m  n a tu re  an d  h e rb a r ia  an d  of 
the  extensive l i te ra tu re  is u n su rpassed .  
His m ag n u m  opus  will rem a in  a classic  
a n d  sh o u ld  serve as a model fo r  m o n o ­
g ra p h ic  w orks  on o th e r  lichen genera .

O v e  A l m b o r n

T i b e l l , L.: T h e  G a l i c i a  l e s  o f  B o ­
r e a l  N o r t h A m e r i c  a. —- Sym bolae  
B o tan icae  Upsalienses 21:2. U ppsa la  (Alm­
qvist & W iksell) 1975. 128 pp. 39 m a p s  
an d  f igures  in text. P rice  Sw. Kr. 40: 
(w ra p p e r s ) .

T h e  Caliciales have  been s tud ied  by a 
f a i r  n u m b e r  of lichenologists, at leas t in 
E u ro p e ,  b u t  th e i r  views on the species 
con ce p t  and  n o m en c la tu re  d if fe r  widely. 
T h e  need for a m o n o g rap h ic  t r e a tm e n t  
of this  g ro u p  is urgent.

B ot. N o tise r, vo l. 128, 1975
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Mr L e i f  T i b e l l , Institute of Systematic 
Botany, Uppsala, has previously published 
some reports  on Caliciales, especially on 
the genus Cyphelium.  The present volume, 
which is his thesis for the Ph.D. degree, 
deals mainly with the genera and species 
of Caliciales occurring in North America. 
This study is largely founded on material 
collected by the au thor during a six-week 
field trip in the USA and Canada. Identi­
fication keys and diagnoses of 52 species 
are presented. The distribution, both zonal 
and geographical,  has also been noted 
for the species. In several cases com pari­
sons are made with the distribution and 
ecology of the same species in Europe, 
and m any additions to the European 
ranges are presented. 25 species are new 
to North America.

Two new species are described (one 
from Canada, the other from Sweden),

and some epithets have been recombined. 
Several lectotypes have been selected and 
many valuable comments are made on 
problems of taxonomy and nomenclature. 
It is evident, however, that a full t rea t­
ment of certain species will have to await 
fu rthe r  revision.

In some species, mainly Calicium, spore 
ontogeny and ornamentation have been 
studied by means of Transmission and 
Scanning Electron Microscopy. Spore 
ornamentation has been found to consti­
tute a very valuable specific character. 
These observations, ra ther  outstanding in 
the lichenology of today, are illustrated 
by a number of photographs of extremely 
high quality.

The present work is an im portan t step 
towards a monograph on this interesting 
group of lichens.

O v e  A l m b o r n

Bot. N otiser, vo l. 128, 1975



A ppeal for  Support for the INDEX HOLMENSIS P roject

The INDEX HOLMENSIS is an index 
of plant distribution maps with a world­
wide coverage. It is the only international 
bibliography of distribution maps of vas­
cular plants.

So far we have published four volumes, 
viz. Volume I covering vascular crypto­
gams, Volume II containing Monocoty- 
ledoneae A— I ,  Volume I I I  Monocoty- 
ledoneae J—Z and finally Volume IV co­
vering Dicotyledoneae A—B, in all more 
than 1,000 pages. We intend to continue 
publishing one volume a year. The total 
number of distribution maps so far pu­
blished is estimated to about 400,000, all 
of which will finally be listed in the index 
or its supplement. Although the main 
work is at present being done at the 
Swedish Museum of Natural History in 
Stockholm the indexing work is served 
by an international editorial board. Mem­
bers of this board to some extent vouch 
for the completeness of the files for their 
particular area.

Still, the number of distribution maps 
published annually is growing rapidly

owing to the increased importance that 
is being accorded the geographic complex 
of plant taxa. Consequently, not only are 
there extensive areas all over the world 
where the entire flora has been systema­
tically mapped, but maps have become 
a common feature of monographs in dif­
ferent fields, for instance in economic 
botany, palaeobotany, vegetational history, 
palynology, etc.

In order to keep the files for the 
INDEX HOLMENSIS and the projected 
supplementary volumes up to date we 
ask our fellow botanists to send us in­
formation on their published distribution 
maps and/or to send reprints of their 
publications. Needless to say, we shall 
also continue to supply colleagues, on re­
quest, with all information on distribution 
maps so far not published in the INDEX 
HOLMENSIS.

All correspondence should he addressed 
to: Dr H a n s  T r a l a u , The Swedish Mu­
seum of Natural History, S-104 05 Stock­
holm, Sweden.

H a n s  T r a l a u

Bot. Notiser, vol.  128, 1975
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103. E pilob ium  palustre L. 1753

P e re n n ia l h erb , (5— ) 15— 40 (— 80) cm 
high . S tem  e ith e r sim ple, o r b ra n c h e d  in 
u p p e r  p a r t , or in ta ll specim ens rich ly  
b ra n c h e d  fro m  the base, p ro d u c in g  one 
to severa l (1— )2— 7(— 10)-flow ered in ­
flo rescences. M iddle in te rn o d es u su a lly  
2— 6 cm, b u t in specim ens grow ing  in d ry  
p laces an d  litto ra l specim ens o ften  m ore  
condensed , u p p e r  in te rn o d es of sm all 
spec im ens u su a lly  sh o r te r  th a n  the  leaves. 
S to lons ep igean , hut u su a lly  sp read in g  in 
a m oss cover o r in o th e r dense vegeta tion , 
2— 15(— 30) cm  long, u su a lly  on ly  c. 0.5 
m m  th ick , e ith e r w h ite  to red d ish  or 
green  w h en  developed  on  the su rface  of 
e a r th  o r vegeta tion , w ith  sm all, w idely  
spaced  leaves o r  th e  g reen  ones ra re ly  
w ith  leaves up to 15 111111 long, g labrous. 
P e re n n a tin g  tu rio n s fo rm ed  at the end  of 
the  long sto lons o r on  v ery  sh o rt ones 
fro m  th e  stem  base, fleshy , up  to 10 111111 

long an d  5 111111 b road , w ith  very  b road , 
b lu n t, scale-like leaves. S ho rt, few -leaved 
shoo ts fo rm ed  in m ost o f th o se  leaf axils 
not su p p o r tin g  b ran ch es  o r flow ers.

S tem  te re te , n ea r the  base u su a lly  1— 3 
m m  th ick , w ith  sh o r t an d  inconsp icuous 
ridges below  the  m id rib  of leaves, in 
n o r th e rn  fo rm s ra re ly  also  below  leaf m a r ­
gins. S u b g lab ro u s to m o d e ra te ly  h a iry , in 
u p p e r  p a r t  evenly, in low er p a r t  m ain ly  
14

in b ro a d  row s below  leaf m arg in s, som e 
n o r th e rn  specim ens m ore  u n ifo rm ly  h a iry  
th ro u g h o u t. H airs  0.1— 0.3 m m , longer 
ones cu rved , sh o r t ones p a te n t a n d  at 
least p a r tly  g lan d u la r.

M ost leaves opposite , on ly  u p p e rm o st 
ones a lte rn a te , n o n p e tio la te  o r pe tio le  less 
th an  5 m m , bases o f low er cau line  leaves 
u n iting  a ro u n d  the  stem  b u t never d e ­
cu rren t. B asal leaves sm a lle r th a n  th e  
cau line  ones, sp a th u la te  o r sh o rt-p e tio la te , 
obovate  to e llip tica l. R are ly , in p la n ts  
develop ing  fro m  w in te r buds, som e o f the 
f irs t leaves th ick , scale-like. M iddle cau lin e  
leaves (10— )20— 40 (— 85) m m  long, (2— ) 
5— 10 (— 15) m m  b ro ad , n a rro w ly  to  very  
n a rro w ly  ovate  o r n a rro w ly  lanceo la te , 
ob tuse 0 1 ' tap e rin g  to an  ob tuse ap ex  o r 
in som e ta ll so u th e rn  fo rm s acu te , su b ­
en tire  o r se r ra te  w ith  few , low  and  b ro a d  
tee th . U pper leaves sh o rte r, n a rro w e r, 
o ften  m ore  m ark ed ly  petio la te , u su a lly  
su ben tire . In d u m e n tu m  of leaves like th a t 
of the  stem , sp a rse  to m odera te , d en se r 01 1  

u p p e r leaves, u su a lly  denser 0 11  m id rib s  
an d  m arg in s. L eaves of som e co asta l eco­
types m o re  densely  and  u n ifo rm ly  h a iry .

B rac ts  +  large, leafy . P edicels in bud  
an d  ea rly  flo w er nodd ing , in fru it e rec t 
to e rec to -p a ten t. B uds ellipso idal, b lu n t. 
Sepals 3— 6 111111, co n n a te  to 1— 2 111m  at 
base, lanceo la te  to n a rro w ly  ovate, o b ­
tuse, g reen  b u t o ften  w ith  red d ish  m ar- 

Bot. N otiser, vo l. 128, 1975
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Fig. 104. Epilobium davuricum  F i s c h , ex H o r n e m . — A: Habit, Xl / 3 .  — B: Basal 
rosette, Xl / 2 .  — C: Stem nodes, X2.5.  — D: Canline leaves, XI .  — E: Upper leaves, X I .  

F: Upper stem, part with leaf, X2.5.  — G: Buds, X I.  — H: Flower, X l .  — •!: Apical 
part of capsules, X 2.5. —- K: Style, XI. — L: Petal, X F  — M: Sepals, X2.5.

gins, spa rse ly  to m o d e ra te ly  ha iry ,  e sp e ­
cially to w a rd s  the base. Peta ls  5— 8.5 
( — 10) m m , n o tc h ed  to 0.8— 2 m m , p in ­
kish-violet to p ink ish -w hite ,  ra re ly  white .  
A nthers  0.6— 0.8 m m , long f i lam en ts  3.5—

5.5 m m , sh o r t  f i lam ents  2— 3 m m , usua l ly  
c. 2/3 as long as the long ones. Style 
equ a ll ing  or sl ightly longer th a n  the long 
s tam ens ,  s t igm a capitate.

C apsu le  sta lk  (5— )15— 4 0 (— 50) mm.

Fig. 103. Epilobium palustre  L. — A: Habit, X l/3 .  — B: Stolons and winter buds, Xl/2. 
—• C: Stem node, X2.5. — D: Cauline leaves, X l .  — E: Upper leaves, X l .  — F: Upper 
stem part  with leaf, X2.5. — G: Bud, X l .  — H: Flower, X l .  — J: Apical part of capsules, 

X2.5. — K: Styles, X l .  — L: Petal, XI. — M: Sepals, X2.5.
Bot. N otiser, vol. 128, 1975
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Capsule (30— )50— 60 (— 75) mm, m oder­
ately hairy , denser along the ribs, hairs 
0.15— 0.4 mm, short ones paten t and u su ­
ally g landular, long ones curved to ap- 
pressed. Seeds narrow ly  obovoidal, ± 
flattened on one side, 1.25— 1.8(— 2.1) m m  
long, 0.4— 0.55 mm broad, tapering to an 
obtuse low er end, neck 0.05—0.15 (— 0.25) 
mm, surface densely covered w ith 0.01 — 
0.02 mm long papillae oriented into in ­
conspicuous rows, chalazal hairs 50— 60 
(— 70), 7.5— 11 mm long. F low er homog- 
am dus.

E, palustre occurs in all sorts of w et 
places, also in standing or running  w ater, 
on poor as well as rich soils. It has a 
circum polar, tem perate to arctic d is tri­
bution. In E urope it is found as far south 
as the m ountains of the N M editerranean.

E. palustre  is com mon throughout Scan­
dinavia, occurring  up to 1300 m in the 
sou thern  m ountains. It is represented by 
several very different hut in tergrading 
ecotypes in the great variety  of biotopes 
occupied.

K now n hybrids: w ith E. adertocaulon, 
alsini folium, anag allidi folium, collinum, 
davuricum, glandulosum, hirsutum, horne- 
manni, lacti florum, montanum, obscurum, 
parvi f lorum, roseum, and tetragonum.

104. E p i lo b iu m  d a v u r ic u m  F i s c h e r  ex  
H o r n e m a n n  1819

P erenn ia l herb, (7— )15— 30(— 40) cm 
high. Stem either simple, or rarely  w ith 
one or a few short branches above, thus 
producing  one or rarely  a few, 1— 5(— 7)- 
l'lowered inflorescences. Middle and upper 
in ternodes usually  longer than  the leaves. 
Stolons lacking, dense, short-leaved ro ­
settes developing in the axils of the basal 
leaves, rare ly  some of them prolonged up 
to 3 cm. Shoots in middle leaf axils lack ­
ing or rud im entary .

Stem terete, near the base 0.5— 1.5 
m m  thick, usually  w ith weak ridges or 
lines, in upper and m iddle p a rt m ainly 
below  tbe m idribs of leaves, in basal p a rt 
Bot. N otiser, vo l. 128, 1975

also from  m argins of opposite leaf pairs. 
Stem sparsely to m oderately hairy, either 
evenly or denser along the ridges, hairs 
0.15— 0.3 mm, longer ones curved, short 
ones patent and at least partly  glandular.

Basal leaves form ing a dense rosette, 
except in some firs t-year specim ens, lower 
cauline leaves opposite, m iddle and upper 
ones usually alternate, the upperm ost one 
usually  odd, all usually  w ith a short but 
d istinct petiole 0— 2(— 5) mm long. Bases 
of opposite leaves un iting  around  the stem 
bu t never decurrent. Basal rosette leaves 
narrow ly  obovate to elliptical or ovate, 
5— 15 m m  long, glabrous. Middle cauline 
leaves (5— )10— 25(— 40) m m  long, 1—3 
m m broad, lanceolate or narrow ly lan ­
ceolate to linear, obtuse or tapering to a 
b lun t apex, subentire or w ith few, often 
irregular, short teeth. U pper leaves n a r­
rower, often sho rter and less d istinctly  
petiolate. Indum entum  of leaves like that 
of the stem, though often  slightly shorter, 
sparse, denser on m idribs and  m argins.

Bracts leafy, often placed up to 5(— 10) 
mm up on the pedicel. Pedicels in bud 
and flower nodding, in fru it erect. Buds 
broadly  ellipsoidal to sphaeroidal, b lu n t 
or acutish. Sepals 3— 5 mm, connate to 
0.9— 1.8 mm at base, lanceolate, obtuse, 
green or often ±  reddish, subglabrous or 
sparsely hairy  especially in the basal part, 
upper m argin g landular, slightly fringed, 
reddish. Petals (3.2— )4— 5(— 7.5) mm, 
notched to 0.5— 1 m m , w hite or ra re ly  
pinkish-w hite. A nthers 0.45— 0.5 mm, long 
filam ents 2.4— 2.8 m m , short filam ents 
1.4— 1.8 mm, usually  c. 2/3 as long a s  the 
long ones. Style about equalling the long 
stam ens, stigma capitate.

Capsule stalk (10— )15— 30(— 40) mm. 
Capsule 30— 45 (— 50) mm, sparse ly  to 
m oderately hairy, especially on the ribs, 
hairs  0.1— 0.25 mm, like those of the 
stem. Seeds narrow ly  obovoidal, + fla tt­
ened on one side, 1.3— 1.5(— 1.7) mm 
long, 0.5— 0.6 m m  broad , tapering  to  an 
obtuse lower end, neck 0.15— 0.3 nun, u su ­
ally distinctly n arrow er than  the re-st of 
the seed and w hitish, surface densely cov-
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ered with papillae c. 0.01 m m  long in in ­
conspicuous rows, chalazal hairs 60— 70, 
7.5— 11 mm long. F low er homogamous.

E. davuricum  is calciphilous, and occurs 
iu d ifferent sorts of wet places, especially 
along stream s and on open ground. It has 
a circum polar, arc tic  to subarctic d istri­
bution w ithout any  great gaps.

In Scandinavia E. davuricum  occurs 
m ainly in the m ountains, up to 1400 m 
in the south, to 500 in in the north. It is 
also found scattered in the lowlands of 
N F in land  S to c. 63° N and of Sweden 
and Norway to c. 60° N.

Known hybrids: w ith E. palustre and 
lacti florum.

This species and the preceding are no 
doubt very closely related. They were re ­
cently subjected to a detailed investigation 
in p a rt of their n o rth e rn  range by 
K y t ö v u o r i  ( 19 6 9) .
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T his  s tud y  m a in ly  com prises  ka ryo typ e  
ana lyses  w ith  tax on om ic  com m ents  on 
species ind igenous  to the I ra n o -T u ra n ia n  
floris tic  province. Special a t ten tion  has 
been p a id  to var ia t ion  w ith in  subgenus 
Iris sect. H exap og on  ( B u n g e ) B a k e r  and 
subgenus  Scorp iris  S p a c h  (for systematic  
t r e a tm e n ts  see F e d t s c h e n k o  1935, V v e ­

d e n s k y  1963, W e n d e l b o  & M a t h e w  

1975). Both  g ro u p s  have  the i r  centres of 
evolu t ion  in th is  p rovince. W ith in  Scor­
piris  a p ro n o u n c e d  m orp ho lo g ica l  v a r ia ­
tion is fo u n d  in A fg han is tan— T adjik is tan  
an d  the  species m ostly  have  very  n a r ro w  
g eograph ica l  a reas  of d is tr ibu tion . In 
A fghan is tan  th e re  are  17 species, 12 of 
w h ich  a re  end em ic  to tha t  c o u n try  and  
im m ed ia te  a d ja c e n t  p a r t s  of su r ro u n d in g  
countr ies .  F o u r te e n  species are  d is tr ibu ted
Bot. Notiser, vol. 128, 1975

in T ad jik is tan  of w h ich  5 a re  endemic. 
T he  section H exapogon  is div ided into two 
a p p a re n t ly  closely re la ted  subsections. Sub- 
sect. H exapogon  is m a in ly  C entra l  Asiatic 
a n d  m ost species a re  fo u n d  in N E A fg h an ­
istan?— T adjik is tan .  Subsect. Oncocgclus  
( S i e m s s .) B e n t h . h as  its m a in  a re a  in SW 
Asia, f rom  Israel-—L e b a n o n  to E T u rk e y  
a n d  N W  Iran . Both subsections show  c o m ­
para t ively  little va r ia t io n  in m o rph o log ica l  
charac te rs ,  b u t  especia lly  in O ncocgclus  
the co lour  pa t te rn s  of the p e rigone  are  
ex trem ely  variable .  T ax on om ica l ly  Ibis 
la t te r  g rou p  is c o n fus ing  an d  th e  specific  
concept varies m u c h  be tw een  d if fe ren t  
trea tm ents .

Little in fo rm a t io n  is availab le  as re g a rd s  
the in tra- a n d  in te rspec if ic  cyto log ical  
var ia t ion  of Asian irises. A lthough  ch ro -
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m o so m c  n u m b e r s  of nu m ero u s  species 
have been  r e p o r te d  (for refe rences  sec 
F e d o r o v  1969), m os tly  single ind iv idua ls  
rep re sen t in g  one o r  two p o p u la t ion s  of 
each species have  been  investigated, an d  
m u ch  of the  m a te r ia l  has  been cu lt iva ted  
in g a rd e n s  fo r  a long t ime and  th e i r  orig in  
uncerta in .  D eta iled  k a ry o ty p e  ana lyses  
have  on ly  been  c a rr ied  ou t by  M i t r a  
(1956), R a n d o l p h  & M i t r a  (1961) and  
W e y m o u t h  & C h a u d h a r y  (1974).

MATERIAL AND METHODS

The investigation lias been carried out on 
material collected in natural habitats, with 
certain exceptions (cf. /. fosterana, I. kopet- 
daghensis and I. maracandica). Bulbs and 
rhizomes respectively were transplanted to 
pots and cultivated in the Botanical Gardens 
of Göteborg, Sweden. Usually only one or a 
few specimens of each population have been 
available. Original collections and voucher 
specimens are preserved at Kew and Göte­
borg.

Root tips were pretreated in 2 mM 8-hyd- 
roxiquinoline, kept in a refrigerator at 3— 
5°C over a night and then fixed in Carnoy 
(3: 1). The root tips were hydrolyzed in 1 N 
IIC1 at 60°C for 10 minutes, stained in Feul- 
gen for about two hours and then treated in 
a solution of 10 °/o pectinase before squashing 
in 45 %  acetic acid. The squash technique 
used was as in Ö s t e r g r e n  & H e n e e n  (1962).

The karyotypes are based on at least 10 
good metaphase plates of each individual. 
The karyologieal nomenclature is as sugges­
ted by L e v a n  el al. (1965). The karyotypes 
have been arranged in the following manner. 
The chromosome pairs are referred to four 
groups according to their r-values: m (r— 
1.0— 1.7), sm (r =  1.7—3.0), st (r =  3.0— 7.0) 
and t ( r > 7 . 0 ) .  Within each group the 
pairs have been arranged according to size. 
The satellited pairs have been placed at the 
end of the group to which they belong. Chro­
mosome pairs which cannot he distinguished 
from one another by conventional cytological 
methods have been placed together.

Gu s t a f s s o n  i s  r e s p o n s i b l e  f o r  t h e  c y t o ­
l o g i c a l  i n v e s t i g a t i o n  a n d  W e n d e l b o  f o r  th e  
t a x o n o m i c  t r e a t m e n t .

SUBG ENUS IRIS SECT. IRIS 

I. im bricata L i n d l .  1845

G EN E R A L  D IS T R IB U T IO N . Caucasus, 
N Iran .

MA TERIA L IN V E ST IG A T E D . Iran , 
p rov ince  of Ghilan, F e r g u s o n  115.

CHROMOSOME N U M B E R  AND KAR­
YOTYPE. 2n =  24 (Fig. 1). m -ch rom o-  
somes: One large p a i r  (r 1.2). sm -chro- 
m osom es: One large  p a i r  (r =  2.1) an d  one 
small p a i r  (r =  2.3). sm — st-ch rom osom es :  
Nine pa irs  successively decreas ing  in 
length  (r — 2.8— 6.3).

PR EV IO U S R E P O R T S. 2n =  24 ( M i t r a  

1956, R a n d o l p h  & M i t r a  1961). The 
k a ry o ty p e  is s im ilar  to th ose  rep o r te d  by 
M i t r a  an d  R a n d o l p h  & M i t r a , except 
th a t  no satell ited s t -ch ro m o so m es  have 
been observed. T he  m a te r ia l  investigated  
by M i t r a  or ig inated  f r o m  the E lburz  
M ounta ins  o f N Iran ,  th a t  o f R a n d o l p h  & 

M i t r a  f ro m  the  Caucasus.

SUBGENUS IRIS SECT. HEXAPOGON  
(Bunge ex A lefeld) Baker 1876 

Subsect. H exapogon  

1. afghanica  W e n d e l b o  1972

TAXONOMIC COM MENTS. I. a fgh an ­
ica is f r o m  a m o rp h o lo g ica l  p o in t  of view 
re la ted  to /. ko ro lkow ii ,  a n d  is confined 
to a sm all a rea  ju s t  so u th  of the  a rea  of 
the la t te r  species.

G ENERAL D IS T R IB U T IO N . E n dem ic  
to NE A fghanis tan .

MA TERIA L IN V E ST IG A T E D . R ep re ­
sentatives of tw o p o p u la t io n s  have  been 
investigated. P o p u la t io n  768 originates 
f ro m  the prov ince  of K ataghan ,  E of B anu, 
G r e y - W i l s q n / H e w e r  768. P o p u la t io n  698 
f ro m  the sam e prov ince , east side of the 
Salang  Pass , G r e y - W i l s o n / H e w e r  698.

CHROMOSOME N U M B E R  AND KAR­
YOTYPE. 2n =  22 (Fig. 1). T h e  tw o p o p u ­
lations d isp lay  a s im ila r  ka ry o ty p e ,  m- 
ch ro m osom es :  One large p a i r  ( r = l . l ) .  st- 
ch ro m o so m es :  One large  p a i r  (r =  6.4). 
t - ch rom osom es: Nine p a i r s  sh o w in g  a c on ­
tinuous  decrease  in  leng th  (r =  7.1— 12.5).

Bot. Notiser, vol. 128, 1975
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I. i m b r i c a t a

I f  I V  • • n a

Il II » ........
I. a f g h a n i c a

Pop.  7 6 8VI ..
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I. h e w e r i
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Fig. 1. Karyotypes of 1. imbricata  (2n =  24) belonging to sect. Iris,  and of I. afghanica,
I. heweri  and I. korolkowi i  (all having 2n =  22) belonging to seel. Hexapogon  subsect. 

Hexapogon.  The scale unit is equal to 5 p.

I. heweri G r e y - W i l s o n  & M a t h e w  197-1 endem ic to Soviet C entral Asia (cf. F e d t -

TAXONOMIC COMMENTS. M orpho- SCHENKO 1935)- 
logically /. heweri seems to be m ost closely GENERAL DISTRIBUTION. Endem ic 
related to I. falcifolia  B u n g e ,  a species to NE Afghanistan.
Bot. Notiser, vol. 128, 1975
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M ATE RIAL IN VEST I GATE 1 ). Rep resen- 
tatives o f tw o populations (746 and 757) 
collected in the province o f Kataghan, E 
of Khinjan, G r e y -W ilso n /H e w e r  746 and  
757.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  22 (Fig. 1). The two p o p u ­
lations have a similar karyotype: m-chro- 
niosomes: One large pair (i- =  1.1). st-chro- 
mosomes: One large pair  (r =  6.5) and one 
small pair  (r =  3.8). st— t-chromosomes: 
Eight unidentifiable pairs successively 
decreasing in length (r =  4.3— 13.5).

I. korolkowii R e g e l  1873

GENERAL DISTRIBUTION. NE Afgha­
nistan to Soviet Central Asia.

MATERIAL INVESTIGATED. Repre­
sentatives of two , , Cations collected in
NE Afghanistan, one (681) in Badakshan, 
c. 30 km S of Keshm, H ed g e  & W e n d e l-  
ih) 9321, the other (918) in Qataghan, 
Fur.se 8207. Population 681 represents the 
southernm ost locality of this com para­
tively widely distributed species.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  22 (Fig. I). The karyotypes 
of the two populations differ somewhat, 
m-chromosomes: One large pair  ( r = l . l — 
1.2). st-chromosomes: One large pair (r =  
5.7— 6.4). st— t-chromosomes: Population 
918 has nine unidentifiable pairs (r =
6.5— 8.6). Population  681 nine pairs (r =
5.6— 12.0) o f w hich  one has a satellite on 
the short arm.

PREVIOUS REPORTS. 2 n = 2 2  (M itra  
1956, Z a k h a ry ev a  & M ak ushenko 1969), 
2n =  33 (S im o n et 1928, horticultural 
form), 2n =  44 (S im on et 1928, horticul­
tural form).

The karyotype reported by Mitra corre­
sponds w ell w ith  those observed by the 
authors, except that he observed 3 pairs 
of st-chrom osom es w ith satellites. The 
origin o f the m aterial investigated by 
Mitra is not know n.

Subsect. Oneocyclus (Siemss.) Benth.

I. acutiloba C. A. M ey. ssp. lineolata  
(T rau tv .) M a th ew  & W e n d e lb o  1975

GENERAL DISTRIBUTION. Caucasus, 
I ra ii.

MATERIAL INVESTIGATED. Repre­
sentatives of two populations from Iran; 
659 from Kurdistan, 1 I km  N of Divan- 
darreh, A r c h ib a ld  2170, and 700 from 
Gorgan, 135 km E of Gonbad-E-Kavus, 
1700 m, F u r se  7377. Geographically the 
two populations are widely separated, 
population 659 representing the w estern ­
most and 700 the easternmost part of the 
distributional area.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  20 (Fig. 2). Population 659: 
t-chromosomes: All ten pairs: F our  pairs 
large, of which one pair  seems to have a 
somewhat longer short a rm  than the other 
th ree pairs, and six small pairs about 
equal in length. Population 700: Differs 
from the former population in having 
only three large pairs, and the difference 
in size of the short a rm  is not very 
pronounced. Besides, one of the large 
chromosomes has a satellite, the others 
do not.

PREVIOUS REPORT. 2n =  20 (Z ak­
h a r y e v a  & M akushen ko 1969).

I. barnumac B a k er  & F o s t e r  ssp. barn- 
umae f. urmiensis (H oog) M a th ew  & 
W e n d e lb o  1975.

I. u r m i e n s i s  H o o g  1900

TAXONOMIC COMMENTS. This form  
is a yellow variant of 1. barnum ae ssp. 
barnumae.

GENERAL DISTRIBUTION. NW Iran.

MATERIAL INVESTIGATED. Iran, K u r ­
distan, A r c h ib a ld  3188.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  20 (Fig. 2). All ten pairs

Bot. Notiser, vol. 128, 1975
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I. acuti loba Pop.659
ssp. lineolata

Pop. 700

( j f f j j  Ç 0 P P Î » tX linnne

I. barnumae 
ssp. barnumae

ssp. dem awend ica

I. iberica 
ssp. ly co t is

F ig . 2. K a ry o ty p e s  o f  fo u r  ta xa  b e lo n g in g  to  sect. H e x a p o g o n  subsect. O nco cyc lu s  (a ll 
h a v in g  2 n = 2 0 ) .  T h e  scale u n it  is eq u a l to  5 p.
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I. pam ph y l ica

tf If u «
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Fig. 3. Karyotypes of /. pamphylica  (2n =  20), I. reticulata (2n =  20) both belonging to 
subgenus Hermodactyloides,  and of I. aitchisonii (2n =  34) and I. cycloglossa (2n =  28) 

belonging to subgenus Scorpiris. The scale unit is equal to 5 p.
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are t (r >  7.1), four pairs large, of which 
two seem to have a somewhat larger short 
arm than  the other two, and six small 
pairs successively decreasing in length.

PREVIOUS REPORTS. 2 n  =  2<) (SiMON- 
ET 1932, 1934).

I. b a r n u m a e  B a k e r  & F o s t e r  ssp. d e m a -  
w e n t l i c a  ( B o r n m .) M a t h e w  & W e n d e l b o  
1975

GENERAL DISTRIBUTION. N Iran.

MATERIAL INVESTIGATED. Elburz 
Mts, Dizin, 9000 feet. The material was 
obtained f rom  Kew in 1972.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  20 (Fig. 2). st-chromo- 
somes: One small pair (r =  3.9). t-chromo- 
somes: Nine pairs, four pairs large of 
which two pairs have a somewhat larger 
short a rm  than  the other two, and five 
small pairs.

I. i b e r i c a  H o f f m . s sp .  l y e o t i s  ( W o r o n .) 
T a k h t . in T a k h t . & F e d o r . 1972

GENERAL DISTRIBUTION. Armenia, 
NE Iraq, W  Iran.

MATERIAL INVESTIGATED. Iran, 
Bakhtiary, 25 km  NW of Shahr Kord, 
2700—3000 m, F u r s e  1446. The material 
represents the southernm ost par t  of the 
distributional area.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  20 (Fig. 2). All ten pairs 
are t, fou r  pairs  large and unidentifiable, 
six pairs small of which one pair has a 
satellite on the short arm.

SUBGENUS HERMODACTYLOIDES 
Spach

I. p a m p h y l i c a  H e d g e  1961

TAXONOMIC COMMENTS. This spe­
cies is p robably  most closely related to 
I. reticulata  M. B.

GENERAL DISTRIBUTION. Central 
parts of South Turkey.

MATERIAL INVESTIGATED. Turkey, 
Isparta, Sübeiiler, Kesmeköy, Ahmel Un- 
z o g e n  207.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  20 (Fig. 3). sm-chromo- 
somes: One large pair  (r =  2.5) and one 
small pair (r =  2.5). t-chromosomes: Eight 
pairs (r >  10) successively decreasing in 
length.

I. r e t i c u l a t a  M. B. 1S08

TAXONOMIC COMMENTS. The mate­
rial investigated represents a typical dark 
violet I. reticulata. As the occurrence in 
Afghanistan is far  outside the general 
area of distribution of this species there 
is reason to believe that the material re­
presents an escape.

GENERAL DISTRIBUTION. E Turkey, 
Transcaucasus, N and W  Iran, NE Iraq.

MATERIAL INVESTIGATED. Afghani­
stan, Kabul in Paghman, F r e i t a g  s.n.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  20 (Fig. 3). m-chromo- 
somes: One small pair  (r =  1.2). sm-chro- 
mosomes: One large pair  (r —2.3) and one 
small pair (r =  1.8). st-chromosomes: Two 
large pairs with satellites (r =  6.3 and 3.8 
respectively), and five pairs successively 
decreasing in length (r =  3.8— 6.9).

PREVIOUS REPORTS. 2n =  20 ( D e l o n e  
1928, SiMONET 1928). The karyotype is 
similar to that d raw n by D e l o n e . In 1959 
M i t r a  & R a n d o l p h  reported  the chrom o­
some numbers 2n =  18 for I. reticulata 
“Violet” and 2n =  20 for I. reticulata  “Clar- 
ette” , both the varieties originating from 
the firm van Tubergen, Holland. How­
ever, this material was obviously of hy ­
brid origin and m ust be left out of ac­
count.
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SUBGENUS SCORPIRIS Spach

Juno  T r a t t . e x  R o e m . & S c h u l t .
Iris  s e c t . Juno  ( T r a t t . )  B e n t h .
Iris s u b g e n u s  Juno  (T r a t t .) B a k e r .

In h is  t r e a tm e n t  o f Iris, R o d i o n e n k o  
(1961) considered  tliis g ro up  to be a genus 
of its o w n  (Juno) an d  most recen t rep o r ts  
f ro m  Soviet b o tan is ts  seem to fo llow him.

I. aitchisonii (B a k e r ) B o i s s . 1882

TAXONOMIC COMMENTS. I. aitchi­
sonii  m a y  b e  r e l a t e d  to  I. cycloglossa  
W e n d e  i. n o  b e c a u s e  o f  i ts  e l o n g a t e d  s t e m  
a n d  t h e  w i n g e d  c l a w  o f  t h e  o u t e r  p e r i g o n e  
s e g m e n t s ,  b u t  t h e  r e l a t i o n s h i p  is n o t  v e r y  
o b v i o u s .

G EN ERA L D IST R IB U T IO N . W  P a k i ­
s tan  to ex trem e E Afghanistan .

M A TERIA L IN VESTIG ATED. R e p re ­
senta tives of one p o pu la t io n  o r ig ina t ing  
f ro m  W  P ak is ta n  collected by  D r  E. 
N a s i r , R aw alp ind i .

CHROMOSOME N UM B ER  AND KAR­
Y OTYPE. 2n =  34 (Fig. 3). m -ch ro m o -  
som es: One large p a i r  ( r = l . l ) ,  tw o  m e ­
dium -sized  pa irs  (r =  1.6) and  five sm all 
un iden t if iab le  pa irs  ( r = l . l — 1.4). sm 
s t -ch rom osom es :  Seven pa irs  successively 
decreas ing  in leng th  (r =  2.4-—3.5), an d  
one p a ir  w ith  a satellite  on th e  sho r t  
a rm .  t -ch rom osom es: One sm all p a i r
(r =  l l ) .

t. cycloglossa W e n d e i .r o  1958

TAXONOMIC COMMENTS. T his  sp e ­
cies occupies a so m ew h a t  isolated posi t ion  
taxonom ica l ly .  A ccording to W e n d e l b o  & 
M a t h e w  (1975), several ch a rac te rs  m a y  
be tak en  as p rim itive  in this o therw ise  
ad v a n c ed  group  of Iris, and  it m ay  th e r e ­
fore  he considered  the most prim itive  sp e ­
cies o f the  subgenus.

GEN ERA L D IS T R IB U T IO N . E ndem ic  
to the p rov ince  of H e ra t  of W  A fghanis tan .

MATERIAL IN V ESTIG A TED . N ear  the 
top of Kotal-e Mir Ali, 1680 m, H e d g e , 
W e n d e l b o  & E k b e r g  7727.

CHROMOSOME N U M B ER  AND KAR­
YOTYPE. 2n =  28 (Fig. 3). m -chrom o- 
som es: One large p a i r  (r =  1.2). sm-chro- 
m osom es: One large (r =  2.5) and  one 
m ed ium -sized  p a i r  (r =  2.0). sm — t-ch ro ­
m osom es:  T en  pa ir s  successively decreas­
ing in leng th  (r =  2.2— 8.0), a n d  one p a ir  
o f  s t -ch rom o so m es  w ith  a satellite on the 
sh o r t  a rm .

I. drcpanophylla A i t c h . & B a k e r

TAXONOMIC COMMENTS. /.  drepano-  
p h y l la  is closely re la ted  to I. kopetdag-  
hcnsis  (V v e d .) W e n d e l b o  & M a t h e w  
an d  to I. x a n th o ch lo ra  W e n d e l b o .

G EN ERA L D IS T R IB U T IO N . E Iran , 
T u rk m e n is ta n ,  A fghanis tan .

M A TERIA L IN V ESTIG A TED . R ep re ­
sentatives o f  one p o p u la t io n  from  W  
A fghanis tan ,  the p rov ince  o f  H erat ,  25.5 
miles S of H era t .  G r e y - W i l s o n / H e  w e r  
477.

CHROMOSOME N U M B ER  AND KAR­
YOTYPE. A g rea t  n u m b e r  of m e taph ase  
plates, derived  f ro m  several roo t  tips, have 
been investigated  a n d  all have 2n =  19 
(Fig. 4). m -ch ro m o som es:  One large c h ro ­
m osom e ( r = 1 .3 )  a p p a re n t ly  w i th o u t  any  
hom ologue ,  and  fo u r  ch ro m osom es  su c ­
cessively decreas ing  in length  (r =  1.5, 1.6, 
1.6. a n d  1.1 re sp ec t ive ly ) . s t -chrom osom es: 
F ive  pa ir s  successively d ecreas ing  in length 
(r =  3.7— 6.9), an d  one pa ir  of s t -ch rom o ­
som es w ith  a satellite on  the sh o r t  a rm  
(r =  4.0). t -ch rom osom es: One p a i r  (r =  8.5).

P R EV IO U S  R E P O R T . 2n =  20 (B o c h - 
ANTSEVA 1966).
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I. fo s te r a n a  AiTCii. & B aker  1888

TAXONOMIC COMMENTS. This spe­
cies occupies an isolated position and 
there is no obvious relationship to any 
other species.

GENERAL DISTRIBUTION. NE Iran, 
Turkm enistan  and W  Afghanistan.

MATERIAL INVESTIGATED. Seeds ob­
tained from the Botanical Gardens of 
Ashkhabad in 1962.

CHROMOSOME NUMBER ANI) KAR­
YOTYPE. 2n^=18 (Fig. 4). m-chromo- 
soines: Five unidentifiable pairs suc­
cessively decreasing in size (r =  1.1—1.3). 
st-chromosomes: Three pairs (r =  4.3— 5.5) 
and one pair with a satellite on the short 
arm (r =  5.0).

PREVIOUS REPORT. 2n =  18 (Z ak- 
HARYEVA & MaKUSHENKO 1969).

I. k o p c td a g h e n s is  (V v ed .) M a th e w  & 
W e n d e l r o  1975

GENERAL DISTRIBUTION. NE Iran, 
Turkm enistan  and Afghanistan.

MATERIAL INVESTIGATED. Seeds ob­
tained from the Botanical Gardens of Ash­
khabad in 1962.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  18 (Fig. 4). m-chromo- 
somes: One large pair  with satellite on 
the shortest a rm  (r —1.1), one m edium ­
sized pair  (r =  1.2), and three small u n ­
identifiable pairs (r =  1.3— 1.6). s t-chro­
mosomes: Three unidentifiable pairs (r =  
4.2— 5.3), and one pair with a satellite on 
the short arm (r =  3.1).

PREVIOUS REPORTS. 2 n = 1 8  (B o c ii-  
ANTSEVA 1966), 2n =  24 (Z a k iia r y e v a  & 
M a k u sh e n k o  1969).
Bot. N otiser, vol. 128, 1975

1. m a r a ca n d ica  (V v ed .) W e n d e l r o ,  comb, 
nov.

Basionym: Juno maracandica V v e d . 1963, 
]). 426.

TAXONOMIC COMMENTS. This spe­
cies seems to be most closely related to 
I. orchioides C a r r ., I. pseudocaucasica  
G ro ssh . and I. caucasica H o f f m .

GENERAL DISTRIBUTION. Tad ji­
kistan.

MATERIAL INVESTIGATED. Seeds ob­
tained from  the Botanical Gardens of 
Tashkent in 1962.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  20 (Fig. 4). m-chromo- 
somes: One large pair (r =  l . l ) ,  and three 
small pairs successively decreasing in 
length ( r = l . l  — 1.4). sm-chromosomes: 
One large pair  (r =  2.7) and  one small 
pair  (r =  2.0). st-chromosomes: One small 
pair (r 5.3), and two pairs with satel­
lites on the short arm, of which one 
pair  is large (r =  5.4) and one small (r 
5.0). t-chromosomes: One large pair
(r =  8.0).

1. m icro  g lo ssa  W e n d e i . ro 1958

TAXONOMIC COMMENTS. /. m icro­
glossa belongs to the species which have 
non-arillate seeds and a w inged claw to 
the outer perigone segments (cf. p. 222). 
It is, however, a very characteristic  plant 
which cannot directly be rela ted  to any 
of the other species of this group.

GENERAL DISTRIBUTION. Endemic 
to NE Afghanistan.

MATERIAL INVESTIGATED. The p ro ­
vince of Kataghan, the n o r th  side of the 
Salang Pass, c. 2000 m, E k b e r g  & W e n ­
d e l r o .  The same locality as H e d g e ,  
W e n d e l r o  & E k r e r g  7560.
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drepanophylla
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Fig. 4. Karyotypes of fou r  species of subgenus Scorpiris,  I. drepanophylla  (2u =  19), I. 
fosterana  (2n = 1 8 ),  I. kopetdaghens is  (2n =  18) an d  /. maracandica  (2n =  20). The  scale•ale

un it  is equal  to 5 u.

CHROMOSOME NUMBER AND KAR- in length ( r =  1.1 — 1.3). sm— st-chromo-
YOTYPE. 2n =  30 (Fig. 5). m-chromo- somes: Eight pairs successively decreasing
somes: One large pair ( r= 1 .5 ) ,  and  six in length (r =  2.8— 6.5).
pairs of small chromosomes about equal
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I. persica L. 1753

TAXONOMIC COMMENTS. /. persica 
is a very variable species, with a rela­
tively large area of distribution, and both 
the taxonom y and nomenclature are r a th ­
er confused. The material investigated 
belongs to the taxon described as I. steno- 
phylla  H a u s s k n .  & S i e h e  ex B a k e r  1900.

GENERAL DISTRIBUTION. Turkey to 
N Iraq, Syria.

MATERIAL INVESTIGATED. S T u r ­
key, W  of Konya, R u n e m a r k  & W e n - 
DELRO 98 B.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  24 (Fig. 5). m-chromo- 
somes: One large pair  (r =  1.6) and one 
medium-sized pair (r =  l . l ) .  sm— st-chro- 
mosomes: Ten pairs (r =  2.3— 6.9) of which 
two pairs are large, five pairs m edium ­
sized and three pairs small.

PREVIOUS REPORTS. 2n =  26 ( S i m o n - 
e t  1932, 1934, R a n d o l p h  1934).

1. rosenbachiana R e g e l  1884

TAXONOMIC COMMENTS. I. rosen­
bachiana  is probably conspecific with 
Juno nicolai V v e d . For further  inform a­
tion see discussion in W e n d e l r o  & 
M a t h e w  1975.

GENERAL DISTRIBUTION. The 
U.S.S.R., Tadjikistan to NE Afghanistan.

MATERIAL INVESTIGATED. Seeds ob­
tained from  the Botanical Gardens of 
Tashkent in 1968. Determination controll­
ed on flowering individuals in Göteborg.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  20 (Fig. 5). m-chromo- 
somes: One large pair ( r= 1 .5 ) ,  one
medium-sized pair ( r= 1 .3 ) ,  and one small 
pair ( r= 1 .2 ) .  sm-chromosomes: Six u n ­
identifiable pairs ( r= 1 .7 — 2.2), and one 
large pair  with a satellite on the short 
a rm  (r =  2.4).
Bot. Notiser, vol . 128, 1975

PREVIOUS REPORT. 2n =  22 was deter­
mined for Juno nicolai VvED. by Z a k - 

IIARYEVA & M a K U S H E N K O  1969.

I. xanthochlora W e n d e l r o  1969

TAXONOMIC COMMENTS. This spe­
cies is closely related to 7. drepanophylla  
and /. kopetdaghensis. It is confined to a 
small area just to the east of the distribu­
tional area of I. kopetdaghensis.

GENERAL DISTRIBUTION. Endemic 
to NE Afghanistan.

MATERIAL INVESTIGATED. The p ro ­
vince of Kataghan, the nor th  side of the 
Salang Pass, 2600 m, E k b e r g  & W e n d e l ­
r o ,  the same locality as pressed material 
H e d g e ,  W e n d e l r o  & E k b e r g  8568.

CHROMOSOME NUMBER AND KAR­
YOTYPE. 2n =  14 +  IB (Fig. 5). m-chro- 
mosomes: One large pair  with a satellite 
on the short a rm  (r== 1.5). m — sm-chro­
mosomes: Four pairs successively decreas­
ing in length ( r= 1 .2 — 2.1). st-chromo- 
somes: One pair  with a small satellite and 
another pair with a m inute  satellite on 
the short a rm  (r =  5.5 and  4.8 respec­
tively). B-chromosome: 1.

DISCUSSION

Variation Within Subsect. Hexapogon

The species of this subsection are c h a r ­
acterized by having 2 rare ly  3 flowers, 
with falls and usually s tandards bearded 
by unicellular hairs, and by arillate seeds. 
Despite this ra the r  strict morphological 
definition of the subsection the num ber  
of species included varies with different 
authors. Particularly, the taxonomic po ­
sition of I. humilis  G e o r g i  ( = / .  flavissima  
P a l l ., and I. arenaria  W a l d s t . & K i t . ) ,  
/. falcifolia B u n g e  and  /. longiscapa  
L e d e r , has been a m atte r  for discussion. 
According to F e d t s c h e n k o  (1935) these 
species belong to sect. Pogoniris  B a k e r
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Fig. 5. Karyotypes of fou r species of subgenus Scorpiris, I. microglossa (2n =  30), I. persica 
(2n =  24), I. rosenbachiana (2n =  20) and I. xanthochlora  (2n =  14 +  l B ) .  The scale un it is

equal to 5 u.

(now  sect. I r is ) ,  bu t acco rd ing  to L a w - and I.  k o ro lk o w i i  seem to be closely re la t-
R E N C E  (1953) they be long to  subsect. ed, they are a ll d ip lo id  (2n =  22) and the
Hexapogon.  chrom osom e com plem ent com prises one

The chrom osom al d iffe re n tia tio n  is sum - p a ir  o f m -chrom osom es, one p a ir  o f  large
m arized  in  Table I. I. afghanica, I. heweri  st-chrom osom es and nine pa irs  o f st— t-
1 5 Bot. N o tiser, vo l. 128, 1975
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chrom osom es. However, intra- as well as 
interspecific differences exist, although 
they are of a low m agnitude. In I. lieweri 
one pair of st-chrom osom es has a rela­
tively long short arm  not observed in the 
other species. In I. korolkowii  the num ber 
of pairs of satellited st-chrom osom es varies 
from  none to three. The two pairs of 
m arker chrom osom es seem to be similar 
in all the species (Fig. 6), except for 
population 918 of I. korolkowii.  In this 
population s tructu ra l changes have oc­
curred in the m -chrom osom es as well as 
in the st-chrom osom es. Possibly a tran s­
location is involved, hut inform ation from  
meiosis is needed before any conclusions 
can be draw n. The tetraploid  species 
(2n =  4 4 )  I. hoogiana  D y k e s  and I. stolon- 
ifera M a x i m , show a close affin ity  to the 
other th ree species. The d ifferen t types of 
chrom osom es observed in I. afghanica, 
I. heweri and 1. korolkowii seem to occur 
in quadruplicate ( M i t r a  1956). I. hoogi­
ana only differs from  I. stolonifera  in 
having one pair of satellited m -chrom o­
somes.

The karyotype of I. humilis  differs 
from  the previous species in having one 
small pair of m -chrom osom es and two 
pairs of sm -chrom osom es. This karyotype 
shows a close sim ilarity to those observed 
within sect. Iris. A lthough some m orpho ­
logical traits, for instance arillate seeds, 
indicate affin ity  to species of subsect. 
Hexapogon, I. humilis  and  allied taxa are 
probably better accom m odated in sect. 
Iris.

The karyotype and chrom osom e num ­
ber of I. longiscapa deviate from  the o ther 
species. It has 2n =  18 and  one sm all pair 
of sm -chrom osom es and eight pairs of 
st—t-chrom osom es ( R a n d o l p h  & M i t r a  

1961).
The appearance of the karyotypes in ­

dicates that I. afghanica, I. heweri, I. 
korolkowii, I. hoogiana and  I. stolonifera  
form  a fairly un ifo rm  group distinguished 
from  /. longiscapa. This d ifference is 
supported  by o ther diversities, fo r instance
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I. a fghan ica  I. h e w e r i  I. k o ro lko w i i

698 7 6 8  7 4 6  7 5 7  681 918

1.1 1.1 1.1 1.1 1.1 1 .2

Il II II
6.4 6 . 3  6. 5 6 . 5  6.4 5 . 7

Fig. 6. Variation in two marker chromosomes 
in I. afghanica (populations 698 and 768), 
I. heweri (populations 746 and 757) and I. 
korolkowii (populations 681 and 918). The 
figures indicate r-values.

in habitat. I. longiscapa and the closely 
related /. fulcifolia (not yet cytologically 
investigated) inhabit arid biotopes such 
as clayey deserts, rocks and sandy places. 
The other species grow at higher altitudes 
under less arid conditions. Despite these 
differences /. longiscapa and I. falcifolia 
probably belong to subsect. Hexapogon,  
but fu rther  information on morphological 
variation and cytology is highly desirable.

Variation Within Subsect. Oncocyclus

The num ber of species varies between 
20 and 35 according to the author. The 
distinguishing characteristics of some of 
the species are insignificant and  do not 
extend beyond differences in the colour­
ation of the perigone segments. There are

two main centra of evolution, one in 
T ranscaucasus—NW Iran and one in 
Lebanon, Syria— SE Turkey.

The chromosome number of about 31 
taxa has hitherto been determined (for 
references see F e d o r o v  1969, and W e y ­
m o u t h  & C h a u d h a r y  1974). All taxa have 
2n =  20 except I. lupina  F o s t e r  (probably 
conspecific with I. sari S c h o t t  in B a k e r ),  
which has the deviating number 2n =  21 
( S i m o n e t  1934). In all the species the 
chromosom e complement seems to be ex­
clusively represented by st—t-chromo- 
somes. F our  chromosome pairs are usu­
ally large, the other six medium-sized to 
small. The only deviation is , , 'ution 
700 of I. aciitiloba ssp. lineolata, which 
has three large pairs instead of four. The 
num ber of pairs with a satellite varies 
from none to three and heterozygosity 
for satellites is known in some taxa, for 
instance in /. susiana  L., I. lortetii B a r r . 
( M i t r a  1956) and in I. aciitiloba. Very 
little is know n about the degree of intra- 
specific variation as usually only a few 
individuals of single populations have been 
investigated. However, differences exist 
at least in I. aciitiloba ssp. lineolata. In 
contradiction to W e y m o u t h  & C h a u d ­
h a r y  the present authors consider the 
interspecific differences to be small. It is 
necessary to investigate meiosis in artifi­
cially produced hybrids before any con­
clusions concerning relationships can be 
drawn.

Variation Within Subgenus Scorpiris

Scorpiris  is distinguished from all other 
Iris groups in having the combination of 
bulb and canaliculate leaves. The pattern 
of morphological variation within Scor­
piris is ra the r  complicated and most of 
the species described are endemic to very 
small areas. The variation is most p ro ­
nounced in characters such as devel­
opment of stem, shape of outer and inner 
perigone segments, form of stylar b ra n ­
ches, colour of flower and presence or 
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absence of aril 011 the seeds. At present 
the phylogenetic relationship is not quite 
clear, hut three sections have been dis­
tinguished.

Sect. Juno  is characterized by a bulb 
consisting of storage leaves, non-tuber- 
culate pollen grains and non-arilla te seeds. 
It com prises about 27 species d istributed 
in SW  and C Asia except the M editer­
ranean parts. To this section belong /. 
aitchisonii, I. cycloglossa, I. fosterana, /. 
maracandicci, I. microglossci and I . persica.

Sect. Physocaulon  (R o d io n .)  M a t h e w  & 
W e n d e l b o  is characterized by a bulb 
consisting of a swollen and persistent 
stem base and w ith few storage leaves 
only, non-tuberculate pollen grains and 
arillate seeds. It com prises about 11 spe­
cies d istributed  in the central parts of 
Asia, fo r exam ple I. drepanophylla, I. 
kopetdaghensis, I. rosenbachiana  and /. 
xanthochlora.

Sect. Acanthospora  R o d io n ,  (under the 
genus Juno). The bulb consists of storage 
leaves, pollen grains are tuberculate and 
it has non-arilla te seeds. It com prises two 
species only, /. planifolia  ( M i l l e r )  F io r i  & 
P a o l .  (syn. I. alata P oiR .) and I. palestina 
BoiSS. w hich are both M editerranean in 
d istribution. It is uncertain  as to w hether 
they deserve a section of their own or not.

The chrom osom e num bers of the spe­
cies investigated w ithin the different sec­
tions are sum m arized in Table 2. In sect. 
Juno  18 species have so far been investi­
gated and  the chrom osom e num ber varies 
considerably from  2n =  18 (/. caucasica 
and I. fosterana) to 2n =  50 (I. albo-
marginata). However about one half of 
the species have the chrom osom e num ­
ber 2n =  22. The aneuploid num ber 2n =  21 
has been observed w ithin I. willmottiana  
M. F o s t e r  ( S im o n e t  1952). In traspecific 
varia tion  has been recorded w ithin /. 
caucasica (2n= 18 , S im o n e t  1932; 2n =  22, 
B o c h a n t s e v a  1966), w ithin I. orchioides 
(2n =  22, S im o n e t  1930; R a n d o l p h  & 
M i t r a  1956; 2n =  30, B o c h a n t s e v a  1966) 
and w ith in  I. persica (2n =  24, present 
Bot. Notiser, voi. 128, 1975

au th o rs; 2n =  26, S i m o n e t  1932; B a n d o lp i i  
1934). In sect. Physocaulon  the chromo­
some num ber of 4 species out of 11 h as lee n  
determ ined and  varies betw een 2n =  14 
(I. xanthochlora)  and  2n =  24 (I. kopet­
daghensis). An aneuploid  chromosome 
num ber lias been observed in I. drepano­
phylla  (2n =  19; p resen t au tho rs). Intra- 
specific variation  has been recorded with­
in I. kopetdaghensis  (2n =  18, B o c h a n t ­
s e v a  1966; presen t au th o rs; 2n =  24, Z ak- 
h a r y e v a  & M a k u s i i e n k o  1969) and in 
I. rosenbachiana  (2n =  20, p resen t authors; 
2n =  22, Z a k h a r y e v a  & M a k u s h e n k o  
1969). In sect. Acanthospora  the only spe­
cies investigated, I. planifolia,  has 2n =  24 
( S im o n e t  1932). Thus, sections Juno  and 
Physocaulon  at least show  a considerable 
varia tion  in chrom osom e num ber, appar­
ently w ithout any  rela tionsh ip  to the m or­
phological variation.

The karyotypes, w hich are sum m arized 
in Table 3, show a sim ilar pa tte rn  of var­
iation. There seems to be little o r 110 cor­
relation  between appearance of karyotype 
and  m orphological sim ilarity . The k a r­
yotype of /. rosenbachiana  m ost closely 
resem bles tha t of /. aitchisonii, although 
the chrom osom e num bers d iffer and  there 
are sm all differences in the karyotypes, 
but they  rep resen t d iffe ren t sections. The 
karyo type of /. fosterana  m ost closely 
resem bles tha t of I. kopetdaghensis, but 
they, too, belong to d iffe ren t sections. /. 
kopetdaghensis  is undoubted ly  related  to 
I. xanthochlora.  The karyo types are sim i­
lar, but tlie chrom osom e num bers differ.

H ybridization is rep o rted  to occur in 
sect. Juno,  m ainly betw een species w ith 
the sam e chrom osom e num ber (I. narbuti  
Xorchioides, I. narbutPXsubdecolorata, I. 
bucharicaX vicaria, all having 2n =  22, cf. 
F e d t s c h e n k o  1935), b u t also betw een 
species w ith d iffering chrom osom e n u m ­
bers (I. narbuti, 2n =  22 Xm aracandica ,  
2n =  20). M oreover, vegetatively vigorous 
plants of hybrid  origin have been used for 
o rnam ental purposes, fo r exam ple I. ivarl- 
sind (/. s ind jarensisX w arleyensis ) p ro ­
duced by the firm  van T ubergen, H olland.
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Table 2. D istribution of chrom osome num bers in tbree sections of subgenus Scorpiris. 
a indicates the num ber of populations investigated and b the num ber of species in­
vestigated. Intraspecific variation has been observed in three species of sect. Juno and in 

two species of sect. Physocaulon, see page 222.

Section
2n

a b
14 18 19 20 21 22 24 26 28 30 31 50

Juno ................... 2 1 1 10 2 1 1 1 1 1 21 18
Physocaulon . .. 1 1 1 1 — 1 1 — — — — — 6 4
A canthospora . . — — — — — 1 1 1

Obviously, the interspecific cytological d if­
feren tiation  as regards chrom osom e num ­
ber and  karyotype is not sufficiently  large 
to prevent hybridization and the estab­
lishm ent of hybrid derivatives. Vegetative 
propagation  of bulbs probably  m akes it 
possible for hybrids and p lants w ith 
aneuploid  chrom osom e num bers to be­
come established in natu ra l habitats.

The great m orphological and  cytologi­
cal varia tion  and d ifferen tia tion  w ithin 
subgenus Scorpiris  indicates th a t this 
group is in an active stage of evolution.

C hrom osom e E volution  W ithin the 
Genus Iris

The pattern  of m orphological variation  
seems to be sim ilar in Scorpiris , Hexa- 
pogon  and Oncocyclus,  i.e. there is strong 
local differentiation . By contrast, the 
pattern  of cytological variation  differs en ­
tirely in Scorpiris  and O ncocyclus.  S cor­
piris  shows a wide variation  in chrom o­
some num ber and  in the appearance of 
the karyotypes. All the species in subsect. 
O ncocyclus  have the same chrom osom e 
num ber (2n =  20) and the karyotypes of

Table 3. K aryotype differentiation w ithin subgenus Scorpiris. The num ber of pairs lie- 
longing to eacli group is not noted, as transitions from  m to sm, and sm to st-chromo- 
somes are present. Nom enclature of centrom ere position see p. 209. sat and non sal indicate 
chrom osom es with and w ithout satellites respectively. The lengths of the chromosomes 

are abbreviated as follows: la =  large, m e=m edium -sized, sm-small.

Species

Number and type of chromosome

2n
m sm St t

non sat
la-—sm

non sat
la 1 me—sm

sat
la

non sat 
la—sm

sat 
la—sm

non sat
la—sm

sat 
la—sm

/. aitchisonii ............. 34 + + + + + +
/. cycloglossa ............ 28 + — — + — + + +
I . drepanophylln  . . . . 19 + — — — — + + +
1. fosterana  ............... 18 + + — — — + + —
1. kopetdaghensis . .. 18 — + + — — + + —
1. maracandica  ........ 20 + + — + — + + +
1. microglossn ........... 30 + + — + — + — —
1. persica ................... 24 + + — + _ + — —

I . rosenbacliiana . . . . 20 _L + .— . + + — — —
1. xanthochlora ........ 14 +  1R + + + — + —

Bot. Notiser, vol. 128, 1975
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species from  the Middle East and Asia 
respectively seem to be sim ilar. In subsect. 
Hexcipogon  the variation is approxim ately 
in term ediate, a certain  am ount of varia­
tion is obvious in the chrom osom e num ­
ber as well as in the karyotype, but it is 
not at all as pronounced as in Scorpiris.

K aryotypes of species of Scorpiris d iffer 
from  those of species of Hexcipogon and 
Oncocgclus.  In all species of Scorpiris 
there is one pair of large m -chrom osom es 
while the num ber of sm and st-chromo- 
somes varies. Telocentric chrom osom es 
seem to be rare in this group. All species 
of Hexcipogon, except I. longiscapa, have 
one or two pairs of large m-chrom osom es 
and of large st-chrom osom es. In On­
cocgclus all ten pairs are st—t-chrom o- 
somes, m — sm -chrom osom es have not 
been observed a t all. It is ra the r rem ark­
able th a t this asym m etrical karyotype is 
found in all Oncocgclus species, as com ­
plem ents with a high proportion  of stable 
t-chrom osom es are rare  in h igher plants. 
The m ost extreme karyotypes in this re ­
spect have been observed in Welwitschia  
mirabilis  ( K h o s h o o  & A h u j a  1963) and 
in Tradescantia micrantha  ( J o n e s  & Go l ­
d e n  1968) where all the chrom osom es are 
telocentric. In addition, a large proportion  
of st— t-chrom osom es has been found in 
the genera Ginkgo ( L e e  1954), Podocarpus 
( H a i r  & B e u z e n b e r g  1958), Tripogandra  
( J o n e s  & Go l d e n  1968) and Goniolimon  
( R u n e m a r k  1974). Telocentric chrom o­
somes m ay arise in two ways, by mis- 
division in the centrom eric region of b i­
arm ed chromosom es, or by structural 
changes such as shifts, pericentric in ­
versions and translocations. In subsect. 
Oncocgclus it seems less probable tha t the 
t-chrom osom es have arisen by cen tro­
meric m isdivision as at least five m ust 
have occurred. Moreover, the successive 
transition  from  st to t-chrom osom es in 
Oncocgclus and the presence of such ch ro ­
mosom es in other /ris-groups indicate that 
the}' have arisen by some types of ch ro ­
m osom al rearrangem ents,
Bot. N otiser, vol. 128, 1975

Number of 
spec i e s
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% rn-sm

Fig. 7. The relative proportion of m—sm- 
chromosomes in species of subgenera Scorp­
iris, Hermodactgloides and Iris.

The relationship  betw een p lan t phylog- 
eny and  sym m etrical-asym m etrical k a r ­
yotypes has been extensively discussed. 
It is generally  considered th a t asym m et­
rical karyotypes have evolved from  sym-
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m etrica l ones (fo r re fe rences see S w a n s o n  

1965, S t e b b i n s  1971), b u t rev e rsa ls  o f 
Ibis tren d  m ay  occu r (see J o n e s  1970). 
I'hc re la tiv e  p ro p o r tio n  of m  an d  sm- 

ch ro m o so m es in species o f Iris  su b g en era  
Scorpiris , H erm o da c ty lo id es  and  Iris  is 
su m m arized  in  Fig. 7. In  Scorp ir is  the 
p ro p o r tio n  of m — sm -ch rom osom es varies 
be tw een  15 and  100 °/o, a n d  in  H e rm o d a c ­
ty lo ides  fro m  20 to 40 %>. In subgenus 
Iris the  freq u e n c y  varies w ith  the  g ro u p . 
Species o f sect. Iris  show  a v a ria tio n  from  
10 lo S5 °/o, subsect. H exa po go n  fro m  5 
to 15 %>, a n d  in  subsect. O nco cyc lu s  no 
m — sm -ch rom osom es a re  p re sen t a t all. 
T h u s  Iris  species be long ing  to sect. Iris, 
like those o f Scorpiris  an d  H e rm o d a c ty lo i ­
des, show  a m o re  or less sy m m etric a l k a r ­
yo type, w h ile  th e  a sy m m etric a l k a ry o ty p e  
is m o st p ro n o u n c e d  in subsect. Oncocyc-  
lus. In  Iris,  a too  lim ited  a m o u n t o f in fo r ­
m a tio n  is av a ilab le  fo r c e r ta in  conclu sions 
co n ce rn in g  th e  d irec tio n  of ch rom osom e 
evo lu tion . B ut species o f subsect. On­
cocyclus  show  som e ad v an ced  m o rp h o ­
log ical fe a tu re s  in ad d itio n  to  th e  a sy m ­
m etrica l k a ry o ty p e , fo r in s tan ce  red u ced  
n u m b e r o f flow ers an d  a r i lla te  seeds.
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A Study o f Cachrys Populations in Israel and 

Its Application to Generic Delim itation

liana Herrnstadt and Chain C. Heyn

H e r r n s t a d t , I. & H e y n , C. C. 1975 10 10. A study of Cachrys populations in 
Israel and its application to generic delimitation. — Bot. Notiser 128: 227—234. 
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Sixteen local populations referred to either Cachrys L. or Prangos L i n d e . 
(Umbelliferae) were studied in Iheir natural habitats. In seven of these, 2n = 66  
(or n =  33) was found. The characters examined included the suberization and 
wing development of fruit and other fruit and leaf characters. As a rule con­
siderable intra- and interpopulational variation occurs in the majority of the 
characters including those used for generic delimitation. A study of fruit onto­
genesis showed that the relative extent of suberized tissue and wing devel­
opment may undergo considerable change during the maturation of the fruit. 
No correlation was found between any trend in fruit variation and the variation 
of leaf lobes. It is proposed to accept the pattern of continuous variation as 
being sufficient proof for including Cachrys L. and Prangos L i n d l . in a single 
genus, and the plants from the populations investigated in a single species. For 
nomenclatural reasons this species must be called Cachrys ferulacea (L.) Ca l e s t .

liana Herrnstadt and Cliaia C. Heyn, Department of Botany, The Hebrew Uni­
versity, Jerusalem, Israel.

T he  p ro b lem a t ic  s ta tus  of C achrys  L. 
an d  Prangos  L i n d i .. (U mbelliferae) has  
been prev iously  d iscussed by  u s  ( H e r r n  - 
s t a d t  & H e y n  1974). T h o u g h  severa l 
au tho rs ,  inc lud ing  the presen t ones, c o n ­
sider th a t  the  above g enera  c o m p r ise  a 
single genus, no  deta i led  r e a s o n  fo r  this  
has  so fa r  been  published .

This  s tu dy  is an  a t te m p t  to a p p ro a c h  
the p ro b lem  of the  generic d e l im i ta t io n  of 
Cachrys  a n d  Prangos  by  e x a m in in g  p o p u ­
la tions of p lan ts  described  as b e lon g in g  
to one of the gene ra  in Israel.

T he  ex tent o f  the confus ion  p rev a i l in g  
b e tw een  C achrys  and  Prangos  is ref lected  
in the nam es  o f  the species r e c o rd e d  f ro m  
the reg ion  investigated: B o i s s i e r  (1872) 
descr ibed  Cachrys goniocarpa  f r o m  “circa  
Asdod ( =  Ashdod) et R a m lah  ( =  R a m l a ) ” . 
P o s t  (1932) also reco rded  the  s a m e  sp e ­
cies f ro m  Mt Carmel,  Sharon ,  E s d ra e lo n  
( =  Y izre’el Valley) an d  Salad ,  Prangos

asperu la  f ro m  Gaza, the Galilee an d  J e r u ­
sa lem  a n d  P. asperula  var. leiopetala  
( P o s t  1896) f ro m  Gaza. As the d iagnostic  
ch a rac te rs  fo r  these th ree  taxa  he used 
the  degree of tlic d eve lop m en t  o f ridges 
on  the f ru i t  a n d  the pubescence  of peta l 
surface . R e c h i n g e r  (1952) also records  
C. goniocarpa  a n d  adds tw o varieties to 
P. asperula:  var. stenop tera  BoiSS. (Distr. 
Safed, Safad , Z efat —  all re fe r  to  the 
sam e  locality  in d i f fe ren t  transcrip tions)  
a n d  var. judaica  S a m . (f rom  the  J u d e a n  
Mts -— “el K u b a b ” ). T he  cha rac te rs  used 
to define these ta x a  a re  aga in  the  extenl 
o f r idge  deve lo pm en t as well as the  length  
a n d  b re a d th  of f ru i t  (as c o m p a red  w ith  
the leng th  of pedicels) . M o u t e r d e  (1953) 
a d d e d  C. goniocarpa  var. asperifolia  as 
g row ing  in the  region conce rn ed  (having 
scab r id  leaves in co n tra s t  w ith  the  sm o o th ­
leaved typ ica l  var ie ty ) .  Z o h a r y  (1972), 
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Table 1. < lachrys  populat ions

Popula tion  n um ber  and 
locality

Organs in­
vestigated

Leaves | F ru it

N Negev
1 10 km  W  of Arad . . +  +
2 Lahav (single plant) +
3 Shoval (single plant) +
4 Qiryat G a t .................... +  +

Shefela
5 6 km  N of M ashm ia  +  +
6 Bet H ash m o n a i  . . . .  +
7 Gilboa, N slopes   +  +
8 Lower Galilee, Migdal

H a’E m eq  .......................  +  +
9 Belvoir   +  +

10 Yizre’el Valley, D avera t  +  +

Lower Galilee
11 Kafr  K anna    +  +
12 Biq’at Bet Netofa  . . .  +  +
13 Golan Heights, Mevo

I lam ina   +  +

Upper Galilee
14 btw. Bosh P in n a  &

Zefat   +  +
15 Meron J u n c t i o n ........ +  +
16 Mar A l m o n .................... T-

w ho considers Prangos  and Cachrys  a 
single genus, records Hie fo llow ing taxa: 
P. a sp em la  as a very rare plant of the 
S Judean D esert and P. goniocarpa  w ith  
a rare typical variety and the m ore w ide­
spread var. s tenoptera  with narrow ly  
w inged fruits. (See Fig. 1 for the above 
localities.)

MATERIAL ANI) METHODS

Plants  of “Cachrys” and  “Prangos” are  
fa ir ly  widespread in Israel and  usually  grow 
in small  populat ions,  a t  150— 500 (—- 800) m 
above sea level on diverse soils. They are 
tumble-weeds of fallow fields occurring  
m ostly  along the b o rde r  of the M editer­
ranean  and  I ran o -T u ra n ia n  regions.

Sixteen popula t ions  were  studied in their  
n a tu ra l  hab ita ts  (cf. Table 1 and  Fig. 1). In

Fig. 1. D is t r ibu tion  of Cachrys ferulacea  in 
Israel . P rev ious  records  f rom  l ite ra ture:  r e ­
gions —  differentia lly  shaded ;  localit ies —  
named. Dots rep resen t  single p lan ts  or  p o p u ­
lations investigated in this s tudy  (num bers 
co r re sp o n d  to those  in Table  1); circles r e p ­
resent h e rb a r iu m  specimens.

each p o p u la t io n  ab o u t  5— 15 p lan ts  were  ex­
am ined  in the field; ad d it io n a l  m a te r ia l  was 
collected fo r  d o cum en ta t ion  a n d  fu r th e r  s tu d ­
ies. Special a tten t ion  was p a id  to  individual 
p lan ts  w i th  c h arac te rs  deviating  f ro m  the 
norm al.  Most localit ies were  visited twice a 
year, once in the ear ly  spr ing  fo r  a s tudy 
of vegetative p a r ts  and  f lowers a n d  again  in 
su m m er  for a s tudy  of fruits .  As fa r  as p o s ­
sible the  sam e individuals  w ere  exam ined  
w ith in  each  p opu la t ion  for 3 consecutive  
years  (1968— 1971).

The fo llowing charac te rs  were  inves tigated:  
size a n d  shape  of f ru i t  ( leng th /b read th ) ,  de ­
ve lopment of suberized  m esocarp ,  f ru i t  s u r ­
face (obsoletely r ibbed, dis t inc t ly  r idged  or

Fig. 2. Inter- and  in trap o p u la t io n a l  va r ia tion  in f ru i t  shape  of Cachrys ferulacea-, f ru i ts  
in horizontal  rows are  f rom  one popu la t ion  (num bers co rre sp o n d  to those  in T ab le  1).
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Fig. 3. D iag ram m at ic  represen ta t ion  of inter- a n d  in t ra p o p u la t io n a l  v a r ia t io n  in fruit  
shape  of Cachrys ferulacea.  E ach  vertical row  represen ts  one po p u la t io n  (num bers  as 
in Table  1); each  horizon ta l  row  shows the  extent of wing development.  (A: F r u i t  smooth. 
B: W ith  p ro m in e n t  ridges. C: W ith  wings up to 1.5 m m  wide. 1): W ith  wings 2— 4 m m  
wide.) —  In each square  one to several f ru i ts  are  rep re sen ted  by rh o m b s  (horizontal  

d iagonal shows w idth,  vertical show s length).

winged), the leng th  of the fruit  in re la tion  
to the leng th  of the pedicel; the size and  
in d u m e n tu m  of te rm inal  leaf lobes.

C hrom osom es were  s tudied  in seven p o p u ­
lations. In  four, m itotic  m e taphase  was in­
vestigated in roo ts  of seedlings pre-treated  
with pa rad ich lo ro b en zen e ;  squashes were  
m ade  in 2 %  aceto-orcein.  In three  p o p u la ­
tions m eiosis in PMCs was studied in 2 °/o 
aceto c a rm in e  smears .

RESULTS

F R U I T .  M a n y  o f  t h e  c h a r a c t e r s  e x a m ­
in e d  w e r e  f o u n d  to h e  e x t r e m e ly  v a r ia b le  

Bot. N otiser, v o l. 128, 1975

w i t h in  p o p u l a t i o n s  a n d  b e t w e e n  p o p u l a ­
t io n s  (F igs .  2 a n d  3).

I n  g e n e r a l  p o p u l a t i o n s  d i f f e r  g r e a t ly  
f r o m  o n e  a n o t h e r  in t h e  size, s h a p e  a n d  
r id g e  d e v e l o p m e n t  o f  t h e  f r u i t .  Also, 
w h e r e a s  s o m e  p o p u l a t i o n s  a r e  h o m o g e n e ­
o u s  in  f r u i t  s h a p e  ( p o p u l a t i o n s  7, 9, 10, 
15), l e n g th  (5, 9, 14, 15), r i d g e  d e v e l o p ­
m e n t  (5, 9, 10, 14, 16) a n d  s u b e r i z a t i o n  
(5, 9, 10, 11, 14), o t h e r s  s h o w  r e m a r k a b l e  
h e t e r o g e n e i ty  o f  s h a p e  (1, 5, 12, 14, 16), 
l e n g th  (1, 7, 10, 12, 16), r i d g e  d e v e l o p m e n t  
(1, 7, 12, 15) a n d  s u b e r i z a t i o n  (1, 7, 12, 
15, 16).
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T able  2. R ange of va riab ility  of fru its  in single p lan ts. E ach  p o p u la tio n  is rep resen ted  by 
one p la n t (as a ru le  the m ore  v a riab le  p lan ts  w ere chosen  in field s tu d ie s ) . All m easu r­

em ents in mm.

P o p u la tio n
n u m b er F ru it  length F ru it, len g th /w id th  ra tio  

of ex trem e values W id th  of ridges of fru it

1 15— 22 1.8— 2.1 0.25— 1.5
2 10.5— 17 1.1— 1.6 0.25— 0.75
4 10— 16.5 1.2— 1.4 0— 0.25
6 11.5— 21 1.6— 1.9 0.25— 0.75
7 16— 25.5 2.0— 2.3 0— 0.75
8 (12) 16— 21 1.5— 1.6(1.7) 0.25
9 15— 25 1.6— 2.6 0

10 14.5— 19 1.8— 2.2 0— 0.25
11 12.5— 23 1.2— 1.4 0— 0.5
12 13— 19 1.2— 2.0 0.25— 0.5
13 17— 22 1.6— 1.8 0.5— 1
14 13— 20.5 1.3— 1.5 0.25— 1
15 11.5— 19 1.2— 1.5 0
15 12— 25 1.1— 1.4 0.75— 2
16 20— 36 1.9— 2.1 0.5— 2

T h e  v a r ia t io n  in  f r u i t  s h a p e  in  s in g le  
p la n ts  w a s  s tu d ie d  in  e a c h  p o p u la t io n  
(u su a lly  o v e r  100 f r u i ts  p e r  p la n t ) .  T h e  
c h a r a c te r s  m e a s u re d  w e re  le n g th ,  b r e a d th  
a n d  r id g e  d e v e lo p m e n t. F r u i t s  o f  s in g le  
p la n ts  sh o w  c o n s id e ra b le  v a r ia t io n  in  a ll 
c h a r a c te r s  m e n t io n e d  a n d  m a y  r e p re s e n t  
th e  ra n g e  o f  v a r ia b i l i ty  e x is tin g  in  th e  
p o p u la t io n  as a w h o le  (T a b le  2 ).

T h e  re la tiv e  a m o u n t  o f  s u b e r iz e d  tis su e  
a n d  th e  size o f  r id g e s  o r  w in g s  ( “ rid g es  
o v e r  1 m m  w ide) as c o m p a r e d  w ith  th e  
w h o le  f ru it  m a y  g ra d u a l ly  c h a n g e  d u r in g  
f r u i t  o n to g e n e s is  a n d  m a y  r e a c h  a  d i f ­
fe re n t  d e g re e  o f  d e v e lo p m e n t in m a tu r e  
f r u i t  (F ig . 4 A— C ). S o m e tim e s  w in g s  o f 
th e  y o u n g  f r u i t  a re  s o m e w h a t  u n d u la te ,  
s t r a ig h te n in g  la te r  ( th is  m a y  h e  th e  so u rc e  
o f  Ihe  re c o rd s  o f C. asperula  B o iss . f ro m  
I s r a e l ) .

T h e  ra tio  f ru i t /p e d u n c le  w a s  as a  ru le  
f o u n d  to  he  m o s t in c o n s ta n t  a n d  th e r e f o r e  
a n  u n re l ia b le  c h a ra c te r .

L E A V E S . T h e  size  o f  le a v es , o f  le a f  
s e g m e n ts  a n d  lo b es is v a r ia b le  w i th in  a n d  
b e tw e e n  p o p u la t io n s .  S o m e  e x a m p le s  o f 
th e  v a r ia t io n  o f  le a f  s e g m e n ts  a n d  lo b es

m a y  b e  se e n  in  F ig . 5. F ig . 6 is a  d ia ­
g ra m m a tic  r e p re s e n ta t io n  o f  th e  le n g th  
a n d  w id th  o f  le a f  lo b es  o f  so m e  p la n ts  
w ith in  e a c h  o f th e  p o p u la t io n s  s tu d ie d .

S c a b r id i ty  o f  lea v es  a n d  o th e r  p a r ts  
(a sse ssed  b y  th e  n u m b e r  o f  p a p il la e  p e r  
s q u a re  u n it)  w a s  fo u n d  to  b e  f a ir ly  c o n ­
s ta n t  w ith in  e a c h  p o p u la t io n  b u t  v a r ie d  
g re a t ly  b e tw e e n  p o p u la t io n s .

C H R O M O S O M E S . T h e  s a m e  c h ro m o ­
so m e  n u m b e r  w a s  fo u n d  in  se v e n  p o p u ­
la t io n s  e x a m in e d :  2n  =  66 (p o p u la t io n s  6, 
10, 12, 16) (F ig . 4 I ) ) ;  n =33 (p o p u la t io n s  
9, 14, 15). K a ry o ty p e s  seem  to  b e  id e n tic a l 
a c c o rd in g  to  a p re l im in a r y  s tu d y .

CONCLUSIONS AND DISCUSSION

T h e  c h a r a c te r s  s tu d ie d  b y  u s a r e  m a in ly  
th o se  u se d  f o r  d e f in in g  th e  g e n e ra  Cachrys  
a n d  Prangos,  i. e., in  th e  f o rm e r ,  w in g less  
s tro n g ly  s u b e r iz e d  f ru i t ,  in  th e  la t te r ,  
w in g e d  a n d  o n ly  s l ig h tly  s u b e r iz e d  f ru i t .  
H o w e v e r , th e s e  c h a r a c te r s  w e re  fo u n d  to  
e x h ib i t  a  w id e  r a n g e  o f v a r ia b i l i ty  in  a n d  
b e tw e e n  p o p u la t io n s  a n d  n o  c o r re la t io n  
b e tw e e n  th is  v a r ia b il i ty  a n d  th e  v a r ia t io n

Bot. Notiser, vol. 128, 1975
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Fig. 4. A— C: F ru i t  ontogenesis in Cachrys ferulacea  (cross-sections of one mericarp).  
A: X 19. B: X 9.5. C: X 7.5. — D: Chrom osom es of m e tap h ase  p late  in root tip mitosis, 
ca. X 1350. — A— C: populat ion  5. D: popu la t ion  10; n u m b ers  co rre sp o n d  to those in

Table 1.

in len g th  a n d  b r e a d t h  o f  le a f  lobes  c o u ld  
be  o b se rv ed .  T h e  f r u i t  c h a r a c t e r s  s tu d ie d  
i n te r g r a d e ,  th e y  o c c u r  in  d iv e r s e  c o m b i n a ­
t io n s  w i th in  s ing le  p o p u l a t i o n s  a n d  v a r y  
to  so m e  e x te n t  ev en  b e tw e e n  in d iv id u a l  
f r u i t s  of  s ing le  p l a n t s .  T h e r e f o r e  it d o e s  
n o t  seem  r e a s o n a b le  to s e p a r a t e  th e  tw o

g e n e r a  o n  th e  b a s i s  o f  th e s e  c h a r a c t e r s  
a n d  b e c a u s e  o f  p r i o r i t y  th e  t h u s  e x te n d e d  
g e n u s  m u s t  be  n a m e d  C a c h r y s  h. (cf. 
G r u e n b e r g - F e r t i g  et al. 1973) .

E v e n  m o r e ,  b e c a u s e  o f  t h e  c o n t in u o u s  
v a r i a t i o n  in c h a r a c t e r s  it s e e m s  t h a t  all  
p l a n t s  e x a m i n e d  m u s t  b e  r e g a r d e d  as p a r t

Fig. 5. Cachrys ferulacea.  Inter- and  in trapopula t iona l  var ia tion  in leaf segm ents  an d  
lobes. —  A, B: P o pu la t ion  7; C, D: P o pu la t ion  9; E, F: P o p u la t io n  1; G: P o p u la t io n  1‘2. 

N um bers correspond  to those in Table 1.
Bot. Notiser, vol. 128, 1975
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Fig. 6. Cachrys ferulacea.  D iagram m atic  rep re sen ta t ion  of the var ia tion  in size of leaf  
lobes in and  between popula t ions;  each colum n represen ts  the longest te rm in a l  leaf lobe 

of one p lan t  (population num b ers  co rre sp o n d  to those  in Table  1).

of one species w ith a w ide range of varia­
tion. (Such variation m ight be explained  
to som e extent by the hexaploid  level of 
the plants.) The earliest nam e available 
for this taxon is C. ferulacea  (L .)  C a l e s t .  

This species lias a w ide range of distri­
bution from  Italy eastwards to Iran, 
Arm enia and the Caucasus and throughout 
the eastern M editerranean. All other spe­
cies o f “Cachrys” and “Prangos” previ­
ously recorded from Israel are to he re­
ferred to C. ferulacea  and to he considered  
synonym ous w ith it.
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A systasia laticapsula  (A ca n th a cea e), a W idely Used  

but P rev iou sly  Invalid Nam e

Per-Olof Karlström

K a r l s t r ö m , P .-O. 1975 10 10. Asystasia laticapsula (Acanthaceae), a widely used 
but previously invalid name. — Bot. Notiser 128: 235—238. Lund. ISSN 0006-8195.

Asystasia laticapsula is described from  tropical East Africa. The somatic 
chrom osom e num ber found is 2n =  26.
Per-Olof Karlström, Department of Systematic Botany. University of Göteborg. 
Carl Skottsbergs Goto 22, 8-413 19 Göteborg. Smeden.

A systasia la ticapsu la  C. B. C l. ex K a r l ­

s t r ö m , sp. nov.

Herba perennis, usque ad 40 cm alta, basi 
decumbens, partes floriferae erectae. P lan ta  
omnis pilis multicellulosis uniseriatis praedita. 
Folia oblonga, pilosa, pili plerumque 8— 10- 
cellulis praediti; lam ina 3—7 cm longa, 1—2 
cm lata, apice obtusa—subacuta, basi a t­
tenuata; petioli usque ad 3 mm longi, p lerum ­
que circiter 2 mm longi. Inflorescentiae axil­
lares, racem osis instructae, usque ad 20 cm 
longae (pedunculo incluso), plerumque 6—8- 
floribus ornatae; bracteae minutae, lineares, 
usque ad 3 mm longae; pedicelli circiter 2 
mm longi, ad basin bracteolis linearibus, c ir­
citer 2 mm longis, praediti. Calyx 5-partitus, 
pilis uniseriatis, cellulosis (4 cellulae) ob­
tectus; segmenta calycis linearia, 8—13 mm 
longa, 1 mm lata. Corolla alba, lobus inferior 
prope faucem  maculis violaceis ornatus; tubus 
circiter 15 mm longus, ad basin 2—3 mm 
latus, ad faucem gradatim  dilatatus usque ad 
circiter 5 mm. Stamina  4; filam enta basi per 
paria usque 0,5 mm connata, breviora 4 m m  
longa, altiora 5 mm longa; antherae 3 mm 
longae. Granulae pollinis 3 poris instructae, 
50—53 qm X 30—32 um. Ovarium pilis uni- 
seriatis obtectum; basis styli aeque pilosa. 
Capsula circiter 2 cm longa, pilis m ulticel­
lulosis uniseriatis et pilis glandulosis in ­
structa. Semina  4, 3—4 mm diam etro, com ­
pressa, rugosa.

P e re n n ia l h e rb  up  to 40 cm  h igh , d e ­
cu m b en t a t base, f lo w erin g  p a rts  erec t. 
T he w ho le  p la n t covered  w ith  m any -ce lled , 
u n ise ria te  h a irs . L eaves ob long  w ith  g e n e r­
a lly  8— 10-celled, u n ise ria te  h a ir s ; lam in ae  
16

3— 7 cm long, 1—2 cm w ide, ob tu se  to 
subacu te  a t apex, n a rro w e d  a t base  in to  
the very  sh o r t pe tio le  (Fig. 2 D) ; petio les 
up to 3 m m  long, u su a lly  ab o u t 2 m m . 
C ysto liths com m on in stem s an d  leaves, 
so lita ry , ro u n d e d  o r so m ew h a t e longated , 
b lu n t at b o th  ends. In flo rescences ax illa ry , 
racem ose, loose, up  to 20 cm  long (the 
low er flow erless p a r t  in c lu d ed ), m ostly  
6— 8-1 low ered ; low er flow ers rem ote . 
B rac ts  m in u te , linear, up  to  3 m m  long 
(Fig. 2 B). P ed icels a b o u t 2 m m  long, 
w ith  tw o lin ea r b ra c tle ts  ab o u t 2 m m  long, 
n ea r the  base. C alyx d iv ided  to the  base,
segm ents 5, lin ear, 8 13 m m  long, 1 mm
w ide, covered  w ith  4-celled, u n ise ria te  
h a irs  (Fig. 2 B). C oro lla  w hite , low er lip 
w ith  v io let m ark in g s  n e a r  the  th ro a t (Fig. 
1 A, B) ; tube  ab o u t 15 m m  long, 2— 3 m m  
w ide n e a r  th e  base, ex p an d in g  to ab o u t
5 m m  at th e  th ro a t. S tam ens 4; filam en ts
basa lly  u n ited  in p a irs  (Fig. 2 E ), sh o r te r  
ones 4 m m  long, lo n g e r ones 5 m m  long; 
an th e rs  3 m m  long. P o llen  g ra in s 3 -po ra te , 
p ro la te , 50— 53 um  X 30— 32 pm. Style 
base an d  o v a ry  covered  w ith  u n ise ria te  
h a irs  (Fig. 2 C) ; o vary  2-celled wi th 2 
ovules in each  cell. C apsule 4-seeded, 
ab o u t 2 cm  long  (Fig. 2 F ) , w ith  m any- 
celled, u n ise ria te  h a irs  an d  s ta lked  g lan ­
d u la r  h a irs . Seeds 3— 4 m m  in d iam eter, 
com pressed , rugose  (Fig. 2 G).
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Fig. 1. Asystasia laticapsula. —• A: Flowering specimen. Photo: P.-O. K a r l s t r ö m , Ruiru, 
16 km NE Nairobi 13.V. 1971. —  B :  Part of inflorescence ( B a l l y  356 a). Photo: 1). N i l s ­
s o n . —  C: Corolla, showing the attachment of the stamens ( K a r l s t r ö m  371). Photo:

D. N i l s s o n .

CHROMOSOME NUMBER. 2 n = 2 6 .  
Counts were made in six cells, all from 
one plant.

TYPE COLLECTION. Kenya, “British East 
Africa”, near Nairobi 1 9 0 3  A. W h y t e  s . n .  
(K; two sheets, one of which is (lie holotype).

FURTHER COLLECTIONS STUDIED. K e ­
n y a .  A r c h e r  2 0 4  (K), B a l l y  3 5 6  a (K), 
B o g d a n  8 3 8  (K), E l l i o t t  s.n. (K, mounted 
on the same sheet as one of W h y t e ’s  speci­
mens), G i l l e t  1 8 1 0 8  (K), H i n d o r e  8 2 3  (K), 
K a r l s t r ö m  3 0 6 ,  3 5 2 ,  3 5 6 ,  371  (GB), N a p i e r  
4 2 6  (K), N a p p e r  & A b d a l l a h  18 0 0  (K),
S t r i d  4 0 2 9  (GB), V e r d c o u r t  5 0 6  (K), V e r d -  
C.OURT & P ö L H I L L  3 1 6 3  ( K ) .

Asystasia laticapsula is a commonly 
used name for  a species from tropical 
East Africa characterized among other 
things by oblong, hairy leaves, white co­
rolla, and the lower lip of the corolla with 
violet markings near the throat. The spe­
cific epithet originates from  a specimen 
collected by A l e x a n d e r  W h y t e  near Nai­
robi in 1903 and  labelled “Asystasia lati­
capsula sp. nov. C. R. Cl. ms 17 Aug. 
1901”. (The date is probably incorrect,
Bot. N o tise r, vol. 128, 1975

since another  specimen collected by 
W h y t e  near Nairobi in 1903 is labelled 
“Asystasia laticapsula sp. nov. C. R. Cl. 
ms 17 Aug. 1905” .) The label hears the 
annotation “Close to A. coromandeliana 
Nees. Capsule broader, more hairy. Co­
rolla smaller. Leaves more oblong and 
ha i ry”. In a recently published flora of 
upland Kenya ( A g n e w  1974) the species 
described above is included, and  there is 
also a drawing of the species. The species 
is cited as “Asystasia laticapsula  C. R. C l .” . 
However C l a r k e  never published a de­
scription of the species. In order  not to 
cause confusion I have chosen to use the 
specific c, ' laticapsula since many 
botanists do so for the species described 
above.

All specimens studied originate from 
Kenya. According to Dr R. W i n g f i e l d , 
tlie university of Dar es Salaam, Tanzania, 
who is working on the “Asystasia ganget- 
ica” group in East Africa, A. laticapsula 
probably occurs th roughout Tanzania 
above 550 m  and probably  in all su r ­
rounding countries (pers. connn.).

^
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1 cmA,Di
B,E,Fi

0,5 cm

Fig. 2. Asystasia laticapsula. — A: Specimen grown under greenhouse conditions and 
taken from  the same population as the specimen in Fig. 2 I). — B: Detail of in­
florescence showing calyx, bracts and bractlets (K a r l s t r ö m  356). — C.: Gynoecium with 
hairy style hase and ovary ( K a r l s t r ö m  371). — D: Specimen collected in the field in 
Kenya (K a r l s t r ö m  371). — E: Corolla opened (corolla from the same specimen as in 

Fig. 2 A). — F: Ripe capsule (K a r l s t r ö m  352). — G: Seed (K a r l s t r ö m  352).
B ot. N o tise r, vol. 128, 1975
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Specim ens were collected by me in dif- 
feren t grassland  localities in Kenya during 
the period  Dec. 1970— Jan. 1971 and in 
May 1971. The cuttings collected were 
grow n at the D epartm ent of System atic 
B otany, U niversity of Göteborg. Com pared 
w ith the collected specim ens, these p lants 
often had leaves that were m ore m arkedly 
oblong, had  longer and w ider lam inae and 
longer petioles (Fig. 2 A). This is probably  
due to the favourable conditions in the 
greenhouse.

Cystoliths are com mon in the stems and 
leaves of A. laticapsula. They are solitary, 
rounded  or som ew hat elongated, b lun t at 
both ends. This is in agreem ent w ith 
H o b  e i n  (1884), who studied the cystoliths 
in several species of the Acanthaceae, in ­
cluding some species of Asystasia.

Asystasia  incl. A. laticapsula  has been

s t u d i e d  e m b r y o l o g i c a l l y  b y  K a r l s t r ö m  
(1974).

AC K NOWLEI )GEM ENTS

1 am  m uch  in d eb ted  to P ro fe sso r G u n n a r  
M a r l i n g  fo r the c ritica l read ing  of th e  m an u ­
script and  to D r U n o  E l i a s s o n  fo r  fru itfu l 
d iscussions on taxonom y and  term inology . 
T he L atin  d iagnosis w as w ritten  by D r E m in  
T e n g s t r ö m . I g reatly  ap p rec ia te  his k indness 
and  help.
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Cytological Studies in the M acaronesian Genus 

Argyranthem um  (Com positae: A nthem ideae)

Christopher John Humphries

H u m p h r i e s ,  C. J. 1975 10 10. Cytological studies in the M acaronesian genus 
A rgyranthem um  (Compositae: Anthemideae). — Bot. Notiser 128:239-—255. Lund. 
ISSN 0006-8195.

Seventeen species of Argyranthemum  W e b b  ex S c h u l t z  B ip . from  the C anary 
Islands and the Salvage Islands have been investigated cytologically. All taxa 
are diploid (x =  9), except for a cultivated population of the n a tu ra l hybrid A. 
frutescens (L . f i l . )  S c h u l t z  B ip .  X A. coronopifolium  ( W i l l d . )  W e b b  ex 
S c h u l t z  B ip .,  which has a range of chrom osome num bers between the diploid 
and tetraploid levels. Chromosome counts have been determ ined in 72 popu la­
tions.

A general survey of chromosome morphology at mitosis is presented. Twenty- 
eight populations representing 12 species have been studied in detail and varia­
tion in two pairs of m arker chromosomes is given. Differences are in no way 
correlated with recognised taxa bu t do vary significantly betw een populations. 
Details of pairing behaviour at meiosis are also given and chiasm a frequency 
variation is discussed in the light of its adaptive significance.
Christopher John Humphries, Department of Botany, British Museum (Natural 
History), Cromwell Road, London SW 7 à III), England.

Since 1969 the au tho r has been studying 
rela tionsh ips in A rg y ra n th e m u m  W e b b  

ex S c h u l t z  B i p . ,  a woody perennial genus 
allied to C h ry sa n th e m u m  L. s.str., endem ­
ic to the M acaronesian archipelagos of 
M adeira, the Salvage Islands and the Ca­
n ary  Islands.

'I'he purpose of the w ork is partly  to 
provide a taxonom ic revision of the genus 
( H u m p h r i e s  1973, 1975 in press), bu t 
p rincipally  to study problem s of variation  
and evolution at the population  level in 
one of the largest M acaronesian endem ic 
genera. F or this type of investigation, 
chrom osom e studies and crossing experi­
ments have provided a wealth of valuable 
inform ation  for in terpretation  of the evo­
lu tionary  situation in A rg y ra n th e m u m .

This publication is the firs t of two 
papers on problem s of adaptation  in A r­
g y r a n th e m u m  and p a rt of a w ider study 
on the system atics of the Com positae:

Anthem ideae. In the presen t paper a gene­
ral survey of chrom osom e num ber, ch ro ­
mosome m orphology at mitosis, and p a ir ­
ing behaviour at meiosis in cultivated  and 
na tu ra l populations of seventeen species 
of A rg y r a n th e m u m  will be given.

MATERIAL

The genus Argyranthemum  consists of 
twenty-two allopatrie species appearing in 
all of the principal vegetation zones of the 
northern  M acaronesian archipelagos, except 
the Azores ( H u m p h r i e s  1973, 1975 in press). 
Apart from  two relatively w idespread spe­
cies, A. frutescens, a polym orphic coastal and 
lowland species found on the islands of Tene­
rife, Gran Canaria and Gomera and A. adauc­
tum  (L in k )  C. J . H u m p h r i e s  an upland spe­
cies found in the pine forests and highlands 
of Gran Canaria, Tenerife and Hierro, the 
rem aining species occur as distinct, isolated 
population groups on individual islands. The 
taxonom y and nom enclature follows tha t of 
H u m p h r i e s  (1975 in press).

Bot.. N otiser, v o l. 128, 1975
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The cultivated m ateria l  was ra ised p r i ­
m ar i ly  f ro m  seed collected in the Canary  
Is lands by  I)r 1). B r a m w e l l  and myself 
d u r in g  the spring of 1971. Seed was also 
p rov ided  by Dr 1). B r a m w e l l ,  the lale Dr 
E. R. S v e n t e  n i  us, Mr G. Kunkel  and  Miss 
Liv B o r g e n  from collections m ade  hv them  
d u r ing  1969, 1970 and  1971. Chromosome 
n u m b ers  have  been de te rm ined  in all p o p u la ­
tions a n d  m ark e r  chrom osom es from  at least 
one or two populat ions of each I axon have 
been exam ined  in detail. Pa ir ing  behaviour  
at meiosis has been studied  in buds fixed in 
the field during  1971.

PREPAR ATORV I ECHNIQUES

Mitotic p repara t ions  were m ade  from  root- 
tips of 3— 12-month-old p lan ts  using mono- 
b ro m o n ap h ta le n e  for p re -treatm ent,  Feulgen 
and  acetic  orcein as stains. Meiotic p re p a ra ­
tions w ere  stained w ith  acetic orcein w ithou t  
p r io r  fixation. Slides were  m ade  p e rm anen t  
b y  us ing  the ’Arcton’ (CFgClg) gas method.

( iHROMOSOME MEASUREMENTS

F o r  ka ry o ty p e  studies 10 good mitotic  p re ­
p a ra t io n s  showing a bou t  the same degree ot 
ch ro m o so m e  con tract ion  were  selected from  
each p lant .  Usually 4— 5 plants  were studied 
in a n y  one population . Drawings were made 
w ith  the  aid of a Zeiss cam era  lucida at a 
m agn if ica t ion  of X 1600. M easurem ents  were  
taken  f ro m  the drawings,  and  the d iagrams 
in Fig.  1 represent  the karyo types  examined 
in detail.  P h o to g rap h s  in Figs. 2 and  3 were 
tak en  on a Zeiss photomicroscope. The p o p u ­
la t ions studied were  all f ro m  C anary  Islands 
taxa, apar t  from one sam ple  of Argyr-  
( in then ium  thnlassophilnm  f rom  the Salvage 
Is lands.  No data  for Maderian p lan ts  are 
a vs lilable.

The  definit ion of ch rom osom e type is 
based upon  the scheme devised by L e v a n  
et id. (1965), w hereby  the centromeric  p o ­
sition is de te rm ined  by  calculating the r- 
index.

To show  variation between populations,  
the o rd in a ry  r-index (long a rm /sh o r t  arm) 
and  the 1-index (haploid complement/ length  
of the chromosome) were  calculated for two 
m a rk e r  chromosomes. The chrom osom es with 
satellites (SAT-chromosomes) n u m b ers  13, 
14, 15 a n d  16 (Fig. 1) were  easily identified 
a n d  used  for statistical calculations. The 
length of the satellite, b u t  no t  of its connec­
ting th read  Avas added to the  length of the 
short  arm.

SO UR CES OF ERR OR IN T H E  DETER­
M INA T IO N OF ARM RATIOS

During the preparation of root tip 
squashes for com parative studies at m i­
tosis there are m any occasions w hen arti­
facts may occur both m echanically  and 
through the influence o f chem ical treat­
ments (S y r e n g a  1959, B o t h m e r  1970, 
B e n t z e r  et al. 1971), notably in the use 
of pre-treatm ent drugs for chrom osom e 
contraction. M echanical d ifficu lties usu­
ally arise from  uneven squashing, causing 
stretching or constrictions o f chrom osom e  
segm ents and poor separation o f chrom o­
som es causing overlapping, tw isting and 
apparent shortening by vertical rises w ith­
in the cell (L e w i t s k y  1931, S y r e n g a  1959, 
S im ak  1962, B o t h m e r  1970).

There are several reports on inform a­
tion regarding chem ically  induced con­
traction during the course o f m itosis. 
S a s a k i  (1961) observed that long m am ­
m alian chrom osom es for exam ple, varied  
more in relative length than short ones 
under colchicine pre-treatm ents and thus 
had a distinct tendency for centralisation  
of the centrom ere in h igh ly  differentiated  
karyotypes. In groups w ith sym m etrical 
karyotypes, such as Ar gyran t he m u m  this 
effect is likely to he sm all and can he 
disregarded (B o t h m e r  1970). B e n t z e r  
et al. (1971) indicated that the sam e app­
lies w ith long chrom osom e arm s versus 
short ones. S y r e n g a  (1959), w orking on 
the cereal grass Secale, observed that sim ­
ilar effects w ere achieved w ith a variety  
o f different pre-treatm ents including 8- 
hydroxvquinoline and m onobrom o naph­
thalene.

ln  Arg grant he m u m  identification  o f in ­
dividual chrom osom es is the w orst p rob­
lem so far encountered. In m -chrom o- 
som es with low  r-values and no secondary  
constriction confusion  betw een  non-hom o-  
logous arms and reversal o f h om ologous  
chrom osom es is unavoidable w h en  the 
significant difference betAveen overall arm  
lengths is less than 12— 2 0 %  (SlMAK 1962 ,  
M a t e r n  & S im a k  1 96 8 ,  B o t h m e r  1 9 7 0 ) .
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T able  1. C hrom osom e n u m b er rep o rts  in A rgyran them um .
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Presen t
d e te rm in a ­

tions
Species R eferences fo r  p revious de te rm in a tio n s

So- C a­
rnatic m etic

2n =  18 n =  9

frutescens
subsp. fru tescens  . . . .

subsp. succu len tum  . . 
subsp. gracilescens . . X
subsp. parv i  f lo ru m  . .  X
subsp. foen icu taceum  . X
subsp. c a n a r i a e ..... X
subsp. p u m i l u m ..........

h a o u a ry th eu m  ................  X
foen icu laceum  ................  X
gracile ..................................  X
tenerifae  .............................. X

made rense  .........................  X
w interi  ................................
lidii .......................................
tha lassophilum  ................  X
call ichrysum  ..................... X
caronopifo l ium  ................  X
h roussonetii

subsp. broussonetii  . . X
hierrense  ............................  X
webbii  ..................................
f i l i fo l ium  ............................  X
escarrei  ................................
adauctum

subsp. canariense  . . .  X
subsp. g r a c i l e ..............
s ' p. jacobaeifolium
subsp. dugourii  ..........
subsp. adauctum  . . . .  
subsp. ery throcarpon .

S h i m o t o m a !  1937, D o w r i c k  1952, T a h a r a  1915, 
M a r l i n g  1951, L a r s e n  I960, B r a m w e l l  e t  a l .  1971 

L a r s e n  I960, B o r g e n  1969, B r a m w e l l  e t  a l .  1971 
B o r g e n  1969, B r a m w e l l  e t  a l .  1971 
L a r s e n  1960 
L a r s e n  1960

M a r l i n g  1951, B r a m w e l l  cl a l .  1971 
L a r s e n  1960, B o r g e n  1969, B r a m w e l l  e t  a l .  1971 
M a r l i n g  1951, L a r s e n  1960, B o r g e n  1969 
M a r l i n g  1951, L i n d e r  & L a m b e r t  1965 
L a r s e n  1958, 1960, B o r g e n  1969, 1970, B r a m w e l l  

e t  a l .  1971 
L a r s e n  1958, I960, B o r g e n  1970

B r a m w e l l  e t  a l .  1971, B o r g e n  1974 
L a r s e n  1960, B r a m w e l l  e t  a l .  1971

L a r s e n  1958, 1960, B o r g e n  1970

S h i m o t o m a i  1937, D o w r i c k  1952, B o r g e n  1970

L a r s e n  1960, B o r g e n  1969, B r a m w e l l  et a  
L a r s e n  1960 
B o r g e n  1970

L a r s e n  1960

1971

In  A r g y r a n t h e m u m  v i r tu a l ly  th e  w h o le  
k a r y o ty p e  c o n s is ts  o f  m -c h ro m o s o m e s  
(w ith  r -v a lu e s  a ro u n d  1) a n d  th e  to ta l 
c o m p le m e n t h a s  le ss  th a n  a  20  %  d i f f e r ­
e n ce  b e tw e e n  th e  la rg e s t  a n d  sm a lle s t  
c h ro m o s o m e s  a t  a n y  s ta g e  d u r in g  c o n ­
t ra c tio n . (d o se r  s tu d y  o f th e  w h o le  k a r y o ­
ty p e  is th e re fo re  im p o ss ib le  a n d  d e ta i le d  
a r m - r a t io  a n a ly s is  h a s  b e e n  r e s t r ic te d  to  
th e  tw o  p a ir s  o f  c h ro m o s o m e s  w ith  se c ­

o n d a ry  c o n s tr ic t io n s  (F ig . 1; n o s . 13— 14, 
15 16), th e  o n ly  o n e s  to  b e  p o s i t iv e ly
id e n t i f ie d  in  a n y  p r e p a r a t io n  w i th o u t  fe a r  
o f m is id e n l if ic a t io n  o r  re v e rsa l.  I d io g ra m  
a n a ly s is  to  c o m p a re  d if f e re n t  ta x a  h a s  
n o t b e e n  c a r r ie d  o u t d u e  to  Ihe  d if f ic u l tie s  
o u t lin e d  a b o v e , b u t  sa m p le s  o f  e a c h  e x ­
a m in e d  sp e c ie s  a re  p re s e n te d  to  g iv e  a n  
id e a  o f  th e  v a r ia t io n  th r o u g h o u t  th e  g e n u s .
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RESULTS 

Chromosome Numbers

All species of Ar gyrant he m um  hitherto 
investigated from natura l populations are 
diploid, with a basic num ber of x =  9 and 
a somatic chromosome number of 2n =  18 
( T a h a r a  1915, H a u l i n g  1951, L a r s e n  

1958, 1960, B o r g e n  1969, 1970, 1974). 
Table 1 shows the chromosome numbers 
determined by previous authors and the 
new counts resulting from this study.

During the course of this work new 
counts have been made for 6 species, 2 
subspecies of .4. frutescens,  and 2 sub­
species of .4. adauctum  and confirmed at 
least once in 10 of the remaining 16 spe­
cies.

Sterile triploids have been reported for 
garden populations of .4. frutescens  ( T a ­
h a r a  1915, D o w r i c k  1952), a plant com­
monly know n as the Paris Marguerite’. 
In the present study diploids have been 
found in all field population samples, 
but in Fg and later generations cultivated 
from seed collected from a single popula­
tion occurring in the wild of the hybrid 
between A. coronopifolium  and A. frute­
scens subsp. frutescens.  In this, the only 
example of natural interspecific hybridisa­
tion within the genus, plants with somatic 
numbers ranging from 18 to 36 were de­
tected ( H u m p h r i e s  1973). It seems pos­
sible that disturbances during meiosis have 
given rise to unbalanced gametes in the 
hybrid plants, in turn  giving rise to aneu- 
ploids, triploids and tetraploids. Moreover, 
individuals normally  having 18 chrom o­
somes in the complement have numbers 
of 19, 24, 27, 35, 36, and 37 in some root- 
tip cells. The triploid is shown in Fig. 2 A.

Chromosome Morphology

In A rgyranthem um  there is little ap ­
parent s tructura l differentiation of the 
karyotype between the various species. 
The chromosomes are more or less sym­
metrically metacentric (m) or submeta- 
centric (sm) (Fig. 1, 2 B, C). There is a
Bot. Notiser, vol. 128, 1975

small hut continuous transition from he 
largest to the smallest chromosomes, and 
there are 110 chromosomes conspicuously 
larger or smaller than the others. In most 
cases the only chromosomes tha t  can be 
identified with certainty are the SAT-pairs 
13— 14, 15— 16 (Fig. 1). One exception is 
a pair  of subterminal (st) chromosomes 
detected in .4. hierrense (f ig. 1 N).

Most previous cytological reports of 
chromosome morphology in the Canary 
Islands species have mentioned the ocur- 
rence of none, or only one pair  of satellite 
chromosomes ( D o w r i c k  1952, L a r s e n  
1958, I960, B o r g e n  1969, 1970, 1974). 
This is not borne out by my results. Only 
the Salvage Islands species .4. thalas- 
so phi turn, reported here for the first time 
(Fig. 1 K), has been seen to have one 
pair  of satellite chromosomes and in all 
other species two pairs are present.

The short a rm  and satellites of the 
non-homologous chromosome-pairs (13— 
14, 15— 16) can usually he separated from 
one another  as the long arm  is consist­
ently longer in chromosomes 13— 14. 
Thus, a much higher r-value is obtained. 
In both pairs of chromosomes with sec­
ondary  constrictions the satellites consist 
of a small distal body connected to the 
short arm by a thin thread. In chrom o­
somes 15— 16 the satellite is sometimes 
larger than  the non-homologous satellites 
of chromosomes 13 14 and in good p re­
parations of early metaphase with little 
contraction in the connecting thread, an 
interstitial body comparable to the tan­
dem satellites' described by J o n e s  & J o p -  

LING (1972) can be seen (Fig. 2 B).

Chromosome Variation

To investigate the possibility of inter- 
populational chromosomal differences, 28 
populations belonging to 12 different spe­
cies were examined in respect of the  r- 
index and 1-index for the chrom osom e 
pair  15— 16. Similar data were also ob ­
tained for the chromosome pa ir  13— 14 
in 21 populations of 6 different species.
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Fig. 1. K aryo types  f ro m  roo t- tip  m itoses in different  species of A rg y ra n th em u m .  —
A: A. fru tescens  subsp. fru tescens  (70247). —  B: A. fru tescens  subsp. gracilescens  (71020).
-  G: A. frutescens  subsp. parui f lo ru m  (71012). — D: A. fru tescens  subsp. canariae  (71039).
-  E: A. fru tescens  subsp. foen icu laceum  (71022). —  F: A. h a o u a ry th eu m  (70266). —

(i: A. foen icu laceum  (70036). —  H: A. gracile (70227). —  I: A. m aderense  (70076). —
J: A. ca ll ichrysum  (70284). —  K: A. tha lassophi lum  (71010). —  L: A. broussoneti i  subsp. 
b roussone ti i  (71030). — M: A. coronop i fo l ium  (70236). —  N: A. hierrense  (71006). —
O: A. f i l i fo l ium  (71008). —  P: A. adauc tum  subsp. canariense  (71039). ■— Scale 10 u.
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Fig. 2. Metapliases of root-tip mitoses in 
Argyranthemum.  — A: Cultivated triploid 
progeny of the natural hybrid A. frutescens X 
A. coronopifolium  (population 70237). -— B: 
A. frutescens subsp. frutescens (population 
70247). — C: A. frutescens  subsp. gracilescens 
(population 71020). — Arrows refer to “ tan­
dem satellites” (see p. 242).

2. V ar ia t io n  in re la tive arm-Ienglh is 
g rea te r  t h a n  in re lative chrom osom e-lcngth  
fo r  the  sam e  ch rom osom e.

3. P o p u la t io n s  71013, 70223, 7:021,
71 039, 70 2 24 , 71 030, 7 0238 , 702 40, 70236 
an d  70219 a p p e a r  to be the  m ost distinc­
tive po pu la t ion s .

4. T h e re  tends  to be g rea te r  variation 
be tw een  p op u la t io n s  of d if fe ren t  species 
th a n  be tw een  p op u la t io n s  of the same 
species. T h us ,  the ten p o p u la t io n s  of .4. 
fru te scens  sh ow  few er s ign if ican t differ­
ences, t h a n  fo r  exam p le  occur  between the 
o th e r  p o p u la t io n s  listed in Figs. 3— 6, 
w h ich  b e long  to d if fe ren t  species.

Meiosis

D iakines is  a n d  m e 1 , 1 use I w ere  studied 
in 51 p o p u la t io n s  be long ing  to 15 species 
of C a n a ry  Is lan ds  A r g y ra n th e m u m .  The 
h ap lo id  n u m b e r  w as in v a r iab ly  n  =  9 and 
several n ew  coun ts  co n f i rm in g  this c h ro ­
m osom e n u m b e r  have  b een  de te rm ined  
in the  fo l low ing  taxa: .4. fru te scens  subsp. 
canariae, .4. a d a u c tu m  subsp . dugourii  and  
subsp. ery th ro carpo n ,  .4. w in ter i ,  A. lidii, 
.4. hierrense, A. w ebb ii  a n d  .4. escarrei 
(Table 1).

In  m o s t  p o p u la t io n s  c h ro m o so m e  p a i r ­
ing is n o rm a l ,  w ith  9 b iva len ts  being fo r ­
m ed  (Table  3). T h e  ch ia s m a  posi t ion  can 
be te rm in a l ,  su b te rm in a l  o r  m ed ia n  (Fig. 
7 A, C).

T h e  d a ta  are  p resen ted  in Table  2 and 
the 1-values ob ta ined  by co m p ar in g  m ean  
values and s ta n d a rd  deviations fo r  h o m o ­
logous ch ro m osom es  m e asu rem e n ts  are  
p resen ted  in Figs. 3 6. In  m a n y  cases il
a p p ea rs  th a t  th e  d ifferences are  sta tis t i­
cally  significant, f r o m  w h ich  several co n ­
clusions can be d raw n :

1. T here  is a w id e r  a n d  m ore  in dep end en t  
range  of v a r ia t io n  in the ch ro m osom e  
p a i r  15— 16 fo r  b o th  the re lative a rm - 
leng th  (r-index) and  relative ch rom osom e- 
leng th  (1-index) th a n  in ch rom o so m es  
13— 14.

Variation in Chiasma Frequency

T h ere  is good rea so n  to suppose  that 
a d ju s tm e n ts  in c h ia sm a  f re q u e n c y  at 
meiosis m a y  h av e  a d irec t  adap tiv e  sign i­
ficance ( R e e s  & A h m a d  1963, J o n e s  & 
R e e s  1966, C r o w l e y  1969, R e e s  & D a l e  
1974) as  there  is a s t ro n g  co rre la t io n  b e ­
tween ch ia s m a  posi t ion  a n d  genetic  r e ­
co m b in a t io n  ( D a r l i n g t o n  1939). O ne ex ­
pects , the re fo re ,  to f in d  v a r ia t io n  in 
ch ia sm a  f req u en c y  w i th in  a n d  b e tw een  
p o p u la t io n s  of th e  sam e a n d  d if fe re n t  spe ­
cies exposed  to d if fe ren t  k inds  of se lec­
tion in d if fe ren t  ha b i ta ts  as re c o m b in a t io n
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Tabic 2. r-in d ex  (relative a rm  length) and  1-index (relative ch rom osom e length) values 
for the hom ologous chrom osom e p a irs 13— 14 an d  15— 16 in tw elve species of Argyran-  

them um .  M eans ±  s ta n d a rd  deviations.

P o p u la tio n Species
Chrom . 3— 14 C hrom . 15— 16

n um ber r-index I-index r-index  1-index

fru tescens
70247 subsp. frutescens  ......... . . 2.46 + 0.54 9.4 ±0.95 1.98 ± 0 .5 9.98 ± 0 .2
70282 ,, ........................... . . 2.40 + 0.3 8 6 ± 1 .2 2.4 ± 0 .5 10.2 ± 0 .6
71013 . . 2.78 + 0.5 8.85 ± 0.86 2.6 ±0 .57 9.95 ± 0 .4
70223 . . 2.96 +  0.57 9.76 ± 0 .6 2.68 ±0 .59 9.9 ±1.1
71031 subsp. gracilescens  . . . . . . 3.36 ±0.95 8.92 ± 0.89 2.29 ±0 .67 9.48 ± 0 .96
71020 . . 2.5 +0.70 9.4 ±0.67 1.86 ± 0 .2 9.7 ±1.1
71021 . . 2.75 + 0.3 9.1 ±0 .28 2.74 ±0 .2 10.2 ±0.1
71012 subsp. parvifloruln  . . . . . 2.26 ±0.15 9.56 ±0.58 1.9 ±0 .4 10.6 ± 1 .2
71022 subsp. foeniculuceum . . 2.74 ±0 .38 8.78 ±  1.26 2.26 ±0 .28 10.46 ±0 .9
71039 subsp. canariae  .............. 9.96 ± 2 .26 2.3 ± 0 .2 9.86 ±1 .78
70266 h a o u a ry th eu m  .................... . . 2.96 + 0.54 9.02 ±1.14 2.12 ±0.67 10.5 ±1 .25
70267 „ ........................... . . 2.74 +  0.6 8.66 ± 1 .3 1.64 ± 0 .39 10.84 ±0.74
70228 ....................  ....... . . 2.32 + 0.68 9.55 ± 0 .6 2.09 ± 0 .5 10.2 ±1 .29
70036 foen icu luceum  .................... — -— 1.72 ± 0 .59 8.95 ±0.87
70227 gracile ..................................... — — 7.74 ± 0 .4 8.98 ±1 .22
70076 m aderense  ............................ — — 1.8 ± 0 .38 8.3 ± 0 .58
71010 tha lassophi lum  ................... — — 2.4 ±0 .7 8.95 ± 1.57
70240 call ichrysum  ......................... . . 2.18 + 0.54 9.46 ±1 .35 2.28 ±0 .38 8.82 ±0.87
70284 ,, ................................................ . . 2.19 + 0.66 9.67 ±1 .3 2.55 ± 0.58 9.28 ±1.13
70236 coronopif  o lium  ...................... . 2.5 + 0.7 9.82 ± 1 .8 2.46 ± 0 .85 9.14 ±0 .7
70219

broussonetii
±1 +0.27 9.85 ±0.84 2.11 ±0 .4 8.13 ± 0 .5

71030 subsp. broussonetii  .......... . 2.63 + 0.69 10.0 ±1.1 3.05 ± 0 .4 9.58 ±0.54
70238 9.95 ±  1.8 3.68 ±0 .88 8.3 ±1.04
71042 , . 2.18 + 0.79 10.24 ± 1 .5 1.85 ±0 .4 8.95 ±1 .25
71005 hierrense  .................................. — — 1.57 ±0 .36 9.17 ±  1.57
71006 — — 2.0 ±0.7 8.85 ±  0.33
71008 f  Hi fo l ium  ...............................

a d auc tum
• — 1.7 ±0.17 9.23 ±  0.32

70224 subsp. canariense  ............ . 2 0 +0.1 8.3 ±0.1 2.4 ±0.1 8.3 ±0.1

a t m e io s is  in  o u tb re e d e r s  is a  m a jo r  
so u rc e  o f  h e r i ta b le  v a r ia tio n . T h e  su rv e y  
h a s  s h o w n  th a t  in d e e d  s ig n if ic a n t  d i f f e r ­
e n c e s  c a n  b e  f o u n d  a n d  T a b le  3 g ives a 
list o f  th e  c h ia s m a  f re q u e n c ie s  f o r  th e  
p o p u la t io n s  s tu d ie d  in  A rg  y  r a n t  h e  m u m .  
T h e  re s u l ts  in d ic a te  th a t  th e re  is a w id e r  
ra n g e  o f  c h ia s m a  f re q u e n c ie s  fo r  p o p u la ­
t io n s  o f  w id e s p re a d  v a r ia b le  sp e c ie s  (e.g. 
A. f r u t e s c e n s  a n d  4 . a d a u c t u m )  th a n  fo r  
d is t in c t iv e ,  less v a r ia b le  n a r r o w ’ e n d e m ic s  
o f  r e s t r ic te d  d is t r ib u t io n s  (e.g . .4. fili- 
f o l i u m ,  4 .  l id ii  a n d  4 . escarre i) .

In  v i r tu a l ly  e v e ry  p la n t  in w h ic h  m e i­
osis w as s tu d ie d  in  d e ta il  th e  p o lle n  m o th e r  
ce lls  sh o w e d  a r e g u la r  f o rm a t io n  o f b i ­
v a le n ts  a t p r o p h a s e  a n d  m e ta p lia s e  1. 
H o w ev e r , a  s in g le  in te r c h a n g e  h a s  b e e n  
d e te c te d  in tw o  , , 'a t io n s  o f  A r g y r a n -  
t h e m u m  ( Table 3 ). Q u a d r iv a le n ts  o c c u r  
in 25 °/o o f  cells  e x a m in e d  in  p la n ts  f ro m  
a  la rg e  p o p u la t io n  o f  4 . f r u t e s c e n s  su b sp . 
f r u t e s c e n s  c o lle c te d  a t S a n ta  U rs u la  o n  
T e n e r ife  (F ig . 7 B) a n d  a  s im ila r  p e r ­
c e n ta g e  o f  in te r c h a n g e  h e te ro z y g o te s  w as 
fo u n d  in  a la rg e  p o p u la t io n  o f  4 .  a d a u c t u m  
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f ru tescen s  subsp . frutescens  70247
„ —  70282
„ —  71013
„ —  70223
,, subsp . gracilescens  71031
„ —  71020
„ —  71021
„ subsp . p u rv i f lo ru m  71012
,, subsp . foen icu laceum  71022
,, subsp . canariae  71039
h a o u a r y th e u m  70266

70267
70228

callichr ys urn 70240
70284

corono  p i f  oli um  70236
70219

b roussone ti i  subsp . broussonctii  71030
„ —  70238
„ —  71042
a d a u c tu m  subsp . canariense  70224

Fig. 3. S ign ifican t t-values ob ta ined  by  co m p arin g  a rm  indices (r-index) fo r  ch rom osom es 
no. 13— 14 in 21 p o p id a tio n s fro m  6 species of A rgyra n th e in u m .

fru tescen s  s '  r , f rutescens

,, sub sp . gracilescens

,, subsp . parui f lo ru m  
„ subsp . /  oeniculaceum  
,, subsp . canariae  
h a o u a ry th eu m

ca ll ichrysum

coro n o p i fo l iu m

broussone ti i  subsp. broussoneti i  

a d a u c tu m  subsp . canariense

70247
70282
71013
70223 
71031
71020
71021 
71012
71022 
71039
70266
70267 
70228 
70240 
70284 
70236 
70219 
71030 
70238 
71042
70224

Fig. 4. S ign ifican t t-values ob ta ined  by com paring  length  indices (1-index) fo r  chrom osom es 
no. 13— 14 in 21 po p u la tio n s fro m  6 species of A rg yra n th em u m .
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fru tescens  subsp. frutescens

,, s 111 » s i ). gracilescens

,, subsp. p arv i f lo rum  
,, subsp. foen icu laceum  
,, subsp. canariae  
haoua rg th eu m

foeniculaceu m
gracile
maderense
tlialassophilum
callichrgsum

coronop i f  oliuin

broussoneti i  subsp. broussonetii

liierrense  

fili  fo l ium
adauc tum  subsp. canaliense

70247
70282
71013
70223 
71031
71020
71021 
71012
71022 
71039
70266
70267 
70228 
70036 
70227 
70076 
71010 
70240 
70284 
70236 
70219 
71030 
70238 
71042
71005
71006 
71008
70224
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Fig. 5. Significant t 
15— 16

values ob ta ined  by c o m p ar in g  a rm  indices (r-index) for  ch rom osom es 
in 28 popula t ions  f ro m  12 species of A rggran them um .

s u b s p .  ca n a r ien s e  c o l le c ted  at R in c o n  d e  
T e n e g u id a  o n  G ra n  C a n a r i a .  I n  b o t h  cases,  
th e  cel ls  w i t h  q u a d r iv a l e n t s  h a d  a  r e d u c e d  
c h i a s m a  f r e q u e n c y  b u t  t h e r e  w a s  l i t t le  
o v e r a l l  e f fe c t  o n  t h e  r e c o m b in a t io n  i n d e x  
( h a p lo i d  c h r o m o s o m e  n u m b e r / n u m b e r  o f  
c h i a s m a t a )  f o r  t h e  w h o le  p o p u la t io n .

DISCUSSION 

Chromosome Num be rs

A b o u t  400  o u t  o f  t h e  a p p r o x i m a t e  e s t i ­
m a t e  o f  1400 sp ec ie s  o f  the  A n t h e m i d e a e  
a r e  k n o w n  c y to lo g ic a l ly  w i th  r e s p e c t  to  
c h r o m o s o m e  n u m b e r s  (T ab le  4) .  T h e  b a s i c  
n u m b e r  is i n v a r i a b l y  x  =  9 a n d  v a r ia t i o n s  
f r o m  th e  d ip lo id  2n =  18 a r e  k n o w n  m o s t ly  
in  p o l y p lo i d  se r ies  a n d  o c c a s io n a l  a n e u -

p lo id s .  T h e r e  is a  w id e  r a n g e  o f  p o l y p lo i d  
n u m b e r s  in th e  t r ib a l  c o m p le x  f r o m  th e  
2x ( 2 n = 1 8 )  to th e  22x  (2n =  198) leve ls  
( D o w r i c k  1952), t h e  sp e c if ic  f r e q u e n c ie s  
o f  w h ic h  a r e  s h o w n  in T a b le  4.

A l th o u g h  th e  A n t h e m i d e a e  a r e  w id e ly  d i s ­
t r ib u t e d  t h r o u g h o u t  t h e  t e m p e r a t e  n o r t h ­
e rn  h e m i s p h e r e  a n d  S o u th  A f r ica  w i t h  f e w  
t a x a  o u t s id e  th e se  a r e a s  p o l y p lo i d  v a r i a t i o n  
is re s t r ic te d  to tw o  o r  t h r e e  g e n e r a  a n d  
c lo se ly  a s s o c i a t e d  w i th  p a r t i c u l a r  eco -geo-  
g r a p h ic a l  c o n d i t i o n s  a n d  r e g io n a l  d i v e r ­
sity .  U n d o u b te d ly ,  the  w id e s t  r a n g e  of 
v a r ia t i o n  is f o u n d  in the  g e n u s  L e u c a n -  
t h e m a m ,  w i th  a  c e n t r e  o f  d i s t r i b u t i o n  in 
th e  c e n t r a l  a n d  s o u t h e r n  E u r o p e a n  m o u n ­
t a in s  a n d  th e  w e s t e r n  M e d i t e r r a n e a n  
m o u n t a i n s  o f  M o ro c co .  In  N o r t h  A f r i c a  
all  m e m b e r s  o f  th e  g e n u s  a p p e a r  to  be  
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frutescens subsp. frutescens

,, subsp. gracilescens

„ subsp. purviflorum  
,, subsp. foeniculaceum  
,, subsp. cunnriae 
hciouuryt lie um

foeniculaceum
gracile
maderense
thalassophilum
callichrysum

coronopifolium

broussonetii subsp. broussonetii

hier reuse 

fili folium
adauctum  subsp. canariense

70247
70282
71013
70223 
71031
71020
71021 
71012
71022 
71039
70266
70267 
70228 
70036 
70227 
70076 
71010 
70240 
70284 
70236 
70219 
71030 
70238 
71042
71005
71006 
71008
70224

Fig. 6. Significant t-values obtained by comparing length indices (1-index) for chrom osomes 
15— 16 in 28 populations from 12 species of Aryyrunthemum.

d ip lo id  b u t in E u ro p e  species exh ib it a 
w ide ran g e  of n u m b ers  be tw een  the  d i­
ploid (2ii 18) and  decap lo id  (2n 9 0 i
levels ( B a k s a y  1956, 1957, B ö c h e r  & 

L a r s e n  1957, F a v a r g e r  1959, F a v a r g e r  
& V i l e  a r  d  1965, P o l a t s c h e k  1966, V i l - 
LARi) 1970, P a r e s  1972). T he po lyp lo id  
endem ic  species of D en d ra n th em a  o f e a s t­
ern  C h ina  and  Ja p a n  a re  a lso  w ell know n 
cy to log ically . In  th is reg ion  ab o u t 30 spe­
cies have  been  exam ined  an d  show n to 
have a ran g e  o f p lo idy  levels be tw een  the  
d ip lo id  (2n 18) an d  th e  dodecap lo id
(2n =  108) ( S h i m o t o m a i  1932, 1933, 1937 
a, b, 1938, S h i m o t o m a i  & T a k e m o t o  1939, 
S h i m o t o m a i  et al. 1956, 1957, 1958, 1960, 
T a n a k a  1959 a, b, c, S h i m u z u  1962). Few  
high ch ro m o so m e coun ts  exist fo r  genera  
in o th e r  a rea s  of A n them idean  d iversity

an d  av a ilab le  re p o r ts  seem  to  ind ica te  
th a t m o s t ta x a  a re  e ith e r  d ip lo id  (2n 18)
o r  te trap lo id  (2n 36) (see B o l k o v s k i k i i

e t al. 1969, M o o r e  1973). In  M acaronesia  
all tax a  of th e  C h ry sa n th e m in a e  so fa r  
exam ined  a re  d ip lo id , a p a r t  fro m  a single 
te trap lo id  , , 'a tio n  o f T a n ace t i im  ptar-
m ica e f lo ru m  re p o r te d  fro m  G ran  C an aria  
by  L a r s e n  (1960).

Chromosome Morphology

T h ere  have been  n u m ero u s  well d o cu ­
m en ted  exam ples of k a ry o ty p e  evo lu tion  
( B a b c o c k  1947, L e w i t s k y  1931, S m i t h  

1964, S t e b b i n s  1950). S t e b b i n s  (1971) 
show ed lhat il is o ften  q u ite  possib le  to 
de te rm in e  the  m o rp h o lo g ica l sequence  of 
k a ry o ty p e  evo lu tion  by  using  th e  fo llow ing
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Table 3. C hiasm a frequencies, m ean  n u m b er of ch iasm ata  (x), re co m b in a tio n  indices 
(R. I.), and  p a irin g  con fig u ra tio n s of ch ro m o so m es at d inkinesis and m etap h ase  I in 

field  collections of 15 species of A ry yr a n th e m u m .  — N: n u m b er of cells stud ied .

P er cent ch ia sm ata
Species X R.I. C o n fig u ratio n N

14 1 15 1 16 17 1 18 1 19

1*01)11 - 

l a t i o n

fru tescens  
3461 su b sp . fru tescens  . . . .  -
3275 „ .........................  -  12
3282 „ .........................  -
70282 „ ......................... -

DB320 „ .........................  -
70223 „ .........................  -
3376 subsp. succu len tum  . . -
70227 subsp. gracilescens . . -
70265 „ ......................... -
3179 „ .........................  -
3208 „ .........................  -
3360 subsp. parvi f lo ru m  . . -
3363 „ .........................  -
3348 subsp. foeniculaccum
3352 „ ......................... -
3001 subsp. canariae  ...........-
3002 „ ......................... -
3417 hao u u ry th eu m  .................  -
3429 „ ........ '..................................  -
70036 foeniculaccum  ................. -
3262 „ ............................................  -
71017 „ ............................................  -
3252 gracile .................................  —
3260 „ ............................................  -
DB265 te neri fac  ............................. -
71019 w i n t e r i .................................
3152 lidii ......................................  -
70240 callichrysiim  ....................  15
70236 coronop i foliiim ...............  -
3382 broussoneti i  ......................  -
3364 „ ............................................  -
3323 hierrense  ......................
3409 webbii  .................................
3060 f i l i f o l i u m ............................. —
3081 „ ............................................  -
3077 escarrci ...............................  -

adauctum
70224 1 p. canuricnsc  . . .  20 40
3007 „ .......................  8.5 58
3008 „ ......................... —
3009 „   10

3013 subsp. gracile ............... -
3012 „ ......................... -
3014 „ .........................-
3034 „ .........................-
3046 „..... .......................
3110 „..... .......................  -
3111 subsp. jacobaeifo l ium  —
3386 subsp. dugourii  ...........  —
3186 subsp. a dauctum  . . . .  -
3190 „ ........................  —
3309 subsp. erythrocarpon

— 10 90 — 17.9 1.99 911 195
24 64 — 17.5 1.94 91! 300

— 25 75 — 17.9 1.99 911 119
40 15 15 30 20.1 2.24 911 (75 °/o)

11V +  711 (25 °/o) 700
50 50 18.5 2.08 911 50

— 20 60 — 18.2 2.03 911 76
85 15 — 17.9 1.99 911 80

50 20 30 — 16.8 1.66 911 142
20 20 10 50 18.0 2.00 911 225
— 15 85 17.9 1.99 911 133
— — 100 — 18.0 2.00 911 175
— 45 55 — 17.5 1.94 911 40
— 80 20 — 17.3 1.92 911 138
— 33 67 — 17.8 1.98 911 150
10 45 45 — 17.4 1.93 911 124
— 85 15 — 17.9 1.99 911 254
— — too — 18.0 2.00 911 250
— 25 75 — 17.9 1.99 911 170
— 15 75 10 18.0 2.00 911 166
30 40 30 — 17.0 1.88 911 355
— — 100 — 18.0 2.00 911 125
— — 100 — 18.0 2.00 911 107
— 15 85 — 17.9 1.99 911 195
10 — 90 — 17.9 1.99 911 70
— - 10 75 15 18.1 2.01 911 65
— — 100 — 18.0 2.00 911 13
— — 100 18.0 2.00 911 23
15 40 30 — 16.7 1.63 911 44
— - — 100 18.0 2.00 911 32

10 90 — 17.9 1.99 911 230
— 40 60 — 17.6 1.95 911 20
— 60 40 17.4 1.93 911 12
— — 100 18.0 2.00 911 72
— 40 60 17.6 1.95 911 90
— — 100 — 18.0 2.00 911 45
— 100 18.0 2.00 911 45

30 10 _ _ 15.3 1.70 911 133
25 8.5 — 14.8 1.60 911 140
— 30 70 — 17.6 1.95 911 30
20 40 20 10 17.0 1.88 911 (77 °/o)

1IV +  711 (2 3 % ) 165
— 10 80 10 17.6 1.95 911 112
— 30 70 — 17.6 1.95 911 64
— 12.5 77.5 10 18.0 2.00 911 340

— 100 — 18.0 2.00 911 25
— — 100 — 18.0 2.00 911 34
— 30 70 — 17.5 1.94 911 24
— 10 90 — 17.9 1.99 911 17
— — 100 — 18.0 2.00 911 90

5 30 60 5 17.6 1.95 911 42
— 25 75 — 17.7 1.96 911 18
— 10 90 — 17.9 1.99 911 20

B ot. ÎSTotiser, v o l. 128, 1975

^



250 CHRISTOPHER JOHN HUMPHRIES

o

10p

Fig. 7. A: Meiotic metaphase bivalents in 
Argyranthemum tenerifae (population DB265), 
showing variation in chiasma position. — 
B: A single terminal reciprocal translocation 
in chromosomes oi' Argyranthemum frute­
scens subsp. frutescens (population 70282). 
— C: Metaphase bivalents in Argyranthemum  
fili fotium  (population 3060).

cr i te r ia :  (a) d ifferences in Ihe absolute  
size o f ch rom o so m es ;  (b) d ifferences in 
c e n tro m e re  posi tion  (sym m etry  v. a sy m ­
metry)  ; (c) d ifferences in relative c h ro ­
m o so m e  size; (d) d if fe rences  in the basic  
n u m b e r ;  an d  (e) d ifferences in the  n u m ­
ber  an d  position  of satell ites. In  m an y  
p la n t  g roups , how ever,  w h e re  th e re  are  
on ly  sl ight changes in the a p p e a ran ce  of

ch rom osom es ,  the  significance of cyto- 
logical d if fe ren t ia t io n  can  be very difficult 
to assess d irec tly  f ro m  m orpholog ical  o b ­
servation  ( B o t h m e r  1970, J o n e s  1970, 
J o n e s  & J o p l i n g  1972, M o r l e y  1972).

T he  c h ro m o so m a l  var ia t ion  in A rgyran-  
t h e m u m ,  fo r exam ple ,  has  been sh ow n  to 
be due  lo s l ight d if fe rences  in c h ro m o ­
som e size a n d  c en trom er ic  position. H o w ­
ever, there  is no  d iscernib le  m o rp h o lo g i­
cal sequence w h ich  can be in te rp re ted  as 
an  evo lu t io na ry  sequence, f ro m  one sp e ­
cies to the next. M inute  d ifferences do 
o ccu r  but th ey  m a y  be of the sam e m a g ­
n itud e  be tw een  d if fe ren t  pop u la t ion s  w i th ­
in a species as be tw een  d if feren t species 
in the  genus. T hus ,  in a genus in w h ic h  
all taxa  have  a basica lly  s im ilar  k a r y o ­
type, adap tive  gene sequences a re  p r e ­
sum ab ly  b ro u g h t  a b o u t  by  genic o r  sl igh t 
s t ru c tu ra l  cyto logical changes. These  m a y  
be affec ted  m echa n ica l ly  by  eros ion  at the 
tips of ch ro m o so m e  a rm s  (A. h ie r re n se ) , 
bv  loss of satell ites {A. th a la sso p h i lu m ) ,  
o r  by  the t ran s lo ca t io n  of small te rm in a l  
segm ents  w hich  can  only  be de tec ted  at 
meiosis (A. canariense  an d  A. f r u te s c e n s ) . 
These  processes m a y  becom e rap id ly  f ixed  
in a p o p u la t io n  b y  an  ou tc ross ing  b r e e ­
ding  system. P o p u la t io n s  of A rg yra n -  
th e m u m  a re  n o rm a l ly  s t rong ly  eco lo g i­
cally  isolated f ro m  one an o th e r  a n d  
h yb r id s  be tw een  th e m  ra re ly  becom e e s t a ­
blished ( H u m p h r i e s  1973). T h e re  a re  
a lw ays  some p h en o ty p ic  d if fe rences  b e ­
tween ad ja c en t  p o p u la t io n s  w h ich  c an  
be in te rp re ted  as the  d irec t  re s u l t  of 
m in u te  s t ru c tu ra l  o r  genic changes.

S ignificant sta tis t ica l  d if fe rences  in  the 
k a ry o ty p e  b e tw een  p o p u la t io n s  do ten d

Table 4. Frequency of different chromosome numbers within the Anthemideae. Compiled 
from B o l k o v s k ik h  e t al. 1969 and M o o r e  1973.

2n 18 27 36 54 72 90 108 198 Intraspecific
polyploids

Aneu-
ploidls.

No. of species 252 5 75 28 8 6 1 1 65 36
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to be greater  for populations of different 
species than for populations of the same 
species. However, it must be pointed out 
that such differences are not always neces­
sarily significant cytologically. Normally 
there is no well defined specific variation 
which can be detected at mitosis except 
perhaps for A. hierrense, which has a 
single pair  of subterminal (st) chrom o­
somes, and  A. thalassophilum  which has 
only one pair  of satellite (SAT) chrom o­
somes.

Meiosis and the Breeding System

Studies of pairing behaviour at meiosis 
in na tu ra l  populations of different species 
of Argyran them um  indicates that there 
is some genetic and cytological control of 
population variability. The principle effect 
of significant differences in chiasma fre­
quency and hence adjustments in the 
degree of recombination is the regulation 
of extent and flow of variability w ith­
in populations. D a r l i n g t o n  (1939) and 
M a t h e r  (1943) postulated on theoretical 
grounds that a restriction of recombina­
tion to reduce variability, i.e. a low chi­
asma frequency, would be desirable for 
survival among short-lived ephemeral and 
annual plants. However, recently the 
totally opposite situation has been sug­
gested for the agriculturally im portant 
grasses Lolium, Festuca  and Secale. In ­
vestigations on these grasses by R e e s  & 

A i i m a d  (1963), S u n  & R e e s  (1964), J o n e s  

& R e e s  (1966), C r o w l e y  (1969) and R e e s  

& D a l e  (1974) have shown that a low 
chiasma frequency can be correlated with 
the perennial habit,  and a high chiasma 
frequency predominates in annual popula­
tions. R e e s  & A h m a d  (1963) and C r o w l e y  

(1969) suggest that the high chiasma fre­
quencies in short-lived populations may 
compensate for reduced variability, al­
though recently R e e s  & D a l e  (1974), 
working on the assumption tha t  chiasma 
frequencies are heritable in populations 
of different origins, argue that high chi­
asma frequencies are not the result of low 
17

genetic variability but are instead the cause 
of it. All species of A rgyranthem um  are 
perennial with some individuals know n to 
survive to the age of ten or fifteen years 
( H u m p h r i e s  1973) and so the observed 
variations in chiasma frequency cannot be 
explained in terms of an adaptation corre 
lated with longevity. Species represented 
by a few populations and individuals with 
low overall variability ( H u m p h r i e s  1973), 
such as the Gran Canarian endemics A. 
filifolium  and A. lidii, have an overall 
relatively high chiasma frequency w hen 

compared with more widespread taxa. Vari­
able species such as A. adauctum  and A. 
frutescens,  both found in a num ber of 
different ecological conditions on three 
of the western Canary Islands, have m uch 
lower observed chiasma frequencies. The 
high chiasma frequency of the specialised 
endemic is presumably best explained as 
a compensatory device for depleted v ar ia ­
bility and in the more variable taxa as a 
conservation maintenance system p rese r­
ving well adapted genotypes. Indeed the 
presence of a single translocation in the 
chromosomes of just two populations of 
.4. frutescens  and .4. adauctum  underlines 
the adaptive value of complex heterozygo­
sity for survival in the Chrysantheminae 
( R a n a  & J a i n  1965, P a r i a  & P r a d h a m  

1972).
An added complication to this in ter­

pretation stems from the nature of the 
breeding system. Although all species of 
Argyranthemum  so far examined show 
obvious characteristics for outbreeding, 
with heterogamous radiate capitula, ex­
hibiting centripetalous floral maturation, 
they can also be self-compatible ( H u m p h ­

r i e s  1973). Individuals can be found in 
most of the vegetation zones of the Maca- 
ronesian islands and it is highly likely that 
in pioneer situations self-fertilization will 
be the principal breeding system, ra the r  
than the exception. One would expect 
therefore in these situations for an increase 
in chiasma frequency as a response to in­
creased homozygosity in the inbreeding 
plants. In conclusion il must be said that 
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there m ust be m any factors w hich can  
effect the variability of populations and 
the w ays in w hich they res, ' to d iffer­
ent selective pressures. However, despite 
the lack of critical quantitative data on 
the precise m odes of genetic flexib ility  
and variability  in A rgyran them um , it 
seem s that variation in chiasm a frequency  
is an effective m ethod of controlling gene­
tic and hence phenotypic expression in a 
diploid genus w ith species of a sim ilar 
genom ic constitution.
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APPENDIX

List »I m aterial investigated

C o lle c tin g  d a ta  fo r  p o p u la t io n  sa m p le s  a re  
as  fo llo w s , a n d  u n le ss  o th e rw ise  sp e c ified , 
c o lle c tin g  a n d  c u lt iv a tio n  n u m b e rs  a re  th o se  
o f  H u m p h r i e s  a n d  R r a m w e l l , co llec ted  
jo in tly  in  1971.

A r g y r a n t h e m u m  f ru te s c e n s  (L. f i l .) 
S c h u l t z  B i p . su b sp . f r u t e s c e n s : 70223, T e n e ­
rife , T e n o , 1969, B r a m w e l l ; 70247, 70282, 
71013, T e n e r if e ,  S a n ta  C ruz, 1969, B r a m w e l l ; 
D B320, T e n e r if e ,  C asas d e  T e n o  B a jo , 25 m , 
25.10. 1968, B r a m w e l l ; 3275, sa m e  lo ca lity ,
5.4. 1971; 3282, T e n e rife , E l F ra ile , 50 m ,
5 .4 .  1 9 7 1 ;  3 4 6 1  Ig u e s te  de S an  A n d rés , 200 m ,
18.4. 1971.

A. f r u t e s c e n s  su b sp . s u c c u le n tu m  C. J . 
H u m p h r i e s : 3376, T e n e rife , P la y a  d e l R o q u e , 
T a g a n a n a , 20 m , 9.4. 1971.

*4. f r u t e s c e n s  s u b s p .  grac i le scens  ( C h r i s t .) 
C.  J .  H u m p h r i e s : 7 1 0 3 1  & 3 1 7 8 ,  T e n e rife , 
b e tw e e n  S o b ra d illo  & Bco. G ran d e , 2.4 .  1971; 
7 0 2 2 7  & 7 0 2 6 5 ,  T e n e rife , C a n d e la ria , 4 . 1 1 .
1 9 6 8 ,  B r a m w e l l ; 3 2 0 8 ,  T e n e r i f e ,  B c o .  d e  
T a m a d a y a ,  6 0 0  m ,  3 .4 .  1 9 7 1 .

A. f r u t e s c e n s  su b sp . fo e n i c u la c e u m  P i t a r d  
& P r o u s t : 7 1 0 2 2  & 3 3 4 8 ,  G o m era , Bco. d e  
V a lle h e rm o so  n r . E l P u e r to , 6 .4 .  1971; 3 3 5 2 ,  
G o m era , 3  k m  W  of A gulo  n r . L as R o sas  500 
m , 3 .4 .  1971.

A. f r u t e s c e n s  su b sp . ca nar iae  ( C h r i s t .) C. J. 
H u m p h r i e s : 71039, G ran  C a n a r ia , n r . B a n a - 
d e ro s , 15.3. 1970, B o r g e n ; 3001, G ran  C a n a ria , 
S a n  F e lip é , 50 m , 17.3. 1971; 3002, sa m e 
lo c a lity , 200 m , 17.3. 1971.

A. f r u t e s c e n s  s u b s p .  p u m i l u m  C. J . H u m p h ­
r i e s : 3155, 3169, G ran  C a n a r ia , B co. L a v a  
del R isco , 23.3. 1971.

.4. l x a o u a r y th e u m  C. J . H u m p h r i e s  & 1). 
B r a m w e l l : 70228, L a  P a lm a , L a  C u m b re c ita , 
9.6. 1969, B r a m w e l l ; 70266, L a  P a lm a , P in a r  
de F u e n e a lie n te , 50 m , 9.6. 1969, B r a m w e l l ; 
70267 & 3429, L a  P a lm a , C asa  de C u m b re c ita ,
15.4. 1971; 3414, L a  P a lm a  H e lin o , b e tw e e n  
F u e n e a l ie n te  a n d  L os L la n o s , 15.4. 1971, 
B r a m w e l l ; 3417, L a  P a lm a , R o q u e  de T en e- 
gu ia , 150 m , 15.4. 1971.

A. f o e n i c u l a c e u m  ( W iL L D .)  W e b b  ex 
S c h u l t z  B i p . :  70036, T e n e rife , S v e n t e n i u s ;  
D B 390, T e n e r if e , H o v a  de M a lp a is , 450 m ,
1969, B r a m w e l l ; 71017, T e n e rife , 1971, cu lt, 
ex T a f i r a  B o ta n ic  G a rd e n ; 3262, T e n e rife , E l 
R e ta m a r , 4.4 1971; 3469, T e n e rife , B co. del 
M asca , 19.4. 1971.

/1. grac i le  S c h u l t z  B i p .: 7 0 2 2 7 ,  T e n e rife , 
A deje , 11. 1 9 6 8 ,  B r a m w e l l ; 7 0 2 8 8 ,  T e n e rife , 
G u im ar, ex  J a r d in  de A c c lim a ta c io n ; 3 2 5 2 ,  
T e n e rife , V a lle  Seco, 6 0 0  in, 4 .4 .  1 9 7 1 ;  3 2 6 0 ,  
T e n e rife , T a m a im o , R isco s de M a lp a is , 4 .4 .  
1971 .

A. te n e r i fa e  C. J . H u m p h r i e s : D B 265, Je n e - 
rife , L as  C a n a d a s , E l P o r t i l lo ,  2000 in, 1969, 
B r a m w e l l .

A. m a d e r e n s e  (D. D o n ) C. J . H u m p h i i e s : 
70076, L a n z a ro te , F a m a r a ,  1969, B o r g e n ; 
D B 1655, sa m e  lo c a lity , 300 ni, 15.5. i960, 
B r a m w e l l .

A. w in t e r i  ( S v e n t .) C. J . H u m p h r i e s : 7 019, 
F u e r  te v e n tu ra , H a n d ia  ( ty p u s  leg. S v e n ­
t e n i u s ) 1971, co ll. ex T a f i r a  B o ta n ic  G arden.

A. lid i i  C. J. H u m p h r i e s : 3152, G ran  C an a­
r ia , A n d en  v e rd e  b e tw e e n  A gaëte  a n d  S an  
N ico la s , 600 m , ( ty p u s) .

A. t h a l a s s o p h i l u m  ( S v e n t .) C. J . H u m p h ­
r i e s : 71010, S a lv ag e  I s la n d s , P ic o  G runde,
( S v e n t e n i u s ) co ll. ex T a f i r a  B o ta n ic  G arden.

A .  c a l l i c h r y s u m  ( S v e n t . )  C. J .  H u m p h r i e s :  
70240, G o m era , b e tw e e n  A g a n d o  & Ig uelero , 
27.7. 1969, B r a m w e l l ;  70284, G o m era , V alle 
E x ito , C a n a d a  d e  H o rc h il la ,  Ig u e le ro , S v e n ­
t e n i u s .

.4. c o r o n o p i fo l i u m  ( W i l l d .) C. J . H u m p h ­
r i e s : 70219 a n d  70236, T e n e r ife , B u e n a v is ta , 
E l F ra ile ,  6. 1969, B r a m w e l l .

.4. b ro u s s o n e t i i  ( P e r s .) C. J . H u m p h r i e s

su b sp . b ro u s so n e t i i :  70238, T e n e rife , C um b re  
de T a g a n a n a , E l B a ile d e ro , 21.5. 1969, B r a m ­
w e l l ; 71030 & 3382, R o q u e  del A gua, 9.4.
1971; 71042, T e n e rife , M o n te  M e rce d es, 450
in, 24.3. 1970, B o r g e n ; 3364, T e n e rife , A zano,
9.4. 1971.

A. h ie r re n s e  C. J .  H u m p h r i e s : 71005,
H ie r ro , C u e sla  de S a b in o sa , 150 in , 8.4, 1971; 
71006, H ie r ro , R o q u e s  de S a lm a r , 9.4. 1971; 
3323, H ie r ro , N W  o f S a b in o sa , 9.4. 1971.

.4. w e b b i i  S c h u l t z  B i p .: 3409, L a  P a lm a , 
B co . d e l A gua, 14.4. 1971.

A. f i l i fo l i u m  ( S c h u l t z  B i p .) C. J . H u m p h ­
r i e s : 71008 & 3060, G ra n  C a n a r ia ,  A rg u in - 
ig u in , 250 m  21.3. 1971; 3081, G ra n  C a n a r ia , 
7 k m  N o f M ogan , 21.3. 1971.

A. escarrei  ( S v e n t .) C. J . H u m p h r i e s : 
3077, G ran  C a n a r ia , B co. d e  T a s a r te ,  600 m ,
21.3. 1971.

A. a d a u c tu m  ( L i n k ) C. J . H u m p h r i e s  
su b sp . a d a u c tu m :  3186, T e n e r ife , M ira d o r  
O r tu n o  2.4. 1971; 3190, T e n e r if e  L os R a ic es, 
M o n te  De E s p e ra n z a , 2.4. 1971.

A. a d a u c t u m  su b sp . c a n a r ie n s e  ( S c h u l t z  
B i p .) C. J . H u m p h r i e s : 70224, G ra n  C a n a r ia , 
L e n tis c a l, 400 m , K u n k e l ; 3008, G ra n  C a n a r ia ,
2 k m  S o f  S an  M a teo , 650 m , 17.3. 1971; 3009, 
G ran  C a n a r ia  R in c o n  d e  T e n te n ig u a d a , 600 m ,
19.3. 1971.

.4. a d a u c tu m  su b sp . grac i le  ( S c h u l t z  B i p .) 
C. J . H u m p h r i e s : 3012, G ra n  C a n a r ia , T e- 
m isa s , 900 m , 19.3. 1971; 3013, G ra n  C a n a r ia , 
1 k m  S of S a n ta  L u c ia  d e  T ir a ja n a ,  19.3. 
1971; 3014, G ran  C a n a r ia ,  S a n  B a r to lo m é , 
750— 800 m, 19.3. 1971; 3034, G ra n  C a n a r ia ,
3 km  N o f P a so  de la  P la ta ,  19.3. 1971; 3046, 
G ra n  C a n a ria , b e 'o w  F a ta g a ,  200 m , 21.3.
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1971; 3110, Gran Canaria, Pinos de Tama- 
daba, 25.3. 1971.

,1. adductum  subsp. jacobaeifolium  
( S c i i u l t z  B i p .) C. J. H ü m p h r i e s ; 3111, Gran 
Canaria, 1350 in. Pine forest, 25.3. 1971.

A. adauctum  subsp. dugourii ( B o l l e ) C. J.

H u m p h r i e s : 3386, Tenerife, El Retam ar, 2300 
in, 10.4. 1971.

,4. adauctum  s u b s p .  erythrocarpon  ( S v e n t .) 
C. J. H u m p h r i e s : 3309, H ierro, La F rontera, 
850 m, 7.3. 1971.
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On the Size and Microstructure of Pollen Grains of  

Quercus robur and Q. petraea (F agaceae)

U l f  Olsson

O l s s o n ,  Ü. 1975 10 10. On 1 lie size and microstructure of pollen grains of 
Quercus robur and Q. pelraea (Fagaceae). — Bot. Notiser 128:256—264. Lund. 
ISSN 0006-8195.

The tricolpate pollen grains of Q. petraea and Q. robur are very similar in 
the structure of Ihe exine and inline. All types described are lo be found within 
all the species. The pollen dimensions (P, E) of polar and equatorial axes are 
greater in Q. petraea than in Q. robur but intraspecific variation is greater 
than interspecific. A wide or skewed distribution of the values of E sometimes 
exceeding the extremes of either species is indicative of the hybrid nature of an 
oak. This is also shown to he valid for two oaks with aberrant leaves (Q. petraea 
Xrobur  nm. mespilif olio) .
Ulf Olsson, Department of Plant Taxonomij, Universiti] of Lund, O. Valhjatan 
18— 20, S-223 61 Lund, Sweden.

INTRODUCTION

Quercus petraea  ( M a t t u s c h k a )  L i e b l .  
an d  Q. robur  L., subgenus L epidobalanus  
( E n d l . )  O e r s t e d  have  a w ide d is tr ibu tion  
in Europe .  T h e  o p t im u m  ecological d e ­
m ands  as reg a rd s  h a b i ta t  d iffer w ith  the 
species ( F r i e s  1865, W e i m a r c k  1947 a). 
However,  the sessile an d  p ed u ncu la te  oaks 
do exisl as sy m p a tr ic  species resu lt ing  in 
h yb r id s  and  in trogressive  popu la t ion s  
( C o u s e n s  1962, 1963, 1965; C a r l i s l e  & 
B r o w n  1965). 'Phis is also con f i rm e d  by 
Ihe au thor ,  w h o  has exam ined  the p o p u la ­
tion s t ruc tu re  of oak w oods in so u the rn  
Sw eden ( O l s s o n  1975 a).

Phe object o f th is investigation is to 
com p a re  va r ia t ion  in pollen  m o rp h o lo g y  
in Q. petraea  an d  Q. robur  as well as in 
oaks w hich  a re  p re su m ed  to he the s p o n ­
taneous h y b r id  p rog eny  of these species. 
In add it ion  the  charac te r is t ics  of pollen 
gra ins  of tw o oaks w ith  a b e r r a n t  leaf 
fo rm s  are  no ted  (cf. O l s s o n  1975 h).

Phe pollen m o rp h o lo g y  of Q. petraea  
an d  Q. ro bu r  has  been  descr ibed  by 
C e r n j a v s k y  (1935), E r d t m a n  (1943),
Bot. Notiser, vol. 128, 1975

E r d t m a n  et al. (1961), V a n  C a m p o  & 
E l h a i  (1956), M o n o s z o n  (1954, 1962) and 
P r a g l o w s k y  (1962) w h o  all u sed  con­
ven tiona l light m icroscopy .  V a n  d e r  

S p o e l - W a l v i u s  (1963) p resen ts  a  desc r ip ­
tion based  on  p h ase  c o n tr a s t  m icroscopy. 
Phe Q uercus  species s tud ied  by  h im  are 
subdiv ided  into two g ro u p s  on the  basis 
of the ir  po llen  m o rp ho lo gy .  T h u s  Q. 
petraea, Q. robur  a n d  Q. p ub escen s  W i l l d .  
const i tu te  one type  ac co rd in g  to the ta x o ­
nom ic  subd iv is ion  m ad e  by S c h w a r z  
(1936— 1939). T h is  is a lso  co n f i rm e d  by 
S m i t  (1973) in a scan n in g  e lec tron  m ic ro ­
scopic stud}* of Q uercus  po l len  grains .  He 
com bines  six species to fo rm  a robur  ■— 
petraea  g ro up  b u t  m ak es  no a t t e m p t  to 
subdiv ide  this g ro u p  fu r th e r .  P i l c h e r  
(1968) states “ th a t  the  v a r ia t io n  seen in the 
pollen of a single tree is so g rea t  th a t  the 
d if fe ren t ia t ion  of the tw o species in fossil 
m a te r ia l  seems to  be im p o ss ib le” . In  
a n o th e r  scan n ing  e lec tro n  m icroscop ic  
ex am in a tio n  of recen t po llen  g ra in s  D u ­
p o n t  & D u p o n t  (1972) co n f i rm  th is  s t a t ­
em ent and  no te  m o re o v e r  the  g rea te r  v a r i ­
ability of Q. ro bur  grains.
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A ccording to the presen t s tudy  ot' th e  
exine a nd  inline s t ru c tu re s  all types o b ­
served a re  to be fou nd  in both  species. 
T h ere  is a  s ta tis tica lly  significant d i f f e r ­
ence be tw een  the species as regards  the 
length  of the  p o la r  a n d  equa to r ia l  pollen  
axes: the g ra ins  of the sessile oak  a re  on 
the average  larger,  b u t  the in traspec ific  
varia tion  m a y  be the sam e as o r  g rea te r  
th a n  the in terspec if ic  one. Yet the d is t r i ­
bu t ion  of these  ch a rac te rs  is of grea t  va lue  
in de tec ting  in trogressive  individuals. In 
a p rev ious exp er im en ta l  s tudy of Linario  
vulgaris  (L.) M i l l e r  a n d  L. repens  (L.) 
M i l l e r  the a u th o r  has show n that, a f te r  
repea ted  crossings, p lan ts  of the first filial 
genera t ions  in p a r t ic u la r  have a f r equ ency  
d is tr ib u t io n  of b iom etr ic  pollen  values (P, 
E, P /E) w h ich  is m a rk e d ly  divergent f ro m  
w h a t  is n o rm a l  fo r  e i ther  of the p a re n t  
species ( O l s s o n  1 9 7 5  c ) .  The results  of 
c o rresp on d ing  analyses of oak po llen  s u p ­
port  the a ssu m ed  occurrence  of h y b r id  
individuals .  These  a re  p re su m ed  to be 
in trogressives on  the  resu lts  of o the r  m o r ­
phological studies (O l s s o n  1975 a).

MATERIAL ANI) METHODS

Light microscopy (UM) and scanning 
electron microscopy (SEM) have been used 
to study pollen grains of Q. robur  and Q. 
petraea from localities in Bohuslän and Skåne 
in southern Sweden. Apart from pollen grains 
of the oaks mentioned the pollen types of 
two oaks with subentire leaves (Q. petraeaX  
robur nm. mespilifolia ( W a l l r .) Weim.) are 
described (vouchers, see Appendix).

Preparation Techniques

LM
The slides have been prepared by the 

Palynological Laboratory, Solna, Sweden and 
by the author following the method of aceto- 
lysis introduced by E r d t m a n  (1960).

SEM
The instrument used was a Cambridge 

Stereoscan Mark If microscope (30 kV ac­
celerating voltage; the specimen stage placed 
at 30—45° to the beam; Department of Zoo­
logy, University of Lund). The pollen grains 
were mounted on wax-coated (O l s s o n  1975 c) 
specimen stubs, subsequently shadowed with

gold/palladium (40/60). A couple of these 
preparations of pollen grains from the oak 
species concerned were treated with short 
beams of ruby laser radiation in order to 
get ruptured grains for the study of inner 
structures. This technique is described in a 
separate paper (O l s s o n  1975 d).

RESULTS

Q uercus petraea (M a t t u s c h k a ) L i e b l .

P ollen  gra ins  rad ia l ly  sym m etr ica l ,  iso- 
polar ,  3-colpate, sphero id a l- sub p ro la te ,  
2 8 X 27 p (cf. Table  1, x /P / ,  x /E /) .  Amb 
ro u n d ed  tr ian gu la r .  Colpi r a th e r  na rrow .  
A poco lp ium  ab o u t  9 p. E x ine  1.6 1.9 u
thick, s t ra t i f ica tion  u sua l ly  verrucose . V er­
ruca  o ften  have  m ic ro v e r ru cae  (Fig. 
2 A, E).  O ther  types m a y  be found ,  such 
as sem ipsi la te-p i t ted  (Fig. 2 I a) o r  m ore  
or less verruco se -o rna te  (Fig. 2 I h, M). 
In n e r  side of inline s t r ia te -re ticu la te  (Figs. 
3, 4).

Q uercus robur L.

Po llen  gra ins  rad ia lly  sym m etrica l ,  iso- 
po lar ,  3-colpate, sphero ida l- sub p ro la te ,  
2 7 X 2 6  u (cf. Table  I) . Exine , am b, colpi 
and  a p o co lp iu m  as in Q. petraea. H o w ­
ever, o f  the ve rru cae  types observed  (Fig. 
1 A, E, I, M), sem ipsi la te-p i t ted  a reas  w ith  
m ic ro ver rucae  b e tw een  g rou ps  of la rger 
verrucose  processes a re  a m o re  usual type 
of exine s t ru c tu re  th a n  th a t  fo u n d  in Q. 
petraea.  In t ine  s t ru c tu re  as in Q. petraea  
( i l lustra ted  in O l s s o n  1975 d).

Introgressives

S tru c tu ra l  an d  sc u lp tu ra l  e lem ents  as 
in the p a re n t  species.  T h e  relative f r e ­
qu ency  d is tr ib u t ion  of d i f fe ren t  s t ra t i f ica ­
tion types has not been  considered . H o w ­
ever, a co m p a r iso n  of P, E an d  P /E  for 
the species an d  the i r  spo n ta n e o u s  hybrid  

rr ; ring is p resen ted  below.

B iom etry

S urvey  of po llen  sam ples  f ro m  Q. 
petraea, Q. robur, the i r  in trogressives and
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258 ULF OLSSON

Fig. 1. Quercus robur.  SE m ic ro g rap h s o f pollen grains. —  B, F , .1, N: L a te ra l view of 
p o llen  g ra in s  show ing  the m esoco lp ium  a re a  (x 2,400). —  A, E, I, M: D etails of m eso- 
co lp inm  a rea , rep re sen ta tiv e  of Ihe en tire  exine, show ing I lie uneven ly  d is tr ib u ted  v e rru cae  
of v a ry in g  shapes. B etw een Ihe g roups o f verrucae  one can  fin d  areas of a sem ip sila te  
n a tu re  w ith  very  sm all processes an d  p e rfo ra tio n s  (E, 1), (x 12,000). —  G, G, K, O: P o llen  
g ra in s in p o la r  view. B ecause of sh rin k ag e  the actu al shape of the colpi is d iff icu lt to 

in te rp re t (x 2,400). —  D, H, L, P : Surveys of pollen  g ra ins from  fo u r oaks (x 600).
Bot. N otiser, vol. 128, 1975
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Fig. 2. Quercus petraea.  SE m ic ro g rap h s  of pollen grains. —  B, F, J, N: Latera l  view of 
pollen grains showing the  m esoco lp ium  a rea  (x 2,400). —  A, E, l a  and  b, M: Details of 
the m esoco lp ium  area.  Apart  f ro m  the m ost  representat ive  types of verrucae in A and  E 
one can  find exine scu lp tur ing  as in I h  and  M showing verrucae  interlacing to form  
wind ing  ridges.  Note the a lm ost  psilate  surface  of I a (x 12,000). -— G, G, K, O: Pollen 
grains in p o la r  view (x 2,400). —  D, Ff, L, P:  Surveys of pollen grains f rom  fo u r  oaks

(x 600).
Bot. N o tise r, v o l. 128, 1975
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Fig. 3. Quercus petraea  a n d  Q. robur. — Paly- 
n o g ra m  show ing the a r ran g em en t  an d  shape 
of colpi of the  tr icolpate  pollen grain. The 
s t ru c tu re  of the  inner surface  of the inline is 
a lso show n. T he  cross-section a— b in polar  
view (1) coincides with  the ecpiator of the 
la te ra l  view (2). The actual shape of the 
v e rru cae  is n o t  shown.

Fig. 4. Quercus petraea.  — Pollen  grain  f rac ­
tured by ruby  laser  beams. SE m icrograph  
of the inner  surface  of the intine showing 
str iate-re ticulate  o rn am e n ta t io n  (x 12,000).

tw o  t rees  w i th  a b e r r a n t  l e a f  f o r m s  h a v e  
b e e n  th e  s u b j e c t  o f  a b i o m e t r i c  a n a ly s i s  
o f  th e  f r e q u e n c y  d i s t r i b u t i o n  o f  th e  v a lu e s  
o f  th e  l e n g th  o f  t h e  p o l a r  ax is  (P) ,  t h e  
e q u a t o r i a l  a x is  (E) a n d  t h e i r  q u o t ie n t  
(P /E ) .  S a m p le s  o f  e a c h  sp ec ie s  w e re  c h o ­
sen  f r o m  t re e s  w i t h  h ig h  m a le  fe r t i l i ty  
(i.e. as a r u le  >  90 °/o s t a in a b le  p o l len )  
f r o m  p o p u l a t i o n s  w h i c h  h a v e  b e e n  f o u n d  
lo be  r e p r e s e n t a t i v e  f o r  t h e  spec ies .  In  t h e  
s a m e  w a y  in t r o g r e s s iv e s  h a v e  b e e n  t a k e n  
f r o m  o a k  ; , ' a t i o n s  w h i c h  a r e  c o m p o s e d  
o f  m a n y  h y b r i d  in d iv id u a l s  ( O l s s o n  

1975 a) .
T h e  d i f f e r e n c e s  in  m e a n  v a lu e s  o f  E  

a n d  P o b s e r v e d  b e tw e e n  th e  sp ec ie s  a r e  
s t a t i s t i c a l ly  s ig n i f ic a n t  (T ab le  1). T h e  
c u m u l a t i v e  d i s t r i b u t i o n  c u r v e s  o f  F ig .  5 
s h o w  th e  o v e r l a p p in g  r a n g e  o f  v a lu e s  (E) 
o f  b o th  sp ec ie s  c o m p a r e d .  O b v io u s ly ,  a l ­
th o u g h  th e  d i f f e r e n c e s  in  m e a n  v a lu e s  
b e tw e e n  th e  sp e c ie s  a r e  s t a t i s t i c a l ly  s ig n i ­
f ican t ,  t h e s e  d a t a  c a n n o t  b e  u sed  f o r  tax o -  
n o m ic a l  c o n c lu s io n s  a t  sp ec ie s  level.

C o r r e s p o n d i n g  p o l l e n  d a t a  f o r  a  s a m p le  
o f  o a k s  f r o m  a n  i n t r o g r e s s iv e  p o p u l a t i o n  
e x h ib i t  s k e w e d  o r  hi- to p o l y m o d a l  d i s t r i -

'ÿpôyo:

(o o'o  :
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Table 1. Quercus petraea, Q. robur and their spontaneous introgressives including Q. 
petraeaXrobur  nm. mespilifolia. — Pollen biom etry; statistical data. — E: Length of 
equatorial axis (p). — P: Length of polar axis (p). — n: Number of pollen grains. — 
x: Mean value. — xq: Difference between mean values. — SI): S tandard deviation. -— 
P. Levels of significance in per cent. — The representatives of nm. mespilifolia have 

the voucher nos 480101 (Gullarp) and 480201 (Högsm a).

Char- 
1 acter Taxon n X SI) Xd P (%)

Quercus petraea (Qp) ......... Qp 250 27.26 2.72
and Q. robur  (Qr) w ith E 1.37 P <  0.1
^  90 per cent stainable Qr 350 25.89 2.45

pollen
Qp 200 28.41 2.31

P 1.64 P <  0.1
Qr 200 26.77 2.73

Qp 200 1.08 0.11
P/E 0.04 0.1 <  P <  1

Qr 200 1.11 0.13

C har­
acter

Stainable
Voucher n X SI) pollen

(%>)

Introgressives

P /E

480101 50 28.89 2.58 94
480201 50 31.67 2.54 92
QX01 50 23.62 5.41 24
QX05 50 26.94 3.59 48
QX09 50 26.30 3.76 64
480101 50 34.16 2.09
480201 50 40.36 3.09
QX01 50 29.18 3.65
QX05 50 28.11 2.84
QX09 50 30.21 2.83
480101 50 1.19 0.12
480201 50 1.31 0.14
QX01 50 1.30 0.27
QX05 50 1.07 0.12
QX09 50 1.17 0.17

b u tio n  cu rves (not illu s tra ted ). T he w ide 
d is tr ib u tio n  is also re flec ted  in  th e  h igh  
values fo r  s ta n d a rd  dev ia tion  o r q u a rtile  
dev ia tio n  (T ables 1, 2). T h is in d ica te s  the  
h y b rid  n a tu re  of the in d iv idua l in  q u estion . 
Indeed  th e  occu rrence  of a w ide am p litu d e  
of, fo r  exam ple, p o llen  d iam ete r (E) b e tte r  
ind ica tes  the  h y b rid  n a tu re  of a  p la n t th a n  
does a low  p ercen tage  of s ta in ab le  p o llen  
g ra in s  a lone  (cf. O l s s o n  1975 c ).

T he a b e rra n t oaks exam ined  fro m  n o r th ­
ern  S kåne (H ögsm a, G ullarp) have  p r e ­

v iously  been  s tud ied  by S v l v é n  (1934), 
W e i m a r c k  (1947 b) an d  o thers , w ho  
stressed  the p ro b lem s in connec tion  w ith  
the  o rig in  o f these oaks w ith  su b e n tire  
leaves. In a n o th e r  p a p e r  (O l s s o n  1 9 75b ) 
the a u th o r  has  sh o w n  th a t the oaks m ay  
be the  h y b rid  o ffsp rin g  of Q. petraea  an d  
(). robur ,  as W e i m a r c k  (1947 b) a lso  co n ­
cluded.

B oth rep resen ta tiv es  of “m e sp ilifo lia ” 
oaks have  m ark ed ly  la rge  po llen  g ra in s , in 
the H ögsm a oak  even la rg e r th an  in  Q.

Bot. Notiser, vol. 128, 1975
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Table 2. Quercus petraea, Q. robur  an d  in trog ressives includ ing  Q. p e tra ea X  robur  nm. 
mespilifolia .  —  P ollen  da ta , viz. m ale fe rtility  as p e rcen tag e  o f sta in ab le  p o llen  grains, 
q u a rtile  d ev ia tion  of pollen  d iam eter (p) (equato ria l axis, E ; n =  50), and n u m b er of leaf 

and  fru it ch a rac te rs  ind icating  h y b rid  o r in trog ressive  n a tu re .

P e r cent Q uartile N um ber of
T axon V oucher sta in ab le dev iation in te rm ed iate

pollen of E ch arac te rs

Quercus  r ob u r

In trog ressives

Q. p e t r a e a X  r obur  nm. 
mesp i l i f o l ia

Q. pe t r a e a

Q 013 96 0.96 0
QO09 96 1.13 0
QO01 95 1.32 0
Q012 95 1.36 0
QO08 94 1.56 0
Q 015 93 1.24 0
QN15 90 1.49 0

QO04 55 1.16 (1)
QO02 48 2.26 0

QX01 24 2.41 3
QX05 48 2.02 i
QX09 64 2.31 i
Q Y ll 59 2.03 i
QY22 57 2.69 2

480101 94 1.90 1
480201 92 1.46 2

QB07 71 1.78 0
QA02 81 2.35 (1)
QB10 91 2.20 0
QB18 91 2.20 0
QB19 94 2.07 0
QA08 96 1.58 0
Q B li 99 1.05 0

p e t r a e a  (F ig . 5). T h is  is in d ic a tiv e  o f  th e  
h y b r id  n a tu r e  o f th e se  o a k s  a n d  th u s  s u p ­
p o r ts  th e  p re v io u s  re su lts .
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A PPENDIX

Code to collections of n a tu ra l  oak p o p u la ­
tions used in this investigation.

Q. petraea.  QA02, QA08: H jä rsås  (Skåne);  
QB07, QBIO, Q B l l ,  QB18, QB19: Sundsvik 
(B ohuslän) .

(J . robur.  QOOl, QOO‘2, QO04, QO08, QO09,

Q012 ,  Q013, Q015: Veberöd (Skåne);  QN15: 
Heinlinge, Glimåkra  (Skåne).

H ybr id  populations.  In trogress ives:  QXOl, 
QX05, QX09: T ju rk ö  (Blekinge);  Q Y ll ,
QY22: Verkö (Blekinge). T he  mespilifolia  
types: 480101: Gullarp, Osby (Skåne);  480201: 
I Iögsm a (Skåne).
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Oaks W ith Subentire Leaves from  Skåne, Sweden. 
A New Critical Attempt to Explain Their Origin
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O l s s o n ,  Ü. 1975 00 00. Oaks with subentire leaves from Skåne, Sweden. A new 
critical attempt to explain their origin. — Bot. Notiser 128: 265—274. Lund. 
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Of the known occurrences of oaks with entire or subentire leaves belonging 
to the form series between Quercus petraea ( M a t t u s c h k a )  L i e b l .  and Q. robur 
L., two trees from northern Skåne have been studied in detail. The results of 
morphological investigations of these oaks compared with corresponding in­
vestigations of Q. petraea and Q. robur afford a certain amount of evidence 
tha t these oaks with subentire leaves are hybrids between Q. petraea and 
Q. robur.
Ulf Olsson, Department of Plant Taxonomy, University of Lund, 0. Vallgatan 
18— 20, S-223 61 Lund, Smeden.

INTRODUCTION

In  S cand inav ia ,  oaks w ith  en tire  leaves, 
described  as fo rm s  of Q. petraea  o r  Q. 
ro b u r , have been  observed exclusively  in 
Sw eden  ( W e i m a r c k  1947). In  the r e m a in ­
ing p a r t s  of E u ro p e  m a n y  fo rm s  or varie ties 
have been  described, som e of w h ic h  are  
discussed  below.

Tw o oaks w ith  a b e r r a n t  lea f  fo rm s  at 
H ögsm a an d  G ullarp  in NE S kån e  (Swe­
den) h av e  been  s tud ied  over a  p e r io d  of 
years . M orpholog ica l  var ia tion , o b se rv a ­
tions on f ru it-se tt ing  an d  percen tage  stain- 
able  p o llen  a re  p resen ted  and  co m p are d  
with  co r re sp o n d in g  observa tions  on Q. 
petraea  a n d  Q. robur  in th e i r  Sw edish  
range.

'flie “ H ö g sm a ” oak was d iscovered  in 
1<S6S an d  th en  nam e d  Q. sessili f lora  var. 
sub in tegri fo l ia  ( P e r s s o n  1885). T h e  “Gul­
la rp"  oak is younger .  On acco u n t  of its 
en tire  leaves th is  o ak  w as  p ro tec te d  in 
1943 (G e r t z  1944). T he  H ögsm a o ak  is 
also p ro tec ted .  Both  oaks  have  long  been 
in te rp re te d  as fo rm s  of Q. petraea  
( H y l a n d e r  1941; G e r t z  1945). H y l a n - 

d e r  d is tinguishes two types w ith  suben t ire

leaves: Q. petraea  f. mespili  folia  ( W a l i .R.) 
S c h w a r z  a n d  Q. petraea  f. subintegrifolia  
(J. P e r s .) H y l .  T he  H ögsm a o ak  is the  

type  tree of the  la t te r  form. The Gullarp  oak 
m ay  also belong  to this  fo rm . W e i .v i a r c k  

(1947) com bines the oaks with subentire  
leaves in to  one hyb r id  form , Q. p e tra ea X  
ro bur  f. m esp il i fo lia  ( W a l i .r .) W e i m ., 
la ter  called Q. p e tr a e a X r o b u r  mu. m e s ­
pil ifo lia  ( W e i m a r c k  1963). This view 
( W e i m a r c k ) is in p a r t  su p p o r ted  by  the 
results  of th is investigation.

RESULTS 

Plant Habit
T h e  genera l  m o rp h o lo g y  of sessile and  

p ed u n cu la te  oaks has been sum m arized  
earl ier  ( O l s s o n  1974, 1975 a).  T he  original 
shoot type  of oaks is a m ono po d iu m . The 
tendency  to d ro p  a n n u a l  shoots or la rge r  
twigs in th e  a u tu m n  (especially by  Q. 
robur)  m a y  m o d ify  the sh ape  of the 
c row n  so th a t  it resem bles th a t  of a tree 
w ith  sy inpod ia l  b ran ch in g  ( J o n e s  1959). 
In add it ion  th e  H ögsm a oak  is c h a ra c ­
terized by  a b u n c h e d  crow n. The Gullarp 
oak  resem bles  petraea  in c ro w n  habit .

Bot. Notiser, vol. 128, 1975



2 6 6  ULF OLSSON

T ab le  1. Q uercus p e traeaX  robur  nm . mespilifolia.  Som e m orp h o lo g ica l data .

C h arac te r Oak a t H ögsm a O ak a Gullarp

Petiole leng th  
P ed u n c le  length  
W id th  to length

to first b ra c t ......................................
22.7 ± ().7 m m  

7.7 ± 0 .6  nun  
1.27 ±0 .03

15.3 ± 0 .5  
2.3 ± 0 .3  
1 3 6  +  0 03

Special crown forms such as those found 
in pendulous and fastigiate oaks are in­
herited in a simple Mendelian manner 
( O p p e r m a n n  1932, P y a t n i t s k i i  1947). The 
almost “corym bous” crown of the Högsma 
oak may be a heritable oak form. About 
three per  cent of the trees of Q. robur  
examined have corymbous crowns. None 
of these oaks, however, lias subentire 
leaves.

Buds

Buds are more or less like those of Q. 
robur. Terminal and  lateral buds of fru it­
ing shoots of these trees resemble “typi­
cal” buds of Q. robur  and Q. petraea 
(Fig. 4). The buds illustrated from specific 
individuals are regarded as representative 
as they agree with earlier results of 
morphological analyses of petraea- and 
robur- oaks ( O ls s o n  1974, 1975 a). There 
is no pronounced difference between these 
buds, indeed, the bud characters are very 
variable. One can find Q. petraea trees 
with large acute buds.

L eaves

The Högsma oak tends to have leaves 
that are more elliptical than in the other 
taxa. However, leaf shape cannot he used 
as a distinguishing character in the taxo­
nomic analysis. The leaf bases are cuneate 
of petraea-type. In the case of lobed leaves 
that can appear on epicormics, the leaves

look like true Q. petraea leaves, except that 
the lobes are acute or almost acuminate. 
New foliage consisting of lobed leaves was 
seen in 1969 on the Gullarp oak after the 
foliage had been completely destroyed by 
caterpillars (Figs. 2 B, 3 A— C).

The length of the petiole is a good dis­
tinguishing character. In Q. petraea the 
petiole is about twice as long as in Q. 
robur. The petioles of the Högsma oak are 
extremely long, longer than  those of the 
Gullarp oak which exceed those of Q. pet­
raea.

F low ers and F ru iting

'I'lie Gullarp oak resembles Q. petraea 
in flower and fruit characters. The Hög- 
sma oak usually has longer catkins, but 
one can find almost “sessile” and  very 
long catkins side by side on the same 
shoot (Fig. 5 A). The acorns of both sub­
entire-leaved oaks resemble the fruits of 
sessile oaks, but the acorns of the Gullarp 
oak in all samples hitherto  obtained have 
constricted tops, indicating non-maturity  
(Figs. 5 C, 7).

Male F ertility  and F ru it-Setting

The Högsma oak has about 92 per cent 
stainable pollen, the Gullarp oak 94 per 
cent, hut this alone is not indicative of 
hybridity. Both oaks, however, have on 
the average larger pollen grains than  the 
putative paren t species (see O i .s s o n

Fig. 1. Quercus p e tr a e a X ro b u r  nm . mespilifolia .  T he H ögsm a oak. —  A. F ru itin g  sho o t. — 
B. F lo w erin g  shoo t. —  C. D etail of m ale catk in ; b b rac t of m ale  flow er. —  D. C lustered

fem ale inflorescences.
Bot. Notiser, vol. 128. 1975
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1 c m

1 m m
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■'1m m1 cm

Fig. 2. Quercus petraeaXrobur  nm. mespilifolia. The Gullarp oak. — A. Fruiting  shoot. — 
B. E picorm ic shoot. — C. Flowering shoot. —- D. Detail of male catkin; b bract of male

flower. — E. Fem ale catkin.
Bot. N otiser, vol. 128, 1975
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1975 b) where the variation in size and  
microstructure is reported. Cryptic s truc­
tural hybridity may be the cause of the 
unexpectedly high percentage of stainable 
pollen (O l s s o n  1975 a). The acorn growth 
of the oaks in Skåne in 1971 was very 
good. Even young trees bore fruit, which 
is unusual. Both the Högsma oak and the 
Gullarp oak also yielded acorns which 
have been described earlier. Yet the fruit- 
setting in these trees was very low com ­
pared with “n o rm al” oaks in the same 
localities. This may be a good indication of 
the hybrid origin of these oaks with sub- 
entire leaf margins.

Progeny of the Högsnia Oak

Twenty acorns from  the Högsma oak 
and Gullarp oak respectively collected in 
1971 were put into pots in the greenhouse 
in Lund (March 1972). At the same time 
the same number of acorns from typical 
Q. petraea and Q. robur  were also sown. 
The seedlings of Q. robur (19 in number) 
and of Q. petraea (13) had normally lobed 
leaves. Three acorns only of the Högsma 
oak germinated, but in all seedlings the 
leaf margins were more or less entire. 
None of “Gullarp” acorns germinated. The 
persistent character of almost non-lobular 
leaves of the few seedlings from the Högs­
ma oak may indicate that this leaf form  
is hereditary.

Some of the younger oaks in the vicin­
ity of the Högsma oak may he the progeny 
of this oak. They have divergent leaf 
shapes. In one case the leaves are very 
little lobed (Fig. 6 B ) .

CONCLUSIONS AN!) DISCUSSION

The morphological analysis of the oaks 
with subentire leaves (Högsma, Gullarp)

fig. 3. Leaf types of oaks with subentire 
leaves (A—F) compared with typical leaves 
of Quercus petraea (G—1) and Q. robur 
(H L). A—G show leaves from epicormics 
of the Gullarp oak. 5 cm

Rot. N otiser, vol. 128, 1975
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Fig. 4. Term inal buds of fruiting twigs (October) from oaks regarded as representative. 
A. Quercus robur. — B. Q. petraea. — C. The Högsma oak. — D. The Gullarp oak.

Bot. N otiser, vol. 128, 1975
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Fig. 5. Frui t ing  and  flowering shoots  f ro m  the  Högsma oak (A, B) and  the Gullarp oak 
(C, D). Note the varying length of the fem ale  peduncles  on the same shoot  and  the  small  
undeveloped acorns in A (H ö g sm a ) . The  aco rn s  f ro m  the Gullarp oak (G) a re  usua l ly  
small  and conical w ith  a so m ew h a t  constr ic ted  zone n e a r  the  top a n d  a la te ra l  “su tu re ” 
of ectocarpous folds.  In  D is sh o w n  the  sessile female inflorescence. —  A (X0.6),  B (X2),

G ( X I . 5), D (X3).
Bot. N o tise r, vol. 128, 1975
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Fig. 6. A twig from  the Högsma oak (A) com pared w ith another twig (B) from an oak c. 
6 m high, in the vicinity of (he Högsma oak. The leaves are rounded-acute at I lie top and 
base and have very few lohes. The tree may lie a spontaneous progeny of the Högsma oak. 

Collected 1971. -— A (X0.3), B (scale =  l cm).

does not give a clear indication of hybrid 
origin. This is true of the leaf characters 
in particular. P recautions m ust he taken 
in com paring the leaf characters of the 
Högsma and G ullarp oaks and  the oak 
species investigated, as the possibility can­
not be excluded th a t a ' , 'c effect
at the leaf p rim ord ium  stage can also 
have been the cause of o ther changes as 
well as that of entire leaf m argins. M ore­
over an exceptional leaf shape w ith alm ost 
no lobes does not perm it of an adequate 
com parison betw een spontaneous hybrids 
and paren tal species w ith regard  to certain  
characters such as leaf outline, lobation 
and venation w hich will m ake it d ifficult 
lo use some indices for com parison.

Some Q. pe traeaX robur  p robably  rep ­
resent crosses betw een the prim ary  hybrid  
Bot. N otiser, vol. 128, 1975

and  one of its parents. G i s c h w i n d  (187(1), 
P y a t n i t s k i i  (1939) and D e n g l e r  (1941) 
have shown th a t the prim ary hybrid  be­
tween Q. robur  and Q. petraeo displays 
hybrid  vigour expresset!; for  instance, in 
an  abundance of new shoots w ith large 
leaves. G e s c h w i n d ’s  crossings of Q. robur  
(male) and Q. petraea  (female) produced 
a hybrid  w hich had entire leaves. He 
w rites: . . . “Das Blatt, grösser als das 
von Q. sessiliflora Sm., aber k leiner als 
das von Q. pedunculata, zeigt die U n­
regelm ässigkeit der F orm  von letzterer 
Species, ist l a n g g e s t i e l t ,  ganzrandig, 
am  Rande wellenförm ig, sonst ei-lanzett­
förmig, kahl, entbehrt der characterist- 
ischen E inbuchtungen des E ichenblattes 
gänzlich und ähnelt oft m ehr jenem  von 
Castanea vesca, G ärtn.” . F urtherm ore he

97
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A ê é  a êHKm

Fig. 7. x\ series of acorns with catkins from the Gullarp oak (A) and the Högsma oak 
(B) showing relative size and shape. — Scale =  1 cm.

states tha t the male flow ers have well- 
developed pollen and  th a t the female ca t­
kins are short and  have fewer flowers 
than  those of (). petraea.  He obtained 
four hybrids, all w ith d ifferen t types of 
leaves. This is im portan t and m ay indicate 
that the parent trees w ere not tru ly  speci­
fic hut heterozygous and  possibly intro- 
gressive. It is rem arkab le how well the 
description of one of the artifically  p ro ­
duced hybrids agrees w ith  the Högsm a 
and Gullarp oaks regard ing  leaf charac­
ters, pollen and fruit-setting.

The strongest indications of hybrid ity  
( Q. robarX Q . petraea)  in the Högsm a oak 
are the relatively low frequency of flowers 
and norm al acorns, and  in the Gullarp 
oak there is a low frequency  of flow ering 
w ith presum ably no norm al acorns. In 
spite of insufficient indications of hy b ri­
dity in parts of the investigation there is 
still reason to believe th a t the Högsm a 
oak and the Gullarp oak are crossing p ro ­
ducts of Q. petraea  and  Q. robur.

TAXONOMY

In the early 1800 s entire- and sub­
entire-leaved oaks from  d iffe ren t parts  of

E urope were described. The first oaks 
observed were given the ran k  of species: 
(1) Q. sublobata  K i t . (see S c h u l t e s  1814 
p. 619, K i t a i b e l  1863 p. 355); (2) (). mes­
pili folia  W a l l r o t h  1822; (3) Q. louettei 
P e t z o l d  & K i r c h n e r  1864 p. 531. Many 
botanists and  au thors of floras have called 
attention to these ab e rran t oaks. However, 
the taxonom ic in te rp re ta tion  of the oaks 
has changed. Most later w riters are in ­
clined to describe the entire-leaved type 
as a form a or varietas of Q. petraea  ( M a t - 
t u s c h k a ) L i e b l . (syn. Q. sessiliflora 
S a l i s b ., Q. sessilis E h r h .) : (4) Q. sessili­
flora  S a l i s b . var. subintegrifolia  J. P e r s ­
s o n  1885; (5) Q. sessilis K u r i l  var. schid- 
layana  D o m i n  1937.

The au tho r confirm s the opinion of 
W e i m a r c k  (1947, 1963) th a t the subentire­
leaved oaks at Högsm a and Gullarp may 
belong to the hybrid  Q. petraeaXrobur.  
The correct nam e will be Q. petraea 
( M a t t u s c h k a ) L i e b l . X robur  L .  nm. mes-  
pilifolia  ( W a l l r .) W e i m . 1963. (syn. Q. 
sessiliflora  S a l i s b . var. subintegrifolia  J. 
P e r s . — the Högsma oak; Q. petraeaX  
robur  f. mespili folia  ( W a l l r .) W e i m . 
1947. — the Högsma and  Gullarp oaks; 
O ther nam es than  these synonym s (cf.

Bot. Notiser, vol. 128, 1975
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1— 5 above) are assigned to entire-leaved
oaks, but do not apply to tbe trees at
Högsm a and Gullarp.)
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A h m a d j i a n ,  V. and H a l e ,  M . E. (eds.): 
'I' h e L i c h e n s .  — Academic Press, New 
York and London, 1973. XIV +  697 pp., 
92 ])lates, 296 figures. Price £  19.50
(cloth).

'Idie present volume is a comprehensive 
and up-to-date survey of various fields 
within lichenology. It is a companion to 
the five-volume treatise “The F ung i” 
edited by G. G. A i n s w o r t h ,  F. K. S p a r r o w  

and A. S. S u s s m a n  and published by 
Academic Press between 1965 and  1973. 
The high standard  of the print and of the 
illustrations known from the latter work 
is also met with in "The Lichens” . Most 
figures are original or reproduced from 
recent literature. This should he noted as 
a decided improvement as some similar 
works issued in the 1960’s have borrowed 
illustrations from S c h w e n d e n e r ,  B o r n e t  

and other 19th century lichenologists.
“The Lichens” is a multi-authored trea­

tise produced by no less than 23 authors 
from  various parts of the world. Hence 
it is self-evident that the way of presenting 
the material differs fairly widely from  one 
chapter to another. In some cases we meet 
with detailed surveys including several 
previously unpublished data. Other chap­
ters are ra the r  brief summaries, but the 
mostly comprehensive lists of references 
will facilitate the reader’s further  studies.

The volume is organized into 5 m ajo r  
parts, viz. “Structure and Development”, 
“Physiology of the Intact Thallus”, “E n ­
vironmental Response and Effects”, “Sec­
ondary  Metabolic P roducts” and “Sym­
biont Interactions” .

The introductory chapter “Anatomy, 
Morphology, and Development” by H. M. 
J a h n s  is a most valuable account illu­
strated with excellent figures mainly taken 
from  H e n s s e n  and J a h n s ,  “Lichenes” (cf. 
review below). M. A. L e t r u i t - G a l i n o u  

gives useful information, often from re ­

cent research, on “Sexual Reproduction” . 
It is evident, however, that several p rob ­
lems, for example the fertilization of the 
ascogone by spermatia and role of I lie 
apogamy, are still under discussion. Brief 
chapters on “Systematic Evaluation of 
Morphological Characters” and “Lichen 
Propagules” are presented by J. P o e l t  
and F. B r i a n  P y a t t  respectively. An in­
formative and critical chapter on “Fine 
S truc ture” by E. P e v e i j n g  has been illu­
strated with electron micrographs and 
SEM photographs of very high quality.

Part II deals with “Physiology of the 
Intact Thallus” including chapters on “Ab­
sorption and Accumulation of Mineral 
Elements and Radioactive Nueleides” (Y. 
T u o m i n e n  and T. J a a k o l a ) ,  “Pedogenetic 
Significance of the Lichens” (J .  K. S y e r s  

and I. K. I s k a n d a r ) ,  “Photosynthesis and 
Carbohydrate Movement” (I). H. S. 
R i c h a r d s o n )  and “Nitrogen Metabolism” 
(J .  W. M i l l r a n k  and K. A. K e r s h a w ) .

Part III “Environmental Response and 
Effects” discusses “Response to Extreme 
Environm ents” (L. K a p p e n ) ,  “Water Rela­
tions” (O. B. B l u m ) ,  “Substrate Ecology” 
(I. M . B r o d o ) ,  “Lichens and Air Pollu­
tion” (O. L. G i l b e r t )  and “Growth” (M. E. 
H a l e )  .

Some aspects of “Secondary Metabolic 
P roduc ts” are treated in Part IV, viz. 
“Nature of Lichen Substances” (S. 
H u n e c k ) ,  “Biosynthesis of Lichen Sub­
stances” (K .  M o s b a c h )  and “Antibiotics 
in Lichens” (K . O .  V a r t i a ) .

Part V is concerned with “Symbiont 
Interactions ”. V. A h m a d j i a n  gives a very 
brief survey of his research on “Resyn­
thesis of Lichens ”. “Evolutionary Aspects 
of Symbiosis” are presented in a some­
what philosophical article by G. 1). S c o t t .

F or  reasons difficult to understand three 
concluding chapters have been entitled 
“Appendices”, viz. “Classification” (J.
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P o e l t ) ,  “Identification and Isolation of 
Lichen Substances” (J. S a n t e s s o n )  and 
“Methods of Isolating and Culturing Li­
chen Symbionts and Thalli” (V .  A h m a d -  
j i a n ) .  P o e l t  briefly discusses previous 
lichen systems and outlines, in a very 
fragmentary manner, a new system “based 
partly on my own preliminary studies of 
ascus s tructure” . He rightly emphasizes 
the difficulties in integrating the liclienized 
fungi in any accepted fungal system. “Li­
chen svstematists have hardly  ever been 
really familiar with the corresponding 
fungal groups, and mycologists have had 
enough difficulties with their own groups 
without bringing in the lichenized fungi.”

The “complete authoritative coverage” 
of lichenology stated on the cover of this 
book is somewhat of an exaggeration. 
Certain topics are not treated at all, for 
example lichen sociology and geographical 
distribution and there are others tha t could 
have been dealt with in greater detail. 
Nevertheless, “The Lichens” is a mine of 
information both for the student and the 
advanced lichenologist.

O v e  A l m b o r n

H e n s s e n ,  A .  and J a h n s ,  I I .  M.: L i-
c h e n e s. E i n e E i n f ii h r u n g i n 
d i c F 1 e c h t e n  k u n d e. -— Georg 
Thieme Verlag, Stuttgart, 1974. X I I+  467 
pp., 142 figures, 8 plates. Price DM. 19.80 
(flexible paper cover).

The notable new interest in lichens 
during the last two decades has resulted in 
several floras, monographs and handbooks 
covering more or less wide fields of “gen­
eral lichenology”. As nearly forty years 
have elapsed since such a textbook was 
issued in the German language, the p re­
sent work by Dr A i n o  H e n s s e n  (Marburg) 
and Dr H a n s  M. J a h n s  (Groningen, now 
F rankfur t  am Main) is especially welcome.

The authors have modestly called their 
book “An Introduction to Lichenology” . 
They have, however, admirably succeeded 
in condensing a surprising number of 
facts into a comprehensive volume no 
Bot. N o tiser, vol. 128, 1975

bigger than a pocket book, and at a very 
reasonable price.

A brief introductory survey of the his­
tory of lichenology is followed by far 
more elaborate chapters on the m orphol­
ogy of the lichens, especially the organs 
of reproduction. These parts are of ex­
treme value as both authors  have carried 
out very im portant investigations on this 
topic. Several new results are published 
here for the first time, often with original 
drawings and photographs.

The physiology of the lichens is treated 
in a concise chapter. Lichen chemistry is 
dealt with by a specialist, Dr J o h a n  S a n ­
t e s s o n ,  Uppsala. This subject, introduced 
more than  a hundred  years ago for  diag­
nostic purposes, has developed immensely 
during the last few decades and  has be­
come an im portant source of information 
for the understanding of the metabolism 
of lichens. Symbiosis, parasitism  and re ­
lated problems are briefly discussed, as 
well as synthesis in vitro between myco- 
bionts and phycobionts. There are also 
short accounts of growth, diaspores, eco­
logy (including sociology and the effects 
of air pollution), distribution and econo­
mic importance.

Nomenclature and classification are 
treated in some detail. A new lichen sys­
tem is presented, differing essentially from 
Z a h l b r u c k n e r ’s  classical a r rangem ent and 
also from the system proposed by  J.  
P o e l t  (cf. review above). H e n s s e n  and 
J a h n s  have founded their  taxonom y on 
modern views on the ontogeny of the fruit- 
bodies of the non-lichenized ascomycet.es. 
Much attention has been paid to ascolo- 
cular or ascohymenial development, bi- 
tunicate or unitunicate asci, etc. As experts 
in this field it is not unreasonable that 
the authors  have laid stress upon  taxo ­
nomic characters derived from  ontogeny. 
Though the place of some families is de­
scribed as tentative so far, the reviewer 
believes that the main  features of the 
fu ture lichen system will m uch resemble 
the taxonomy outlined by H e n s s e n  and 
J a h n s .
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An extensive list of references to l i te ra ­
ture and  a n o th e r  of lichenological te rm s  
conclude this well-organized volume. No 
effort will be m a d e  here  to co m p a re  it 
with the m a jo r  w o rk  reviewed above, 
“The L ic h e n s” , h u t  it seems h ighly  p r o ­
bab le  th a t  a  t r an s la t io n  of “ L ichenes” 
in to  E nglish  w ou ld  be apprec ia ted  in m an y  
pa r ts  of the world .

O v e  A l m b o k n

T r a l a u , H. (ed.) 1974. I n d e x  II o 1-
m e n s i s, 1 V. A W o r ld  Index  of P lan t  
D is tr ibu t ion  Maps. D icotyledoneae A— B.

Scientif ic  P ub lish e rs  Ltd., Zürich.

T h ree  vo lum es of Index H olm ensis  have  
been pub lished  previously , viz. Vol. I: 
Vascu lar c ry p tog am s and  g y m n osp erm s ;  
Vol. II : M onocoty ledoneae  A— I; an d  Vol. 
I l l :  M onocoty ledoneae  J — Z. The last two 
were rev iew ed in Bot. Notiser 125 p. 199. 
T he  fo u r th  volum e, D ico ty ledoneae  A— B. 
w h ich  has now  ap p ea red  is especially  w e l­
come as it p rom ises  a full co n t in ua t ion  
of the Index fo r  the rest of the  h ig he r  
p lan ts .

An innova tion  fo r  Vol. IV is th a t  in a d ­
dition d is tr ibu tions  of p lan t species in ­
c o rp o ra te d  in vegeta tion  m ap s  have  been  
inc luded  in th e  Index  (but on ly  w h e re  
Latin nam es of the  species con ce rned  a re  
given). 'Eliis extends the coverage o f  the 
Index  considerab ly  an d  adds m u ch  useful 
in fo rm at ion .

T he  p resen t volume, like the  prev ious  
one, con ta ins  a t rem en do us  a m o u n t  of

in fo rm at ion .  Astragalus,  a genus of c. 
1,600 species, co n tr ibu tes  refe rences  of 
m ap s  ex tend ing  over ap p ro x .  65 colum ns. 
Im p o r ta n t  tree genera  such  as Betula,  
Al mis, and  Acacia  a re  also included, w ith  
n u m e ro u s  co lum ns of re fe rence  each, 
w h ich  sho u ld  be of im m ea su ra b le  im p o r ­
tance  to forest ecologists all over the 
w orld.

It is h a rd ly  necessary  to rep ea t  th a t  I 
consider  Index  H olm ens is  to be of great  
im portance .  It sho u ld  be fou nd  in any  
biological ins ti tu te  or l ib ra ry  w ith  effec­
tive re sea rc h  an d  service respectively. T he  
Index  prov ides  in fo rm a t io n  th a t  is of p r i ­
m ary  im p o r ta n c e  to ecologists in the fields 
of bo tany  as well as zoology, and  to 
sys tem atis ts ,  h o r t icu l tu ra l is ts  and  p lan t  
geographers .  It can  also be used  to trace  
l i te ra tu re  sup p ly in g  in fo rm a t io n  on o the r  
aspects of the  species concerned.

As the n u m b e r  o f m ap s  being pub lished  
is ra p id ly  increas ing  Dr T r a l a u  appeals  
fo r  ass is tance  in collecting in fo rm a t io n  on 
new  m a p s  pub lished ,  a n d  in getting r e ­
p rin ts  of pub lica tions  w ith  d is tr ibu t ion  
m ap s  (see Bot. N otiser 128 p. 201 and  
T axo n  24 p. 142). This  is a m a t te r  of u t ­
most u rgency . T h e re  are  n u m ero u s  m a p s  
p r in ted  in pub lica t ions  th a t  a re  difficult 
to ob ta in  a n d  th a t  in add it ion  m a y  have 
mixed  contents.

Index H olm ensis  is an u n d e r tak in g  th a t  
is deserv ing  of all suppor t .  It is w ithout 
doubt an  inv es tm en t  tha t is a m eans  of 
saving t ime an d  m o n e y  for the  re sea rch  
w orker .

R o l f  D a h l g r e n
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1952. 209 pp. —  K. H. R e c h i n g e r  e i l .: Mono­
graph  of the Genus Rum ex in Africa. 1954. 
114 pp. — Price Sw. Kr. 15 (10).

All pa r ts  of Opera B otan ica  a n d  its p rede­
cessor B otan iska  Notiser Su p p lem en t  are  still 
available.
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the Lund  Botanical Society receive all the 
three  series a t  a reduced  ra te  (bracketed 
pr ices) .
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The four species nos. 105— 108 are w ith ­
out doubt closely related. They all occur 
mainly in the arctic areas, in the m ounta in  
chain and by springs and cold streams in 
the northern  lowlands. The group is recog­
nized by a usually simple inflorescence, 
two lines of hairs on the stem and the lack 
of or scarcity of eglandular hairs on the 
capsvdes.

There are some fully fertile populations 
that are difficult to determine but most of 
the material can without any difficulty be 
referred to one of the species. Some of the 
extreme measurements in our descriptions 
may refer to introgressive populations but 
we have avoided specimens which are ob­
viously intermediate in several characters. 
The nature and significance of hybrid iza­
tion in the group is in need of fu rther  
experimental investigation. Morphological 
variation in populations from the northern  
part of Scandinavia has been treated in 
detail by K y t ö v u o r i  (1972).

In the case of the seed surface structure, 
there is an apparent contradiction between 
the descriptions given by K y t ö v u o r i  

(1972) and those by S k v o r t s o v  and Ru- 
SA N O V iT C H  (1974) and B e r g g r e n  (1974) 
founded on scanning electron microscopy. 
In reality, the fresh seeds have papillae, 
but these collapse on hard  drying. The 
preparation  technique for scanning mi- 
19

croscopy will cause all or most papillae 
to collapse, resulting in a pitted structure.

105. E p ilo b iu m  a ls in ifo liu m  V illar s  
1779

Perennial herb, (10— )15— 30(— 50) cm 
high, often forming dense stands. Stem 
more branching than  in related species, 
sometimes forming adventitious stems or 
green, epigean runners  from the basal 
nodes, usually with more or less stunted 
branches in the axils of middle cauline 
leaves, producing one (1— )2— 5(— 8)-flow- 
ered inflorescence or sometimes also a 
few smaller lateral ones. Stolons formed 
from basal nodes, subterranean or occur­
ring deep down in floating vegetation, 
2— 10 cm long, 1— 2 mm thick, pale, 
with long internodes and scale-like leaves 
2— 5 mm long. Tarions formed at the ends, 
of the stolons, compact, c. 10 mm long 
and 5 mm thick, with blunt, fleshy leaves.

Stem 1—3(— 4) m m  thick, terete, at 
least in the basal part  with 4 weak ridges 
or lines below midribs and leaf margins. 
Two rows of hairs below the leaf margins, 
rarely also more uniformly hairy in upper 
part,  hairs 0.1— 0.3 nun, usually all re­
curved, rarely also some glandular, erect 
ones on upper part.

Most leaves opposite, usually only upper 
Bot. N otiser, vo l. 128, 1975



Fig. 105. Epilobium alsinifotium  V i l l .  —  A: Habit, X l /3 .  —  B: Stolons, X 1/2. —  C: Stem 
node, X2.5. ■— 1): Cauline leaves, X l .  —  E: Upper leaves, X I .  —  F: Upper stem parts 
with leaves, X2.5. —  G: Buds, X l .  — H: Flower, X l .  — J: Apical part of  capsules, X2.5. 

—  K: Style, X l .  — E: Petal, X l .  —  M: Sepals, X2.5.

bracts alternate, all petiolate, petiole 0.5—  
3 (— 7) m m , longest in low er and middle 
parts, leaf bases united around the stem  
but never decurrent. Basal leaves sm aller, 
on the low est part of the stem in mud or 
dense vegetation often scale-like, higher 
up obovate to elliptical, obtuse. Middle 
and upper leaves (10— )20— 35 (— 60) mm  
long, (5— )10— 18 (— 25) mm broad, all 
ovate or rarely som e of the low er ones 
ellip tical, m iddle ones tapering to an obtuse 
Bot. N otiser, vol. 128, 1975

apex, upper ones acute, serrate w ith  sm all, 
usually up to 0.3 m m  high teeth evenly  
distributed or denser tow ards apex. Bracts 
broader than in related species, even the 
upper ones large, often  concealing the 
buds. Leaves subglabrous, sparsely hairy  
only on adaxial side o f m idrib, hairs like 
those of the stem. Inflorescense alm ost 
erect even w hen  young, though often  bent 
in dried m aterial. P ed icels erect to erecto- 
patent in all stages. B uds ovoidal to ellips-
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oidal, blunt or with a minute mucro. 
Sepals (4.5— )6— 7(— 7.5) mm, connate 
to 0.8— 2 mm at base, narrowly ovate, 
acute or rarely obtuse, reddish or rarely 
pure green, sparsely glandular-hairy. Pe­
tals (6— )9— 12(— 13) mm, notched to 1— 
1.5 mm, reddish-violet, very rarely p u rp ­
lish-pink or white. Anthers 0.7— 0.9 mm, 
long filaments (4.5— )5— 6.5 mm, short 
filaments (3.5— )4— 4.5 mm. Style equal­
ling or shorter  than the long stamens, 
stigma capitate.

Capsule stalk (10— )15— 30(—-50) mm. 
Capsule 40— 60(— 70) mm, young ovary 
ra ther  densely glandular-hairy, with a 
few eglandular hairs on the ridges, hairs 
like those of the stem, ripe capsules 
usually subglabrous. Seeds narrowly obo- 
voidal, with one markedly flattened side, 
(1.1— )1.4— 1.8 mm long, (0.35— )0.45— 
0.55 mm broad, with an acutely tapering 
base and a blunt apex, neck (0.05— )0.1— 
0.15 mm, surface with many rows of low 
papillae, chalazal hairs 50— 60, 4.5— 7 mm 
long. Flower homogamous.

E. alsinifolium  occurs almost exclusively 
by springs and along watercourses, often 
in water, rarely in other wet places. It 
is commonest below the timberline, in the 
north  it is found up to 700 m, to c. 1300 
m in the S par t  of the m ounta in  chain. 
It is at least slightly calcicole.

E. alsinifolium  is an E uropean  endemic 
occurring on most m ountains except in 
the extreme south. In Scandinavia it occurs 
in the entire mountain  chain, in the arctic 
and subarctic parts and with scattered 
localities in the lowlands of Sweden south­
wards to c. 61° N and in F inland to 64 N.

Known hybrids: with E. hornemannii, 
lacti florum  and palustre.

106. E p i lo b iu m  h o r n e m a n n i i  R e i c h e n -  
BA C H  1824

Perennial herb, (10— )15— 30(— 40) cm 
high. Stem usually simple, rarely forming 
some adventitious stems or creeping b ra n ­
ches up to 5 cm long from the lower 
nodes, usually lacking branches in the

axils of cauline leaves, producing one 
2— 8(— 10)-flowered inflorescence or r a re ­
ly also a few smaller lateral ones. Stolons 
often lacking, if present green, epigean, 
usually erect to erecto-patent,  5—20 (— 50) 
mm long, c. 1 mm thick, with small, oppo ­
site leaves. T lirions formed at the end of 
the stolons as loose rosettes of green leaves 
1.5— 10 mm long.

Stem 1— 2(— 3) mm thick, terete, its 
basal par t  often pale, with small leaves, 
at least in its lower pa r t  with 4 weak 
ridges or lines below midribs and leaf 
margins. Two rows of hairs below the 
leaf margins, hairs 0.1— 0.3 mm, usually 
all eglandular, incurved, rarely also few 
to m any glandular, erect ones on upper 
part.

Most leaves opposite, only some upper 
ones alternate, all petiolate, petioles 1 — 
5(— 10) mm, longest in lower and middle 
leaves, bases uniting around the stem but 
never decurrent.  Basal leaves smaller, 
obovate to elliptical, often some of the 
lowest ones scale-like. Middle and upper 
leaves (10— )20—30 (— 50) m m  long, (5— ) 
8— 15(— 25) mm broad, all ovate or some 
of the lower ones elliptical, tapering to an 
obtuse to acute apex, upper ones always 
acute. Leaves serrate with teeth usually 
less than  0.5 nun, denser on upper part 
of margin or evenly distributed. Leaves 
subglabrous, usually sparsely hairy only 
on the adaxial side of the midrib, hairs 
like those of the stem.

Inflorescence almost erect even w hen 
young, though often bent in dried m a te­
rial. Pedicels erect to erecto-patent in all 
stages. Buds broadly ellipsoidal to sub- 
globose, obtuse. Sepals (3— )4.5— 5.5 m m  
long, connate to c. 1.5 mm, narrowly ovate, 
acute or obtuse, always reddish, sparsely 
glandular-hairy. Petals (4.5— )5— 7(— 8.5) 
mm, notched to 1— 1.5 mm, reddish or 
pinkish-purple, very rarely white. Anthers 
0.4— 0.5(— 0.85) mm, long filaments 4.5— 
5 mm, short filaments 3— 3.5 mm. Style 
shorter than the long sitamens, stigma 
capitate.

Bot. Notiser, vol. 128, 1975
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Fig.  106. Epilobium hornemannii R e i c h e n b .  —  A: Habit, X l / 3 .  —  B: S to lons  and w in ter  
buds, X 1/2. —  C: Stem node, X2.5. —  1): Cauline leaves , X l .  —  E: U pper leaves ,  X L  —  
F: Upper  stem part  w ith  leaves, X2.5. —  G: Buds ,  X l .  —  H: F low er ,  X L  —  J: Apical  

part o f  capsules ,  X2.5 .  —- K: Style , X L  — L: Petal, X l .  M: Sepals, X2.5.

Capsule stalk (10— )15— 3 0(— 40) mm. 
Capsule (35— )40— 50(— 55) mm , young  
ovary densely or m oderately glandular- 
hairy, ripe capsules usually  subglabrous, 
hairs 0.1— 0.2 mm, erect. Seeds narrow ly  
obovoidal, w ith one m arkedly flattened  
side, 1.0— 1.25(— 1.4) mm long, 0.35— 0.45 
m m  broad, w ith an acutely tapering base 
and a blunt apex, neck 0.05— 0.15 mm, 
surface w ith m any row s of m ore or less 
con ical papillae, chalazal hairs 45— 50, 
3.5— 5.5 m m  long. F low er hom ogam ous.

E. hornem annii  grows by springs and 
w atercourses but also in  fens and m ea­

dow s and along ditches, both in the low er  
alpine zone and in  the w oodland, up to 
1100 m in the north, to 1500 111 in the 
southern m ountains.

E. hornemannii  has a discontinuous cir- 
cum polar distribution. In Scandinavia it 
is fairly com m on in  the m ountains and in 
the arctic and subarctic parts, w ith scat­
tered occurrences in  the low lands of Sw e­
den southw ards to 60.5° N and in F in land  
to 63° N.

Known hybrids: w ith  E. als inifolium,  
anag allidi folium, lac t if lorum  and p a lu s tre .

Bot. N otiser, vol. 128, 1975
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Fig. 107. Epilobium lactiflorum  H a u s s k n . — * A: Habit, X l /3 .  —  B: Stolons, X 1/2. -—•
C: Stem nodes, X2.5. —  D: Cauline leaves, X L  —  E: Upper leaves, X l .  —  F: Upper
stem parts with leaves, X2.5. —  G: Buds, X l .  —  H: Flower, X l .  —  J: Apical part of

capsule, X2.5. — K: Style, X l .  —  L: Petal, X L  —  M: Sepals, X2.5.

107. Epilobium lactiflorum IT a u s s k n e c h t  

1879

P e renn ia l  herb , (5— )15— 30(— 40) cm 
high. Stem u sua l ly  simple, w i th ou t  b r a n ­
ches in the axils of cau line  leaves, p roduc ing  
one  (1— )2— 6(— 8 ) -f low ered inflorescence.
Stolons often  lacking, if p re se n t  very  sho r t  
o r  up to 10 m m  long, 0.5— 1 m m  thick, 
pale  o r  green, epigean, w ith  a  few small, 
usual ly  scale-like leaves. T u r io n s  fo rm ed  
at  the  ends of stolons o r  a p p a re n t ly  d i ­
rectly  in  the axils of basa l  leaves, as loose 
rosettes  of leaves 2— 10 m m  long. Speci­
m ens som etim es a p p a re n t ly  b ra n c h e d  ba- 
sally because  of the  p ro l ife ra t io n  of several 
tu r io n s  from  the  sam e old s tem  base.

Stem 1— 2 m m  thick, terete , at least in 
the  low er p a r t  w ith  4 w eak  ridges or lines

Bot. N o tise r , vo l. 128, 1975

below  m idribs  an d  leaf m arg in s .  T w o 
row s of ha ir s  be low  the leaf m a rg in s ,  
ha irs  0.1— 0.3 m m , u sua l ly  all eg lan du la r ,  
incurved, ra re ly  som e erect, g la n d u la r  ones 
in the  u p p e r  part .

Most leaves u sua l ly  opposi te ,  u p p e r  ones 
a lternate ,  all petiolate, petioles 0.5— 4 (— 8) 
m m , longest in low er cau l ine  leaves, bases  
un it ing  a ro u n d  the  stem b u t  n eve r  de- 
curren t.  Basal leaves sm aller,  sp a th u la te  
to obovate  o r  ell iptical. M iddle  and  u p p e r  
leaves (10— )15— 35(— 40) 111111 long, (3— ) 
5— 12(— 15) m m  broad ,  all ovate  or o f ten  
some m iddle  ones e lliptical, u p p e rm o s t  
ones ovate  to n a r ro w ly  ovate ,  m id d le  
ones usua l ly  b ro a d ly  obtuse, u p p e r  ones  
acute. B racts  sm aller  th a n  the  o th e r  leaves, 
u p p e r  ones o f ten  very  small ,  n o t  con-
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Fig. 108. E pilob ium  anagallidifo l ium  L a m . —  A: Habit,  X l /3 .  -— B: Stolons, X l /2 .  —  
C: S tem  nodes, X2.5. —  D: Cauline leaves, X l -  —  E: Upper leaves, X L  —  F: Upper stem 
p a r ts  w i th  leaves, X2.5. —  G: Buds, X l .  — H: Flower,  X l .  —  J: Apical p a r t  of capsules,  

X2.5. —  K: Style, X L  — L: Petal ,  X l .  — M: Sepals, X2.5.

cealing the buds. Lower and middle leaves 
subentire or serrate w ith sm all teeth m ore 
num erous in the m iddle part of the m argin 
or un iform ly  distributed, upper leaves 
alw ays serrate. Leaves subglabrous, hairy  
only on adaxial side of the m idrib and 
on the m argin, hairs like those of the stem 
though smaller.

Inflorescence alm ost erect even when 
young, though often bent in dried m ate­
rial. Pedicels erect to erecto-patent in 
rela tion  to axis in all stages, or often the 
young capsule + pendent due to bending 
of the pedicel. Buds subglobose, w ith a 
distinct, blunt tip. Sepals (2.8— )3.5— 4.5 
(— 5) mm, connate to 1— 1.5 mm, narrow ­
ly ovate, acute or rarely  obtuse, pure green 
or m ore or less reddish, sparsely glandular- 
hairy. Petals (3— )4.5— 5.5(— 7) mm, n o t­
ched to c. 1 mm, white, pinkish-w hite or 
rarely  p inkish violet. Anthers 0.45— 0.55 
mm, long filam ents 2.5— 3.5 mm, short 
filam ents 1.5— 2.5 mm. Style equalling or 
shorter than the long stam ens, stigma 
capitate.

Capsule stalk (10— ) 15— 30(— 40) mm. 
Capsule 35— 50 (— 60) mm, young ovary
B ot. N o tise r, vol. 128, 1975

sparsely to densely g landular-hairy , hairs 
erect, 0.1— 0.2 mm. Seeds narrow ly ob- 
ovoidal w ith one m arkedly flattened side, 
(1— )1.2— 1.35(— 1.4) m m  long, 0.35— 0.45 
m m  broad, w ith an  acutely tapering base 
and a b lun t apex, neck 0.05— 0.15 m m, 
surface w ith m any rows of very flat 
papillae, thus often apparen tly  smooth, 
chalazal hairs c. 40, 7— 9 m m  long. F low er 
hom ogam ous.

E. lactiflorum  occurs in wet meadows 
and fens, rare ly  along w atercourses. It 
is found up to 1600 m in the southern  
p art of the m ountains, to 900 m in the 
north .

E. lactiflorum  has a discontinuous cir- 
cum polar distribution. It is ra ther com m on 
in the m ountains and  in the arctic parts 
of Scandinavia, w ith isolated occurrences 
in the low lands sou thw ards to 60.5 N 
in Sweden, in F in land  only occurring in 
the extrem e north .

Known hybrids: w ith E. alsinifolium, 
cmagallidifolium, davuricum, lxomemannii, 
m ontanum  and palustre.
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108. E p i lo b iu n i  a n a ga l l id i  fo l ium  L a m a r c k  
1786

Perennial herb, (2— )5— 15 (— 20) cm 
high. Stem unbranched, producing one 
1—3-flow ered inflorescence. Stolons u su ­
ally present, epigean, 5— 20 (— 50) m m  
long, c. 0.5 mm thick, rarely branching, 
w ith opposite, widely spaced leavesi 2— 10 
mm long. T urions form ed at the end of 
the stolons as loose rosettes of green 
leaves 2— 10 mm long.

Stem terete, 0.5— 1(— 1.5) m m  thick, 
in the basal p art w ith 4 low ridges or 
lines below m idribs and leaf m argins. Two 
rows of hairs  below leaf margins, espe­
cially in the  upper part, hairs, 0.1— 0.3 
mm, all eglandular, recurved, or also 
some erect, g landular ones w ithin the in ­
florescence.

Basal and middle leaves opposite, upper 
ones alternate, all petiolate, 0.5— 3(— 10) 
mm, longest in the m iddle leaves, bases 
uniting around  the stem, but never de­
current. Basal leaves smaller, obovate to 
spathulate. Middle and  upper leaves 5—- 
20 (— 25) m m  long, 2— 5(— 10) mm broad , 
ovate to elliptic, all obtuse or the upper 
ones acute, lower ones subentire, up p er 
ones serrate with few, short, irregu la r 
teeth. Bracts usually sm aller th an  the 
m iddle leaves, not concealing the buds. 
Basal and m iddle leaves glabrous to sub- 
glabrous, upper ones sparsely hairy  on 
adaxial side of m idrib and Ihe m argin , 
hairs usually  less than  0.15 mm, m ostly  
eglandular, recurved, rarely  also a few 
erect, g landular ones.

Inflorescence characteristically  nodding 
when young, in fru it strictly erect. P ed i­
cels erect in relation to the axis in all 
stages. Buds broadly ellipsoidal to ovoidal, 
obtuse. Sepals 3— 4 mm, connate to  c. 1 
mm, narrow ly ovate, acute, reddish, sp a r­
sely glandular-hairy . Petals 3.5— 6 m m,

notched to 0.5— 1 mm, reddish or pinkish- 
purple. Anthers 0.3— 0.4(— 0.5) m m, long 
filam ents 2.5— 3 mm, short filam ents 2—  
2.5 mm. Style equalling or slightly ex­
ceeding the long stam ens, stigma capitate.

Capsule stalk (6— )20—40 (— 50) mm. 
Capsule 20— 30(— 35) mm, young ovary 
sparsely  hairy, w ith both g landular hairs 
and  basally  some eglandular, incurved 
ones, hairs 0.1— 0.2 mm, ripe capsule 
subglabrous. Seeds narrow ly obovoidal, 
w ith  one m arkedly  flattened side, 0.8— 1.1 
m m  long, 0.35— 0.4(— 0.5) mm broad, 
w ith  an  acutely tapering base and a 
b lun t apex, neck c. 0.5 mm, surface w ith 
m any rows of small, flat papillae, chalazal 
hairs  40— 50, 3— 4 mm long. F low er homo- 
gam on s.

E. anagallidifolium  occurs on the banks 
of w atercourses, on wet slopes, m eadow s 
and  snow-beds. Mainly in the alpine and 
arctic zones, to 1750 m in the S m ountains, 
to 1100 m in the north.

E. anagallidi fo lium  has an  arctic-alpine 
circum polar d istribution. In Scandinavia 
it is ra th e r com m on th roughou t the 
m oun ta in  chain  and in the arctic coastal 
areas, w ith only few, scattered localities 
along w atercourses in the n o rthern  low ­
lands.

Known hybrids: w ith E. hornem annii, 
lactiflorum  and  palustre.

LITERATURE CITED

B e r g g r e n , G. 1974. Seed m orphology  o f som e 
E p ilo b iu m  species in Scandinav ia. — Sv. 
Rot. T idsk r. 68: 164— 168.

K y t ö v u ORI, I. 1972. T he A lpinae g roup  of 
the genus E p ilob ium  in n o rth e rn m o st Fen- 
no scan d ia . A m orpholog ical, taxonom ica l 
an d  ecological study . —  Ann. Bot. Fenn . 
9: 163— 203.

S k v o r t s o v , A. K. & R u s a n o v i t c h , I. I. 1974. 
S canning  electron  m icroscopy  of th e  seed- 
coat su rface  in E pilob ium  species. -—- Bot. 
N otiser 127: 392— 401.

B ot. N o tise r, vo l. 128, 197»



Interrelationships o f the Subfam ilies o f the Ericaceae 

and Derivation o f the M onotropoideae

Gary D. Wallace

W a l l a c e ,  G. D. 1976 02 09. Interrelationships of the subfamilies of the Ericaceae 
and derivation of the Monotropoideae. — Bot. Notiser 128: 286—298. Lund. 
ISSN 0006-8195.

The mycoparasitic Monotropoideae and other subfamilies of the Ericaceae 
were examined to clarify the position of the former in this family. There are 
few, if any, absolutely distinctive characteristics in any of the subfamilies. 
Excluding the features associated with mycoparasitism, the Monotropoideae 
have features found among other members of the Ericaceae. Based on their 
floral biology, nature of the stamens and particularly anthers, embryology, 
phytochemistry and other features, the Monotropoideae are most closely allied 
to the Arbuteae of S t e v e n s ’ ( 1 9 7 1 )  Vaccinioideae. S t e v e n s ’ concept of the 
Vaccinioideae (i.e. including Vaccinieae and Arbuteae) is accepted here.
Gary D. Wallace, Research Division, Los Angeles State and Country Arboretum, 
Arcadia, C<dif. 91006, U.S.A.

T he  aim of this  p ap e r  is to c lar ify  the 
taxonom ic  posi t ion  of the M onotropoideae  
w ith  respect to the rest ot the  Ericaceae. 
T he  possibility of deriva tion  of the su b ­
fam ily  from o th e r  g roups  of the E ricaceae  
will be discussed. The M onotropoideae  and  
P yro lo ideae  a re  usual ly  p laced  in or nea r  
the Ericaceae an d  close to one ano ther .  
T here  rem ains, then, to be de te rm ined  
h ow  m u ch  taxon om ic  divergence, in this 
case, is a l low able  to a subfam ily  an d  how  
m u c h  is a llow able  befo re  a subfam ily  
shou ld  be e leva ted  to familial status. A 
new ly erected fam ily  w ould, of course, 
be closely all ied to the fam ily  f ro m  w hich  
it is* segregated since the  m ere  act of 
separa tion  of two tax a  shou ld  no t  in ­
h eren t ly  a lter  the taxo no m ic  d is tance 
w hich  p rec ip ita ted  the division. The grea ter 
the n u m b er  of ch arac te r is t ics  co m m o n  to 
the M onotropoideae  an d  the  o the r  m e m ­
bers  of the Ericaceae , the  closer the  two 
g ro u p s  should  be p laced to one a n o th e r  
an d  the less tenab le  w ould  be a shift  to 
a d if feren t s ta tus .  This  assum es th e  use of 
taxonom ically  re levant charac te rs .  Many 
Bot. Notiser, vol. 128, 1975

of the  earl ie r  c lassif ications of the  M ono­
tropo ideae  w ere  e i ther  based  u p o n  in ­
com ple te  in fo rm a t io n  or inco r rec t  in te r ­
p re ta t io ns  of ava ilab le  da ta .  R are ly  has 
ad eq u a te  m a te r ia l  of all the  species been  
availab le  fo r  s tudy. E ven  th o u g h  most 
c lassif ica t ions have  put the M o n o t ro p o i­
deae close to the P yro lo ideae ,  th e re  is no 
p a r t ic u la r  re ason  to believe th a t  th ey  were 
derived fro m  the P yro lo ideae .  T h e  P y r o ­
loideae m a y  rep re sen t  qu ite  a d if feren t 
line of the Ericaceae .  C o m para t ive  d a ta  
fo r each  of the six subfam il ies  T h o r n e  
(1968) recognized in  the  E r icaceae  are  
given in Table  1.

The  m y co tro ph ic ,  ach lo ro p h y l lo u s  sp e ­
cies w h ich  co m pr ise  the  M ono tro po id eae  
have  u sua l ly  been  con s ide red  sap rop hy tes .  
More recen t stud ies  ( B j ö r k m a n  1960, 
F u r m a n  & T r a p p e  1971) have  sho w n  
evidence of the exis tence of fu n ga l  bridges 
be tw een  the  m v co t ro p h s  a n d  the  host 
species. T h is  h a b i t  cou ld  be te rm e d  m y c o ­
p a ra s i t i sm  to d if fe ren t ia te  it f r o m  o th e r  
fo rm s  of p a ra s i t i sm  a n d  to d ra w  a tten t io n  
to the in teg ra l  role p layed  by th e  m yeo r-
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rhizae. The 12 species of the M onotropoi- 
deae are d istributed  am ong 10 genera. 
This m ay be com pared w ith the nearly  
40 species in  three (two to four) genera 
of the Pyroloideae and the approxim ately 
100 genera and 2,500 species of the rest 
of the Ericaceae. A description of the 
M onotropoideae and one for each of the 
included species has been provided in 
ano ther paper ( W a l l a c e  in press). Any 
study to determ ine the relationships of 
the M onotropoideae m ust take into ac­
count those characteristics related to the ir 
m ycoparasitic habit. Such features could 
be expected to he interrelated. There is 
no reason to doubt tha t there have been 
norm al evolutionary pressures upon pol­
lination m echanism s and propagule dis­
persal system s of the M onotropoideae.

There are a few o ther families in  w hich 
there are m ycoparasites. A ra ther com plete 
list of the genera, by family, was given 
in F u r m a n  and T r a p p e  (1971). In each 
of the fam ilies considered, except the 
T riuridaceae, the m ajo rity  of the species 
are chlorophyllous. The m ycoparasitic 
Epirixanthes  B l u m e  differs from  auto- 
trophic Salomonia  LOUR.,  both of the 
Polygalaceae, only in hab it ( K e n g  1969). 
The form er genus is the only case of 
m ycoparasitism  in the Polygalaceae. W i l ­
l i s  (1973) com bined the two genera in 
Salomonia. Petrosavia B e c c . is the only 
m ycoparasitic genus placed in the L ilia ­
ceae by T h o r n e  (1968) and F u r m a n  and 
T r a p p e  (1971). Protolirion  R i d l ., listed 
by the latter au thors, is synonym ous w ith 
Petrosavia. W i l l i s  (1973) considered the 
genus a m onotypic fam ily. There are about 
200 species am ong the m ycoparasitic 
genera of the Orchidaceae noted by 
F u r m a n  and T r a p p e  (1971). They also 
list six genera of the Gentianaceae w hich 
include over 50 m ycoparasites. The T ri­
uridaceae is the only fam ily com posed 
en tirely  of m ycoparasitic species. S t a n t  

(1970) stated tha t she w ould have no 
objections to placem ent of Petrosavia in 
the T riuridaceae on the basis of a n a ­
tom ical evidence. This could be a case

of convergence of habit. The fam ily 
Burm anniaceae is interesting in that m yco­
parasitic species ou tnum ber autotrophic 
species. There are about 14 genera of 
m ycoparasites and only Burmannia  has 
chlorophyllous and achlorophyllous spe­
cies. In Burmannia, J o n k e r  (1938) treated 
23 of the 57 species as saprophytic, here 
term ed m ycoparasitic. Only the T riu ri­
daceae have apparen tly  diverged too far 
to be allied with any close autotrophic 
relatives.

PREVIOUS TAXONOMIC TREATMENT

The m em bers of the M onotropoideae, 
historically, have been placed in several 
taxonom ic positions close to the Ericaceae. 
N u t t a l l  (1818) was one of the first 
botanists to unify the know n genera of 
the M onotropoideae. He erected a separate 
family, his “n a tu ra l o rd er”, the Mono- 
tropeae (sic). N u t t a l l  noted the sim ilar­
ities am ong the seeds of Monotropa  L., 
Hypopithys  S c o p ., and Pterospora  N u t t ., 
the genera he knew  and  accepted, and 
those of Pyrola  L. He considered the form  
and d istribution  of the an thers of the 
three genera sufficiently different, how ­
ever, to w arran t their separation  from  
Pyrola  as a family. N u t t a l l  claim ed tha t 
Monotropa  had  a “m onopetalous” corolla 
tha t was separate to the base, which ap ­
peared then as separate petals. The petals 
are, in fact, entirely separate in Mono­
tropa. D e s v a u x  (1827) treated  the Mono­
tropoideae as a family, the Semicircu- 
laceae, ap a rt from  the Ericaceae. Mono­
tropa liypopitliys  L. was the only m em ber 
of the family. F i n d l e y  (1836) elevated 
both the Pyroloideae and M onotropoideae 
to separate families. His M onotropaceae 
differed from the Pyrolaceae in tha t its 
m em bers had straight styles, longitudinally 
dehiscent an ther sacs, leafless stems, ap ­
parently  sym petalous corollas, and were 
parasitic plants. I ) e  C a n d o l l e  (1839) 
reasoned the group to be a segregate fam ­
ily, pointing out the lack of term inal 
pores in  an thers and the difference in 

Bot. Notiser, vol. 128, 1975
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num bers of perian th  segments in term inal 
versus lateral flowers. He inferred rela tion­
ships am ong his M onotropaceae, Pyrola  
aphylla  S m i t h  in R e e s , and  Cladothamnus 
B o n g . B e n t h a m  and H o o k e r  (1876) ele­
vated the M onotropoideae, hut not the 
Pyroloideae, to fam ilial status. They su p ­
posed the M onotropoideae to he root 
parasites. They also recognized a link 
am ong their M onotropeae, Ericaceae, and 
Pyroloideae th rough Pyrola aphylla. The 
M onotropaceae of S m a l l  (1914) were 
noted to possess simple pollen grains. He 
judged the m em bers to be saprophytes 
and  that their ovaries were either 1- or 
4— 6-celled. The baccate fru its of some 
of the m em bers were still poorly known 
at that time and S m a l l  noted that the 
fru its of some were m erely som ewhat 
fleshy. Recently C r o n q u i s t  (1968) also 
recognized M onotropaceae. He lists lack 
of chlorophyll, lack of leaves, presence 
of longitudinally dehiscent anthers, m o­
nad pollen, and variable placentation as 
differentiating characteristics. E i c h l e r  
(1875) was the only au th o r to treat the 
M onotropoideae as a subfam ily of the 
H ypopityaceae (sic). S im ilarly Rouv (1897) 
considered the Pyroloideae and Mono­
tropoideae subfamilies of his M onotro­
paceae. The M onotropoideae was considered 
a  tribe of the Ericaceae hy I ) .  D o n  (1834). 
He characterized the group as having 
unilocular anthers, peltate seeds, and as 
being leafless, parasitic herbs. B â i l l o n  
(1891) separated the genera which m ake 
up the M onotropoideae into two series, 
the M onotropées and the Pterosporées 
w hich he subordinated to the Ericaceae. 
The two series were distinguished by 
w hether or not the corolla was sym petal­
ous.

Usually the M onotropoideae is placed 
as a subfam ily of the Pyrolaceae or E ri­
caceae. D r u d e  ( 1 8 8 9 )  pu t the subfam ily 
into the Pyrolaceae. He noted tha t the 
Pyroloideae had reflexed anthers w ith 
ap ical dehiscence at anthesis and pollen 
in tetrads. His M onotropoideae had erect 
an th ers  w ith united, ring-shaped or

hippocrepiform  slits and m onad pollen. 
D r u d e ’s treatm ent was used by S c h u l t z e - 
M o t e l  (1964). L a w r e n c e  (1951) stated 
that the Pyrolaceae, in w hich he included 
the M onotropoideae and Pyroloideae, d if­
fered from  the Ericaceae by their h e r­
baceous habit, corolla of distinct petals, 
and loculicidallv dehiscent capsule. There 
are some exceptions to each of these 
characteristics. Chimaphila um bellata  (L.) 
B a r t , and C. maculata  (L . )  P u R S H  are 
som ew hat woody; H em itom es  G r a y , M ono- 
tropsis S c h w . in E l l ., Pterospora, and 
Sarcodes T o r r , have sym petalous corollas; 
and Cheilotheca  H o o k , f i l ., H em itom es, 
M onotropastrum  H. A n d r e s , M onotropsis, 
Pityopus  S m a l l , and Pleuricospora  G r a y  
have baccate fruits. The au th o r has con­
sidered the M onotropoideae a subfam ily 
of the Ericaceae in a previous paper 
( W a l l a c e  in press). This position had 
also been taken hv several earlier au th o rs  
( H e n d e r s o n  1919, C o p e l a n d  1939, 1941, 
1947, T h o r n e  1968, S t e v e n s  1971). 
H e n d e r s o n  (1919) allied the M onotro­
poideae and Pyroloideae to the Ericaceae 
in a series characterized by increasing 
saprophytism . This increasing saprophyt- 
ism was accom panied by anatom ical and 
m orphological change. She noted th a t ex­
cept for their saprophytism , the supposed 
differences am ong the M onotropoideae, 
Pyroloideae and Ericaceae broke dow n 
w hen viewed carefully. Co p e l a n d  (1939) 
followed J e p s o n  (1925) in placing the 
M onotropoideae and Pyroloideae in  the 
Ericaceae, adm itting his uncerta in ty  of 
their true relationships. In two la ter 
papers C o p e l a n d  (1941, 1947) m ain ta ined  
this position bu t gave reasons for treating  
the two subfam ilies as tribes of the Ar- 
butoideae of the Ericaceae. T h o r n e  (1968) 
did not elaborate on his reasons for p lace­
m ent of the Pyroloideae and  M onotrop­
oideae in the Ericaceae. S t e v e n s  (1971) 
stated tha t in placing the two subfam ilies 
in the Ericaceae he followed C o p e l a n d  
(1941, 1947) and H e n d e r s o n  (1919). He 
asserted th a t several characteristics and 
observations utilized by D r u d e  (1889) in
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his classification of the groups were in ­
correct.

DISCUSSION

The subfamily Monotropoideae has u su ­
ally been considered to be close to the 
Ericaceae. The question is whether they 
should be included in the Ericaceae. The 
following will include a discussion of 
some of the information provided in Table 
1. O ther data, whose presentation is not 
enhanced  by a tabular format, and a 
brief discussion on the acceptability of 
some of the other subfamilies and their 
m em bers will be included.

The Pyroloideae and Monotropoideae 
are restricted to the Northern Hemisphere. 
The Ericoideae, apparently  indigenous 
only in the Old World, has the Cape 
Province of Africa as its center of diver­
sity and is infrequently represented o u t ­
side Africa in comparison. The Rhododend- 
roideae, Vaccinioideae, and Arbutoideae 
are also probably of northern  origin bu t 
are widespread in the New and Old 
Worlds. The center of diversity for the 
Monotropoideae is western North America. 
Five genera are restricted to this area and  
two of the other five are found there. 
Some of the species are seldom collected.

Many modifications of the Monotrop­
oideae are related to their mycoparasitic 
habit. These include reduced herbaceous 
habit,  presence of nonphotosynthetic s te r­
ile brac ts  instead of leaves and associated 
features, and lack of above ground vege­
tative buds. The only above ground p o r ­
tions of the species are the annual 
inflorescences. These reproductive s truc­
tures represent the most noticeable p o r ­
tions, and not surprisingly the m ajo r  
source of taxonomic data of the species. 
S l e u m e r  (1966) pointed out that sterile 
materia l of any members of the Ericaceae 
is of little value because the most useful 
inform ation is to be found in the cha rac ­
teristics of the reproductive structures. 
W a t s o n  (1965) based some suggested 
taxonomic alterations within the Ericaceae

upon stomatal characters and few other 
features. Some of his other data do not 
seem to support changes suggested by his 
stomatal data, particularly  in the case of 
removal of the Phyllodoceac from the 
Rhododendroideae ( H a r b o r n e  & W i l ­
l i a m s  1973, I k u s e  1954).

Floral Biology

Several features utilized in taxonomic 
delimitations of members of the Ericaceae 
may be directly related to specialized 
pollen presentation mechanisms. Awned, 
shaker-type anthers; narrow  orificed, ur- 
ceolate corollas; and pollen lacking “vis- 
cin” (sporopollenin) strands are found 
primarily in the Ericoideae and Arbutoi­
deae. The constricted m outh  of the corolla 
with awned anthers presented just below 
its narrowest portion m ay be selective for 
particular insects or may spatially restrict 
entry so pollen will not be wasted. The 
anthers are disturbed, in their pendulous 
position, when the insect visitor pushes 
on the anthers or awns trying to reach 
the nectar at the base of the flowers. 
Pollen will normally be shaken out at 
this time. Autogamy, usually effected in 
later stages of anthesis, has been described 
for some species in the Ericaceae with pol­
len presentation mechanisms of this type 
( H a g e r u p  1954, K e r n e r  v o n  M a r i l a u n , 
1894— 95). The more flaring flowers of 
the Rhododendroideae have awnless a n ­
thers and “viscin” strands among the 
pollen grains. The pollen thus held in 
aggregates may become tangled in the feet 
or other body parts  of insects and t rans­
ferred to the sticky stigma. The com ­
parisons noted in Table 1 reflect cha r­
acteristics of extant members of the E r i ­
caceae and include data on specialized 
features of the above types. These special­
izations may hinder any attempt at erect­
ing a natural arrangement of the Ericaceae. 
For this reason care m ust be taken to 
consider data from m any  potentially 
useful features before tentative lines of 
development are drawn.
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Stam ens

The range of characters associated w ith 
the androecium  and an thers of the Mono- 
tropoideae m ay usually  he found am ong 
the o ther subfam ilies of the Ericaceae as 
well. A nther dehiscence varies greatly in 
m ost of the subfamilies. Monad pollen 
occurs in five genera of the Ericoideae, 
one of the Vaccinioideae, one of the Pyro- 
loideae, and all ten genera of the Mono- 
tropoideae. C haracteristics of anthers are 
of p articu la r taxonom ic value in the 
Ericaceae. These m ay exhibit a wide range 
of form s depending upon the pollen p re ­
sentation m echanism  peculiar to the taxon 
concerned. The general form  of the erica- 
ceous stam en is, however, relatively un i­
form . M a t t h e w s  and K n o x  (1926) noted 
th a t the stam ens, of mem bers of the 
Ericaceae, have a single trace which usually 
curves from  the connective tow ard the 
distal portion  of the an ther, w hether or 
not it is term ed the apex or base of the 
an ther. They chose the latter term . In  
m ost of the stam ens they depicted, the 
trace was unbranched and generally oc­
cupied the m ost m assive or isolated areas 
of sterile tissue in the anthers. In Daboe- 
cia polifolia  D. D o n , as m ight he expected, 
the m uch elongate an ther sacs are provided 
w ith a trace between them , which M a t ­
t h e w s  and K n o x  term ed a subsidiary 
trace. This strand  is found tow ard the 
porous end of the anther. This would he 
consistent w ith C a r l q u i s t ’s (1970) em ­
phasis on the probability  tha t relative size 
and  duration  of the stam en determ ine the 
am ount of vascularization. In m any cases 
in the Ericaceae, the an thers at m atu rity  
are positioned w ith their distal portions 
directed tow ard the base of the ovary 
on the adaxial sides of the stam inal f ila­
ments. C o p e l a n d  (1943) noted that the 
an thers of the m em bers of the Rhodo- 
dendroideae were developed in, ra the r 
than  m oved to, the position described 
above. The an thers of Erica hirtiflora  
C u r t , were described by M a t t h e w s  and 
T a y l o r  (1926) as developing w ith their

distal portion directed tow ard the base 
of the ovary. These do not undergo late 
an ther inversion. In this respect they are 
sim ilar to the an thers of the R hododendr- 
oideae described by C o p e l a n d  (1943). 
This is the m ost frequently  encountered 
situation am ong the o ther m em bers of 
the Ericaceae. F low ers of some m em bers 
of the A rbutoideae m entioned by M a t ­
t h e w s  and K n o x  (1926) develop with 
the distal portions of the anthers directed 
tow ard the still closed floral orifice and 
invert during the la tte r stages of their 
developm ent to attain  the same positions 
as the an thers of o ther Ericaceae. C o p e ­
l a n d  (1943) m entioned species of Pyrola  
and Arctostaphylos  A d a n s . whose stam inal 
development would conform  to th is de­
scription.

There are several types of stam ens 
found am ong the m em bers of the Mono- 
tropoideae. Cheilotheca, Hemitomes, Mono- 
tropa hypopithys , Pityopus, Pleuricospora,  
and Sarcodes have straight filam ents to p ­
ped by erect, linear or h ippocrepiform  
anthers which undergo no m ovem ents like 
those described above. Allotropa  T o r r .  
& G r a y  ex G r a y  in N e w b e r r y ,  M onotropa  
uniflora  L., Monotropastrum, Monotropsis, 
and Pterospora  have relatively straight 
filam ents topped by globose or variously 
shaped anthers, but these are not linear. 
The distal portions of these an thers are 
horizontally directed tow ard the style. 
During their m aturation , the distal p o r­
tions of the an thers m ay bend dow nw ard 
slightly, hut usually  less than 90 from  
the horizontal, so tha t it approaches a 
position m ore directed tow ard the floral 
base. The inversion in these species of the 
M onotropoideae is not considerable and 
in some cases m ay be achieved by the 
reflection of the stam ens allowed by the 
expansion of the corolla at anthesis. The 
ovaries of Allotropa, Monotropa uni flora, 
Monotropastrum, Monotropsis, and  Ptero­
spora are ra th e r globose or oblate sphero i­
dal. In  bud, the an thers usually  occupy 
the space in the angle between the apex 
of the ovary and the straight style. In m ost 
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of the o th er species of the M onotropoideae 
the ovaries are m ore elongate and the 
stam ens lie along side of and parallel to 
the style. This la tter condition is found 
in  m any m em bers of the Ericaceae in 
w hich the re  is little or no movement of 
the an th e r  in relation  to the m ature ex­
panded filam ent. The movem ent is more 
pronounced  in some species of the Pyro- 
loideae. In  Moneses S a l i s b .  the angle 
th rough  w ich the an ther m ust deflex is 
greater th a n  th a t encountered in any 
species of the M onotropoideae. The a n ­
thers of M oneses are also provided with 
short tube-like channels. Movement of 
the m atu ring  an thers atop the filam ents 
m ay serve to orient the extending awns, 
possessed by m any of the species, to a 
position w here the awns are against the 
corolla. The slight m ovem ent of some 
of the an thers of the M onotropoideae is 
all th a t is required  to orient the dehiscence 
openings of those species. Many species 
with urceolate corollas do not have anthers 
w hich undergo any degree of inversion. 
These are m ost frequent am ong mem bers 
of the Vaccinioideae. In these, the anthers 
are provided w ith elongate dehiscence 
tubules w hich would, in m ost cases, 
spatia lly  preclude any inversion move­
m ents of the anthers. The inversion would 
be detrim en ta l anyw ay since the apparen t 
pu rpose is to align the dehiscence openings 
of the an thers tow ard the floral orifice. 
M a t t h e w s  and K n o x  (1926) fu rthe r noted 
th a t m any  taxa in the Vaccinioideae have, 
in add ition  to the tubules, appendages on 
e ither the ir filam ents or anthers. These 
appendages are of variable position, and 
w ould serve to orient the anthers. In the 
E ricoideae, some species w ith included 
stam ens but awnless an thers have fila­
m ents th a t are curved to m ake contact 
w ith the corolla and thus provide the 
necessary support for the orientation of 
the an thers. S t e v e n s  (1970) reported the 
presence of curved filam ents, which he 
called geniculate, in several genera of the 
A ndrom edeae. These were also noted in 
a la te r paper ( S t e v e n s  1971). The stamens 
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and an thers of the M onotropoideae seem 
to he m ost closely allied to those of the 
A rbutoideae. Among the m em bers of the 
M onotropoideae only Pterospora  has an 
urceolate corolla and aw ned anthers.

Pollen

The distribution  of hi- and trinucleate 
pollen grains am ong the m ycoparasites 
and o ther angiosperm s is of interest bu t 
of uncertain  significance. B r e w b a k e r  
(1967) included a long list of taxa and 
their type of pollen. He considered tr i­
nucleate pollen grains the advanced type. 
B inucleate pollen grains predom inate in 
the angiosperm s and  am ong m ycopara- 
sitic genera. B r e w b a k e r  listed Neottia 
G u e t , of the O rchidaceae, Salomonia  L o u r . 
of the Polygalaceae, and the M onotro­
poideae and Pyroloideae of the Ericaceae 
as having binucleate pollen grains. The 
T riuridaceae, as well as Apteria  N u t t . 
(Burm anniaceae) and two chlorophyllous 
species of Burm annia  L., are trinucleate. 
He listed two m ycoparasitic species of 
Burm annia  as binucleate. B r e w b a k e r ’s 
list included relatively few genera of these 
fam ilies so the prevalence of either type 
of pollen is unknow n. This would be 
necessary for p roper com parisons in light 
of o ther taxonom ic evidence to determ ine 
the significance of this type of inform ation. 
E nkian thus  L o u r , is the only genus of the 
E ricaceae know n to possess trinucleate 
pollen grains.

Embryology

All the features associated w ith the 
gynoecia of m em bers of the M onotropo­
ideae m ay he found elsew here in the E ri­
caceae. C haracteristics of the ovules are 
alm ost uniform  th roughou t the Ericaceae. 
On the basis of her em bryological w ork 
D a v i s  (1966) separated  the M onotropaceae 
and Pyrolaceae from  the E ricaceae. F o r the 
purpose of this discussion data for her 
th ree fam ilies will be considered as though 
it were for a united fam ily, the Ericaceae.
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D a v i s  noted several embryological ch a r ­
acteristics. The ovules are anatropous, 
unitegmic, and tenuinucellate except in 
some of her Ericaceae where the ovule 
may he nearly campylotropous. The arche- 
sporial cell functions directly as the mega- 
spore mother cell and cytokinesis ac­
companies meiosis. Some members of 
D a v i s ' s  Ericaceae vary in the la tter c h a r ­
acteristic. The chalazal megaspore of a 
usually linear te trad develops into a Poly­
gonum -type  embryo sac. Endosperm fo r ­
mation is ab initio cellular in almost all 
cases. Embryogeny is of the caryophyllad 
type in D a v i s ’s Pyrolaceae and Mono- 
tropaceae but of the solanad type in the 
Ericaceae. The difference may represent 
a reduction of the embryo from the 
solanad type in which the basal cell forms 
a suspensor for two or more cells, to the 
caryophyllad type in which the basal cell 
undergoes no further  divisions ( M a h e s h -  
w a r i  1950).

Data from G a n a p a t h y  and P a l s e r  

(1964) and S t u s h n o f f  and P a l s e r  (1969) 
indicate that the embryos of members of 
the Ericaceae, except for the Pyroloideae 
and  Monotropoideae, are linear and  have 
two short cotyledons. C o p e l a n d  (1947) 
stated that the embryos of the genera 
he put in the Pyroleae (Pyrola, Chimaphila  
P u r s h ,  and M one ses) failed to form any 
distinct parts. According to J o h a n s e n  
(1950), the mature embryo of Monotropo  
hypopithys  consists of about nine cells. 
T e r e k h i n  (1963) claimed that the embryo 
and endosperm in the Pyroleae and  Ptero- 
sporeae consisted of about 30— 40 cells. 
Embryos of species of the Pyrolaceae 
(including Monotropo) studied by P y y k k ö  

(1968) were reportedly undifferentiated 
and embedded in endosperm. C o p e l a n d  
(1947) had  reported that the embryos 
absorbed most of the endosperm. The 
reduction of the embryos of the Mono­
tropoideae and Pyroloideae is in keeping 
with their reduced stature and habit.  It 
seems likely tha t in both  subfamilies 
infection by the mycorrhizal fungi occurs 
soon after the seeds are shed. This may 
20

alleviate the necessity for abundant endo­
sperm. M a h e s h w a r i  (1950) provided a 
list of embryological features com m on to 
the Ericales. P a l s e r  (1961) expanded this 
list. There are some minor exceptions 
to some of the noted features in her  list.

Phytochem istry

H e g n a u e r  (1966 a) recorded the occur­
rence of several compounds among the 
members of the Ericaceae. The diterpenes 
are the toxic constituent of the Ericaceae. 
Andromedotoxin, one of these, has been 
isolated from members of the Rhododen- 
droideae and Arbutoideae but was not 
found among the few species of the Eri- 
coideae, Vaccinioideae, and Pyroloideae 
investigated. It was, however, found in 
Monotropo uni flora, the only m em ber  of 
the Monotropoideae investigated. H e g ­
n a u e r  (1966 b) mentioned the presence 
of arbutin  in Arbutus  L., Ar cto s taphylo s, 
Pyrola, and Vaccinium  L. All members 
of the Pyroloideae and Monotropoideae 
were said to possess monotropeoside.

Gossypetin was recognized as a useful 
taxonomic m arker  by I T a r b o r n e  and W i l ­
l i a m s  (1973). This compound was noted 
by them primarily in the Rhodoreae and 
Phyllodoceae of the Rhododendroideae but 
was also found in Erica L. (some species) 
of the Ericoideae; Comarostaphylis  Zucc. 
of the Arbutoideae; and Iiarrimanella,  
Chamaeclaphne K u n t z e ,  and O xydendrum  
DC. of the Vaccinioideae. Hydroquinone 
was found in all members of the Arbutoi­
deae examined, Pyrola, and Chimaphila  as 
well as some species of Pcrnettya  G a u d i c h  
and Vaccinium  ( H a r b o r n e  & W i l l i a m s  

1973). They also noted the occurrence of 
the monomethyl ether of hydroquinone in 
Pyrola  and Vaccinium. Ursolic acid, ß-sito- 
sterol, and p-coumaric acid have been re ­
ported from  Monotropo uniflora  by B o b ­
b i t t  et al. (1966). H e g n a u e r  (1966 a) re ­
ported ursolic acid from each of the other 
subfamilies of the Ericaceae. He mentioned 
the occurrence of ß-sitosterin in Befaria  

Bot. Notiser, vol. 128, 1975
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M u t i s  e x  I.., Lyonia  R e i c h  i l ,  and Pyrola. 
H a r b o r n e  and W i l l i a m s  (1973) state that 
the Pyroloideae and Monotropoideae fit 
into the Ericaceae based upon their che­
mistry and  suggest that the Vaccinioideae 
is similar.

The tribes and most of the subfamilies 
of the Ericaceae are fairly distinct hut 
have been subjected to various taxonomic 
combinations. For the purposes of this 
brief discussion of the other subfamilies 
of the Ericaceae, S t e v e n s ’ ( 1 9 7 1 )  classifi­
cation is the most useful. The presence of 
gossypetin and pollen grains with “viscin” 
strands, am ong the taxa of the Phyllo- 
doceae and  Rhodoreae enforce S t e v e n s ’ 
treatment of the Rhododendroideae. The 
Ericoideae is relatively distinct in most 
of its features. S t e v e n s  placed the Arbu- 
toideae as a tribe of the Vaccinioideae. 
His classification has many merits, how­
ever, the Arbutoideae is separated in the 
present w ork  in an attempt to allow com­
parison of the two groups. I would have 
to agree with S t e v e n s  ( 1 9 7 1 ) ,  however, 
and unite the Arbutoideae with the Vac­
cinioideae. Several characters associated 
with pollen presentation mechanisms were 
found to be common between the two 
groups. These mechanisms were not cor­
related by S t e v e n s .  Some of the characters 
which are interrelated include the shape 
of the corolla, presence or absence of 
“viscin” strands, presence or absence of 
anther  tubules, and inversion of anthers.

CONCLUSIONS

Data in Table 1 clearly indicate the 
close relationship of the Monotropoideae 
to the o ther  members of the Ericaceae. 
Most features found among the members 
of the Monotropoideae m ay he found in 
some o ther  members of the Ericaceae. The 
mycoparasitic habit of the subfamily is the 
most distinguishing feature of the group. 
Several characteristics are associated with 
this habit. Among these are reduced habit 
and embryological features, as well as 
changes in gross morphology, anatomy,
Bot. N otiser, vol. 128, 1975

physiology, and pollen presentation mech­
anisms. The Monotropoideae appear  to be 
most closely allied to the Arbuteae of 
S t e v e n s ’ (1971) Vaccinioideae. In addition 
to evidence from Table 1 there are other 
shared characteristics. Anthers of some 
members of the Monotropoideae undergo 
a modified form of an ther  inversion, a 
feature noted in the Arbuteae and Pyro­
loideae. The Monotropoideae and Arbuteae 
possess a similar range of floral charac­
teristics. Chemical evidence also indicates 
a close relationship am ong the tribes of 
the Vaccinioideae and the subfamily Mono­
tropoideae. The case against maintainence 
of the Pyrolaceae is also apparen t from 
data in Table 1. They, like the Mono­
tropoideae, possess no features unique 
among Ericaceae, except possibly myco- 
parasitism.

The Pyroloideae form a ra ther  uniform 
subfamily which should be placed near 
the Monotropoideae. The Monotropoideae 
and Pyroloideae were probably derived 
from the vaccinioid line, but in both cases 
the separation was some time ago and 
extant members have diverged to a great 
extent. There is no reason to belive that 
the Monotropoideae were dervided from 
the Pyroloideae, even though  one or more 
species of Pyrola  are occasionally leafless 
and so perhaps mycoparasitic, and Pyrola 
secunda  L. has m onad pollen. This prob­
ably represents similar levels of special­
ization. The subfamily Arbutoideae is 
recognized in Table 1 following T h o r n e  
(1968). This greatly simplified presentation 
of the data and provided an  opportunity  
to examine S t e v e n s ’ placement of the 
Arbuteae with the Vaccinioideae. S t e v e n s ’ 
combination does, as expected, seem quite 
reasonable. T h o r n e  proposes to follow 
this view in the fu tu re  ( T h o r n e ,  pers. 
comm.). The recognized subfamilies of the 
Ericaceae would then be as follows: 
Rhododendroideae, Ericoideae, Vaccinioi­
deae, Pyroloideae, and  Monotropoideae. 
The taxa of each of these are aligned as 
in S t e v e n s  (1971). W i l l i s  (1973) ten ta ­
tively placed Wittsteinia  F. M u e l l .  of



TH E  SUBFAMILIES OF TH E  ERICACEAE 297

S t e v e n s ’ W it t s t e in io id e a e  in  t h e  E p a c r i -  
d a c e a e .  S ince  n o  n e w  ev id e n ce  o n  the  
p l a c e m e n !  o f  th is  c o n t r o v e r s i a l  g e n u s  ( S t e ­

v e n s  1971) c o u ld  he  p r o v id e d ,  it w a s  not  
t r e a t e d  in  th is  p a p e r .
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C hrom osom e num bers  are  given for 41 species of ang iosperm s  f ro m  Iran  
belonging to 33 genera and  12 families.  The ch rom osom e n u m b ers  of 27 species 
and  six genera  (Lepyrodiclis F e n z l  ex E n d l . ,  Pseudofortuynia H e d g e ,  Robeschia 
H ö c h s t ,  ex F o u r n . ,  StraussieUa H a u s s e n . ,  Lepechiniella M. P o p .  and Hyme- 
nocrater F i s c h .  & M e y . )  are  published for the firs t time. T he  ch ro m o so m e  
n u m b ers  of three species differ  f ro m  those given by o ther  au thors .  C hrom osom e 
races have been found  in  Arabidopsis pumila ( S t e p h . )  N. B u s c h ,  Primula 
auriculata L a m .  and  Senecio coronopifolius D e s f .

In Clypeola aspera ( G r a u e r )  T u r r i l l  a cytotype with  n 13 was found .  
It p robab ly  orig inated  f ro m  m ateria l  with  n =  14 by m eans  of one unequal  
trans location .

Ahmad Aryavand, Département de Biologie, Université d’Esfahan, Esfahan, Iran.

Dans le cadre de nos. recherches cyto- 
taxonom iques su r la flore de l ’Iran  ( A r y a -  

v a n d  1975 a, b), nous présentons dans ce 
travail les résultats concernant 42 espèces 
ap p arten an t à 12 fam illes et 33 genres 
d ifférents. P ou r environ deux tiers de 
ces taxons les nom bres chrom osom iques 
sont rappo rtés pour la prem ière fois.

MATÉRIEL ET MÉTHODES

La plus grande partie  de notre m atériel 
consiste en boutons floraux que nous 
avons récoltés et fixés sur le terrain  en 
Iran, à l alcool-acétique (3: 1). Seul le 
m atériel de Cousinici tenella ainsi q u ’un 
échantillon  de Lepyrodiclis holosteoides 
proviennent de graines reçues respective­
m ent des ja rd in s  botaniques de Taschkent 
et de Versailles. Ces graines ont été cu l­
tivées dans le jard in  botanique de 1 Institu t 
de Botanique de l’Université de Neuchâtel. 
Les boutons ont été fixés par le Professeur 
C. F a v a r g e r .  P our chacun  des taxons 
étudiés, un tém oin a été séché; ces témoins

seront conservés dans l ’herbier de la 
Faculté des Sciences de l’U niversité d 'Esfa- 
han  (Iran). La technique utilisée a été 
celle des écrasem ents au carm in  acétique. 
Les fam illes ont été classées suivant la 
classification du Syllabus der P flanzen­
fam ilien de E n g l e r - D i e l s  ( D i e l s  1936) 
et dans chaque fam ille les genres et les 
espèces sont présentés p ar o rdre a lp h a ­
bétique. Nous n ’avons figuré ici que les 
images cytologiques se rap p o rtan t à des 
plantes (pii n avaient pas encore été 
étudiées à ce point de vue ou qui p ré ­
sentaient un  intérêt particulier.

Tous nos com ptages concernant la 
méiose sont effectués su r les cellules- 
mères du pollen.

LILIACEAE

Allium ascalonicum L. — n =  8

LOCALITÉ. E sfah an :  K hunsar ,  Golestan
kuh, 2400 m  (74-165).
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Ce nom bre a été trouvé p ar plusieurs 
au teurs chez cette espèce sur des p ro ­
venances d ifférentes (in B o l k h o s k i k h  et 
al. 1969) et cela indique, pour le mom ent, 
que le nom bre chrom osom ique de cette 
espèce est constant. Les chrom osom es ont 
une taille assez grande.

Allium stamineum Boiss. — 2 n =  16

LOCALITÉ. Fars: Ali abad-e Kamin, 1600 
m (74-206).

Notre résu ltat concorde avec celui de 
F e i n b r u n  (in B o l k h o s k i k h  op. cit.) sur 
du m atériel de Palestine. Les chrom osom es 
sont grands. Chacun d ’eux m esure environ 
13 m icrons à l’anaphase de la mitose 
som atique de l’ovaire.

Bellevalia glauca ( L i n d l . )  K u n t h  
n =  4 (Fig. 1 A)

LOCALITÉ. Esfahan: Damaneh, 2100 ni 
(74-163).

Cette espèce n ’a pas fait l’objet d ’un 
com ptage chrom osom ique. Mais le nom bre 
de base x =  4 est très fréquent chez le 
genre Bellevalia. P o d l e c h  et B a d e r  (1974) 
ont trouvé chez Bellevalia saviczii W O R O N .  
le nom bre 2n =  24 (hexaploïde) sur un 
m atériel d ’A fghanistan. B. glauca a été 
subordonné par B o i s s i e r  (1884) à B .  
ciliata ( C y r i l l )  N e e s .  Ce dernier taxon 
possède aussi 2n =  8.

Eremurus persicus J a u b .  & S p a c h  —
2n =  14 (Fig. 1 B)

LOCALITÉ. Esfahan: Gliameshlou, 2050 ni 
(74-149).

Cette espèce n ’a pasi été étudiée a u p a r­
avan t à notre connaissance. Mais toutes 
les espèces du genre Eremurus  qui ont 
été étudiées ju sq u ’à m ain tenant possèdent 
le nom bre chrom osom ique 2 n = 1 4 . Donc

au point de vue du nom bre chrom osom ique 
ce genre semble être très uniform e.

CARYOPHYLLACEAE

Lepyrodiclis holosteoides C. A. Mey. — 
n = 1 7 , 2ii =  34 (Fig. 2 A)

LOCALITÉS. Esfahan: Nadjaf abad, 1550 ni 
(74-130) — Iran (récollé par le jardin bot. 
de Versailles) (71-988).

Aucun représen tan t du genre Lepyrodic-  
lis F e n z l  ex E n d l .  n ’a fait à notre con­
naissance l’objet d ’un com ptage chrom o­
somique. Nous avons étudié deux spéci­
mens différents, 1 un  récolté directem ent 
dans la nature (Nadjaf-Abad à 20 km 
W  d Esfahan) et l ’autre, également origi- 
naire de l’Iran, provenant du ja rd in  bo tan i­
que de Versailles.

Dans les deux cas, nous avons obtenu 
le nom bre n =  17. Ce nom bre se rencontre 
également dans certains genres de la fa ­
mille des Caryophyllacées, comme Honke-  
nyci E h r i l ,  Gypsophila  L. et surtou t 
Cerastium L. Il existe certaines affinités 
m orphologiques en tre  ce dernier et le genre 
Lepyrodiclis.

PAPAVERACEAE

Hypecoum pendulum L. —  2n =  16
(Fig. 2B )

LOCALITÉ. Esfahan: Cité Universitaire,
1600 ni (74-22).

Cette espèce n ’a jam ais fait l’objet d 'un  
com ptage chrom osom ique. S m i t h  (1935— 
1936) et S u g i u r a  (1937) (in B o l k h o s k i k h  

et al. 1969) ont trouvé chez I lypecoum  
procumbens  respectivem ent les nom bres 
2n =  12 et 16?. M é s i c e k  et S o j a k  (in 
M o o r e  1973) ont com pté chez H ypecoum  
erectum  L. 2 n = 1 6  sur du m atériel de

Fig. 1. A: Bellevalia glauca, mitose pollinique, n =  4. — B: Eremurus persicus, mitose soma­
tique de l’ovaire, 2n =  14. ■— C: Clypeolci aspera, métaphase I, n =  13. — D: Clypeola aspera, 
mitose de la racine, 2n =  26. — É: Nonnea caspica, métaphase I, n =  22. — F: Nonnea 
persica, diacinèse, n =  16 (14 bivalents et 1 tétravalent). — G: Cousinia pugionifera, 

prophase de la mitose somatique de l’ovaire, 2n =  24.
Bot. Notiser, vol. 128, 1975
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Mongolie. E n  p lus C h o u k s a n o v a  (in B o l k - 
HOSKiKH op. cit.) a t ro uv é  chez H y p eco u m  
tr i lo b u m  T r a u t v . 2n =  32. Ces résulta ts  
m o n t re n t  q u e  le n o m b re  de base chez 
le genre  H y p e c o u m  L. est p ro b ab lem en t  8.

P apaver ten u ifo lium  B oiss .  -— n =  7 
(Fig. 2 C)

LOCALITÉ. Esfahan: Ghameshlou, 2050 m 
(74-134).

Cette espèce n  a pas  été étudiée a u p a r ­
av an t  à n o tre  connaissance . Mais d ans  le 
genre  Pcipciver L., le n o m b re  c h ro m o ­
som iqu e  2 n = 1 4  est le p lus  répan du .

BHASSICACEAE

A rabidopsis pum ila ( S t e p h . )  N .  B u s c h  —  

n =  8 (Fig. 2 D)

LOCALITÉ. Esfahan: Mt Homayoun shahr, 
1700 m (74-56).

M a n t o n  (1932) a com pté  sur  u n  spéci­
m en  d u  SW  de l’Asie le n o m b re  c h ro m o ­
som ique  2n  =  32. Donc, n o tre  échanti l lon  
qui p ro v ie n t  de la région d ’E s fa h a n  (Iran) 
est u n  d ip lo ide  (n =  8). Mais m a lh eu reu se ­
m en t  M a n t o n  n ’a pas  ind iqué  la localité 
p réc ise  de son  échantillon . Il fau t  m en t io n ­
n e r  q ue  Arabidopsis  wallichii  ( H o o k .  f i l .  
& T h o m s . )  N .  B u s c h  possède aussi le 
n o m b re  ch ro m o so m iq u e  2 n = 1 6  ( P o d l e c h  
& B a d e r  1974).

A rab idops is  p um ila  avec u ne  aire de 
d is t r ib u t io n  assez vaste (Russie centrale  
et m é r id io n a le  et Asie cen tra le  et austro- 
occidentale)  possède de nom b reuses  varié ­
tés ( S c h u l t z  1924). De tou te  façon, nos

ob se rva t io ns  m o n t re n t  que cette espèce 
a au m o in  deux races  chrom osom iques, 
l ’u ne  d ip lo ide  (I ran : E sfahan )  et l’au tre  
té t ra p lo ïd e  (SW Asie).

C lypeola  aspera ( G r a u e r )  T u r r i l l  — - 
n =  13, 2n  =  26 (Fig. 1 C, D)

LOCALITÉS. Esfahan: Mt Kolah-ghazi, 1800 
m (75-534) —- Fars: Kazeroun, Komaradj, 
1100 m (75-569).

D ’a p rè s  nos reche rch es  an té r ieu res  (Ary- 
a v a n d  1975 a), il existe chez cette espèce 
deux  n o m b re s  ch ro m o so m iq u es  d ifférents: 
n  =  7 et n  =  14. D epu is  lors, nous  avons 
observé  chez deux ind iv idus de p rov e ­
nances  d if féren tes  le n o m b re  c h ro m o so ­
m iq u e  n = 1 3  et 2n =  26. Dans les mitoses 
so m atiq ues  de la racine, on  aperço i t  12 
ch ro m o so m es  avec constr ic t ion  dans la 
rég ion  m édiane , 12 ch ro m o so m e s  à co n ­
str ic t ion  subm édiane  et 2 ch rom osom es 
d on t  la taille est en v iron  deux  fois p lus  
g ra n d e  q u e  celle des au tres  et possédant 
u ne  cons tr ic t io n  subm éd iane .  A la méta- 
ph ase  1 des cellules-mères de pollen, nous 
avon s  observé  12 b ivalen ts  de taille n o r ­
m a le  et 1 b ivalent bea u c o u p  p lus  g rand  
q u e  les au tre s  et en  fo rm e d ’an n eau  à 
deux  ch iasm as.  Il sem ble  bien que le type  
à  n = 1 3  dérive du  ty p e  à n = 1 4  p a r  fusion  
de deux  ch rom o so m es  en tre  eux à la suite 
sans  d o u te  de trans lo ca t ion s  inégales (cf. 
S w a n s o n  1960 p. 397). J u s q u ’à  présen t 
n o u s  n ’avons pu déceler de différences 
m orp h o lo g iq u e s  en tre  les p lan tes  à n = 1 4  
et à n = 1 3 ,  m ais  ce po in t  exigera encore 
d ’a u tre s  investigations.

Ce p h é n o m èn e  de fus ion  des c h ro m o ­
som es n 'es t  pas c o m p arab le  a u  p h én o m èn e  
R o bertson ien ,  souven t observé d ans  le

Fig. 2. A: Lepyrodiclis holosteoides, anaphase I, n —17. — B: Hypecoum pendulum , 
mitose somatique de l’ovaire, 2n =  16. — C: Papaver tenuifolium , mitose pollinique, n 7. 
— D: Arabidopsis pumila, métaphase I, n =  8. — E: Clypeola dichotoma, anaphase I, 
n  =  7. — F: Pseudofortuynia esfandiarii, diacinèse, n —7. — G: Robeschia schimperi, 
mitose pollinique, n =  8. — H: Sisymbrium septulatum, diacinèse, n =  7. — I: Straussiella 
purpurea, mitose pollinique, n =  8. — J: Astragalus bachtiaricus, mitose somatique de 
l’ovaire, 2n =  16. — K: Astragalus candolleanus, mitose pollinique, n =  8. — L: Astragalus 
fragiferus, mitose pollinique, n =  8. — M: Sophora griffithii ssp. hortensis, mitose 
pollinique, n = 9 .  —- N: Primula auriculata, métaphase II, n =  l l .  — O: Arnebia decumbens, 
mitose somatique de l’ovaire, 2n =  22. — P: Lepechiniella persica, anaphase I, n. =  11.

— Q: Hymenocrater bituminosus,  anaphase I, n = 9 .
Bot. N otiser, vol. 128, 1975



CYTOTAXONOMIE DE QUELQUES ANGIOSPERMES DE L’IRAN 3 0 3

A t  ^ ^  B ^

Plf'l
D

0  *

E

/ '  - y -  4*Ær• * • \ '  J  - I
V '

• % ^ 4  

«  v a
.4 . . / /

* l  ' t y

Q #

10 fj

Bot. N otiser, vol. 128, 1975



304 A H M A D  A R Y A V A N D

règne a n im a l  et r a rem en t  chez les p lan tes  
sup é r ieu re s  ( K o l l m a n n  1 9 6 9 ) ,  puisque 
d an s  ce cas ce sont des ch rom osom es 
té locen tr iques  qui se souden t en tre  eux 
p o u r  d o n n e r  p a r  exem ple  des c h ro m o ­
somes m é ta -  ou  sub m étacen tr iques ,  le n o m ­
bre  to tal des b ras  re s tan t  identique. T andis  
que  d an s  no tre  cas, il ne s’agit pas de 
c h ro m o so m e s  té locen tr iques mais p lu tô t 
de ch ro m o so m es  à co nstr ic t ion  m édiane  
011 s u b m éd ian e  ou enfin  sub te rm ina le  qui 
se so u d en t  en tre  eux p o u r  d o nn er  un  
n o u v ea u  ch rom osom e . Il semble b ien  ce­
p en d an t  que  la m asse  totale de la  chro- 
m atine  reste  à peu  près  identique.

C lypeola d ichotom a Boiss .  —  n  =  7 
(Fig. 2  E)

LOCALITÉ. Esfahan: Mouteh, 2000 ni (74- 
194).

N ous avo ns  co m p té  (A r y a v a n d  1975 a) 
le n o m b re  ch ro m osom iqu e  des Clypeola  
m icroca rpa  et C. aspera  a p p a r te n a n t  res­
pec tivem ent aux  sections Jon th lasp i  ( A d - 
a n s .) DC. et Bergeretia  I)C. L ’espèce C. 
d ich o to m a  Boiss .  ap p a r t ie n t  à la  section 
Pseudanasta tica  Boiss .  Dansi l ’état actuel 
de nos connaissances, le n o m b re  x =  8  

est p a r t icu l ie r  à la section Jon th lasp i  et 
x =  7 a u x  sections Bergeretia  et P seudanas­
tatica.

C onringia persica Boiss. —  2 n =  14

LOCALITÉ. Esfahan: Mt Homayoun shahr, 
1700 ni (74-55).

N otre  résu lta t  concorde  avec le com ptage 
effec tué  p a r  P o d l e c h  et D i e t e r l e  (1969) 
su r  du  m a té r ie l  d A fghanis tan . Ce nom bre  
a été tro u v é  chez deux  au tre s  espèces du 
genre  Conringia  (cf. B o l k h o s k i k h  op. cit.) 
et on  p e u t  dire p o u r  le m o m en t que le 
n o m b re  de base chez le genre  Conringia  
est x =  7.

P seu d ofortu yn ia  esfandiarii H e d g e  —  
n =  7 (Fig. 2 F)

LOCALITÉ. Esfahan: Ghameshlou, 2050 ni 
(74-151).
Bot. N otiser, vol. 128, 1975

P seu do fo r tuyn ia  H e d g e  est u n  genre 
n ionotypique , en dém iqu e  des provinces de 
F a r s  et d ’F s f a h a n  de l’Iran .  Ce genre, 
découvert  récem m en t p a r  H e d g e  ( H e d g e  
& B e c i u n g e r  1968), ne c o m p o r te  q u ’une 
seule espèce P. esfandiarii  H e d g e .  Notre 
échantil lon  p rov ien t  de la région de G ha­
m esh lou  à env iro n  60 km  au  N W  d E s fa ­
han . C’est une nouvelle  localité  p o u r  cette 
espèce. C’est la p rem iè re  fois q u 'u n  co m p ­
tage ch ro m o so m iqu e  a  été effectué dans 
ce genre. D ’après  H e d g e  ( H e d g e  & R e c i i -  

IN G ER op. cit.), le genre  P seu do fo r tu yn ia  
ap p a r t ie n t  à la t r ib u  B rass iceae et à la 
sous-tr ibu  M oricandiinae. Or, d ans  cette 
sous-tr ibu  on c on na î t  les n o m b re s  c h ro m o ­
som ique des tro is  genres : Conringia, Mori-  
candia  et O rycho ph ra gm u s .  Chez ce d ern ie r  
genre, le n o m b re  ch ro m o so m iq u e  de O. 
violaceus  (L.) O. E. S c h u l z  a été d é te rm iné  
p a r  M a n t o n  (1932): 2 n = 2 4 ,  no m b re  don t  
nous  ne pouvons  pas  t i rer  de conclusion. 
Com m e nous l ’a vo ns  expliqué  p lus hau t,  
chez le genre Conringia,  le n o m b re  de base  
est 7. Q uant a u  genre  Moricandia,  on 
con n a î t  à l’he u re  actuelle, les n o m b res  
ch rom osom iqu es  de qu a tre  espèces. T ous  
ces; comptages, à l ’excep tion  d ’u n  com ptage  
effectué pa r  Q u é z e l  (1955) su r  M. arven-  
sis (L.) DC. 2 n =  24, on t d o n n é  co m m e 
n o m b re  ch ro m o so m iq u e  2n =  28 (in B o l k ­
h o s k i k h  op. cit. et M o o r e  1973). T ou tes  
ces observations m o n t re n t  que  le n o m b re  
n = 7  de P seu d o fo r tu yn ia  esfandiarii  H e d g e  

jus tif ie  la s i tua t ion  tax o n o m iq u e  de ce 
taxon.

R obeschia sch im peri (Boiss.)  O. E. S c h u l z  

11 =  8  (Fig. 2  G)

LOCALITÉ. Esfahan: Mouteh, 2000 ni (74- 
192).

Le genre R obesch ia  H ö c h s t , ex F o u r n . 
ne com porte  q u ’u n e  seule espèce d a n s  le 
m onde: R. sch im per i  (Boiss.)  O. E. S c h u l z  
( S c h u l z  1924). Cette espèce se t ro uv e  au  
Sinai, en Syrie, en I r a n  et a u  P ak is tan .  
Cette p lante  n ’a  pas  été é tudiée  a u p a ra v a n t  
à no tre  connaissance.
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Sisym brium  septu latum  DC. —  11 =  7, 2 n =
14 (Fig. 2 II)

LOCALITÉ. Esfahan : Mt Kolah-ghazi, 1800 
m (74-07).

Cette espèce, n o n  plus, n ’a pas été 
é tudiée  a u p a ra v a n t .  Mais le nom b re  2 n =  
14 est très  fréqu en t  chez le genre S is y m b ­
r ium.  Le n o m b re  ch ro m osom iq ue  2n =  2 8 a  
été t ro uv é  chez S. irio L. pa r  P o d l e c h  
et D i e t e r l e  (1969) su r  du  m atérie l d ’Af­
ghan is tan ,  et p a r  A m i n  (in L ö v e  1973) 
su r  du  m a té r ie l  d ’Egypte.

D ’après  S c h u l z  (1924), notre  espèce 
a p p a r t ie n t  à  la section  P a ch y p o d iu m  
( W e b b  & B e r t h .) F o u r n . dont deux  
au tre s  re p ré se n ta n ts  (à savoir  S. ciltissi- 
m u m  L. et S. orientale  L.) ont un  n o m b re  
ch ro m o so m iq u e  de 2n =  14 (in B o l k h o s - 
k i k h  op. cit.) . Il fau t  a jo u te r  que la 
section P a c h y p o d iu m  est tou t  à fait p ro che  
de la  section Irio DC. dont fait pa r t ie  
l ’espèce S. irio L.

Straussiella  purpurea ( B g e . )  H a u s s e n .  —  
11 =  8  (Fig. 2 1)

LOCALITE. Esfahan: Mouteh, 2000 m (74- 
186).

C’est à no tre  avis le p rem ie r  com ptage  
publié  sur  le  genre Straussiella  H a u s s e n . 
Straussiella  purp urea  est u ne  p lan te  vivace, 
en dém iqu e  de l ’ouest et du  cen tre  de l ' I ran .  
Le g enre  Straussiella  ap p a r t ie n t  à la t r ib u  
Alysseae  d ans  laquelle  1111 ce r ta in  n o m b re  
de genres  com m e A ly s s u m ,  Fibiyia, Cly-  
peola  (pro parte)  etc. p résen ten t  aussi le 
n o m b re  ch ro m o so m iq u e  x =  8 .

Torularia acu leo lata  (Boiss.) O. E.
S c h u l z  —  n  =  7

LOCALITÉ. Esfahan: Mt Homayoun shahr, 
1700 m (74-43).

D ans  u n  travail a n té r ie u r  (A r y a v a n d  
1975 a), nous  avons  pub lié  p o u r  la p r e ­
m ière  fois le n o m b re  ch ro m o so m iq u e  (2 n =  
14) p o u r  cette espèce. N o tre  com ptage  
su r  u n  spécim en d ’u ne  a u t r e  localité d on ne  
le m êm e  resulta t .

FABACEAE

Astragalus bachtiaricus B g e .  —  2n 16 
(Fig. 2 J)

LOCALITÉ. Esfahan: Ghameshlou, 2050 m 
(74-159).

Cette espèce n ’a pas été étudiée a u p a r ­
avant.  Mais le n o m b re  2n =  16 est très  
f réquen t  chez le genre Astragalus.

A stragalus candoU eanus Boiss. —  11 =  8  

(Fig. 2 K)

LOCALITÉ. Esfahan: Kuf-e Sofeh, 1700 m 
(74-75).

Cette espèce non  plus, n ’a ja m a is  fait 
l 'obje t d ’u n  com ptage  ch rom o so m iq ue .  
Nous avons  observé que lques  ph én o m èn e s  
a n o rm a u x  dans  la m itose  po ll in ique  des 
échantil lons que  nous avons étudiés ( A r y a ­
v a n d , en co u rs  de publica tion) .

Astragalus fragiferus B g e .  —  n =  8 
(Fig. 2 L)

LOCALITÉ. Esfahan: Mt Kolah-ghazi, 1800 
ni (74-88).

Cette espèce 11’a pas, non  plus,  été 
étudiée au p a ra v a n t .  A la m é tap h ase  de la 
p rem ière  mitose poll in ique  le ch ro m o so m e  
p a ranu c léo la i re  p résen te  une  constr ic t ion  
assez grande.

M elilotus o ffic in a lis  (L.) M e d .  —  11 =  8

LOCALITÉ. Teheran: Ab-e ali, 2400 m 
(74-277).

N otre  résulta t concorde  avec celui de 
n o m breu x  au teu rs  su r  des m até r ie ls  de 
provenances  d ifférentes  (cf. B o l e h o s e i e h  
op. cit. et M o o r e  1973). Il fau t  no te r  
que le n o m b re  ch ro m o so m iq ue  2n =  32 
p o u r  cette espèce ( L e s i n s  1952) co r r e s ­
pond à u ne  race  artificielle o b ten u e  p a r  
l ’uti lisation de colchicine.

Sophora griffith ii S t o c h s  ssp. hortensis  
(Boiss. & B u h s e )  Y a e o v l .  —  n =  9 
(Fig. 2 M)

LOCALITÉ. E s f a h a n :  Cité Universitaire,
1600 m (74-24).

Ce taxon  n ’a pas été étudié a u p a ra v a n t .
Bot. N o tiser, v o l. 128, 1975
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Mais le nom bre x =  9 est très fréquent 
chez le genre Sophora. C’est un  arbuste 
ornem ental à fleurs jaunes qui a été m ultip ­
lié ces dernières années à Esfahan.

Vicia sativa L. — 2 n = 1 2

LOCALITÉ. Khuzistan: Ahvaz, Hamidyieh, 
150 m (74-15).

Beaucoup de com ptages chrom osom iques 
ont été effectués sur cette espèce. Trois 
nom bres chrom osom iques ont été notés: 
2n =  10, 12, 14. Le nom bre 2n =  12 est 
signalé le plus souvent.

GERANIACEAE

Erodium cicutarium (L.) L ’H é r i t . ex 
A i t o n  — 2n =  40

LOCALITÉ. Esfahan, Mt Kolah-ghazi, 1800 
ni (74-33).

Cette espèce collective a été beaucoup 
étudiée par d ifférents auteurs. Les résul­
tats m ontrent q u ’il existe en général deux 
nom bres de base différents x =  9 et x = 1 0 . 
Le nom bre x =  10 est de beaucoup le plus 
fréquent. La p lu p a rt des au teurs semblent 
être d ’accord pour la dérivation du nom bre 
x =  9 à partir de x = l( ) .  P o d l e c h  et D i e - 
t e r l e  (1969) ont trouvé le nom bre 2n =  36 
sur du  m atériel d ’Afghanistan.

Comme le type à 2 n = 1 8  n ’a jam ais 
été rencontré ju sq u ’a l’heure actuelle chez 
cette espèce, il semble bien que le type 
à 2n =  20 a donné naissance au type 
2n =  40 et celui-ci, dans certaines régions 
de l ’aire de distribution  de l’espèce a 
donné naissance au  type à 2n =  36 par un 
phénom ène d ’aneuploïdic.

Il faut a jou ter que P o d l e c h  et D i e t e r l e  
(1969) ont rappo rté  d ’après R o t t g a r d t  
(1956) le nom bre 2 n = 1 8  pour le var. 
im m aculatum  et 2n =  20 pour le var. 
p im pinellifo lium . Il s’agit sans doute d ’une 
e rreu r  typographique car les nom bres pu b ­
liés p ar R o t t g a r d t  sont respectivem ent 
n =  18 et n =  20.

ZYGOPHYLLACEAE 

Peganum harmala L . — n =  12

LOCALITÉ. Esfahan: Mt Kolah-ghazi, 1800 
m (74-122).

Si l'on fait abstraction  d ’une num ération  
assez ancienne de N e g o d i  (1937 in B o l k - 
h o s k i k h  op. cit.): 2n =  22, notre com ptage 
est identique aux résultats obtenus par 
plusieurs au teurs (in B o l k h o s k i k h  op. 
cit. et M o o r e  1973) sur des plantes de 
provenances différentes. 11 faut noter que 
récem m ent H a n l e t  (in L ö v e  1973) a 
trouvé une race tétraploïde (n =  24) de 
cette espèce en Mongolie dans des peuple­
m ents de Lasiagrostis, influencés par 
l ’homme.

PRIMULACEAE

Primula auriculata L a m . — n =  11 
(Fig. 2 N)

LOCALITÉ. Esfahan: Khunsar, Golestan 
kuh, 2500 m (74-166).

Le prem ier com ptage effectué chez cette 
espèce date de 1920 (M a r c h a l ) : 2n =  54, 
résultat qui nous para ît erroné. S o k o - 
LOVSKAJA et S t r e l k o v a  (1940, 1948, in 
B o l k h o s k i k h  op. cit.) ont trouvé 2n =  45 
sur du m atériel du Caucase. T u m a j a n o v  
et B e r i d z e  (1970) ont com pté 2n =  44 sur 
du m atériel de l ’Ossètie (Géorgie). Enfin 
K r e s s  (1969) a com pté sur un  m atériel 
du ja rd in  botanique de Munich le nom bre 
chrom osom ique 2n =  44. Cette p lante avait 
été récoltée lors d ’une expédition anglaise 
(Bowles-Expedition), et c’est M. le Dr B. 
M a t h e w  qui nous a aim ablem ent com ­
m uniqué l’endroit précis de sa récolte. 
11 s’agit de la région Khoy, à 2000 m ait. 
à  l ’extrêm e N ord-ouest de l ’Iran , à en ­
viron 70 km de la frontière de l’URSS.

L ’état actuel des connaissances cyto- 
logiques sur cette espèce peut se résum er 
ainsi:

Race tétraploïde 
2n =  45 (Caucase)
2n =  44 (Géorgie)
2n =  44 (Ivhoy, NW de l’Iran)

Bot. Notiser, vol. 128, 1975
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race diploïde
2n = 2 2  (Golestan kuh, Khunsar, environ 

à 130 km NW d’Esfahan), le 
présent auteur.

Au po in t de vue  taxo no m iq ue  S c h w a r z  
(1968) divise ce ta x o n  en  deux espèces 
dif féren tes .  D ’a p rè s  cet a u te u r  les p lan tes  
de l ’I r a n  peu v en t  ê tre  considérées com m e 
é tan t  le P. auricu la ta  L a m . (au sens str ic t) ,  
e t  les spécim ens du  Caucase, de la T ran s-  
caucas ie  et de 1 Asie M ineure com m e a p ­
p a r t e n a n t  à P. glacialis  A d a m , ex W i l l d . 
C om m e, n ous  veno ns  de l’expliquer,  les 
limites des races ch rom o so m iq u e s  ne co ­
ïn c id en t  pas  p a r f a i t e m e n t  avec la p r o ­
posi t ion  de S c h w a r z . D ans l ’é tat actuel 
d e  nos conna issances ,  nous  pouvons d ire  
q u e  la par t ie  sud  de l ’a ire de d is tr ibu t io n  
de cette espèce est occupée p a r  la race  
p r im it iv e  dip loïde. Cette race  d ip lo ïde  a 
d o n n é  naissance  vers  le N W  à un e  race  
té t rap lo ïd e  qui occupe  ac tue llem en t le N W  
de  l ’I r a n  et le Caucase  et p ro b ab lem en t  
l ’Asie M ineure. U ne é tude  b iosys tém atique  
p lu s  com plè te  sera it  d ’u n  g rand  in té rê t  
p o u r  d is t inguer  les limites précises de ces 
d eu x  races.

B( ) K AGI N ACE AE

A rnebia d ecum bens ( V e n t . )  C o s s .  & K r a l .  
-  n = l l ,  2n  =  22 (Fig. 2 G)

LOCALITÉ. Esfahan: Mouteh, 2000 m (74- 
182).

N otre  ré su l ta t  su r  cette espèce ne c o n ­
co rd e  pas  avec les ré su l ta ts  ob tenus  p a r  
M a t v e j e v a  et T i k a n o v a  (en cours  de p u b ­
lication) (in B o l k h o s k i k h  op. cit.) . E n  
e ffe t  les a u te u rs  russes  on t  com pté  le 
n o m b re  2 n =  8 su r  u n  m a té r ie l  p ro v e n a n t  
p ro b a b le m e n t  de l ’URSS. D ’après  R i e d l  
(1967), cette espèce co m p ren d  deux sous- 
espèces d an s  le te r r i to ire  couvert  p a r  
«F lo ra  Iran ica» .  N o tre  échan t i l lon  a p ­
part ien t  p ro b a b le m e n t  a u  ssp. d e c u m b e n s , 
m ais  en 1 absence  de fru i ts  n o u s  ne pouvons  
pas 1 assurer .

L epech in iella  persica (Boiss.) H. R i e d l  —  
n = l l  (Fig. 2 P)

LOCALITÉ. Tehran: Plour, 2300 m (74-273).
A no tre  connaissance, a u c u n  re p ré s e n ­

tan t du  genre L epechin ie lla  M. P o p . n ’a 
fait l ’ob je t  d ’u n  com ptage  ch ro m osom iqu e .  
Lepechiniella  persica  (Boiss.)  H . R i e d l  
est une espèce vivace, en dém ique  du  n o rd  
de l’Iran .

N onnea caspica ( W i l l d . )  G. D o n  —  n  =  22 ,  
2n =  44 (Fig. 1 E)

LOCALITÉ. Esfahan: Cité Universitaire,
1600 ni (74-20).

Notre  ré su lta t  ne concorde  pas  avec 
ceux ob tenus  p a r  P o d l e c h  et B a d e r  
(1974) su r  cette espèce. E n  effet les 

a u teu rs  a llem ands  ont com pté  2 n =  28 su r  
du m atér ie l  de l ’A fghanis tan . Cette espèce 
selon R i e d l  (op. cit.) possède d a n s  le 
te r r i to ire  couvert  p a r  «F lo ra  Iran ica»  
q ua tre  sous-espèces d ifférentes. L ’a ven ir  
d ira  si la d ifférence  de n o m b re  c h r o m o ­
som ique coïncide ou no n  avec les limites 
de ces sous-espèces.

A n o te r  que  V a s u d e v a n  (à l ’im press ion)  
a com pté  n  =  8 chez u n  N on nea  caspica  
du  T a n g m arg  (K ashm ir) .  Si la  p la n te  a 
été co rrec tem en t  dé term inée , cela signifie 
q u ’il y a des races de cette espèce p o s ­
sédant n = 1 4  et 11 =  8 , ce qui p e rm e t t ra i t  
de c o m p re n d re  l ’existence d ’un  n o m b r e  
n  =  2 2 .

N onnea persica Boiss . —  n = 1 6  (Fig. 1 F)

LOCALITÉ. Esfahan: Ghameshlou, 2050 m 
(74-153).

Cette espèce n ’a pas été étudiée a u p a r ­
avan t à  n o tre  connaissance . Mais p lu s ieu rs  
au teu rs  on t  t rouvé  le n o m b re  2 n = 1 6  chez 
N. rosea  L i n k  (in B o l k h o s k i k h  op. cit .).  
Il fau t  n o te r  que  N. persica  a p p a r t ie n t  
à  la section Nonnea ,  tand is  que N. rosea  
a p p a r t ie n t  à la  section O rth o ca ryu m  DC.

Il fau t  a jo u te r  que, à la d iac inèse  
nous avons observé  14 b ivalen ts  et 1 
té travalen t.  L a  présence  d ’u n  té t rav a len t  
laisse sup po se r  q u ’il s’agit peu t-ê tre  d ’u n  
au to té trap lo ïde .

Bot. N otiser, vo l. 128, 1975
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LAM I ACEAE

Ercmostachys adenantha J a u b . & S p a c h

— n - 1 1  (Fig. 3 A)

LOCALITÉ. Esfahan: Mouteh, 2000 m (74- 
195).

C’est à notre avis le prem ier com ptage 
, 1 ' ‘é sur cette espèce. Le nom bre chrom o­
somique 2n =  22 est déjà connu pour six 
autres espèces du genre Eremostachys  (cf. 
B o l k h o s k i k h  op. cit. et M o o r e  1973). A 
la m étaphase de la prem ière mitose pol- 
linique un des chrom osom es possède un 
satellite.

Hymenocrater bituminosus F i s c h . & M e y .
—  n =  9 (Fig. 2 Q)

LOCALITÉ. Esfahan: Mt Kolah-ghazi, 1800 
ni (74-81).

Aucun représen tan t du genre H ym enoc­
rater n ’a été étudié auparavan t à notre 
connaissance. Le nom bre chrom osom ique 
n =  9 est assez répandu dans la famille 
des Labiées.

Nepeta racemosa L a m .  s . 1. —  n = 1 8  
(Fig. 3 B)

LOCALITÉ. Tehran: Plour, 2300 ni (74-274).

Cette espèce n ’a pas été étudiée au p a r­
avant. Il s’agit probablem ent d ’une espèce 
tétraploïde avec le nom bre de base x =  9. 
Or, ce dernier nom bre est très fréquent 
chez le genre Nepeta L.

Nepeta sehiraziana Boiss. — 11 =  8 
(Fig. 3 C)

LOCALITÉ. Shahr-e Kord: Kuh-rang, 2350 
m (74-259).

Cette espèce du genre Nepeta n ’a pas, 
non plus, fait l’objet d ’un com ptage ch ro ­
m osom ique. Mais le nom bre chrom osom i­
que 2 n = 1 6  a été trouvé chez N. teydea 
W e b b  et B e r t h , p ar plusieurs auteurs 
(cf. B o l k h o s k i k h  op. cit. et M o o r e  1973).

SClîOPHULAKIACEAE

Veronica farinosa H a u s s e n . — 2 n = 1 6  
(Fig. 3 D)

LOCALITÉ. Esfahan: Damaneh, 2100 ni 
(74-161).

Cette espèce n ’a pas été étudié au p a r­
avant. Elle ap p artien t au groupe Orientalis 
( R ö m p p  1928). Comme F i s c h e r  (1970), en 
particu lier, l ’a m ontré, le nom bre de base 
dans ce groupe est x =  8 avec des taxons 
diploides (comme F .  farinosa  H a u s s e n . ) ,  
tétraploïde«! (comme V. microcar jxi Boiss.), 
hexaploïdes (comme F. multifida  B e n t h .) 
et octoploïdes (F. elmaliensis  M. F i s c h e r ).

ASTEIÎACEAE

Cousinia congesta B g e . 2n =  24 
(Fig. 3 E)

LOCALITÉ. Esfahan: 25 km S Delidjan, 
2100 111 (74-263).

N otre résu ltat ne concorde pas avec 
le com ptage effectué par C h o u k s a n o v a  

(non publié, in B o l k h o s k i k h  op. cit.) 
sur du m atériel probablem ent originaire 
de T urkm enistan . E n effet, l’au teu r russe 
a trouvé le nom bre chrom osom ique 2n =  
26. C’est une espèce vivace de la section 
Congestae B g e . qui se trouve dans le nord 
de l ’Iran , le T urkm enistan  et l ’A fghanistan.

Fig. 3. A: Eremostachys adenantha, mitose pollinique, n =  l l .  —- B: Nepeta racemosa, 
anaphase I, n =  18. — C: Nepeta sehiraziana, métaphase II, n= 8 . — D: Veronica 
farinosa, mitose somatique de l’ovaire, 2n =  16. — E: Cousinia congesta, prophase de 
la mitose somatique de l’ovaire, 2n =  24. — F: Cousinia kornhuberi, mitose somatique de 
l’ovaire, 2n =  24. — G: Cousinia tenella, mitose somatique de l’ovaire, 2n =  26. — H: 
Onopordon heteracanthum, métaphase I, n =  17. — I: Scorzonera picridioides, métaphase
I, n =  7. — J: Senecio coronopifolius, anaphase I, n =  10. — K: Tragopogon straussii, 

mitose somatique de l’ovaire, 2n =  12.
Bot. N o tiser, vol. 128, 1975
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C ousinia kornhuberi H e im e r l —  2n =  24 
(Fig. 3 F)

LOCALITÉ. Hamadan, Barrage de Shahnaz, 
2000 m (74-232).

C’est à no tre avis le p rem ier com ptage 
publié sur cette espèce vivace, endém ique 
de la province d’H am adan située à l’ouest 
de l ’Iran.

C ousinia pugion ifera Ja u b . & S pach —
2n =  24 (Fig. 1 G)

LOCALITÉ. Esfahan: 10 km N Meymeh, 
2100 m (74-245).

Cette espèce non plus n ’a pas été étudiée 
auparavant. C’est une espèce bisannuelle 
ou vivace de la section Pugioniferae  Bge., 
endém ique de la région d Esfahan.

C ousinia tenella  F isch . & C. A. M ey. -— 
2n =  26 (Fig. 3 G)

LOCALITÉ. Récolté par le jardin bot. de 
Tashkent (74-220).

L échantillon que nous avons étudié p ro ­
vient du ja rd in  botanique de Taschkent; 
il a donc probablem ent été récolté dans le 
T urkm enistan  ou l’Asie centrale. Cette 
espèce se trouve en Iran  dans les provinces 
Azerbaïdjan, Gorgan, T ehran  et K horassan. 
Ce taxon annuel de la section Tenellae 
B ge. n ’a pas fait non plus l ’objet d ’un 
com ptage chrom osom ique.

Le genre Cousinia est bien représenté 
dans la flore de l’Iran . Il prend  le 
deuxième rang au point de vue du nom bre 
d ’espèces après le genre Astragalus. H eu­
reusem ent, ce genre a été le sujet d ’un 
rem arquable volum e de la «F lora Iranica» 
traité avec beaucoup de m érite par le 
P rofesseur I)r R ech in g e iî (1972). II pos­
sède 354 espèces dont la p lu p a rt endé­
miques. Mais au contraire, peu d ’études 
cytotaxonom iques ont été consacrées à ce 
genre. Les nom bres chrom osom iques con­
nus ju squ ’à présent chez 24 espèces dans 
1 ensemble du genre sont 2 n = 1 8 , 20, 24, 
26 et 36. Il est encore trop  tô t pour avoir 
une idée générale sur la cytotaxonom ie 
Bot. Notiser, vol. 128, 1975

de ce genre. Mais nous espérons continuer 
son étude cytotaxonom ique au  fur et à 
m esure de nos possibilités.

O nopordon heteracanthum  G. A. M ey. —  
n = 1 7  (Fig. 3 H)

LOCALITÉ. Esfahan: Djargouyeh, 1550 m 
(74-261).

Cette espèce, non plus, n ’a jam ais fait 
l ’objet d ’un com ptage chrom osom ique. 
Mais, il semble bien que le nom bre 2n =  34 
soit pour le m om ent le seul nom bre 
chrom osom ique connu chez le genre Ono- 
pordon.

Scorzonera p ierid io ides Boiss. — n =  7 
(Fig. 3 I)

LOCALITÉS. Esfahan: Mt Kolah-ghazi, 1800 
m (74-30) — Esfahan: Ghameshlou, 2000 ni 
(74-132).

Cette espèce non plus n 'a  pas été étudiée 
auparavant. Mais dans le genre Scorzonera,  
le nom bre chrom osom ique 11 =  7 est le 
plus répandu.

Senecio  coron op ifo liu s D e s f . —  11 =  10 
(Fig. 3 J)

LOCALITÉ. Luristan: Tangueh Malavi, 850 
111 (74-13).

Nous avons com pté le nom bre ch rom o­
som ique n = 1 0  sur un  m atériel provenant 
de Tangueh-M alavi (Luristan), localité si­
tuée à l’ouest des chaînes de m ontagnes 
Zagros.

M eh ra  et R am anandan (in L ö v e  1969) 
ont rappo rté  pour cette même espèce le 
nom bre 11 =  20 trouvé sur un  m atériel 
de Simla (dans l ’H im alaya occidental). 
Donc, il existe probablem ent chez cette 
espèce annuelle et polym orphe (B o is s ie r  
1875), au m oins deux races chrom oso­
m ique différentes; l ’une diploïde (n = 1 0 ) 
(ouest de l ’Iran) et l ’autre, té traploïde 
(H im alaya occidental). Il serait très in ­
téressant de déterm iner les lim ites géogra­
phiques de ces deux races, ainsi que leurs 
différences m orphologiques.
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Tragopogon straussii B o r n m . —  2 n = 1 2  
( F i g .  3  K )

LOCALITÉ. Arak: 35 km W  de la ville 
Arak, 2000 m (74-241).

C’est à n o tre  avis le p rem ie r com p tage 
p u b lié  su r  cette  espèce. Le n o m b re  c h ro ­
m oso m iq u e  2 n = 1 2  est le p lu s  fré q u e n t 
chez le gen re  Tragopogon.
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Notes oil Central American Marantaceae II 

New Species from  Panam a and Costa Rica

Helen Kennedy
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Three  new species of Calnthea  (Marantaceae) are described: Calathea porto-  
belensis  a n d  C. robin-fosteri  f rom  P a n a m a  and  C. similis  f ro m  P a n a m a  and  
Costa Rica. A new record,  Calathea guzmanioides,  previously  k n o w n  only from  
Colombia is noted for Panam a.

Helen K ennedy ,  B o tany  Dept., Field M useum  of Natural History ,  Roosevelt  Rd. 
at Lake  Shore  Dr., Chicago, Illinois 60605, USA.

The Marantaceae is a family of h e r ­
baceous monocots, including forest floor 
species 15 cm high as well as clambering 
liana-like species of 7— 8 m. It is a 
prominent element in the moist to wet 
tropics below 1500 m elevation. The m a jo r ­
ity of species occur in the Neo-tropics, 
especially near the equator.

As an outgrowth of pollination studies 
of this family in Central America ( K e n ­

n e d y  1974) a revision of the Maranta- 
ceous flora of P anam a was undertaken. 
Although the num ber of species of M aran­
taceae known from Panam a bas signifi­
cantly increased in the past 5— 6 years, it 
continues to be a rich source of u n ­
reported and undescribed species. In his 
comments on the coverage of families 
treated in the early parts of W o o d s o n  

and S c h e r y ’s  Flora of Panam a (1945), 
D r e s s l e r  (1972 p. 184) noted 35 species 
of Marantaceae as occurring in Panama, 
a sizable increase over the 23 species listed 
in the flora. Since then the number of 
species known from Panam a in this family 
has risen to 49. In Calathea, the largest 
and most diverse genus of the family, an  
additional 23 species have been found 
since the original treatment, an increase 
Bot. Notiser, vol. 128, 1975

of 164 °/o. In the family as a whole the 
percent increase is 110.

Much of the wet forest area near the 
continental divide and on the Atlantic 
slope of Panam â remains inadequately 
explored botanically. This is indicated by 
the number of new species in the Portobelo 
area (Colon Province) and in the recently 
accessible forest along the El Llano-Carti 
road (km 12— 17) in the Cordillera de 
San Bias. A total of 17 species is known 
from this latter area of which 7 (6 Cala- 
theae and 1 Ischnosphon)  were new re ­
cords for Panama as well as new species. 
Of the 15 species know n from the Rio 
Guanehe site (near Portobelo, Colon Prov.), 
6 were new records for Panam a, 5 of which 
were also new species. Out of the 13 
species at Gerro Jefe (Panama Prov.) 
5 were new records and 3 new species. 
Seven species were com m on to both Cerro 
Jefe and the Garti road area, 5 species 
in common between Cerro Jefe and Rio 
Guanehe and 5 between the Carti road 
and Rio Guanehe. The degree of species 
overlap between these relatively rich wet 
forest areas is only about 1/3. Many of 
these species are know n from only a 
few individuals or small, very localized,
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populations. This low population density 
and sporadic occurrence is most com m on 
in species of the w etter forest hab itats 
growing w ithin the forest ra ther than  at 
an edge or in disturbed situations. Because 
of the d istributional patterns of these 
species the problem  of adequately sam p­
ling an  area such as the Atlantic slope 
becomes a challenge indeed, especially 
considering the lack of roads. Of the 26 
species of Calathea discovered since 1945 
in Panam a, 15 are know n from only a 
single locality w ith in  Panam a. P robably 
a few of these species are indeed narrow  
endemics. However, m ore extensive collec­
ting in P anam a, Costa Rica and the Choco 
region of Colombia will quite likely show 
these species to have a w ider distribution, 
though not necessarily a w ider habitat to ler­
ance. Six of the 15 Calatheas m entioned 
above have been collected in Costa Rica 
and 3 in Colombia. The claviculate bracte- 
oles which are so characteristic of inflores­
cences in the m ajo rity  of South American 
Calatheas, though rare in Central American 
ones, occur in 8 species from  eastern 
Panam a (east of the Canal Zone) bu t in 
none from  w estern P anam a, indicating their 
South A m erican affinities. W ith continued 
exploration of the wet forest areas of 
Panam a the M arantaceous flora for this 
area will p robably  reach 60— 70 species.

Calathea portobelensis K e n n e d y  sp. n o w  
-  Fig. 1

Planta ad 1.1 m alta vulgo ram ificans. 
Petioli supra sulcati, parte superiore ad 2 
cm longa callosa supra tom entosa; lam ina 
elliptica supra sm aragdina secus parte cent­
rale pallidior. Spicae plures raro solitariae 
cylindricae, pedunculo ad basim  tumido albo 
demum deflexo; bracteae dilute virides; om nis  
par florum  bracteolis induralo-claviculatis 
com itatum; corollae albae vel violaceo-suf- 
fusae tubo ad 2.6 cm longo.

Caulescent herb, 0.4— 1.1 m high. An 
individual p lan t usually  has one or m ore 
branch shoots arising in the axils of the 
lowerm ost leaves, though generally only 
one shoot per leaf axil. In older plants

branch shoots often arise in the axil of 
the leaf subtending the inflorescence. R hi­
zome ca 6— 10 mm in diam eter, internodes 
3—9 mm, roots occasionally bearing sw ol­
len tubers. Cataphylls herbaceous, n a rro w ­
ly ovate, apex m ucronulate, green, m inu te­
ly appressed puberulent (14X ). Leaf blade 
herbaceous, surface shallow ly undulate, 
elliptic, apex of larger leaves rounded 
w ith an acum en, acum inate in sm aller 
leaves, base rounded, shortly  and ab rup tly  
acum inate at the junction  with the p u l­
vinus, 5—-30 cm wide and  9— 61.5 cm 
long. Leaf surface above sëm ilustrous 
grass-green with a jagged-edged light green 
pattern  along the m idrib (ca 1/6 the w idth 
of the leaf), glabrous, occasionally m in ­
utely puberulent along m ajo r veins (14 X ), 
not visible to naked eye, m idrib m inutely 
tomentose, m ore densely so near apex. 
The lower surface dull grey-green, m idrib  
and veins m inutely tom entose, and g la­
brous between the veins. Pulvinus round 
in cross, section, slightly larger in diam eter 
than  petiole, light green, glabrous to sub- 
glabrous, m inutely tom entose along upper 
side, 0.35— 2 cm long. Petiole bearing a 
shallow  groove along the upper side, grass- 
green, m inutely tom entose, 0.6— 24 cm 
long, occasionally absent altogether. Leaf 
sheath herbaceous, grass-green, m inutely 
puberulent (14X) to subglabrous in upper 
portion, the basalm ost portion  (1— 2 cm) 
pink, dense appressed tom entose, 4— 45 
cm long. Stem grass-green, m inutely p u ­
berulent (14 X ). The first inflorescence is 
term inal on the shoot, additional in flo ­
rescences with their concom itant h icarinate  
prophylls are borne in the axil of the 
leaf subtending the first inflorescence. In 
addition, a leafy branch shoot m ay also 
be form ed in the axil of the subtending 
leaf and likewise bear 1 or m ore in flo ­
rescences. B icarinate prophylls subtending 
axillary inflorescences or shoots green, 
m inutely puberulent, 1.8— 7.8 cm long. P e­
duncle green, subglabrous to m inutely  
tom entose basally, (3) 5.5— 28 cm long, 
the basal 1 cm pale green to w hitish, 
swollen, w ith age the peduncle bends in 
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this area reflexing the inflorescence dow n­
ward. Inflorescences usually  several. 1— 4 
(7) per leafy shoot, cylindric to fusiform , 
(2) 3— 7.5 cm long and 0.8— 2.3 cm wide. 
B racts (3) 6— 15(18) im bricate, spirally 
arranged , herbaceous, apex erect or oc­
casionally  slightly spreading, b roadly  ellip­
tic to ob tru lla te  in upper bracts, apex 
acum inate to subacute, low erm ost bract 
occasionally broadly transverse ovate, 
1.6— 2.2 cm  high and 0.8— 2 cm wide; 
each subtending up to 8 flower pairs. 
O uter b rac t surface wholly light green or 
pale w hitish-tan  w ith m argins tinged p u rp ­
lish, m inutely  tom entose; w ithin, light 
green above, paler tow ard base or white, 
glabrous. B icarinate prophyll m em bran­
aceous, elliptic to ovate-elliptic, rounded 
to obtuse, translucent pale green or pale 
tan, m inutely puberulent at apex, 1.3— 
1.8 cm high and 0.8— 1.2 cm wide. Meso­
phyll m em branaceous, narrow ly  ovate to 
ovate, obtuse to rounded, translucent pale 
green or pale tannish, m inutely puberulent 
(14 X) at apex, 1.45— 1.8 cm high and 
0.7— 0.8 cm wide. Bracteoles subtending 
individual flowers, 2 per flower pair, 
m em branaceous, translucent chartreuse or 
fain t tan, glabrous, 1.25— 1.9 cm long, 
0.3— 0.45 cm wide. Each flower pair is 
provided with an indurate claviculate brac- 
teole, 1.7— 2.1 cm long, the lower half 
translucen t white, the upper half stiff, 
cream -yellow . The flower opens spontan­
eously. Sepals thin, herbaceous, narrow ly 
obovate-elliptic, acute, white, glabrous, 
1.5— 1.9 (2.1) cm long and 0.25— 0.4 cm 
wide. Corolla tube white, glabrous, 2.2— 
2.6 cm long, additionally a stam inal tube
3— 4 m m  long is usually present. Corolla 
lobes ovate to elliptic, obtuse, w hite or 
light purp le, 0.8— 1.1 cm long and (3.5)
4— 6 (7) m m  wide. Outer stam inode b road ­
ly transverse elliptical, c ircular or broadly  
elliptical, apex rounded or shallow ly re­

tuse, very shortly  clawed at the base, white 
or purple, 0.9— 1.2 cm long and 0.7— 1 cm 
wide. Callose stam inode spatulate, apical 
portion petaloid, broadly transverse ellip­
tic, em arginate, lower portion callose, 
white or m arked w ith purple, 1— 1.2 cm 
long and 0.7— 1 cm wide. Cucullate sta­
minode w hite or purple, 0.45— 0.5 cm 
long and 0.35— 0.5 cm wide, provided with 
a subterm inal filiform  appendage. F ila­
ment white or purple, bearing a lateral 
petaloid appendage to 2.5 mm wide; anther 
2 mm long. Ovary white, glabrous, 1— 1.5 
mm long. Style and stigma white. Capsule 
obovoid, trigonous, sem itranslucent light 
green, glabrous w ith fleshy slightly raised 
apical rim, 8— 9 m m  high and 5.5— 7 mm 
wide, crow ned by a live expanded p er­
sistent calyx, 6.5— 7 mm wide. Seeds usu­
ally 3, trigonous, rugose on the outer 
surface, red-brow n, 3— 4 m m  high and 
3—4 mm in diam eter with a basal white 
aril 2.5— 3 nun high.

TY PE. P anam a: P rov. Colon, Rio G uanche, 
ca 1.5 m i. upstream  from  the bridge, low lan d  
wTet forest, ca 10 in, 23 Aug. 1972, H. K e n n e d y  
and ILL. D r e s s l e r  1500 (h o lo typ e US, is o ­
types BM, COL, DAV, DUKE, F, GH, K, MO, 
NY, PM A, U, W ).

O TH ER COLLECTIONS. P anam a: P rov. 
C olon, se m i-sw am p y flo o d  p la in  near bridge  
over R io B u en aven tu ra , near P ortob elo , 4 
April 1970, R.B. F o s t e r  1689; near P ortob elo  
at the bridge over the R io B uenaventura , 
14 Aug. 1970, H. K e n n e d y  & R. B. F o s t e r  
445 (B, DUK E, LE, MENU, MO, P, Y E N ); 
sem i-in un d ated  fo rest and tierra  firm a, 27 
Aug. 1970, H. K e n n e d y  467 (DAY, MICH, S, 
UG, U S); Rio G uanche, 2 m i. upstream  from  
the bridge, m ature forest, 17 Ju ly  1971, H. 
K e n n e d y , R. R. F o s t e r  & R. L. D r e s s l e r  
1095 (MO); ca 1.5 m i. u p stream  from  the  
bridge, 10— 20 m, w et lo w la n d  evergreen  
forest, 4 Sept. 1974. 11. K e n n e d y , R. L. D r e s s ­
l e r , P. J. M. M a a s  & C. T o f t  3383 (BM, 
BR, GOET, H, M, U) ; a long  R io G uanche, 6 
km  S o f P ortob elo  1 —3.5 km  E o f  P ortob elo -  
P uerto  P ilon  road bridge, 0— 10 m , trop ica l 
w et forest, 10 D ec. 1973, M. N e e  & A.

F ig . 1. Cala thea  po r to b e le n s is .  A: H abit. —  B: In florescen ce w ith  untripped  flo w ers. •—• 
G: F lo w e r s  on upper lea f su rface, ca llo se  and outer stam inod es o f  m idd le f lo w er  purple, 
■white in the others. —  1): C apsules w ith  p ersisten t sep a ls and arilla te  seeds on upper lea f

su rface. —  S cale in cm.
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G e n t r y  8689; Rio Boqueron ca 6 km up­
stream from Peliica Hydrographic station, 7 
April 1974, R. L. D r e s s l e r  4651 (US); 6 —8 km 
from Deluca Hydrographic station on the road 
to Nombre de Dios, ‘29 Aug. 1974, II. K e n n e d y  
& R. L. D r e s s l e r  3333 (US). Province un­
known, 1911, H. P i t t i e r  4214 (F).

F low erin g  m ain ly  during Ihe rainy sea­
son, May through December. However, in  
the P ortobelo  area a few  individuals m ay  
be foun d  in  flow er at alm ost any tim e 
during the year. Occurring along stream  
banks, in run-off channels and in the 
sandy soil o f old stream beds, or on slopes 
above the stream . This species differs from  
other P anam anian  and Costa Rican Cala- 
theas by the claviculate bracteoles, pale 
green irregular pattern along Ihe midrib, 
the several (rarely 1) sm all inflorescences 
of light green or tannish w hite bracts, and 
the characteristic tendency toward bran­
ching. It is d istinguished from  the South 
A m erican Calcithea lietzei M o r r e n  and C. 
lousiae  G a g n a p a i n  by its less defined  
color pattern on the leaf and possession of 
clavicu late bracteoles. The claviculate brac­
teoles bear an extra-floral nectary sub- 
term inally  w h ich  accounts for the com m on  
occurrence of ants on the inflorescences  
of Ibis species.

The specific epithet refers to its discovery 
and prevalence in the forested region near 
Portobelo, Panama.

Calathea robin-fosîen  K e n n e d y  sp. nov.
—  F ig. 2

P lan ta  ultra metralis. Folia solitaria longis­
sime petiolata; petioli atrovirides glabri, parte 
superiore ad 3.2 cm valde conspicue callosa 
glabra; lamina anguste elliptica apice acu­
minato vel obtuso base acuta, supra ad medi­
um minutissime puberula, subtus dilute viridis 
glabra ad medium rubra raro flavo-virens, 
vagina haud conspicua. Spica e rhizomate 
ellipsoidea, pedunculo ad 8.6 cm longo suh- 
glabro; bracteae spiraliter dispositae minute

puberulae; omnis par florum bracteolis in- 
durato-claviculatis comitata; sepala ultra 2.3 
cm longa glabra; corollae glabrae; ovarium 
glabrum.

Herb 1.1— 1.65 (1.8) m high, aerial
adult shoots bearing a single leaf, rarely 
tw o, the several leaves (shoots) connected  
by a com m on rhizom e. Juvenile shoots 
bearing several leaves. Rhizom e to 1.5 cm  
in diam eter, internodes 0.2— 1.2 cm in 
length. Gataphylls 5— 6 per shoot, fleshy  
tow ard base, above subcoriaceous, ovate 
to narrow ly ovate-triangular, acute to ob ­
tuse in lower ones, purple or green tinged  
w ith purple, subglabrous to m inutely pu- 
berulent, innerm ost one up to 71 cm long. 
Leaf blade sem i-coriaceous, slightly  ob ­
lique, narrow ly elliptic, apex broadly acute 
to obtuse, base acute, 36.3— 85.5 cm  long  
and 10 .1— 20.7 cm  wide. Leaf surface  
above green, opaque, glabrous, proxim al 
half of midrib subglabrous, distal half 
puberulent especially at apex; leaf below  
light green (in juvenile plants dark purple) 
dull, midrib red, occasionally  yellow -green. 
P ulvinus glabrous, dark green w ith  red- 
purple tinge, or reddish-brow n, 1.3— 3.2 
cm long, articulate w ith  petiole, junction  
on upper side, acum inate. Petiole dark 
green tinged slightly w ith  purple-brown, 
glabrous, 32— 80 cm long, m ost com m only  
40— 55 cm long. Leaf sheath inconspicuous, 
m argins fleshy, h ighly reduced, to 7.8 
(11.7) cm, the basal portion consp icuously  
sw ollen, bright pink in young leaves 1 in n ­
ing pale green to tan w ith age, 2— 3.5 cm  
long, the outer cells becom ing corky. In ­
florescence arising directly from  the rhi­
zome, shoot bearing the inflorescence is 
provided with up to 7 bladeless sheaths. 
Sheaths ovate to narrow ly ovate, obtuse  
to acute, purple, m inutely  pubescent, the 
base and the internode of the rhizom e  
below  sericeous. Scape dark purple to

Fig. 2. Calathea robin-fosteri. A: Habit. Note inflorescence at base of plant. - B: In ­
florescence on separate shoot from the rhizome. Note pale needle-like claviculate 
bracteoles protruding from the bracts. — C: Untripped flower showing shape of callose 
and outer staminodes. — I): Flower on lower leaf surface. — E: Capsules with persistent 

sepals and arillate seeds on upper leaf surface. — Scale in cm.
B ot. N o tise r , vo l. 128, 1975
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purple-brow n, subglabrous, 2.2— 8.6 cm 
long, bearing a narrow ly ovate, acute 
sterile purple b ract w hich subtends 2 
inflorescences, one borne term inally, the 
second arising in the axil of this b ract sepa­
rated from  the first by a bicarinate pro- 
phvll and subtended by a reduced leaf­
less sheath, these last two structures a l­
ways shorter than the sterile bract. Oc­
casionally only the term inal inflorescence 
subtended by the sterile b ract is developed. 
Inflorescence spiciform , narrow ly ellipsoid- 
fusiform  lo subcylindrical, 4.5— 7 cm long, 
1.3— 2.2 cm wide. Peduncle subglabrous, 
dark  purple, 1.1— 7 cm long, the term inal 
one longer. Bracts 9— 13, spirally  arranged, 
im bricate, herbaceous to subcoriaceous, 
dark  red-purple to brow nish-purple, m in­
utely tomentose, hairs less than  0.3 mm, 
not visible to the naked eye, m itre shaped, 
acute, rarely obtuse, 2.3— 2.8 cm high 
and 1.2— 1.8 cm wide, each subtending 
2 or more flower pairs. B icarinate pro- 
phyll m em branaceous, narrow ly ovate, 
acute, m argins and apex puberulent, 2—-
2.5 cm high and ca 0.8— 0.9 cm wide. 
Mesophyll m em branaceous, narrow ly ova­
te, acute, apical 1/3 puberulent (14 X ), 2.4—
2.6 cm high and 0.9— 1.1 cm wide. Brac- 
teoles subtending individual flowers two 
per flower pair, m em branaceous, narrow ly 
ovate, puberulent at apex, 2.3— 2.5 cm 
long and 5— 6.5 mm wide. Each flower 
pair is accom panied by an indurate clavi- 
cidate bracteole 2.5— 3.1 cm long, yellow- 
tan apically, tinged purp le below. Sepals 
oblong to narrow ly subobovate, acute, 
glabrous, entirely w hite or w ith apical 
half faintly tinged pink, 2.3— 2.6 cm long 
and 0.4— 0.55 cm wide. Corolla tube 
glabrous, white, (2.3) 2.5—3.0 cm long; 
lobes subequal, shallow ly concave, ellip­
tical acute to obtuse, apical m argins in ­
curved, glabrous, entirely  white or with 
the distal half tinged pale pink, 1.5— 1.6 
cm long and 0.8— 1 cm wide. O uter stam- 
inode broadly elliptic to suborbicular, apex 
rounded, irregular, shallowly em arginate, 
white, 1.25— 1.4 cm long and 1.1— 1.2 cm 
wide. Callose stam inode petaloid apically, 
Bot. N otiser, vo l. 128, 1975

upper half depressed elliptical, apex em ar­
ginate, white, 1.5— 1.6 cm long and  1.35— 
1.45 cm wide. Cucullate stam inode white, 
0.5— 0.6 cm long and ca 0.55 cm wide, 
bearing a subterm inal filiform  appendage 
2— 2.5 mm long. Stam en w ith la teral peta l­
oid appendage to 1.5 mm wide narrow ing 
above, an ther ca 2 m m  long, apical 1/3 free. 
Style and stigma white. O vary white, 
glabrous, ca 3 nun long and ca 2 mm in 
diam eter. Capsule sm ooth, fleshy, ellip­
soidal, w ith slight constriction subterm i- 
nally, w ith a thickened, raised, apical rim, 
the apical m argin of each valve tridentate, 
crow ned by a persistent calyx. Seeds 
usually  three per capsule, trigonous, rugose 
on ou ter surface, brow n, 6— 7.5 mm long 
and 3.5— 4.5 m m  in diam eter, provided 
w ith a basal white aril ca 3 m m  high.

TYPE. Panama: Prov. Colon, Rio Guanche 
ca 1.5 mi. upstream from  bridge, mature 
forest, 10 m elev., 1 Nov. 1971, II. K e n n e d y  
1235 (holotype L'S, isotypes F, MO).

OTHER COLLECTIONS. Panam a: Prov. Co­
lon, Rio Guanche, 2 mi. upstream  from  the 
bridge, mature forest, 17 July 1971, H. K e n n e d y ,  
R. B. F o s t e r  & R. L. D r e s s l e r  1083 (GIL K, 
NY) ; ca 1.5 mi. upstream  from  the bridge, 
mature forest, 10 Aug. 1971, H. K e n n e d y ,  
R. L. D r e s s l e r  & H. W i e h l e r  1106 (US); 
low land wet forest, ca 10 m, 23 Aug. 1972, 
H. K e n n e d y  & R. L. D r e s s l e r  1499 (DUKE, 
PMA, U) ; Rio Iguanita, ca 1 mi. upstream, 
low land wet forest, elev. ca 10 m, 27 Mar.
1975, H. K e n n e d y  & R. L. D r e s s l e r  3474 (E).

T his species was also found in the Rio
Boqueron drainage, 6— 8 km beyond the
Peluca H ydrographic station on the road 
to Nom bre de Dios, Colon Province, Panam a.

Flow ering m ainly during the rainy sea­
son, April to November. However, along 
the Rio Iguanita p lan ts were in flow er in 
M arch. It occurs in m oderate to deep 
shade on wrell drained sites not subject 
to flooding.

It is easily distinguished from  o ther 
Central American Calatheas by possessing 
a single leaf per shoot and the in flo res­
cence borne on a separate shoot, im bricate 
bracts, claviculate bracteoles, and a corolla 
tube shorter than  3.2 cm. Vegetatively it 
closely resembles the often cultivated
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Fig. 3. Calatlica sim ilis. A: Habit.  — B: Inflorescences. — C: T ripped  flowers on upper 
surface  of leaf. — I): Capsules with  pe rs is ten t  calyx, dehisced capsule with emerging seeds 

a n d  ar il late  seeds on upper  leaf surface. —  Scale in cm.
Bot. Notiser, vol. 128, 1975
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C. variens K o e r n i c k e  and is distinguished 
from  that species by the glabrous, solid- 
colored petiole. It differs from  other 
species having separate floral and single­
leaved vegetative shoots (Calathea Series 
Rhizanthe, S c h u m a n n  1902 p. 70) by the 
im bricate b racts, indurate  claviculate brac- 
teoles, acute leaf base and leaf w idth 
greater th a n  10 cm.

This species is n am ed  in h onor  of Dr 
R o b i n  F o s t e r  whose help and  logistic support  
has g rea t ly  a ided this s tudy an d  whose 
fascina tion  w ith  tropical forests led to his 
inves tigation  of the Rio Guanche area  and  
hence the  d iscovery  of this, as well as o ther 
new species.

Calathea sim ilis H. K e n n e d y  sp. now — 
Fig. 3

P la n ta  1.7— 3.2 m alta. Petioli villosi vel 
glabri, fo l ia  ova ta  a cu m in a ta  vel subuncinata  
base o b tu sa  vel ro tu n d a ta  sup ra  dense villosa 
subtus p a r s  m arg inalis  spa rs im  villosa ceterum 
glabra. Spicae ad 24 cm longae folio comitata  
pedunculis  a d  70 cm longis villosis vel glabris; 
b racteae  d is t ichae  apice em arg ina to  aureae 
unc tuosae  ad  m arg inem  villosae valde suaveo­
lentes; p a r ia  f lo rum  ad 6; sepala ad 2.5 cm 
longa; coro llae  aureae  tubo ad  3 cm longo.

Caulescent herb 1.7— 3.2 m high, shoots 
bearing 5— 8 leaves, 4— 7 arising basallv, 
the upperm ost leaf w hich subtends the 
inflorescences is borne above an elongated 
stem in ternode up to 1.3 m long. Rhizome 
fibrous, semi-woody. Cataphylls usually 
dead, p a rtia lly  rotted on m ature flowering 
shoots, narrow ly  ovate, obtuse, m ucronu- 
late, abaxially  grass-green, villose, espe­
cially basally  and centrally, innerm ost 
cataphvll 40— 115 cm long. Leaf blade 
sem i-leathery, pliable, apex acum inate 
to uncinate , base obtuse to rounded, 
80—91 cm long and 32— 39 cm wide 
in subtending leaves, others 75— 105 
cm long and  25— 38 cm wide. Leaf blade 
above grass-green to dark  green, densely 
villose (hairs ca 2 m m  long), m idrib yel­
low-green, villose; leaf surface below light 
green to glaucous, glabrous, occasionally 
sparsely villose. Pulvinus round in cross 
section, olive-green, glabrous, articulate 
with petiole, the junction  light yellow- 
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green, 10.3— 12.5 (14) cm long in the 
subtending leaf, 7.5— 16 cm in others. 
Petiole grass-green to deep green, glabrous 
lo villose, 51— 74 cm long in subtending 
leaf, 45— 120 cm in others. Leaf sheath 
not auricu late , grass-green to deep green, 
villose th roughou t or the m argins densely 
villose w ith  the central abaxial portion 
partially  o r entirely  glabrous; pale green 
g labrous w ith in , 33— 56 cm long in sub­
tending leaves, 60— 120 cm in others. 
Stem grass-green to deep green, subgla- 
brous to villose; puberulent to subgla- 
brous w here covered by the leaf sheaths. 
Inflorescences 2— 4 per shoot depending 
on age, com m only 2, the first one term inal, 
the second arising in the axil of the sub­
tending leaf w ith accom panying bicarinate 
prophylls and  bladeless sheaths, rectan­
gular, com pressed, 20— 24 cm high and 
(6.5) 7— 8 cm across. The subtending b i­
carinate p rophy lls yellow-green, villose 
along the carina. Peduncle grass-green to 
deep green, villose (21) 40— 72 cm long, 
the peduncle of the first inflorescence 
longer th an  the rest. Bracts 26— 34 in 
num ber, leathery , distichously arranged, 
reniform , conduplicately folded, apex 
em arginate, 3.8— 4.1 cm high and  6.8— 7.8 
cm wide, unfolded, w ith a strong sweet, 
fru ity  fragrance, each subtending 6 or 
m ore flow er pairs. Abaxial surface of 
b rac t shiny, oily in appearance, deep 
golden yellow  to yellow-orange, lower 
bracts villose w ith scattered hairs, upper 
ones m ore sparsely so; adaxial surface 
yellow -orange, very shiny w ith a m arked 
oily appearance, glabrous. B icarinate pro- 
phyll m em branaceous, broadly ovate, apex 
obtuse to slightly rounded, translucent to 
subopaque orange, abaxial surface of ca­
rina villose, the rest glabrous; w ith in  
glabrous, 2.4— 2.8 cm high, 1.1— 1.5 cm 
wide carina  to carina, and 1.8— 2.4 cm 
to tal w idth. M esophyll m em branaceous, 
broadly  ovate, apex rounded, translucent 
to subopaque orange, glabrous, occasion­
ally bearing a few hairs at the apex, 2.5— 
2.7 cm high and 2.1— 2.8 cm wide. Brac- 
teoles subtending individual flow ers 1 per
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flower pair, membranaceous below, api- 
cally thickened, stiff, obovate-elliptic, o r­
ange, glabrous, 2.4— 2.6 cm long and 0.3— 
0.5 cm wide. Sepals channeled, narrowly 
obovate, apex acute, translucent cream 
below, apical Vs yellow-orange, occasion­
ally tinged with green, glabrous, 2.2— 2.55 
cm long and 0.5— 0.6 cm wide. Corolla 
tube light yellow-orange, glabrous, 2.8— 
3 cm long; staminal tube 2— 3 m m  long; 
corolla lobes subequal, narrowly obovate- 
elliptic, apex obtuse, margins infolded, 
appearing  acide, bright yellow, apical p o r ­
tion yellow-orange, glabrous, 1.3— 1.5 cm 
long and  0.35— 0.5 cm wide. Outer sta- 
minode broadly elliptic very shortly clawed 
at the base, apex rounded, bright yellow- 
orange, 1.1— 1.2 cm long and 0.7— 0.9 cm 
wide. Callose staminode rectangular, apical 
portion petaloid, deeply bifid into two 
unequal appendages, yellow-orange to dark  
gold, 1.2— 1.4 cm long. Cucullate stam i­
node yellow-orange, 0.55— 0-7 cm long 
and 3.5— 4 mm wide provided with a sub- 
terminal filiform appendage. Stamen with 
lateral yellow-orange petaloid appendage 
to 1.5 m m  wide, extending halfway up 
the anther; an ther  3 nun long. Style and 
stigma golden orange. Ovary cream-col- 
ored with faint greenish tinge, glabrous, 
2.5— 3 nun high. Capsule thin, smooth, 
obovoid, apex rounded, straw-colored to 
orange-yellow, 1.1— 1.3 cm high and  0.8— 
0.9 cm wide, crowned by a persistent live, 
expanded, bright orange calyx. Seeds usu­
ally 3 per capsule, trigonous, dark  blue, 
6 7 nun high and ca 5 nun in diameter
bearing a basal white aril 4— 5 nun high.

TYPE. P a n a m a :  Prov. Colon. S an ta  Rita 
Ridge below the ra in  gauge, 13 Aug. 1971, 
II. K e n n e d y , R. L. D r e s s l e k  & It. W i e h l e r  
1127 i ho to type US, isotypes F, MO).

OT H E R  COLLECTIONS. P a n a m å :  Prov. 
Colon, San ta  R ita  Ridge ro ad  past  San ta  Rita, 
10 Ju ly  1969, II. K e n n e d y , R. L. D r e s s l e r  
& N .  l i .  W i l l i a m s  298 (PMA). Prov .  P a n a m a ,  
km  10— 12 on  the  road  to Carti ,  18 Sept. 
1974. H .  K e n n e d y , P .  .1. M a a s , R. L. D r e s s l e r  
& (2  T o f t  3400 (F). Prov. Veraguas,  Rio 
P r im ero  Braso, 2.5 k m  beyond  Agriculture 
School Alto P iedra ,  n e a r  San ta  Fe, 700— 750 
m, 24 Ju ly  1974, T. C r o a t  25498 (MO). Prov.

Bocas del Toro, P u n ta  Pena ,  vicin i ty  of 
Chiriquicito, ca 1000 ft, r a in  forest ,  7 June  
1967, W. L e w i s  et al. (SCZ, UC). —  Costa 
Rica: Prov. Heredia, small  hills of  cleared 
agricultura l  land  and areas  of r e m n a n t  o rig­
inal fores t  now  being logged a t  150— 250 m, 
near  T ir im b ina  E of the Rio Sarap iqu i ,  10° 
24' N, 84° 7' W, 12 -15 Aug. 1971, W . C. 
B u r g e r  & M. B u r g e r  8141 (F) ; L a  Selva 
OTS field s ta tion  on  Rio P u e r to  Viejo, near 
Pto. Viejo, 27 May 1969, H. K e n n e d y  263 
(MO); 15 Ju ly  1970.'II. K e n n e d y  405A (CR).

Flowering May to November during the 
rainy season. Occurring in evergreen wret 
forests usually at the forest edge and 
frequently in disturbed areas with full 
sun in association with second growth 
species. It appears to be ra the r  shade 
intolerant.  It is most closely related to 
Calcitheci insignis P e t e r s e n  (with which 
it has been confused) and C. trinitensis 
B r i t t o n . It is easily distinguished from 
other distichously bracted species by the 
villose upper surface of the leaf, its rela­
tively large size (usually over 2 m), the 
sparsely, not densely villose bright yellow- 
orange, unctuose bracts and the absence 
of claviculate bracteoles. The distinct frag­
rance of the bracts is sufficient to dis­
tinguish it from all other species in the 
field and might act as a signal to polli­
nators as it is strongest in young inflo­
rescences. The degree of pubescence varies 
between populations. The peduncle, petiole 
and leaf sheath are densely villose th rough­
out in the Panam anian specimens while 
the petiole, upper portion of the peduncles 
and the central abaxial portion of the 
leaf sheath are glabrous in the Costa 
Rica material.

The specific epithet is f rom  the Latin  
adjective similis, re fe rr ing  to the sim ilarity  
of its la te ra l ly  compressed inflorescence  with 
that  of C. insignis  PETERSEN.

C alathea guzm anioides S m i t h  & I d r o b o

S m i t h  & I d r o b o  in  Caldasia 5 :4 7  (1948).

This species, previously know n only 
from Colombia in the Departments of 
Chocö and El Valle, has recently been 
found in the Atlantic lowlands of Panam a.
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Specimens from Panam a ( D r e s s l e r  4214) 
were compared with the type ( K i l l i p  & 

C u a t r e c a s a s  38748, US) and clearly re ­
present this species.

P a n a m ä :  Prov. Colon, a long  t r ib u ta ry  b e ­
tween Cano Rey and  San Lucas, S of C odé  
d e l  Norte, 19 Aug. 1972, R . L. D r e s s l e r  
4214 (F, US).

This species is most closely related to 
an as yet undescribed species from Panam a 
and Costa Rica and slightly less so to 
Calcithea allenii W o o d s o n , all having a 
similar inflorescence structure. It is easily 
distinguished from C. allenii by its larger 
size (up to 2.5 m versus 1.4 m), the non- 
plicate leaf (C. allenii is strongly plicate) 
and the bract margin entire ra ther  than 
deeply emarginate. Galathea giizmanioides 
differs from the undescribed species by the 
entire, instead of emarginate, lower bracts 
and the seeds oblong-elliptic rather  than 
circular in outline.
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Lam procephalus B. N ord., a New Senecioid Genus from  

South Africa
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Lamprocephalus m ontanus  B. N o r d .  is described as a new m onotypic genus 
of the Com positae-Senecioneae. It is a shrublet with solitary, discoid capitula 
and a curiously appendaged style, which is unique in the tribe. The distri­
bution is confined to som e m ountains of the western Cape Province.

Bertil Nordenstam , Section for Botany, Swedish Museum of Natural History,  
S-10'f 05 Stockholm 50, Sweden.

Lamprocephalus m ontanus B. N ord., gen. 
e t sp. nov. (Com positae— Senecioneae)

Orig. coll.: S c h l e c h t e r  10119, Cape Pro­
vince, Ceres Div., Koude Bokkeveld, in mon- 
libus pone Tweefontein, 5500 ft., 24.111.1897 
(S holotype; BM, BOL. K isotypes).

Fruticulus  erectus vel adscendens, glaber 
praeter axillas et dorsa foliorum  araneoso- 
tom entosa. Folia alterna sessilia sim plicia  
integerrim a imbricata linearia subtriquetra 
apice m ucronata basi sem iam plexicaulia. 
Pedunculi  term inales solitarii elongati scaposi 
m onocephali. Involucrum  cam panulatum  basi 
truncatum, bracteis  11— 13 uniseriatis liberis 
lineari-lanceolatis. Receptaculum  planum  nu­
dum. Capitulum  hom ogam um  discoideum . 
Corolla  tubulosa glabra; lobi triangulares 
canali resinifero m ediano instructi. Sty li  rami 
dilatati glabri intra area stigm atica continua  
vestiti, apice appendice oblongo-triangulari 
m inute papillosa et protuberationibus tribus 
dorsalibus ornati. Antherae  basi breviter 
sagittatae apice appendice plana anguste tri­
angulari acuta coronatae. Achaenia  oblonga  
truncata dem um  nigra obscure quinquan- 
gulata albopapillata. P appi  setae copiosae  
albae persistentes corolla breviores.

Erect or ascending shrublet, 0.2— 0.5 m 
high, branching  basally, glabrous except 
for a loose cobwebby tom entum  in leaf- 
axils and on adaxial sides of young leaves. 
Branches becom ing nude w ith age and 
lepidote w ith persistent leaf-bases.

Leaves alternate, sessile, sim ple, im b ri­

cated, linear from  a broader half-clasping 
base, (0.5—-)1— 2(— 3) cm long, 1— 1.5 
(— 2) m m  wide, suberect— erecto-patent 
and  som ew hat curved, m ore spreading 
with age, subtriquetrous w ith flattish  or 
slightly concave adaxial side, abaxially 
obscurely keeled especially basally, sub- 
carnose or coriaceous, m ucronate.

Peduncles term inal, solitary, simple, sca- 
pose, 3— 25 cm long, ca 1.5 m m  thick, 
w ith 3— 7 scattered filiform -subulate re ­
duced leaves up to 1 cm long.

Involucre cupuliform — narrow ly cam- 
panulate w ith a truncate hase, 1.5— 2 cm 
high, 1— 1.5 cm wide, basally only 3— 5 
m m  wide. Involucral bracts uniseriate, 
11— 13, equal, free from  the base, linear- 
lanceolate, 1.2— 1.8 cm long, 1— 2 mm 
wide, 2— 3-veined, coriaceous in the centre 
and w ith th inner m argins, apically acu­
minate.

Receptacle flat, nude.
Capitula hom ogam ous, discoid, ca 15— 

30-flowered. Corolla tubular, 10— 14 mm 
long, probably red w ith yellowish base, 
glabrous; lobes narrow ly triangular, 1— 1.3 
m m  long, w ith a distinct resiniferous m id­
vein, thickish, w ith involute m argins and 
subcucullate tips. Style terete, basally swol­
len; style branches distinctly broader than 
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ü §  above WOO »

Fig. E Distribution of Lamprocephcilus m on­
tanus  B. N o r d .

the shaft, 4— 5 mm long, glabrous, inside 
w ith continuous stigmatic areas, outside 
fain tly  3—4-ribbed, apically w ith a 1— 1.5 
mm long oblong-triangular obtuse— sub­
acute m inutely papilla te dorsally 3(— 4)- 
hunched appendage. Anthers 4— 4.5 mm 
long incl. the flat and acute narrow ly 
triangu lar appendage, basally m inutely 
sagittate; endothecial cells w ith laxly set 
thickenings on longitudinal and transverse 
walls; filam ent collar ca 1 mm long, bas- 
allv dilated w ith som ew hat larger cells, 
broader than the filam ent.

Achenes narrow ly oblong, 6— 9 mm 
long, 1.5— 2 mm broad, w ith ra the r tru n ­
cate ends, obscurely 5-angular, brown, 
eventually black, covered w ith small 
w hitish m ucilaginous papilliform  duplex 
hairs arranged in five longitudinal fields. 
P appus bristles copious, pluriseriate, 9— 11 
mm long, persistent, laxly and  m inutely 
serrulate, glossy white.

Flowering period: Dec.— April.

CAPE PROVINCE. C l a n w i l l i a m  Di  v.: 
Cedarberg Mts, Pk S of Sneeuwkop, SW  
slopes, shale band, 5000 ft, I. 1942, E s t e r -

h u y s e n  7591 (BOL) —  S Cedarberg, Apollo 
Pk, slopes, 4000- 5000 ft, III. 1956, E s t e r i i u y - 
s e n  25526 (BOL). — C e r e s  D i v.: In clivis 
saxosis montium Skurfdebergen prope Gy- 
douw, 5400 ft, XII. 1891, H. B o l u s  7551 leg. 
A. B o d k i n  (BOL, K) — Koude Bokkeveld, 
in m ontibus pone Tweefontein, 5500 ft, III. 
1897, S c h l e c h t e r  10119 (BM, BOL, K, S) 
— Schurweberg Pk, betw. Bokkeveld Sneeu- 
kop and Bokkeveld Tafelberg, stony slopes, 
S aspect, 4500 ft, I. 1962, E s t e r h u y s e n  29435 
(BOL, S). —  W o r c e s t e r  1) i v.: Plateau  
betw. Matroosberg and Sonklip, 6000 ft, iV. 
1958, E s t e r h u y s e n  27679 (BOL) —- M atroos­
berg, shale band, 6500— 7000 ft, I. 1959, 
E s t e r h u y s e n  s.n. (BOL).

This rem arkable new taxon was first 
collected in 1891 by B o d k i n  and six years 
later by S c h l e c h t e r , who d istribu ted  it 
as “Senecio lamprocephalus  S c h l t r  n. 
sp .” This nam e was never validly p u b ­
lished, although it has been used in h er­
baria  as well as in literatu re ( M u s c h l e r  
1909 p. 56). It therefore seems app rop ria te  
to adopt S c h l e c h t e r ’s epithet as a generic 
name.

In gross m orphology the new taxon 
resem bles some Senecio species (e.g. those 
of sect. Pinifolii). The peculiar style is 
very different from  anyth ing  know n in 
Senecio, however. The style branches are 
unusually  stout and crow ned by a large 
sterile appendage. Sw eeping-hairs are com ­
pletely lacking, but the appendage has a 
papillate surface and a few dorsal hunches 
near the base. The stigm atic areas are 
continuous, covering the w hole of the 
inside of the style b ranches except for the 
tip of the apical appendage (Fig. 2 C, 1)). 
This type of style is quite un ique in the tribe 
Senecioneae. The sterile tips of the style 
branches in e.g. Gy nur a are very d iffer­
ently shaped. The typical Senecio  style 
has discrete stigm atic areas and  a term inal 
b ru sh  of sweeping-hairs.

O ther characteristics of the new genus 
are the scapose peduncles w ith  (probably) 
red-flowered discoid cap itu la , the uni- 
seriate involucre w ithout a calyculus, and 
the acute anther appendages. The aclienial 
wall is very firm , and the five veins arer 
best seen after dissection.

Bot. Notiser, vol . 128, 1975
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Fig. 2. Lam procepha lus m o n ta n u s  B. N o r d .  ( S c h l e c h t e r  10119, typus).  —  A: Achenial 
hair,  X150.  —  B: Corolla  lobes, laid out, X0.  —  C: Style b ranch ,  inside, X12. —  1): Style 
b ranches ,  X6.  —  E: F loret,  X3. —  F: E ndo thec ia l  cells, X75.  —  G: Anthers, X6.  — 

H: Achene, X3. — Right: Habit,  XV 2 . -— Del. auct.
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The d istribution  of the m onotypic genus 
is lim ited to some w estern Cape m ountains, 
from  the Cedarbergen in the north  to the 
M atroosberg in the south (Fig. 1). In the 
phytogeographical groupings of the Cape 
floristic elem ent ( W e i m a r c k  1941, N o r - 
d e n s t a m  1969) the taxon belongs to the 
N orthw estern  Endem ics. The apparently  
rare  species seems to favour stony slopes 
with a southerly  or south-w esterly aspect 
at altitudes of between 1200 and 2100 
metres.
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A Comparative Study on the Cambial Structure o f  Som e  

Arid Zone Species of Acacia and Prosopis

A. K . M. Ghouse and Muhammad Iqbal

G h o u s e ,  A. K. M. & I q b a l ,  M. 1976 02 09. A com para t ive  study on the cam bia l  
s t ru c tu re  of some ar id  zone species of Acacia an d  Prosopis .  —  Bot. Notiser  
128: 327— 331. Lund. ISSN 0006-8195.

The cam bia l  const ituents  in tlie d if feren t  species of Acacia  an d  Prosopis  
d iffer  in size, relative num b er ,  a n d  extent of a rea  occupied in the  cam bia l  zone. 
T he  c am b iu m  is stra ti f ied  in A. catechu  a n d  non-stra tif ied  in o thers .  A m ong 
the latter ,  Ind ian  species a re  characterized  by tall, broad ,  m ult i -se r ia te  r a y  
init ial units  with  a rela tively high p ro p o r t io n  of ray  initials, while  the  exotics 
possess sh o r t  an d  n a r ro w  ray  init ial units  with  a relatively low p ro p o r t io n  
of ray  initials.
A. K. M. Ghouse & M u h a m m a d  Iqbal, D epartment o f  Bo tany ,  Aligarh M usl im  
University , Aligarh 202001, India.

The presen t report, dealing p rim arily  
w ith the cam bial structu re  of some Acacia 
and  Prosopis species, form s p art of the 
program m e of this laboratory  investigating 
the s tru c tu re  and  behaviour of the vas­
cu lar cam bium  in trop ical trees. It is hoped 
th a t the in form ation  thus obtained will 
m ake it possible to recognize the trends 
of specialization, if any, in cam bia of 
tropical trees.

MATERIAL ANI) METHODS

Cambial  samples (20— 24 for  each species) 
a long w ith  some sapw ood  a n d  in n er  phloem  
were  collected in Sep tem ber  1973 (2 cm
square  blocks) f ro m  the m ain  t ru n k s  of adult  
trees of Acacia  a n d  P rosopis  species, viz. 
Acacia catechu  W i l l d . ,  A. farnesiana  W lL L D ., 
A. m e la n o xy lo n  11. B i l ,  A. nilotica  (L.) W i l l d .  
var. cupress i form is  S t e w a r t  (R am k an ta  or 
R am kat i  babul) ,  A. nilotica  var. telici T r o u p  
(Godi babu l) ,  A. nilotica  var. vediana  C o o k e  
(Kauria  babul) ,  a n d  Prosopis  spicigera  L., 
growing in or  a ro u n d  Aligarh w ith in  a  rad ius 
of 16 km , and  fixed on the  spot  in FAA. 
The  sam ples wrere asp ira ted  fo r  the free 
access of the  fixative into the deeply  situated 
cam bial  tissue a n d  a f te r  five days were  p r e ­
served in 70 %  ethanol .  T w o- to three-year-  
old twigs were also collected, fixed, and  
22

preserved as above. T ransverse  a n d  tangen t ia l  
sections th ro u g h  the cam bial  zone w ere  m ad e  
f ro m  all collections on  a sliding m ic ro to m e  
a t a th ickness of  10— 12 p, a n d  s ta ined  with  
tann ic  acid-ferric  chloride  ( F o s t e r  1949) 
and  H e id en h a in ’s haem atoxylin .  T h ey  were  
m oun ted  in C anada  b a lsam  a f te r  d e h y d ra t io n  
in the e thano l  series ( S a s s  1958).

To calculate the a rea  occupied  by d iffe ren t  
types of init ials c am era  lucida d raw in g s  were  
m ade  on tracing paper.  P o r t io n s  of the  d r a w ­
ings conta in ing the ray  init ials w ere  c a re ­
fully  rem oved  a n d  weighed on  a n  e lectrically  
opera ted  m icrobalance .  The  pieces of  p a p e r  
bear ing  only  fu s i fo rm  initials  (after  the  r e ­
moval of the d raw ings  of ray  init ials)  were  
also weighed separately.  T he  p ro p o r t io n  of 
one type of e lement to the o th e r  in the  
cam bial  strip w as then calcu la ted  p e r  un it  
a rea  on  the basis of  the weights thus  o b ­
tained. To confirm  the  accuracy  the  results  
were com pared  with those  o b ta ined  by  d irect 
calcula tion  based on  the m ea su re m e n ts  of 
the size of init ials as described by G h o u s e  
and  Y u n u s  (1974 a).

OBSERVATIONS

The vascular cam bium  in aerial axes 
of all the species investigated in  the 
present study appears as a cy linder b e­
tween the xylem and phloem , and consists 

B ot. N otiser, v o l. 128,1975
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Fig. 1. Camera lucida drawings of the cambial 
strips of Acacia and Prosopis as seen in 
tangential sections. — A: A. catechu. ■—
B: A. farnesiana. — C: A. melanoxylon. — 
D: P. spicigera (all X30).

of elongated fusiform cells as well as 
the ray initials. Fusiform cells, in all 
species except A. catechu , are roughly 
hexangular with long parallel sides and 
narrow  pointed ends which overlap and 
elongate apically (Figs. 1 B—D, 2). In 
.4. catechu on the other hand, fusiform 
cells, which show no overlapping and 
apical elongation, remain comparatively 
short (Fig. 1 A), the cambium stratified.

The length of fusiform cells varies in 
the different species, ranging from 190— 
360 |x in Acacia species, and 200—320 u 
in Prosopis. E nd  walls of these cells 
measure from 10— 170 u in Acacia and 
45— 120 p, in Prosopis  (Table 1). In all 
the species studied, the fusiform cells were 
found to be shorter in younger axes than  
in the older ones.
Bot. N otiser, vol. 128, 1975

Fig. 2. Camera lucida drawings of the cambial 
strips of three varieties of Acacia niloticci as 
seen in tangential sections. — A: var. vediana. 
—■ B: var. telia. — C: var. cupressiformis 
(all X 20).

Ray initials aggregate frequently to form 
fusiform units of varying magnitude in 
all the species. Often two or more such 
units unite to form complex bodies running 
to a greater depth, covering the length 
of two or more fusiform cells (Figs. 1 1), 
2). They form very tall s tructures in A. 
nilotica  and  P. spicigera, comprising over 
70 cells. In A. catechu, 98 °/o of the rav 
initial units are short (1— 15 cells) while 
in A. farnesiana  and  A. melanoxylon,  up 
to 68 °/o and 80 %  respectively are short. 
In the remaining species about 50 °/o of 
the ray  units are short,  except in the 
variety cupressiformis  of A. nilotica  in 
which only 27 %  of the ray initials units 
fall within this category (Fig. 3) .

Like the depth, the w idth of ray  initial 
units also differs m arkedly  in the different 
species studied. In A. nilotica, 60— 78 °/o 
of the ray  units are multiseriate (4— 9 
cells), while in others such b road  units 
are either absent (A. melanoxylon)  or con­
siderably less in number. A. catechu, A. 
melanoxylon,  and P. spicigera show the 
m axim um  of uni-, hi- and tr iseriate ray 
initial units respectively (Fig. 4).

Fig. 5 indicates the relative proportions 
of fusiform and ray  initials in the spe­
cies investigated. Fusifo rm  initials con­
stitute about 82 °/o of the cambial zone
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tili
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Fig. 3. Histograms showing tHe frequency of 
ray initial units of varying height in the 
cambial zone of Acacia and Prosopis. ■— 
A: A. melanoxylon. — B: A. farnesiana. — 
C: A. nilotica var. cupressiformis. — D: A. 
catechu. — E: P. spicigera. — F : .4. nilotica 
var. telia. — G: A. nilotica var. vediana. — 
Short: 1— 15 cells. Medium: 1G—30 cells. 
Tall: 31—45 cells. Very tall: 46— 70 cells.

Fig. 4. Histograms showing the frequency of 
ray initial units of varying width in the 
cambial zone of Acacia and Prosopis. -— 
A: A. melanoxylon.  — B: A. farnesiana. — 
C: A. nilotica var. cupressiformis. ■—- D: A. 
catechu. — E: P. spicigera. -— F: .4. nilotica 
var. telia. — G: A. nilotica var. vediana.

in A. m e lan oxy lo n ,  78 °/o in A. farnesiana,  
70 °/o in  A. catechu,  63 °/o in  P. spicigera  
a n d  57— 75 °/o in  A. nilotica.

DISCUSSION

A lthough  the cam b ia l  co m p o n en ts  are  
th e  sam e in all species investigated, the i r  
com pos i t ion  a p p e a r s  to he species specific. 
T h e  m o de  of aggregation  and  the  extent 
of m ultip l ica t ion  of r a y  initials  d if fe r  in 
the  d if fe ren t species. R ay  initials , fo r 
ins tance ,  inva r iab ly  fo rm  sh o r t  a n d  uni- 
ser ia te  s tru c tu res  in A. catechu,  a n d  m ostly  
tall a n d  b ro a d  bodies  in A. nilotica  and  
P. spicigera. I t  is also w o r th  no ting  th a t  
in A. farnesiana  a n d  A. m e la n o xy lo n  (both 
exotics) ray  in itia ls  f ro m  sho r t  n a r ro w  
units , w hile  in  rest of the  species (all 
indigenous) ta ll to very  tall an d  b ro a d  
m u ltise r ia tc  ray  un its  ch arac te r ize  the  c a m ­
b iu m  (except in  A. catechu).  A. catechu  
h av ing  s tra ti f ied  cam b iu m  (G h o u s e  & 
Y u n u s  1974 b) en joys  a  phylogenetica l ly  
a d v an ce d  posi t ion  am o ng  o th e r  species 
of the genus Acacia  in  the  op in ion  of 
B a i l e y  (1923) an d  M e t c a l f e  an d  C h a l k  

(1950).
Bot. Notiser, vol. 128, 1975

T h e  p resen t  findings on  the p ro p o r t io n s  
of fu s i fo rm  cells and  ra y  initials are  in 
opp o s i t io n  to the  w idely  accep ted  view 
th a t  fu s i fo rm  cells const i tu te  ab ou t  90 °/o
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□  RAY I N IT IA L  OE FUSIFORM INITIAL

Fig. 5. Histograms showing the proportion of 
fusiform and ray initials in the cambial zone 
of Acacia and Prosopis. — A: A. melanoxylon.  
— B: A. farnesiana. -— C: A. nilotica var. 
cupressiformis.  — D: A. catechu. — E : P. 
spicigera. —  F : A. nilotica var. telia. ■— G: 
A. nilotica var. vediana.
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or m ore of the cam bial zone in different 
plants or plant groups ( H a i l e y  1923, 
W i l s o n  1963, 1964, K o z l o w s k i  1971,
B u t t e r f i e l d  1972), at the sam e tim e 
confirm ing the earlier findings m ade in this 
laboratory on various tropical trees 
( G h o u s e  & Y u n u s  1974 a, c).

The length of fusiform  initials varies in 
different positions w ith in  the tree. It 
gradually increases w ith the increasing  
age of the axis till the fusiform  cells attain  
the adult state. T hus tlie present obser­
vations run parallel to those of B a i l e y  

(1923), B a n n a n  (1962), C a r l q u i s t  (1962), 
E v e r t  (1961) and G h o u s e  and Y u n u s  

(1973) on som e conifers and d icotyledons.
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Em bryo Sac o f H ydrobryopsis sessilis (Podosteniaceae) 

— Origin, Organization and Significance

Govindappa D. Arekal and C. R. Nagendran

A r e k a l , G. D. & N a g e n d r a n , C. R. 1976 02 09. E m b ry o  sac of H ydrobryops is  
sessilis (Podostemaceae) —  origin, o rganizat ion  and  significance. —  Bot. Notiser 
128: 332— 338. Lund. ISSN 0006-8195.

Botli P o d o s tem u m  and  D ic raea  embryo  sac types have been recorded  in a 
single taxon, H ydrobryops is  sessilis (Podostemaceae),  for the f irs t  time. The 
Dicraea type is re in te rpre ted .  The  presence of an t ipoda l  cells in the family is 
refuted. In terre la t ionsh ips  be tw een  the P odos tem um  and  D icraea types are  
discussed.

Govindappa D. Arekal and C. R. Nagendran, Department o f  B o ta n y , University  
of Mysore,  Manasa Gangotri,  Mysore-6, India.

B a t t a g l i a  (1971) reviewed the existing  
literature on the em bryo sac developm ent 
in m em bers of Podostem aceae and recog­
nized three m ajor types, viz. (A) the  
Apinagia type found in the m ajority of 
taxa investigated, (B) the D icraea type  
confined  to the genus Dicraea  (now P oly-  
p leuru m  ( T a y l .  ex T u l . )  W a r m i n g ;  see 
H a l l  1971) and (C) (he Podostem um  
type the occurrence of w hich  w as c o n ­
sidered doubtful.

Attem pts have been m ade in this lab ­
oratory to understand the developm ent of 
I he fem ale gam etophyte in all the Indian  
genera of Podostem aceae ( N a g e n d r a n  
1974, A r e k a l  & N a g e n d r a n  1975, N a g e n -  
d r a n  et al. 1976). Since there is no em bryo- 
logical report on H ydrob ryo ps is  sessilis  
( W i l l i s )  E n g l e r  —  a m onotypic genus 
endem ic to South India — the developm ent 
of the em bryo sac has been investigated  
and its significance presented.

MATERIAL AND METHODS

Material of H ydrobryops is  sessilis  was 
collected in fo rm alin /ace tic  acid /alcohol  
(FAA) f ro m  s tream s in the South  Ganara  
a n d  Chikmagalur distr icts  of K a ran a tak a  
during  January ,  1973. C ustom ary  m ethods  
of dehydra t ion  a n d  embedding were e m ­
ployed. Sections were  cut on a m icro tom e at 
6— 10 microns and  sta ined  with H e id en h a in ’s 
I ron  a lum -Haem atoxylin ,  using e ry th ros in  in 
clove oil as counter  stain.

OBSERVATIONS

The thalloid plant body is pinnately  
branched and closely  appressed to rocks. 
The flow ers are enclosed in 5— 7 sessile  
bracts, only the stam ens and stigm as 
projecting. Each flow er has 2 long sta­
m ens and 2 stam inodes. The pollen is 
shed as dyads. The ovary is superior, 
bicarpellary, syncarpous and bilocular  
w ith  a number of ovules on a m assive

Fig. 1. Developm ent of em bryo  sac in H y d ro b ryo p s is  sessilis. —  A: Ovular p r im o rd iu m  
w ith  a rch esp o r ia l  cell. -— B: Megaspore  m o th e r  cell: outer  in tegum ent n o t  shown. —  
C: Fu n c t io n a l  dyad cell; note  degenera ted  m ic ropy lar  dyad cell. — D: Two-nucleate  
em b ry o  sac, ju s t  p r io r  lo the o rgan iza t ion  of nucellar  p lasm odium . —  E: Two-nucleate  
em b ry o  sac; a f te r  fo rm at io n  of nuce l la r  p lasm odium . —  F — G: Organized embryo  sacs 
each  w ith  two jux taposed  chalazal  synergids,  an  egg an d  a m ic ro p y la r  p o la r  cell. — 
H: Organized e m bryo  sac w ith  two synerg ids  a t  the m ic ropy lar  end, a n  egg below and  
a  chalaza l  p o lar  cell. —  I: Zvgote in c o n ta c t  w i th  nucellar  p lasm odium . —  A— B, D— G,

' ' I X 640; C X 700; H X H 80 .
Bot. Notiser, vol. 128, 1975
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axile placenta. The fru it is a sm ooth, 
subsessile, loculicidal capsule.

The ovules are anatropous, tenuinucel- 
late and bitegmic. The inner integum ent 
is short, the outer alone form ing the 
micropyle. A hypoderm al archesporial cell 
organizes very early in the ovular p r i­
m ordium  (Fig. 1 A) and directly func­
tions as m egaspore m other cell (Fig. 1 B). 
It has dense cytoplasm  and a large nucleus. 
The firs t meiotic division in the m egaspore 
m other cell results in two unequal dyad 
cells. The sm aller m icropylar dyad cell 
soon degenerates and is recognized as a 
crescent-shaped cap (Fig. 1 C). The n u ­
cleus of the lower dyad cell com pletes the 
second meiotic division and a tw o-nucleate 
em bryo sac results (Fig. 1 D—-E). The 
two nuclei move apart and after a sim ul­
taneous m itotic division produce four 
daughter nuclei which contribute to the 
organization of the em bryo sac. In alm ost 
30 %> of the ovules the spindles of the two 
dividing nuclei are disposed in  a T-shaped 
m anner. In these ovules, the organized 
em bryo sac has two juxtaposed, pear- 
shaped synergids at the m icropylar end, 
an  egg below them  and a po lar cell 
beneath the egg —  conform ing to the 
Podostem um  type (Figs. 1 H, 2 A— C). On 
the other hand in 70 °/o of the ovules 
the spindles of the two dividing nuclei 
are oriented in an inverted T -shaped 
m anner. The organized em bryo sac con­
sists of two sm all juxtaposed cells at the 
narrow  chalazal end of the em bryo sac, 
a conspicuous egg above them  and a 
large cell at the broad m icropylar end -— 
an em bryo sac conform ing to the so- 
called D icraea type (Figs. 1 F— G, 2 D— E). 
Occasionally in these em bryo sacs, the 
two sm aller chalazal cells m ay be ob liq­
uely disposed or placed one above the 
o ther (Fig. 2 F) depending upon available 
space and the orientation of the spindles

of the dividing chalazal nucleus of the 
tw o-nucleate em bryo sac.

M eanwhile, the nucellar cells situated 
below the developing m egaspore m other 
cell elongate and becom e densely p ro to ­
plasm ic (Fig. 1 B). W hen the em bryo sac 
a tta ins the tw o-nucleate stage, these cells 
lose the ir walls and organize a multi- 
nucleate p ro top last in w hich the nuclei are 
usually  situated  at one end (Fig. 1 D— I). 
This is the nucellar plasm odium  (A r e k a l  
& N a g e n d r a n  1975) tha t nourishes the 
fu tu re  em bryo (Fig. 2  G ) .

DISCUSSION AND CONCLUSIONS

The occurrence of a bisporic tetra- 
nucleate em bryo sac of the Podostem um  
type such as noted in the present study 
was reported  by M a g n u s  (1913) in Po- 
dostem um  subulatus  G a r d n ., Fcirmeria 
m etzgerioides  ( T r u m e n ) W i l l i s  and Zey- 
lanidium  olivaceum  (G a r d n .) E n g l . Sub­
sequently C h i a r u g i  (1933) reported  a 
sim ilar type of em bryo sac in W eddellina  
squam ulosa  T u l . However, H a m m o n d  

(1937) who exam ined Podostem um  cera- 
tophy llum  M i c h a u x  reported  a bisporic 
five-nucleate em bryo sac in which the 
chalazal nucleus degenerates at the two- 
nucleate stage ( =  Apinagia type of B a t ­
t a g l i a  1971). A reinvestigation of Zey- 
lanidium  olivaceum  by R a z i  (1955) re ­
vealed th a t the em bryo sac developm ent 
conform ed to Apinagia type and not to 
the Podostem um  type as stated by M a g n u s  

(1913). F u rth e r, the very existence of the 
Podostem um  type in the fam ily itself 
has been doubted tim e and  again (P. 
M a h e s h w a r i  1937, 1941, 1947, S. C.
M a h e s h w a r i  1955, B a t t a g l i a  1971, A r e ­
k a l  & N a g e n d r a n  1975). Nevertheless, 
the presen t study has revealed beyond 
all doubt the existence of the Podostem um  
type in nearly  30 °/o of the ovules. The

Fig. 2. Development of embryo sac in Hydrobryopsis sessilis. — A—C: Organized embryo 
sacs with two micropylar synergids, an egg below and a chalazal polar cell. — 1)—E: 
Organized embryo sacs with two juxtaposed chalazal synergids, an egg above and a 
micropylar polar cell. — F: Organized embryo sac with two synergids placed one above 
the other at chalazal end. — G: Zygote; note degenerated chalazal synergids. — All XH80.
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Podostemum type of embryo sac is s im­
pler than the Apinagia type and closely 
related to it. Here, the nucleus which 
would later degenerate and which rep re­
sents the rem nants of the disappearing 
chalazal quarte t of nuclei of an Allium 
type of embryo sac is not produced at all. 
The embryo sac is therefore bisporic and 
tetranucleate, all the four nuclei belonging 
to the m icropylar quartet. Although this 
type of embryo sac is designated the 
Podostemum type, its validity could be 
admitted only when it is consistently 
found in the genus Podostem um  M i c h a u x . 
A careful investigation of all species of 
Podostem um  would clarify the position.

The occurrence of a bisporic te tra ­
nucleate embryo sac of the Dicraea type 
with two small chalazal cells designated 
antipodal cells, egg and a single m icro­
pylar synergid, both  considered as sisters, 
and without a polar cell, has been reported 
in Dicraea elongata  T u l .  ( M a g n u s  1913), 
D. stylosa  W i g h t  ( M u k k a d a  1962, 1964) 
and D. agharkarii N a n d i  ( R a z i  1966). 
This type has hitherto been regarded as 
exclusive to the genus Dicraea. Its oc­
currence along with the Podostem um type 
in ovules of the same ovary in the present 
study makes it revealing. Actually the 
Dicraea type presents an inverted image 
of the Podostemum type and this dis­
position has neither altered the location 
nor the size of the egg. The large pear- 
shaped synergids noted at the micropylar 
end of the Podostemum type have become 
much smaller in size with sparse contents 
and are confined to the narrow  region of 
the embryo sac. There is no doubt tha t  
the narrow lower end of the embryo sac 
is responsible for the smaller size of the 
cells and their occasional oblique or super­
posed disposition is due to the orientation 
of spindles of the dividing nucleus of the 
lower chalazal zone. Further,  these cells 
can never be regarded as antipodal cells, 
on the grounds that in the family Podo- 
stemaceae itself there is an unmistakable 
trend towards the elimination of the an t i­
podal complements through the “Strike” 
Bot. Notiser, vol. 128, 1975

phenomenon exhibited by the chalazal 
nucleus of the two-nucleate embryo sac 
leading towards simplification in both 
size and structure. In Didotristicha ramo­
sissima ( W i g h t ) v a n  R o y e n  (C h o p r a  & 
M u k k a d a  1966, and our own observa­
tions), the disappearance of the prim ary 
chalazal nucleus occurs about the time 
of the organization of the embryo sac, 
while in Farmeria indica  W i l l i s  emend. 
A r e k a l  & N a g e n d r a n  ( A r e k a l  & N a - 
g e n d r a n  1974, 1975) it occurs much
earlier. In the Podostemum type, the 
“Strike” phenomenon is complete and the 
nucleus which would later degenerate is 
not produced at all. Thus the Dicraea type 
of embryo sac is nothing but an inverted 
Podostemum type and need not be con­
sidered unique as in the following de­
scription: “. . . the peculiar egg apparatus  
with a single synergid and egg, the a b ­
sence of polar nuclei and the presence 
of two (occasionally only one) antipodal 
cells are a rare combination of characters 
not found in any other angiosperm —  
not even in any other member of the 
Podostemaceae” ( M u k k a d a  1964 p. 291). 
According to our interpretation the orga­
nization of the embryo sac in the genera 
Dicraea and H ydrobryopsis  falls into line 
with other angiosperms in not having the 
synergid and egg as sister cells.

As there is only syngamy and no endo­
sperm in the family ( B a t t a g l i a  1971, 
N a g e n d r a n  et al. 1976), the haploid polar 
cell in members so far  investigated appears 
to have lost its functional significance. 
While in the Apinagia and Podostem um 
types of embryo sacs the position of the 
polar cell is chalazal, in the Dicraea type 
it is located at the m icropylar end. The 
so-called single synergid reported as sister 
to the egg ( M u k k a d a  1964) is therefore 
nothing but the polar cell hitherto  re­
garded as being absent. This shift in 
position does not alter the location of the 
egg which has rem ained in the middle 
of the embryo sac whether  it is of the 
Podostemum or the Dicraea type. Furthe r ,  
the nucellar p lasmodium that nourishes
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the developing em bryo has factors for 
in fluencing the fertilized egg to extend  
tow ards it, irrespective of the disposition  
of other com plem ents of the embryo sac.

W i l l i s  (1902) in  his taxonom ic m ono­
graph on the Podostem aceae of India  
and Ceylon described a new species in 
the genus Hy dr ob ry u m  E n d l ., under the 
nam e II. sessile W i l l i s , from  the collections 
of C. A. B a r b e r  for the South Indian  
F lora m ade at Beltangadi, South Canara 
district in Karnataka State (No. 2520). 
E n g l e r  (1930) referred this taxon to a 
new m onotyp ic genus under the nam e 
•of Hyd robryops i s  sessilis ( W i l l i s ) E n g l e r , 

based on fruit characters. The m ode of 
em bryo sac developm ent noted in the 
present study lends support to E n g l e r , 

since it is of the A pinagia type in Hydro-  
bryum  ( N a g e n d r a n  et al. 1976) and is 
o f both Dicraea and Podostem um  types 
in Hy dr obr yop s i s .

S u b r a m a n y a m  (1962) in his account on  
aquatic angiosperm s inadvertently cited  
the present taxon as Hydrobryops i s  sessile 
( W i l l i s ) E n g l . But the correct nam e 
rem ains Hydrobryopsi s  sessilis ( W i l l i s ) 

E n g l . Further, S u b r a m a n y a m  & S r e e - 

m a d u a v a n  (1969) w hile providing a key 
to the Indian genera of Podostem aceae 
state that the pollen in the present taxon  
is shed as m onads. But in the present 
study it has been consistently observed  
that the pollen, as in all other genera 
of Indian Podostem oideae, is shed as 
dyads.

Hydrobryops i s  sessilis is an interesting  
taxon w hich  unites several Indian genera of 
Podostem aceae. It resem bles Zeylanidium  
T u l . in vegetative characters, Dicraea T u l . 
and Podos t em um  M i c h , in embryo sac 
types and Griffi thella W a r m , in the 
sm ooth, spherical capsule.
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Der Arillus der Gattung Musa

W alter L. Friedrich und Friedrich Strauch

F r i e d r i c h , W .  L. & S t r a u c h , F .  1976 02 09. Der Arillus de r  Gattung Musa. 
—  Bot. Notiser  128: 339— 349. Lund. ISSN 0006-8195.

Arils are  fo u n d  in wild seeded b an an a s  a n d  cultivated edible fo rm s w hich  
develop some ovules. T he  ar il  consists of simple tr ichom es em bedded  in mucilage,  
a r is ing  f rom  the funiculi  and  su r round ing  the ovules and  younger  seeds. The 
a ril  a n d  the m ucilage  begin to d isappear  in edible and  wild b a n a n a s  w h e n  the 
grow th  of the  pulp  s tarts .  In m atu re  fru i ts  of seeded b a n an a s  only vestiges of 
the a r il  can  be recognized in the ne ighbourhood  of the funiculi.  In m atu re  edible 
f ru i ts  the m ucilage  toge the r  w ith  the tr ichom es of the  aril a re  visible as a 
yellowish m ass in w h ich  the degenerated  ovules a re  embedded.

Walter L. Friedrich, Phytopcilaeontologisk  Afdeling, Geologisk Insti tut ,  U niver­
si tetsparken, DK-8000 A arhus  C, Danmark.

Friedrich S trauch ,  Geologisches Institu t,  Zülpicherstrasse A9, D-5000 K ö ln  1, 
Deutschland.

Die E rha ltung  von A rillus bei P flanzen­
fossilien konnte erstm alig  an der fossil­
en Spirem atosperm um  wetzleri  ( H e e r )  
C h a n d l e r  (M onocotyledones) aus dem 
T ertiär nachgew iesen w erden  ( F r i e d r i c h  

& K o c h  1972). Dieses Pflanzenfossil ließ 
sich u. A. auf G rund des tr ilo k u laren  Auf­
baus der F ru ch t und der arilla ten  Sam en 
m it Sicherheit zu den Z ingiberaceen stellen. 
Sp irem atosperm um , aus 130 Fundstellen  
aus E urasien  bekannt, ist fast identisch 
mit dem heute in Indoch ina vorkom m en­
den Cenolophon o xy m itru m  ( S c h u m a n n )  
H o l t t u m  ( F r i e d r i c h  & K o c h  1970, K o c h  
& F r i e d r i c h  1 9 7 1 ) .

Spirematospermum  zeigt auch e rs tau n ­
liche Ä hnlichkeiten zu den sam enbildenden 
M usaceen und auch zu d e r  fossilen Musa 
cardiosperma  J a i n  aus dem  T ertiä r von 
Indien. In der M orphologie der tr ilo k u ­
laren F rüch te  und im B aup lan  der Samen 
ist auch die Beziehung zu den samen- 
bildenden B ananen besonders augenfällig.

Die rezenten Zingiberales ( =  Scitami- 
neae) sind (bis au f wenige allerdings noch 
ungeklärten A usnahm en) arilla t (Tabelle 
1); sie w urden deshalb frü h e r bereits

als „A rillatae“ bezeichnet ( P f e i f f e r  1891, 
E n g l e r  & G i l g  1924 S. 163).

Eine nahe Beziehung zwischen rezenten 
Zingiberaceen und M usaceen hatte M a u r i t - 
z o n  (1935 S. 30) bereits festgestellt; auch 
M c G a h a n  (1961 S. 237) beobachtete ä h n ­
liche Bildungen im  Bau der Sam en bei 
den beiden Fam ilien.

Der Nachweis des Arillus bei einer fos­
silen Zingiberacee aus dem T ertiä r bestätigt 
die Theorie von C o r n e r  (1953 S. 469), 
„The D urian T heory“, zum indest in dem 
Punkt, daß der P ro to typ  der Zingiberales 
( =  Scitamineae) arilla t sei; und zeigt zu ­
dem, daß die R eduktion des Arillus bei 
einigen rezenten Form en als P rogression 
zu deuten ist ( F r i e d r i c h  & K o c i i  1972 S. 
58). Nach H u m p h r e y  (1896 S. 34) sind 
arillare S truk turen  besonders häufig  bei 
dehiszenten F rüchten , w ährend  sie bei 
indehiszenten nicht anzutreffen  sind.

Der Vergleich von Spirematospermum  
m it den rezenten V ertretern  der Z ingibe­
rales zeigt, daß sich die karpologischen 
M erkmale in dieser Gruppe, von einigen 
Progressionen abgesehen, kaum  geändert 
haben. Auffällig ist indessen, daß bei 
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Aliisa und Heliconia  kein Arillus vorhan­
den sein soll, w ie m an aus der betreffen­
den Literatur schließen könnte. W i n k l e r  

(1930 S. 526) schreibt: „N iem als besitzen  
die Samen in der Gattung Musa  einen A ril­
lu s“, und auch in A. E n g l e r ’s „Syllabus der 
Pflanzenfam ilien“ ( P o t z t a l  1964) heißt 
es bei der U nterfam ilie M usoideae „Samen 
ohne A rillus“.

MATERIAL UNI) METHODE

Bei der vorliegenden U nte rsuchung  wurden  
hauptsächlich  Früch te  un d  Sam en aus der 
Sam mlung des Botan ischen  Museums in 
Kopenhagen verwandt,  die un ter  den Thai- 
Dänischen E xpedit ionen  de r  letzten J a h r ­
zehnte eingesammelt w orden  waren. Außer­
dem wurde  auch  Material aus den Botanischen 
Gärten Köln, Tübingen, Arhus, Kew Gardens 
und  K openhagen untersucht .  Die F rü ch te  und 
Sam en aus dem Botan ischen  Museum in 
Kopenhagen w aren  n u r  in wenigen Fällen 
artl ich bestimmt; es k a n n  d ah er  bei dem 
hier besprochenen  Material n u r  eine grobe 
Einteilung in die beiden F ru ch t ty p en  M usa  
balbisiana  C o l l a  (4 Sam enre ihen  pro K am ­
mer) und M usa acum inata  C o i .l a  (2  Sam en­
reihen pro Kammer) gegeben werden.

Außer sam enbildenden, wilden Bananen- 
F rüch ten  w urd en  auch  K u l tu r fo rm en  in die 
Untersuchung einbezogen: P isang  aus Java, 
paradisiaca -Typen un d  gewöhnliche Eßba- 
nanen.

Die Früch te  w urd en  in der üblichen Weise 
über  die Alkohol-Reihe entwässert ,  in P a ra ff in  
eingebettet und auf  e inem Schlit tenm ikrotom  
geschnitten. Zur Fä rb u n g  w u rd e  Toluid in  und 
in einigen Fällen auch  Häm atoxylin -Eosin  
benutz t.  Zur Herstellung von U lt rad ü n n ­
schnitten  w urde  D u rcu p an  als  Einbettungs- 
mittel verwandt.  Die P rä p a ra te  w urden  mit 
Glasmessern auf  einem U ltram ikro tom  der 
F irm a  Reichert geschnit ten. Besonders k o n ­
t ras ta rm e Struk tu ren  in den P rä p a ra te n  w u r ­
den mit  einer In te r fe renz-K ontras t-E inr ich tung  
n ach  Nom arski  der F irm a  Zeiss fotografiert .

Das in der vorliegenden Arbeit beschriebene 
Material  wird im Botan ischen  Museum in 
Kopenhagen (C) und  im H erb ar iu m  Jut- 
landicum  Aarhus (AAU) aufbew ahrt .  N ach­
stehend einige Angaben zu den abgebildeten 
Stücken:

MUSA SP. AUS THAILAND: K. L a r s e n , 
S. S. L a r s e n , I. N i e l s e n  & T. S a n t i s u k  
31040, peninsula  between T ak u p a h  a n d  Surat  
Thani ,  limestone area,  6 m  high, leaves 
g laucous undernea th ,  8° 59 N, 98° 48 E, 200 
m, 16.7. 1972 (AAU). Th. S o r e n s e n , K.

L a r s e n  & B. H a n s e n  4772 (Copenhagen 
spir. coli: 6627), W an g  Tao, co m m o n  by  a 
small  stream, 6.9. 1958 (C). F l o t o  7650, 
(Copenh. spir. coll. 6628), 12 km  f ro m  Ban 
Mussoe, 400 m, 22.7. 1959 (C). T h . S o r e n s e n , 
K. L a r s e n  & B. H a n s e n  4773 (Copenhagen 
spir. coll. 6630), W an g  Tao,  com m on by a 
small  stream, 6.9. 1959 (C).

MUSA SP. AUS JAVA: II. J e n s e n  s .u . 
(Copenh. spir. coll. 4243-1), Java,  Buitenzorg, 
1905 (C).

ENSETE AUS THAILAND: E nsete  sp. (Syn. 
M usa glauca) K. L a r s e n  10000 (Copenhagen 
spir. coll. 6629) Soi Dao, old c learing n e a r  
village, 200 m, 11.6. 1963 (C).

HISTOLOGISCHE BEFUNDE

Das U ntersuchungsm aterial w urde so 
ausgewählt, daß die verschiedenen sam en­
bildenden Grundtypen Musa balbisiana  
C o l l a  (mit 4 Sam enreihen pro Kammer) 
und Musa acuminata  C o l l a  (mit 2 Säulen­
reihen pro Kam mer), sow ie eßbare nicht 
sam enbildende Bananen gleichm äßig rep­
räsentiert sind.

Die D efinition des Arillus, die besonders 
in der älteren Literatur unterschiedlich  
gehandhabt wird ( P l a n g h o n  1845, W e t t ­

s t e i n  1935), ist zum indest in Bezug auf 
die Zingiberales (Scitam ineae) eindeutig; 
hier faßt man die vom  F unikulus aus­
gehenden und den Sam en m ehr oder 
weniger einhiillenden B ildungen als A rillus 
auf ( H u m p h r e y  1896, M a u r i t z o n  1935 S. 
22). V a n  d e r  P i j l  (1955 S. 307) gibt 
folgende allgem eine D efinition: „A p ost­
floral outgrowth from  the top of the 
funicle (the hilum  region) covering the 
seed more or less“.

Der Musa acuminata Eruchttyp

Der Musa acuminata  „F ru ch ttyp “ mit 
2 Sam enreihen pro L okulus w urde in ver­
schiedenen W achstum sstadien  untersucht. 
Im juvenilen Stadium  (Fig. 1 A, B) 
erkennt m an deutlich bereits m akrosko­
pisch die drei Kam m ern, in denen die 
Samen als dunkle F lecke von einer gelb ­
lichen, gallertartigen Masse um geben sind. 
Diese Masse entspringt von den F unikuli
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Fig. E M usa  sp. aus Thai land .  M. acum inata  „F ru c h t ty p “ mit  zwei Sam enre ihen  pro  
Lokulus.  —  A: Nr. 6627, Querschnitt ,  juveniles  Exem plar,  Arillus die Sam enanlagen  u m ­
gebend (Pfeile). —• B: Gleiches Stück wie A. Arillushaare  von den Funiku l i  ausgehend, die 
Sam enan lagen  umgehend. —  C: Nr. 6630, Querschnitt ,  fas t  ausgereif te  Samen, Arillusrelikte  
n u r  a n  den Funiku l i  (Pfeile). —  D: Vergrößerte r  Ausschnitt  aus C. —  E: Nr. 31040, Quer­
schn itt  durch  Teil einer F ru c h t ;  fehlgeschlagene K am m er mit  Arillus gefüllt. — F: Gleiche 
F ru c h t  wie E. Kein Arillus zw ischen P e r ik a rp  und Palisadenzellen  des Samens. —  B, E, 
F:  D if fe ren tia l-In terferenzkontras t .  —  Abkürzungen:  Ar Arillus. F  Funikulus.  Ch Chalaza. 
E n  E ndosperm . P a  Palisadenzellen.  Pe Per ikarp .  Sa Sam enanlagen. T Testa . L Latexgefässe.

S Septum.
Bot. Notiser, vol. 128, 1975
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der Samenlagen und füllt die K am m ern 
fast vollständig aus. Bei stärkerer Ver­
größerung (Fig. 1 B) lassen sich in dieser 
Masse offenbar einzellige Trichom e e r­
kennen, die aus den Funikuli auswachsen. 
Nach der Definition handelt es sich um 
den Arillus. In der Nähe des Funikulus 
sind sie noch straff geordnet; im distalen 
Bereich liegen sie unregelm äßig und 
befinden sich bereits un te r Auflösung. 
Eine Pulpabildung ist in diesem Stadium  
noch nicht feststellbar, die ja  später be­
sonders von der Innenseite des P erikarps 
einsetzt.

Im fortgeschrittenen W achstum sstadium  
(Fig. 1 C, D) füllen die noch unreifen 
Samen bereits die drei K am m ern voll­
ständig aus. Die gallertartige Arillusmasse 
ist bis auf einige Trichom fragm ente in 
der Nähe der Funikuli und am  Hilum, 
zurückgedrängt. In einer abortierten  K am ­
m er ist der fehlgeschlagene Bereich noch 
von Arillus gefüllt, w ährend  in der norm al 
entwickelten Kam m er A rillusbildungen 
nicht m ehr feststellbar sind (Fig. 1 E).

Ausgereifte Samen, an der Verfestigung 
der Testa erkennbar, haben keine A rillus­
bildungen m ehr. Die äußerste Schicht der 
Testa w ird hier von langgestreckten P ali­
sadenzellen gebildet, die d irekt an  die 
Innenseite des P erikarpes anliegen. In 
diesem W achstum sstadium  beobachtet m an 
kleine S tärkekörner in den P arenchym ­
zellen des Perikarps, die die beginnende 
Pulpabildung anzeigen.

Der Musa balhisiana Fruchttyp

Bei diesem F ruch ttyp  sind 4 unregel- 
m äßige Sam enreihen pro Lokulus en t­
wickelt. Bei juvenilen F rüch ten  sind die 
Kam m ern von der gallertartigen A rillus­
masse ausgefüllt, in der die Sam enanlagen 
eingebettet sind (Fig. 2). Die Trichom e 
w achsen strahlenförm ig aus den F unikuli 
aus und sind nur in d irekter Nähe der 
A ustrittsstellen als H aare zu erkennen. 
Mit zunehm ender E ntfernung von den 
Funikuli gehen sie m ehr und m ehr in eine 
form lose Substanz über. Bei diesem

F ru ch tty p  sind A rillusbildungen solange 
feststellbar, bis die Samen die Kam m ern 
vollständig ausgefüllt haben, erst dann 
setzt die P ulpabildung von der Innenseite 
des P erikarpes ein und drängt sich zwischen 
die einzelnen Samen, wie bei einer aus­
gereiften F ru c h t von Musa sp. (Nr. 31040) 
aus T hailand  beobachtet w erden konnte.

Musa sp., Pisang gabu, aus Iîuitenzorg, 
Java

Die F rüch te  dieser H ybride vereinigen 
M erkm ale des balbisiana und des acuminata  
„F ru ch tty p es“ (Fig. 3). U nter dem uns 
vorliegenden M aterial befindet sich eine 
F ru c h t m it drei regelm äßig ausgebildeten 
K am m ern, die jeweils 2 Sam enreihen en t­
halten  (Fig. 3 B) und  ein Exem plar m it 
4 K am m ern mit wenigen abortierten  
Sam enlagen (Fig. 3 A, C). In  allen Fällen  
sind die n ich t entw ickelten Sam enanlagen 
von Arillus umgeben. M akroskopisch e r­
kennt m an an Q uerschnitten durch  diesen 
F ru ch tty p  drei (seltener 4) halbm ond­
förm ige Bereiche, die von einer gelblichen 
gallertartigen  Masse ausgefüllt sind, die 
sich bei stä rkerer V ergrößerung in den 
D ünnschnitten  als Arillusbildung erweist. 
Bei diesen F rüch ten  ist eine starke A nhäu­
fung der Latexgefäße feststellbar, beson­
ders an der Innenseite des Perikarpes 
und an den Septen. Im zentralen  Bereich 
der F ru ch t um geben sie die Leitungs­
stränge, so daß sie im Q uerschnitt ein 
kreisförm iges P unk tm uster ergeben. Von 
der Innenseite des Perikarpes und der 
Septen w achsen w eitm aschige P arenchym ­
zellen in die K am m ern hinein. Sie en t­
halten  S tärkekörner, w ährend  die Trichom e 
des Arillus keine S tärkekörner enthalten 
(Fig. 3 D) .

Musa sp.

Die gew öhnliche E ßbanane leitet sich 
von den beiden W ildform en Musa balbi­
siana  und M usa acum inata  her (S i m m o n d s  
1962 S. 130). Im  Q uerschnitt durch  eine 
E ßbanane lassen sich m akroskopisch nur
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Fig. 2. M usa  sp., Nr. 6628 aus  T hailand .  M. balbisiana  „ F ru c h t ty p “ m it  vier unregelmäßigen 
Sam enre ihen .  -—- A: Juvenile  F ruch t ,  Querschnitt .  Die Sam enan lagen  sind von Arillus- 
b i ldungen  um geben, die von den Fu n ik u l i  ausgehen  u nd  die K am m ern  fast  ausfüllen. 
—  B: Gleiches P r ä p a ra t  wie A. Fu n ik u lu s  mit  Raphe  un d  Latexgefäßen  aus dem  Arillus- 
T richom e ausw achsen .  —  G, D: Vergrößerte  Ausschnitte  aus A. — Differentia l-Interferenz- 

kon tras t .  —  Abkürzungen:  Ar Arillus. L Latexgefässe. R Raphe.
3 Bot. N otiser, v o l. 128, 1975
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2 m m

Fig. 3. Musci  sp. „ P i s a n g  g a b u “ . Nr. 4243-1 a u s  B u i te n z o r g ,  J a v a .  —  A: F r u c h t  m i t  v ie r  
K a m m e r n ,  Q u e r sc h n i t t .  P fe i l  zeig t  a u f  d e n  in C v e r g r ö ß e r t e n  A u s sc h n i t t .  —  B: Z e n t r a l e r  
Te i l  e in e r  t r i l o k u l a r e n  F r u c h t  m i t  je  zwei S a m e n r e i h e n  p r o  L o k u lu s ,  Q u e r s c h n i t t .  Aril lus-  
b i l d u n g e n  a n  d e n  F u n ik u l i  (Pfe ile) .  —  C: V e r g r ö ß e r t e r  A u s s c h n i t t  a u s  A. D re i  r u d i m e n tä r e  
S a m e n a n l a g e n  s in d  v o n  A r i l lu s b i ld u n g e n  u m g e b e n .  V o n  d e n  S e p te n  u n d  v o n  d e r  I n n e n s e i t e  
des  P e r i k a r p e s  w ä c h s t  P u lp a g e w e b e  in d ie  K a m m e r  u n d  v e r d r ä n g t  d e n  A ril lus .  -—  D: 
A u s s c h n i t t  a u s  B. P u lp a g e w e b e  m i t  S t ä r k e k ö r n e r n  (hel le  P u n k t e )  a n g r e n z e n d  a n  A ril lus-  
T r i c h o m e n  (o h n e  S t ä r k e k ö r n e r ) .  D i f f e r e n t i a l - I n t e r f e r e n z k o n t r a s t .  —  A b k ü r z u n g e n :  Ar 

Aril lus. F  F u n ik u lu s .  P u  P u lp a .  St  S t ä r k e k ö r n e r .
Bot. N otiser, vol. 128, 1975
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Fig. 4. Musa  sp. —  A: Querschnit t ,  E ß b a n a n e  mit drei Septen. B: Ausschnit t  aus  A. 
Abortierte  Sam enanlage, um geben  von Arillus-Trichom en, die am  Fun iku lus  auswachsen. 
D ifferen tia l- In te rferenzkontras t .  C: Gleiches P r ä p a ra t  wie A. Z entra le r  Teil einer F ruch t ,  
Querschnit t .  Zwei abortier te  Sam en an lag en  in einer Kammer. Pu lpab ildungen  an  den 
Septen, den Funiku l i  und  de r  Innensei te  des P e r ik a rp e s  ve rd rängen  die Relikte des Arilhis. 
—- I): Gleiches P rä p a ra t  wie A. Q uerschn it t  d u rc h  ein Septum  m it Latexgefäßen (schwarze 
Flecke) und abortier te  Sam enanlage .  S ta rke  Pu lp ab ild u n g  am  Septum. —  Abkürzungen: 

Ar Arillus. F Funiku lus .  L Latexgefässe.  Pe Per ikarp .  Pu Pulpa.  S Septum.
Bot. N otiser, vo l. 128, 1975
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noch wenige Relikte dieser beiden S tam m ­
form en erkennen (Fig. 4 B— D). Die 
Latexgefäße m ark ieren  den Grenzbereich 
P erikarp  zu den m it P u lpa gefüllten K am ­
m ern und zeigen die Lage der drei Sepien 
an. V erküm m erte Sam enanlagen sind nur 
selten zwischen den Pulpaw ucherungen  zu 
finden. U ntersucht m an die abortierten  
Sam enanlagen, so findet m an im Bereich 
der P lazenten A rillusbildungen in F orm  von 
0,025 mm dicken Trichom en, die aus den 
Funikuli ausw achsen. Mit zunehm ender 
Reife der F ru ch t w erden sie von der 
P ulpa verdrängt und gehen m ehr und 
m ehr in Auflösung.

DISKUSSION DER ERGEBNISSE

Bereits in der älteren  L ite ra tu r stellte 
m an H aarbildungen im  Bereich der P la ­
zenten bei Musa  fest. W i t t m a c k  (1868 
Tafel III, Fig. 25), der eine Beschreibung 
von M. ensete gibt (heute w ird Ensete 
als eigene Gattung aufgefaß t), bildet einen 
Q uerschnitt von M. rosen ab und bezeich­
net die H aare an den Sam enanlagen als 
P lazentahaare. H u m p h r e y  (1896 S. 28), 
der ebenfalls Sam enanlagen und  junge 
Samen von M. rosen untersuchte, konsta­
tiert: „The ovule presents nothing no te­
worthy, except a dense felt of long sim ple 
trichom es arising from  the sides of the 
funiculus. No trace of these rem ains in 
the seed. As com pared with the ovule, the 
seed shows great la teral extension, so 
the em bryonal cavity  is m uch shorter 
than  broad. The trace of the m icropylar 
opening can still be recognized, and, as 
might be expected from  the indéhiscent 
fruit, no aril is developed.“

Sowohl W i t t m a c k ’s  (1868) als auch 
H u m p h r e y ’s  (1896) E rgebnisse w erden von 
späteren B earbeitern erw ähnt. So benutzt 
J ä h k e l  (1909 S.  2 3 )  den Begriff „P lazen ta­
haa re“ von W i t t m a c k  (1868) un d  d ’A n g -  

R E M O N D  (1915 S .  74) beobachtet: „Die 
Sam enknospen der B ananen sind in einer 
durchscheinenden Gallerte eingebettet und 
von vielen Zellfäden umgeben, die aus 
dem  Fuß des F un iku lus ih ren  U rsprung 
Bot. N otiser, vo l. 128, 1975

nehm en“. W as die Gallerte angeht, so 
bezieht er sich in einer F ußno te  au f 
J ä h k e l  (1909). M a u r i t z o n  (1935), der eine 
um fassende Ü bersicht über „Sam enbau 
und Em bryologie einiger Scitam ineen“ 
gibt, erw ähnt unter Musaceae n u r die 
Gattungen Ileliconin und Strelitzin  und 
verweist bezüglich der Gattung Musa  auf 
frühere U ntersuchungen (1935 S. 3). Es 
ist daher n ich t erstaunlich, daß W i n k l e r  
(1930 S. 526) in E n g l e r - P r a n t l  b eh au p ­
tet: „Niemals besitzen die Sam en in der 
Gattung Musn  einen Arillus“. Auch in 
neueren Arbeiten liest m an ( S i m m o n d s  

1953 S. 89): „Each loculus bears two 
rows of ovules embedded (or nearly  so) 
in a strip of mucilage which is pervaded 
at its axial face by num erous hair-like 
cells em ergent from  the axis especially 
in the neighbourhood of the ovules“ . Im 
gleichen Zusam m enhang erw ähnt er: „The 
num ber of hair-like cells in the m ucilage 
seems to increase for the first week or 
two, but later all traces of them  disappears 
as the mucilage goes“. In ähnlicher W eise 
gibt S i m m o n d s  diesen Sachverhalt in spä­
teren Arbeiten wieder ( S i m m o n d s  1959 S. 
29 und 1962 S. 78). Es ist daher auch 
nicht verw underlich, daß in Ü bersich t­
w erken wie A. E n g l e r ’s „Syllabus der 
P flanzenfam ilien“ ( P o t z t a l  1964 S. 609) 
un ter der U nterfam ilie Musoideae erw ähn t 
w ird: „Sam en ohne A rillus“.

Unter Berücksichtigung der bereits oben 
zitierten Beobachtungen früherer B earbei­
ter und unserer eigenen Feststellungen 
kann  zusam m enfassend folgendes über den 
Arillus bei der Gattung Musn  L. gesagt 
w erden: Bei allen von uns un tersuch ten  
A/u.sa-Friichten ist in juvenilen Stadien 
ein Arillus entwickelt. E r besteht aus 
einfachen Trichom en, die von den F u n i­
kuli ausgehen und die Sam enanlagen u m ­
geben.

Bei fo rtschreitender M aturität der Sa­
m en w ird der Arillus zurückgebildet. Die 
Auflösung des Arillus erfolgt zu dem  Zeit­
punkt, wo die Bildung der P u lpa beginnt. 
Bei reifen Sam en ist der Arillus n u r noch 
in Relikten an  den Funikuli vorhanden .
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An Querschnitten von Ensete  sp. aus T hai­
land ( L a r s e n  10 000) w aren an den Funi- 
kuli der fast reifen Samen keine Arillus- 
hildungen feststellbar; ein abortierter Same 
in der selben F ruch t w ar  jedoch von 
Arillustrichomen umgeben. Offenbar gilt 
bei der Gattung Ensete in Bezug auf den 
Arillus derselbe Sachverhalt wie bei Musa, 
nämlich daß der Arillus in juvenilen 
F rüch ten  entwickelt ist und mit zuneh­
mender Reifung zurückgebildet wird.

Über die biologische Funktion des Aril­
lus bei den Zingiberales haben sich zahl­
reiche Autoren geäußert.  Allgemein nimmt 
m an an, daß er eine Rolle bei der Dehis- 
zenz der Früchte ( P f e i f f e r  1891) und 
bei der Verbreitung der Samen durch 
Tiere spielt. Bei Musa  sind die Früchte 
beerenartig und meist indeliiszent. Der 
Arillus ha t  hier seine Funktion in Folge 
der Progression verloren. Die Rolle als 
Lockmittel für Tiere, die die Samen ver­
breiten, w ird von der P ulpa übernommen, 
die offenbar als Ersatz fü r  den fu n k ­
tionslosen Arillus entwickelt wurde. P u lp a ­
bildung tritt ja  bekanntlich nicht nur  bei 
Kulturform en sondern auch bei wilden 
Bananen auf.

Die Entdeckung des Arillus bei der 
fossilen Spirematospermum wetzleri (Zin- 
giberaceae), die sehr nahe verwandt ist 
mit der rezenten Cenolophon oxym itrum  
und auch  in vielen morphologischen und 
anatomischen Einzelheiten den wilden re ­
zenten Bananen nahe steht, zeigt, daß der 
Arillus ein sehr altes Element der Zingi- 
berales ist (Tabelle 1). Die gut erhaltenen 
fossilen Bananenfrüchte aus dem Paleogen 
von Indien waren unserer Meinung nach 
wahrscheinlich ebenfalls arillat, da J a i n  

(1964 S. 46) beobachtet: „The seeds,
though filling each locule, show no sign 
of compression and the space left between 
the seeds is filled with a noil-cellular 
m a tr ix “. Auch die Verdickung der Testa 
im Bereich des Hilum bei den fossilen 
Musa-Samen spricht für die Existenz eines 
Arillus, wie J a i n  (1964 S. 53) übrigens 
selbst feststellt, später aber wieder ver­
wirft.

DANK

Für wichtige H inweise und die freund­
liche Überlassung des Untersuchungsm ate- 
riales m öchten wir Dr. R. H a n s e n  (Kopen­
hagen) und Professor K. L a u s e n  (Aarhus) 
danken. Zahlreiche Anregungen und D iskus­
sionsbem erkungen verdanken wir Lektor R. 
E. K o c h  (Aarhus) und Dr. H. K o c h  (Köln). 
Zu Dank verpflichtet sind wir auch L. T i i a m -  
d r u p  und D. H u n d t o f t e  für die Herstellung  
der Präparate, J. S o m m e r  für die Fotoarbeiten  
und A. M. K r i s t e n s e n  für die Reinschrift 
des M anuskriptes. Finanzielle Unterstützung 
erhielten wir von Statens naturvidenskabe- 
lige Forskningsråd.

ZITIERTE LITERATUR

d ’A n g r e m o n d ,  A. 1915. Parthenokarpie und 
Sam enbildung bei Rananen. — Flora 107 : 
57— 110.

C o r n e r ,  E. .1. H. 1953. The Durian theory  
extended 1. —  P hytom orphology 3: 465—  
475.

E n g l e r ,  A. & G i l g ,  E. 1924. Syllabus der 
Pflanzenfam ilien. —  Berlin.

F r i e d r i c h ,  W. L. & K o c h ,  R. E. 1970. Com­
parison o f fruits and seeds of fossil 
Spirem atosperm um  (Zingiberaceae) with 
those of living Cenolophon. —  Rail. Geol. 
Soc. Denm ark 20: 192— 195.

— 1972. Der Arillus der tertiären Zingi- 
beracee Spirem atosperm um  wetzleri. 
Lethaia 5: 47— 60.

H u m p h r e y ,  J. E. S. I). 1896. The developm ent 
of the seed in the Scitam ineae. -—- Ann. 
Rot. 10: 1— 40.

J a i n ,  R. K. 1964. Studies in Musaceae 1. 
Musa cardiosperm a sp. nov., a fossil ba­
nana fruit from  the Deccan intertrappean 
series, India. —  Palaeobotanist 12 (1): 
45— 58.

JÄHKEL, P. 1909. ü b e r  Anatom ie und Mikro­
chem ie der B ananenfrucht und ihre Rei­
fungserscheinungen. -— Diss. 41 S. Kiel.

K o c h ,  R. E. & F r i e d r i c h  W . L. 1971. Früchte 
und Sam en von Spirem atosperm um  aus 
der m iozänen Fasterholt-F lora in D äne­
mark. -— Palaeontographica R 136: 1— 46.

M a u r i t z o n ,  J. 1935. Sam enbau und Em bryo­
logie einiger Scitam ineen. —  Acta Univ. 
Lund. N.S. 31, Ser. 2, 9.

M c G a h a n ,  M. W . 1961. Studies on the seed 
of banana 1. Anatom y of the seed and 
em bryo of Musa balbisiana. —  Ann. J. 
Rot. 48(3) : 230—238.

P f e i f f e r ,  A. 1891. Die Arillargebilde der 
Pflanzensam en. — Bot. Jahrb. 13: 492—- 
540.

P u l ,  L . v a n  d e r  1955. Sarcotesta, aril, pulpa
B ot. N o tise r, vol. 128, 1975



DER ARILLUS DER GATTUNG MUSA 349

and the evolut ion  of Ilie ang iosperm  f ru i t  
II. ■— Proc .  Ned. Acad. Wet. G 58 :307— 
312.

P l a n c h o n ,  .I. E. 1845. Développement et 
carac tè res  des vra is  et des faux  arilles. 
—  Ann. Sci. Nat.  Bot. 3. Sér. 3.

P o t z ta l , E. 1964. Scitamineae. —- In H. 
M e l c h i o r  ( E d . ) :  E ngle r ’s Syllabus de r  
P f lanzenfan i i l ien  2: 607— 613. —- Berlin.

S i m m o n d s , N. W . 1953. The developm ent of 
the b a n a n a  fruit.  —  J. Exp. Bot. 4:87-— 
105.

1959. Bananas.  —  London.
— 1962. The  evolution of the b ananas .  -— 

London.
W e t t s t e i n , R. 1935. H and b u ch  der Sys tem a­

t ischen Botanik. —  Leipzig und  Wien.
W i n k l e r , H. 1930. Musaceae. —  In A. E n g l e r  

(Ed.): Die na tür l ichen  Pflanzenfam ilien :  
505— 541. — Leipzig.

W i t t m a c k , L. 1868. Musa Ensete. —  L innaea  
35: 209— 290.

Bot. Notiser, vo l.  128, 1975



Campanula keniensis Thulin sp. n ov ., and Notes on  

Allied Species

Mats Thulin

T h u l i n ,  M . 1976 02 09. Campanula keniensis Thulin sp. nov., and notes on 
allied species. — Bot. Notiser 128: 350 -356. Lund. ISSN 0006-8195.

Campanula keniensis  T h u l i n  sp. nov., is described from  Kenya. Although 
an annual its nearest ally is believed to b e  the perennial C. edulis F o r s k . 
Crossing experim ents between C. keniensis  and C. edulis gave highly sterile 
offspring. The synonym y of C. edulis is given and all nam es are typified. 
Crossings between a large-flowered and a sm all-flow ered strain of C. edulis 
yielded an intermediate offspring with no reduction of fertility. Chromosome 
numbers are reported for C. afra (2n =  24), C. d i chotoma  (2n =  24), C. edulis 
(2n =  56), C. kremeri  (2n =  24) and C. keniensis  (2n =  54). Wahlenbergia tenuiloba  
T h u l i n  nom. nov., is proposed for the illegitim ate W. congesta  T h u l i n .

Mats Thulin, Inst i tute of Systemat ic  Botany,  P.O. Box 541, 751 21 Uppsala,  
Sweden.

Campanula keniensis T h u l i n  sp. nov. 
(Figs. 1 A, 2 A, D)

ORIG. C O L L .:  M o b e r g  1415, Kenya, Kai- 
jado D istr., Ngong Ilills, south of highest 
part, along the path to the top, 3.1. 1971 
(UPS holotype).

Species nova ah affini C. edulis  F o r s k . 
habitu erecto annuo, corolla cylindrica 6— 8 
mm longa lobis erectis 1— 1.6 mm longis 
extus dense puberula, stylo tubo corollae  
breviore, floribus breviter pedicellatis vix 
nutantibus et chrom osom atum  numero 2n =  54 
diversa.

A nnual + stiffly erect herb, up to 35 
cm tall. Stem branched m ainly in the 
upper part, strongly ribbed, h irsute w ith 
mixed hairs  of very variable length. Leaves 
sessile, narrow ly  ovate to ovate above, 
elliptic to oblanceolate or narrow ly ovate 
tow ards the base, up to 10— 25 mm long, 
5— 10 m m  wide, acute or subacute w ith 
truncate , or, at least in the upper leaves, 
cordate base, hirsute w ith hairs often 
bulbous a t the base: m argin cartilaginous, 
+ undulate-crenate; m idvein and lateral 
veins prom inent beneath. Inflorescence lax 
w ith m arked  overtopping of the term inal 
flow er giving a dichotom ous appearance; 
Bot. N otiser, v o l. 128, 1975

pedicels short, elongating up to 10 mm in 
fruit. H ypanth ium  broadly  obconical, w ith 
5 d istinct nerves and  up to 5 additional 
+ w eak nerves in  between them , shortly  
and densely pubescent hu t w ith long hairs 
on the nerves. Calyx-lobes narrow ly tr i­
angular, 4— 7 mm long, acute, w ith long 
hairs at m argins and  on m idvein outside, 
o therw ise shortly  and densely pubescent 
on bo th  sides; calyx-appendages ovate, 
1.5—42.5 mm long, reflexed, ±  obtuse. 
Corolla blue or m auve w ith w hitish base, 
cylindrical, 6— 8 mm long, w ith erect 
ap icu la te  lobes 1— 1.6 m m  long; m idveins 
of petals distinct w ith +  long hairs, co­
rolla otherw ise densely puberulous outside, 
g labrous inside. Stam ens w ith ovate, sh o rt­
ly ciliate filam ent-hases; an thers 1.3— 2.0 
m m  long. Ovary 3-locular, inferior; style 
m uch shorter than  the corolla-tube, 3- 
lobed, w ith pollen-collecting hairs along 
m ost of its length, hu t w ith  norm al hairs 
at the base. Capsule 3-locular, dehiscing 
by basal valves. Seeds num erous, elliptic- 
oblong in outline, com pressed, ±  0.6 mm 
long, alm ost sm ooth, yellow ish-brow n. 
2n =  54.
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T able 1. Chromosome n u m b ers  of some species of Campanula.  
V oucher  specimens in UPS. C. a fra  and  C. k rem er i  a re regarded 
as d is t inc t  species fo r  the sake of convenience (see text).

Taxon Voucher Origin of m ateria l 2n

C. afra  ........... B y m a n  1340 Canary  Is., Tenerife 24
C. d icho tom a T h u l i n  2410 Algeria, El Milia 24

T h u l i n  2414 b Algeria, El Milia 24
B a r k o u d a h  s.n. Algeria, Tizi Ouzou 24

C. e d u l i s .......... T h u l i n  1367 Ethiopia,  Asella 56
B j ö r n s t a d  1575 Tanzania ,  Ngorongoro 56

C. ken iens is  . . M o b e r g  1415 Kenya, Ngong Hills 54
C. k rem er i  . . . T h u l i n  2302 Algeria, Oran 24

C. keniensis  is only know n from  the 
Ngong Hills, ju st south of N airobi in 
Kenya, w here it has been collected in 
grassland on the sum m it ridge and along 
the w estern slopes at altitudes of between 
2150 and 2430 m.

COLLECTIONS. Kenya: Kaijado Distr.,
Ngong Hills, XII. 1954 B a l l y  9889 (K), XI. 
1966 A r c h e r  528 (EA), XI. 1967 A g n e w  9681 
(NAI), I. 1971 M o b e r g  1415 (UPS).

DISCUSSION

A g n e w  (1974 p. 509) was the first 
to pay atten tion  to C. keniensis. He called 
it Campanula  sp. A and pointed to its 
annual hab it and densely pubescent corolla 
as characters distinguishing it from  C. 
rigidipila ( =  C. edulis, see below).

The species shows a striking sim ilarity 
to, am ong annual species, the m ainly 
M editerranean C. dichotoma  group (C. 
dichotoma  L .,  C. afra C a v ., C. kremeri 
Boiss. & R e u t ., C. semisecta M u r b ., etc.) 
and  C. balfourii  W a g n . & V i e r h . on 
Socotra, w hich perhaps belongs to the 
same group. The taxonom ic treatm ent of 
these species varies considerably (see e.g. 
M u r b e c k  1897 p. 115— 119, Q u é z e l  1953) 
and most of them  have at tim es been 
regarded as subspecies o r form s of C. 
dichotoma. The perennial C. edulis in 
eastern tropical Africa and Yemen is 
also very close to C. keniensis.  All these 
species m entioned have calyx-appendages,

capsules dehiscing by basal valves or 
pores, 3-merous gynoecia and are placed in 
Campanula  sect. Medium  A. DC. The only 
previously know n chrom osom e num ber 
am ong them  is 2n =  24, reported  from  
Italian C. dichotoma  by G a d e l l a  (1964 
p. 14). 2n =  34 in C. sarmentosa  (a syno­
nym of C. edulis, see below) was re ­
ported by S u g i u r a  (1942 p. 431). It is 
presum ably erroneous like m any other 
of his counts (see G a d e l l a  1964 p. 43). 
Chromosome num bers obtained by the 
present au thor are sum m arized in  Table 
1 (see also Fig. 2 A— C).

The subdivisions of the genus Campa­
nula  by D e  C a n d o l l e  (1830), B o i s s i e r  

(1875) and F e d o r o v  (1957) were reviewed 
by G a d e l l a  (1964), who considered them  
all m ore or less unnatu ra l and  proposed 
a provisional subdivision into seven groups 
w here m uch im portance was ascribed to 
cytological data. C. dichotoma  was placed 
on its own in Group V, bid it w as p re ­
sumed th a t m any other annual appen- 
diculate species belonged there although 
chrom osom e data were lacking. C. kre­
meri, as could he expected, fits into the 
same group. The chrom osom e num ber 
2n =  54 in C. keniensis, however, cannot 
easily be derived from  2n =  24. F u r th e r ­
more, the chrom osom es of C. keniensis  
are sm aller (c. 1—-1.5 pm) than  in C. 
dichotoma  and C. kremeri (c. 1.5— 2 pm). 
A close affin ity  betw een C. keniensis  and 
the C. dichotoma  group is therefore im- 
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Fig. 1. Flowers of cultivated specimens. — A : Campanula keniensis, progeny of M o b e r g  
1415, X 4 .5 .  — B: C. edulis, progeny of a cross between the small-flowered strain T h u l i n  

1367 and the large-flowered strain B j ö r n s t a d  1575,  X 2 .5 .

probable. C. keniensis  is m orphologically 
distinguishable from  this group m ainly 
by its cylindrical corolla w ith very short 
and erect lobes (Fig. 1 A). In the C. 
diehotoma  group the corolla is ±  funnel- 
shaped w ith longer lobes, which are 
spreading to alm ost perpendicular to the 
tube (however, in herbarium  m aterial 
this m ay be difficult to see). The hairiness 
of the corolla varies w ithin the C. dieho­
toma  group, and plants w ith I he outer 
surface of the corolla densely puberulous 
as in C. keniensis  also occur.

The p lan t described as C. balfonrii by 
W a g n e r  & V i e r h a p p e r  (in V i e r i i a p p e r  

1906 p. 301, see also V i e r h a p p e r  1907 
]). 474—476) was previously thought by 
B a l f o u r  (1388 p. 148) to be a form  of 
C. diehotoma. As distinguishing features 
V i e r h a p p e r  (1907 p. 475) m ainly m en­
tioned the sm aller corolla and shorter 
calyx-lobes and appendages. Com pared 
with C. balfonrii, C. keniensis  seems to be 
a som ew hat m ore robust plant. Longer 
hairs such as are present on the midveins 
of the petals in C. keniensis  can hardly  
Bot. Notiser, vol. 128, 1975

be seen in  C. balfourii. The midveins 
them selves are  also m ore inconspicuous 
in th is species. The corolla is of a m ore 
cam panulate  shape in  C. balfourii  (other­
wise the corolla is of a sim ilar size and 
is also densely puberulous outside in both 
these species). F u rthe r, the hypanth ium  
usually has m ore than  5, often c. 10 
nerves in C. keniensis  (5 in C. balfourii), 
the additional nerves being ±  weak. The 
liest distinguishing charac ter for C. ken i­
ensis is its short com paratively  stout style, 
usually  m uch shorter th an  the corolla- 
tube, versus the slender style, as long 
as or longer than the corolla-tube in 
C. balfourii.  Calyx-lobes and  appendices, 
seeds and pollen grains (3-porate, 30— 35 
urn in equatorial diam eter, and w ith 
densely and  finely sp inu lar exine) are 
sim ilar in all essentials in the two species. 
Until the chrom osom e num ber of C. bal­
fourii is know n it can h ard ly  be deter­
m ined w ith certain ty  w hether its nearest 
affin ity  is w ith C. diehotom a  or w ith 
C. keniensis, although the  form er a lte r­
native seems m ost probable.
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Fig. 2. A—C, Somatic metaphase plates. — A: Campanula 
keniensis,  M o b e r g  1415 (2n=54). — B: C. edulis, T h u l i n  1367 
(2n =  56). — C: C. kremeri, T h u l i n  2302 (2n =  24). — Scale =  
10 pm. — D: Semi-diagrammatic drawing of style and stamen 
in C. keniensis. The dotted area of the style indicates distribution 
of pollen-collecting hairs. From M o b e r g  1415, X 8 . D If

A p ar t  f ro m  C. keniensis,  C. eclulis is 
the  o n ly  native  C am panu la  in  K enya  an d  
these tw o  v ir tua l ly  a re  the on ly  r ep re sen ­
tatives of the genus sou th  of th e  equator .  
It is d is tr ib u ted  f ro m  Yemen, S u d an  an d  
E th io p ia  in the n o r th  to eas te rn  Z a ïre  an d  
n o r th e rn  T a n z a n ia  in  the  south. I n  Kenya 
it seems to he ra r e  and  is no t k n o w n  from  
the N gong Hills. T he  n e a res t  localit ies 
a re  in th e  A berdares  an d  th e  Chyulu  
Hills.

As op po sed  to the  st iff ly  erect, an n u a l  
C. keniensis ,  C. ednlis  is u su a l ly  a d e c u m ­
bent o r  ascend ing  p e ren n ia l  w i th  a thick, 
soon lignified tap - ro o t  (however,  in c u l­
tiva tion  it f low ers  even d u r in g  the  firs t 
yea r  w hile  the  tap - ro o t  is still v e ry  th in).  
T he  co ro l la  is u sua l ly  la rger  in C. ednlis 
and  c a m p a n u la te  (Fig. 1 II), b u t  fo rm s 
w ith  a co ro l la  c o m p a ra b le  in  size and  
shape  to th a t  in C. ken iensis  a lso occur. 
However, th e  co ro l la  is g lab ro u s  o r  has 
long ha ir s  on  the  m idve ins  of the  petals  
only, a n d  is devoid of the dense  shor t  
pubescence  of C. keniensis.  T h e  style is 
r a th e r  s h o r t  and  s tou t in C. ednlis  and  
m u c h  sh o r te r  th a n  the  co ro l la  as in C. 
keniensis ,  b u t  as th is  is u su a l ly  +  deeply

lobed the  style is often  as long as the  
corolla- tube. T h e  h y p a n th iu m  is u su a l ly  
m ore  th a n  5-nerved in b o th  species. T he  
pedicels are  u p  to 5 cm long in C. ednlis  
a n d  usually  m u ch  longer th a n  in  C. k e n ie n ­
sis. T he  m a rk e d  nodding  of the  capsu les  
in C. ednlis  is m u c h  less p ro n o u n c ed ,  
if occurr ing  at all, in C. keniensis .  T he  
basa l  p a r t  of the  style  be low  the po llen  
collecting h a ir s  is g lab ro us  in  C. ednlis  
b u t  h a iry  in C. ken iensis  (Fig. 2 I)).  
T h e  leaf shape  is very  var iab le  in C. 
ednlis,  an d  a l th o u g h  o ften  h av ing  n a r ­
rower, +  ob lanceola te  o r  a lm ost sp a th -  
ulate leaves no  c lear  d is t inc tion  ca n  be 
m ade  using th is  ch arac te r .

The  ch ro m o so m e  n u m b e r  o f  C. k e n ie n ­
sis, 2n  =  54, is m os t  easily exp la ined  as 
a result of a redu c t ion  from  2n  =  56, and  
p ro b a b ly  the  species is closely re la ted  to 
an d  possibly derived f ro m  C. ednlis. The  
ch rom o so m es  are  also of a s im ila r  size 
in these two species (1— 1.5 pm, Fig. 
2 A, B).

Crossing experim en ts  p e r fo rm e d  b e ­
tw een  offspring  of the ho lo type  of C. 
keniens is  an d  a s t ra in  of C. ednlis  (off­
spr ing  of T h u l i n  1 3 67 ,  Asella, E th iop ia )
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resulted in  seed form ation in 10 out of 
16 pollinated  flowers. Vigorous hybrids, 
in term ediate  in all respects and with 
2n =  55, were obtained from  all successful 
crossings. They behaved as annuals, a l­
though m ore long-lived than  the parental 
C. keniensis. The pollen fertility  of the 
parents, obtained hy counting the per­
centage of lactic hlue staining pollen in 
a sam ple of 200 grains, was found to be 
95— 100 °/o. In 18 hybrid  specimens
studied the pollen fertility  varied between 
10 and 40 %> (mean value 30 °/o). In 
the paren ta l plants seeds were form ed 
abundan tly  by autogam y. In the hybrids, 
however, not a single seed was formed, 
not even after artificial self-pollination. 
Thus a strong genetic barrie r exists be­
tween these species, probably  mainly 
owing to the difference in  chrom osom e 
num ber.

C. keniensis  and C. edulis are not 
easily placed in any of the groups p ro ­
posed fo r the genus by G a d e l l a . 2n =  56 
has previously been reported  only from  C. 
vidalii (sometimes placed in the mono- 
typic genus Azorina  P e e k ) on the Azores, 
which is totally unrela ted  to C. edulis 
and 2n =  54 is a new num ber for the 
genus. Group VI includes species with 
2n =  28, bu t these are all devoid of calyx - 
appendages. Obviously tbe chrom osom al 
diversity  and the relationships w ithin the 
genus are  still m ore com plicated than  is 
revealed by G a d e l l a ’s work.

The wide variation present in C. edulis 
has given rise to a ra th e r extensive syno­
nym y w hich is sum m arized below. All 
lectotypes have been chosen by the present 
au thor.

Campanula edulis F o r s k å l

F o r s k å l  1 7 7 5  p .  4 4 .  —  Orig, c o l l . :  F o r s k å l  
s.n., Yem en, Kurma (G lectotype) .

There are three sheets  in F o r s k â l ’s her­
barium  in C, two ol’ w h ich  are w ithout  
locality .  The third spec im en, the lectotype,  
con s is ts  o f  two ind ividuals  and apart from  

B ot. N o tise r, vol. 128, 1975

the spec if ic  nam e has  the loca l i ty  “ad K urm a” 
written  in F o r s k â l ’s handw riting .  There is 
also  a spec im en  in S tockh o lm  (S) collected  
hy F o r s k â l  and with  the loca l i ty  “ad H a d je ” . 
T h is  w a s  orig ina l ly  sent to M o n t i n  by V a h l  
in 1780. H adje  is the second  loca l i ty  cited  
by F o r s k å l  (1775 p. 44) for  C. edulis.  
Also a spec im en  w ithout  co llector  and locality  
in Herb. Thunberg  (UPS) w a s  probably  
distributed by V a h l .

C. e scu len ta  R i c h a r d  1 8 5 1  p. 4. -—- C. 
rig id ip i la  S t e u d . & H ö c h s t , ex A . R i c h . 
v a r .  escu len ta  (A . R i c h .) D l  C a p u a  1 9 0 4  
p. 236. —  Orig. coll .:  Q u a r t i n  D i l l o n  & 
P e t i t  s .n . ,  E thiopia ,  Tigre, Ouodgerate  (P  
l e c to ty p e ) .

C. qu ar t in ian a  R i c h a r d  1851 p. 5. —  
C. sc h im p e r i  V a t k e  var. q u a r t in ian a  (A. 
R i c h .) V a t k e  1876 p. 201, nom . illegit.  —  
C. r ig id ip i la  S t e u d . & H ö c h s t , ex A. R i c h . 
var. qu ar t in ian a  (A. R i c h .) E n g l e r  1892 
p. 410. —■ Orig. coll .:  Q u a r t i n  D i l l o n  & 
P e t i t  s.n., E th iop ia ,  Tigre, M em sah  8 .IX. 
1839 (P h o lo ty p e ) .

R i c h a r d  cites a Q u a r t i n  D i l l o n  spec im en  
co l lected  in M em sah  in Septem ber as the type  
of  C. quart in iana .  The o n ly  sp ec im en  in 
Herb. R i c h a r d  w ith  this data has  no sp e ­
c if ic n a m e  w ritten o n  it, but  as the  spec im en  
agrees  very  w el l  w ith  the orig inal description  
there is no reason  for d ou b tin g  that it is 
the sp ec im en  used  b y  R i c h a r d .

C. r ig id ip i la  S t e u d . & H ö c h s t , ex R i c h a r d  
1851 p. 3. —  C. sc h im p e r i  V a t k e  1874 p. 
712, nom . nov. superfl. pro C. sa r m e n to s a  et 
C. r ig id ip i la  (type as for  C. r ig id ip i la ,  see  
E n g l e r  1892 p. 410). —  C. sc h im p e r i  V a t k e  
var. r ig id ip i la  (S t e u d . & H ö c h s t , ex A. 
R i c h .) V a t k e  1876 p. 201, n o m . il legit.
—  Orig. coll.: Q u a r t i n  D i l l o n  & P e t i t  s.n., 
E th iop ia ,  Tigre, Ouodgerate  (P lec to type) .

C. sa r m e n to sa  H ö c h s t ,  ex R i c h a r d  1 8 5 1  
p. 4 .  —  C. sc h im p e r i  V a t k e  var.  s a r m e n to sa  
(A . R i c h .) V a t k e  1 8 7 6  p .  2 0 1 ,  n o m .  illegit.
—  C. rig id ip i la  S t e u d .  & H ö c h s t ,  e x  A. R i c h .  
var. sa r m e n to sa  ( H ö c h s t ,  ex A . R i c h . )  E n g ­
l e r  1 8 9 2  p .  4 1 0 .  —  Orig. coll .:  Q u a r t i n  
D i l l o n  & P e t i t  s . i l ,  E th io p ia ,  Choa ( P  
l e c t o t y p e ) .

Campanula bordesiana  M a i r e  (1929 p .  

1 8 8 )  described from  Ahaggar and  also re ­
ported from  Tibesti, is p robab ly  also con- 
specific w ith C. edulis. However, I have 
seen too little m ateria l yet to form ally 
reduce it to a synonym . The area of d is­
tribu tion  of C. edulis m ay thus lie extended 
to southern  Algeria in the west.
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DISCUSSION

C. esculenta  w as said by R ichard to 
differ from  C. edulis in having a glabrous 
corolla  (how ever, a few  hairs are present 
near the apex of the corolla-lobes in 
the syntypes) and obovate-oblong, sub- 
spathulate, not lanceolate leaves. It was 
distingu ished  from  C. rigidipila by its 
leaf-shape and shorter calyx-lobes and 
appendages.

C. qucirtiniana w as characterized by 
long, upright, striate and h ispid stems 
w ith scattered leaves, and by having hairy  
m idveins on the petals.

C. sarmentosa  was said to differ from 
C. rigidipila in having th inner and de­
cum bent stems and larger, obovate and 
obtuse leaves.

The name C. edidis in the literature 
was apparently  first used for African 
materia l by Schwartz (1939 p. 270). He 
cited C. rigidipila as a synonym. C. rigidi­
pila  in its tu rn  had long been in use 
for C. edidis in Yemen. Cufodontis (1965 
]). 1052) cited C. esculenta, C. sarmentosa  
and  C. rigidipila as synonyms of C. edulis, 
but regarded C. quartiniana  as distinct, 
though with hesitation. I agree that this 
is a ra ther  characteristic form because 
of the long upright stems (+  decumbent 
at the base, however) and branches, but 
there are numerous intermediates and I 
prefer to regard them all as a single 
polymorphic species.

The most conspicuous variation in C. 
edulis is to be found in the size of the 
flowers. The corolla ranges from 7 to 
25 or occasionally 30 mm in length. How­
ever, the variation is continuous, even 
though large-flowered forms predominate 
on certain mountains, for instance Mount 
Moroto in Uganda, Mount H anang and 
Ngorongoro Crater in Tanzania, and some 
others in Ethiopia.

Crossing experiments were perform ed 
between the two strains of C. edulis cited 
in Table 1. T h ulin  1367 from Ethiopia 
is a typical “quartin iana ’ form  with an 
ft— 9 mm long corolla while B jörnstad

1575 from Tanzania is closest to a “sar­
mentosa” form with corollas 15 to 20 
mm long. Seeds were formed in five 
out of eight crosses attempted. F rom  all 
successful crossings hybrids intermediate 
in corolla length were obtained (Fig. 1 B). 
Pollen fertility was investigated in 23 
specimens of the F I  generation and  was 
found to range from 96 to 100 °/o. N u ­
merous seeds were formed by autogamy 
in all of them and an F2 generation was 
raised without difficulty. No genetic b a r ­
riers thus exist between these two rather  
dissimilar strains from quite different 
parts of the area of distribution of the 
species. These results strongly support 
the wide circumscription of the species 
given here.

ADDENDUM

W ahlenbergia tcnuiloba T h u lin  nom. now

Syn. W. congesta T h u l in  1975 p. 209, nom . 
illegit. [non W. congesta (Cheesm.) N. E. 
B r o w n  1913 p. 3 3 6 ].

Unfortunately N. F. Brown’s com bi­
nation, which refers to a species in New 
Zealand, was overlooked in my recent 
study of tropical African Wahlenbergia.  
IF. tcnuiloba is endemic in Zaire and 
only known from the type collection. 
The new specific e, "  t refers to the 
very narrow calyx-lobes of the species.
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A new map of the total range of the genus Euphrasia  L. (Scrophulariaceae) 
is presented, as well as a m ore detailed one of its distribution in the Northern 
Hem isphere. A third map shows the ranges o f E. tatarica, E. frigida  and 
E. mollis.  The connection between the ranges in the Old and New W orlds 
is over the Aleutian Islands.

A few com m ents on the com plicated taxonom y within the genus and on the 
occurrences in the Southern Hemisphere are made. No attem pt is made to 
outline the history of the genus.

Eric Hultén, Swedish Museum of Natural History, S-1A0 05 Stockholm, Sweden.

In connection with the study of the 
total ranges of Scandinavian plants I 
became interested in the total area of 
distribution of the genus Euphrasia, and 
tried to improve earlier maps of the genus. 
The result of this study is presented here 
(Figs. 1 ,2).

The following maps, at least, of the 
genus Euphrasia  have been published: 
W e t t s t e i n  (1896 Karte 1); I r m s c h e r  (1922 
Figs. 2, 3); Du R i e t z  (1940 p.  224); 
C r o i s â t  (1952 Figs. 7, 11); B u r b i d g e  
(1960 p. 180); VAN S t e e n i s  (1962 p .  260, 
1964 Fig. 7, 1971 Map 2, 1972 p. 285); 
v a n  S t e e n i s  & B a l g o o y  (1966 p .  97); 
S cH M iT H ü S E N  (1968 p .  113); S c h n e l l  
(1970 Fig. 58); H a r t l  in H e g i  (1972 p .  
338); T h o r n e  (1972 p. 379).

At least as far as the range in the 
Northern Hemisphere is concerned they 
are all based on W e t t s t e i n ’s very sche- 
matical map, hut since 1896 our  know l­
edge of the distribution of plants has 
increased very considerably, and none of 
the above-enumerated m aps are suffici­
ently detailed to give a reasonable idea 
of the actual conditions. Since W e t t ­
s t e i n ’s m ap was completed a num ber  
of works including the following have 
appeared, allowing a far more detailed

map to be made of the range of the 
genus in the Northern Hemisphere: F e r -  
n a l d  & W i e g a n d  (1915); H u l t é n  (1930 
pp. 107, 290; 1937 pp. 294, 376; 1950 
Maps 1568— 1580; 1958 Map 32; 1968 p. 
814); J 0R G E N S E N  (1919); K a r a m y s c h e v a  

& R a c h k o v s k a y a  (1973 p. I l l ) ;  K r y l o v  
(1939 pp. 2474— 87); Li (1953); P o p o v  
(1959 p. 664); P a v l o v  (1965 pp. 102— 
109) ; S e l l  & Y e o  (1970) ; Y a m a z a k i  (1963).

The maps presented here are based 
on information found in these works as 
well as on that in the about 1,400 taxon­
omic works enumerated in my work on 
the circumpolar plants ( H u l t é n  1971 
pp. 405— 446). The herbarium  and col­
lection of distributional maps at the 
N atural History Museum of Stockholm 
(Riksmuseum) has also been used.

In Ann. Jard. Bot. Madrid 1(17), 1959 
pp. 452— 458, six species of Euphrasia  are 
reported from Peru. Acc. to E d w i n  1971 
p. 671 only two of them possibly belong to 
that genus — and only E. pubescens R. & 
P. is supposed to occur in Peru. The re­
port is based on an old collection kept 
in the Paris herbarium. No special locality 
is given and the report most probably is 
erroneous. Peru is therefore not marked 
on the map presented here.

Bot. Notiser, vol. 128, 1975
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Fig. 2. To ta l  range  of the genus Euphrasia  in the N o r th e rn  Hemisphere .
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COMMENTS ON THE RANGE

The genus Euphrasia  occupies a cir- 
cum polar area in the N orthern  H em i­
sphere, but reappears in w estern South 
America and on the F alk land  Islands 
and also in New Zealand and Australia 
w ith a few in term ediate stations, for ex­
am ple on Form osa, Borneo, Celebes and 
New Guinea. In  Africa it only occurs in 
Morocco.

In the H im alayas Euphrasia  specimens 
have been collected above 4000 m, in 
China up to 4450 m (Li 1953). It is very 
rem arkable th a t practically  all localities 
in N orth America are situated on land 
that was glaciated during the Pleistocene. 
The genus does not occur in the un ­
glaciated inner parts of Alaska and Yukon. 
It is especially com m on in the once inun­
dated areas around  southern  H udson Bay, 
hut apparen tly  avoids inner L abrador.

Euphrasia  taxa  are easily spread, for 
instance together w ith hay, and it is there­
fore not always possible to state their 
natu ra l range. The isolated occurrences 
at Thule in N Greenland and on Spitz­
bergen (at a hot spring) could be taken 
as being anthropochorous, hut the occur­
rence on the rarely  visited Jan  Mayen 
m ay cast doubt on this.

The genus is lacking in northeastern  
Siberia, and in northern  Siberia it seems 
only to occur w ashed down along the 
large rivers. The connection between Asia 
and America is form ed by a single, fairly 
characteristic m icrospecies, E. mollis  L e ­
d e » . ,  with an alm ost linear area from 
southern  Alaska over the Aleutian Islands 
and southern K am chatka to northern  
Japan, but lacking in the Bering Strait 
area (Fig. 3). It is not out of the 
question that a connection over Bering 
Sound has existed in earlier w arm er 
periods.

EUPHRASIA IN THE NORTHERN 
HEMISPHERE

W e t t s t e i n  (1896) divided the genus 
into 87 taxa w hich he gave the status of
Bot. Notiser, vol. 128, 1975

species, while 22 are regarded as hybrids. 
He adm its tha t he uses the term  species 
merely for convenience. It m ust be rem em ­
bered tha t W e t t s t e i n ’s adm irab le study 
was m ade before M e n d e l ’s hered ita ry  
laws had  been rediscovered. His concept 
of hybrid ization  and  its consequences 
m ust therefore have been very unclear. 
However, even later au thors, for instance 
K a r l s s o n  (1974), adm it th a t hybrid ization  
seems to play a great p art in the varia tion  
w ith in  the genus.

Since W e t t s t e i n ’s m onograph  appeared  
a great num ber of new  taxa (“species” ) 
have been described, and  W e t t s t e i n ’s 

concepts and the lim itations of m any of 
his species have been changed. Thus, for 
instance, in the Soviet U nion 62 “species” 
are now recognized in  the F lo ra  URSS 
( J u z e p c h u k  1955 a), and  new ones with 
sm aller and  sm aller ranges are still being 
described by practically  everyone dealing 
w ith the genus in restric ted  areas. T hus, 
for instance, J u z e p c h u k  (1955 b) de­
scribed 22 new species from  the Soviet 
Union, m ost of them  w ith  very lim ited 
areas of distribution . A ltogether about 
500 taxa given the sta tus of species have 
been described. In  o the r w ords, in this 
respect the genus Euphrasia  behaves in 
the sam e way as a num ber of o ther 
com plexes, the m em bers of w hich are 
som etim es taken as single collective spe­
cies, though  usually as a conglom erate 
of “m icrospecies”, e.g. Betula, T h ym u s  
serpyllum  s. lat., T rapa natans  s. lat., 
Polygonum aviculare, the Poa pratensis  
group and still others. The seasonal d im or­
phism  as well as the fac t th a t Euphrasia  
taxa are hem iparasites contribu te to com ­
plicate the picture.

In the N orthern  H em isphere the genus 
Euphrasia  behaves as a  com plex species, 
E. officinalis  s. lat., w ith  the exception 
of the Azorean and  som e of the Japanese 
taxa w hich are essentially  d ifferen t. It 
consists of a highly variab le c ircum polar 
low land population , and  superim posed 
on this and  poorly d iffe ren tia ted  from  
it a group of arc tic-m ontane taxa {E. fri-
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Fig. 3. R a n g e  o f  t h r e e  r e m a r k a b le  E u p h r a s ia  t axa .  —  I n b r o k e n  o u t l in e :  E. ta tar ica .  
O u t l in e  w i th  d a s h e s  a n d  d o ts :  E. f r ig id a  ( inc lud ing  E. su b a r c t ic a  Ju z .  a lo n g  the  L en a  
River .  E. f r ig ida  o c c u r s  a c c o r d in g  to Y e o  1972 d o u b t f u l l y  in L E u ro p e . )  B r o k e n  o u t l in e .  

E. m o l l i s  ( in c lu d in g  E. p s e u d o m o l l i s  .luz.).

B ot. N o tise r, vol. 128, 1975
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gida— minima, E. salisburgensis— lappo- 
nica). M any of the low land taxa are 
sym patric, often even occurring together 
in the sam e population, and they are 
often connected by dubious forms.

N orthern  and boreal plants, chiefly oc­
curring in areas that were glaciated during 
the Pleistocene, are replaced south of 
their ranges by closely related preglacial 
counterparts. W hen the ice retreated 
biotypes or fragm ents of this southern 
population, well adapted  to the new 
clim atic and  ecological conditions, spread 
northw ards into the new land laid bare 
by the m elting ice. They form ed the basis 
of the present boreal species.

In  the case of Euphrasia  one of these 
southern  taxa is w hat passes for E. 
tatarica F i s c h e r  ex S p r e n g . It occurs 
in E urope and Asia (Fig. 3), and by 
F e r n a l d  & W i e g a n d  (1915 p. 198) was 
even accepted as occurring in eastern 
America under the nam e of E. stricta 
var. tatarica. E. tatarica is, however, not 
sharply  differentiated  from  the northern  
population, especially not from  E. stricta. 
Outside the area m arked in Fig. 3 it m ay 
occur on Sakhalin and in Japan . In 
F lora E uropaea (Y e o  1972) p art of E. 
tatarica is included in E. stricta, the rest 
in E. pectinata  T e n . In o ther respects 
also E. officinalis  s. lat. shows great 
sim ilarity to o ther com plex species. F or 
instance, a num ber of related bu t more 
highly differentiated, isolated taxa occur 
along the southernm ost rim  of the whole 
complex. These taxa are so distinct that 
they could be regarded as species even 
using the norm al species concept. One 
such taxon is, for instance, E. pectinata  
which, however, also presents form s that 
are in term ediate between this and the 
m ore northern  populations.

EUPHRASIA IN THE SOUTHERN 
HEMISPHERE

Very few plant taxa have a range 
sim ilar to that of Euphrasia,  and it can
B ot. N o tiser, vo l. 128, 1975

therefore be of in terest to discuss this 
po in t in greater detail.

Quite a num ber of taxa w ith the ir 
m ain  range in the N orthern  H em isphere 
reappear in a more or less identical form  
in sou thern  S America. Some of these 
have been discussed by R o i v a i n e n  (1954), 
others by C o n s t a n c e  ct al. (1963). E x­
am ples are Carex pyrenaica  and C. magel- 
lanica, the genera Ribes, E m petrum , Sani- 
cula and Saxifraga, as well as a num ber 
of w estern American taxa belonging to 
the genera Phacelia, Nama, Agoseris, Mic- 
roseris, Osmorrhiza  and Bowlesia. Some, 
for instance Carex macloviana, the Phac­
elia magellanica com plex and the genus 
Saxifraga  occur in in term ediate  stations 
along the Andes indicating  the route of 
m igration.

One species, Trisetum spicatum  L. s. 
lat., has a range sim ilar to th a t of the 
genus Euphrasia  w ith in term ediate stations 
both in eastern Asia and Central and 
South America. This has been discussed 
in detail by the au th o r ( H u l t é n  1959). 
In this case the m igrational routes seem 
to have been very well established.

Another plant, Fim bris ty lis annua  ( D e l .) 
R o e m . & S c h u l t , s . lat., d istributed  from  
the hot springs of K am chatka over Japan , 
Korea, China and Polynesia to A ustralia 
and  also occurring in  Mexico and  S 
America, m ay in this connection be w orth  
closer study, as it p robab ly  occupies a 
chain  of localities in bo th  hem ispheres.

As regards the taxa  of the Southern 
H em isphere, W e t t s t e i n  referred  those 
from  S America to a separate section, 
Trifidae, on their three-cleft leaves, w hile 
those of southeastern  Asia, New Zealand 
and  A ustralia were regarded as a subsection 
of the section Euphrasia, and  thus m ore 
closely rela ted  to the Euphrasias  of the 
N orthern  H em isphere.

It is therefore extrem ely rem arkable 
th a t S k o t t s b e r g  (1922) described a new 
perennial species of Euphrasia  w ith  entire 
leaves and large flow ers from  M asafuera 
off the Chilean coast not belonging to 
the section Trifidae,  bu t show ing close
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affin ities to the N ew  Zealand— Australian  
group of E uphrasia  taxa. It is very  
rarely that taxa w hich in South America 
on ly  occur on Juan Fernandez reappear  
on the other side of the Pacific. Such 
cases are, according to inform ation  re­
ceived  from  B e n k t  S p a r r e , for exam ple  
the fo llow ing: A rthopteris  altescandens
(C o l l a ) J. S m . reappearing in Polynesia, 
A ustralia and Africa; Histiopteris  incisa  
( T h u n b .) J. S m . reappearing in Australia, 
T asm ania and S A frica (introduced in  
the province of M agellanes) ; Santalum  
fernandezianum  T .  P h i l , now  extinct, the 
genus reappearing in  H aw aii and E Asia; 
Halorrhagis,  four endem ic species on Juan 
Fernandez, the genus reappearing in P o ly ­
nesia and Australia; Coprosma,  tw o en ­
dem ic species on Juan Fernandez, num er­
ous species in P olynesia  and Australia.

Very few  phytogeographers today w ould  
agree w ith the conclusion  w ith w hich  
Du R i e t z  (1940 ]). 272) sum s up his 
discussion  of the bipolar problem : “To 
exp lain  the facts of bipolar plant d is­
tribution is seem s necessary to look for 
epeirogenetic transtropical highland brid­
ges older than the m ountain  chains of the 
Alpine Orogen. Such highland bridges 
m ay have existed not only in Africa, 
but also bordering A lpine geosynclines 
(i.e. the Andean and M alaysian geosync­
lines), partly passing over present deep sea 
bottom .”

The old concept of land bridges betw een  
continents m ust be revised in the light 
of the theory of plate tectonics that is 
becom ing m ore and m ore accepted. To 
w hat extent this theory can he applied  
to the history of the genus E uphrasia  
depends on judgem ents concerning the 
age of the genus and the time scale of 
the presum ed plate m ovem ents.

It seem s prem ature to attem pt a sketch  
of the developm ent of the genus from  its 
presum ably A siatic origin to the present 
peculiar w orldw ide range. Knowledge of 
the present conditions is, how ever, essen­
tial as a base for furtherm ore discussion.
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Studies on  the Flora o f  Jordan  

1. D ip lotax is v illosa  sp. nov. (C ru ciferae)

L o u tfy  Boulos a n d  W alid  Ja llad

B o u l o s ,  L. & J a l l a d ,  W . 1976 02 09. S tud ies on the flora  o f Jordan. 1. D ip lo ta x is  
v illo sa  sp. nov. i C ru cifera e). —  B ot. N otiser  128 :3 6 5 — 367. L und. ISSN 0006-8195.

D i pl ot ax i s  vi l losa  B o u l o s  & J a l l a d  sp. nov. is d escribed  from  the sou th ern  
desert o f Jordan. T he n ew  sp ec ies seem s to represent a u n ique group w ith in  
the gen u s Diplo tax i s  DC. and d oes not fit in to  an y  o f the four sectio n s o f  the 
genus. A k ey  is g iven  to separate Di pl ot ax i s  vi l losa  from  the four p rev io u sly  
k n o w n  sp ec ies o f D i p l o t ax i s  in Jordan. A d raw in g  o f the p lan t and a m ap  are  
p resented .

L o u t f y  Bo ul os  a n d  Wa l id  Jal lad,  F a c u l t y  of  Science,  Un i ver s i t y  of  Jo rd a n,  
A m m a n ,  Jordan.

The genus Diplotaxis  DC. in Jo rd an  is 
represented by four species, viz. Diplotaxis 
harr a ( F o r s s k .) B o i s s ., D. acris ( F o r s s k .) 
B o i s s ., D. erucoides (L.) DC. and D. vi­
minea  (L.) DC. ( P o s t  & D i n s m o r e  1932 
pp. 118— 120, Z o h a r y  1966 pp. 305— 308, 
pi. 453— 456, J a l l a d  1975). The present 
paper reports the discovery of a new 
species in the sou thern  desert of Jordan .

Our new species is collected from  an 
area which seems to have been very rarely  
visited by botanists or has never even 
been explored botanically. The occurrence 
of this rem arkable new species w ithin 
a vast area stretching over a few square 
kilom etres, w ith thousands of individuals 
alm ost in pure stands, m ay draw  attention 
to the need to carry  on fu rth e r floristic 
studies, as the area m ay include some 
o ther interesting elem ents w hich still await 
discovery. The site w here our new species 
was collected is about 40 kilom etres n o r th ­
east of E l-Jafr in the upper course of 
W adi Shaum ari, a fairly  long wadi s tre t­
ching northw ards from  E l-Ja fr  for about 
60 kilometres.

Diplotaxis villosa sp. nov. seems to 
constitute a distinct group w ithin the genus 
Diplotaxis. It does not fit into any of the 
four sections given by S c h u l z  (1919) viz. 
Ilesperidiam  O. E .  S c i i u l z , Catocarpum

Sea Le> 
Below Sea Le 

tssion  Above Sea Le 
100 75 SO 25

Adam

Fig. 1. D istr ib u tion  o f  Di pl ot ax i s  vi l losa.
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DC., R hynchocarpum  P r a n t l  and  Ano- 
carpum  DC.

W e propose to nam e this species Diplo- 
taxis villosa  due to the m ost characteristic  
w hite villous hairs w hich densely cover 
m ost of the plant parts. It m ay be de­
scribed as follows:

D ip lo tax is v illosa  B o u l o s  & J a l l a d ,  sp. 
nov. —  Fig. 2

Annua, albo-villosa, 5— 60 cru alta ,  p le rum que  
valde ram osa.  Folia  petiolafa, sinuato-den- 
ta ta  usque  lyrata ,  in fer io ra  sparse  pilosa, 
super io ra  dense villosa. Inf lo rescen tia  race ­
mosa, m ult if lora ,  usque 30 cm longa. Flores 
laete flavi, 1.2— 1.5 cm diam etro ,  pedicellis 
1— 1.5 cm  longis adseendentibus  usque p a te n ­
tibus. Sepala 5— 7 m m  longa, villosa, sub 
an thes i  patentia .  Pe ta la  (unguiculo incluso) 
1— 1.2 cm longa. S tam ina  longiora  exserta, 
f i lam ent is anguste  alatis . Pedicelli  sub fru c tu  
1.5— 2.5 cm, adseendentes ,  villosi. F ru c tu s  
13— 17 m m , erectus, cylindricus,  glabrescens; 
valvae uninerves,  su tu ra  p ro m in e n te r  ca r i ­
nata .  Stylus 2— 3 m m  longus, glaber. Semina 
1X1.2 m m , num erosa,  in quoque  loculo 
b iseria ta ,  b runnea ,  late elliptica,  g labra ,  rugu- 
losa.

HOLOTYPE: W ad i  S haum ari ,  upst ream , 
c. 40 k m s n o r th ea s t  of E l-Jafr .  9 April 1975. 
B o u l o s  & J a l l a d  7994. University  of  J o rd a n  
H erbar ium ,  Amman. Isotypes: BM! CAI! G! K! 
LD! RNG! S!

Annual, white-villous, 5— 60 cm  high. 
Stem erect or ascending, usually  richly 
branched. Cauline leaves petiolate, petiole 
1— 2.5 cm long, blade 4— 7X 3.5— 7 cm, 
sinuate-dentate to lyrate, sparsely  hairy  
on both  surfaces; upper leaves short- 
petioled, blade 1.5— 3 X 1 — 2.5 cm, densely 
villous. Inflorescence a m any-flow ered ra ­
ceme, up to 30 cm long. F low ers bright 
yellow, becoming orange-yellow  w hen dry, 
1.2— 1.5 cm in d iam eter; flow ering ped­
icels 1— 1.5 cm long, ascending to sp read­
ing, narrow ly cylindrical, villous. Sepals 
5— 7 mm long, villous, yellow ish-green 
in bud, green and spreading during anthe- 
sis, lanceolate to ovate-lanceolate. Petals 
1— 1.2 cm long including the claw, limb 
obovate, veined. Long stam ens exserted; 
filam ents narrow ly  winged. F ru iting  pe­
dicels 1.5— 2.5 cm long, ascending, villous. 
F ru it 13— 17X 3— 5 mm, erect, cylindrical, 
glabrescent; beak seedless, valves un inerv ­
ed, w ith a prom inent ridge along the 
suture; replum  m em branous. Style 2— 3 
m m long, glabrous; stigm a bilobed; gyno- 
phore very short. Seeds 1 X 1.2 mm, num er­
ous, in two rows in each cell, brow n, 
broadly elliptic, glabrous, rugulose.

KEY TO THE DIPLOTAXIS SPECIES KNOWN FROM JORDAN

1. F lowers yellow
2. Biennials or  perennials ,  f ru i t  deflexed ....................................................................... D. l ia n a
2. Annuals, f ru i t  erect to ascend ing

3. P lan ts  densely white-villous, f ru i t  c y l i n d r i c a l ..................................................... D. villosa
3. P lan ts  g labrous  or g labrescent,  f ru i t  compressed ......................................... D. v im inea

1. F low ers  while, p ink  or violet
4. F lowers p ink  o r  violet, over 16 m m  long ..................................................................  I), acris
4. F low ers  white, up to 16 m m  long ............................................................................. 1). erucoides

ACKNOWLEDGEMENTS
We wish  to th an k  Mr H .  K. A i r y  S h a w , 

The H erbar ium , Royal Botanic  Gardens ,  Kew, 
for bis k ind  help with  the  L a t in  diagnosis . 
T h an k s  are also due lo UNESCO a n d  to 
the J o rd a n  Research  Council,  A m m an ,  for 
providing facilit ies a n d  f inancia l  support .

LITERATURE CITED
J a l l a d , W. 1975. T axonom ic  a n d  floris tic  

studies on  the family  Cruciferae  in Jo rd an .

—- M.Sc. Thesis, Facu lty  of  Science, Uni­
versity  of Jo rdan .  Unpublished.

P o s t , G. E. & D i n s m o r e , J. E. 1932. F lora  
of Syria, Pa les tine  and  Sinai. Ed. 2. 1. —  
Beirut.

S c h u l z , O. E. 1919. Diplotaxis DC. —  In 
E n g l e r , Das Pflanzenre ich  70, 4 (105): 
149— 180. — Leipzig.

Z o h a r y , M. 1966. F lo ra  P a laes t ina  1. — 
Jerusalem.

Bot. Notiser, vol. 128, 1975



Studies on the Flora o f Jordan  

2 . Seven  Species New to the Flora o f  Jordan

Loutfy Boulos, Walid Jallad and Jamil Lahham

B o u l o s ,  L., J a l l a d ,  W. & L a h h a m ,  J. 1976 02 09. Studies on the flora of 
Jordan. 2. Seven species new to the flora of Jordan. -— Bot. Notiser 
128: 368—370. Lund. ISSN 0006-8195.

Seven species are recorded as new to Jordan: Papaver glaucum  BoiSS. 
& H a u s s k n .  (Papaveraceae), Hypericum olivieri ( S p a c h )  BoiSS. (Gutti- 
ferae), Linum corymbulosum  Reichb. (Linaceae), Allium sind jar ense 
BoiSS. & H a u s s k n .  (Alliaceae), Colchicum crocifolium  B o iss . (Liliaceae), 
Consolida tomentosa  ( A u c h e r )  S c h r ö d .  subsp. oligantha (B o iss .)  D a v i s  
(Ranunculaceae) and Thalictrum isopyroides C. A. M e y .  (Ranunculaceae). 
The genus Thalictrum  L. has not previously been known from Jordan.
Loutfy Boulos, Walid Jallad and Jamil Lahham, Faculty of Science, 
University of Jordan, Amman, Jordan.

T h e  p resen t  pap e r  rep o r ts  seven species 
new  to th e  f lo ra  of Jo rdan .  S pecim ens of 
these species are  deposi ted  at the  U n i ­
versity  of Jo r d a n  H e rb a r iu m , A m m an .

P apaver g laucum  Boiss. & H a u s s k n . in 
Boiss.

T his  species is no t am o n g  th e  six 
species en u m e ra te d  by Z o h a r y  (1966) 
f ro m  Jo rd an .  C u l l e n  (1965) gives th e  
fo l low ing d is tr ibu t ion  for P. g la u c u m : 
T u rk e y  (eastern  A natolia) ,  th e  Syr ian  
desert,  n o r th e rn  I r aq  an d  w es te rn  I r a n ;  
I r a n o -T u ra n ia n  element. A ccording to 
M o u t e r d e  (1970) the  geograph ica l  d i s ­
t r ib u t ion  is: T urkey ,  Syria, I r a q  a n d  Iran .

Specimens collected from Jordan: c. 30 
km northeast of H-4, 9 April 1974 (f 1., fr.) 
B o u l o s ,  J a l l a d  & L a h h a m  6861. —  Wadi 
Ruweishid, 12 km east of H-4, 11 Aoril 1974 
(fl.) B o u l o s ,  J a l l a d  & L a h h a m  6918. — 9 
km north of Aqaba, 5 April 1974 (fl., 1'r.) 
B o u l o s ,  J a l l a d  & L a i i h a m  6671. — W adi 
Yutum, upper stream, 15 km north of Aqaba, 
21 March 1975 (fr.) B o u l o s ,  J a l l a d ,  L a i i h a m  
& A b u - H m a i d a n  7476. — 4 km south of 
Rum Rest House, along the road to Rum 
Police Station, 23 March 1975 (fr.) B o u l o s ,  
J a l l a d ,  L a h h a m  & A b u - H m a i d a n  7674.

H ypericum  oliv ier i (S p a c h )  B o i s s .

The spec im ens  w ere  d e te rm in ed  b y  N. 
K. B. R o b s o n .  D r R o b s o n  (verbal com m .) 
did no t see a ny  m a te r ia l  of this species 
from  J o r d a n  d u r in g  his  m a n y  yea rs  of 
research  on the  genu s  H y p e r ic u m  L. 
R o b s o n  (1967) re fe rs  to th is  species as 
being f r o m  T u rk e y ,  the  S yr ian  dese r t  an d  
w estern  Iran .  M o u t e r d e  (1970) gives the  
following geograph ica l  d is t r ib u t io n  fo r  H. 
o liv ier i : “T u rq u ie ,  Syrie, p resq ue  sû re m e n t  
I r aq  et T ra n s jo rd a n ie ,  W . de l’I r a n .” T his  
shows th a t  he suspec ted  its p resence  in 
Jo rd a n ;  how ever ,  he d id  not give e n o u g h  
evidence of its occu rrence .  T h e re  is no 
m en t io n  of this  species in Z o h a r y  1966.

Specimens collected from Jordan: Hussein 
Housing District, Amman, 10 June 1974 (fl.) 
S.  O r a n  s.n. — University Campus, Al- 
Jubaiha, near Amman, 22 July 1974 (fr.)
B o u l o s  7286. — Duplicates of both specimens 
in BM!

Linum  corym bu losum  R e ic h b .

P o s t  an d  D in s m o r e  (1932) as well 
as Z o h a r y  (1972) r e co rd ed  th is  species
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from  Palestine but not from Jordan. 
D a v i s  (1967) gives the general distribution 
of L. corym bulosum  as follows: South 
Europe, Crimea, Southwest Asia, East 
Africa; Mediterranean element. He gives 
no details about any particular countries 
in Southwest Asia.

Specim en collected from  Jordan: 12 km  
north o f Irbid (3 km north of Sal), 26 
April 1975 (fl., fr.) BOULOS, J a l l a d  & L a h h a m  
8173.

Allium sindjarense Boiss. & H a u s s k n .

According to M o u t e r d e  (1966) this 
species is know n from southern Turkey, 
Iraq  and Syria. P o s t  & D i n s m o r e  (1932) 
report its occurrence in Syria. Our find 
from Jo rdan  comes from a locality very 
close to the Syrian border.

Specim en collected from  Jordan: 80 km  
northeast of H-4, near the Syrian border, 
10 April 1974 (fl.) B o u l o s ,  J a l l a d  & L a h h a m  
6881.

Colchicum crocifolium  Boiss.

P o s t  & D i n s m o r e  (1933) do not m en­
tion this species in their treatment of the 
genus Colchicam  L. However, M o u t e r d e  
(1966) gives the following geographical 
distribution for C. crocifolium : Syria,
Turkey, Iraq  and Iran.

Specim en collected from  Jordan: 35 km  
northeast of H-4, 11 April 1974 (fr.) B o u l o s , 
J a l l a d  & L a h h a m  6952.

Consolida tomentosa ( A u c h e r )  S c h r ö d g r .  

s u b s p .  oligantha (Boiss.) D a v i s

Z o h a r y  (1966) enumerates three species 
of Consolida (DC.) S. F. G r a y  from 
Jordan. Our species is not among these 
three. D a v i s  (1965) reports on the geo­
graphical distribution of our species as 
follows: Turkey, North Iraq and the
Syrian Desert? Irano-Turanian  element. 
Ile adds: “Some Syrian specimens are 
intermediate between suhsp. oligantha and 
suhsp. tomentosa  (Syrian Desert and  N.

Iraq) . . .  its presence in Turkey remains 
in doubt.”

Our find represents an extreme southern 
extension in the geographical range of 
the species (Fig. 2).

Specim en collected from Jordan: 5 km
south of Shaubak, 29 June (fl., fr.) J a l l a d , 
L a h h a m  & H a n a n i a  616.

Thalictruni isopyroidcs C. A. M e y .

According to D a v i s  et al. (1965) the 
geographical distribution of Thalictrum  
isopyroidcs  is as follows: Soviet Armenia, 
N orthern  Iraq, Turkey (scattered mainly 
in eastern Anatolia), the Syrian Desert, 
Iran, Afghanistan and Altai; m ainly in 
the Irano-Turan ian  region. M o u t e r d e  

(1970) gives a more or less similar dis­
tribution for the same species. L e c o y e r  

(1885) already gave an almost identical 
d istribution for T. isopyroides  in his 
m onographic  treatm ent of the genus T ha­
lictrum. The p lan t grows in m ountainous 
regions ( L e c o y e r  1885) am ong volcanic 
rocks ( P o s t  & D i n s m o r e  1932).

Thalictrum isopyroides  was collected 
in southern  Jordan, 1—3 km  south of 
Ras en Naqh, 30°01'N and  35°28'E. 
This locality represents the extreme south­
western limit of the geographical range 
of the species. Djebel Druz, southern 
Syria, was the southwestern limit before 
the discovery at Ras en Naqh, Jordan. 
The genus Thalictrum  L. is entirely new 
to the flora of Jordan.

The presence of Thalictrum isopyroides 
as far  south as Ras en Naqb, about 90 
kilometres northeast of the Gulf of Aqaba, 
the Red Sea, is probably due to the high 
al titude of this area (c. 1400 m). Moreover, 
the plants were collected on the western 
slopes of the Ras en Naqh escarpment, 
w hich m ay  provide a milder microclimate 
within tha t  area.

Among the rare  and interesting species 
collected by the authors at Ras en Naqb 
are: Biebersteinia multifida  DC., Tulipa  
polychrom a  S t a p f ,  Iris palaestina  Boiss.
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Fig. 1. The distribution within Jordan of 
Papaver glaucam  (dots), Hypericum olivieri 
(filled square), Linum corymbulosum  (tri­
angle), and Allium sindjarense (unfilled 
square).

ssion  Abov« S t*  I 
100 75 50 25

Fig. 2. The distribution within Jordan of 
Colchicum crocifolium  (dot), Consolida to- 
mentosa  subsp. oligantha (square), and Tha- 
lictrum isopyroides (triangles). For T. iso- 
pyroides  the southwesternmost Syrian locality 
(Djebel Druz) is also shown.

an d  P y r e th r u m  santolinoides  DC. In  J o r ­
d an  these  species an d  p ro b ab ly  o thers  
a re  a lm o st res tric ted  to  R as en  N aqb  and  
h a rd ly  exist ou ts ide th is area .

Specimens collected from Jordan: 1—3 km 
south of Ras en Naqb, 12 March 1974 (fl. 
buds) B o u l o s , A l - E i s a w i  & J a l l a d  5997. 
— 1—4 km south of Ras en Naqb, 19 March 
1975 (fl.) B o u l o s  & J a l l a d  7353. — 1—2 km 
south of Bas en Naqb, 4 April 1975 (fr.) 
B o u l o s  & J a l l a d  7803.
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M i è g e ,  J . & S t o r k ,  A d é l a ï d e  L. (eds) : 
O r i g i n e s  d e s  f l o r e s  a f r i c a i n e s  
e t  m a l g a c h e s .  N a t u r e - s p e c i a t i o n .  
Comptes rendus de la V ille  réunion de 
l’AETFAT, Vol. 1. —- Boissiera 24 a. 
Genève 1975. 422 pp.

Since its first meeting in Brussels in 
1951 the “Association pour l’E tude Taxo- 
nomique de la Flore d ’Afrique Tropicale” 
(AETFAT) has organized eight confer­
ences at various institutions involved in 
the s tudy of African flora and vegetation. 
The latest conference took place at the 
Conservatoire et Ja rd in  Botanique de la 
Ville de Genève in September 1974 and 
was at tended by more than  a hundred  
botanists from a wide range of E uropean  
and African countries.

It has been the general practice at the 
AETFAT meetings to devote the m ain  part 
of the conference to papers relating to a 
selected topic of general interest. At the 
1974 meeting the topic was “The Origin 
of the F loras of Africa and Madagascar 
and the Nature of Spéciation” . Papers  on 
a num ber of other subjects within 
AETFAT’s sphere of research were also 
read, including progress reports on ex­
pedition activities, and progress in the 
publication of distribution and vegetation 
maps, recurren t subjects at AETFAT 
meetings. A total of more than 70 papers 
was read at the Geneva meeting. The 
present Volume 1 of the “Com ptes-rendus” 
comprises 47 papers, mainly  those with 
themes relating to the m ain  topic of the 
meeting. The remaining papers,  including 
the progress reports  and a num ber  of 
papers on nature  conservation, will appear 
in a forthcoming volume.

The 47 papers in Volume 1 are grouped 
around a num ber  of themes: Records 
of fossil pollen; changes in floras and 
vegetation during the Pleistocene; micro­

evolution in m ountain habitats; distribu­
tion maps of Sahelian plants; phytogeo- 
graphical papers on local endemism and 
on the relation between the floras of 
Madagascar and of tropical East Africa; 
taxonomic, morphological and phylogen­
etic papers on various African genera and 
families; phytochemistry, mainly of the 
genera Acacia and Adansonia; numerical 
taxonomy and biometry of the grass 
genera Aristida  and Panicum-, com puter­
ization of herbaria  with important col­
lections of African plants. It is very 
difficult to select any of the papers for 
reviewing in detail.

The general impression one receives 
from the papers as a whole is tha t  of 
a very rich and many-faceted research 
activity. The present volume, and indeed 
all the volumes from the AETFAT meet­
ings, is indispensable to students of the 
flora of Africa as the proceedings rep re­
sent up-to-date cross-sections of the many 
themes of African botany at present under 
study in European and African herbaria  
and universities. But the disjointed natu re  
of the contents of the papers also clearly 
indicates how far there is still to go 
before reaching the goal suggested by 
the main topic of the meeting: an  ex­
haustive description and explanation of 
the origin of tlie floras of Africa and 
Madagascar.

I b  F r i i s

B o n e y ,  A. D. : P h y t o p l a n k t o  n. S tu­
dies in Biology 52. Edited by the Insti­
tute of Biology. —  Edward Arnold Ltd. 
London 1975. 116 pp. Price £  3.80
(boards); 1.90 (paperback).

The phytoplankton, the most im portant 
vegetation in about 73 °/o of the ea r th ’s 
surface area, is the subject of this book.

Bot. Notiser, vol. 128, 1975
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Both m arine  and freshwater phy top lank­
ton are dealt with in the 116 pages. 
It, however, concentrates mostly on the 
marine organisms. The title “P hy top lank ­
ton” indicates that no attempt has been 
made to restrict this enormous subject 
and the impression remains after reading 
the book. It must, however, be stated 
that the au thor  has succeeded in giving 
inform ation on m uch of the subject 
“phy top lank ton”.

The three major chapters deal with 
the organisms, factors affecting their 
growth and their succession. Briefer ac­
counts treat buoyancy, interactions with 
other organisms, biomass, production, pol­
lution and  other effects made by man.

In m y opinion the chapter  on the 
organisms gives too short an introduction 
to each of the taxonomic groups of the 
phytoplankton. It would have been to 
advantage if the classes had been sub­
divided into orders as well. The chapter 
“Factors  Affecting Phytoplankton Growth” 
treats light, temperature and nutrients in 
a way easy to survey for a beginner in 
the study of phytoplankton. P a r t  of the 
chapter  takes up the important tool of 
phytoplankton  studies — culture tech­
niques.

The succession of phytoplankton is a 
subject which has interested m any sci­
entists and a great deal of work has 
been done. General conclusions are very 
difficult to draw, but those which exist 
are dealt with in an interesting way.

In the chapter on the buoyancy of 
phytoplankton  aspects of outgrowths on 
the cell, physiological regulations and the 
importance of water movement are sum ­
marized. Recent authors seem to consider 
tha t  water movement is the determining 
factor, which is stated by the author. 
More stress could have been laid on this.

The book ends up with a short chapter 
on m an-m ade effects, giving very brief 
accounts of a num ber of effects. This 
part  can be looked upon as a stimulus to 
furthe r  reading.

My only objection is the lack of re- 
Bot. Notiser, vol. 128, 1975

ferences in the text or at least after each 
chapter. This I consider necessary in a 
small book like this covering such an 
extensive subject.

L a r s  E d l e r

S c h u s t e r , R u d o l f  M.: T h e  H e p a t i ­
c a e  a n d  A n t h o c e r o t a e  o f  
N o r t h  A m e r i c a  E a s t  o f t h e  
H u n d r e d t h  M e r i d i a n .  Vol. III. 
X IV+  880 pp. 475 figures. “ 1974” (in fact 
published on April 24, 1975). — Columbia 
University Press, New York and London. 
Price £  12.50 (cloth).

The third volume of this work maintains 
the same high standard of print and il­
lustrations found in the previous two 
issues (Vols. I, 1966, and II, 1970). These 
were reviewed in Bot. Notiser 124 (1971) 
pp. 176— 178. The appreciative summ ary 
“This work is much more than a flora 
of North American liverworts, it is a 
treasure of information in all fields of this 
topic” may just as aptly be attr ibuted to 
the present volume.

Vol. I l l  treats a m ajor  portion of the 
order Jungermanniales, i.e., the four fam ­
ilies Gymnomitriaceae (primarily, also in 
Vol. I ]). 386, known as Marsupellaceae; 
the change has been necessary under the 
Code of Nomenclature), Scapaniaceae, An- 
theliaceae and Cephaloziaceae and ends 
with the genus Odontoschisma. P ar t ic ­
ularly the first two have undergone exten­
sive and complex spéciation in the Arctic. 
Dr S c h u s t e r  has spent four full summ ers 
in Ellesmere Island and Greenland; this 
has given him the unique opportunity  to 
study several critical taxa under very 
extreme conditions. His discussions on the 
differentiation within a species are based 
largely on study of living specimens rather  
than  of herbarium material.

The infraspecific variation and its re­
sponse to environmental conditions is 
treated in great detail. In some cases, 
“phenotypes which are so far out of the 
norm al range exhibited that I assume they 
represent genetic varian ts” have been
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described as forms. The modificative var i­
ation has often been recorded with terms 
like “mod. colorata, pcirvifolia, integri folia" 
which have no status under the Code of 
Nomenclature.

The au thor has restricted himself to 
conditions seen in nature. He has not 
tried to make a “biosystematic” analysis 
of the variation. Hence it must rem ain  as 
an open question how the taxonomic c h a r ­
acters can he modified under varied cli­
matic conditions (under cultivation) such 
as light and humidity. Recent research of 
this kind has shown an unexpectedly high 
variability within otherwise well-known 
“species” or “varieties” of bryophytes. Cf., 
e.g., K a i  W i g h , “Studies on the Moss 
Family Brachytheciaceae with Special Re­
ference to the Genus B rachy thecium ”. 
(Thesis, Department of P lant Taxonomy, 
University of Gothenburg, 1975).

In his preface Dr S c h u s t e r  declares 
tha t  he takes a “conservative” a t ti tude to 
nomenclature. “Consideration of w hether  
Scapania nem orosa  should he called S.

nem orea  is a waste of valuable intellectual 
energy.” The critical reader can easily find 
several cases to discuss. G ym nom itrion  
“Sect. 4. Corallodes S c h u s t ., sect. n.” is 
recorded (p. 147) without a description. 
In the Index it is met with as “corallo- 
ides." G ym nom itrion  Sect. “ Apiculatae” 
should he Apiculata, and Odontoschism a  
Sect. “D enudatae” should he “D enudata” 
(both neu ter  plural; cf. Code of Nomen­
clature, Art. 21). O dontoschism a  “Sect. 
M acouniae” founded on 0 .  m acounii is 
inadmissible under the Code.

In Vol. I (1966) this work was p ro ­
jected to comprise 3 volumes. It is evident 
tha t  its scope has been changed to some 
extent during the past ten years. The 
sequence of families has sometimes been 
altered when one compares with the 
classification proposed in Vol. I. As several 
large groups remain to be treated we may 
expect one, perhaps two, fu rthe r  volumes 
in order to complete this m onum enta l 
treatise.

O v e  A l m b o r n
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Drawings o f Scandinavian Plants 1 0 9 —1 1 0  

E p ilob iu m  L. Sect. E p ilob iu m

A l f  Oredsson and Sven Snober up

O r e d s s o n , A. & S n o g e r u p , S. 1976 05 06. Drawings of Scandinavian plants 
109— 110. Epilobium  L. sect. Epilobium . —  Bot. Notiser 128:375— 379. Lund 
ISSN 0006-8195.

Drawings and descriptions are given for E. collinum  C. C. G m e l . and E. m o n ta ­
num  L.
Alf Oredsson and Sven Snogerup, Departm ent of Plant Taxonom y, University  
of Lund, Ö. Vallgatan 18— 20, S-223 61 Lund, Sweden.

The tw o species nos. 109 and 110 are 
closely related. In term ediates are few, bu t 
some of them , e.g. from  southernm ost 
Sweden, are apparen tly  w holly fertile. 
Thus the genetic rela tionsh ip  of these 
species probably  m erits fu rth e r  inves­
tigation. They m ay he isolated by eco­
logical differences and p redom inan t au ­
togam y ra th e r  than  by harrie rs  of in te r­
sterility.

109. Epilobium  collinum  C. C. G m e l i n  1826

P erennial herb, (5— )15— 35 (— 60) cm 
high. Stem often unbranched , bu t m ore 
or less stun ted  branches usually  present 
in m ost leaf axils, som etim es prolonged 
and giving the p lan t a densely branched  
habit. Stem usually  w ith 6— 15 pairs of 
leaves below  the inflorescence, leaves usu­
ally longer than  the internodes, producing 
one or several (1— )3— 6(— 12)-flowered 
inflorescences. Stolons su b te rranean  or 
occurring at the surface, very short and 
inconspicuous or up to 10 m m , reddish, 
w ith dense, scale-like leaves. T urions epi- 
gean, form ed late in  the au tu m n  as dense 
rosettes of 10— 20 fleshy, b road ly  obovate 
leaves 3— 6 m m  long, or rare ly  prolonged 
up to 20 mm w ith small and  very thick 
25

leaves, reddish w ith green on the upper 
sides of the leaves.

Stem 0.5— 2(— 3) m m  thick, quite terete, 
usually ra ther densely hairy, especially 
in the upper p a rt and below the m idribs 
of the leaves, hairs 0— 0.25 mm, recurved 
to ad pressed or some very short glands 
patent, m ostly eglandular, only some of 
the shorter ones glandular.

Most leaves opposite, usually only the 
bracts alternate, all petiolate, petioles in 
middle and  upper leaves 1 —5 m m , in 
basal ones up to 10 m m, leaf bases usu­
ally not united, never decurrent. Basal 
leaves sm aller, spathu la te  to obovate or 
elliptical. Middle cauline leaves 10— 30 
(— 40) mm long, 5— 12 (— 22) mm broad, 
ovate to narrow ly ovate, obtuse to acute, 
regularly  serrate w ith usually  6— 12 up 
to 1 mm long, fo rw ards-pointing  teeth 
on each side. U pper leaves sm aller, short- 
petiolate, usually narrow ly to very n a r­
rowly ovate, sharp ly  tapering to the acute 
or obtuse apex. Leaves sparsely hairy, 
denser on m argins and both sides of the 
m idrib, hairs like those of the stem.

Pedicels erect in all stages. Buds ellipso­
idal to ohovoidal, w ith a b road  conical 
tip, not m ucronate. Sepals (3— )3.5— 6 
mm, connate to 0.8— 1.5 m m  at base, 
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Fig. 109. Epilobium coll inum  C. C. Gmel. —  A: Habit, X l /3 .  —  B: Winter bud, X l /2 .  — C: 
Stem nodes, X2.5. —  I): Cauline leaves, X L  —  E: Upper leaves, X L  —  F: Upper stem 
part vvilh leaves, X2.5. —  G: Buds, X L  —  H: Flower, X L  —  J: Apical part of capsule, 

X 2.5. —  K: Style, X L  —  L: Petal, X L  —  M: Sepals, X2.5.

na rro w ly  ovate  to lanceo late ,  reddish  or  
pure  green, m o d era te ly  to d en se ly  ha iry  
at base,  sp a rse ly  above .  P eta ls  (5— ) 6 —  
7.5 (— 9) m m , n o tc h e d  to 1 — 1.5 m m ,  
reddish  to purp l ish -p ink ,  very  rarely  l ight  
pink or w h ite .  Anthers  (0.5— )0 .65— 0.8

m m , long f i lam ents  3.5— 5 ( — G) m m , sh ort  
f i lam ents  3— 3 .5 (— -i) m m .  Sty le  usually  
shorter  than  the long s tam ens ,  st igm a 4- 
lohed, lobes  1— 2 m m .

C apsule  sta lk  (3— ) 6 — 10 (— 20) m m . Cap- 
side (30— )4 0 — 50 (— 60) m m ,  dense ly

Fig. 110. Epilobium m ontanum  L. —  A: Habit, X l /3 .  —  B: Winter buds, X l /2 .  —  C: Stem 
nodes, X2.5. —  D: Cauline leaves, X l .  —  E: Upper leaves, X I .  —  F: Upper stem part 
with leaf, X2.5. — G: Buds, X l .  —  H: Flower, X L  —  J: Apical part of capsules, X2.5. —  

K: Style, X l .  —  L: Petal, X L  -— M: Sepals, X2.5.
B ot. N o tise r , v o l .  128, 1975
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hairy, h a irs  like those of the stem, m ostly 
eglandular, incurved to adpressed. Seeds 
1 — 1.1 (—-1.2) mm long, 0.4— 0.5 m m  broad, 
narrow ly obovoidal, obtuse at apex, ta ­
pering to an  acute base, w ithout a neck, 
flattened side w ith a m arked obtuse ridge 
and two furrow s, surface w ith m any + 
irregular row s of sm all bu t distinct pap il­
lae, chalazal hairs usually 40— 45, 5.5— 
7.5 mm long. F low er hom ogam ous.

E. collinum  occurs m ostly in rather 
dry hab itats such as hillsides and rocks. 
It is ra th e r com m on in Norw ay except 
for the arc tic  parts, in Sweden from 
H alland, V ästergötland and Ö stergötland 
north  to M edelpad and Jäm tland, and in 
the southern  coastal areas of F inland. In 
southernm ost Sweden and in the more 
northeastern  parts of Sweden and F inland 
it occurs only in m ore or less scattered 
localities. In the southern  p art of the 
m ountain  chain  it grows up to at least 
1250 m.

E. collinum  is a E uropean  endemic, 
occurring in m ost parts  of the continent 
but stated to be absent from  the British 
Isles, the N etherlands and  Denm ark.

Known hybrids: w ith E. lamyi, m onta­
num, obscurum, palustre  and roseum.

110. Epilobium  montanum L. 1753

Perennial herb, 20— 60 (— 90) cm high. 
Stem usually  simple or b ranched in the 
upper p art only, but m ore or less stunted 
branches present in m ost leaf axils, rarely 
prolonged and some specimens thus b ra n ­
ched from  the base. Stem producing one 
or several 4— 10(—-15)-flowered inflores­
cences, usually  w ith 3— 8 pairs of leaves 
below the inflorescence, leaves usually 
shorter th an  the internodes. Stolons formed 
at the surface or subterranean, very short 
and inconspicuous or up to 10 mm, 
reddish, w ith dense scale-like leaves. Tu- 
rions epigean, form ed late in the autum n 
as dense rosettes of 10— 15 fleshy, broadly 
obovate leaves 4— 10 m m  long, reddish 
w ith green on the upper side of the leaves.

Stem (1— )2— 3(— 4) m m  thick, quite 
Bot. N otiser, vol. 128, 1975

terete, usually  sparsely hairy  below, m od­
erately to densely above, hairs 0— 0.3 mm, 
paten t to incurved, m ostly glandular, the 
eglandular ones long and incurved.

Most leaves opposite, only the bracts 
alternate, all petiolate, petioles in m iddle 
and upper ones 1— 6 mm, in basal ones 
up to 10 mm, leaf bases usually not 
united, never decurrent. Basal leaves sm al­
ler, spathu la te  to lanceolate or elliptic. 
Middle cauline leaves (20—-) 35— 60 (— 90) 
mm long, (10— ) 20— 30 (— 45) mm broad, 
ovate or rarely  narrow ly  ovate, acute, 
serrate w ith usually 20— 40, ± irregular 
teeth up to 1 mm long on each side. U pper 
leaves sm aller, short-petiolate, ovate to 
narrow ly ovate, acute. Basal leaves sub- 
glabrous, m iddle and  upper ones g rad ­
ually becom ing m ore hairy  especially on 
the m argin and bo th  sides of the veins, 
hairs like those of the stem.

Pedicels erect in all stages. Buds ellips­
oidal, b lun t w ith a sm all but usually  
distinct m ucro. Sepals (5— )6— 7.5 mm, con­
nate to 1.5— 2.5 m m  at base, lanceolate, 
acute, pure green or m ore or less reddish, 
sparsely to m oderately hairy. Petals (7— ) 
9— 12 (— 15) mm, no tched to 1.5— 2 mm, 
reddish to purp lish  pink, very rarely  light 
pink or white. A nthers (0.7—)0.8— 1.0 
mm, long filam ents 5.5— 7.5(— 8.5) mm, 
short filam ents 3.5— 5 mm. Style about 
equalling the long stam ens, stigm a 4-lobed, 
lobes c. 2 mm.

Capsule stalk (5— )10— 15 (— 20) 111111. 
Capsule (40— )60— 70(— 80) 111111, densely 
or rare ly  sparsely hairy , hairs like those 
of the stem, m ostly glandular, erect, eglan­
dular ones only on the ridges. Seeds 
(1.15— ) 1.2— 1.3 111111 long, 0.4— 0.5 mm 
broad, narrow ly  obovoidal, obtuse at apex, 
tapering to an acute base, w ithout a neck, 
flattened side w ith a ra th e r inconspicuous 
ridge and two shallow  furrow s, surface 
w ith m any ±  irregular row s of sm all but 
distinct papillae, chalazal hairs usually  
45— 55, 7.5— 10 111111 long. F low er hom o- 
gam 011 s.

E. m ontanum  occurs in m oist woods 
and sim ilar shady habitats, som etim es also
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in open, m oist places, bu t also along small 
roads and in o ther disturbed habitats. 
It is com m on in the southern  low lands 
of Scandinavia up  to c. 62°N and  along 
the N orw egian west coast, w ith scattered 
occurrences fu rth e r north  and up to c. 
600 m in the m ountains. It is lacking in 
the n o rthern  part of F inland.

E. m ontanum  occurs th roughou t Europe 
except in the southernm ost parts, and 
through  w estern and n o rth ern  Asia to 
Japan.

Known hybrids: w ith E. collinum, glan­
dulosum, hirsutum, lactiflorum, obscurum,  
palustre, parviflorum, roseum  and tetra­
gonum.
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The Iris Subgenus Susiana in  Lebanon and Syria

Shaukat A. Chaudhary, Grace Kirkwood, and Carolyne Weymouth

C h a u d h a r y ,  S. A., K i r k w o o d ,  G. & W e y m o u t h ,  C. 1976 05 06. The Iris subgenus 
Susiana in Lebanon and Syria. — Bot. Notiser 128: 380—407. Lund. ISSN 0006-8195.

Twenty-three taxa belonging to Iris subgenus Susiana  S p a c h  (Oncoeyclus 
irises) from Lebanon and Syria have been described, their limits established, and 
Iheir inter-relationships discussed. Five of the taxa are new, two represent new 
combinations.
S. A. Chaudhary, Grace Kirkwood, and Carolyne Weymouth, Post Herbarium, 
Faculty of Agricultural Sciences, American University of Beirut, Beirut, Lebanon.

T h e  irises belonging  to the subgenus  
Susiana  S p a c h  a re  c o m m o n ly  trea ted  as 
subgenus or section Oncoeyclus,  o r  s im ply  
re fe rred  to as oncoeyclus irises, o r so m e ­
tim es as oncos only. Iris susiana,  the  type  
species for th is  subgenus  was described  
b y  L i n n a e u s  in 1753 f ro m  m ate r ia l  c u l ­
t iva ted  in E u rop e .  D urin g  the  la t te r  p a r t  
o f the 19th c en tu ry  B o i s s i e r , B e r b e y , 
B a k e r  and  F o s t e r  descr ibed  som e Onco-  
cyc lus  species f ro m  the  region. T he  largest 
n u m b e r  of species,  how ever,  w as described  
by  D i n s m o r e  f ro m  the region descr ibed  as 
Syria , Pales tine an d  Sinai (1933, 1934). 
D a v i s  (1954) considered  D i n s m o r e ’s sp e ­
cies to be m icrospecies .  T he  au th o rs ,  on  
the o th e r  hand ,  have  fou nd  D i n s m o r e ’s 
observa tions  to he m u c h  m o re  re liable  in 
most cases co m p ared  w ith  those of som e 
of the  later w orkers .  W e s t  (1953) an d  la te r  
o th e r s  following W e s t  have  observed  tha t  
I. susiana  L .  does not d if fe r  grea t ly  f ro m  
I. basaltica  D i n s m . a n d  th a t  I. susiana  h a d  
th erefo re  p ro b ab ly  been  in t rod uced  in to  
E u ro p e  from the I. basaltica  p o p u la t io n s  
in Syria. U n fo r tu n a te ly  the p resen t a u th o r s  
a re  no t very fam il ia r  w ith  /. susiana  b u t  
w o u ld  like to po in t out th a t  /. k ir k w o o d i  
( including its in f raspec if ic  taxa) ,  I. sofa-  
rana,  /. so farana  suhsp. kasruwcina  a n d  
I. westi i have often  been confused  even 
by  professional taxonom is ts  as have  o th e r
Bot. N otiser, vol. 128, 1975

taxa, too. One need on ly  look in a lm ost  
a n y  h e rb a r iu m  to see the  confusion in 
id en tif ica t ion  of the  oncoeyclus species 
f ro m  th is  region w h e n  p igm en ta t io n  h a s  
been  th e  m a jo r  c r i te r ion  used. W e feel 
th a t  it w o u ld  req u ire  m o re  intensive s tudy  
to say w ith  an y  degree of confidence 
w h e th e r  /. susiana  is the same as /. 
basaltica.

In the  p resen t  w o rk  I he au thors  have  
tr ied  to m ak e  use of c r i te r ia  such as the  
rh izom e, the n u m b e r  of leaves, the n u m b e r  
of nodes, the k in d  of bea rd ,  the k in d  of 
h e a rd  ha ir ,  the m o rp h o lo g y  of style b r a n ­
ches, th e  k in d  of p o l l in a to r  tunnels,  to 
som e ex ten t the k ind  of p igm en ts  (Table 1), 
a n d  the  cytological evidence so fa r  av a i l ­
able. At the sam e time the undesirab il i ty  
of exaggera ted  lu m p in g  together  o r  sp l i t ­
ting up  has  been kept in mind.

MATERIAL

The oncocjTdus irises are notoriously u n ­
satisfactory for studying from herbarium 
material. As far as was possible, therefore, 
natural colonies of the different taxa were 
surveyed. This was generally re-located live 
material that was collected and directly 
studied, or planted at the farm of the 
American University of Beirut in the Beqa’a 
Valley of Lebanon for comparison and in­
vestigation during subsequent springs. Where 
colonies could not be relocated or reached
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T able 1. P r  esence/absence of absorp tion  p eak s  in different  nM ranges in e th an o l  extracts  
f ro m  one fall + one s tan d ard  of some Iris  subgen. Susiana  taxa. (+) denotes  tha t  p eaks  
are  present in some of the biotypes investigated. P eak  pa tte rns  could be used as an  
indica tor  of re la tionships .  Iris sofarana  f. fra n j ieh  is a m u ta n t  and  has  some peaks that  
d i ffe r  f rom  norm al  populations.  All colour va r ia t ions  in no rm al  I. sofarana  subsp. sofarana  
were  analysed to d iscount  m inor  peak var ia tions .  — A B eckm an DB G self-recording

sp ec tropho tom eter  was used.

nM ranges

T axon

75
0—

74
0

67
0—

66
0

65
5—

64
5

62
0—

61
5

57
2—

56
7

56
0—

55
0

53
7—

52
7

52
5—

46
5

0

-+ 40
0

COCO

10C5CO 32
5—

32
2

32
0—

31
5

30
0—

29
0

28
5—

27
5

27
2—

25
7

23
0—

21
0

k irkw o o d i i  subsp. c a lc a r e a .............. + + + + + + + + + +
kirkinoodii  var. k i r k w o o d i i .............. + + - + + + + + + + - - + + - - 9

k irkw o o d i i  var. m a c r o t e p a l a ........... + + - + + + + + + - - - + + - - ?
basaltica  .................................................... + + - + + + + - + + - - + + - - +
so farana  subsp. kasruw ana  ........... + + - + + + + - + + - - + - + - +
sofarana  subsp. sofarana  ................ + + - + + + + + + + - - + - + - +
yebrudii  subsp. y e b r u d i i .................... + + - + + + - + + + - - + + - - +
herm ona  .................................................... + - + + + + - + + + - - + + - - +
jordana  ....................................................... + + - + + + + - + + + - + + + + +
bostrensis  ................................................... + + + + + + - - + + + - + + - - +
auranitica  f. auranitica  .................... + + - + + + - - + + + - + + - + +
auranitica  f. w ilk iana  ......................... + O- - + + + - - + + + - + - - + +
sw ensom ana  ........................................... + + - + + + - - + + - - + - - - +
assadiana  ................................................... + + - + + + ? + + + - - + - + - +
sofarana  f. franjic li  ............................. + - + - (+) (+) - - + + - + - - (+) + +

live m ateria l  was obtained, generally th rough  
the courtesy of the Aril Society In terna t iona l  
and  its m em bers  —  such m ateria l  included 
taxa from  localit ies which, because of the  
polit ical situation, are  inaccessahle f rom
Lebanon. The p resen t  studies are based 
upon observations on live m ateria l  f rom
n a tu ra l  populat ions,  except for  eight taxa  
in which case studies a re  based upon  im ­
ported  au then t ic  m ate r ia l  (from n a tu ra l  c o ­
lonies) grown together  w ith  the o ther  taxa  
u n d e r  the same condit ions,  or only 011 
h e rb a r iu m  m ate r ia l  or l i te rature  as in d i­
cated under  the respective taxa in the text. 
The h e rb ar iu m  m ate r ia l  studied is f rom  the 
collections in the Post  H erbar ium  (BEI)
at the American University  of Beirut,  the  
Royal Botanic Gardens, Kew (K), an d  the  
P. M o u t e r d e  H erb ar iu m ,  p a r t  of which is 
at  Geneva (G) p a r t  const itu t ing  the H e r b a ­
rium of the Lebanese  Nationa l  Council  fo r  
Scientific R esearch  (LNRC).

MORPHOLOGY

T he p lan ts b e lo n g in g  to th is su b gen u s  
are rh izo m a to u s; the rh izom es, th o u g h
so m etim es sto lo n ife ro u s, are gen era lly

sh o rt and  co m p act, the p la n ts  fo rm in g  
c lu m p s. T he lea v es are u su a lly  arcu a te ly  
up righ t, so m etim es very  stro n g ly  recu rved  
and even  circin ate , the d egree o f cu rvatu re  
o ften  ch a n g in g  du ring c u ltiv a tio n . T h e  
nu m ber o f  lea v es var ies from  5 to 13 
in  the sp ec ies in  the reg ion . T h e stem  
varies in  len gth  from  a b o u t one d ec im eter  
to one m etre. T h e  g en era l a p p earan ce  
o f the p la n ts  is su ch  that th ey  can  ea sily  
be id en tified  as b e lo n g in g  to th is sub- 
gen u s 011 their  v eg eta tiv e  parts a lo n e , 
p ro v id ed  on e  is so m ew h a t fa m ilia r  w ith  
the group . T h e p lan ts are u n iflo ro u s .  
T h e p ed u n c le  varies in len g th  and  m a y  
be c o m p le te ly  co v ered  b y  the lea v es or  
ex p o sed  —  the nu m ber o f  n o d es v isib le  
ab ove  the basal leaves is  v ery  o ften  a 
reliab le  ch aracter  in the id e n tif ic a tio n  o f  
so m e o f the taxa. T he flo w er  h as the  
ch a ra cter istic  iris m o rp h o lo g y . It is e n ­
clo sed  by  a pair o f  sp a th es or “v a lv e s” 
w h ich  m a y  be in fla ted  or not and then  

Bot. Notiser, vol. 128, 1975



382 SHAUKAT A. CHAUDHARY ET AL.

tightly clasping the ovary. The outer p e r i­
an th  leaves are  know n as “falls” w hich 
in this subgenus are usually recurved and  
even folded back. The basal ha lf of the 
fall has a patch  of dense or sparse hairs  
on the dorsal face, the hairs constitu ting  
the beard . The beard  hairs m ay be long 
(up to about 1 cm) or m ore often short 
(not exceeding 0.5 cm). W hen the beard  
is dense, the hairs m ay be longest in 
the m iddle g radually  decreasing in length 
tow ards the sides, or the hairs m ay fo rm  
a b rush  along the m edian region and  
the la tera l piles m ay then be of very sho rt 
hairs. Along the m edian region at the 
end of the beard  a signal spot usually  
of a darker colour is present. In  paler 
biotypes the signal spot can be paler 
or even indistinct. The inner perian th  
leaves, the standards, are erect and often 
laterally  recurved. The petaloid style is 
trifurcate, the th ree branches superposed 
above the falls, each having a stam en 
tucked beneath  it. At the tip each b ranch  
is divided into two lobes (the lobes have 
also been referred  to as crests). These 
are uprigh t, o ften  recurved, and  arc u su ­
ally the same co lour as the falls.

The style b ranches are usually  arched  
or keeled and laterally  incurved. These 
branches, that by the degrees of th e ir  
arching and la tera l incurving form  tu ­
bular, straigh t o r oblique— horizontal or 
arched tunnels, are referred  to here as 
po llinator tunnels, the floors of w hich 
are contribu ted  by the respective fall. 
There are varia tions in the form  and  
structure of the po llinator tunnels -— 
in some the style branches and the falls 
contribute equally  to the lateral w alls 
of the tunnel, o r the falls m ay contribu te 
the floor only w hile the lateral walls are 
m ade by the proportionate ly  w ider style 
branches; or the  style b ranches m ay be 
raised horizontally  or obliquely upw ards 
above the falls form ing a sort of la terally  
open tunnel. Below the tip of each style 
branch  is a pouch-like structure , the stig- 
m atic pouch, facing outw ards. The an thers 
lie alm ost para lle l w ith and covered by the
Bot. Notiser, vol. 128, 1975

style branch, the tip of the anther hard ly  
ever reaching beyond the base of the 
stigm atic pouch. P resum ably, the floral 
pigm entation (together w ith the smell in 
certain  cases) a ttracts  the particu lar kind/s 
of pollinator/s to the flower. The w ider 
the range of the pigm ents present the 
greater the num ber of d ifferen t kinds of 
insects attracted  m ay be. The size and the 
shape of the po llinator tunnel could pos­
sibly restrict the num ber of kinds of 
pollinators. The beard  hairs are directed 
outw ards and the pollinator, therefore, 
presum ably  riding the hairs reaches up 
firs t the stigm atic pouch (where any 
pollen that the po llinato r m ay be carrying 
on its dorsal side w ould get deposited) 
and then the anthers.

The fru it is a 3-cham bered capsule 
w hich is usually inflated, often appearing  
6-lobed because of the two rows of seeds 
present in each cham ber; in one species 
at least the pod is cylindrical and not 
lobed except w hen it begins to shrink  
during the process of drying up. The 
dehiscence of the capsule is longitudinal 
loculicidal. The seeds on drying up are 
usually  dark, alm ost black in colour w ith 
a prom inent w hite, circular, “sucker- 
m o u th ” aril. The term  oncocyclus was 
probably  derived from  th is “circular- 
callosity” by S i e m s s e n  (1846) who first 
used it.

It could be of significance tha t in 
species inhabiting areas that are relatively 
m ore arid  the style b ranches and  their 
lobes are of a pa ler colour, contrasting  
w ith the falls. M oreover, the yellow pig 
m ent in  these species is to some extent 
discernable, while the flow er size and 
shape also d iffer to some extent from  
those of the species found growing in the 
w estern Lebanese ranges and  the  Anti- 
lebanon.

DELIMITATION, PHYLOGENY AND 
SUBDIVISION

C ontrary to a n u m b er  o f  trea tm en ts  
(e. g. L a w r e n c e  1953, R o d io n e n k o  1961),
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Fig. 1. Map of the region showing the d is t r ibu t ion  o f  the following Iris  taxa :  AL anti- 
libanotica . — AS assadiana. —  AU auranitica. —  B basaltica. —  BI b ism arck iana . — 
BO bostrensis. —  C cedreti. ■— D dam ascena. —  H h erm ona . — HY, HY? heyla n d ia n a . 
—  J  jordana . —  KG k irkw o o d ii  subsp. calcarea. —  K k irkw o o d ii  subsp. k ir k w o o d ii  var. 
k irkw o o d ii.  —  KM k irkw o o d ii  subsp. k ir k w o o d ii  var. m acrotepala . ■— L lortetii. —  SK 
sofaranci subsp. kasruw ana . —  S sofarana  subsp. so farana. —  SW  sw enson iana . —  W  

w estii. —  YE yebrud ii subsp. edgecom bii. —  YY yebrud ii subsp. yebrudii.

the authors consider tha t  the oncocyclus 
irises constitute a group sufficiently dis­
tinct both morphologically and cytologi- 
cally to merit consideration at subgenus 
level —  Iris subgenus Susiana  S p a c h . 
Morphologically, this group can he identi­
fied even on vegetative characters.  Cyto- 
logicallv it is characterized by the hasic 
chromosome num ber x =  l(), and in hav­
ing probably the most asymmetrical karyo­
type in the genus Iris. The synonymy 
given below is reproduced chiefly from 
L a w r e n c e  (1953) and W e r c k m e i s t e r  
(1967).

Iris L. s u b g e n u s  Susiana S p a c i i

Spach  184(5 in Ann. Sc. Nat.  Ser. 3, 5: 110; 
184(5 in Hist.  Nat. Veg. 12: 70— 71.

Genus O ncocyclus  SlEMSS. 1846 in Bot. 
Zeit. 4: 706— 707.

Subgenus O ncocyclus  (S i e m s s .) A l e f . 1863 
in Bot. Zeit. 21: 206; B a k e r  1877 in J. Linn. 
Soc. Lond .  (Bot). 16: 142.

Section O ncocyclus  ( S i e m s s . ) B a k . 1876 
in Gard. Chron. Ser. 3, 5: 788.

Subgenus P ogoniris  R a n d o l p h  1948 in Bull. 
Amer. Iris Soc. 109: 4; n on  S p a c h  1846,  
nec B a k .  1876.

Subsection  O ncocyclus  (SlEMSS.) B e n t h . as 
in L a w r e n c e  1953 in Gentes Herb . 7, Fasc. 
4 : 3 4 6 ;  as in R o d i o n e n k o  1961,  Genus Iris, 
Akad. Nauk. USSR.
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On the basis of the present studies, the 
authors  propose four definite groups of 
oncocyclus irises in the region (Fig. 1): 
(1) the species growing in the Lebanese 
western ranges and extending northwards 
into Syria; (2) the Antilebanon group of 
species; (3) the southern Syrian, Jordanian 
and partly  Palestinian group of species; 
and (4) the eastern Syrian desert and 
northeastern  Syrian group of species. The 
western Lebanese range and adjacent 
southwestern Syrian group includes I. 
sofarana, /. cedreti, I. basaltica, and I. 
kirkw oodii. The Antilebanon group in ­
cludes species growing on this range and 
on the adjoining plateaux, viz. I. bis- 
marckianci, I. herm ona, I. lortetii, I. anti- 
libanotica, I. damascena, and I. yebrudii. 
I. w estii occupies a position midway be­
tween the above two groups. The Jabl- 
Druze, H auran, northern  Jordan  and 
northeastern  Palestine regions have species 
with clavate non-echinate beard hairs, 
and dense beards (except I. jordana). In 
most of these species the yellow pigment 
is discernable through the dense purple 
spotting, or the style branches are shades 
of yellow-orange. The eastern Syrian 
desert and its northeastern  region have 
two reported species: I. heylandiana, and 
I. assadiana. Both of these have clavate- 
cylindrical,  non-echinate beard hairs. /. 
assadiana  is stoloniferons and, probably, 
so too is I. heylandiana. The latter has 
a linear beard  of  uniform-sized, relatively 
sparse hairs which spread out laterally 
near the base of the falls. I. assadiana 
has a linear median brush of long, dense 
hairs surrounded laterally by very short, 
dense, purple hairs. This beard character 
is intermediate between the northern  Syr­
ian— southern Turkish  group of irises in 
the north  and the H auran— northern  P a l­
estine— Jordan ian  group in the south. Ob­
viously, the nor thern  Syrian— southern 
Turkish  group of oncos needs to be stu­
died in detail to establish the species 
limits in the complex. I. jordana  is a 
taxon which shows similarities to the 
H auran  group of oncos though the beard 
Bot. Notiser, vol. 128, 1975

and foliage characters are strikingly dif­
ferent and point to the possibility of 
another  complex (or only a relict?) in the 
Palestinian region.

It has often been suggested (e.g. D a v i s  

1954) that the oncocyclus group in the 
Levant has evolved from a southwestern 
expansion of the Irano-Turan ian  groups 
from the mountains south— west of the 
Caspian. Cytological evidence ( W e y m o u t h  
& C h a u d h a r y  1974) indicates that the 
species partly  comprising the group So- 
faranae of W e y m o u t h  & C h a u d h a r y  and 
endemic to the western Lebanese ranges 
and to the adjoining Syria in the North 
are the most primitive of the species 
studied. The species endemic to Jabal- 
Druze, the Hauran, northern  Jordan and 
the adjoining region are apparently  the 
most advanced of the species investigated. 
Considering this evidence it could be 
suggested that the species endemic to the 
western Lebanese ranges and the adjoining 
Syrian territory in the north  at least, 
have originated from a southerly expan­
sion of the group from southern Turkey. 
Such a view would be supported by the 
karyotype of I. k irkw oodii subsp. calcarea, 
which could he regarded as the most 
primitive, a possibility suggested by W e y ­
m o u t h  and C h a u d h a r y  (1974).

In the present w ork  we have followed 
W e y m o u t h  and C h a u d h a r y  in dividing 
the subgenus Susiana  into two groups -—- 
their “Sofaranae” and “P urpuro-aurantae". 
However, we feel tha t these groups should 
be treated as sections of the subgenus, and 
therefore, propose the sections as below. 
The species within a section have been 
arranged according to the sequence that 
we feel is the most natural in view of 
the information at present available. H ow­
ever, /. jordana, I. heylandiana  and I. 
assadiana  (/. sp. affin, barnumae  in W e y ­

m o u t h  & C h a u d h a r y  1974) have been 
placed under the section Bostria  (group 
“ Purpur o-aurantac” of W e y m o u t h  & 

C h a u d h a r y ) only for the sake of con­
venience. They probably  belong to other
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co m p lexes  w h ich  m a y  need  to be sepa ra ted  
as m o r e  in fo rm a t io n  becomes available.

W e  do recognize section Oncocyclus  
( S i e m s s . )  B a k .  (with I. paradoxa  S t e v e n  
as  the  type species) as a section u n d e r  
the subgenus  Susiana,  w hich  nam e  has  
p r io r i ty  a t  the  ra n k  of section. This section 
is, a p p a re n t ly ,  qu ite  d is tinct f ro m  those 
p ro p o s e d  below  an d  is no t represen ted  in 
the region.

Section  Sofaria

Group Sofaranae of W e y m o u t h  & C h a u d -  
h a r y  1974.

Tepala externa fere numquam longiora 
quam 1 1/2 lata. Barba sparsa, capillis
papillato-echinatis. In taxis a nos cognitis 
chromosomata quod longitudinem in series 
bene distinctas divisa.

F a l ls  usua l ly  not m ore  th a n  1.5 times 
as long as wide. Beard  of sparse, p a p i l ­
late— echina te  hairs . In the  taxa  for w h ich  
the in fo rm a t io n  is available  ( W e y m o u t h  
& C h a u d h a r y  1974), the  ch rom osom es  
fall into d is t inc t  length  g roups  and  do 
no t in te rg rad e  fro m  the  longest to the 
shortest .

T y p e  s p e c ie s :  I. so farana  F o s t .

Species inc luded: I. anti libanotica  D in s m . ,  
/ .  basaltica  D in s m . ,  I. b ism arck iana  D a m m .

& S p r e n g . ,  I. cedreti  D in s m .  ex C h a u d h r . ,  
I. dam ascena  M o u t r d . ,  / .  h erm o n a  D i n s m . ,
I. k ir k w o o d i i  C h a u d h r ., I. lortetii  B a r r .,
I. so farana  F o s t . ,  / .  westii  D in s m . ,  a n d  /. 
yebrud ii  D in sm .  ex C h a u d h r .

Section  Bostria

Group Purpuro-aurantae of W e y m o u t h  & 
C h a u d h a r y  1974.

Tepala externa plerumque sescuplo longiora 
latiora. Barba densa, pulvino similis vel 
linearis (sparsa ut in /. jordana) vel capillis 
clavato-cylindratis, non echinatis. In taxis a 
nos cognitis longitudo chromosomatum variat 
sine limite distincto.

Falls  usual ly  m ore  th a n  1 1/2 tim es as 
long as wide (except I. jordana).  B e ard  
ha ir s  clavate— cylindrical, n o t  ech ina te ;  
bea rd  dense and  cushion-like o r  l inear  o r  
both, o r  sparse  (as in I. jordana).  In  the 
taxa  fo r  w h ich  in fo rm at ion  is availab le  the 
c h ro m osom es  in te rg rade  in leng th  f ro m  the  
longest to the shor tes t  w i th ou t  a  sh a r p  
b reak  into length  groups .

T ype  species: I. bostrensis  M o u t r d .

Species inc luded: I. assadiana  C h a u d ­
h a r y  et ah, sp. nov., I. auranitica  D i n s m . ,  
/ .  bostrensis  M o u t r d . ,  I. h ey la n d ia n a  
Boiss .  & R e u t . ,  I. jo rdana  D in s m . ,  I. 
sw enson iana  C h a u d h a r y  et al., sp. nov.

KEY TO THE TAXA IN LEBANON AND SYRIA

1. Falls usually not more than 1.5 times as long as wide; beard of sparse and/or 
papillate—echinate hairs ............................................................................................................  2

1. Falls usually more than 1.5 times as long as wide and/or the beard hairs clavate— 
cylindrical, not echinate ..............................................................................................................  16

2. Rhizome stoloniferous ....................................................................................... 10. bismarckiana
2. Rhizome not stoloniferous ............................................................................................................  3
3. Falls uniformly red-purple to dark purple or almost so, without any veins or 

spots   16. antilibanotica
3. Falls obviously veined, dotted or spotted, not uniformly coloured ...............................  4
4. Width of a style branch equal to or greater than the combined width of its two lobes 5
4. Width of a style branch less than the combined width of its two l o b e s .......................  8
5. Flower shades of p ink—red; standards white with p ink —violet veins; bases of 

standards tending to converge below style b r a n c h e s   12. lortetii
5. Flowers not shades of pink—red, but shades of purple—dark p u r p l e .......................  6
6. Venation of falls typically felty-thick, embossed on both surfaces; stem leaves

3—4 ..................................................................................................................................... 4. basaltica
6. Venation of falls not felty-thick, if embossed then only on upper surface; stem 

leaves less than 3 .............................................................................................................................  7
7. Venation of falls very dense (10— 13 per cm) ; style branches less than 3 cm 

wide ..........................................................................................................................................  8. cedreti
Bot. N otiser, vol. 128, 1975
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7. V enation  of falls less dense; style b ran ch es  3 cm wide o r  more ......................................
  7. sofarana  subsp. kasruw ana

8. Pedunc le  length usually  m ore  th an  15 cm from  the last node;  stem leaves 2 or more 9
8. P edunc le  length usually  15 cm o r  less f ro m  the last  node;  stem leaf 0— 1 ....................  10
9. Leaves 5— 7, ab o u t  1.5 cm wide; falls ova te— orbiculate ,  8 cm long or less; signal

spot  n ea re r  the distal  e n d ...............................................................  1. k irkw o o d ii var. k irkw o o d ii
9. Leaves 8— 9, ab o u t  1 cm wide; falls ova te— oval, about  10 cm long; spot a lm ost  

equ id is tan t  f ro m  the two ends ................................................  2. k irkw o o d ii  var. m acrotepala
9. Leaves 7— 9, abou t  1.5 cm wide; falls obova te— orbiculate ,  abou t  8 cm  long o r  less;

signal spot n e a re r  the  distal  end  ................................................  3. k irkw o o d ii  subsp. calcarea
10. Leaves m ore  th an  1 cm wide ...............................................................................................................  11
10. Leaves 1 cm wide o r  less ....................................................................................................................  13
11. Falls  white  or  yellow, the yellowness due to dense spots of varying shades

of y e l l o w ................................................................................................................  6. sofarana  f. fran jieh
11. Fal ls  not white— yellow but shades of purple,  m aro o n -p u rp le  or  violet p u r p l e   12
12. S ta n d a rd s  in str ik ing  con tras t  to the falls clear white  with widely spaced very fine 

veins; leaves no t  widely divergent ................................................................................ 11. hcrm ona
12. S ta n d a rd s  w ithou t  the c lear white  or  d ir ty  white  colour dom inating;  the veins

a n d  dots thick a n d /o r  dense; leaves divergent,  no t  closely appressed  .............................
.................................................................................................................................... 5. sofarana  f. sofarana

13. Style b ranches  m ore  th a n  3 cm wide   15. yebrudii  subsp. edgecom bii
13. Style b ranches  3 cm wide or l e s s ......................................................................................................  11
14. Leng th  of style b ranches  including the lobes no t  m ore  th an  5 cm . . . .  13. dam ascena
14. Leng th  of style b ran ch es  including the lobes m ore  t h a n  5 c m ..........................................  15
15. Style b ranches  oblique— horizon ta l ;  p lan ts  ra th e r  tall (up to about 30 cm); leaves 

no t  strongly  arched, usua lly  exceeding 15 cm .............................................................  9. w estii
15. Style b ranches  a rch ed  d o w n w ard s ;  p lan ts  usua lly  no t  exceeding 20 cm; leaves 

s trongly  a rched, h a rd ly  exceeding 15 cm ..................................  14. yebrudii subsp. yebrudii
16. B eard  l inear or  b rush-l ike  in the m ed ian  region .....................................................................  17
16. B eard  dense o r  cushion-like  or o f  sparse  ha irs  b u t  not  l inear or  b r u s h - l i k e . 18
17. P la n ts  small,  h a rd ly  ever exceeding 20 cm; rh izom e very small , s toloniferous; bea rd  

a m ed ian  b rush  of yellow ha irs  m ore  th a n  5 m m  long and  su rrounded  by latera l  
b a n d s  of very small,  purp le  h a i r s   18. assadiana

17. P la n ts  taller; rh izom e m ed ium  (sto loniferous?);  bea rd  l inear, of white, u n i fo rm ­
sized, relatively  sparse  ha irs  sp read ing  la te ra l ly  in the basa l  region of the fall . . . .  
  17. heyland iana

18. F low ers  yellow or b ronze;  f lowering May— Ju n e  ..................................................................  19
18. F low ers  not  yellow— bronze;  f lowering M arch— April .........................................................  20
19. Falls  and  s tan d ard s  w i th  fine, r e d — purp le  veins and  very fine, dense d o t s ................

.........................................................................................................................  21. auranitica  f. ciuranitica
19. Falls  and  s t an d ard s  w ithou t  fine, red —purp le  veins or  dots  . .  22. auranitica  f. w ilk iana
20. Leaves ab o u t  2 cm wide; b ea rd  of sparse  hairs , n o t  cushion-like  ................  19. jordana
20. Leaves usually  1 cm wide or less; bea rd  of dense hairs , c u s l n o n - l i k e .........................  21
21. Fa lls  a n d  s tan d a rd s  with  the g round  golden  yellow, w ith  dense spotting of purp le  

(when a p p aren t ly  purple,  the yellow ground  still show ing  th ro u g h  it as dots or 
spots);  beard  ha irs  all yellow, m inu te ly  t ipped w ith  purple ;  style b ranches  golden 
yellow with  verv m inute  d a rk  b ro w n — purp le  spots which  become streaks tow ards  the 
sides and  the lobes .........................................................................................................  20. bostrensis

21. Falls  a n d  s ta n d a rd s  un ifo rm ly  purp le ;  style b ranches  orange, strongly s treaked  
with  purple;  beard  ha irs  in a golden yellow m ed ian  b an d  and  purple lateral  bands  
 23. sw ensoniana

1. I r i s  k i r k w o o d i i  C h a u d h a r y  s u b s p .  
k i r k w o o d i i  var. k i r k w o o d i i  —  Fig. 2

Ch a u d h a r y  1972 in Bot. Notiser  125:499 .  
—  Orig, coll.: Syria, B ishmishly,  April 1972, 
K i r k w o o d  & Ch a u d h a r y  787 (holotype,  BEI).

Plants up to 75 cm. Rhizome large, 
compact, yellowish-brown. Leaves 5— 7 in 
Bot. N otiser, vol. 128, 1975

number, rather grassy— droopy, up to 1.5 
cm wide, 30 cm long, pale green. Stem 
leaves one or two with one or two inter­
nodes showing through or above the basal 
leaves; peduncle length usually 25 cm or 
more. Flowers about 15 cm tall, 8— 10 cm 
wide; valves tightly clasping, not inflated, 
about 11 cm; ovary 3—3.5 cm, almost
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Fig. 2. Iris kirkwoodii  subsp. kirkwoodii var. 
kirkwoodii.

terete o r sl ightly t r igonal w ith  a sta lk  
ab o u t  0.5 cm ; p e r ia n th  tube  2.5— 3 cm. 
F a lls  6— 8 cm long, 4— 5 cm wide, ov a te—  
o rb icu la te ,  o f ten  s trong ly  recurved ,  e m ­
bossed w ith  d a rk  p u rp le  veins an d  fine 
do ts  densely  sca t tered  on a pale g reen ish  
o r  white , c lea r  g ro un d ,  the spots la rge r  
an d  denser  below  an d  to the  sides of the 
signal spot; the  signal spo t o rb icu la r ,  
som etim es  ovate, 1 . 5 — 2 cm  long, ab o u t  
1.5 cm wide; he a rd  of long, m a ro o n -p u rp le  

o r  ru s ty -b ro w n  ha irs .  S tan d a rd s  a b o u t  8.5 
cm  long, 6— 7.5 cm wide, orbicular-—  
ovate, a b ru p t ly  c law ed w ith  the  c law  
ch an n e l led  a n d  ab o u t  1 cm ; the  s ta n d a rd s  
w i th  fine b lu e -p u rp le  veins and  do ts  on 
a  c lear pale  b lue  g rou nd ,  the dots  an d  
veins em bossed  on ly  n e a r  the base  and  
along the  m idrib .  A n thers  2— 3.5 cm, 
p u rp le -b ac k e d ;  f i lam ents  1.2—-2 cm, p u r ­
ple-dotted. Style b ra n c h e s  ab o u t  7 cm  long 
inc lud ing  the lobes, 3— 4 cm  wide, d a rk

m a ro o n  in  the middle ,  d a r k  p u rp le  to the 
sides, ridge keeled, the  r idge  p ro m in e n t ;  
the  lobes m in u te ly  se r ra te ,  tu rn e d  u p ­
w a rd s ;  the  w id th  of the tw o lobes g rea te r  
th a n  the w id th  of the style b ran ch es ;  
lobes w ith  fine em bossed  veins and  very 
fine dots like the  falls; po l l in a to r  tunnel 
s im ila r  to th a t  in I. so farana  subsp . so- 
farcina (Fig. 4 G a ) . P od s  a b o u t  9 cm long, 
cylindrical,  no t  lobed, the  veins thick, 
p ro m in en t ,  ra ised  above the  su r face  or 
level w ith  it.

D IS T R IB U T IO N : E n d e m ic  to the Bish- 
m ish ly  a re a  in n o r th e rn  Syria.

MATERIAL: T he  n a tu r a l  p o p u la t io n  at 
the  type locality  a n d  t r a n s p la n t s  from  
th a t  locality.

2 .  Iris kirkwoodii C i i a u d h a r y  s u b s p .  
kirkwoodii v a r .  inacrotepala C i i a u d h a r y  

et al., v a r .  n o v .  —  Fig. 3

Orig, coll.: Northern Syria, EI-Bara, April 
1974, K i r k w o o d  1403 (holotype, BEI).

Planta c. I m alia. Folia 8— 10. Flores c.

cm s

Fig. 3. Iris kirkwoodii  subsp. k irkwoodii  var. 
macrotepala.

Bot. N otiser, vol. 128, 1975
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17 cm  lo n g i a basi spath aru m , 10— 12 cm  
lati. T ep a la  externa o v a to -e llip tica , c. 10 cm  
lon ga , c. 6 cm  la la , m acu lae  et ven ae parum  
caelatae, m aron ino-p u rp u reae ad v io la ceo -  
purpureae. T epala  interna orb icu la ta , abrupte  
u n gu icu lata , c. 11.5 cm  longa , c. 9.5 cm  lata.

P lants about one m etre. Rhizome large, 
com pact, yellowish-brown. Leaves 8-— 10, 
about 1 cm wide, up to 50 cm long, 
grassy— droopy, pale green; stem leaves 
usually 3, w ith 2 or 3 nodes showing 
through or above the basal leaves. Pe­
duncle about 20 cm. Flow ers 15— 17 cm 
tall from  the base of the valves, 9— 11 cm 
wide; valves 8— 10 cm, purple-tinged, 
tightly clasping; ovary 3— 3.5 cm; perian th  
tube about 2.5 cm. Falls about 10 cm long, 
6 cm wide, ovate, ground cream y-white, 
the dots and veins slightly embossed, 
m aroon-purp le to violet-purple; signal spot 
oval or orbicular, enclosed in a dense band 
of strongly embossed m aroon-purple dots; 
about 2 cm long and 1— 1.5 cm wide; 
beard  of violet-purple or golden hairs. 
S tandards about 11.5 cm long, 9.5 cm 
wide, orbiculate, ra the r abruptly  clawed, 
the claw about 1.5 cm, channelled; the 
ground pale blue w ith fine, violet-purple 
veins and dots, the la tte r denser and bigger 
tow ards the central and basal areas. An­
thers about 3 cm, purple-backed; filam ents 
about 2 cm. Style branches about 7 cm 
long including the lobes, 3.5 cm wide, 
ridge-keeled, the ridge very prom inent; the 
width of the two lobes greater than  the 
w idth of the style b ranch ; po llinator tu n ­
nel sim ilar to that in /. sofarana subsp. 
sofarana. Pod?

DISTRIBUTION : Endem ic to the El- 
Bara area in no rthern  Syria.

3.  Iris kirkwoodii C h a u d h a r y  s u b s p .  
calcarea C h a u d h a r y  et a l . ,  s u b s p .  n o v .  —  
Fig. 4 A

I. ca l carea  D i n s m o r e  in  sched. —  Orig. 
coll.: Syria , D eir Sem aan, April 1971, C h a u d ­
h a r y  785 (ho lo ty p e , B E I ) .

P lan ta  30— 80 cm  alta. R h izom a m agnum , 
com p actu m . F o lia  7— 9, c. 25 cm  lon ga , 1—  
1.5 cm  lata , p lu s m inu sve firm iter recurva;

fo lia  cau lin a  2 vel 3. F lores 15— 25 cm longi 
a b asi spatharum , c. 8 cm  la ti; pedunculi 
15— 25 cm  lon g i a n od o  u ltim o. T epala ex ­
terna ob ov a to -o rb icu la ta , c. 8 cm  longa, 5— 6  
cm  lata , m acu lis caela tis  vel v en is purpureis- 
a trom aron in is; fun d u s leviter v ir id is: m acu la  
m ed ia  2— 2.2 cm  la ta , 1.5— 2 cm  longa , 
a trom aron in a; barba ca p illis  lon g is, non  
d en sis , a trom aron in is . T epala  in tern a  8— 11.5 
cm  lon ga , 5.5— 8 cm  lata , orb icu la ta , u n gu ibus  
p arvis; ven is p u rp u reis vel a tropurpureis; 
m acu la e  caelatae; fun d u s caeru leu s, clarus. 
A ntherae 2— 2.2 cm  lon gae; f ila  c. 1.5 cm , 
rob u sta . R am i sty li c. 7 cm  lo n g i (lobis in ­
c lu sis ), 2.5— 3 cm  lati, cristati et carinati; 
m acu la e  et v en a e  lob oru m  ut in tepalis e x ­
tern is; u terque lo b u s ram i sty li latior; ca n a li­
cu lu s p o llin icu s fere ut in I. so f arana  subsp . 
sofar ana .

Plants 30— 80 cm. Rhizome large, com ­
pact, light yellow to brownish-yellow . 
Leaves 7—9, 1 — 1.5 cm wide, up to 30 cm 
long, ra ther strongly recurved or droopy, 
pale green; stem leaves 2— 3, the 2— 3 
nodes visible th rough  or above the basal 
leaves. Peduncle 15— 25 cm. Flow ers about 
15 cm tall from  base of the valves, about 
8 cm wide; valves ra th e r leathery, tightly 
clasping, purple-tinged. Ovary 3— 3.5 cm, 
alm ost terete; perian th  tube about 4 cm. 
Falls about 8 cm long, 5— 6 cm wide, 
obovate—orbiculate, em bossed dotted and/ 
o r veined w ith dark  purp lish-red  on a pale 
green ground: signal spot 2— 2.2 cm wide, 
1.5— 2 cm long, velvety dark  m aroon; 
beard  of long, dark  m aroon, ra th e r sparse 
hairs; the signal spot and the peripheral 
p art of the beard often surrounded by or 
heavily outlined w ith dark, dense, larger 
spots, the signal spot then appearing very 
large. S tandards 8— 11.5 cm long, 8 cm 
wide, the limb orbiculate, tapering to a 
thick claw about 1.5 cm; veined with 
p u rp le  or dark  purple, the dots embossed, 
the veins not so, the ground light blue, 
clear, covered alm ost uniform ly on and 
between the veins in the central area 
w ith blue-purple dots w hich become 
sparse tow ards the m argin and denser and 
m aroon tow ards the base. Anthers 2— 2.2 
cm ; filam ents about 1.5 cm, ra th e r stout. 
Style branches about 7 cm long including 
the lobes, 2.5— 3 cm  wide, ridge-keeled,
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the ridge more prominent near Ihe lobes; 
the lobes upturned, slightly fringed at the 
margins, dotted and veined like the falls; 
the w idth  of the two lobes greater than the 
width of the style branch; pollinator tu n ­
nel more or less like that in I. sofarana  
subsp. sofarana only flatter. Pod about 
9 cm, cylindrical, not inflated, the veins 
thick, prominent, raised above the surface 
or level with it.

DISTRIBUTION: Endemic to the Deir 
Semaan area, Syria.

MATERIAL: Live culture. —  Collections: 
April 1972, K i r k w o o d  790 (BEI); April 
1938, D i n s m o r e  20393 (BEI).

NOTES: M o u t e r d e  (1969) considered 
this taxon was no different from I. so fa­
rana  subsp. sofarana. One of us ( C h a u d - 

h a r y  1971) had also proposed the nam e 
I. sofarana  var. calcarea (published only 
as an abstract of a paper read). However, a 
more careful study has shown that this 
taxon has its closest affinities with /. 
kirkwoodii,  the affinities even with /. 
basaltica being closer than with /. so­
farana.

4. Iris basaltica D i n s m o r e  —  Fig. 4 B

D i n s m o r e  1933, PI. Post .  D insm . 2 :9 ;  
1934 in P o s t  & D i n s m o r e ,  E l .  Syr. Pal.  & 
Sin. 2 :5 9 7 ;  M o u t e r d e  1966, Nouv. FI. Lib. 
Syr. 1 :317 . —  Orig. coll .:  Syria, Kalaat-ul  
H u sn  (Krak de Chevaliers) area, March— April  
19--, W e s t  ( D i n s m o r e  Herbarium ? n o t  
s e e n ) .

Plants up to 70 cm. Rhizome large, 
compact, dark  brown. Leaves 9— 12, thick- 
ish, slightly arched, 1.5— 2 cm wide, about 
24 cm long; stem leaves usually 3 or 4, 
the nodes bearing these visible through 
or above the basal leaves. Peduncle 15— 25 
cm. Flowers about 15 cm tall from  the base 
of the valves, about 9 cm wide; valves 
about 11 cm, tightly clasping, distinctly 
keeled, purple-tinged in the top 1/4; ovary 
about 2.5 cm, trigonal; perianth  tube

about 2.8 cm. Falls about 9 cm long, 
about 5 cm broad, rather tightly clasping 
at the base, ovate or somewhat lanceolate, 
embossed with thick, almost felty, dark 
purple to almost black veins both on the 
upper and the lower faces, the dots re­
stricted mostly to the middle region below 
the signal patch and laterally above the 
signal patch; the ground pale greenish, 
clear; signal patch usually truncate-tri­
angular or orbiculate, about 1.5 cm long 
and 1.5 cm at its widest; beard of rather 
sparse, long, maroon-purple hairs tipped 
with rusty yellow. Standards 8.5— 10.5 cm 
long, 7— 7.5 cm wide, the limb almost 
orbicular, abruptly  narrowed into a claw 
about 2 cm long and about 1 cm wide, 
with embossed (felty-thick) finer, dark 
purple veins and embossed dots on both 
surfaces, the dots restricted to the central 
area, the ground pale greenish, clear; 
more than  1/4 of the basal part  with scat­
tered long purple hairs, the hairs denser 
in the channel of the claw. Anthers 
creamy white, about 3 cm; filaments about 
1.5 cm, stout. Style branches about 8 cm 
long including the lobes, about 3.5 cm 
wide, densely maroon-purple-spotted, the 
dots increasing in size towards the lobes; 
keel very prominently ridged; lobes with 
embossed dark spots and veins like the 
falls, irregularly serrate; the width of the 
lobes not more than  the width of the style 
branch; pollinator tunnel ra ther  flat and 
long, both the fall base and the style 
branch contributing to the walls of the 
tunnel. Pod inflated, 6-lobed, 6— 11 cm, 
the veins lying in the furrows.

DISTRIBUTION: Endemic to the Tell 
Kalakh-Hadidia region, Syria. In danger 
of extinction.

MATERIAL: Tell Kalakh, Hadidia, and 
Kalaat-ul-Husn (type locality) populations, 
and cultivated material from the above 
areas. —  Collections: Krak de Chevaliers, 
April 1943, D i n s m o r e  15956 (BEI, not 
in good condition); Hadidia, April 1972, 
C h a u d h a r y  791 (lectotype, BEI).

Bot. N o tise r, vo l. 128, 1975



390 SI I AUK AT A. CH AUDHARY E T  AL

Bot. N otiser, vol. 128, 1975



IRIS SUBGENUS SUSIANA IN LEBANON AND SYRIA 391

5 . Iris sofarana F o s t e r  s u b s p .  sofarana  
f. so faran a  —  Fig. 4 C

F o s t e r  1889 in Gard. Chron.,  iii. 26: 389; 
P o s t  & D i n s m o r e  1933, FI. Syr. Pal. & Sin. 
2 :598;  M o u t e r d e  1966, Nouv. FI. Lil). Syr. 
2:319. —  Orig. coll.: Lebanon,  Sofar (Ayen 
Sofar) ,  April 18--, F o s t e r  (not seen).

P la n t s  up  to 40 cm. Rhizom e ra th e r  
large, co m pac t ,  ye llow ish-brow n. Leaves 
S— 9, 1.2— 2.5 cm  wide, up  to 25 cm  long, 
s o m e w h a t  divergent,  if falcate th e n  not 
s t ro ng ly  so; the  node bearing  the  single 
s tem leaf on ly  ra re ly  visible above the 
basa l  leaves. P ed u n c le  usua l ly  11— 14 cm 
(often longer  u n d e r  cu ltu re ) .  F lo w ers  15—  
18 cm  tall f r o m  base  of valves, 10— 12 cm 
wide: valves up  to 11 cm, inflated, green; 
o v a ry  a b o u t  3.5 cm, tr igonal ; p e r ia n th  
tube a b o u t  2.5 cm. F a lls  8— 8 .5 X 5 — 6.5 
cm, obovate ,  the  l im b orbiculate ,  ra re ly  
ovate, th e  base  t igh tly  c lasping th e  style 
b ra n c h e s  la te ra l ly ;  the  g ro u n d  c ream y  
white , th ick ly  covered  w ith  b ro w n -p u rp le  
to b lu ish -p u rp le  veins and  spots, the 
co lou r  range  vary ing  from  b lu ish -p u rp le  
to red -p u rp le ;  b e a rd  h a ir s  d a rk  p urp le ,  
ra th e r  sca t te red ; signal spot orb icu la te ,  
w ider  th a n  long, 1.2— 1.5 cm long, 1.5—-2 
cm wide, d a rk  p urp le ,  located m o re  th a n  
h a lfw ay  to w ard s  the apex. S tan d a rd s  about 
9.5— 1 0 .5 X 7 — 8 cm, orb iculate ,  th e  limb 
ab ru p t ly  n a r ro w e d  in to  a  sh o r t  c law ; the 
g ro u n d  c lear w h ite  lo ink y  b lue  w i th  the 
veins fine, b lu e -p u rp le  to d a rk  p u rp le  o r 
m a ro o n -p u rp le ;  the do ts  s im ilar  in co lour  
to veins, very  fine, r a th e r  dense in the 
cen tra l  a re a  m a k in g  it look b lue -p u rp le  
o r  d a rk  m aro o n -p u rp le ;  the  veins not 
dense (6 I 1 p e r  cm ). S tam ens a b o u t  4 
cm ; an th e r s  2.5— 3 cm, c ream y  yellow: 
fi lam ents  1— 1.5 cm, purp l ish .  Style b r a n ­
ches a b o u t  7 cm  long inc lud ing  the  lobes, 
3 cm wide, the  ridge of th e  keel very 
p ro m in en t ;  lobes of style b r a n c h  u p tu rn ed ,  
crenate ,  ve ined a n d  spo tted  like th e  falls; 
the  to tal w id th  of the  two lobes m o re  th a n  
the w id th  of the  style b ra n c h ;  p o l l in a to r

tunnel fo rm ed  by the fall and  the  style 
b ran ch ,  the base of the  fall tightly c la s p ­
ing the style b r a n c h  (Fig. 4 C a ) .  P o d s  
ab o u t  10.5 cm long, 3 cm wide, in f la ted  
an d  6-lobed, n a r ro w e d  to w ard s  b o th  ends.

D IS T R IB U T IO N : E n d em ic  to L e b a n o n  
in tw o k n o w n  localit ies.

MATERIAL: T he  F a lo u g h a  area  (p ro b ­
ab ly  the  type locality) an d  the Z eh leh  
Pass  p o p u la t io n  w ere investigated. —  Col­
lections: F a lo u g h a  area : May 1963, E d g e ­
c o m b e  A -1333, A-1189 (BEI); May 1964, 
E d g e c o m b e  B-295 (BEI); May 1972, 
C h a u d h a r y  1215 (lectotype, BEI). Z ah leh  
Pass  a rea :  May 1963, E d g e c o m b e  B-298 
(B EI);  May 1964, S l o a n e  (BEI). B e tw een  
B eiru t  an d  D am ascus  (p robab ly  F a lo u g h a  
colony) M ay 1955, T r o t t  3002 (K).

6. Iris sofaran a F o s t e r  subsp. sofaran a f.
franjieh  C h a u d h a r y  et al., f. nov.

Orig. coll.: L ebanon,  Fa lougha  area, April 
1974, C h a u d h a r y  1405 (holotype, BEI).

Haec fo rm a  differt  a f. sofarana f lo r ibus  
flavis vel candidis p igmento pu rp u reo  c a r e n ­
tibus.

T his  fo rm  d if fers  f ro m  f. so farana  only  
in lack ing  b lu e -pu rp le  p ig m en ta t ion  in 
f lo ra l  p a r t s  w h ich  m a y  be p u re  silky w h ite  
w ith  yellow show ing  near  the  bases of 
f lora l par ts ,  o r  the falls only  are  ye llow  
on the  basa l  half ,  o r  the falls look c o m ­
pletely yellow an d  the  s ta nd ards  l igh ter  
yellow o r  w hite .  T he  yellowness o f the  
floral p a r ts  is due  to yellow, dense spots, 
the shades  of yellow only  varying.

D IS T R IB U T IO N : So fa r  these a p p a r ­
ently  m u ta n t  fo rm s  have been  o bserved  
g row ing  in the type  locality only  n e a r  
F a lo u g h a  in Lebanon .

N O T E : T h is  fo rm  is n am ed  a f te r  Mrs 
I r i s  F r a n j i e h ,  pa troness  of the H o r t i ­
cu l tu ra l  Society of Lebanon.

Fig. 4. A: Iris kirkwoodii  subsp. calcarea. •— B: Iris basaltica. — C: Iris sofarana subsp. 
sofarana var. sofarana. — D: Iris sofarana subsp. kasruwana.  — a: po llina tor  tunnel.

i  Bot. N otiser, vo l. 128, 1975
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7. Iris sofarana F o s t e r  s u b s p .  kasruw ana  
( D i n s m o r e )  C h a u d h a r y  et al., comb. nov. 
—  Fig. 4 1)

/. kasruwana  D i n s m o r e  1933, Pl. Post. 
Dinsm. 2:9 ; 1934 in P o s t  & D i n s m o r e , Fl. 
Syr. Pal. & Sin. 2: 597. — /. sofarana f. 
kasruwana ( D i n s m o r e ) M o ü t e r d e  1966, 
Nouv. Fl. Lib. Syr. 1:319. — Orig. coll.: 
Lebanon, Naba-al-Asal, May 19—, W e s t  ( D i n s ­
m o r e  Herbarium? not seen).

P lan ts  ab o u t  50 cm. Rhizom e ra th e r  
large, com pac t,  b row n . Leaves up  to 10, 
1.2— 1.7 cm wide, up  to 20 cm long, no t  
w ide-sp read ing ; stem leaves usual ly  2, 
o f ten  ending al ab o u t  the sam e level. 
Pedunc le  ab ou t  22 cm, often  the tw o nodes 
b ea r in g  the s tem  leaves visible above or 
th ro u g h  the b a sa l  leaves. F low ers  ab o u t  18 
cm tall f rom  the  base of the valves, ab o u t  
10 cm  wide; valves to ab o u t  9 cm, ven- 
tr icose, p in k ish -p u rp le  in the  u p p e r  half ;  
o vary  3— 4.5 cm, b ro ad ly  t r ia n g u la r ;  p e r i ­
an th  tube 3.5— 4 cm. F a lls  8— 10 cm  
long, 6— 7.5 cm  wide, ovate, the base 
r a th e r  flat, n o t  tigh tly  c lasp ing ; densely  
s treaked  an d  d o t ted  w ith  d a rk  p u rp le ,  the  
dots m ore  p rom inen t ,  smaller, an d  dense 
n ea r  the signal p a tch ;  the  signal pa tch  
m o re  or less te a r sh a p e d ,  longer th a n  wide,
1.5— 2 .5 X 0.6— 1.5 cm ; the low er end of 
the signal spot m ore  th a n  h a lfw ay  up  the  
length of the fa ll  to w ard s  the  base;  b ea rd  
ha irs  sparse, pu rp le ,  t ipped w ith  yellow 
o r  ru s ty  b row n . S ta n d a rd s  8— 11 cm  long, 
6— 8 cm wide, obovate ,  g ra d u a l ly  tape r in g  
to a claw, the claw  ab o u t  1 cm, c h a n n e l ­
led; the  g ro u n d  c lear w hite  to p u rp l ish -  
white  to inky blue  w ith  d a rk  , 
veins an d  dots, the  dots finer,  e longat ing  
an d  anas tom osing  in the m iddle  basa l  
parts .  S tam ens u p  to 4 cm ; a n th e r s  ab ou t
2.5 cm, c ream y  yellow o r  p u rp le -back ed ;  
f i lam ents  ab o u t  1.5 cm, p u rp le  all over 
o r  tow ards  the base  only. Style b ran ch es
5.5— 7.5 cm long inc lud ing  the  lobes, 3— 4 
cm wide, m a ro o n -p u rp le  in the  middle ,  
d a rk  p urp le  to  the sides, ridge keeled, 
the ridge very  p ro m in e n t ;  the lobes of 
th e  style b ran c h es  ir reg u la r ly  spo t ted  and  
s t reak ed  like th e  falls; th e  w id th  of the two 
Bot. N otiser, vo l. 128, 1975

lobes h a rd ly  if a t  all exceeding the  w id th  
of the style b ra n c h ;  po ll in a to r  tunne l 
fo rm ed m a in ly  by the style b ra n c h  w ith  
the base  of the  fall con tr ibu t in g  the floor 
of tun ne l  (Fig. 4 I) a).  Pods up  to 10 cm 
long, up  to ab o u t  4 cm wide, 6-lobed, n a r ­
row ed to w a rd s  b o th  ends.

D IS T R IB U T IO N : E ndem ic  to L eban on ;  
in two k n o w n  popula t ions .

M A TERIA L: T h e  Naba-al-Asal (type lo ­
cality) a n d  the  L aq lo u q  po pu la t io ns  w ere 
investigated. —  Collections: Naba-al-Asal 
April 1971, C h a u d h a r y  790 (lectotype, 
B E I) ;  May 1952, M o o n e y  4383 (K).

8. Iris cedreti D i n s m o r e  ex C h a u d h a r y  

-  Fig. 5 A

C h a u d h a r y  1972 in Bot. Notiser 125: 497— 
499. Orig. coll.: Lebanon, vicinity of
Cedars of Lebanon, May 1972, C h a u d h a r y , 
C h a u d h a r y  & W e y m o u t h  789 (holotype, 
BEI).

P lan ts  ra re ly  exceeding 40 cm. R hizom e 
m ed ium , com pac t,  light yellow. Leaves 
8 or 9, 1— 2 cm  wide, up  to 23 cm  long, 
n a r ro w e d  to the  tip; stem leaf n o n e  or 
one. P ed un c le  9— 12 cm. F lo w ers  ab o u t  
18 cm tall f ro m  the base  of the valves, up 
to 9 cm wide; valves abou t  10 cm, r e a c h ­
ing to th e  level of the  falls, inf la ted , g reen; 
ovary  ab o u t  3.3 cm, t r iangu la r ,  6-lobed, 
the o va ry  s ta lk  0.5 to 1 cm; p e r ia n th  tube
2.5— 3 cm. Falls  6.5— 9.5 cm long, 4.5—
5.5 cm wide, ovate, n a r ro w e d  to the 
lip, f ine ly  c ren a te— ir regu la r ly  se r ra te ,  the 
g ro u n d  clear, w hite  to lead-white ; veins 
very fine, embossed, densely a r ra n g e d  
(10— 13 per  cm ),  d a rk -m a ro o n  to m a ro o n -  
pu rp le ;  dots very  fine, m ore  em bossed  
a ro u n d  the  signal spot an d  the a re a  above  
th is  level; in the d a rk e r  h io types the  dots 
on  the falls  a re  larger, a n as tom osing  so 
closely th a t  the dots fo rm  the  g ro u n d  
an d  the g ro u n d  a p p ea rs  as i r reg u la r  w hite  
spots; signal spot o rb iculate ,  1.7— 2 cm 
long a n d  ab o u t  1.5 cm  wide, located  a lm os t  
in the m iddle  of the  fall, d a rk  m a ro o n -
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purp le ; beard of sparse hairs, the hairs 
rusty brown, pink, purple or mottled on 
a pale green ground. Standards S.5-—11 
cm long, 6— 7.5 cm wide, ohovate, clawed, 
the claw about 1.5 cm long, channelled; 
the ground characteristically white to lead- 
white; veins very fine purplish— dark m a­
roon, ra the r  embossed, parallelly densely 
arranged (13— 20 per cm); dots very fine, 
very sparse near the margin, larger and 
sparse in the central area, finer and denser 
in the lateral zones; the inner and outer 
faces of the standard  with distinctly dif­
ferent shades (a character very rarely 
to be seen in /. sofarana subsp. sofarana 
and often in /. jordana) ; on the inner face 
the white to lead-white ground dominates 
while on the outer face the purplish— 
dark maroon dominates. Stamens 3.5— 4 
cm, the anthers usually more than twice 
as long as the filaments, the anthers 
creamy white, sometimes purple-backed. 
Style branches 5.5— 6 cm long including 
the lobes, about 2 cm wide, strongly 
arched along the arch of I he fall (the 
latter contributing only the floor of the 
pollinator tunnel), strongly narrowly keel­
ed, the keel with a small ridge, maroon- 
purple; the lobes about 1 cm long and 
wide, the total width of the two lobes 
not exceeding the width of the style 
branch; the lobes upturned, veined and 
spotted like the falls. Pod about S cm, 
inflated, lobed, narrowed towards both 
ends.

DISTRIBUTION: Endemic to the Cedars 
of Lebanon area. Also reported from 
Ehden and Hasrun  areas of Lebanon but 
not seen recently.

MATERIAL: Vicinity of Cedars of Le­
banon, 1940, D i n s m o r e  20513 (BEI); May 
1880, B l a n c h e  11095 (?); May 1966,
A l b u r y , C h e e s e  & W a t s o n  925 (K).

9. Iris westii D i n s m o r e  — Fig. 5 B

D i n s m o r e  1933, PI. Post. Dinsm. 2:8; 
1934 in P o s t  & D i n s m o r e ,  FI. Syr. Pal. & 
S in .  2:596. /. s o f a r a n a  F o s t e r  f. u>estii

( D i n s m o r e ) M o u t e r d e  1966, Nouv. FI. Lib. 
Syr. 1:319. Orig. coll.: Lebanon, Tawmat- 
un-Niha, May 1930, W e s t  1896 (holotype, 
D i n s m o r e  Herbarium), not seen.

Plants up to about 30 cm. Rhizome 
medium, compact. Leaves 6— 8, 1 cm
wide or less, about 20 cm long, slightly 
falcate; stem leaf one or two. Peduncle 
8— 16 cm. Flowers 12.5— 15 cm in d ia­
meter; valves about 11 cm, slightly in ­
flated; ovary 3— 4.5 cm, with a stalk 
about 1 cm; perianth tube 3— 4 cm. Falls 
5— 8 cm long, 5— 5.5 cm wide, elliptical— 
obovate, veins and spots prominently em ­
bossed, brown-purple to purple, the spots 
dense; signal spot about 1.5 cm long and 
wide, located in the middle of the fall; 
beard of long, ra ther  sparse purple hairs, 
ra ther  wide, extending almost to the edges 
of the fall and to almost the lower edge 
of the signal spot. Standards 6— 9 cm long, 
5— 6 cm wide, obovate— cuneate, g rad­
ually narrowed into a claw about 1 cm 
long; the limb orbiculate; lilac-blue veins 
and minute dots on a pale lilac ground, 
the dots becoming bigger and embossed 
towards the base. Anthers about 2 cm; 
filaments about 1.7 cm. Style branches 
horizontal-oblique (apparently not arched 
downwards as seen in the herbarium 
material), 6—6.5 cm long, about 3 cm 
wide, thickly dotted-streaked with brown- 
purple on a “wine-coloured” ground; lobes 
upturned, dotted and veined like the falls; 
the width of the two lobes more than that 
of the style b ranch; pollinator tunnel is 
apparently  mostly open, the fall and the 
style b ranch meeting only towards the 
basal area. Pod?

DISTRIBUTION: Endemic lo heights 
in the M ashghara— Jezzine area, Lebanon.

MATERIAL: Heights between Jezzine 
and Mashghara, May 1965, E d g e c o m b e  
B-571 (BEI).

NOTE: M o u t e r d e  (1966) included this 
taxon under I. sofarana as f. westii : indeed 
he included also I. k irkwoodii  subsp. 
calcarea under f. westii ( M o u t e r d e  1969

B ot. N o tise r, vo l. 128, 1975
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I

A

p. 674). T he  a u th o r s  consider  th a t  th is 
taxo n  has the closest a ff in it ies  w ith  I. 
h e rm o n a  an d  no t w ith  I. sofarana;  tlie 
aff init ies w i th  I. k ir k w o o d i i  subsp. cal- 
carea  being still rem oter .  In  spite of all 
e fforts  the  a u th o r s  have  no t  been able 
to rediscover any  of the  I. westi i  colonies 
d u r in g  the  pas t  fo u r  years . It w as p os­
sible to im p rov e  the  orig inal descr ip tion  
b y  D i n s m o r e  by  s tud y ing  the m a te r ia l  
collected by Mrs E d g e c o m b e  in 1965. 
F ro m  the c h a rac te rs  of leaves, the  f lower
Bot. Notiser, vol. 128, 1975

Fig. 5. A: Iris cedreti. — B: Iris westii. -— 
C: Iris hermona.

an d  in p a r t ic u la r  the  style b ran ch es  c o m ­
b ined  w i th  th e  g enera l  a p p e a ra n c e  of the 
p lan t ,  the a u th o r s  feel th a t  th e  tax o n  
I. w esti i  d if fers  s t r ik ing ly  f ro m  a n y  o th e r  
tax o n  in  the  reg ion  a n d  un less  m o re  
evidence tu rn s  u p  f ro m  a n y  fu tu re  s tu dy  
of live m a te r ia l  th is  tax o n  shou ld  re ta in  
is s ep a ra te  ident ity .

The  sketches of f low ers  in Fig. 5 B 
are  b a se d  u p o n  p h o to g r a p h s  k ind ly  s u p p ­
lied by  D r P e t e r  W e r c k m e i s t e r .
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10 .  Iris b ism arck iana E .  D a m m a n  & C. 
S p r e n g e r

E. D a m m a n  & C. S p r e n g e r , May 1890 in 
D am m an & Co. Catal. 51:4, fig. 4; W e i n e r , 
Aug. 1890 in Illustr. Gartenzeitung 15: 352— 
353, fig. 72; B a k e r  1892, Irid. 18. — Orig. 
coll.: N orthern Palestine c. 1890, G. E c g e r s  
(no record).

I. saarii S c.h o t t  var. ncizerena (F o s t . ex 
H e r b ) ,  Herb and W ulle Catal. primo 1893, 
“sa ri” ; I I o g g  (?) May 1893 in J. Hort. Ser. 
3, 26: 373, “nazarensis”. — /. nazurena ( F o s t . 
ex H e r b ) D i n s m . 1934 in P o s t  & D i n s m o r e  
FI. Syr. Pal. & Sin. 2: 596.

P la n t s  30— 50 cm. R hizom e m ed iu m —  
large, s to lon iferous w ith  long stolons. 
L eaves usua l ly  8, sp read ing  fan-like, r a th e r  
obtuse, 2— 3 cm wide, 25— 40 cm long, 
ob lique, closely shea th ing .  F low ers  often  
15 cm wide; p e r i a n th  tube 7 cm. Falls  
6— 7 cm  long, r o u n d — ovate; the g ro u n d  
c ream y ,  th ick ly  covered  w ith  oblong, e m ­
bossed, red -b ro w n  spots, veined w ith  m a ­
ro o n  o r  p u rp le ,  o f ten  w ith  a few sm all 
c r im so n  or red -b ro w n  spots; hea rd  ha irs  
d a rk  p u rp le ;  signal spo t large, m ore  or 
less o rb icu la r ,  b lack ish  red-purp le .  S ta n d ­
a rd s  7— 8 cm long, o rb icu la r ,  w ith  a white  

j  g ro u n d  except a t  the  yellowish  base; veins 
blue, dots  dense, p ro m inen t ,  purp le .  Style 
b ra n c h e s  re latively  long, m a rk e d  w ith  
red d ish -b ro w n  spots on a c rea m y  g round .  
P o ll in a to r  tun ne l  a p p a re n t ly  as in /. so- 
farcma  subsp. so farana , on ly  m ark ed ly  
longer.

D IS T R IB U T IO N : E n d em ic  to sou th e rn  
slopes of Mt H e rm o n  and  the areas  to 
the south.

N O TE: M o u t e r d e  followed C. S p r e n ­
g e r  (Gard. C hron. 1904) a n d  considered  
/. saarii S c h o t t  var. ndzcirena  F o s t . ex 
H e r b  (I. na zarena  ( F o s t . ex H e r b ) 
D i n s m .) an d  I. b ism arck iana  “ R e g e l  ex 
S p r e n g e r ” to be one and  the sam e taxon, 
as the collections on  w hich  the  tw o taxa  
w ere based  w ere  m ad e  by the sam e person, 
G. E g g e r s  of Ja f fa .  U nfo r tun a te ly ,  the 
a u th o rs  a re  n o t  very  fam il ia r  w ith  e ither 
of the above two taxa. C om p aring  the

descr ip tions  of rh izom es and  leaves of
I. b ism arck iana  ( W e i n e r  1890, and  in 
G artenf lo ra ,  1893, b o th  rep ro d u ced  par t ly  
in W e r c k m e i s t e r ’s Catal. Ir id .  p. 94) 
w ith  those of I. nazarena  ( F o s t . ex H e r b ) 
D i n s m . we f ind  tha t  bo th  have  s to lon i­
ferous rh izom es (“like I. ib er ica ”, w h ich  
is s to loniferous, in I. b ism a rck ia n a ) a nd  
b o th  have  re latively  very  w ide leaves. 
These  cha rac te rs  w ere  no t m en t ion ed  by  
D i n s m o r e  (1933, 1934) w ho, ap pa ren t ly ,  
copied  the  descr ip tion  f rom  B a k e r  (1892). 
T he taxon  /. nazarena  ( F o s t . ex H e r b ) 
D i n s m . is a p p a re n t ly  the sam e as I. b is­
m a rck ia n a  D a m m a n  & S p r e n g e r  (often 
q uo ted  as I. b ism arck iana  R e g e l  ex 
S p r e n g e r ). However,  the inc lusion  of I. 
h erm o n a  u n d e r  I. b ism a rck ia n a  (as t rea ted  
by  M o u t e r d e ) is no t jus ti f ied . I. h er­
m ona  h a s  non-s to lon ife rous ,  com pac t  r h i ­
zomes, n a r r o w e r  and  a lm ost  erec t leaves, 
and  m ore  orb icu la te  p e r ian th  leaves as 
c o m p a re d  w ith  I. b ism arckiana . Indeed, 
A w i s h a i  (1971) m e n t io ns  seeing p o p u ­
lations of /. h erm o n a  an d  “ /. nazarena ” 
as a lm os t  ov erlapp ing  on  the sou the rn  
slopes of M ount H erm on . The sy n o n y m y  
of th is  taxo n  has very  k ind ly  been p r o ­
vided by  D r D a n  N i c o l s o n .

II .  Iris herm ona D i n s m o r e  —  Fig. 5 C

D i n s m o r e  1933, PI. Post. Dinsm. 2:8; 
1934, in P o s t  & D i n s m o r e , FI. Syr. Pal. & 
Sin. 2:596; under /. bismarckiana  R e g e i . 
in M o u t e r d e  1966, Nouv. FI. Lib. Syr. 1:320. 
—- Orig. coll.: Syria, S of Q unaitra April- 
May 19-, D i n s m o r e  1895 (holotype, D i n ­
s m o r e  H erbarium ? not seen).

P lan ts  up  to ab ou t  50 cm. Rhizome 
ra th e r  large, com pac t,  ye llow ish-brow n. 
Leaves usua l ly  9, m o re  o r  less erect, up  
to 1.8 cm wide and  up  to 30 cm long, 
very  g rad ua l ly  n a r ro w e d  to the apex; 
stem leaf u sua l ly  one, the  node  bearing  
the s tem leaf show ing  above o r  th ro ug h  
the b asa l  leaves. P edunc le  u p  to 12 cm. 
F lo w ers  ab o u t  18 cm  tall f ro m  the base 
of the  valves, ab o u t  10 cm w ide; valves 
8— 10 cm, in f la ted ; ovary  3.5— 4 cm ; 
p e r ia n th  tube  2.5— 3 cm. Fa lls  abou t  8.5

Bot. Notiser, vol. 128, 1975
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cm long, 6 cm wide, obovate, gradually  
narrow ed to the base, the limb appearing 
orbiculate, em bossed dotted and embossed 
veined w ith  brow n-purple on a cream y 
yellow to cream y white ground, the ground 
showing prom inently ; the signal spot 
alm ost orbicular, about 1.2 cm long and 
1.5 cm wide, darker b row n-purple; beard 
of sparse, brow n-purple hairs with the 
greenish-yellow  ground showing through 
them. S tandards about 9.5 cm long, about 
8 cm wide, orbiculate, ab rup tly  narrow ed 
into a triangu lar basal area and then into 
a strongly channelled claw about 1 cm 
long; the lim b w ider than  long, cream y 
w hite (dirty  white in some biotypes), w ith 
widely spaced, very fine, purp le and light 
purp le veins, and very finely dotted w ith 
violet-purple, the dots and veins near 
the claw brow n-purple, ra ther embossed. 
A nthers about 2.5 cm, yellowish white; 
the filam ents about 1.7 cm, purple. Style 
branches about 6.5 cm long, about 4 cm 
wide, ridge-keeled w ith the ridge double 
and prom inent, ra the r flattened out at 
the sides and  then curving down to form  
a flattened pollinator tunnel w ith the base 
of the fall, red-purple and spotted in 
the middle, dark-purp le to the sides; the 
lobes of the style branches cream y white, 
spotted w ith  embossed, dark  purple, ir­
regularly  crenate, overlapping. Pod?

DISTRIBUTION: Lebanon, Sarada area; 
Syria, near Q unaitra and southern  slopes 
of Mt Her mon.

MATERIAL: Q unaitra, April 19-13, Dix- 
SMORE 3895 (lectotype, B EI); live m a­
terial from  a population from  the area 
of d istribution  (probably Q unaitra) April 
1974 from  culture, C h a u d h a r y  1325 
(BEI).

NOTE: The live m aterial studied was 
obtained th rough  the courtesy of Mr 
H e r b e r t  M c K u s i c k . It is presum ed that 
the m aterial was originally collected from 
near Q unaitra, Syria when the area was 
under Israeli control.

M o u t e r d e  treated  this taxon under I. 
bism arckiana  R e g e l  ex S p r e n g e r  which 
does not appear justified. The rhizom e 
and the leaf characters definitely show 
the two taxa to be different. Also see the 
note under /. bismarckiana.

12. I r i s  l o r t e t i i  B a r b e y  -—- Fig. 6 A

B a r b e y  1882, H erbor izat ion  au Levant PI. 
VII; in B o i s s i e r  1884, FI. Orient. 5 :1 3 1 ;  
P o s t  & D i n s m o r e  1934, FI. Syr. Pal. & 
Sin. 2: 597; M o u t e r o e  1966, Nouv. FI. Lib. 
Syr. 1:319.  —  Orig. coll .:  “P a le s t in e”, Mays  
to Hunin, May 1880, L o r t e t  (holotype,  G, not  
s e e n ) .

Plants about 40 cm. Rhizome short, 
com pact, pinkish. Leaves usually  about 8,
1 — 1.5 cm wide, characteristically  obtuse 
and then ab rup tly  narrow ed into a tip; 
stem leaf usually  one, erect. Peduncle 
about 8 cm. The flow ers in general of 
pink-m aroon shades, up to 13 cm long 
from  base of valves, up to 8.5 cm wide. 
Falls about 5.5— 6 cm long, 3— 4 cm 
wide, obovate— oblong, densely spotted 
w ith m aroon on a clear, lead-white 
ground; beard  of sm all, yellowish-red, 
ra th e r  sparse hairs; signal spot dark  m a­
roon. S tandards erect, about 7 cm long, 
5 cm wide, limb o rb icu lar, gradually  n a r ­
rowed into a claw, the claw  about 0.5 
cm ; white w ith deep pink veins. Style 
branches about 5 cm long including the 
lobes, about 2.5 cm wide, horizontal— 
oblique, m aroon, keeled; the lobes spotted 
w ith m aroon like the falls, reflexed; the 
com bined w idth of the two lobes less 
than  the w idth of the style b ranch; 
po llinator tunnel m ain ly  constituted by 
the style branch , the fall constituting the 
floor of the tunnel n earer the base. Like in 
/. samariae D i n s m . the standards ch a rac­
teristically tend to converge below the 
style branches. Pod ?

DISTRIBUTION : S outhern  Lebanon and 
“N orth  Palestine” . Endem ic.

MATERIAL: Mays to H unin  May 1943, 
D i n s m o r e  15388 (BEI).
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NOTE: The authors  have not been 
able to study any live material because 
of the extreme hazard involved in col­
lecting it from near the southern border 
of Lebanon with Israel. The sketch of 
the flower (Fig. 6 A) is based upon a 
photograph  by M r  H e r b e r t  M c K u s i c k .

13. Iris damascena M o u t e r d e  — Fig. 6 F

M o u t e r d e  1966, Nouv. Ft. Lib. Syr. 1: 
318—319. — Orig. coll.: Syria, Jabl Qasyoun 
1951, P a b o t  P —5 (holotype, M o u t e r d e  Her­
barium, now at G).

I. sofarana F o s t . f. quassiomensis W e r c k - 
MEISTER 1957 in  (Brit.) Iris Soc. Yearbook, 
nomen nudum.

Plants rarely  more than 30 cm. R hi­
zome short,  compact. Leaves 5— 8, u su ­
ally 7, arched— strongly recurved, 1 cm 
wide or less, up to 27 cm long; stem leaf 
one. Peduncle up to 15 cm. Flowers up 
to 15 cm long from base of the valves, 
about 9 cm wide; the base of the valves
often partly  enclosed by the upper one
or two leaves; valves up to 10 cm, in ­
flated, a little coloured with pale violet- 
purple. Falls obovate—elliptical, up to 8 
cm long, about 5 cm wide, rather  flat 
in the basal area, droopy from im m e­
diately beyond the heard area; ground 
creamy white, densely dotted and veined 
with dark  brown-purple like I. sofarana  
subsp. sofarana; the dots and veins slightly 
embossed; signal spot small, elliptical, 
about 1.5 cm long, about 1 cm wide, 
dark  purple; beard of sparse, purple 
hairs. Standards oval, about 9 cm long, 
about 6 cm wide, ground creamy white, 
densely fine-dotted and fine-veined with 
purple, the veins denser and embossed 
in the basal area; narrowed into a t r i ­
angular area and then abruptly  clawed,
I he claw about 1 cm long and with long,

, 'e hairs; the veins denser and em ­
bossed in the basal area. Anthers about 
2.5 cm; filaments about 1.5 cm. Style 
branches short,  4— 5 cm long including 
the lobes, narrowly ridge-keeled, strongly 
arched, hard ly  produced beyond the spread 
of the standards; the lobes rather  short,

the combined width of the two lobes not 
more than  the width of a style branch; 
pollinator tunnel ra ther  short as compared 
with other taxa, like that in I. sofarana  
subsp. kasruwana. Pods?

DISTRIBUTION: Endemic to Jabl Qas- 
soun near Damascus, Syria. In danger 
of extinction.

MATERIAL: Jabl Qasyoun, Syria, March 
1952, H i g h w o o d  (K) ; March 1975, Kha- 
t e e b  (BEI).

NOTE: Figure 6 F is a pen and ink 
resketch of a plate of this taxon in the 
Kew Herbarium of the Royal Botanic 
Gardens, permitted to be published in 
the present form by courtesy of the Di­
rector of the Herbarium. The sketches 
of the flower parts are from fresh material 
collected from the type locality.

14. Iris yebrudii C h a u d h a r y  subsp. 
yebrudii — Fig. 6 C

C h a u d h a r y  1972 in Bot. Notiser 125:259— 
60. — Orig. coll.: Syria, Yebrud, May 1971, 
C h a u d h a r y  786 (holotype, BEI).

Plants usually 15— 18 cm, up to 30 cm 
under cultivation. Rhizome small, com ­
pact, pale yellow. Leaves 5— 8, covering 
the whole of the stem or the stem leaf 
reaching beyond middle of the valves, 
usually less than 1 cm wide, up  to 21 cm 
long, dark  green to bluish-green with a 
white bloom, strongly recurved to slightly 
so; stem leaf one. Peduncle up  to 11 cm. 
Flowers about 13 cm long from base of 
the valves, 8— 9.5 cm wide; valves 7— 9 
cm, reaching above the level of the falls, 
keeled, purplish-pink in the upper half, 
inflated; ovary about 3 cm, broadly tr i ­
gonal; perianth tube about 2.0 cm. Falls 
about 7 cm long, 5 cm wide, oval to 
obovate, the ground pale yellow with 
dark  brown-purple, embossed veins p ro ­
minent all around except in the area 
below the signal patch to the margin 
which has only fine spots, the spots 
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Fig. ß. A: Iris lo i te t i i .  — ß: Iris  
1): Ir is an t i l ibano t ica .

hey la n d ia n a .  —  C: Iris y e b r u d i i  subsp. y e b r u d i i .  
- E: Ir is a ssa d ia n a .  —  F: Iris d a m a sc e n a .

denser and anastomosing immediately be­
low the signal spot; signal spot dark 
purple, about 1X1 cm, rhomboid to trans­
versely ovate; beard of long, purple hairs, 
the hairs reaching below the signal spot 
on either side. Standards about 7.5 cm 
long, about 6.5 cm wide, with the claw 
about 1 cm, orbicular, reflexed at sides, 
pale yellow with prominent hut fine, 
purple veins and dots; the dots very fine, 
sparse in the middle region, denser to­
wards the margin; the m ajor  veins and 
those in the central top end usually dis­
tinctly yellow; a few long hairs usually 
Bot. Notiser, vol. 128, 1975

present on the inner basal area. Anthers 
about 3 cm, tapering, yellow on the  hack; 
f ilaments about 1.5 cm. Style b ranches 
5.5— 6.5 cm long, 2— 3 cm wide, ra ther  
narrow ly (transversely) curved, dark- 
purple to m aroon-purp le  towards the base, 
speckled with da rk  purple in the outer 
half, the keel with a double p rom inent 
crest is also speckled; the width of the 
two lobes more than  the w idth of the 
style branch; pollinator tunnel as in /. 
sofarana  subsp. sofarana. Pods abou t 7 
cm long, about 2 cm wide, usually  with 
the 3 m ajor  lobes more prominent.
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Variant biotypes with purplish slaty- 
grey ground both in the falls and the 
s tandards with only fine, darker dots, 
densely and uniformly distributed.

DISTRIBUTION: Endemic to the Yebrud 
area in Syria.

MATERIAL: Yebrud, Syria, May 1935, 
D i n s m o r e  25515 (BEI); May 1974, C h a u d ­
h a r y  & R a s h i d  S h a d  1310 (BEI); Deir 
Atiyeh, May 1879, P o s t  (K).

15. Iris yebrudii D in s m o r e  e x  C h a u d h a r y  
su b s p . edgeconibii C h a u d h a r y

C h a u d h a r y  1972 in  Bot. Notiser 125:499— 
500. —- Orig, coll.: Syria, Kastei, Apri l 1972, 
K ir k w o o d  788 (holotype, BEI).

Plants 25— 40 cm. Rhizome small, com­
pact, light yellow-brown. Leaves 6— 7, 
greyish-green, about 8 mm wide, about 
11 cm long, strongly recurved; stem leaf 
one, erect, reaching or surpassing the 
valves. Peduncle c. 11 cm. Flowers about 
15 cm (often more) tall from base of the 
valves, c. 12 cm wide; valves 7— 9 cm, 
inflated keeled, pink-tinged; ovary about 
5 cm, broadly trigonal; perianth  tube 
about 3.5 cm. Falls about 9 cm long, 
about 7 cm wide, ovate to orbiculate, 
covered with red-purple embossed dots 
and fine, dark  purple veins, the la tter p e r ­
ceptible only at or above the level of 
the signal spot (in pale biotypes the red- 
purple dots m uch smaller and the red- 
purple veins visible all along the m argin); 
the ground pale yellow or pale greenish, 
clear; signal spot ovate, about 1.5 cm long, 
1 cm wide, maroon-purple w ith darker  
veins perceptible through it; beard of 
dark  purp le  hairs tipped with yellow, the 
hairs covering part of the signal spot and 
coming dow n its side to about 1/4 the 
length. Standards about 10 cm long, 8.5 
cm wide, the limb orbiculate and g radu ­
ally tapering to a small claw, uniformly 
covered with m aroon-purple veins more 
distinct near  the margin and small densely 
arranged dots on a white, clear ground;

the margin slightly crenulate, the inner 
basal area with a few long yellow hairs 
(pale biotypes with the standard  un ifo rm ­
ly pale yellow, clear with very fine purple 
veins and sparsely scattered, fine purple 
dots or the standard with uniform ly den­
sely scattered fine purple dots only, or 
with larger, sparse dots only). Anthers 
about 3 cm, with minute red-purple dots 
on the back; filaments about 1.5 cm. 
Style branches flatfish, about 7 cm long 
including the lobes, 4 cm wide, with 
minute dark  purple dots on the maroon, 
median and  pale greenish lateral bands; 
lobes upturned, continuing as a prom inent 
double crest over the keel, sometimes the 
crest folded over near the lobes, the 
double crest dotted and streaked with 
red-purple like the lobes; pollinator tunnel 
more or less as in I. sofarana  subsp. 
sofcirana, only flatter. Pod about 11 cm 
long, 2.7 cm wide, inflated-lobed, g radu­
ally tapering to the top.

DISTRIBUTION: Endemic to Kastel
area in Syria. In danger of extinction.

MATERIAL: Transplants from this pop­
ulation.

16. Iris antilibanotica D in s m o r e  — - 
Fig. 6 1)

D in s m o r e  1933, 1*1. Post. Dinsm. 2: 10; 
1934 in P o s t  & D in s m o r e , FI. Syr. Pal. & 
Sin. 2:599; M o u t e r d e  1966, Nouv. FI. Lib. 
Syr. 1:316. — Orig. coll.: Syria, above
Bludan, May 19--. W e s t  (holotype, D in s m o r e  
Herbarium?).

Plants up to 40 cm. Rhizome small, 
compact. Leaves 7— 8, usually 1 cm wide 
or less, up to 20 cm long, falcate, sheathing 
2/3 or more of the stem; stem leaf one. 
Peduncle up to 10 cm. Flowers about 
13 cm tall from base of valves, about 10 
cm wide; valves relatively large, about 
7— 9 cm, slightly inflated; ovary about 
2 cm; perianth tube about 3.5 cm. Falls 
6— 8 cm long, up to 5 cm wide, oblong, 
darker than the standards, m aroon or 
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reddish-brow n w ith a purp le cast, varying 
in depth  of colour, w ithout veins or dots; 
signal spot sm all; heard of usually  pure 
yellow, sometim es purp le-tipped  or of 
reddish-purple hairs on a cream y—bright 
yellow ground; beard  hairs only slightly 
papillate-eehinate, especially near the tip. 
S tandards up to 10 cm long, up to 8 cm 
wide, ground intense purp le w ithout any 
dots and w ith veins of a d arker colour or 
the veins sometimes not discernable. An­
thers about 2.5 cm; filam ents about 1.5 
cm. Style branches light brow n, about 
5.5 cm including the lobes, about 2.5 cm 
wide, strongly keeled; lobes coloured like 
the falls; pollinator tunnel apparen tly  ob­
lique. Pods?

DISTRIBUTION: Endem ic to heights 
above Bludan, Syria.

MATERIAL: Above Bludan, May 1953, 
K h a t e e b  24  (lectotype, BEI and  D am as­
cus Univ. H erbarium ).

NOTES: The above description has heen 
adopted from  those of D i n s m o r e  (1933), 
M o u t e r d e  (1966), W e r c k m e i s t e r  (1957), 
W e s t  (1935), and m odified in places 
from  the study of herbarium  m aterial.

Sketches of flowers in Fig. 6 I) are 
based upon photographs b y  P e t e r  W e r c k ­
m e i s t e r .

17. Iris ? heylandiana B o i s s i e r  & R e u t e r  
—  Fig. 6 B

B o i s s i e r  & R e u t e r  1877 in B a k e r  in J. 
Linn. Soc.  1(5: 142; B o i s s i e r  1884, FI. Orient. 
5 :  130— 131; P o s t  & D i n s m o r e  1934, FI. Syr. 
Pal. & Sin. 2: 59(5; M o u t e r d e  19(56, Nouv.  
Ft. Lib. Syr. 1:317.  —  Orig. coll .:  Turkey,  
b etw een  Diarbekir and Mardin, 18--, K o t s c h y  
307 (syntype) ; Iraq, b e tw een  M ossul and  
B aghdad, 18--. O l i v e r  ( syntype ,  not  seen).

Plants up to 35 cm. Rhizom e m edium —  
small, shortly  creeping (apparen tly  sto- 
loniferous). Leaves up to 9, less than  1 
cm wide, about 20 cm long, strongly 
arched; stem leaf 0— 1. Peduncle about 
9 cm. Flowers about 15 cm tall from

base of the valves, about 7 cm wide; 
valves about 7 cm, m ore or less inflated, 
w ith a brow nish-pink tinge. Falls obo- 
vate— cuneate, veined and spotted  w ith 
brown-violet form ing an open p a tte rn  on 
a w hitish, clear ground, dark  brow n at 
the th ro a t (?); signal spot dark , narrow , 
elongate w ith the distal edge irregular 
in outline; beard  linear b u t spreading 
out laterally  near the base; beard  hairs 
white, relatively sparse (like /. barnum ae), 
of alm ost uniform  length, less than  5 mm 
in length. S tandards b roader than  the 
falls, orbiculate— unguiculate, w hite w ith 
fine purp lish-brow n veins and  sparse do t­
ting. Style branches horizontal— oblique, 
rah ter wide, orange (?); the lobes short, 
crenate, the w idth of the two lobes less 
than  the w idth of the style b ranch ; 
pollinator tunnel constituted m ainly of 
the style branch, the fall contributing  
the floor near the base only, otherw ise 
the tunnel open on the lower side and 
the linear beard  laterally  visible. Pod?

DISTRIBUTION: Reported from  n o rth ­
eastern Syria, southern  Turkey, and from  
between Mosul and Baghdad in Iraq.

MATERIAL: Syria, Derbassieh, April 
1940, D i n s m o r e  21512 (BEI); between 
D erbassieh and Ras-el-Ayen, April 1934, 
G o m b a u l t  5769 (LNRC) ?

NOTES: The au thors have not seen any 
live m aterial. The above descrip tion  has 
been adopted from  the original and  m odi­
fied in places based upon study of h e r­
barium  m aterial from  the D arbassieh area 
and descriptions and pictures k indly  sup­
plied by Mr C l a y  II. O s b o r n e  and  Mr 
H e r b e r t  M c K u s i c k . Sketch of this taxon 
based upon pictures provided by Mr 
O s b o r n e .

I. heylandiana  is apparen tly  a com ­
ponent of the com plex of species in 
sou thern  T urkey and north -eastern  Syria. 
G o m b a u l t  5769 bears the nam e /. gom- 
baultii D i n s m o r e  but M o u t e r d e  cited this 
sheet as /. heylandiana. The rhizom e in
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th is  p la n t  is long s to loniferous, the  leaves 
a r c u a t e  m ak in g  a com ple te  circle an d  
c o v e r in g  the s tem to a litt le be low  the  
valves.  Is  th is  a  n o rm a l  v a r ia t io n  w ith in  
the species I. h e y la n d ia n a ? Or is it a 
s e p a r a te  taxon  as considered  b y  D i n s - 
MORE? T h e  syn types  fo r  /. heylandiana  
a re  m a te r ia l  collected fro m  tw o relatively  
w idely  sep a ra ted  localit ies. B r i a n  M a t h e w  
of Kew H e rb a r iu m  states (pers. comm .) 
t h a t  /. h ey land iana  m a te r ia l  is “large- 
f lo w e re d ” while th e  D erbass ieh  m a te r ia l  
is “ sm a ll - f lo w ere d ” and  p resen ts  aspects 
of /. m e  da  S t a f f  f ro m  Iran .  Only fu r th e r  
s tud ies  of live m a te r ia l  f rom  the  two 
sy n ty p e  localities c a n  p rov e  w h e th e r  the 
tw o syn ty p es  t ru ly  rep re sen ts  one taxon  
or  tw o  sep a ra te  ta x a  o r  th a t  the D e rb as ­
sieh m a te r ia l  rep resen ts  a n  en tire ly  d i f ­
fe ren t  taxon .  The D e rbass ieh  reg ion  co m ­
plex is ch a rac te r iz ed  by the  l in ea r  heard  
as too is the  I. b a rn u m a e  com plex . H o w ­
ever, in  /. hey land iana  (p h o to g ra p h s  seen 
by the au th o rs )  the  l inea r  b e a rd  ap pea rs  
to  sp re a d  ou t  t r an sv e rse ly  n e a r  the  base. 
A n o the r  taxon  w h ich  h a s  an  a p p a re n t  
l inea r  b e a rd  is I. a ssa d ia n a ; b u t  in  this 
species th e  m ed ian  b r u s h  of longer  ha irs  
(m ore  th a n  5 m m ) is m o re  densely  a r ­
ranged  an d  is su r ro u n d e d  o n  e i the r  side 
by  a dense  ban d  of very  sh o r t  h a ir s  —  
in o th e r  w ords ,  this ta x o n  has  the m ed ian  
b ru s h  of longer ha irs  as in /. hey land iana  
a n d  /. ba rn um ae  com p lexes  and  a denser  
h ea rd  w i th  the la tera l  b a n d s  of dense 
(■' gh  very  shor t)  h a i r s  as in the 
H a in a n  g ro u p  of oncocycli.

T h e  b e a rd  an d  b e a r d - h a i r  charac te rs  
used in  the key an d  g iven  in  the  text are  
f rom  m a te r ia l  collected f ro m  the  D e r­
bass ieh  a re a  and  p ic tu re s  p rov ided  by 
Mr Cl a y  O s b o r n e .

18. Ir is  a s s a d i a n a  C i i a u d h a r y  et  al., sp.  
now —  Fig. 6 E

Orig. coll .:  Syria, S a d a d  area , April 
1974, K i r k w o o d  1312 ( h o l o t v p e ,  B EI).

/. barnumae  F oster  & B aker  var. zcno- 
biae M o u t e r d e  (in part) 196(3. Nouv. Ft. 
Lib. Syr. 1: 315—316.

Planta c. 15 cm alta. Rhizoma parvum, 
stoloniferum. Folia 6—8, firmiter arcuata, 
4— 12 cm longa, 1 cm vet infra lata. Flores 
odoriferi, 9.5— 13 cm longi a basi spatharum. 
Tepala externa 5—6.5 cm tonga, 2.5— 3.5 cm 
lata, uniformiter purpurea, venis paucis fus­
cioribus instructa; macula media fuscior, 
latior quam longior; barba in medio capillis 
longis (supra 5 m m ), flavis, ad margines 
brevissimis lineis purpurascentibus. Tepala 
interna 6—8 cm longa, 4—5 cm lata, obovata, 
unguiculis parvis. Antherae 1.3— 1.8 cm longae; 
fila 1.8—2 cm longa. Rami styli obliqui— aequi 
arcuati, non-carinati,  4—5.5 cm longi (lobis 
inclusis), amborum loborum latiores, lutei: 
canaliculus pollinicus apertus, tepalis externis 
basi tantum convenientibus. Capsula c. 4 cm 
longa, 1.25 cm lata.

P lan ts  up  to 15 cm. R hizom es at hase  
of ind iv idual shoots very small, th e  buds  
at the hase only a few and  fo rm in g  small 
c lu m p s;  several long, sp ind ly  o r  stout 
stolons (of several nodes each) com ing  
f ro m  the hase of each shoot cons t i tu te  
the m a in  rh izom e; stolons up  to 12 cm 
long, becom ing  conica l at the  b ase  of 
the single p lan t le t  tha t  develops from  
the apica l b u d  on each stolon. L eaves 6—  
8, u sua l ly  falcate, strongly  reflexed, 1 cm 
wide o r  less, 4— 12 cm long, usu a l ly  the 
single stem leaf o r  the u p p e rm o s t  leaf 
longer th a n  the stem. P eduncle  ab o u t  4 
cm. F low ers  odorous , ab ou t  9.5— 13 cm 
long from  base of the valves, 6— 7.8 cm 
wide; valves ab ou t  5.5— 7 cm, r a th e r  in ­
flated, keeled, pale  green to yellowish- 
p ink on dry ing ; ovary  ab o u t  2 cm; 
p e r ia n th  tube  ab o u t  2 cm. Falls  5— 6.6 
cm long, 2.5— 3.5 cm wide, un ifo rm ly  
d a rk -m a ro o n  to d a rk -p u rp le  to a lm ost 
b lack  w ith  a few d a rk e r  veins; signal 
spot velvety, d a rke r ,  tran sve rse ly  oval, 
w ider th a n  long, notched, less th a n  1 cm 
long, ab o u t  1 cm  wide or sl ightly  m ore ; 
b ea rd  of a m ed ian  b an d  (about 0.5 cm 
wide) of long (about 1 cm) h a ir s ;  the 
ha irs  on  e ither side of the m e d ia n  ban d  
very  shor t ;  the long hairs  b r igh t  yellow, 
e ither  w i th o u t  p u rp le  tips o r som e with 
very sm all p u rp le  tips or the  b r igh t  
yellow m ask in g  the purp le  tips; the  short 
ha ir s  p u rp le ;  the  g ro u n d  below  the  long 
hairs  b r ig h t  yellow, in some b io types  the 
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beard  hairs com pletely lacking and only 
a yellow band  on the falls present. S tan­
dards 6— 8 cm long, 4— 5 cm wide, obo- 
vate, gradually  narrow ed to the base into 
the claw; the claw 1— 1.5 cm long, ch an ­
nelled, the channel with a few yellow 
hairs, m aroon-purp le w ith darker veins, 
some biotypes dark  purple. Anthers 
cream y white, 1.3— 1.8 cm ; filam ents 1.8— 
2 cm. Style branches 4— 5.5 cm long 
including the lobes, strongly arched, not 
keeled, if keeled then not ridged, pale 
orange (not purp le as described by Mou- 
TERDE 1966), streaked w ith purple, be­
coming darker tow ards the centre, w ith 
a purp le m edian streak; w idth of the two 
lobes less th an  the w idth of the style 
branch; pollinator tunnel constitu ted  m ain ­
ly by the style branch, the fall form ing 
only a p art of the tunnel floor near the 
very base; (he style b ranches often raised 
relatively high above the falls and the 
long beard  hairs then la terally  visible. 
Pods about 4 cm long, about 1.25 cm 
wide, tapering.

DISTRIBUTION: A pparently  endemic 
to I he Syrian desert.

MATERIAL: Ain-al-Baida, Syrian desert, 
April 1944, M o u t e r d e  8159 (now at G ) ;  

Chalky hills, P alm yra Road, April 1943, 
D a v i s  5769 (K); Q aryatein, April 1943, 
D a v i s  5721, 5668 (K) ; I la far, April 1935 
( ? ) ,  D i n s m o r e  24313 (K); loc. ? (probably 
Syrian desert) April 1913, E g g e r s  (K).

NOTES: W . R. H i g h w o o d  reports
having seen white, yellow, and lighter- 
colored form s, apparen tly  around  the 
Q aryatein area.

M o u t e r d e  described this taxon as /. 
barnumae var. zenobiae and included the 
Tell Chehan m aterial (/. swensoniana  sp. 
nov.) under this taxon. The stoloniferous 
habit of the desert m aterial was apparen tly  
overlooked by him because the type speci­
mens th a t he used for description are 
w ithout rhizom es while the Tell Chehan 
m aterial that he probably  used in his de- 
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scription ( M o u t e r d e  7558) does have the 
non-stoloniferous rhizomes. Also, the type 
of beard  in the two taxa was confused 
by him. I. assadiana apparently  shows 
close affinities to I. barnumae, but is prob­
ably even closer to I. heijlandiana found 
in the extrem e north  of the Syrian desert 
on the southern  T urkish border. Also, 
/. barnumae and all of ils infra-specific 
taxa have a distribution  in m ountainous, 
non-desert habitats. The stoloniferous 
habit, the m edian band of long hairs 
am idst la teral piles of very short hairs, 
the non-echinate beard  hairs, the presence 
of darker veins in the perianth and its 
d istribution  justifies, we feel, treating the 
desert m aterial as a separate species, /. 
assadiana sp. nov.

This species is nam ed after Mr II. A s s a d , 
P atron  of the H orticultural Society of 
Syria.

19. Iris jordana D i n s m o r e  — Fig. 7 A

D i n s m o r e  1933, PI. Post. Dinsm. 2:9; 
1934 in P o s t  & D i n s m o r e , FI. Syr. Pal. & 
Sin. 2:598; M o u t e r d e  1966, Nouv. FI. Lib. 
Syr. 1:316. Orig. coll.: Jordan Valley, 
near Baysan, April 1921, D i n s m o r e  1893 
(holotype, D i n s m o r e  Herbarium), not seen.

P lants up to 49 cm. Rhizome rather 
large, com pact. Leaves usually 9, slightly 
falcate, erect, about 2 cm wide, up to 
30 cm long, the two upperm ost sometimes 
ending at the same level, sheathing the 
stem com pletely. Peduncle about 12 cm. 
Flow ers 13— 18 cm long, from  base of the 
valves; valves 10— 12 cm, light green, often 
streaked with purple; ovary about 4 cm; 
perian th  tube about 3 cm. Falls about 
9X 5  cm, ra the r leathery, obovate— ellip­
tical, slightly irregularly  crenate, densely 
red-purple spotted and with dark purple 
veins, the spotting so dense th a t the 
ground appears as lead-white spots 
through the dense spots and veins; signal 
spot orbicular, about 2 cm in diam eter, 
velvety, very dark  purple, alm ost black, 
w ider and diffusing tow ards the tip end; 
beard  of relatively sparse hairs, the hairs
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c re a m y  w hite ,  t ip p ed  w i th  very  small,  
p u rp le  dots .  S tan d a rd s  10.5— 13 cm  long, 
7.5— 9.5 cm  wide, o rb icu la r ,  a b ru p t ly  
n a r r o w e d  in to  a  t r ia n g u la r  a re a  an d  th en  
into a ch a n n e l le d  claw, the  c law  a b o u t  2 
cm ; dense ly  spo t ted  w i th  fine re d -p u rp le  
do ts  a n d  d a r k  p u rp le  veins, the  dots  very  
dense  a n d  the  veins v e ry  th ick  in th e  cen ­
tra l  a re a  o n  a lead -w hi te  g ro u n d ;  th e  dots 
sp a r se r  o n  the in n e r  face an d  the  lead- 
w hite  g ro u n d  m u c h  m o re  p ro m in en t .  
A n the rs  a b o u t  4 cm, c re a m y  w hite ;  f i la ­
m en ts  a b o u t  1 cm. Style b ra n c h e s  abo u t  
6 cm  long, a b o u t  4 cm  wide, greenish- 
yellow, dense ly  f ine ly  sp o t ted  w ith  d a rk  
p u rp le ,  w i th  the green ish -ye l low  co lou r  
sh ow in g  th ro u g h ,  ridge-keeled, the  ridge 
p ro m in e n t ;  lobes o f  the style b ra n c h e s  
tu rn e d  u p w a rd s ,  d a rk e r ,  the  w id th  o f  the  
tw o lobes m o re  th a n  the  w id th  of style 
b ra n c h e s ;  p o l l in a to r  tun ne l  r a th e r  s im ila r  
to th a t  in I. sofcirana  subsp . k a s r u w a n a  
(Fig. 4 D a).  P o d s?

D IS T R IB U T IO N : E n dem ic  to th e  J o r d a n  
R iver Valley.

M A T ER IA L : Live m a te r ia l  in cu l tu re  
a p p a re n t ly  f ro m  a ro u n d  the  ty pe  locality. 
—  Collections: N ea r  Y a rm o u k  river, April 
1943, D i n s m o r e  5893 (B E I);  B ay san  a rea  
(?), f ro m  cu ltu re ,  A pril  1974, Ch a u d h a r y  
1403 (BEI).

N O T E : T h e  live m a te r ia l  s tud ied  was 
o b ta in ed  th r o u g h  the  co u r te sy  of the  Aril 
Society In te rn a t io n a l ,  b u t  is defin ite ly  from  
the  J o r d a n  valley u n d e r  Is rae li ad m in is ­
t ra t io n  at p resen t.  T h e  o rig inal  sup p l ie r  
iden t if ied  it as I. jo rda na  D i n s m . w h ich  
ind ica ted  th a t  it h a d  com e f ro m  a rea  
a ro u n d  B aysan ,  the  type  locality  fo r  I. 
jordana.  T h e  typ e  localities fo r  I. jo rdana  
a n d  /. ha u ra n en s is  D i n s m . lie on  opposi te  
b ank s  of the  r ive r  J o r d a n  a b o u t  30 km s 
a p a r t .  H ow ever ,  D i n s m o r e  also labelled 
his no. 5893 (BEI) I. jordana ,  collected 
n e a r  the  Y a rm o u k  r iv e r  (April 1943), a p ­
p a ren t ly  f ro m  the  E a s t  b a n k  of the  J o r d a n  
river. T h e  tw o  ta x a  w ere  p u b l ished  by

D in s m o r e  at the sam e t im e  in the sam e 
publication . M o u t e r d e  (1966) considered  
the  two taxa  to he identical . F r o m  the 
s tudy  of limited m ateria l ,  w hile  w e tend  
to su p p o r t  Mo u t e r d e ’s t r e a tm e n t  of the 
two taxa, we can no t  w ith  confidence  say 
th a t  they  shou ld  be un ited . A th o ro u g h  
study  of m a te r ia l  f rom  bo th  localities is 
needed to clear up  this point.

20. Iris bostrensis M o u t e r d e  —  F ig . 7 B

M o u t e r d e  1954 in Bull. Soc. Bot. France 
101:420—421; based on I .  atro purpurea 
B a k e r  var. purpurea D in s m o r e  1933 in P o s t  
& D i n s m o r e , F I. Syr. Pal. & Sin. 2:600; 
M o u t e r d e  1966, Nouv. F I. Lib. Syr. 1:317. 
—- Orig. coll.: Syria, 10 km N of Draa, 
March 1952, U i g h w o o d  HG 6 (holotype, 
Herl). M o u t e r d e , now at G).

P lan ts  up  to 40 cm. R h izom e short, 
com pac t,  b row n . Leaves u su a l ly  8, less 
th a n  1 cm wide, up  to 20 cm  long, w eak ly  
or s trongly  recu rved  or erect; s tem leaf 
one. P edunc le  ab o u t  12 cm. F lo w e rs  abou t  
14—-17 cm tall f rom  base of the  valves, 
ab ou t  8 cm wide; valves pale  g reen  to 
yellowish-green, sl ightly in f la ted , ab ou t  
9 cm; o vary  ab o u t  3.5 cm ; p e r ia n th  tube  
ab ou t  3 cm. Falls  6 .5— 7.5 cm  long, 3—  
4.5 cm wide, reflexed, o f ten  fo lded  back ; 
the limb ovate, a b ru p t ly  n a r ro w e d  in to  the 
haft ,  the la t te r  r a th e r  tightly  c lasp ing  the 
style b ra n c h ;  densely  spo tted  an d  veined 
w ith  d a rk  b ro w n -p u rp le  so th a t  the  yellow 
g rou nd  ap p ea rs  spo tted  th ro u g h  the da rk  
b ro w n -p u rp le ;  signal spot sem i-c ircular,  
u sual ly  truncate ,  often  n o tc h e d  o r  w ith  
two shal low  notches, w ide r  th a n  long, 
1.5— 2 cm wide, ab o u t  1.5— 1.6 cm long, 
velvety d a rk  m aro o n -p u rp le ;  h ea rd  dense, 
be a rd  ha ir s  all b r ig h t  yellow, m in u te ly  
pu rp le - t ipped ,  abou t 0.5 cm  long in  the 
middle, g radua l ly  redu ced  in length  to ­
w ard s  the sides; the  b r ig h t  o r  pa le  yellow 
g ro un d  visible th ro u g h o u t  the bea rd .  S tan ­
da rd s  ab ou t  8— 10 cm  long, ab o u t  5— 7 
cm wide, limb orbiculate ,  r a t h e r  a b ru p t ly  
n a r ro w e d  into the  claw, the  c law  c h a n ­
nelled, ab ou t  1.5 cm  long w ith  fine yellow 
hairs,  densely  finely  s t reaked  w ith  d a rk  
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bro w n -p u rp le ,  the spo tt ing  densi ty  v a r i ­
able, giving rise to d if fe ren t  shades; 
the g ro u n d  b row nish -ye llow  to greenish- 
yellow. S tam ens c rea m y  w hite ;  an the rs  
a b o u t  2 cm ; fi lam ents  abou t 1 cm. Style 
b ra n c h e s  5.5— 6.5 cm long includ ing  the 
lobes, abo u t  2.5 cm wide, ridge-keeled, 
go lden  yellow w ith  dense, very m inute ,  
d a r k  b ro w n -p u rp le  spots, th e  spots b e ­
com ing  bigger o r  s t reaks  to w ard s  the 
sides and  the lobes; the tw o lobes as wide 
as o r  w ider  th a n  the style b ra n c h ;  p o l­
l in a to r  tun ne l  a lm ost like th a t  in  I. so- 
fa ra na  subsp. sofarana,  bu t  the style b r a n ­
ches ra th e r  ob liquely  ra ised  above the 
falls aw ay  from  the  im m ed ia te  basa l  areas. 
P o d s  abou t 8 cm long, abo u t  1.25 cm 
wide, 6-lobed, slightly inf la ted.

D IS T R IB U T IO N : T h e  H a u ra n ,  Syria. 
T h e  com m onest of the “b lack  ir ises” , 
o f ten  a weed in grain-fields.

M ATERIAL: Live cu ltu re .  —  Collections: 
S a lk h a d  to Bosra, April 1964, W e g m a n n  
B-157 (BEI); S h ehb a  Road, April 1972, 
C h a u d h a r y  & K i r k w o o d  795 (BEI); Jab l 
D ru ze  region, April 1973, W e y m o u t h  1298 
(B E I) ;  in fields a ro u n d  D a m ascu s -Jo rd a n  
ro ad ,  April 1952, H i g h w o o d  (K ) .

21. Iris auranitica D i n s m o r e  f. auranitica
—  Fig- 7 C

I. auranitica  D i n s m o r e  1933, PI. Post. 
Dinsm. 2:11; 1934 in P o s t  & D i n s m o r e , F I .  
Syr. Pal. & Sin. 2:601; M o u t e r d e  1966, 
Nouv. FI. Lib. Syr. 1:315. —- Orig. coll.: 
Syria, Jabl Kulayb, May 1933, D i n s m o r e  
13045 ( D i n s m o r e  Herbarium), not seen.

P la n ts  up to 50 cm. Rhizom e m ed ium , 
com pac t ,  yellow. Leaves u p  to 9, abou t  
1 c m  wide o r  ra re ly  m ore , ab o u t  25 cm 
long, erect o r  sl ightly a rched ,  shea th ing  
the  stem alm ost to the top ; stem leaves 
one o r  two. P eduncle  up  to 15 cm. F low ers  
odorous ,  abou t 15 cm tall f rom  base of

the valves, valves r a th e r  tigh tly  clasping, 
8— 9.5 cm long, green ish-yel low ; ovary  
ab o u t  4 cm long, 1 cm b ro a d  w ith  a  
sta lk  ab o u t  5 m m ;  p e r ia n th  tub e  ab o u t
2 cm. Falls  ab o u t  7 X 4  cm, obovate ,  
bronze, w ith  very m inu te ,  u n ifo rm ly  and  
ra th e r  densely d is tr ib u ted  pu rp l ish - red  
spots a n d  very fine re d d ish -p u rp le  veins 
or w i th o u t  spots an d  w ith  on ly  fa in t  
vena tion ; signal spo t ab o u t  1 .5X 1.5  cm, 
o rb icu la te  to p en d u lu m -sh a p e d ,  d a rk  
m a ro o n  or redd ish-yel low ; b e a rd  dense, 
the h a ir s  b r ig h t  yellow w ith  very  m in u te  
p u rp le - red  tips; the ha ir s  longest in the 
m iddle  (about 0.5 cm) a n d  g rad ua l ly  
becom ing  sho r te r  to w ard s  the sides. S ta n ­
d a rd s  ab o u t  8.5 X 5.5 cm, obovate ,  golden- 
vellow to  bronze, w ith  very  fine p u rp l ish -  
red  veins or w i th o u t  dots  a n d  w ith  on ly  
fain t veins; c law  ab o u t  1 cm  long, c h a n ­
nelled, w ith  go lden yellow, dull b ro w n -  
t ipped, dense hairs .  A n th e rs  a b o u t  2.2—
3 cm, tailed, c rea m y  w h ite  to light yellow; 
f i lam en ts  abou t 1— 2 cm, light yellow. 
Style b ran ch es  4.7— 5.5 cm  long inc lud ing  
the lobes, ab o u t  3 cm  wide, go lden  yellow 
w ith  very  fine p u rp le  to b ro w n is h -p u rp le  
dots, r a th e r  ob lique  a n d  a rch ed ,  ridge- 
keeled, the  ridge m o re  p ro m in e n t  n e a r  
the lobes; the  lobes no t  w id e r  th a n  the 
w id th  of the style b ran ch es ,  u p tu rn e d ,  
spo t ted  and  veined like th e  falls; the 
style b ran ch e s  fo rm ing  a r a t h e r  sh o r t  p o l­
lina to r  tunne l w ith  the  falls  n ea r  the i r  
bases, the  tunne l  op en  aw ay  f ro m  base. 
P ods  ab o u t  8 cm, r a t h e r  n a r ro w .

D IS T R IB U T IO N : E n d e m ic  to the  Jab l  
D ruze  a rea  in Syria.

MATERIAL: Jab l  K ulayb ,  M ay 1943, 
D i n s m o r e  15095 (dam aged ,  B E I ) ;  M aya- 
mas n e a r  Tell J a f fn a ,  April  1973, C h a u d ­
h a r y  & K i r k w o o d  800 (BEI) (collected 
in b u d  and  b ro u g h t  to B e iru t  w h e re  it 
flow ered  and  f ru i ted ) .

Fig. 7. A: Iris jordana.  B: Iris bostrensis. —  C: Iris auranitica  f. auranitica. —  D:
Iris swensoniana.

B ot. N otiser, vo l. 128, 1975
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22 . Iris auranitica D i n s m o r e  f. w ilk iana
C h a u d h a r y  et . a l .,  s ta t .  e t  n o m .  n o v .

Base: I. auranitica D i n s m o r e  var. unicolor 
M o u t e r d e  1953, El. Djebel Druze, p. 82; 
1966. Nouv. FI. Lib. Syr. 1:315. -— Orig, 
coll.: Syria, Tell Jaffna (type not indicated); 
Mayanias near Tell Jaffna, April 1973, C h a u d - 
i i a r y  & K i r k w o o d  800-A (neotype, BEI).

This  fo rm  d iffers  f ro m  f. auranitica  in 
hav ing  b r ig h t  yellow flow ers  w i tho u t  red- 
p u rp le  dots or veins. T h e  falls a n d  s ta n ­
d a rd s  o f ten  tend  to be wavy. M o u t e r d e  
considered this to be a  var ie ty  (unicolor) 
w h ich  is in a p p ro p r ia te  as b o th  the  fo rm s 
are  foun d  grow ing  to ge th e r  —  the  d if­
ferences are  a p p a re n t ly  m in o r  genetic 
varia tions  a n d  the  b io types  bes t  m er it  
recognition  as form s. T he  n am e  “u n ico lo r” 
cou ld  be m islead ing  an d  be co n tru e d  as 
im ply ing  th a t  the b io types  w ere  com plete ly  
lacking in an y  o th e r  p igm en t except 
yellow w hich  is not so, or  th a t  the  falls 
and  s tandards  w ere like-co loured  (as in 
f. auranitica) .

NOTE: This  fo rm  is n a m e d  a f te r  Mr 
T h o m a s  W i l k e s  of the  Aril Society In t e r ­
national,  USA.

23. Iris sw ensoniana C h a u d h a r y  et al., 
sp. nov. —  Fig. 7 I)

Orig. coll.: Syria, Tell Cbeban, April 1972, 
C h a u d h a r y  & K i r k w o o d  796 (holotype, 
BEI).

1. barnumae F o s t e r  & B a k e r  var. zenobiae 
M o u t e r d e  (in part) 1966, Nouv. FI. Lib. Syr. 
1: 315—316.

Planta c. 40 cm alta. Rhizoma parvum, 
compactum. Folia c. 8, infra 1 cm lata, c. 
20 cm longa, infirmiter recurva, etiam cir­
cinata. Flores odoriferi, c. 15 cm longi a 
basi spatharum. Tepala externa 6— 7 cm 
longa, 3—3.5 cm lata, ovato-spathulata, saepe 
retroflexa, uniformiter atropurpurea, venis 
fuscioribus; macula media orbicularis—reni- 
formis; barba sicut pulvinus, capillis densis, 
marginem versus gradatim brevioribus, infra 
5 mm longis, in medio flavis, ad marginem 
purpurascentibus. Tepala interna 6—8.5 cm 
longa, 3.5—5 cm lata, uniformiter purpurea 
vel maronina, unguiculata. Antherae 2—3.5 
cm longae; fila 1— 1.5 cm. Rami styli 4—6
B ot. N o tiser, vo l. 128, 1975

cm longi (lobis inclusis), 2.5—3 cm lati, 
lineis interruptis, cristati et carinati; canali­
culus pollinicus praecipue e ramo styli fo r­
matus. Capsula 8— 10 cm longa, c. 2.5 cm 
lata.

P la n ts  a b o u t  40 cm. Rhizom es small,  
com pac t,  ye llow ish-brow n. Leaves up  to 
8, less th a n  1 cm  wide, abou t  20 cm long, 
strong ly  recurved ,  even c irc inate; stem 
leaf one. P ed u n c le  ab ou t  15 cm. F low ers  
odorous ,  a b o u t  12— 19 cm long from  base 
of the  valves, 7— 8 cm wide; valves m ore  
or less in f la ted , keeled, pale  green  to 
green, o v a ry  2.5— 4 cm, terete— bro ad ly  
t r ig on a l ;  p e r i a n th  tube  2— 4 cm. F a lls  
6— 7 cm long, 3— 3.5 cm wide, ovate—  
sp a thu la te ,  n a r ro w e d  or not into a baft ,  
s t rong ly  recu rved ,  o ften  folded b ack ; u n i ­
fo rm ly  d a r k  p urp le ,  a lm ost black , w ith  
d a rk e r  veins; signal spo t o rb iculate-reni-  
fo rm , no tched ,  w ider  th a n  long, 1— 1.5 
cm long, 1.5— 2 cm wide, velvety d a rk  
m a r o o n — d a rk  p u rp le  (almost b lack) ; 
b ea rd  of p u rp le - t ip p e d  b rig h t  yellow h a ir s  
(less t h a n  0.5 cm  long) in the m ed ian  
region o n  yellow  g round ,  the ha ir s  g r a d ­
ually  beco m in g  sh o r te r  tow ard s  the sides 
w h e re  th ey  a re  p u rp le  on a pu rp le  g round .  
S tan d a rd s  6— 8.5 cm long, 3.5— 5 cm  wide, 
oblong, g rad u a l ly  or ab ru p t ly  n a r ro w e d  
in to  the  c law ; claw  1— 1.5 cm, channelled , 
the c h an n e l  w ith  a few p u rp le  and  yellow 
h a irs ;  l im b u n ifo rm ly  p u rp le  o r  d a rk  
m aro o n ,  sl ightly  l igh ter  th a n  the  falls. 
S tam ens  c re a m y  w hite ;  an the rs  ab o u t  2—  
3.5 cm ; f i lam en ts  1 — 1.5 cm. Style b r a n ­
ches 4— 6 cm  long includ ing  the  lobes, 
2.5— 3 cm  wide, o range, strongly  s t reaked  
w ith  pu rp le ,  becom ing  d a rk e r  to w ard s  the 
tip, r idge-keeled; lobes co loured  a n d  v e in ­
ed like the  falls, tr ian gu la r ,  crenate ,  r e ­
cu rved ;  lobes n a r ro w e r  than  the  style 
b ra n c h ;  p o l l in a to r  tu n n e l  fo rm ed  m a in ly  
by the style b ran ch ,  the  fall con tr ibu t in g  
on ly  p a r t  of the  tun ne l  floor. Po d  8— 10 
cm long, a b o u t  2.5 cm wide.

D IS T R IB U T IO N : E n d em ic  to Tell Che- 
h a n  area , Syria.



IR IS SUBGENUS SUSIANA IN  LEBANON AND SYRIA 407

MATERIAL: Live culture. —  Collections: 
Tell Chehan, April 1943, M o u t e r d e  7558 

; (LNRC); April 1973, W e y m o u t h  1299 
j  (B E I). '

NOTES: P e t e r  W e r c k m e i s t e r  (pers. 
com m .) has m ade a very interesting co m ­
ment: “The Chehan (Tell Chehan) iris 
has close clum ps. There is an interesting  
equilibrium  betw een the luxurient growth  
of its rhizom es w ith an astonishing m ulti­
plication  of its sprout huds and the 
existence of the larvae of a lepidoptera  
(a k ind of iris-borer) : the p lants w ould  
die out w ithout the borer, as the plants 
w ould  be unable to get enough nutrition  
for so m any sprouts” (from the poor 
soil? auths.).

This species is nam ed after the late 
Dr. S .  P. S w e n s o n , form er D ean of the 
F acu lty  of Agriculture at the Am erican  
U niversity of Beirut, Lebanon and at the 
U niversity o f Agriculture, L yallpur, P ak ­
istan.
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Peroxydase Isozym es in  Quercus petraea 

and Quercus robur

U lf Olsson

O l s s o n ,  Ü .  1976 05 06. Peroxydase isozymes in Quercus petraea and Quercus 
robur. — 13ot. Notiser 128:408—411. Lund. ISSN 0006-8195.

An investigation of the occurrence of m ultiple m olecular forms of per- 
oxydases in the leaf tissues of Q. petraea and Q. robur has been carried out. 
In all, eleven different isozymes have been found. These are classified into four 
groups, one of which is only found in Q. petraea and introgressive populations. 
However, one of the petraea populations examined also lacks this group of 
peroxydases. The possibility of the occurrence of introgressive individuals not 
revealed bv morphological analysis is discussed. The intraspecific variation of 
the zymograms is great, indicating the genetic heterogeneity of oak populations.
Ulf Olsson, Department of Plant Taxonomy, University of Land, 0. Vallgatan
18—20, S-22S 61 Land, Sweden.

It has been  fo u n d  th a t a n u m b e r of 
d iffe ren t enzym es exist in  m u ltip le  m o le ­
cu la r fo rm s (isozym es), w ith in  a  species, 
o r w ith in  the  tissues of a single p la n t o r 
an im a l a n d  even w ith in  a single cell. A 
w ell-know n  exam ple  of th is  is lac ta te  
deh y d ro g en ase  (L D H ). T his enzym e exists 
in five d if fe re n t fo rm s, each  of w h ich  
h as  been  fo u n d  to  consist of fo u r  p o ly ­
pep tide  ch a in s  of tw o d if fe re n t ty p es 
only . T hese a re  coded  by  tw o d if fe re n t 
genes. T h e  d iscovery  of th is  m o lecu la r 
he te ro g en e ity  am ong  enzym es h as  led to  
such  ap p lica tio n s  as the an a ly s is  of genetic 
v a ria tio n  in p la n t p o p u la tio n s  (SCOGIN  
1968, C o n k l i n  & S m i t h  1971, Juo  & 
S t o t z k y  1973, R u d i n  & R a s m u s o n  1973).

T he a im  of th is  in v es tig a tio n  is to 
eva lua te  in te rsp ec ific  d iffe rences and , in 
som e cases to f in d  o u t th e  degree of in- 
trog ress ion , o r th e  occu rren ce  of h y b rid  
trees, in  sy m p a tric  p o p u la tio n s  of Q. 
robur  an d  Q. petraea.

E x trac tio n s  of p ro te in s  fro m  green  oak- 
leal' tissues w ere sep a ra ted  by  anod ic  disc 
e lec tro p h o resis  a n d  th e  p o ly p ep tid es  s ta in ­
ed fo r th e  p resence  of peroxydases.
Bot. Notiser, vol. 128, 1975

MATERIAL AND METHODS 

C ollections and Growth Conditions

The m aterial used was in the main obtained 
from  m ature trees of Q. petraea ( M a t t u s c h k a )  
L i e b l .  and Q. robur L. and their interm ediates 
growing in natural stands in southern Sweden 
as in the population investigation ( O l s s o n  
1975), viz. two petraea, three robur, three 
interm ediate or mixed oak populations and 
one progeny sample of Q. robur (Fig. 1). 
Twigs taken from the south sides of I lie 
trees were brought to the laboratory  in 
plastic buckets filled w ith tap water. They 
were exposed to daylight at room tem ­
perature (20° C). In addition, leaves were 
taken from  seedlings grown from  acorns 
of a single individual of Q. robur. The seed­
lings were grown under greenhouse con­
ditions with a com bination of daylight and 
artificial fluorescent light, and a minim um  
tem perature of 20° C and transferred  to the 
laboratory . Fresh, well-developed leaves of 
m edium  size were removed not m ore than  
two days after twigs and seedlings had been 
moved to the laboratory, and the enzymes 
im m ediately extracted.

E xtraction  and E lectrophoresis

To extract peroxydase, oak-leaf tissue with 
the thickest veins removed was homogenized 
with a pestle and m ortar in a buffer con-
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Fig. 1. Quercus robur  and  Q. petraea.  The 
results  of an  analysis of isoperoxydases in 
leaves f rom  m a tu re  trees an d  from  the p r o ­
geny of a given oak. H istogram s show llie 
frequency  d is t r ibu t ion  of ind iv iduals  with 
0 (unfilled colums) or 1, 2, 3, 4 filled 
columns) isozymes w ith in  each of fou r  groups 
of peroxydases  with  different  relative mobil i­
ties. —  A, B: P opu la t ions  of Q. petraea. — 
C, I). E: In trogress ive  populations.  —  F, G, 
1: Popu la t ions  of Q. robur. —  H: P rogeny  
of Q. robur.

ta ining 0.02 M 2 -am ino-2 -hydroxym ethy l- l , 
3 -propanediol  (TRIS) and  0.19 M glycine 
(the same as was used in the electrode

Table 1. A co m p ar iso n  of isoperoxydase 
activity in fresh  a n d  frozen oak  leaf m ateria l .  
QA refers  to a popu la t ion  of Q. petraea,  QO 
to Q. robur.  The  relative degree of activity 
as seen in the  densi tom ete r  traces of the 
b ands  is indicated  by  +, ++ and  +++. The 
change in relative m obili ty  is noted fo r  each 
sample.

R EL A T IVE MOBILITIES
uaK
no. F resh Frozen Absolute

difference

QA 06 0.60 ++ 0.64 ++ 0.04
0.27 ++ 0.26 ++ 0.01
0.23 ++ 0.19 + 0.04

QA 07 0.58 ++ — .—

0.23 +++ 0.24 ++ 0.01
0.17 + — —

QA 08 0.66 ++ 0.66 ++ 0.00
0.59 + 0.59 + 0.00
0.54 + — -— -

0.25 +++ 0.25 +++ 0.00
0.19 ++ — —

QA 09 0.64 ++ 0.68 ++ 0.04
0.61 ++ 0.65 ++ 0.04
0.24 +++ 0.26 +++ 0.02
0.18 ++ — —

F resh  26/7 Fresh  20/8
(1973) (1973)

QO 04 0.62 +++ 0.59 ++ 0.03
0.60 +++ 0.56 ++ 0.04
0.22 +++ 0.22 ++ 0.00
— 0.12 + —

QO 05 0.58 +++ 0.59 +++ 0.01
0.22 +++ 0.23 +++ 0.01
0.17 + — —

assembly) supplem ented  w ith  12 %  sucrose 
and  1 %  unsoluable  Po lyc la r  AT. (A similar 
substance  of ten  used is unsoluable  polyvinyl- 
pyrro l idon ,  PVP.) The bu ffer  was combined 
with  tissue in the ra tio  of 10: 1. After h o m o ­
genizat ion  the p rep a ra t io n s  were centrifuged at 
3650 g fo r  5 minutes.  20 ul f ro m  each su p e r­
n a ta n t  sam ple  was used for  disc e lectro­
phores is  w ith  the Shandon  kit. Buffers  and 
gels were  p rep a re d  according to the Canalco 
system (Canalco Ins truc tions  1965) with  the 
following m odifications.  F irs t  the s tacking 
solu t ion  (pH 8.8 9.0) was polym erized  by
m eans  of UV-light (360 nm) and  th en  the 
separa t ing  solu t ion  by m eans  of D-riboflavin. 
The sam ple  was layered  over the s tacking 
gel a n d  anionic  enzymes and  o ther  prote ins 
were separa ted  ou t  at 2 mA per sample  
tube fo r  60 minutes.  There  was sufficient 
p igm ent in the oak  leaves to m ak e  the 
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use o f a tracking dye unnecessary. After 
electrophoresis the gels were stained for 
isoperoxydases with 3,3'-dim etlioxybenzidine  
by m eans of the H202-o-dianisidine m ethod  
( W o r t h i n g t o n  1969). The banding patterns 
of the gels were scanned for absorbancy  
by using a densitom eter (580— 650 nm ). The 
distance from the stacking-separating gel 
interphase reached by each enzym e was 
m easured and the relative m obility (RM) 
calculated as percentage of the run of the 
pigm ent.

Introductory Trials

To test the presence of isozym es in oak 
leaves six extracts sam ples from  Q. robur  L. 
(3), Q. robur L. f. pendula  (1), Q. robur  L. f. 
pyram idalis  (1) and Q. hungarica K i t .  (1) 
were prepared and analysed according to 
the Canalco system. The material (except 
for Q. robur L.) was taken from  the garden 
of The Svalöf Seed Association, Svalöv, Sw e­
den, and the prelim inary analysis carried 
out at the laboratory there.

Two tests on each oak sam ple gave iden­
tical results as follow s: peroxydases (4— 5 
bands) in all sam ples; phosphatases and 
esterases no hands at all. (Note: correspon­
ding analyses of hybrids of Linaria repens X 
vulgaris in the sam e electrophoresis indicated 
the presence of three isoesterases.)

A com parison of enzym e activity (here 
only used in the sense of degree of quantity 
as seen in the zym ogram s) in fresh and 
frozen plant material, together with a test 
to show  possible changes in peroxydase  
activity on two occasions about one m onth  
apart, gave som e inform ation about the 
reproducibility of the experim ents. Frozen  
oak leaves seem to lose some isozym es. In 
one case the rem aining bands displayed a 
lower activity (in Table 1 indicated by 
+, ++ or +++ according to the value of relative 
m obility, RM). Repeated analyses of fresh  
leaves at different tim es showed a similar 
decrease of activity later in the growing 
season. The isozym es present on both occa­
sions showed a difference in RM not ex­
ceeding 0.04.

R E S U L T S

A maximum num ber of seven different 
isoperoxydases was found in individual 
trees of Q. robur and in leaves from 
putative hybrids. A total of eleven dif­
ferent peroxydases have been found. W ith 
this method it is not possible to make an
Bot. N otiser, vol. 128, 1975

analysis of I he segregation of genes for 
the different polypeptide chains that com ­
bine to form the isozymes (here seen as 
narrow  bands), owing to the very slight 
differences in migration rates. Although 
the same type of pattern  is obtained re ­
peatedly for a given individual, a given 
peak of the zymogram obtained in two 
succeeding analyses of the same extract 
m ay differ. The difference may be equal 
to the differences in migration rate be­
tween the same isozyme and an adjacent 
one or it may be greater than this. T here­
fore from the calculations of relative m i­
gration rates the enzymes are divided 
into four groups, viz. fast, intermediate 
(I), intermediate (II), and slow (Fig. 1). 
W ith in  each of these four groups of per­
oxydases the frequency distribution of in ­
dividuals with 0, 1, 2, 3 or 4 isozymes 
is noted. All populations of (). robur  in ­
cluding the progeny sample lack isozymes 
belonging to the second intermediate 
group. However, one of the Q. petraea  
populations (A) also lacks the same iso­
zymes.

A comparison of zymograms discloses 
the diverse profiles of enzymes of d if­
ferent trees in a na tu ra l  stand of oaks 
of either species. The enzyme patterns 
or phenotypes of t lie seedlings grown 
from  a single tree of Q. robur m ay  also 
indicate heterozygosity. This is shown in 
Fig. 2 (A— E, Q. ro b u r ; F — J, progeny of 
Q. robur). In addition the zymograms 
show that the peroxydase activity in full- 
grown seedling leaves is a rule qu an t i­
tatively somewhat greater than  tha t  of 
full-grown leaves from mature trees picked 
at the same time of the year.

As pointed out elsewhere ( O l s s o n  1975) 
the indigenous oak species in Sweden 
hybridize spontaneously forming intro- 
gressive populations so that it is very d if­
ficult to find isolated stands of Q. petraea. 
The biotopes considered to be preferred  
by Q. petraea are relatively small in Swe­
den. Adjacent sites of both species and 
sites that are with in  potential crossing 
distance may be occupied by Q. robur  as
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Fig. 2. Quercus robur.  Densitometer t races 
f rom  adu lt  trees (A— E) and seedlings (F— J 
show the heterozygosity  in the contro l led  pro§ 
p h eno types  (chemotypes) of m ature  trees in 
live m a tu re  trees a n d  five seedlings. — RM: 

ah so rb an cy  o r  optical density  in the ahs

a result of spontaneous m igration or of 
having been planted.

The species populations used in this 
investigation are the m ost representative 
judged by the results of analyses of the 
m orphological structure. However, there 
m ay be reason to suspect gene flow b e­
tween the species. W here introgression is 
concealed or displayed in m inor m o rp h o ­
logical differences only it m ay he disclosed 
by the isozyme profile. Thus the u n ­
expected lack of isoperoxydases in the 
group In term ediate II of the Q. petraea  
population (A) m ay he due to the p res­
ence of introgressive individuals (Fig. 1).
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The Structure o f Stellate Trichom es and Tlieir Taxonom ic 

Im plication in Som e Quercus Species (F agaceae)

U l f  Olsson

O l s s o n ,  Ü .  1976 05 06. The structure of stellate trichom es and their taxonom ic 
im plication in some Quercus species (Fagaceae). — Bot. Notiser 128:412—-424. 
Lund. ISSN 0006-8195.

An indum entum  analysis of leaf m aterial from populations of oak in regions 
of sessile oak (Quercus petraea ( M a t t u s c h k a )  L i e b l . )  in southern Sweden and 
from  herbarium  specimens (LD) from  the same area has been performed. The 
combined results of this study and other m orphological observations are re­
ported. About 40 %> of the pedunculate oaks have the same kinds of stellate 
trichom es as Q. petraea and may constitute introgressive interm ediates of Q. 
robur and Q. petraea. In the glabrous individuals of the Q. robur material 
pollen stainability is on I lie average higher than in the pubescent ones. According 
to the criteria in the subspecies concept given there is no reason to subdivide 
Q. robur into pubescent and glabrous subspecies. It would be more reasonable 
to treat Q. robur and Q. petraea as subspecies.
Ulf Olsson, Department of Plant Taxonomy, University of Lund, Ö. Vallgatan 
18—20, S-223 61 Lund, Smeden.

S c h w a r z  (1964) tre a ts  tw en ty -fo u r oak 
species in  E u ro p e . T he in d u m e n tu m  c h a r ­
acte ris tics of the  leaves a re  of g rea t 
d iagnostic  value, h u t th e re  a re  still m an y  
questions ab o u t the freq u en cy  an d  the  
type of h a irs  in som e species. S c h w a r z  
(1936) has a de ta iled  d e sc r ip tio n  of all 
h a ir  types observed . T he p re se n t stu d y  
is lim ited  to Q. petraea  ( M a t t u s c h k a )  
L i e b l .  and  Q. robur  L. in so u th e rn  Sw eden 
w ith  the  aim  of an a ly s in g  an d  d iscussing  
the presence of ste lla te  tr ich o m es on th e  
abax ia l side of the leaves in re la tio n  lo 
o th e r ch arac te ris tics . T hese species have 
in p ast tim es p ro b ab ly  been  m u tu a lly  in ­
fluenced  in m orp h o lo g ica l c h a ra c te rs  in ­
c lud ing  pubescence by  sp o n tan eo u s  in te r ­
crossing  and  in trog ression . T he re su ltin g  
g rea t v a ria tio n  of oak  types h a s  led m an y  
a u th o rs  of Quercus  tax o n o m y  to describe  
a n u m b er of tax a  w ith in  each  species.

An ex trem e p o in t of v iew  is re p re ­
sen ted  by F r i e s  (1865) an d  d e  C a n d o l l e  
(1864) w ho jo in  Q. rob ur  a n d  Q. petraea  
B ot. N o tise r, vo l. 128, 1975

in one  species, w h ereas  la te r  b o tan is ts  have 
show n  th a t th e  ap p a re n tly  fe rtile  in te r ­
m ed ia te  fo rm s have  m eio tic  d is tu rb an ces 
p o in tin g  to a h y b rid  o rig in  ( H o e g  1929). 
T h is  suggests th a t  Q. petraea  and  Q. robur  
a re  to som e ex ten t rep ro d u c tiv e ly  iso la ted  
species. S a l i s b u r y  (1940) an d  W e i m a r c k  
(1947 c) described  the  som ew hat d if ­
fe ren t ecological c la im s of the tw o species. 
T he a u th o r  ( O l s s o n  1975) has show n, 
as d id  C o u s e n s  (1963), th a t the  species 
in te rc ro ss  to a  r a th e r  h igh  ex ten t in 
n a tu ra l  p o p u la tio n s .

S c h w a r z  (1937) an d  W e i m a r c k  (1947 a) 
have  no ted  th e  p resence  o r absence  of 
ste lla te  tr ichom es on  th e  abax ia l side of 
th e  leaves of Q. robur.  S c h w a r z  designates 
the p u b escen t k in d  of p ed u n cu la te  oak 
Q. robur  ssp. p edu n cu la ta  var. p u b eru la  
an d  th e  g lab ro u s  one, ssp. p ed un cu la ta  
v a r. glabra.  W e i m a r c k  ra ises the  p u b ­
escen t v a rie ty  lo th e  ra n k  of subspecies 
n am in g  it Q. robur  L .  ssp. p uberu la  ( L a s c h )  

W e i m .  A ccord ing  to W e i m a r c k ,  Q. robur
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T.. ssp . p ed un cu la ta  DC. may have  “very  
th in ,  s im ple w ind ing  h a ir s” b u t  lacks 
s te lla te  tr ich om es  of any  kind. T he  n am in g  
of th e  subspecies ( W e i m a r c k  1947 b) is 
not in a c co rdan ce  w ith  the now -exis ting  
in te rn a t io n a l  code of bo tan ica l  n o m e n ­
c la tu re .  If  the tw o subspecies a re  m a in ­
ta in ed  the p ro p e r  n a m e  of the taxon  
w h ich  lacks stellate tr ichomes w ould  be 
Q. ro b u r  L. ssp. robur.  The n am e  of the 
subspec ies  w ith  stellate tr ichom es w ou ld  
be Q. robur  L. ssp. puberu la  ( S c h w a r z ) 
W e i m . (see T a x o n o m y  below).

In  th is  p a p e r  som e of the oaks exam ined  
a re  g ro u p e d  accord ing  to W e i m a r c k  (1947 
a, b ;  1963). However,  the a u th o r  has no t 
u n re se rv ed ly  accep ted  the taxa. The ev i­
dence  of the  p resen t m ate ria l  does not 
s u p p o r t  m a in ta in in g  th e  two subspecies  
u n d e r  Q. robur.  T h e  taxa  are u sed  he re  
as sam ples  o r  s ta tis tical g rou ps  w hich  
a re  co m p ared .

MATERIAL AND METHODS

Three categories of oak have been in­
vestigated. (A list of localities is given in 
Appendix 1.)

(1) Herbarium Specimens
In the Scandinavian Herbarium of the 

Botanical Museum in Lund (LD) specimens 
of the following taxa were borrowed for a 
preliminary examination of t lie morpho­
logical variation in the most important 
kinds of Swedish oaks:

i A) Q. robur L. ssp. puberula ( S c h w a r z ) 
W e i m .

(B) Q. robur  L. ssp. robur (Q. robur L. ssp. 
pedunculata  I)C.)

(C) Q. petraea ( M a t t u s c h a ) L i e b e .
(D) Q. petraeaXrobur

The classification is confirmed by the author 
by a comparison with the results of ttie 
population investigation ( O l s s o n  1975). Thus 
B corresponds to the robur phenotype and 
C to the petraea phenotype and A and D to 
the intermediate or interspecific phenotypes.

(2) Pedunculate Oaks from Skåne
The oak material was taken from through­

out the woodlands of Skåne and is considered 
as being representative. Planted oak forests

of uncertain origin or of foreign provenance 
were avoided. In the area concerned Q. 
petraea is rare or absent.

(3) Populations in Regions of Sessile Oaks
The population structure of oak woods 

within the distribution range of sessile oak 
in Sweden has previously been reported on 
(O l s s o n  1975). The results of an indumentum 
analysis of different phenotypes of ttiat plant 
material are given in the present study.

A disadvantage of the investigation may be 
the grouping of tlie material in three “sam­
ples” investigated separately. Owing to dif­
ferences in sampling technique and in time 
of collecting, and varying possibilities of 
obtaining suitable material to demonstrate 
all characters, new methods of analysis were 
subsequently adapted and introduced. The 
combined results are discussed. Indeed the 
three different oak samples used may better 
represent the variation in these taxa than 
one type of sample alone would have done. 
The first sample of herbarium specimens 
was used to obtain a general idea of some 
of the diagnostic characters hitherto applied 
in Quercus taxonomy. My own taxonomic 
views are grounded primarily on the results 
of the population studies (3) (cf. O l s s o n  
1975).

Biometry
Measurements were made chiefly for leaf 

characters. At least five samples of leaves were 
examined from each oak collection (A—D). 
The measurements used are illustrated in 
Fig. 1. Samples collected by the author are 
more representative of an oak individual 
than the corresponding herbarium material 
owing to the sampling technique used. A 
minimum of ten leaves was used for each 
character examined. In addition to the study 
of various characters of leaves as well as 
flowers and fruits, the percentage of pollen 
stainahle in cotton blue in my own material 
has also been calculated. Maximum and mini­
mum values with standard errors are given 
for some characters (Tahle 1). In the pop­
ulation analysis ( O l s s o n  1975) the variation 
in pubescence and other characters were 
shown in scatter diagrams.

Some Definitions and Methods Applied to 
Biometry

Leaf shape: The ratio of the length of 
the apical part above widest point to the 
total leaf length is used as a numerical value 
of the leaf outline. From Fig. 1 it can be

Bot. Notiser, vol. 128, 1975
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Fig. 1. G eneral view of an  o ak  leaf. Code to 
the m easurem ents. —  a. L ength  of ap ical 
p a r t  of leaf above w idest p o in t (m m ). —  b. 
T o ta l length  of leaf (m m ). —■ c. L ength  of 
petiole (m m). —  i. Angle of leaf base  (de­
grees). —  v. S inus vein. —  s. Sinus.

seen th a t the in equality  1 >  a /b  >  0.50 r e ­
p resen ts an  ovate  lea f an d  0 >  a /b  >  0.50, 
an  obovate leaf. T he leaf shape value  of 
a b o u t 0.50 charac te rizes  the e llip tical leaf.

L eaf veins (C oefficient of venation) : A 
n um erica l value fo r I lie absence o r p resence 
of sinus veins is the ra tio  of the  n u m b er of 
sinus veins to the n u m b er of sinuses of 
one side of a leaf. T h is coefficien t varies 
betw een 0 and  1.

Peduncle  “len g th ” : The d istance  betw een 
the hase and  the first flow er b ra c t o r scar of 
b ract.

RESULTS

Habit

Q. petrciea  and  Q. r o b u r : D ecid u o u s  
trees w ith  a d ecu rren t h a b it fo rm in g  w id e  
cro w n s and  w ith  sh ort tru n k s w h en

B ot. N o tiser, vol. 128, 1975

Table 1. B iom etric  d a ta  of Quercus.  -— A: 
Q. robur  ssp. puberula.  —  B: Q. robur  ssp. 
robur.  —  C: Q. petraea.  —  D: Q. pe traeaX  
robur. —  E: P ed u n cu la te  oak  (Skåne). -— 
MM: Average m ean  value. —  m: S tan d ard  
e rro r. —  n: N um ber of m ean  values (trees). 
—  I: Angle o f leaf base (degrees). -— II: Leaf 
shape. —  III : L ength  of petiole (m m ). —  
IV: C oefficient of venation . —  V: Peduncle  
leng th  (m m ).

MM ± mvalue value

I A 45 58.1 ± 1 .2 77 20
B 40 (50.7 ± 1 .6 82 20
C 48 70.1 ± 1 .4 102 20
D 20 64.0 ±2 .1 110 20
E 4.3 59.8 ±1.1 80 57

II A 0.28 0.40 ±0.01 0.61 20
B 0.25 0.40 ±0.01 0.54 20
C 0.23 0.41 ±0.01 0.58 20
D 0.24 0.41 ±0.01 0.59 20

III A 2 5.7 ± 0 .4 10 20
B 3 6.0 ±0 .4 14 20
C 5 12.8 ± 0 .6 23 20
D 3 9.9 ± 0 .6 17 20
E 4 6.3 ±0 .2 12 57

IV A 0 0.66 ±0.03 1 20
B 0 0.63 ±0.05 1 20
C 0 0.19 ±0.03 1 20
1) 0 0.37 ±0.03 1 20
E 0 0.61 ±0.02 1 55

V E 6 31.1 ±1 .4 59 53

g r o w in g  in op en  fie ld s . In  c losed  stan d s  
the h a b it  is m o d ified  w ith  ta ll tru n k s and  
rath er  n a rro w  crow n s.

Q. r o b u r : A n gles b etw een  stem  and  
b r a n c h e s  rather w id e; lea v es c lu stered  
fo r m in g  an open  crow n .

Q. p e tra ea :  N a rro w er  a n g les b etw een  
b ra n ch es; fo liage  u n ifo r m ly  d istr ibu ted , 
fo r m in g  a m ore or less d en se  crow n .

T h e  m o d ifica tio n  o f  th ese  gross m o r p h o ­
lo g ica l ch ara cters is m a rk ed  and  ca n  lead  
to d iff ic u lt ie s  in  id en tif ica tio n  w h e n  the  
trees h a v e  drop p ed  th eir  leaves.

O aks have  a cer ta in  ten d en cy  to fo rm  
e p ico r m ic  sh o o ts. T h is  ca p a b ility  is h e r i­
tab le a n d  varies w ith  the p ro v en a n ce .
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An increase in light condition initiates 
the formation of the epicormics. Another 
type of branch, the so-called Lammas 
shoots can also affect the form of the 
crown. This second type of shoot is 
developed from  a new terminal hud of 
the annual shoot.

M orphology —  Herbarium  Specim ens

The following sum m ary  of the results 
of the analysis of the artificial aggregates 
of herbarium  specimens should first be 
used as a provisional assessment of the 
amplitudes of certain characters. The same 
num ber of specimens has been used within 
each taxon, which of course does not 
correspond to the natural distribution.

Leaf shape (outline) : All oak leaves 
examined are on the average obovate and 
the shape of the leaf is in practice unre­
liable as a discriminating character.

Leaf base: Nearly all Q. robur  leaves 
have cordate bases with inflexed margins 
(ears). In Q. petraea the leaf base is 
obtuse or cuneate. Aberrant forms occur, 
often with an oblique base, sometimes 
more truncate than  obtuse, especially in 
the putative hybrid material.

Venation: (Figs. 1, 2, Table l .  IV). The 
average MM-values lie closer to 0 for 
Q. petraea and closer to 1 for  the Q. robur  
subspecies. The value for Q. petraeaX  
robur (1)) is intermediate.

The length of the petiole: On the
average the length of the petiole of 
Q. petraea is twice that of Q. robur, the 
hybrid material being intermediate. Ob­
serve the small differences between the 
Q. robur subspecies (Table 1 : III).

Leaf base angle: (Table 1:1). The dif­
ferences between the oak taxa are rather  
marked, but there is a certain tendency 
towards higher values, i.e. wider angle, 
in Q. petraea.

Buds: All buds of Q. robur  are  more 
or less obtuse. About two th irds of the 
Q. petrciea buds examined are  more or less 
acute. Most of the hybrids resemble (J. 
robur in this character.

A n g l e  o f  l e a f  b a s e  
M M i  2  SO

C o e f f .  o f  v e n a t i o n  n y/ n s 

M M t  2  S D

4 0  5 0  6 0  70

L e n g t h  o f  l e a f  s t a l k  

M M *  2 SD

Fig. 2. Average m ea n s  and doubled standard  
deviat ions  (M M ± 2 SD) o f  three characters  
exam ined .

Observe that Q. robur  ssp. puberula  (A) 
is nearly identical with Q. robur ssp. 
robur  (B) in all morphological characters 
except pubescence.

Indum entum

The frequencies of different types of 
trichomes were determined under the 
microscope (X125). Five fields distributed 
over the abaxial surface of the leaf make 
up to a total area of about 5 m m 2.

Two kinds of simple hairs arc recog­
nized. First,  th in multicellular hairs of 
a glandular nature with bulbous bases 
are found in all oak taxa in this study. 
The m ajority  of these small hairs often 
have a withered appearance (Figs. 7 A, 3). 
Secondly, one can find a type of simple 
hair  which retains its form when dried as 
do the bifurcate and stellate trichomes. 
The “simple h a i r ” in Table 2 belongs to 

Bot. Notiser, vol. 128, 1975
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T a b le  2. Density of hairs on abaxial surface of leaf in Quercus. Mean number of trichomes 
per mm2 and percentage (within brackets) of total number of trichomes observed within 
each taxon. — A: Q. robur ssp. puberula. — B: Q. robur ssp. robur. ■—• C: Q. petraea. —

D: Q. petraeaXrobur.

Type of hair
Taxa

A B c 1 D

Simple ...................... 1 (12.4) 0 ( - ) 1 (4.7) 1 (15.7)
Bifurcate .................. 2 (33.6) 0 ( - ) 6 (38.1) 3 (43.3)
3-branched .............. 1 (7.5) 0 (—) 2 (11.6) 1 (8.0)
4-branched .............. 3 (45.5) 0 (—) 6 (45.3) 2 (31.7)
5-branched .............. <  1 (0.8) 0 (--) <  1 (0.2) <  1 (0.7)
6-branched .............. <  I (0.1) 0 (—) 0 ( - ) <  1 (0.1)
7-branched .............. <  1 (0.1) 0 ( ) <  1 (0.1) 0 ( - )
8-branched .............. 0 (—) 0 (—) 0 (—) <  1 (0.4)
Total ........................ 7 (100.0) 0 ( - ) c. 15 (100.0) c. 7 (100.0)

the second type. The first type of trichom e 
will be term ed “g landular h a irs” and the 
second type “sim ple h a irs” or “sim ple 
trichom es”.

Stellate trichom es: Each b ranch  of a 
stellate trichom e is unicellular. U nder the 
SEM the stellate trichom es are often seen 
to he a com bination of sim pler un its fo rm ­
ing m ultib ranched  hairs jo ined at the 
base (Fig. 3 C, D). The characteristics 
of the constituent elem ents (1— 4-hranched 
trichom es) are m aintained. No a ttem p t is 
m ade to describe the d istribu tion  of the 
differen t com bination types of m u lti­
b ranched  trichom es.

The au thor has confirm ed th a t the 
“glabrous” Quercus  m ateria l is Q. robur  
ssp. robur. In addition to the “g landu lar 
h a irs” found on all oak leaves, if m ore 
than  five areas/leaf are exam ined a few 
isolated trichom es m ay he revealed. (“Gla­
b ro u s” is used below in the m eaning of 
“no one sim ple trichom e or b ranched  
trichom e observed”.)

B ifurcate and four-b ranched  stellate 
trichom es dom inate the indum entum  of 
the pubescent specim ens (Fig. 7 B). The 
percentages are 79, 83.4 and 75, respec­
tively, for taxa A, C, and 1) (Table 2). 
However, trichom es w ith up to eight 
b ranches have also been found. Note the 
density  of trichom es in Q. petraea  (C),
Bot. N otiser, vol. 128, 1975

on an  average c. 15 per m m 2, com pared 
w ith 6— 7 trichom es per square unit in 
Q. robur ssp. puberula  (A) and the p u ta ­
tive hybrid  m aterial (D).

Tufts of hairs in the vein axils on the 
abaxial side of the leaf have been regarded 
as a ra the r good charac ter for distinguish­
ing sessile oaks. The tufts consist of 
especially long sim ple and  stellate t r i ­
chom es (Fig. 7 C). Q. robur  ssp. puberula  
usually lacks these tufts of hairs. In this 
subspecies one can see conspicuously long 
trichom es along the m idribs.

Pedunculate Oaks (Skåne)

The oak m ateria l (Table 1 E, Fig. 2) 
was analysed as one (statistical) sample. 
No prelim inary  subdivision into pubescent 
and glabrous m ateria l w as made. The oaks 
may include the subspecies puberula  and 
robur (A, B resp.) and  the putative hybrid  
interm ediates (cf. D) of Q. robur and 
Q. petraea. M orphological data (except 
for pubescence) are presented in brief 
as follows.

The average m ean values (MM) in Table 
1 for the Quercus  group E agree well 
w ith the MM values of the subspecies of 
Q. robur  (A, B) previously described. 
The length of the petiole (III) and  the 
venation (IV) are two characters of pro-
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Fig. 3. Types o f stellate trichom es (A— F) w ith 2— 8 branches; SE m icrographs X600.
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Table 3. P ed u n cu la te  o ak  (Skåne). C orre la ­
tio n  be tw een  percen tage  sta inab le  po llen  
an d  m o rp h o lo g ica l v a ria tio n . —  a: L eaf base 
angle (degrees). —  b: P etio le  leng th  (mm). 
—- c: P eduncle  leng th  (m m ). —  d: Ratio, 
len g th /w id th  of aco rn . —  e: D ensity  o f tri- 
chom es. “G lab rous” o aks excluded. —  f: 
Coefficient o f venation .

C h ar­
acter I2

Degrees
of

freedom

L im its of 
signif. 
(P °/o)

C orre­
lation

(r)

a 14.60 1/48 P <  0.1 +  0.48
b 109.07 1/48 P  <  0.1 +0 .83
c 8.89 1/45 1 >  P  >  0.1 +  0.41
d 0.26 1/45 P  >  5 — 0.08
e 132.00 1/18 P <  0.1 +  0.94
f 456.00 1/47 P <  0.1 — 0.003

nounced diagnostic value. Observe the 
slight displacem ent of the MM-values of 
the E oaks tow ards the hybrid  group (D) 
indicating tha t some of the m aterial from  
Skåne (E) is of hybrid  origin. Another 
possible indication of this is revealed in 
the com parison of m orphology and p er­
centage stainable pollen (below ).

The average m ean for peduncle length 
as defined above is 31.1 +  1.4 m m  (53 
trees).

Two types of fem ale catkins w ith re ­
duced fru its occur. The com m onest fruc ti­
fication has m any undeveloped acorns at 
the top of the peduncle. One can also 
find catkins w ith acorn  rudim ents along 
the entire axis or on both sides of one 
or two norm al acorns. This second type 
of catkin discloses reduced fem ale fertility. 
A corresponding reduction in percentage 
of stainable pollen in the same individual 
has in some cases been observed.

The shape of the acorn and ils cupule 
varies. The involucre can be shallowly 
cupu lar o r relatively deep and funnel- 
shaped. The com m onest type of acorn has 
a length/w idth quotient of 1.5.

I n d u m e n tu m

43.9 per cent of the robur oaks collected 
in Skåne were pubescent. F ou r types of
Bot. N otiser, vo l. 128, 1975

Stainable
pollen

1 0 0 %

0 2 4 6 8 10 12 14 16 18

Freq. of hairs

Fig. 4. P ed u n cu la te  o ak  (E). C o rre la tio n  be­
tw een  po llen  s ta in a b ility  an d  d en sity  of tri- 
chom es. E ach  + sign  re p re sen ts  one in d iv id ­
ual. T he d a rk  field  in d ica tes a sam ple  of 
tw en ty -tw o  g lab ro u s oaks.

trichom es are found on the abaxial su r­
faces of the leaves: sim ple, b ifurcate  and
3- and  4-branched. As a rule b ifurcate and
4-branched trichom es dom inate. The den­
sity ranges from  1 to 13 per m m 2. In th is 
oak m aterial (E) no trichom es were found 
w ith m ore than  fou r b ranches (Table 2).

P o l le n  S ta in a b i l i ty  and  M o rp h o lo g ic a l  
V a r ia t io n

The percentage of pollen grains sta in ­
able in cotton blue is often used as a 
m easure of pollen fertility. The correlation  
betw een pollen sta inab ility  and  d is trib ­
ution of m orphological characters is shown 
in Table 3. The length /w id th  of the acorn 
and  the venation coefficient seem to be 
entirely  unrela ted  to pollen stainability .

The d istribu tion  of the individuals w ith 
low and high degrees of pollen sta inability  
in relation  to d ifferen t degrees of pubes­
cence is seen in Fig. 4 (cf. Table 3 e).
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F ifty  oaks were exam ined, th irty  of w hich 
are glabrous. Note tha t the pubescent oaks 
have a tendency to display h igher stain- 
ability  w ith increasing density of tri- 
chom cs ( r= + 0 .9 4 ;  P < 0 .1 ) .  The oaks 
with a very low degree of pollen stain- 
abilitv  (<  70 per cent) have a trichom e 
density  of less than  five per m m 2.

The histogram s in Fig. 5 illustrate the 
d istribu tion  of pollen stainability  in g la­
brous and  pubescent oaks of the m aterial 
from  Skåne in a d ifferent way, the fre ­
quency of trichom es not being taken into 
consideration.

In glabrous oaks there is a relatively 
high degree of stainability. In 78.6 per 
cent of them pollen stainability  is m ore 
than  85 per cent. The corresponding value 
for the pubescent oaks is 72.7 per cent. 
However, one can find a group (18 per 
cent) w ith a low stainability, falling below 
the m inim um  value for the glabrous oaks. 
T his indicates to some degree th a t the 
glabrous oaks are closer to the species 
sta te  (robur).

The Distribution of Pubescent Phenotypes 
within Natural Populations of Oak

In view of I he preceding observations 
il would be of great interest to study the 
d istribu tion  of the indum entum  characters, 
in particu lar of the representatives of 
spontaneously introgressive oakwoods. In 
the following report, w here no t otherw ise 
stated, the results refer to a previous 
exam ination  of oak stands (O l s s o n  1975)  
where the population  structu re  as regards 
nine d ifferen t phenotypes [a— i) was dem ­
onstrated  by the use of p ic torial scatter 
diagram s. Six of the nine types of com bined 
characters include pubescence. In the study 
referred to the pubescent phenotypes were 
designated a, b, c, d, e, and g respectively 
(O lsson  1975 Fig. 4) .  Divided into classes 
according to distance from  either species 
type, pubescent individuals are to be found 
in the classes I— IV. Taken in this order 
the classes of phenotypes (as m eans of 
com bined coordinates in the scatter dia-

8-tno
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4 -

1 -

60 70 80 10090
%

n o
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4 -

3 -

2 -

7060 80 90 100
%

50

Fig. 5. Pedunculate oak (E). Frequency dis­
tribution of glabrous (1) and pubescent (2) 
individuals in different classes of pollen 
stainability.

gram) constitute a line in trogression w ith 
a gene flow from  the pubescent species (Q. 
petraea) to the glabrous species (Q. robur).

O f  especial interest is the d istribution  
of d (ssp. puberula).  It is no tew orthy  th a t 
this phenotype has approxim ately  the 
same centre of d istribution  as the robur  
type (i), (O l s s o n  1975 Fig. 3 A, C, E).

Bot. N otiser, vo l. 128, 1975
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This agrees well with the result of the 
comparison of the robur  subspecies in the 
herbarium  material (1). In twenty per 
cent of the “puberula-phenotypes” pollen 
stainability lies below 70 per cent, wich 
may indicate that they are to some extent 
hybrids or  introgressives.

Multibranched tr ichomes: Stellate tri- 
chomes with more than four branches are 
unusual.  They are found in 7 per cent of 
the oaks examined, mainly among the 
sessile oaks (fourteen trees of phenotype 
a.) But two other oak types were also 
represented, viz. four oaks of phenotype 
b which is ra the r  closely affined to a, 
and finally one individual only of the 
intermediate type d.

There is a rem arkable degree of cor­
relation between low pollen stainability 
and occurrence of m ult ibranched tr i ­
chomes. Thus the distribution of pollen 
stainability in the sessile group (a) of 
fourteen oaks with m ult ibranched tr i­
chomes is as follows, 2 (21— 30 °/o),
1 (61— 70), 5 (71— 80), 3 (81— 90), 3 
(91—100). The stainability in all oaks of 
type b with multistellate trichomes is 
above 85 per cent.

CONCLUSIONS AND DISCUSSION

Controversial Aspects of Hybridity

In Skåne and m any other parts of 
southern Sweden the climatic, topographic 
and edaphic conditions are very varied 
within a relatively small area, so tha t  the 
different Quercus species can grow to ­
gether in the same area. Thus gene ex­
change is possible. Ecological conditions 
for the establishment of new hybrids are 
also good.

P h en o lo g ic a l  factors,  su ch  as d if ferent  
t im es o f  f lo w e r in g  in  Q. robur a n d  Q. 
petraea, m a y  prevent  the  fo r m a t io n  o f  
hybrids.  H o w ev er ,  Kr a h l -U r ba n  (1957) ,  
w h o  studied  l ea f - sh e d d in g  and  f lo w e r in g  
fo u n d  that a n y  ex trem e  d i f feren ce  b e ­
tw een  pro v e n a n c e s  o f  a s ing le  sp ec ies  far
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exceeds Ihe difference between the average 
characteristics of the two species.

A few crossing experiments have been 
carried out to determine the presence or 
absence of incompatibility factors. P y a t - 
n its k ii  (1939) crossed species within the 
subgenus Quercus  (syn. Lepidobalanus  
(En d l .) Ör s t e d ) as well as from different 
subgenera. He records a very low p er­
centage successful crosses. D e n g l e r  (1941) 
confirms this result and reports two per 
cent fertile seeds from the cross Q. robur  
[ å ) X Q .  petraea  (?). He also made suc­
cessful reciprocal crosses, unlike P y a t - 
n it s k ii  who failed to cross robur  (?) and 
petraea  ( 3  ) ■

The results of the investigation of a r ­
tificial and spontaneous hybrids noted 
above demonstrate that many of the inter­
mediate forms in actual fact constitute 
hybrid  offspring of Q. robur and Q. 
petraea.

D e n g l e r  (1941) and Jo n e s  (1959) be­
lieve that spontaneous hybrids in nature  
do not exist to the extent often stated. 
This is grounded on the difficulty in 
obtaining a high percentage of fertile 
acorns with artificial cross-pollination. 
This theory has not been verified and may 
be wrong. Better methods of pollination 
may raise the yield of hybrid acorns. 
D e n g l e r  discloses the fact that a change 
in the method of pollination increased 
the crop of acorns from  29 to 61 per cent 
in intraspecific (Q. robur) cross-; " a- 
tion. Even a frequency of less than  one 
to two per cent in natura l intercrossing 
might be sufficient for the formation of 
introgressive populations.

Given that the prevailing view regarding 
species interpretation (Schw arz  1964, 
Kom a r o v  1970) holds, the occurrence of 
introgressive intermediates of (). robur  
and  Q. petraea must be very high. In fact, 
c. 40 per cent of the pedunculate oaks 
(Skåne) have the same kinds of stellate 
trichomes as Q. petraea. This view is 
confirmed by the results of the population 
study (3). 45 per cent of all oaks examined 
are interspecific. If the two phenotypes
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Fig. 6. Quercus pubescens  W i l l d . —  Types 
of stellate trichomes. Note the long branches
(A) and the branches coalescing at the base
(B) Cf. Fig. 3. —  SE m icrographs, A XbO; 
B, C X 600.

b and  h  ( O l s s o n  1 9 7 5  Table 2) are ex­
cluded, the phenotypes c— g, which are 
presum ably introgressives, still constitute 
about 17 per cent of the m aterial.

The m orphological observations p re ­
sented in this investigation also suggest 
th a t hybrid ization  occurs between the 
species. As Q. m b u r  is the com m onest oak 
in Sweden a d isplacem ent of the gene 
pool of Q. petraea  in the direction of 
Q. robur  has probably  occured. Due to 
introgressive hybrid ization  the evolution 
of Q. robur  from  glabrous to pubescent 
form s has probably  taken  place. This 
statem ent is also supported  by the fact

tha t in the glabrous individuals of the 
(). robur  m aterial pollen sta inability  is 
on the average higher than  in the pubes­
cent ones.

Some au thors have expressed the pos­
sibility of including a th ird  oak species in 
the intercrossing system of Q. petraea  and 
Q. robur.  W e i m a r c k  (1 9 4 7  a) argues that 
Q. pubescens  W i l l d . m ay lie a possible 
parent. A com parison of trichom e types 
and  the epiderm al structu re of the species 
concerned indicates th a t no crossing has 
taken place between Q. pubescens  and 
either sessile or pedunculate oak as re ­
gards these characteristics (Figs. 3 and  6).

Bot. N otiser, vol. 128, 1975
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Fig. 7. Light and SE m icrographs of hairs on the abaxial side of Quercus leaves. -— A: 
Bifurcate trichom e with unicellular branches and m ulticellular glandular hair (a) (see 
drawing on right). — B: General view of pubescent side o f a leaf of sessile oak. —  C: Tufts 

of stellate and simple hairs in the vein axils of sessile oak.

TAXONOMY

Pubescent and  glabrous types of Q. 
robur  considered above belong to different 
subspecies according to W e i m a r c k  (1947 
a) and o ther au thors. In my opinion the 
glabrous state represents the “pure species” 
state of Q. robur. P art of the m aterial of 
B ot. N o tise r, v o l. 128, 1975

puberula  p robably  represents the hybrid  
Q. petraeaX  robur  or the derivatives th e re ­
of. As regards the rem ainder of the m ate­
rial evidence of hvbrid ity  o ther th a n  p u b ­
escence is lacking. However, it is possible 
th a t also this m ateria l represents in tro- 
gressives.
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T he  au thor follows the subspecies con­
cept given by R u n e m a r k  (1961), “that 
two populations are referred to different 
subspecies if (1) the gene exchanges be­
tween them is restricted on genetic grounds 
or is limited or made impossible by ex­
ternal means and if (2) they are separated 
by a more or less strong hereditary dis­
continuity  in one or several basic m orpho ­
logical characters or a combination of 
such characters” . According to these cr i­
teria there is no reason to subdivide Q. 
rohur  into pubescent and glabrous sub­
species, but it would be more reasonable 
to trea t Q. robur  and Q. petraea as sub­
species.

S a l i s b u r y , E. J. 1940. E co log ica l aspects o f 
p lan t taxonom y. —  In J. H u x l e y  (ed.), 
T he new  system atics, pp . 329— 340. —  
O xford.

S c h w a r z , O. 1936-39. M onographie  der E ichen  
E u ro p as un d  des M ittelm eergebietes. —  
Feddes Rep., Sonderh .

—  1964. Q uercus. —  In T. G. T u t in  et al. 
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W e i m a r c k , II. 1947 a. De n o rd isk a  ek arn a  1. 
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61— 78.
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p e traea  och Q. p e tra ea X  ro b u r  jäm te  en 
system atisk  och v äx tgeografisk  överblick. 
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APPENDIX I. L ocalities of Oaks Exam ined  

A. Quercus robur ssp. puberula

SKÂNE. B rö nnestad , H a rrö d , 300 m NW  
L illsjödal (H. W e i m a r c k ) : 450201 — L und 
(T. H å k a n s s o n ) :  450301 —  L öderup  (T. 
H å k a n s s o n ) : 450401 -— R iseberga (4'. H å k a n s ­
s o n ) : 450501 —  L öderup, S an d h am m aren , 
close to the ligh thouse  (14. W e i m a r c k ) : 
450601 N Mellby, W  F u ru to rp , pine fo res t 
(H. W e i m a r c k ) : 450701 —  G enarp , Skoggård 
(H. W e i m a r c k ) : 450801 —  Gladsax, sand 
m eadow  (14. W e i m a r c k ) :  450901 —  Höör, hill 
NNE F o g d arö d  (G. O l s s o n ) : 451001 —  R örum  
( I I .  W e i m a r c k ) :  451101 T o rn a  H ällestad , 
B oreslund , sand  h ills (H. W e i m a r c k ) :  451701 
— so u th e rn  lake sho re  of Vom b (J. L i n d e r s ) : 
451801 —- T o rn a  H ällestad , beech-hill, sand 
(H. W e i m a r c k ) :  451901 —  S Mellby, hill 
slope E N E  G ladelund —  SMÅLAND. Färga- 
ryd , U lfshu lt (II. W e i m a r c k ) :  450101 — V 
T orsås, N ybygden (II. W e i m a r c k ) :  451601 —  
VÄSTERGÖTLAND. B orås, H ultberg  (A. 
H o l m e r z ) : 451501 — G öteborg, L iseberg (H. 
C. K i n d b e r g : 451401 —- ÖSTERGÖTLAND. 
F jä rs ta d , B oda (II. W e i m a r c k ) :  451301 — 
UPPLAND. R oslagen, G regersboda (H. & A. 
F r i e s ) : 451201.

Ii. Quercus robur ssp. robur

SKÅNE. B osjök loster. (44 H å k a n s s o n ) : 
453401 —  L öderup , S an d h am m aren , close to 
the ligh thouse  (H. W e i m a r c k ) :  453501 — 
V isseltofta , 1 km  W  B oalt (H. W e i m a r c k ) : 
453601 —- B rösarp , pine fo res t a t the ra il­
w ay sta tio n  (H. W e i m a r c k ) : 453701 — S 
Mellby, 1 km  NE Svinaberga (Stenshuvud)
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(T. H å k a n s s o n ) :  453801 —  R iseberga, 400 m 
-SSE S k ära lid  (T. H å k a n s s o n )  : 453901 —  
R iseberga, 300 m S S k ära lid  (T. H å k a n s s o n )  : 
454001 —  SMÅLAND. Jä t, L indeberg  (H. 
W e i m a r c k )  : 452301 ■— V äckelsång, E sb jö rn a- 
m åla  (II. W e i m a r c k ) :  452401 -—- V ärnam o, 
H ju lsh a m m a r— F u n tab o  (H. W e i m a r c k )  :
452501 —  B olm sö, close lo the ch u rch  (H. 
W e i m a r c k ) :  452601 —  L ån g ary d , Y ttersjö- 
ho lm  (H. W e i m a r c k ) :  452701 —  Ö jaby (G. 
B j ö r n s t r ö m ) :  452801 - -  Bosebo, B olbynäs 
(IL W e i m a r c k ) :  452901 —  N ydala, M oboda 
(H. W e i m a r c k )  : 453001 -— V illstad, S ännås 
(4L W e i m a r c k ) :  453101 —  V T o rsås, P ip a re ­
lid (H. W e i m a r c k )  : 453201 —  V irestad , Höge- 
lid (H. W e i m a r c k ) :  453301 —  HALLAND. 
G unnarp , S trä ttebo  (H. W e i m a r c k ) :  452101
—  G u n n a r p ,  J o a r s b o  (H. W e i m a r c k ): 452201.

C. Quercus petraea

SKÅNE. Osby, Skansen  (H. W e i m a r c k ) :  
460101 -— V S önnarslöv , NW  K roken (T. 
D o n n e r  & H. W e i m a r c k ) :  460201 Konga 
(T. H å k a n s s o n ) :  460301 -—- R iseberga (T. 
H å k a n s s o n ) :  461101 -— Röke, 1 km  E S lä tt­
sjö, ru b b le  gravel (H. W e i m a r c k ) :  461201 

- Klöva H alla r, V Sönnarslöv  (T . H å k a n s ­
s o n )  : 461301 — Osby, 600 m  S. S ibbarp , 
m o ra in  (H. W e i m a r c k ) :  461901 —  R iseberga, 
1 km  W N W  S låaröd, rubb le  gravel (H. 
W e i m a r c k ) :  462001 —  SMÅLAND. Ryd (O. 
T e d i n ) :  460601 — H o v m an to rp  (T. H å k a n s ­
s o n )  : 460701 —  B olm sö close to the fe rry - 
sta tio n  (G. O l s s o n ) :  460801 — M öckelsnäs
(N. J o h a n s s o n ) :  460901 —  HALLAND. Ask- 
om e, F y llek leva (11. W e i m a r c k ) :  461401 
L jungby, G islestad (H. W e i m a r c k ) :  461501
—  A s k o m e ,  H a n s a b o  (H. W e i m a r c k ):  461601
—  R ä n n e s lö v ,  P e r s t o r p  (G. O l s s o n ) :  461701

F j ä r å s  (II. G. K i n d b e r g ):  461801 
V Ä S T E R G Ö TL A N D . N ä r r y d a ,  R ä v e lå s  (IL 
F r i e s ):  460401 G ö teborg ,  S lä t t s k o g e n  (.1. H. 
K y l i n ) : 460501.

I). Quercus p etraeaX robur

SKÅNE. S Mellby, hill slope ESE  G ladelund 
(I I . W e i m a r c k ) :  471301 -—- Osby, H ö n ja ru m  
(F .  L u n d b e r g ) :  471401 —  S M ellby, S tens­
huvud (E. A s p l u n d ) :  471501 —  H anaskog  
( T h .  L a n g e ) :  471601 Ö rkelljunga, 1 km  

E N E  H avabygget (H. W e i m a r c k ) :  471701 -
Assjö, d o s e  to S to regård  fa rm  (11. N i l s s o n ) :  
471801 —  N Sandby (A. O r e o s s o n )  : 471901 

BLEKINGE. N ä ttrab y , Skärva  K orpa- 
nabben  (B. H o l m g r e n ) :  472001 — K arls­
ham n, B ellevue (I. L i n d e r h o l m )  : 470401 — 
SMÅLAND. Gullabo, L önbom åla  (H. W e i ­
m a r c k )  : 470501 —  F ä rg a ry d , E kenäs-S koga  
(H. W e i m a r c k )  : 470601 —  B urseryd , 2 km  
S ch urch  (H. W e i m a r c k ) :  470701 — V illstad,

M arkås (IL W e i m a r c k )  : 470801 —  Gnosjö, 
B ottn ingabo  (H. W e i m a r c k ) :  470901 — HAL­
LAND: Ysby, Skogaby (T. P e r s s o n ) :  471201 
-  VÄSTERGÖTLAND. L jushu lt, H allaved (O. 

O l s s o n ) :  471001 —  B orås, R yås (C. S a n d ­
b e r g ) :  471101 —  ÖSTERGÖTLAND. O ppeby, 
1 km  ESE B jö rk fo rs  (H. W e i m a r c k ) :  470101 
—  VÄRMLAND. V isnum skil, D yrön (H. W e i ­
m a r c k ) :  470201 —  M illesvik, S tag lerud  (H. 
W e i m a r c k )  : 470301.

E. P e d u n cu la te  O aks C ollected  by th e  A u th o r

SKÅNE. F ru e rä ften , 3 km  NW  S Sandby: 
462101 —  M åryd, 100 m  N M åryd farm : 
462201 —  2 km  NNE T o rn a  H ällestad  ch u rch : 
462301 —  T ryggaröd  (by the road  B roby— 
H ässleho lm ): 462701 —  2 km  N B osjök loster: 
462801 —  L ångsto rp , 5 km  NNW  H öör: 
462901 & 463001 —  H öör, 2 km  N S ju n n e ru p : 
463101 —  H öör, 2.5 km  N S ju n n eru p : 463201 

H öör, M isseröd (H öör— S R örum ) : 463301
—  K vesarum , E the castle: 463401 —  S 
R örum , 1 km  W  ch u rch  (S side of the road) : 
463501 — S R örum , 1 km  W  ch urch  (N side 
of the ro ad ): 463601 —  S R örum , B jäv röd : 
463701 —  Sösdala, O sk arsfarm : 463801 — 
Silvåkra, NE S k rivarem öllan : 463901 — Silv- 
åk ra  fa rm , SW  K ran k esjö n : 464001 —  H assle- 
m öllan, 2 km  E V eberöd: 464101, 464201 — 
3 km  E A nklam : 464301, 464401 —  1.5 km  
NE L övestad (L övestad— A ndrarum ) : 464501
—  Ry, at the “c o u n ty ” b o u n d a ry  SSW  
A ndrarum  ch u rch : 464601 —  5.2 km  NE 
Lövestad: 464701 — SW  M olleröd (S illa röd— 
V allarum ): 464801 —  3 km E Eslöv, Skog­
h use t: 464901 —- F a iry h ill (W lake of V 
R ingsjön ): 465001 -— Stehag, V ärlinge fa rm : 
465301 — S tockam öllan , H asslebro  465401 
S tockam öllan , M ickelborg: 465501 —  E N E  
Billinge (close to R önne riv er): 465601 —  
E N E  Billinge, H ultseröd : 465701 — NW  
H alla röd , N H ulta rp : 465801 — H a lla rö d — 
F ärin g to fta  at the “co u n ty ” b o u n d a ry : 465901
—  R ögnaröd, 3 km  S F ärin g to fta : 466101 — 
F orestad , SW F ä rin g to fta : 466201 P e rs to rp , 
H unseröd  fa rm : 466301 —  P ersto rp , G ustavs­
berg: 466401 —  P e rs to rp , B osarp : 466501 — 
2 km  E T yringe: 466601 —  F in ja , 0.5 km  
N M ölleröd fa rm : 466701 —  N Stoby ch u rch : 
466801 H ästveda, A m undtorp : 466901 -— 
Veberöd, G rönland: 467001 —  Everlöv, Kum- 
la to fta : 467101 —  Sövdeborg: 467301 —  NW  
lake Snogeholm , sho re : 467401, 467501 — 
betw een the lakes of E lle stad  and  Snogeholm : 
467601 —  NE lake Snogeholm , E rik sd a l at 
the  c ross-roads: 467701 —  0.5 km  NW  S 
Asum ch u rch : 467801 —  Ö v ed sk lo ste r: 467901, 
468001 —  G am m alstorp , NE Äspinge: 468101
—  N Vism osse, E  Äspinge: 468201 —  P åb ro , 
E  T o rm esto rp : 468301.
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Contribution à l’étude du genre Cololejeunea  
V. Q uelques espèces de la rég ion  in d o -p a c ifiq u e

P. T ix ier

T i x i e r ,  P. 1976 05 06. Contribution à l’étude du genre Cololejeunea. V. Quelques 
espèces de la région indo-pacifique. — Bot. Notiser 128:425—431. Lund. ISSN 
0006-8195.

Five new species o f  the genus Cololejeunea ( S p r u c e )  S t e p h a n i  are described 
and illustrated, viz. C. hebridensis, C. mackeeana, C. plagiochiliana, C. sophiana 
and C. stoniana.
P. f i x ie r , I.N.A. d ’El Uarrach, Alger Xème, Algérie.

N o u s  dé fin irons  la région indo-pacif ique , 
su r  le p lan  b ryo log ique,  co m m e  un  vaste 
c o u ra n t  a l lan t  à l ’ouest de l ’A frique O rien ­
tale, a  l’est de la Nouvelle  Zélande et re ­
m o n ta n t  vers le n o rd  j u s q u ’au  J a p o n  et 
aux  îles H awaii.

Ici nous  n ’ins is terons p a s  su r  la sy s tém a ­
tique  d u  genre  Cololejeunea.  Ce g ra n d  g e n ­
re, qu i rep résen te  à peu  p rès  50 °/o des 
espèces dans  les f lo ra les  ép iphy lles  d H é p a ­
tiques, peu t  être, chez les Orchidées, au  
po in t  de vue  com plexité ,  co m p aré  p a r  
exem ple  au  genre  D end ro b ium .  Cela nous 
évite des déve loppem ents  m êm e brefs  su r  
ce point.

R app e lo ns  seu lem ent q u e  M .  M i z u t a n i  

(1961), P a n  C h i e h  C h e n  et P a n  C h e n g  

W u  (1964) on t  fou rn i  des m o n o g r  , ' ' s 
p ou r  le genre  au  J a p o n  et en Chine, en  ce 
qui concerne  les flores t rop ica les  re p ré se n ­
tant les f ranges  ex tér ieures  des flores in d o ­
malaises.

E .  H. B e n e d i x  (1953) n ’a  envisagé q u ’un  
ce r ta in  n o m b re  du sous-genres  d u  genre 
Cololejeunea  en Indo-Malaisie . Le travail 
d em e u ra  incom ple t .  B. M. S c h u s t e r  (1963) 
a fou rn i  d ans  son synops is  des genres  a p ­
p a r te n a n t  aux  L ejeuneacées , une  revue des 
d if fé ren ts  sous-genres  de Cololejeunea.  Cela 
n ’est q u ’u n  p re m ie r  a p e rç u  qui d e m a n d e ­
rait à ê tre com plé té .  Aussi, d o n no ns-n ou s

ici c inq  nouvelles espèces: u n e  o rig ina ire  
de M adagascar,  une de Malaisie et tro is  de 
Mélanésie.

C ololejeunea hebridensis P. T i x i e r  sp. 
nov. —  Fig. 1

Planta modica, albo viridis, foliicola, sub­
strato appressa. Caules usque ad 1 cm longi, 
pauciter ramosi, 0,05 mm crassi, cum foliis 
1,4 mm lati. Folia sub angido 90° inserta, 
interseque 0,4 mm distantia. Cellulae cum 
trigonibus incrassionibus intermediis in cel­
lulis basalibus. Margo sine cellulis hyalinis. 
Cellulae marginales 8X 10  u; cellulae partis 
mediae 15X15 p; cellulae basales 30— 50X 
X 15— 20 u. Lobus reniformis cum sinu inter 
lobum carenamque, caulem tegens 0,9 mm 
longus, 0,6 mm latus. Lobulus saccatus, leviter 
inflatus 0,3 mm longus, 0,2 mm latus. Apex 
lobuli laxe truncatus cum 3 dentibus, dente 
subapiculi, dente apicali, dente media. Papilla 
hyalina haud visa. Propagulis discoideis, 70 u 
in diametro, cum 28 cellulis. Planta monoica. 
Flos femineus lateralis. Periantbia sub foliis 
floralibus. Folia floralia cum lobo 0,9 mm, 
0,6 mm lato, lobuloque elongato 0,04 mm 
longo, 0,15 mm lato. Periantbia cum rostro 
notato, cum alis parvis sinibuque ventralibus, 
0,7 mm alta, 0,6 mm lata. Flos masculus late­
ralis, sessilis, 0,4 111111 altus, cum bracteis 3 
jugis.

ECHANTILLON EXAMINE. Nouvelles Hé­
brides: Vaté, en forêt dense, 200— 300 m, 1973, 
M. S c h m i d  s.11. (holotype PC).

P lan te  m oyenne ,  b lanc  v e rd â tre ,  épi- 
phylle, app liq uée  au  sup po r t .  Tiges longues

B ot. N o tise r , vo l. 128. 1975
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Fig. 1. Cololejeunea liebridensis. — A: Tige. 
— B: Feuille. — C: Apex du lobe. — D: Base 
du lobe. —■ E, F: Apex du lobule. — G: 
Propagule (p =  28). -—- H: Périanthe. — I: 
Lobule de la bractée périanthaire. .1: In­
florescence mâle.

atteignant ju sq u ’à 1 cm; peu divisées, épais­
ses de 0,05 mm, larges avec les feuilles de 
1,4 mm. Feuilles insérées sous un angle de 
90 et distantes entre elles de 0,04 mm. 
Cellules présentant des trigones et des 
épaississem ents in term édiaires dans les 
cellules basales. Pas de m arge hyaline. Cel­
lules m arginales 8X 10 p; cellules de la 
partie moyenne 15X15 p; cellules basales 
30— 50 X 15— 20 p. Lobe réniform e avec un 
sinus entre le lobe el la carène recouvrant 
la tige long de 0,9 mm, large de 0,6 mm. 
Lobule en sac, m oyennem ent gonflé, long 
de 0,3 mm, large de 0,2 mm. Som m et large­
ment ouvert, à trois dents avec la présence 
d ’une petite dent surapicale. Papille h y a­
line non observée. P ropagules discoïdes, de 
70 p et avec 28 cellules. P lante m onoïque. 
Inflorescence femelle latérale. Périan the 
Bot. Notiser, vol. 128, 1975

inclus dans les bractées périanthaires. 
Bractées périan thaires avec un lobe long 
de 0,9 mm et large de 0,6 mm, lobule a llon ­
gé, long de 0,4 mm, large de 0,15 mm. 
P érian the à bec bien m arqué, à oreillettes 
et avec deux plis ventraux, hau t de 0,7 mm, 
large de 0,6 mm. Inflorescence mâle la té­
rale courte, im plantée directem ent sur la 
tige, de 0,4 nun de hau t avec 3 étages de 
bractées fertiles.

Nous classons cette espèce au sous-genre 
Pedinolejeunea  ( B e n e l u x ) M i z u t a n i  dû à 
son aspect m acroscopique (plante très a p ­
pliquée au support avec un aspect glauque 
brillant) et à un  certain  nom bre de ca rac­
tères m icroscopiques (cellules sans o rne­
m ents, lobule à trois dents, etc.).

Cololejeunea mackeeana P. T i x i e r  s p .  

nov. —  Fig. 2

Planta parva, foliicola, substrato appressa. 
Caulis longus usque ad 5 mm, pauciter ram o­
sus, 40 p crassus, cum foliis 1 mm latus, in 
sectione, 5 cellulis visis. Folia sub angulo 40° 
inserta interseque 0,3 111111 distantia. Folia 
lingulata, lobo 0,4 111111 longo, 0,3 111111 lato. 
Margo irregulariter denticulatus. Cellulis cum 
parietibus plus aut minus tenuibus, incras- 
sionibusque intermediis. Cellulae marginales 
30—20X20—15 p; cellulae basales 40—20X 
X20—15 p. Lobulus usque tertiam partem 
folii, saccatus, inflatus, cum apice late trun­
cato, duae dentes, apicalis brevis, media plus 
aut minus hamata. Papilla hyalina ovalis, 20 p 
longa, sub angulo. Stylus hyalinus unicellula- 
ris, 20 p altus. Flos femineus lateralis. Folia 
floralia cum lobo crenulato, 0,5 mm longo, 
0,17 mm lato, lobuloque 0,3 mm longo, 0,10 
mm lato. Perianthia 4-plicata, denticulata, 
0,6 mm alta, 0,3 mm lata. Flos masculus late­
ralis, 0,6—0,3 mm altus, cum bracteis 3—4 
jugis.

ECHANTILLONS EXAMINÉS. Nouvelle Ca- 
lédonie: Forêt de montagne sur terrain ser­
pent ineux, épiphylle sur Rapcinea, 900 m, 15.V. 
1975, Me K e e  30117 (holotype PC). — 24.IV. 
1975, Me K e e  30082. — Pic du Rocher, Mon­
tagne des Sources, pente ombragée d’un enton­
noir, sur feuilles de fougère, 960 111, 8.III. 
1951, IL H ü r l i m a n n  2394, 2395. — Montée de 
la “route de Gomen”, vers le sommet de 
l’Ignambi, en forêt de montagne sur Rubiacée, 
1200 111, 17.VIII. 1951, H. H ü r l i m a n n  2851. -— 
Dumbéa, vallée de la Sunshine, côté du Mont 
Do, sur Hymenophyllacées, 700 m, 28.VIL 
1951, H .  H ü r l i m a n n  2748.
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Fig. 2. C ololejeunea m ackeeana . — A: Tige. —  B, C: Feuilles. —  D : B ase du  lobe. — 
E: Apex du lobe. —  F, G: Lobule. —  H: Base du  lobule. — 1: Coupe de la tige. —  
J: B ractées p é rian th a ires . —  K: P é rian th e . —  L: L obule  de la bractée . —  M, N: In flo rescen ­
ces m âles. —  A, B, D— F, H — J, L: M a c  K e e  30082. —  C, G: M ac  K e e  30117. —  K, M,

N: H ü r l i m a n n  239-1.

Plante petite, vert pâle, épiphylle, app li­
quée au support. Tige longue atteignant 
jusqu’à 0,5 mm, peu ram ifiée, épaisse de 
40 p. large avec des feuilles de 1,4 mm, à 5 
cellules en section. Feuilles insérées sous 
un angle de 40 et d istantes entre elles de 
0,3 nun. Feuille spatulée, à lobe long de 
0,5 mm, large de 0,3 mm. Marge irréguliè­
rement dentelée, rappe lan t la m arge de 
Diplusiolejeunea com uta  S t e p h a n i . Cellules 
à parois m oyennem ent m inces avec épais­
sissements interm édiaires. Cellules m arg i­
nales 30— 20X 20— 15 p; cellules basales 
40—20X 20— 15 p. Lobule long, dépassant 
le tiers de la longueur de la  feuille, en sac, 
gonflé, largem ent ouvert au  sommet. Deux 
dents au somm et, dent apicale courte, dent

m édiane de deux cellules plus ou moins en 
crochet. Papille hyaline ovale, allongée, 
longue de 20 p, sous le lobule. Style hyalin 
unicellulaire, haut de 20 p. Inflorescence 
femelle latérale. Bractées périanthaires à 
lobe crénelé, long de 0,5 m m, large de 
0,17 mm, lobule long de 0,3 mm, large de 
0,10 mm. Périan the à quatre  plis dont 
deux ventraux, à bords denticulés, haut 
de 0,6 mm, large de 0,3 mm. Inflorescence 
mâle latérale de 0,3 à 0,6 m m  de haut et 
avec 3— 6 paires de bractées fertiles.

Cette espèce appartien t au sous-genre 
Lasiolejeunea  B e n e d i x , elle diffère de tou ­
tes les espèces du sous-genre du  Pacifique 
Sud tropical.
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Fig. 3. Cololejeunea plagiochilianci. — A: Tige. 
— B: Feuille. — C: Apex du lobe. — D: Base 
du lobe. — E: Lobule. — F: Périanthe. — 
G: Inflorescence mâle.

C ololejeu nea  p lag ioeh iliana  P. T i x i e r  

sp. nov. —  F ig . 3

Planta fragilis, viridis, foliicola ad substra­
tum  appressa. Caules usque ad 1 cm longi, 
0,04 mm crassi, cum foliis 0,6 mm lati, folia 
sub angulo 90° inserta interseque 0,4 mm dis­
tantia. Cellulae magnae, parietibus tenuibus. 
Cellulae marginales 20X40 p, basalesque 60— 
40x20  u. Folia scutulata, ad m arginem  denti­
culata. Lobus 0,7 mm longus, 0,4 nun latus. 
Lobulus reductus, circum 15 cellulis. Dens 
media sola visa. Papilla hyalina ad marginem 
lobuli, sphaerica, 10 a in diam etro. Perianthia 
lateralia, folia floralia, tam longiora quam 
perianth ia, similia foliis caulis. Perianthia 
com planata, sine sinibus ventralibus, apice 
cum alis notatis, cibatis, 0,6 mm alta, 0,4 mm 
lata, rostrum  parvum. Flos masculus, parvus, 
lateralis, cum bracteis 2—3 jugis fertilibus 
cuique cum 2 antheridibus.

EGIIANTILLON EXAMINÉ. M adagascar: 
Périnet, épiphylle en forêt, 3 .IX. 1951, R. Be- 
n o i s t  s . ii. (holotype PC).

P lan te  fragile , verte , ép iphy lle , ap p liq u ée  
a u  su p p o rt. Tige a tte ig n an t ju s q u ’à 1 cm  
de  long, épaisse de 0.04 rnm , large  avec les 
feu illes de 0,8 nun , feu illes in sérées sous u n  
ang le  de 90° et d is tan tes  en tre  elles de 
0,4 m m . Cellules g ran d es à p a ro is  m inces, 
ce llu les m arg in a les  de 2 0 X 4 0  p, cellu les 
b asa le s  00— 40 X 20 p. F eu illes rh o m b o id a les  
à b o rd s  den ticu lés. L obe long de 0,7 m m ,

large  de 0,4 m m , lobule réd u it à une q u in ­
zaine de cellu les. D ent m éd iane  seule m a r ­
quée, pap ille  h y a lin e  su r le b o rd  du  lobule  
de m oins de 10 p de d iam ètre . S tyle non- 
observé. P é ria n th e s  la té rau x , b rac tées  ég a ­
les au  p é rian th e , de m êm e fo rm e et de 
m êm e taille que  les feuilles cau lin a ires . 
P é ria n th e  ap la ti, sans plis v en trau x , so m ­
m et à o re ille ttes m arquées, m un ies de cils, 
p lu s ou m oins longs, h a u t de 0,6 m m , large 
de 0,4 m m , bec peu visible. In flo rescence  
m âle, petite , la té ra le  de 2— 3 étages de 
b rac tées  fe rtiles  co m p o rtan t 2 an th é rid ie s .

E spèce p ro ch e  de C ololejeunea ap icu la ta  
(E. W . J o n e s ) S c h u s t e r , espèce un ique , 
supposons nous, de la  section  A picu la tae  
de S c h u s t e r .

C ololejeunea sophiana P. T i x i e r  sp. nov. 
—  F ig . 4

P lanta parva, foliicola, albo-viridis, sub­
strato  appressa. Caules usque 0,9— 1 cm longi, 
0,1 mm crassi cum foliis 2 mm lati, folia sub 
angulo 60° inserta interseque 0,4 mm distantia, 
parietibus cellularum tenuibus cum trigonibus 
incrassionibusque intermediis, margo serni- 
hyalina, cellulis exterioribus lobi hexagonali- 
bus, 30 p in diam etro, cellulis basalibus, elon­
gatis, 40 p longis, 20 p latis. Folia ro tundata, 
lobus 0,8 mm longus, 0,5 mm latus. Lobulus 
rotundatus, adplanatus, saccatus 0,15 mm 
longus, 0,15 mm latus. Apex laxe truncatus 
cum duobus dentibus, apicali mediaque parvis. 
Papilla  hyalina ovalis, ad basin proxim am  
dentis mediae, 20 p longa. Propaguli discoidei 
ovales 90 p longi, in statu, 28 cellularis. Species 
monoica. Perianth ia lateralia m ajora quam  
folia floralia, flora floralia cum lobo 0,8 mm 
longo, 0,5 mm lato, lobuloque 0,3 mm longo, 
0,1 m in lato. Perianthia cordiform  ia com ­
planata cum duobus sinibus ventralibus, rostro  
minus notato. Flos masculus lateralis, 0,5 mm 
altus, bracteis 4 jugis.

ECHANTILLONS EXAMINÉS. Nouvelle Ca- 
lédonie: Mont Panié, forêt de pente à palm iers, 
épiphylle, 800 ni, I.XII. 1972, M. S c h m i d  248 
(holotype PC), 260, 261. — Monts Dzumae, 
forêt basse sur péridotites, épiphvlles sur 
Cupaniopsis, 15.11. 1973, J. V e i l l o n  s.n.

E spèce dédiée à M m e S c h m i d .

P lan te  petite , b lan c  v e rd â tre , ép ip h y lle , 
app liq u ée  au  su p p o r t. T ige d e n v iro n  0,5 
à 1 cm  de long, épaisse  de 0,1 m m , large  
avec des feu illes de 2 m m , feu illes in sérées

Bot. N otiser, vol. 128. 1975
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Fig. 4. Cololejeunea sophiana. — A: Tige. — B: Feuille. — G: Apex du lobe. — D: Base 
du lobe. — E, F: Apex du lobule. — G: Périanthe. — H: Inflorescence mâle. — 1:

Propagule (p=28).

sous un angle de 60° et d istan tes entre 
elles de 0,4 mm. Cellules à paro is minces, 
à trigones et épaississem ents in te rm édia i­
res. Marge sem i-hyaline constituée de cel­
lules allongées, arrondies de 20 p de long 
et de 7— 8 u de large. Cellules périphéri­
ques du lobe hexagonales de 30 p de d ia ­
mètre, cellules de la base allongées de 40 p 
de long et de 20 p de large. Lobe arrondi, 
recouvrant largem ent la tige, long de 0,8 
mm, large de 0,5 mm. Apex largem ent 
tronqué avec deux dents, apicale et m édiane 
à faible développem ent. P ropagu les en fo r­
me de disque, ovales, longues de 90 p et 
avec 28 cellules. Espèce m onoïque. P é rian t­
he latéral dépassant les bractées périant- 
haires, bractées périan thaires à lobe long 
de 0,8 mm, large de 0,5 m m , lobule long 
de 0,3 mm et large de 0,1 m m . P érian the 
cordiform e aplati avec deux plis ventraux

peu m arqués, hau t de 0,6 mm, large de 
0,4 mm. Inflorescence mâle latérale, haut 
de 0,5 mm, avec 4 étages de b rad é es  fe rti­
les.

Espèce assez difficile à classer à un  des 
sous-genres classiques, se rapp rochan t du 
sous-genre Pedinolejeunea  (marge et agen­
cement de la feuille). On peut rapprocher 
cette espèce de C. calédonien S t e p h a n i , de 
C. pulchella  ( M i t t .) S c h u s t e r  et de C. 
viroticina P. T i x i e r  nom.sol.

Cololejeunea stoniana P. T i x i e r  s p .  nov.
— Fig. 5

Planta parva, viridis, foliicola, substrato 
appressa. Caules usque ad 1 cm longi, 0,09 mm 
crassi, cum foliis 1,2 mm lati. Folia sub angulo 
60° inserta interseque 0,4 mm distantia. Cel­
lulis cum trigonibus incrassionibusque inter­
mediis praecipue visis in vicinate marginis,

Bot. N o tise r, vol. 128, 1975
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Fig. 5. Cololejeunea stoniana. — 
ciu lobe. — E, F: Lobule. -—■ G:

A: Tige. —- B: Feuille. —  C: Apex du lobe. — D: Base 
Périanlhe. — H: Lobule de la bractée périanthaire. — 
1: Inflorescence mâle.

cellulis marginalibus rectangularibus 20X10 p 
metientibus, cellulis basalibus majoribus 60— 
3 0 X 2 0 — 15 p. Lobus obovatus fere caulem 
tegens 0,6 mm longus, 0,4 mm latus. Lobulus 
minutus, cibatus, plus aut minus decurrens 
sub caule, 0,2 mm altus, 0,2 nun latus. Papilla 
hyalina, sphaerica, 10 p in diametro. Planta 
monoica. Flores feminei laterales, foliis flora­
libus brevibus, cum lobo 0,3 mm longo, 0,15 
mm lato, lobu’ : , e 0,2 mm longo, 0,1 mm lato. 
Perianthia  complanata, 4-plicata, duobus sini­
bus ventralibus fortiter notatis, cordiformia, 
0,45 mm alta, 0,45 mm lata. Rostrum magnum. 
Flores masculi parvi, 0,4 mm alti, laterales, 
cum 3—5 jugis bractearum fertilium.

ECHANTILLON EXAMINÉ. Malaisie: Jo- 
hore, Mont Ophir, brousse secondaire auprès 
du réservoir, 300 m, épiphylle, 20.IV. 1972, 
P.  T i x i e r  6248 (holotype P C ) .

P la n te  petite, verte, ép iphylle ,  a pp liqu ée  
au  su p p o r t .  Tige a t te ign an t  j u s q u ’à 1 cm, 
épaisse  de 0,09 m m , large avec des feuilles
Bot. N otiser, vol. 128, 1975

de 1,2 m m . Feuilles insérées sous un  angle  
de 60° et d is tan tes  en tre  elles de 0,4 m m . 
Cellules à tr igones et épaississem ents  in te r ­
m édia ires  su r to u t  m a rq u é s  vers la m arge. 
Cellules m a rg in a les  re c tang u la i re s  de 20 X 
10 q, cellules sous-ad jacen tes  des 2 0 X 2 0  p. 
Cellules à la base de la feuille, p lus  g r a n ­
des, de 60— 3 0 X 2 0 — 15 [t. Lobe  obovale  
c o u v ra n t  à  peine la tige, 0,6 m m  de long 
su r  0,4 m m  de large. L obu le  réduit,  cilié 
p lus  ou  m o ins  d écu r ren t  su r  la tige; bau t  
de 0,2 m m , large de 0,2 m m . P apil le  h y a ­
line sph é r iqu e  de 10 p d iam ètre .  In f lo re s ­
cences fem elles latérales, b rac tées  pé r ian t-  
h a ires  courtes ,  lobe long de 0,3 m m , large 
de 0,15 m m  et lobule long de 0,2 m m , large 
de 0,1 m m . P é r ia n th e  ap la t i  avec 4 plis, 
d on t  deux  ven trau x  peu  m arq u é s ,  cordi-  
fo rm e  de 0,45 m m  de large  et de 0,45 m m  
de hau t,  bec bien visible. In f lo rescence
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m âle  petite , de 0,4 m m  de h a u t, la té ra le , 
avec 3— 5 p a ire s  de b rac tées fe rtiles très 
im b riq u ées.

E spèce  d iffic ile  à c lasse r p a rm i les sous- 
g en res P ed in o le jeu n ea  ( B e n e d i x ) M i z u t a n i  
et L a sio le jeu n ea  B e n e d i x . On p eu t r a p ­
p ro c h e r  cette espèce de C. p lag ioch iliana  
d éc rite  p lus h au t, à cause  du  tissu  fo lia ire , 
l 'ag en cem en t d u  lobule  et des petites in ­
flo rescences m âles.
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Studies in the Lentibulariaceae

7. T h e D evelopm ent o f  Endosperm  and
Em bryo in  U tricularia coeru lea  var. f ilica u lis  Clarke

Saeed A. Siddiqui

S id d iq u i, S. A. 1976 05 06. Studies in the Lentibulariaceae. 7. The development of 
endosperm and embryo in Utricularia coerulea var. filicaulis Clarke. -  Bot. Noti­
ser 1 2 8 :4 3 2 — 437. Lund. ISSN 0006-8195.

The development of endosperm conforms essentially to the Scutellaria type of 
S c h n a r f  (1917). The first division in the primary endosperm cell is transverse. 
The division in both primary endosperm chambers is longitudinal and the walls 
laid down are complete. Thus four completely partit ioned cells are produced. The 
micropvlar endosperm haustorium differentiates at the 8-celled stage of the endo­
sperm. However, a typical chalazal endosperm haustorium does not differentiate. 
The mature endosperm is strongly curved. Considerable variations in the plane 
and in early cell divisions in the development of endosperm have been observed. 
Free nuclear divisions frequently occur in the cells of the young endosperm. 
Occasionally the endosperm develops by repeated transverse divisions.

Three types of embryogeny have been observed. Usually the embryo development 
conforms to the Capsella variation and occasionally to the Buta variation of the 
Onagrad Type. Sometimes the proembryonic tetrad may be linear and the embryo­
geny appears to conform to the Chenopodiad or Solanad Type. The mature 
embryo does not differentiate into the usual embryonal parts. The only differentia­
tion is the epidermis of the embryo and its meristematic apical region.
Saeed A. Siddiqui, Department of Biology, College of Science, University of Sulai- 
manyiali, Sulaimanyiah, Iraq.

T h e  life h is to ry  of Utricularia coerulea  
L. has  been descr ibed  by  K a u s i k  (1935, 
1938) a n d  K a u s i k  an d  R a j u  (1956). The 
p re sen t  investigation  w as  u n d e r ta k e n  to 
c o m p a re  the em bryo log ica l  fea tures  of the 
m a in  species w ith  th a t  of its var ie ty  Utri­
cularia coerulea  var.  filicaulis  C l a r k e .

The material of U. coerulea var. filicaulis 
was collected from Manbhum, (Bihar) India. 
The conventional method of embedding in 
paraffin wax was adopted. The sections were 
cut at 8— 10 p. The preparations were stained 
with safranin and fast green combination.

OBSERVATIONS
Endosperm

T he  deve lopm ent  of the en d ospe rm  is ce l­
lu la r  a n d  co n fo rm s to the  Scute l lar ia  type

Bot. N otiser, vol. 128, 1975

of S c h n a r f  (1917). T he  f irs t d ivision in 
the  p r im a ry  e n d o sp e rm  cell is transverse ,  d i ­
viding th e  em b ry o  sac into m ic ro p v la r  a nd  
cha laza l  en d o sp e rm  ch am b e rs  (Fig. 1 A, B). 
T he div ision  in the  m ic ro p y la r  c h a m b e r  
p recedes th a t  in cha laza l  (Fig. 1 C , I)). T h e  
d ivision in b o th  p r im a ry  c h am b e rs  is 
long i tud ina l  an d  the walls la id  d o w n  are  
complete .  T h u s  fo u r  com plete ly  p a r t i t ion ed  
cells a re  p ro d u c e d  (Fig. 1 C— E). T h e  cells 
of the m ic ro p y la r  c h a m b e r  divide ear l ier  
than  the cha laza l  cells (Fig. t F ) .  T h e  
second div ision  in  bo th  the en d o sp e rm  
c h a m b e rs  is t ransverse .  T h u s  at the  8-celled 
stage the e n d o sp e rm  cells a re  a r r a n g e d  in 
p late-l ike fo rm  (Fig. 1 G). T h e  fo u r  cells of 
the m idd le  tw o tie rs  give rise to the e n d o ­
sperm  p ro p e r  w hile  th e  tw o m ic ro p y la r  cells 
d if fe ren t ia te  as a  2-celled m ic ro p y la r  h au s -
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toriuni. The two chalazal cells are con­
siderably elongated. However, a typical 
chalazal endosperm haustori um does not 
differentiate. The partition walls of these 
haustoria disappear soon and both of them 
become 2-nucleate.

Variations in the plane and sequence of 
cell divisions occur during the early stages 
of endosperm development. In one case the 
primary chalazal endosperm cham ber is 
dividing transversely (Fig. 1 II) and after 
wall formation the arrangement of the 
four cells would have been T-shaped. In 
another  case the p rim ary  micropylar endo­
sperm chamber is dividing transversely, 
while the chalazal chamber is still undivid­
ed (Fig. I I ) .  In still another case it a p ­
pears that the p rim ary  m icropylar endo­
sperm chamber has divided transversely 
and the chalazal chamber longitudinally. 
There are three free nuclei in the upper 
daughter  cell of the micropylar chamber, 
whereas the lower one is 1-nucleate (Fig. 
1 J). Rarely is the second division in the 
m icropylar chamber vertical instead of 
transverse (Fig. 1 K). In an  8-nucleate 
endosperm the micropylar endosperm 
cham ber is 2-celled, the middle tier having 
two cells with two nuclei each. The nuclei 
of the two cells of the chalazal chamber 
are dividing (Fig. 1 L). In a 10-nucleate 
endosperm, one of the two cells of the 
m icropylar tier contains three free nuclei, 
while the other has only one; the two cells 
of tlie middle tier have two free nuclei 
each and  there are two 1-nucleate cells in 
the chalazal cham ber (Fig. 1 M). Still in 
another case the endosperm cells are dis­
posed in three tiers, tlie m icropylar  tier 
consists of two longitudinally partitioned 
cells with two nuclei each. In  the middle 
tier one of tlie two cells has two nuclei. 
The nuclei in the two cells of the third 
tier are undergoing division (Fig. 1 N).

In some cases the divisions are trans­
verse in the early stages of the endosperm 
development, particularly so in the chalazal 
cham ber (Fig. 1 ()— Q). In one case the 
chalazal endosperm cham ber is dividing 
transversely, while two divisions have

already been completed in the m icropylar 
chamber (Fig. 1 0 ) .  In an 8-nucleate endo­
sperm, the four cells of the chalazal c h a m ­
ber have a T-shaped arrangement (Fig. 
1 P). In another 8-nucleate endosperm the 
micropylar haustorium is 2-nucleate, below 
which six endosperm cells are arranged in 
a linear fashion. The basal cell of the row 
is elongated and could have differentiated 
as a t -nucleate chalazal haustorium (Fig.
1 Q).

An interesting phenomenon of free n u ­
clear division has been observed in the cells 
of the young endosperm (Fig. 1 R— V). 
This is a novel feature and cannot be 
assigned to any principal type of endo­
sperm development.

The micropylar haustorium is very ag­
gressive and all the cells of placental 
“nutritive tissue” are consumed in the 
older stages of seed development. The 
haustorium remains 2-nucleate throughout. 
The so-called chalazal haustorium consists 
of two juxtaposed cells. It does not cause 
any damage to the chalazal “nutritive tis­
sue” at any stage (Fig. 1 W). The chalazal 
end of the endosperm is directed towards 
the funicle from the very beginning. The 
curvature of the ovule, and consequently 
of the endosperm, becomes more p ro ­
nounced in the advanced stages. Ultimately 
the endosperm assumes a U-shape (Fig. 
1 W).

E m b r y o g e n y

The tubular zygotic tube contains the 
nucleus in its dilated apex (Fig. 2 A). The 
nucleus divides transversely producing a 
small apical cell (ca) and a long basal cell 
(cb; Fig. 2 B). cb divides transversely to 
produce the cells m and ci (Fig. 2 C), 
while ca divides vertically producing two 
juxtaposed cells, q (Fig. 2D) .  Now ci 
divides transversely giving rise to the cells 
n and n' (Fig. 2 E) followed by a vertical 
division in m (Fig. 2 F). Later the cells of 
the tier q undergo vertical divisions and 
the quadran t stage is reached (Fig. 2 F, G).

B ot. N o tise r, vo l. 128, 1975
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Fig. 2. Em bryo developm ent (see text).

n ’ divides transversely  (Fig. 2 11). M ean­
while the q u ad ran t cells segm ent tra n s ­
versely (Fig. 2 I), consequently  at the 
octant and post octant stages the deriva­
tives of the apical cell are disposed in two 
tiers, 1 and 1' (Fig. 2 1, J). V ertical d iv i­
sions in m produce four or m ore daughter 
cells (Fig. 2 I) and  n undergoes two verti­
cal divisions (Fig. 2 J). The developm ent 
of the em bryo could not be followed close­
ly because fu rth e r  divisions in the p ro ­
em bryo becom e irregular. P resum ably  the 
daughter cells of m and ci take p a rt in the 
construction of the em bryonal bod}T and  a 
part of ci gives rise to the un iseria te  sus-

pensor (Fig. 2 J). Thus the em bryogeny 
conform s to the Capsella variation of the 
Onagrad Type.

Occasionally the T-shaped proem bryonic 
te trad  m ay develop in conform ity to the 
Ruta variation of the O nagrad Type. H ere 
one of the two juxtaposed cells of q is 
segmented transversely and  the other one 
longitudinally (Fig. 2 K, L). m divides 
vertically and ci transversely  (Fig. 2 L). In 
Fig. 2 M the two superposed quadran t cells 
divide vertically producing four cells, 
w hereas the two cells placed side by side 
have not entered upon division. One of the 
daughter cells of m has divided vertically 
and the division in n has produced two 
juxtaposed cells (Fig. 2 M). F u rth e r stages 
of this type of em bryo developm ent could 
not be followed. However, the disposition 
of the proem bryonic cells suggests th a t it 
had developed according to the Ruta v a ria ­
tion of the Onagrad Type.

Sometimes a linear proem bryonic te trad  
develops by two transverse divisions in the 
zygote (Fig. 2N) .  Rarely the apical cell 
will divide by producing an oblique w all 
w hich results in a condition in term ediate 
between T-shaped and linear proem bryonic 
te trads (Fig. 2 O). The sequence of division 
in the tiers 1 and 1' is variable (Fig. 2 P, Q). 
The tiers 1 and 1 divide vertically giving 
rise to quadrants (Fig. 2R) .  m divides 
vertically and ci transversely (Fig. 2 R). 
F u rth e r stages of the proem bryo could not 
be observed. The proem bryo could have 
belonged to the Chenopodiad or to the 
Solanad Type.

The em bryo elongates along its axis. In 
a longitudinal section it appears to be 
elliptical and the suspensor is clearly seen 
(Fig. 2 S). The m ature em bryo rounds off 
at both ends and the suspensor u ltim ately 
d isappears (Fig. 2 T). The em bryo narrow s 
at its apical end. There is a w ell-m arked 
apical growing region represented by small

Fig. 1. Endosperm  developm ent (see text). —  A— G: Normal developm ent. — H— V: 
Abnormal developm ent. — W : L. S. old ovule showing older endosperm  and the em bryo. 

—  mh =  m icropylar haustorium ; ch =  chalazal haustorium.
B o t. N o t ise r , v o l .  128, 1975
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Table  1. T he p resen t  investigation reveals tha t  U. coerulea var. fi licaulis  d iffers f rom  
U. coerulea  in the fo llowing embryological features .

U. coerulea var. coerulea

The walls  la id  down in the two p r im ary  en d o ­
sperm cham b ers  are  incomplete,  thus  four 
incompletely  part i t ioned  cells are produced.

A 2-nucleate chalazal endosperm  hau s to r iu m  
differentiates.

The wall of the m ic ropy lar  h au s to r iu m  dis­
solves. T he  cells of the p lacenta l  nutrit ive 
tissue b re ak  dow n  a n d  their  contents  are  in ­
corpora ted  in to  the cytoplasm  of the h a u s to ­
rium.

Repeated t ransverse  divis ions do no t  occur 
during  endosperm  development.

Free nuc lear  divis ions do not  occur.

The  em bryogeny  confo rm s to the Ruta  va r ia ­
tion of the O nagrad  Type.

m e r i s t e m a t i c  cells  (Fig.  2 T ) . T h e  r e m a i n ­
ing  p a r t  o f  the  e m b r y o  c o n s i s t s  o f  la rg e  
a n d  p o l y g o n a l  cells  w h i c h  a r e  r i c h  in  
s t a r c h  g r a in s  a n d  so m e  f o o d  m a t e r i a l  of  
u n k n o w n  c h e m i c a l  n a tu r e .  T h e  u su a l  
e m b r y o n a l  p a r t s  a r e  n o t  d i f f e r e n t i a te d  in 
th e  m a t u r e  e m b r y o .

I r r e g u la r i t i e s  d u r i n g  th e  e a r ly  d e v e lo p ­
m e n ta l  s ta g es  o f  the  p r o e m b r y o  a n d  the  
la c k  o f  d i f f e r e n t i a t i o n  o f  t h e  u s u a l  e m b r y o ­
na l  p a r t s  in  th e  m a t u r e  e m b r y o  d oes  n o t  
a l lo w  a p re c i s e  c la s s i f i c a t io n  o f  e m b r y o ­
gen y  in th e  spec ies .  H o w e v e r ,  o n  th e  ba s is  
o f  e a r ly  cell d iv is io n s  in t h e  d e v e lo p m e n t  
of  the  p r o e m b r y o  it a p p e a r s  t h a t  th e  e m ­
b r y o g e n y  in th e  sp ec ie s  g e n e r a l l y  c o n f o r m s  
to the  C a p se l la ,  o c c a s io n a l ly  lo th e  R u ta  
v a r ia t i o n  o f  th e  O n a g r a d  T y p e  a n d  s o m e ­
t im e s  to th e  C h e n o p o d ia d  T y p e  o r  S o l a n a d  
T y p e .

DISCUSSION

T h e  d e v e l o p m e n t  o f  e n d o s p e r m  c o n ­
f o r m s  to th e  S c u te l l a r i a  t y p e  o f  S c h n a u f  
(1917) in  t h e  in v e s t ig a te d  sp ec ie s  o f  Utri-  
cularia .  In  U. f l e x u o s a  ( K h a n  1954),  U. 
re t ic u la ta  ( K a u s i k  & R a j u  1955),  U. stel-  
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V . coerulea  var. fi licaulis

The walls laid d ow n  are  complete  and  result 
in four  complete ly  p a r t i t ioned  cells.

A typical chalazal en d o sp e rm  h au s to r iu m  does 
no t  differentiate .

The  hausto r ium  is quite  aggressive.  The wall 
of the m ic ropylar  h au s to r iu m  persists. The  
contents of the cells of the p lacen ta l  nutr it ive  
tissue are not in co rp o ra ted  into the h a u s to ­
rium.

Repeated  t ransverse  divisions occur during  
ear ly  stages of the  e n d o sp e rm  development.

Free  nuclear divisions f requen t ly  occur in the 
cells of the young  endosperm .

The  embryogeny confo rm s  to the Capsella 
var ia tion  of the O nagrad  Type.

laris  var .  in f l e x a ,  U. a rc u a ta  a n d  U. u l ig i ­
n o sa  ( F a r o o q  1964, 1965 a, 1965 b) a n d  
U. ste llaris  ( F a r o o q  & S i d d i q u i  1967) t h e  
p a r t i t i o n  w a l ls  la id  d o w n  a t  th e  t im e  o f  
f i r s t  d iv is io n  in th e  p r i m a r y  e n d o s p e r m  
c h a m b e r s  a r e  i n c o m p l e t e  t o w a r d s  t h e i r  
m ic r o p y l a r  a n d  c h a l a z a l  e n d s  re sp e c t iv e ly ,  
w h e r e a s  in U. c o e r u le a  v a r .  f i l i ca u l i s  t h e s e  
w a l l s  a r e  c o m p le te ,  t h u s  f o u r  c o m p le te ly  
p a r t i t io n e d  cells  a r e  p r o d u c e d .  In  U. str ia-  
t u la  ( F a r o o q  1966) t h e  tw o  cel ls  a t  the  
c h a l a z a l  en d  o f  t h e  e n d o s p e r m  a r e  c o m ­
p le te ly  p a r t i t io n e d ,  w h i le  t h o s e  in the  
m i c r o p y l a r  c h a m b e r  a r e  i n c o m p l e t e l y  p a r ­
t i t ioned .

T h e  o c c a s io n a l  o c c u r r e n c e  o f  r e p e a t e d  
t r a n s v e r s e  d iv is io n s  d u r i n g  t h e  e a r ly  s tag e  
o f  e n d o s p e r m  d e v e l o p m e n t  a s  d e s c r ib e d  
h e r e  h a s  b e e n  r e p o r t e d  in  U. f l e x u o s a  
(K h a n  1954) a n d  U. v u lg a r is  a m e r i c a n a  
( F a r o o q  & S i d d i q u i  1966) .  F r o m  o u t s id e  
t h e  fam ily ,  Villcirsia r e i n f o r m i s  (S t o u t  
1921) a n d  P h a c e l ia  c o n g e s ta  ( S v e n s s o n  
1925) m a y  lie c i ted  a s  e x a m p l e s  in  w h ic h  
th is  type  o f  e n d o s p e r m  d e v e l o p m e n t  o c c u r s  
n o r m a l ly .

F r e q u e n t  f r e e  n u c l e a r  d iv i s io n s  a t  d i f ­
f e re n t  stages o f  e n d o s p e r m  d e v e l o p m e n t  as
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described here rarely occur in U. scandens 
( F a r o o q  & B i l q u i s  1966 b) and U. arcuata 
( F a r o o q  1965 a). This type of endosperm 
development resembles that of Hyoscya­
m us niger ( S v e n s s o n  1926).

The  Capsella variation of the Onagrad 
Type of embryogeny as described in U. 
coerulea  var. filicaiilis has been reported 
earlier in U. uliginosa and U. striatula 
( F a r o o q  1965 b, 1966), while in U. coe­
rulea ( K a u s i k  & R a j u  1956) and U. scan­
dens  ( F a r o o q  & B i l q u i s  1966 a) the 
embryogeny conforms to the Ruta v ar ia ­
tion of the Onagrad Type. The Chenopo- 
d iad  Type of embryogeny usually occurs 
in U. stellaris var. inflexa ( F a r o o q  1958), 
whereas its occasional occurrence has been 
reported  in U. coerulea ( K a u s i k  & R a j u  

1956) and U. scandens ( F a r o o q  & B i l q u i s  

1966 a) and rarely in U. coerulea var. fili- 
caulis. Thus it is concluded that the em ­
bryogeny in the genus Utriculario is vari­
able.
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The development of the endosperm, embryo and testa of Celsia coromandeliana 
V a h l .  is described. A single hypoderm al archesporial initial functions as the 
megaspore m other cell. The tetrad is linear, and the chalazal megaspore develops 
into an 8-nucleate embryo sac of the Polygonum  type. The endosperm is cellular 
with 4-celled m icropvlar and chalazal haustoria. The endosperm is rum inate due 
to unequal elongation of a few endothelial cells. The embryogeny conforms to the 
Onagrad type. The testa of the m ature seed consists of epidermis, compressed 
middle layers and an endothelium  with thickened inner tangential and radial walls.

The morphology and embryology of Celsia coromandeliana indicates that it is 
distinct from  Verbascum thapsus L.
Tripat Kapoor and M. R. Vijayaraghavan. Department of Botany, University of 
Delhi, Delhi-110007, India.
N. K. Parulekar, M. V. College of Science, Andheri, Bombay, India.

Celsia co rom ande liana  o ccu rs  in In d ia  
th ro u g h o u t the  p la in s  an d  a lso  in  th e  
H im alay an  reg ions u p to  1525 m e tres  ex ­
tend ing  to A fg h an is tan , B u rm a  an d  C hina 
( D u t h i e  1960). S a n t a p a u  (1950) co n s id e r­
ed Celsia co rom ande liana  an d  Verb ascum  
thapsus  to be cogeneric  an d  suggested  th a t  
the  fo rm er is a sy n o n y m  fo r  the la tte r . 
F e r g u s o n  (1971) a lso  m erged  Celsia w ith  
V erbascum  b ecau se  acco rd ing  to h im  the 
presence  o f fo u r  o r five s tam en s is no t 
a lw ays co n s tan t an d  som e species of b o th  
Celsia an d  V erb ascum  h ave  fo u r stam ens 
w ith  a stam inode . T he p re sen t in v es tig a­
tion  w as u n d e rta k e n  to  s tu d y  th e  em b ry o ­
logy of C. corom andeliana  an d  to r e ­
solve on c o m p ara tiv e  ex o m o rp h ic  an d  
em bryo log ica l fe a tu re s  w h e th e r  th is  
tax o n  is pro parte  V. thapsus.

MATERIAL AND METHODS

Buds, flowers and fruits of Celsia coroman­
deliana were collected from  Yamuna Banks,

Delhi, India and fixed in Formalin-acetic- 
alcohol or Carnoy’s fluid and subsequently 
stored in 70 per cent ethanol. The m aterial 
was dehydrated and cleared by conventional 
m ethods and embedded in paraffin  wax. Seeds 
were im mersed for a week in a m ixture of 10 
per cent glycerine and 70 per cent ethyl alco­
hol (1:1 v/v) before dehydration which ren ­
dered the seeds quite soft, suitable for section­
ing. Serial sections were cut between 5 and 12 
m icrons thick and stained with either Safranin- 
fast green or H eidenhain’s iron alum haema- 
toxylin w ith a counterstain of fast green.

OBSERVATIONS 

External Morphology

Celsia corom andeliana  g row s in m o ist 
sh ad y  p laces. T h e  in flo rescence  is a  p a n ­
icle b e a rin g  n u m ero u s  sm all, yellow , b i­
sex u a l flow ers. C alyx an d  co ro lla  a re  
p e n ta m e ro u s  (Fig. 1 A, B ). T he an d ro e - 
c ium  co n sis ts  of fo u r  ep ipe ta lous s tam en s 
(Fig. 1 B). E ach  s tam en  h as  a do rs ifixed , 
re n ifo rm  an d  b ilobed  a n th e r  (Fig. 1 C),
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Fig. 1. Celsia coromandeliana  (sh, staminal 
hairs). — A: Young bud. — B: Flower. — 
C: Young stamen. — D: Dehisced stamen. 
Unicellular hairs are present on the filaments. 
— E: Fruit with persistent calyx. — F: Mature 
seed. — A—B, E X3, C—D X6, F X20.

the f i lam ents  of th e  m a tu re  an th e r s  are  
densely covered  w i th  h a i r s  (Fig. 1 D). 
T h e  g ynoec ium  is b ic a rp e l la ry  an d  syn- 
ca rpo us  w ith  n u m e ro u s  ovules . T h e  style 
is long an d  ends in a s im ple  b ilobed 
stigm a (Fig. 1 B). T he  o v a ry  is bilocu- 
la r  with  axile p lac e n ta t io n  a t  the  base 
but becomes u n ilocu la r  w i th  parie ta l  p la ­
cen ta tion  a t  the  apex. T h e  f ru i t  is a  sepli- 
cidal capsu le  w ith  a p e rs is ten t,  h a i ry  calyx 
(Fig. 1 E),  w hile  the  seeds a re  oblong and  
contain  ru m in a te  en d o sp e rm  (Fig. 1 F).

Megasporangium and Megasporogenesis

The o v u la r  p r im o rd ia  a r ise  as small 
p ro tub e rances  on  the m ass ive  p lacen tae . 
Differential ra tes  of g ro w th  of each  p r i ­
m o rd iu m  m a k e s  the  develop ing  ovule 
curve to w a rd s  the  d irec tion  of the p la c e n ­
ta. Usually a single h y p o d e rm a l  arche-  
sporia l cell w ith  p ro m in e n t  nuc leus  an d  
dense cy to p lasm  d if fe ren t ia tes  (Fig. 2 A). 
29

f  m

dm

da-

Fig. 2. Celsia coromandeliana  (dm, degenera­
ting megaspore; fm, functional megaspore; 
da, degenerating antipodal cells; dsy, de­
generating synergids; e, egg; pt, pollen tube; 
sn, secondary nucleus; sy, synergid). — A: 
Archesporial initial. — B: Megaspore mother 
cell. — C: Dyad in division. — D—E: Mega­
spore tetrads; note degeneration of non­
functional megaspores from the micropylar 
end and curvature of the functional mega­
spore. — F—G: Embryo sacs at maturity. 
In G, the pollen tube enters through the 
micropyle and discharges its contents into 
the degenerating synergid. A—E X340, F—- 
G X550.

It  does no t  cu t  off a  p a r ie ta l  cell bu t  fu n c ­
tions d irec tly  as the  m eg asp o re  m o th e r  
cell (Fig. 2 B). O ccasional ly  two a r c h e ­
spor ia l  initials  are  observed. T he  mega- 
spore m o th e r  cell elongates considerab ly  
a n d  th e n  un dergoes  meiosis resu l t ing  in a 
dyad. Meiosis II in b o th  these  cells is 
s im u l tan eou s  (Fig. 2 C) fo rm in g  a linear 
te t rad  of m egaspores  (Fig. 2 D ,  E). The  
n on -fun c tion a l  m ic ro p y la r  m egasp o res  d e ­
genera te  (Fig. 2 D, E) a n d  only the 
cha laza l m e m b e r  func t ions  (Fig. 2 E ) .
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Fem ale Ganietophyte

The functional megaspore elongates and 
becomes slightly curved (Fig. 2D , E). 
Many tiny vacuoles appear  in the cyto­
plasm, the megaspore nucleus then under­
goes three mitotic divisions and produces 
the 8-nucleate embryo sac. The mature 
embryo sac comprises an  egg apparatus, 
a secondary nucleus and three antipodal 
cells (Fig. 2 F). The egg is pyriform, the 
synergids have prominent hooks, two 
polar nuclei fuse to form the secondary 
nucleus and the antipodal cells are uni­
nucleate. The development of the embryo 
sac conforms to the Polygonum type. 
Pollen tubes are frequently seen in the 
micropyle (Fig. 2 G) and although the 
actual process of double fertilization has 
not been observed, the pollen tube entry 
into the embryo sac destroys one of the 
synergids. The antipodal cells degenerate.

Endosperm

The p r im ary  endosperm nucleus lies in 
the centre of the embryo sac (Fig. 3 A, B) 
and divides prior to the division of the 
zygote. The division is followed by a 
transverse wall, resulting in micropylar 
and chalazal chambers (Fig. 3 C). The 
development of the endosperm is cellular. 
The first two divisions in the micropylar 
and chalazal chambers are longitudinal 
(Fig. 3 D), the four cells of the chalazal 
cham ber form the chalazal haustorium 
directly, whereas the four elongated m i­
cropylar cells divide transversely (Fig. 
3 E ) .  The derivatives of the upper tier 
form the four-celled m icropylar hausto­
rium while I he lower four cells divide in 
longitudinal and transverse planes to form 
the endosperm proper (Fig. 3 I*', I).

The four-celled chalazal haustorium  is 
short and non-aggressive. It has one n u ­

cleus in each cell (Fig. 3 F, J) and  is early 
to organize and early to degenerate. The 
four-celled micropylar haustorium  is also 
non-aggressive with uninucleate cells (Fig.
3 F, II). The remnants of the micropylar 
and chalazal haustoria persist in the 
m ature  seed (Fig. 5 G).

The endothelium is a prom inent layer 
and  increases in size after fertilization 
(Fig. 5 F). Some endothelial cells elongate 
both in radial and tangential directions 
causing the surface of the endosperm  to 
become wavy and irregular (Fig. 5 11). 
The endosperm is thus at m aturity , rum i­
nate (unpublished observation) and  its 
cells are full of reserve food materials 
(Fig. 3 G).

Embryogenesis

The zygote elongates considerably (Fig.
4 A), becomes tubular, enters the central 
mass of endosperm and remains quiescent 
for a long time. The nucleus migrates and 
occupies the distal end of the zygote. A 
transverse division produces the terminal 
cell ca and basal cell cb (Fig. 4 B). The 
next vertical division occurs in the ter­
minal cell resulting in two juxtaposed cells 
(Fig. 4 C, D). The basal cell cb segments 
transversely to form two superposed cells 
in and ci, resulting in a p roem bryonal 
te trad arranged in an 1-shaped m anner  
(Fig. 4 D).

Each of the two derivatives of the ter­
minal cell ca, divides vertically at right 
angles to the previous plane giving rise to 
the quadran t q (Fig. 4 E, F). The four 
cells of the quadran t engender the octant 
by transverse divisions (Fig. 4 G, II). The 
cells of the octant are thus disposed in two 
tiers of four cells each, designated as 1 
and 1' (Fig. 4 11). Division in the tier 1 
occasionally lags behind that of 1 during

Fig. 3. Celsia coromandeliana (cc, chalazal chamber; ch, chalazal haustorium; end endo­
sperm; it, integumentary tapetum; me, micropylar chamber; mb, micropylar haustorium; 
pt, pollen tube; z, zygote). — A: Longitudinal section of seed showing zygote, primary 
endosperm nucleus and seed coat. — B—D: Longitudinal sections of seeds to show central 
cell, two- and eight-celled endosperm respectively. The chalazal chamber forms the
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?

4-celled chalazal  h a u s to r iu m  directly  in D. —  E — F: Same as above. The m ic ro p y la r  
ch am b er  segments transverse ly  a n d  the upper  tier fo rm s  the m ic ropy lar  h au s to r iu m  in 
E. T he  middle tier fo rm s th e  end o sp e rm  p ro p e r  by fu r th e r  t ransverse  and  longitud inal  
divisions, in F. —  G: A few  cells of the  m atu re  end o sp e rm  enlarged to show th ickenings 
and  reserve food materia ls .  I I— .1: T ransec t ions  of endosperm  at the levels of m ic ro ­

py lar  h a u s to r iu m  (H), m idd le  region (I) and  chalazal  h a u s to r iu m  (J). —  A— J X560.
Bot. N o tise r, vol. 128, 1975
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the formation of the octant (Fig. 4 G). 
Periclinal divisions occur simultaneously 
in both the tiers 1 and 1 demarcating der- 
matogen (de) from the inner group of 
cells (Fig. 1 I, J). The inner group of cells 
of lier I gives rise, by vertical divisions 
to periblem and plerome (pe, pi Fig. 4 J). 
Longitudinal and transverse divisions in 
the inner group of cells of tier 1 yield two 
cotyledonary initials (cot) and an embryo 
apex (epicotyl, pvt), while those of 1' form 
the hypocotyledonary region of the p ro ­
embryo (phy, Fig. 4 J — L).

Meanwhile the uppermost cell ci of the 
proembryonal te trad undergoes a t rans­
verse division resulting in cell n and n 
(Fig. 4 E). The division in the cell ci is not 
constant and produces either a long or a 
short suspensor (Fig. 4 F — 1, L). The 
middle cell m sometimes divides to form 
d and f (Fig. 4 F) but it usually undergoes 
a few vertical divisions forming 2 or 3 
juxtaposed cells, and contributes to the 
root cortex and root cap (iec, co) (Fig. 
4.J— L). The globular proembryo (Fig. 
4 L) differentiates into the heart-shaped 
and dicotyledonous embryo (Irig. 4M , N). 
The mature embryo comprises two p ro ­
minent cotyledons, epicotyl, hypocotyl and 
root apex. The embryogeny corresponds 
to the Onagrad type ( M a h e s h w a k i  1950).

Seed Coat

In the young ovule, init iation of inte­
gument occurs at the archesporial cell 
stage (Fig. 5 A). At megaspore mother  cell 
stage (Fig. 5 R), the integument comprises 
three layers of parenchym atous cells at

the top, and four layers below. The outer 
epidermis at this stage is well differentiat­
ed and divides perielinally. The number 
of layers comprising the testa remain 
unchanged at dyad stage. Cells of the in ­
ner epidermis however, show pronounced 
radial elongation, with uniform, dense 
cytoplasm and prominent nuclei (Fig. 
5 C). The seed coat consists of five layers 
of cells during the functional megaspore 
stage and the cells of the outer epidermis 
undergo expansion (Fig. 5 1)). The seed 
coat is six or seven layers thick at m ature 
em bryo sac stage (Pig. 5 E, I"). Cells be­
tween the two epidermes show scanty 
cytoplasm and are highly vacuolated. 
Development of the endothelium does not 
keep pace with the expansion of the em ­
bryo sac and hence does not fully cover 
the m icropylar and the chalazal ends. At 
about the two-cell stage of the proembryo, 
cells comprising testa remain unchanged 
but the endothelial cells undergo unequal 
expansion forming larger and smaller cells 
causing thus rumination of the endosperm 
(Fig. 5 G, II). Subsequently the cell layers 
between the inner and outer epidermes 
degenerate. The outer tangential wall of 
the endothelial cells is devoid of thicken­
ings whereas the inner tangential wall 
shows thickenings which almost occupy 
two-thirds of the cell space. The endo­
sperm cells bordering the endothelium 
also develop thickenings (Fig. 5 PI). Histo- 
chemical studies are necessary to ascertain 
the nature of the thickenings in the endo­
thelium and endosperm. The cells of the 
outer epidermis show degenerating nuclei. 
In the m ature seed the testa is represented

Fig. 4. Celsia corom andeliana  (co, initials of root cap; cot, cotyledon; de, dermatogen; 
iec, initials of root cortex; pe, periblem; pi, plerom e; phy, hypocotyledonary region; pvt, 
epicotyledonary region; s, suspensor; vs, vascular strand). —  A: Zygote. —  R: Two-celled  
proembryo. —  G— 1): Three- and four-celled proem bryos; terminal cell (ca) segments 
with a vertical w all whereas the basal cell (cb) divides transversely. —  Pi— F: Quadrant 
stages of proem bryos. —  G— H: Octant stages of proem bryos. Note the precocious division  
in tlie tier I in G. —  1: Proem bryo show ing dem arcation of derm atogen (de) witli the 
onset o f periclinal divisions in tiers 1 and 1’. —  J— L: Stages leading to the form ation of
globvdar embryos. The periblem  and plerom e are demarcated. Note the initiation of
epicotyl (pvt) and cotyledonary loci (cot) in J and K. —  M— N: Dicotyledonous em bryos.

The procam bium  is w eil developed in N. —  A— L X680, M X415, N X l"0.
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—end

jepi| it

Fig. 5. Celsia coromcindeliana (ch, chalazal 
haustorium; ep, epidermis; emb, embryo; end, 
endosperm; it, integumentary tapetum; mh, 
micropylar haustorium). — A: Longitudinal 
section of ovule showing Ihe initiation of 
integument at Ihe arehesporial cell stage. — 
B—C: Longitudinal sections of ovules at 
megaspore mother cell and dyad stages; in­
tegument is 3- or 4-layered. The endothelium 
is well differentiated at dyad stage. — D: 
Five-layered testa at functional megaspore 
stage. The outer epidermis shows cell ex­
pansion. — E —G: Median longitudinal sec­
tions of ovules at embryo sac and dicotyl­
edonous embryo stages. — F: Magnified
view of portion marked f in E showing epi­
dermis with elongated cells containing meagre 
cytoplasm. Cells of middle layers also 
present poor cytoplasm whereas the cells 
of endothelium reveal dense cytoplasm with 
prominent nuclei. — H: Magnified view of 
the region marked h in G showing tenuous 
epidermis, crushed middle layers, thickened 
and prominent integumentary tapetum. The 
inner tangential and radial walls of endo­
thelium show thickenings. Note that endo­
sperm cells (end) bordering the endothelium 
also show prominent thickenings. — A—D, 
F, H, X350, E X 140, G X35.
B ot. N o tiser, vol. 128, 1975

by a tenuous  epidermis,  degenera ted  m iddle  
layers  and  a well developed hu t i r regu la r  
en do the l ium  (Fig. 5 H).

DISCUSSION

Megasporangium and Megasporogenesis

T he  ovule in Celsia corom andeliana  is 
unitegmic, a n a tro p o u s  an d  tenu inuce lla te  
as in m a n y  g enera  of the S cro p hu la r ia -  
ceae. This is in con tra s t  to the  hem ian a-  
t ro po us  condit ion  m et w ith  in E uphras ia  
arctica  ( A r e k a l  1963 a), M e la m p y r u m  
arvense  and  M. n e m o ro su m  ( T i a g i  1965); 
cam p y lo tro po us  in  Torenia  fourn ieri  
( G u i l f o r d  & F i s k  1952), Pedicularis syl- 
vatica  ( B e r g  1954), Orthocarpus lu teus  
( A r e k a l  1963 a),  R h in a n th u s  m a jo r  and 
R. serotinus  ( T i a g i  1966). A r e k a l  (1963 a) 
states tha t  in M e la m p y r u m  lineare  the 
in ne r  ep iderm is of in tegum ent a ro u n d  the  
m ic ro p y la r  p a r t  of the e m bry o  sac b reak s  
do w n  and  Ihe h y p o derm is  takes  over the 
func t ion  of in teg u m e n ta ry  tape tu m . In 
Celsia corom andeliana  however,  the in n e r ­
most layer of the  in tegum ent func t ions  as 
endo the l ium  an d  does not entire ly  s u r ­
rou nd  the m ic ro p y la r  a n d  cha laza l  p a r ts  
of the em bryo  sac.

In  Celsia corom andeliana,  the  m od e  of 
fem ale gam e to p h y te  deve lopm ent is m on o-  
sporic, P o lyg on um  type. T h is  ho lds  t rue  
for Aleetoroloplius h ir su tu s , A. m inor,  
Lathraea squam aria ,  a n d  Tozz ia  alpina  
( S c h m i d  1906), Centrant hera h isp ida  an d  
R ha m p h ica rp a  longiflora  ( K r i s h n a  I y e n ­

g a r  1942 b), Pedicularis sylvatica  ( B e r g  

1954), E u phrasia  arctica  an d  O rthocarpus  
lu teus  ( A r e k a l  1963 a). In  Linaria ra m o ­
sissima  o ccu rrence  of b isporic  A llium type 
( A r e k a l  & R a j u  1964), in Alectra th o m -  
soni  coexistence of b o th  m onosporic ,  P o ly ­
go nu m  and  b isporic  Allium types of e m ­
b ryo  SUCS ( V l J A Y A R A G H A V A N  & R a T N A -  

p a r k h i  1972) a re  repor ted .  S c i i m i d  (1906) 
r e p o r ted  m o n o sp o r ic  P o ly g o n u m  ty p e  in 
M ela m p y ru m  pra tense  an d  M. s i lva t icu m  
b u t  A r e k a l  (1963 a) observed  te t ra sp o r ic  
7-nucleate e m b ry o  sac in M. lineare.
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Interestingly in M. pratense, M. silvaticum  
( S c h m i d  1906) and M. lineare ( A r e k a l  

1963 a), fusion of polar nuclei does not 
occur. The antipodal cells in C. coroman-  
(lelia'na degenerate before fertilization. 
This is in contrast to Pedicularis palustris 
( B a l i c k a - I w a n o w s k a  1899), where they 
persist even after fertilization. S c h m i d  
(1906) observed two antipodal cells in 
Pedi cularis caespitosa one of which is 
la rger  and binucleate. In  Lathraea squa- 
m aria  ( G l i s i c  1932) and  Orthocarpus 
luteus  ( A r e k a l  1963 a), the antipodal cells 
are large and persist even during seed 
development whereas in Melampyrum  
lineare, degenerated nuclei constitute the 
antipodals ( A r e k a l  1963 a).

The  embryo sac extends towards the 
micropyle in Alectorolophus minor, Lath­
raea squamaria  ( S c h m i d  1906), Pedicula­
ris zeylanica  ( K r i s h n a  I y e n g a r  1942 b), 
P. sylvatica  ( B e r g  1954) and Euphrasia  
arctica and Orthocarpus luteus ( A r e k a l  
1963 a) while it becomes extra-micropylar 
in Vandellia hirsuta, Torenia cordifolia 
and T. hirsuta ( K r i s h n a  I y e n g a r  1940 a, 
1941). Celsia coromandeliana  presents no 
tendencies of an extra-micropylar develop­
ment of female gametophyte.

Endosperm and Haustoria

The endosperm in the Scrophulariaceae 
is cellular resulting in two superposed 
cham bers — micropylar and chalazal. The 
sequence of the further  divisions however, 
varies in different genera of this family. 
The next division in the micropylar cham ­
ber is transverse in Anticharis linearis 
( J o s h i  & V a r g h e s e  1963), but vertical in 
C. coromandeliana  as in Pedicularis syl­
vatica ( B e r g  1954) and Alectra thomsoni  
( V i j a y a r a g h a y a n  & R a t n a p a r k h i  1972). 
Another vertical division occurs in the 
m icropylar cham ber in C. coromandeliana. 
Such a condition is reported in Isoplexis  
canariensis, Verbascum t hapsus  ( K r i s h n a  
I y e n g a r  1939, 1942 a), Lindernia hys-
sopioides  and  Scoparia dulcis ( A r e k a l  
et al. 1970, 1971).

The micropylar cham ber then under­
goes transverse division in C. coromande­
liana and four cells of the upper  tier 
develop into the 4-celled micropylar haus- 
torium. The micropylar haustorium  is, 
however, two-celled but each cell is hi- 
nucleate in Striga orobanchoides and S. 
euphrasioides ( T i a g i  1956) and Alectra 
thomsoni ( V i j a y a r a g h a v a n  & R a t n a ­
p a r k h i  1972). In Euphrasia arctica, Ortho- 
carpus luteus and M elampyrum lineare 
( A r e k a l  1963 a), division in the m icro­
pylar chamber is by an incomplete verti­
cal wall. The micropylar haustorium in 
M elampyrum arvense and M. nemorosum  
( T i a g i  1965) and M. lineare ( A r e k a l  

1963 a) produces m any tubular  extensions 
which pass through the micropyle w her­
eas in Alectorolophus hirsutus ( S c h m i d  

1906) and Orthocarpus luteus ( A r e k a l  
1963 a) the micropylar haustorium  extends 
in the direction of the funiculus. The m i­
cropylar haustorium usually exhibits ela­
borate features as com pared to the cha la­
zal haustorium. It is highly branched in 
Alonsoa  sp., bulbous in Isoplexis cana­
riensis, club-shaped in Bonnaya tenuifolia  
( K r i s h n a  I y e n g a r  1937, 1939, 1940 b), 
tubular and filiform in M elampyrum  
silvaticum  ( S c h m i d  1906) and U-shaped in 
Orthocarpus luteus ( A r e k a l  1963 a), but 
simple and non-aggressive in Celsia coro­
mandeliana (present work).

The chalazal chamber develops directly 
into the chalazal haustorium. Variations 
arc reported regarding the number of cells 
and nuclei taking part in the formation 
of chalazal haustorium. Uninucleate, 
single-celled haustorium is recorded in 
Chaenorrhinum minus  ( A r e k a l  1 9 6 3  c ),
binucleate, single-celled in Orthocarpus 
luteus, Gerardia pedicularia, Veronica ser- 
pyllifolici ( A r e k a l  1963 a, 1964, 1966), 
M elam pyrum arvense, M. nemorosum,
Rhinanthus major, R. serotinus  ( T i a g i

1965, 1966), two-celled in Vandellia hirsuta 
( K r i s h n a  I y e n g a r  1940 a), Calceolaria 
mexicana  ( A r e k a l  & R a j u  1971), incom­
pletely two-celled in Chelone glabra
( A r e k a l  1963 b) but four-celled, each cell
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being uninucleate in Verbascum thapsus  
(K r i s h n a  I y e n g a r  1942 a), Microcarpaea 
(Ar e k a l  & S w a m y  1974) and Celsia coro- 
mandeliana  (present work).

Occurrence of secondary haustoria is an 
im portan t  feature met with in some 
members of the family. The haustoria 
arise from  the micropylar end in Centrant- 
hera hispida  ( K r i s h n a  I y e n g a r  1942 b) 
and Alectra thomsoni  ( V i j a y a r a g i i a v a n  
& R a t n a p a r k h i  1972) bu t no such second­
ary haus toria  develop in Celsia coroman- 
deliana. C o o k  (1924), P e r s i d s k y  (1934) 
and A r e k a l  (1963 c ) ,  have reported ab ­
sence of m icropylar  haustorium in Linaria 
vulgaris, L. genistae folia and Chaenorrhi- 
num  m inus  respectively, whereas G r é t é  
(1950 a, b), reported that the chalazal 
chamber never develops into the chalazal 
haus torium  in Nemesia floribunda  and N. 
melissae folia.

The endosperm cells in C. coromande- 
liana ad jacen t to the haustoria are small 
when com pared  to those in the middle 
region, bu t  in Verbascum thapsus  the 
endosperm cells adjacent to the micro­
pylar and  chalazal haustoria are larger 
and exhibit rich protoplasm (unpublished 
observations).

Em bryogenesis and Testa

The present investigation on Celsia coro- 
mandeliana  is the first report on embryo- 
geny in this plant. The development fol­
lows the Crucifer type (M a h e s h w a r i  
1950) as in Euphrasia arctica (Ar e k a l  
1963 a), Pedicularis sylvatica  (B e r g  1954), 
Striga orobanchoides  ( T i a g i  1956), M im u­
lus ringens (A r e k a l  1965) and Scoparia 
dulcis (A r e k a l  et al. 1971). In Ellisiop- 
hgllum p inna tum  it follows the Solanad 
type (Ya m a z a k i  1957).

In Anti charis linearis (Josm  & V a r g - 
h e s e  1963), hypodermal integumentary 
cells undergo periclinal divisions and all 
layers of the integument except the endo­
thelium fo rm  the testa. In Pedicularis syl- 
vatica ( B e r g  1954), the seed has in its 
micropylar end a white spongy elaiosome 
Bot. Notiser, vol. 128, 1975

derived from  the m icropylar haustorium 
and a da rk  warty outgrowth at the cha la­
zal end. The testa in M elam pyrum  arvense 
(T i a g i  1965) is made up of the thickened 
epidermis and a few degenerated hypo- 
dermal layers, whereas in Euphrasia arc­
tica and Orthocarpus luteus  (A r e k a l  
1963 a) it comprises cuticularized epider­
mis and thickened endothelium. In Celsia 
coromandeliana  (present work), the epi­
dermal cells undergo elongation, the 
middle layers are crushed and thickened 
endothelial cells elongate radially and 
tangentially at m any places causing un ­
evenness in the testa.

RELATIONSHIP OF CELSIA CORO­
MANDELIANA W ITH VERBASCUM 
THAPSUS

The morphological, anatomical and em- 
bryological features of Celsia coromande­
liana are com pared with the available 
data on Verbascum thapsus  in Table 1 
(for literature see F e r g u s o n  1971, H å ­
k a n s s o n  1926, K a p o o r  1975, K r i s h n a  
I y e n g a r  1939, 1942 a, M e t c a l f e  & C h a l k  
1957, S a n t a p a u  1950, V i s h n u - M i t t r e  & 
R o b e r t  1969 and present work).

Table 1 indicates tha t  Celsia coroman­
deliana  differs from  Verbascum thapsus  
especially in: (1) trichomes on bract and 
calyx being peltate and uniseriate; (2) 
absence of trichomes on the carpel; (3) 
presence of crystal idioblasts in the meso- 
phyll; (4) absence of uniseriate medullary 
rays; (5) presence of four  stamens; (6) 
the functional megaspore forming an L- 
shaped contour; (7) endosperm cells a b u t­
ting the chalazal and m icropylar  haustoria 
are smaller in size and (8) unequal r a n ­
dom expansion of the integumentary  cells.

The morphological and embryological 
data  on Verbascum thapsus  are meagre. 
The data on development of wall layers, 
an ther  tapetum, tapetal dimorphism , a n ­
ther dehiscence, embryogenesis, testa and 
pericarp of this taxon are totally lacking.
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T abic 1. A com par ison  of Celsia coromandeliana  a n d  Verbascum thapsus.  * po in ts  of 
difference; ** unpub l ished  observations.

F ea tu res Celsia coromandeliana Verbascum thapsus

Habit
T r ichom es on: 

*Bract 
*Calyx 
Corolla  
S tam ens 
*Carpel

*Crystals

*Pericyclic
fibres
*Uniseriate
m edu l la ry  rays
*Stamens
Anther
developm ent
W all  layers
Endothec ia l
thickenings
Anther
tape tum

Tapeta l
d im orph ism

Stom ium
*Gynoecium

*Placen tat ion

Ovule

* Mega spore
tetrads
E m b ry o  sac
E n d o sp e rm
*MicropyIar
h au s to r iu m

Chalazal
h au s to r iu m

E m bryogeny

Seed coat

Pericarp

Erect,  pubescent, sh o r t  herb

Pelta te, uniseria te  
Peltate,  uniseriate  
Nil
Unicellular 
Nil, or  a few

Crystals  occur in the m esophyll  and 
the vascu lar  bundles of the veins 
Ax-ranged in a loose ring

Absent

Four
**Dicotyledonous type

**Four, including epidermis 
**Present in endothecium  
a n d  connective region 
**1)1101 origin, being derived pa r tly  
f rom  the par ie ta l  layer  and  par tly  
f rom  the cells of (lie connective 
**Present, the tape ta l  cells are 
rad ia lly  elongated tow ards  Ihe con­
nective, and  small  tow ards  the outside 
P resen t
Bicarpellary,  bi locular  at the base
and  unilocular  a t  Ihe top
Axile at the base an d  par ie ta l  a t  the
sum m it
Anatropous,  unitegm inal ,  tenuinu- 
cellate
The func tional  m egaspore  undergoes 
c urvature  to fo rm  a n  L-shaped  con tour  
Po lygonum  type 
Cellular, rum ina ted  
Four-celled, end o sp e rm  cells** next 
to the haus to r ia l  cells a re  smaller 
in size th an  o ther  cells of endosperm  
Four-celled; endosperm  cells** 
abu tt ing  the h a u s to r iu m  are small 
and  rich in p ro to p la sm  
O nagrad  type; cells of m atu re  embryo 
are full of reserve food m ateria ls  
Initially 6- or  7-layered bu t  only 
epidermis and the endothe lium  persist  
Endo the l ium  is the  p ro m in en t  layer 
and its cells elongate a t  r a n d o m  and  
have th ickenings on inner  tangentia l  
a n d  rad ia l  walls 
Sub-epidermal cavities present

Erect,  woolly, usua lly  tall  herb

**Branched
**Branched
Nil
**Unicellular
**Numerous, heavily  c lo thed w ith
b ran ch ed  ha irs
Absent

Arranged in isolated s t rands

Presen t

Five
Data  not available

Data  not available 
Data  not available

Data  not available

Data  no t  available

D ata  ixot available 
Bicarpellary,  bi locular

Axile

Anatropous,  unitegm inal ,  tenuinu-
cellate
**Straight

Po lygonum  type 
Cellular, rum ina ted  
Four-celled,  e n d o sp e rm  cells** next 
to the h au s to r ia l  cells a re  larger  th an  
o ther  cells of endosperm  
Four-cel led;  end o sp e rm  cells** 
abutt ing  the  h a u s to r iu m  are  large 
an d  radia lly  e longated 
D ata  no t  available

Data  n o t  available

Endo the l ia l  cells** show  a row  of 
a lte rna t ing  larger and  smaller  cells

Data  no t  available
Bot. N otiser, vol. 128, 1975
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T he av a ilab le  in fo rm a tio n  ind ica tes th a t 
Celsia corom a n d elia n a  is n o t pro parte  
V erbascum  th a p su s  an d  m a in ten an ce  of 
these tw o  ta x a  as in d ep en d e n t genera  is 
ju s tif ied  on  m o rp h o lo g ica l and  em bryo- 
logical g ro u n d s .
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Syngenesious Anthers o f Helianthus annuus — 

a H istochem ical Study

Kanan Nanda and Shrish C. Gupta

N a n d a , K. & Gu p t a , S. C. 1976 05 06. Syngenesious anthers of Helianthus annuus 
— a histochemical study. — Bot. Notiser 128: 450—454. Lund. ISSN 0006-8195.

In Helianthus annuus  L. the outer epidemics of the two adjacent anther lobes 
secrete a cementing substance in the form of a hyaline membrane, prior to the 
microspore mother cells entering meiosis. Gradually, the neighbouring anthers 
become bound together by the hyaline membrane. They remain in this stage only 
for a short period (up to meiosis I). The membrane then disorganises and at 
dehiscence the five anthers are almost free again. The histochemical studies have 
shown that the hyaline cementing membrane is PAS-negative and does not seem to 
contain cellulose or pectin. Tests for lignin, cut in, suberin and lipids are also 
negative. Furthermore it is not resistant to acetolysis which suggests that sporopol 
lenin is absent.
Kanan Nanda and Shrish C. Gupta, University of Delhi, Delhi-110007, India.

T he  occu rrence  of syngenesious an the rs  
in the C om posi tae  has been  k n o w n  for 
nearly  a cen tury .  As early  as 1917, S m a l l  

w rote  “ . . . the s ta m en s  are  five in num ber ,  
an d  u sua l ly  have  the an th e r s  syngene­
s ious”. As descr ibed  by C a s s i n i  (1826, cited 
in S m a l l  1917), the  s tam en  is com posed  of 
a f i lam ent,  an th e r ,  connective, apica l and  
basal appendages ,  pollen and  a p ro lo ng a­
t ion  of the  connective  below  the  a n th e r  to 
fo rm  the  art icle an th é r i f è re ’. T h ou gh  this 
s t ru c tu re  is an  a d d it io na l  one, hut its exact 
n a tu re  is not c lea r  f ro m  the  description. 
S a u n d e r s  (1931) w rites  th a t  . . an th e rs  
as they  develop becom e loosely coheren t 
(syngenesious)” . L a w r e n c e  (1951) th inks  
th a t  the  s tam en s  are  co nn a te  by  the ir  
an the rs  to form a cy linder  a ro u n d  the  style 
in the  Compositae.  According to P o r t e r  
(1959), the syngenesious cond it ion  refers 
to s tam ens or a n th e r s  un ited  by  the an th e rs  
in a ring. W i l l i s  (I960) defines the sy n ­
genesious condit ion  as un i ted  an thers .

Syngenesious an th e r s  are  fo un d  in most 
of the genera  of the Compositae  an d  fo rm s 
a u n iq u e  charac te r is t ic  fe a tu re  of the  f a m ­
ily. T h ou gh  the a n th e r s  have  been  invari- 
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ab ly  re fe r red  to as syngenesious, on ly  a 
few have  been  investiga ted  f ro m  th is p o in t  
o f view. W h ile  s tudy ing  the l i fe-h is to ry  of 
Podolep is  jaceoides  D a v i s  (1961) m e n t io n ­
ed th a t  “the  y oung  a n th e r s  a re  free f rom  
each  o th e r  and  th e i r  a p p a re n t  fu s io n  at 
m a tu r i ty  resu lts  f ro m  the  adh es io n  of 
e p id e rm a l  cuticle on  a d jac en t  an th e r s .  
T h e re  is never  an  o rgan ic  fus ion  b e tw een  
the five an th e r s  as, il app ea rs ,  th ey  re m a in  
d is t inc t  entities th ro u g h o u t  the i r  li fe-cycle” 
(see a lso  D a v i s  1962 a, b, 1966).

T he  p resen t  inves tiga tion  w as  u n d e r ta k e n  
to e luc ida te  the on tog eny  w ith  special 
em p h as is  on  the h is toch em ica l  n a tu r e  of 
the  m e m b ra n e  w h ich  b r ing s  ab o u t  this  
t e m p o ra r y  cohesion of the  an the rs .

MATERIAL AND METHODS

Young capitula as well as individual disc 
florets of Helianthus annuus L. were fixed in 
formalin-acetic-alcohol for 24 hours at 30— 
31° C during July 1970 and later stored in 
70 °/o ethanol. The voucher specimens K a n a n  
22—24 are deposited in the Delhi University 
Herbarium.
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Fig. 1. Helian thus  annuas.  —  A: T.s. disc floret , showing undiffe ren tia ted  b u t  free anthers.  
—  B: Same, secondary  pa r ie ta l  laye rs  (SPL 1, 2) d ifferentia ted  on the ep iderm al side; 
note tha t  the  a n th e rs  are still free. —  C: Same, show ing  an th e rs  at  premeiosis,  and  the 
two a d ja c e n t  m ic ro sp o ran g ia  adpressed  on la te ra l  sides. —• D: Same, at meiosis II.

—  A ll X  2 0 0 .

After d e h y d ra t io n  in alcohol-xylene series, 
the m ateria l  w as  em bedded  in pa raf f in .  Sec­
tions were cut a t  3— 10 m icrons  and  sta ined 
with sa f ran in - fa s t  green fo r  on togenetic  s tu ­
dies, an d  fo r  h is tochem ical  investiga tions they 
were p u t  to v a r ious  tests as deta iled in Table  1.

RESULTS AND DISCUSSION 

Ontogeny

T h e  d isc  f lo re t s  o f  H e l ia n t h u s  a n n u u s  
h a v e  f ive  s t a m e n s  a l t e r n a t in g  w i th  th e

Bot. Notiser, vol. 128, 1975
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Fig. 2. Helianthus annuus. — A: T.s. disc floret at uni-nucleate pollen stage w ith tapetal 
periplasm odium  (TPL) ; the mem brane rup tured  at places (m arked by arrow) to separate 
the anthers. — B: Same, at 2-celled pollen stage (the cells are no t clear due to highly

Bot. N otiser, vol. 128, 1975
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Table 1. Histochemical techniques.

453

Metabolite Technique employed Control Reference

Total carbohydrates 
of insoluble 
polysaccharides

Cel lu 1 ose

Pectin

Lignin

Cutin 

Suber in 

Total lipids

(a) PAS reaction Acétylation J e n s e n  1962

(a) Zinc-chlor-iodide test Cellulase treatment J e n s e n  1962,
M e p h a m  & L a n e  1969

Cellulase treatment(b) IKI-H2SO4

(a) Ruthenium red 
technique

(a) Maule’s test
(b) Phloroglucinol test

(a) KOH-chlorzinc- 
iodide test 

(a) KOH-chlorzinc- 
iodide test 

(a) Sudan dyes

J e n s e n  1962,
M e p h a m  & L a n e  1969  

Pectinase treatment J e n s e n  1962,
M e p h a m  & L a n e  1969  

F o s s a r d  1969  
J e n s e n  1962,

F o s s a r d  1969  
J o h a n s e n  1940

J o h a n s e n  1940

J e n s e n  1962

peta ls  an d  are  said to be syngenesious. 
A nthers  a re  d ithecous  an d  te rm ina l ly  ap- 
pendicu la te .  T he  a n th e r  w all d eve lopm ent 
in H elian thus  (Fig. 1 A— C) follows the 
Dicot type of on togeny  a n d  its details a re  
being t 1 " s h e d  elsewhere. It h as  been o b ­
served th a t  initially  the a n th e r s  a re  free 
and  they  rem a in  so un ti l  the d if fe re n t ia ­
tion o f  the  var ious  wall layers occurs  (Fig. 
1 A. B). S ubsequently ,  the  tw o a d jac en t  
an the rs  g rad ua l ly  becom e ad p ressed  (Fig. 
1 C . D ur ing  meiosis the ep iderm es of the 
two ad p ressed  ad jac en t  a n th e r  lobes secrete 
a hyaline cem en ting  subs tance  w hich  leads 
to a p p a re n t  fus ion  of the five an thers .

The two thecae  of the ad jacen t  a n th e r s  
become ad p ressed  along the i r  entire  length 
during  meiosis I. T h e n  they  s ta r t  s t re tch ing  
aw ay  f ro m  the cen tra l  p a r t  at the sep tu m  
region (Fig. 1 D). As the  a n th e r s  m a tu re ,  
the  s e p a ra t io n  continues, b o th  to w ard s  the  
lateral a n d  the  dorsa l  sides (Fig. 2 A) un ti l  
the  a n th e r s  have  com plete ly  sep a ra ted  f rom  
each o th e r  (Fig. 2 B — D). T hu s ,  it is o b ­
served th a t  the  cem enting  subs tance  is 
secreted by the  ep iderm al cells of an th e r s

on  the la tera l  as well as do rsa l  sides. As 
the  an th e r s  m a tu re  (2-celled stage), this 
subs tance  fo rm s a hya line  m e m b ra n e  w hich 
la te r  s ta r ts  peeling off f ro m  the  ep iderm al 
cells (Fig. 2 A, B). In th is  p rocess ,  the 
o therw ise  free an th e r s  r e m a in  co h e ren t  for 
only  a very  shor t  per io d  d u r in g  ontogeny. 
At m a tu r i ty  an th e r s  have  been  described  as 
syngenesious, b u t  h is to logically  speaking 
they a re  com plete ly  free f ro m  each  o ther  
(Fig. 2 C, D). At times, how ever,  they 
m ig h t  a p p e a r  un ite d  at p laces if the  ce­
m en t in g  m e m b ra n e  has  no t com ple te ly  sep ­
a ra ted  from  the ep id e rm al  cells.

Histochemistry

W h e n  tested h is tochem ica l ly ,  the  ce­
m en ting  m e m b ra n e  has  been  fo u n d  to be 
PAS-negative. It does no t s ta in  w i th  a q u e ­
ous ru th e n iu m  red  fo r  pectin .  W i th  zinc- 
chloriod ide , it takes  a b ro w n  co lou r  s im i­
lar  to th a t  of pollen  exine bu t  no t the 
cha rac te r is t ic  b lue of cellulose. F u r th e r  
w ith  IK I-H 2S 0 4 test a  negative  reac t io n  for

ornamented thich exine). The tapetal membrane (TM) and the periplasmodium in free 
anthers (arrow marked). -— C: Same, at dehisced anther stage showing the degenerated 
epidermis and endothecial cells (END) with thickenings (FT). The membrane has almost 
peeled off from the epidermis (marked by arrow). — 1): Same, after pollen shedding with 

remnants of the membrane seen at places (marked by arrow). — All X200.
Rot. N o tise r , vol. 128, 1975

54



454 KANAN NANDA AND SHRI SH C. GUPTA

cellulose is obtained. T hus ,  the  m e m b ra n e  
does no t  co n ta in  any  inso lub le  p o ly sacc h a ­
ride, pec t in  o r  cellulose. W h e n  tested  for 
cu tin  a n d  suber in  b y  J o h a n s e n ’s  (1940) 
m e th od ,  using  co n cen tra ted  po ta s s iu m  h y ­
droxide, it gives a very  feeble reac t ion  
(indicated by  a very pale  yellow colour) 
fo r  suber in .  T herefo re ,  the presence  of 
sube r in  is possible a lth o u g h  the results  of 
m ore  specific tests a re  re q u i re d  before  a 
defin it ive s ta tem en t  is possible. T he  m e m ­
b ra n e  gives a negative resu lt  fo r  cu tin  on 
in te rac t ion  w ith  K O H -chlorzinciodide. T he  
M aule’s a n d  ph lo rog lu c ino l  tests fo r lignin 
a re  negative. T he  m e m b ra n e  is n o n -re s is t­
ant to bo il ing  acetolysis m ix tu re  (9 p a r t s  
acetic a n h y d r id e :  1 p a r t  conc. H 2S 0 4), 
ind ica ting  th a t  its com p os it ion  does not 
inc lude  sporopollen in .

W h e n  the  fresh  m e m b ra n e  is sta ined  
w ith  S u d an  Black B (in 7()°/o ethanol)  fo r 
to tal lipids, it gives a light p in k  co lou ra t ion  
ind ica ting  absence of lipids. D avis (1961, 
1962 b) h a s  suggested th a t  in P odolep is  
jaceo ides  an d  A m m o b iu m  (da tum  the  
m e m b ra n e  is cu t icu la r  in na tu re ,  how ever,  
o u r  h is to chem ica l  inves tiga tions do no t 
con f i rm  h e r  rem ark s .  T h e  p resen t studies, 
how ever,  do n o t  ind ica te  the n a tu re  of the 
m e m b ra n e  a lth o u g h  m a n y  of the  typical 
c o m p o n en ts  of p lant cell walls  a p p e a r  not 
to be presen t,  w ith  the possible exception 
of suber in .  F u r t h e r  investiga tion  is in 
p rogress.  On the basis of p resen t  ontogenic  
investigations, it is suggested th a t  the e a r ­
lier concep t  o f “syn gen es io us” an thers ,  
cha rac te r is t ic  of the Compositae,  shou ld  be 
m odified .
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Isoenzym e Studies in Members o f the Genus Brassica
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A gel electrophoretic study has been carried out on the seed isoenzym es of 
10 members of the genus Brassica. Eleven isoenzym e system s have been studied  
and the distribution of the isoenzym es used to indicate a possible historical rela­
tionship between the major recognized taxa. Three basic centres of the com plex  
have been indicated; Indo-European, China and M editerranean as exem plified  by 
B. rapa  (turnip, turnip-rape), B. chinensis  (Pak Choi), and B. tourneforti i  (wild 
turnip) respectively.

Keith E. Denford, Department of Botany, University of Alberta, E d m o n to n , 
Alberta, T6G 2E1 Canada.

In recent years m uch w ork has been 
carried  out in biochem ical relationships 
w ith respect to plant, anim al and bacterial 
taxonom y. The usefulness of such studies 
has been discussed by several w orkers 
including A l s t o n  and T u r n e r  (1963), 
S w a i n  (1963) and H a w k e s  (1968). Volatile 
oil investigations have heen m ade by E t t - 
l i n g e r  and K j a e r  (1969) on some Brassica 
species, using seeds, roots and shoots, 
w hilst o ther natu ra lly  occurring com ­
pounds, such as phenols have been in ­
vestigated by D a s s  and  N y r o m  (1967) and 
D u r k e e  and H a r b o r n e  (1973). Investiga­
tions of the genus have been carried  out 
with respect to the use of seed proteins as 
taxonom ic characters ( V a u g h a n  et al. 
1966, V a u g h a n  & D e n f o r d  1968, V a u g h a n  
et al. 1970), w ith results supporting  the 
previous m orphological studies of S c h u l z  
(1919). F u rth e r w ork has been carried  out 
on certain  enzymes in the seeds ( V a u g h a n  
and W a i t e  1967 a, b, V a u g h a n  et al. 1968) 
such as, ß-galactosidases, ß-glucosidases, 
esterases and m yrosinase.

The genus includes certain  polym orphic 
species, and this tends to com plicate the 
taxonom y of its m em bers ( B a i l e y  1930, 
1940). Such an exam ple is found in the ten 
chrom osom e com plex com prising B. rapa 
30

L., its allies, and B. tournefortii G o u a n  

(Table 1). This group of p lan ts show s a 
wide range of polym orphy and  hence ra th e r 
special problem s concerning the estab lish­
m ent of specific characters rela ting  to its 
taxonom y. The m em bers of the ten ch ro ­
mosome com plex do have characters dis­
tinguishing them  from  other taxa presen t 
in the genus, and hence are essentially  as 
follows:

Annual or biennial p lants possessing tap 
roots; stems erect, b ranching; basal leaves 
petiolate; stem leaves sessile, ly rate and 
p innatipartite  w ith lateral a lternate  lobes, 
the term inal lobe being ohovate or ovate.

The stem leaves are also deeply caudate 
and clasp the stem at their bases, d istin ­
guishing the species from  B. oleracea, 
generally accepted as its nearest taxonom ic 
relative, whose stem leaves are only slightly 
clasping. The lowest leaves of B. rapa L. 
are always m ore or less b ristly , and  the 
open flowers of the racem e overtop the 
unopened flower buds. The filam ents of 
the ou ter stam ens are distinctly curved at 
their base (cf. the straight stam ens of B. 
oleracea), and the petals are b righ t yellow. 
It is interesting to note th a t a com bination 
of characters, ra the r than  absolutely speci­
fic ones, separate close relatives from  one 
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Table 1. Brassica rapa  a n d  its allies investigated.

Taxon Trivial  name

I), rapa  L. ssp. rapa T urn ip
B. rapa  L. ssp. sylvestris  (L.) J a n c h e n Wild tu rn ip-rape
B. rapa  E. ssp. oleifera  DC. Cultivated tu rn ip-rape
B. rapa  L. ssp. sarson  ( P r a i n ) D e n f o r d  comb. nov. Sarson

B asionym  B. campestris  L. var. sarson  P r a i n , Agr. Ledger
5 :2 7 — 28 (1898)

B. rapa  L. ssp. toria  (P ra in )  D e n f o r d  comb. nov. Toria
B as ionym  B. campestris  L. var. toria  P r a i n , Agr. Ledger
5 :2 3 — 25 (1898)

B. chinensis  L. Pale Choi
B. pekinens is  R u p r . Petsai
B. pervir idis  B a i l e y Tendergreen
B. tourne for ti i  G o u a n Wild turnip,  Jangli-ra i

another, an example of this can be found 
in B. napus  which has characters in com ­
m on with both B. rapa L. (with respect to 
clasping stem leaves) and B. oleracea 
(glaucous nature of the leaves, and an 
inflorescence similar to B. oleracea).

To avoid making too m any new com ­
binations in this preliminary paper, B. 
chinensis, B. pekinensis  and B. perviridis 
are treated as species, a lthough they should 
better be reduced to some lower rank.

W ithin  the complex, work has been ca r ­
ried out on the seed coat, and its surface 
features ( M u s i l  1948) ,  however because of 
variability in seed size and surface m a rk ­
ings very little has been accomplished in 
distinguishing between tbe races present, 
except in Ihe case of B. rapa ssp. sarson 
which produces mucilage when placed in 
water ( A l a m  1936).  Seed coat pigmentation 
appears to be variable and of no real use 
in distinguishing between varieties as 
P r a i n  (1898) has noted varying coloured 
seeds on the same plants of sarson. The 
genetic control of colour was investigated 
by S u n  (1945) who found tha t a homozy­
gous dominant gene gave rise to purple 
seeds; homozygous recessive produced yel­
low seeds, and the heterozygous state gave 
rise to intermediate forms. The histology of 
the testa has also been investigated by 
V a u g h a n  et al. (1963) on certain ten cbro-
Bot. N o tise r, vol. 128, 1975

mosome taxa, for example, B. rapa I., and 
B. chinensis, with little distinction between 
them being found.

A l a m  (1936) studied meiotic chrom o­
some associations in certain races of B. 
rapa (sarson and toria) concluding that 
the basic chromosome number to have 
been 5. Various crosses were carried out 
by M o h a m m a d  et al. (1931) between sar­
son, toria and turnip giving fertile off­
spring, indicating close relationship. S i k k a  
(1940) indicated that segmental inter­
changes and inversions may well have 
played an important part  in separating B. 
tourneforiii from the other ten ch rom o­
some members of the complex as crosses 
produced by him, using sarson, gave hy ­
brids which at meiosis showed rings of 4 
chromosomes. F u r the r  attempts to repeat 
this line of investigation by M o h a m m a d  

and S i k k a  (1940) did not succeed. O l s s o n  
(1954) also attempted to cross B. tourne- 
fortii with B. rapa  subspecies (sarson, 
toria, oleifera), B. chinensis  and  B. pek i­
nensis, but was not successful. The work 
indicated a discontinuity between B. tour- 
nefortii and the remaining members of the 
complex.

Studies of the volatile oils and glucosides 
present in the seeds of the B. rapa complex 
have been carried out by D e l a v e a u  (1959), 
and V a u g h a n  et al. (1963). The glucosides
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of c e r t a in  m em b ers  o f the complex w ere  
e x a m in e d  using p a p e r  c h ro m a to g rap h y  to 
iden t ify  the  iso th iocyana tes  p roduced. De ­
lay eau (1959), using tu rn ip - rap e  show ed  
th a t  the glucosides p resen t  p roduced  b u ta -  
nyl,  pen teny l and  pheny le thy l  iso th iocya­
nates .  V aughan (1963) and  co-w orkers  
ex am in ed  a la rger  selection of ten  c h ro m o ­
so m e  species inc lud ing  varieties of B. rapa, 
B. ch inerisis  and  B. p ek inensis , show ing 
the glucosides p resen t  p rod uced  3-bu tany l 
iso th iocy ana tes  in vary ing  quanti ties.  No 
d is t in c t io n  be tw een  these taxa  was m ad e  
in th is  investigation .

In all classifications the most im portant 
factor involved is the use of stable and 
non-trivial characters. As has previously  
been m entioned, the characters used in the 
ten chrom osom e Brassica  species: leaf 
shape, grow th habit, hairiness, glaucous 
nature o f leaf, anti root shape, are all sub­
ject to environm ental alteration (Bailey 
1940, S u n  1946) and hence are of ques­
tionable value in classification.

P rev iou s  p re l im in a ry  w ork  on  Brassica  
species has  been  carr ied  ou t w ith  the aid  
of serologica l an d  e lec trophore tic  te ch n i­
ques  by  Vaughan et al. (1966), Vaughan 
a n d  YVaite  (1967 a, b) an d  V aughan an d  
D enfo rd  (1968).

T h e  presen t inves tiga tion  is a c o n t in u a ­
tion of this  w ork  to evalua te  the seed 
isoenzym e prof iles  of the  m a jo r  taxa recog­
nized as allies of B. rapa  and  to d e te rm ine  
the possib le  phylogene t ic  re la tionsh ips ,  
such  a s tud y  m igh t indicate.

Table 2. Enzyme systems studied using gel 
electrophoresis.

Enzyme Method

Acid phosphatase
Alkaline
phosnhatase
a-amylase
Catalase
Esterase
ß-galactosidase
ß-glucosidase
Glutamic
dehydrogenase
Leucine
aminopeptidase
Myrosinase
Peroxidase

H a l l  e t  a l. 1969  
E v e r s o n - P e a r s e  1960

O l e r e d  & J ö n s s o n  1970  
T h o r u p  et al. 1961  
H a l l  e t a l. 1969  
V a u g h a n  & W a i t e  1967  a 
C o iie n  1952  
L a y c o c k  et a l. 1965

N a c h l a s  e t al. 1957

V a u g h a n  e l al. 1968  
H a l l  e t a l. 1969

Protein extracts, purification and electroph­
oresis were carried out as in previous studies 
using acrvlamide gel electrophoresis ( O r n s t e in  
& D a v is  1961, V a u g h a n  & D e n f o r d  1 9 68). 
Enzyme staining techniques were carried out 
using specific methods as in Tahle 2. All tests 
were carried out at 3 0 °  C and pH 7.0  using 
a tris-glycine buffered medium.

Rp ( X  100) were calculated from fresh gels 
and given to the centre of each band. No 
distinction was made as to intensity or rate 
of reaction. All estimations were made on a 
presence or absence basis.

ENZYME DISTRIBUTION AND  
TAXONOMIC RELATIONSHIPS

T h e  p resence  of all the  enzym es to  he 
inves tiga ted  w as f irs t of all estab lished  
using agarose  gel before  a de ta i led  investi-

MATERIAL ANI) METHODS

Wherever possible, seeds were obtained 
from research stations using authenticated 
seed from their crop breeding programme, 
as most of the varieties used were of com­
mercial use. The wild species were collected 
by the author and authenticated accordingly. 
Unless all other seed samples were accompani­
ed by an acceptable certificate of authentica­
tion, they were grown at the University of 
London Botanical Supply Unit (Egham., Eng­
land) .

Voucher specimens of all material are lodg­
ed at the Atkins Laboratories, Queen Elizabeth 
College, University of London, England.

Table 3. Enzymes occurring in all the ten 
chromosome Brassica species examined.

Enzyme Rp

ß-galactosidase 34
acid phosphatase 17
Leucine aminopeptidase 55
Peroxidase 52
Glutamic dehydrogenase 43
Glutamic dehydrogenase 60
Esterase 17
Esterase 83
Esterase 87

Bot. N o tise r, vo l. 128, 1975
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Table 4. Isoenzymes only found in one of the two ten chromosome “groups” of Brassica. 
Group (1) Group (2)

Turnip/turnip-rape complex B. chinensis complex

Enzyme Rp Enzyme Rp

(3-galactosidase 11 ß-galactosidase 17
73 63

Acid phosphatase 47 87
Leucine aminopeptidase 15 Alkaline phosphatase 67

47 Leucine aminopeptidase 20
Peroxidase 15 Peroxidase 27
ß-glucosidase 47 ß-glucosidase 43

63 67
Glutamic dehydrogenase 70 Catalase 15
Catalase 11 34

30 43
52 57

Esterase 93 Esterase 77

gation on acrylam ide gel was carried  out 
( V a u g h a n  et al. 1970). The results of the 
enzyme analysis were tabulated  according 
to Rp (Tables 3— 6), each pattern  being 
the result of ten d ifferent seed sam ples of 
each taxon (ten gels for each variety used). 
It was found that w ith in  each variety  in ­
vestigated, the enzyme pattern  was con­
stant with respect to Rp value, even though 
intensity of staining varied. Between varie­
ties there appeared to be distinct d if­
ferences in the patterns of certain  enzymes, 
hu t w ithin each variety the enzyme p a t­
terns were constant. It was also found tha t 
certain Rps were constantly  shared between 
two varieties. T urn ip  and  tu rn ip -rape a l­
ways shared the following Rps between 
themselves and only rarely  w ith other 
taxa: Rp 15, ß-glucosidase; Rp 52, ß-glu- 
cosidase, also shared w ith B. perviridis ; 
Rps 27 and 70, ß-galactosidase, the form er 
being found in B. perviridis; Rp 38, cata- 
lase; Rp 20, esterase; Rp 50, esterase, also 
found in B. chinensis.

Sarson and toria appeared to have a 
m uch sm aller num ber of bands unique to 
themselves, only the catalase enzyme was 
found to he unique, giving bands as fol­
lows: Rps 17, 40 and 50, also found in B. 
perviridis.

The largest group of shared enzyme
B ot. N otiser, vol. 128, 1975

bands appeared to fall in the B. perviridis,  
B. pekinensis  and B. chinensis complex. 
These hands were as follows: Rp 70, ß-glu­
cosidase shared between B. chinensis and 
B. pekinensis  (also found in toria) ; Rp 50, 
acid phosphatase. All tlie following w ere 
found shared between B. perviridis, B. 
pekinensis  and B. chinensis: Rps 15, 34, 
45 and 57, catalase; Rps 38 and 77, ester­
ase.

B. tourriefortii shares one enzyme band  
Rp 25, catalase, w ith turnip , and Rp 15, 
ß-glucosidase, w ith turnip-rape. All o ther 
enzyme bands present in B. tourneforti i 
are found to some extent in alt the o ther 
taxa investigated, or they are only found 
in B. tournefortii (see Tables 3 and 6).

The rela tionsh ips between the various

Tabic 5. Isoenzymes unique to Brassica tour­
nefortii G o u a n .

Enzyme Rp

ß-galactosidase 60
Leucine aminopeptidase 77
Glutamic dehydrogenase 87
Catalase 50

60
a-amylase 70

77
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Table 6. “Unique” isoenzymes.

459

Enzyme Rp Taxon

(3-galactosidase 60 B. tournefortii

a-amylase 70
77

B. tournefortii

Leucine aminopeptidase 30 Sarson
38 B. pekinensis
57 B. perviridis
77 B. tournefortii

Peroxidase 60 Sen-son

Glutamic dehydrogenase 63 Turnip
73 Turnip
87 B. tournefortii

Catalase 08 B. perviridis
50 Ii. tournefortii
60 B. tournefortii
63 Turnip-rape

Esterase 30 B. chinensis
60 B. pekinensis

t a x a  based on  enzym e Rps w ere tabu la ted  
as  p e rcen tag e  similari ties (Table 7) a n d  a 
th ree -d im en s io na l  m odel was construc ted  
us ing  th is  in fo rm a t io n  (Fig. 1). It w as 
fo u n d  th a t  the  sim ilari ty  coefficients b e ­
tw een  tu rn ip  an d  tu rn ip -rap e ;  sarson  an d  
to r ia ; B. ch inensis  and  B. pekinensis ,  w ere  
very  h igh ( 7 5 % ) .  Also there  ap p ea red  to 
be tw o  d is t inc t  g roup s  w ith in  the com plex, 
the first con ta in ing  tu rn ip ,  tu rn ip -rap e ,  
sarson  an d  toria, an d  the o th e r  con ta in ing  
B. perviridis, B. pekiriensis  and  B. ch inen-  
sis. T he  o th e r  taxon  investigated, B. to u r ­
ne  forti i ,  seem ed to fall som ew here  b e tw een  
these tw o g ro up s  (see Fig. 1) n e a re r  to 
sarson  an d  toria  th a n  the o the r  taxa.

Isoenzym e d is tr ibu tions  in  this com plex  
w ere of fo u r  types: (1) Those  occurr ing  
th ro u g h o u t  all the  tax a  investigated; (2) 
Those o ccu r r in g  in one of the two g ro up s  
m en t io ned ;  (3) T hose  fou nd  in one tax on  
alone, a n d  n ever  in an y  of the o th e r  taxa ; 
an d  (4) T hose  d is tr ibu ted  in a “ r a n d o m ” 
m ann er .

It is in te res t ing  to note  th a t  B. tourne-  
fortii,  a weed ' has  th e  greatest n u m b e r  of 
specific enzym e bands.

W ith in  each taxon  inves tigated  the iso­
enzym e p a t te rn  rem ained  co n s tan t  and  
hence  at the varie ta l level the  ta x a  were 
ind is t ingu ishab le  (on the  basis of p resence  
o r  absence) .  This  s i tua t ion  is sh ow n  in a 
th ree-d im ensiona l m a n n e r  ind ica ting  the 
presence of th ree  basic g ro u p s ’ of ten 
c h ro m o so m e  taxa. One g ro up  is m ad e  up 
of B. chinensis, B. pek ine ns is  an d  B. per­
viridis,  the  second group  is fo rm ed  by the 
B. rapa  com plex  (sarson , toria, tu rn ip  and  
tu rn ip -rap e )  and  the  th i rd  ’g ro u p ’ is f o r m ­
ed by the  species B. tournefort ii .  M o rp h o ­
logically this la t te r  separa tion  is in agree­
ment with  all the m a jo r  c lassif ica tions of 
the Brassica  species ( S c h u l z  1919, M u s i l  
1948). T he  g roup ing  of g a rd en  tu rn ip ,  
tu rn ip -rape ,  sarson  and  toria  is in ag ree­
m en t  w ith  P k a i n  (1898), S c h u l z  (1919) 
and  M u s i l  (1948), b u t  no t w ith  L i n n a e u s  
(1753) and  D e  C a n d o l l e  (1821, 1824). 
T h e  fo rm er  w o rk e rs  p laced all the  tu rn ip s  
an d  tu rn ip - rap es  u n d e r  the one species, 
cam pestr is ,  w h ereas  the la t te r  descr ibed  a 
separa te  species fo r the ga rd en  tu rn ip .  The 
o th e r  ’g ro u p ’ inco rp o ra te s  the  o r ien ta l  ten 
ch ro m o so m e  species described  by  B a i l e y
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Table 7. Percentage similarity between the 
ten chromosome Brassica species, using iso­
enzyme data.

Tr S To Pv Cli Pk Tf

T 75 60 60 22 22 20 30
Tr 60 60 21 20 20 30

S 75 21 24 23 42
To 28 25 24 44

Pv 60 60 31
Ch 75 35

Pk 30

(1930), K r a u s  (1940), S u n  (1946) and  
M u s i l  (1948). However, th is  w o rk  in d i­
cates the presence of on ly  one species, and  
not three, w h ich  con trad ic ts  these w orkers .  
Such a conc lus ion  is a r r iv ed  a t  very  r e a ­
dily on  the  g rou p ing  of the ta x a  in  the  
th ree-d im ens ion a l  m odel w ith  the enzym e 
d a ta  (Fig. 1).

F ro m  these studies it is po s tu la ted  th a t  
in m y  m a te r ia l  there  a re  th ree  basic  ten  
ch ro m o so m e  species in the  genus Brassica:
(1) B. rapa  w h ich  includes tu rn ip ,  tu rn ip -  
rape, sarson  a n d  toria.
(2) B. ch inens is  w h ich  inc ludes chinensis,  
p ek in e n s is  and  perviridis.  T h e  inclusion  
o f pervir id is  u n d e r  the species B. ch inensis  
opposes the  c lassif ication  of B a i l e y  (1940) 
w h o  o rig ina l ly  gave it va rie ta l  s ta tus  u n d e r  
/>’. rapa  L., a n d  la te r  gave it species s ta tus  
as B. pervir id is .
(3) B. to u rn e fortii, a  w ild  ten ch rom o so m e  
Brassica  species.

S u p p o r t  fo r this h yp o thes is  is fo un d  in 
the d is t r ibu t ion  of enzymes. T h e re  w ould 
a p p e a r  to be several categories:

( i) T hose  only presen t in the tu rn ip -  
tu rn ip - r a p e  com plex  (Table 4).

( ii) T hose  fo u nd  in the  B. chinensis  
com plex  (Table 4).

(iii) Those  u n iqu e  to B. tou rne for t i i  
(Table 5).

T w o o th e r  categories a re  p resen t  in c o r ­
p o ra t in g  those enzym es p resen t  in  all the
Bot. N otiser, vol. 128, 1975

Fig. 1. Spatial taxonomic relationships between 
10 taxa of Brassica based on isoenzyme data.

tax a  (Table 3), an d  those w hich  are  un iq u e  
to  a p a r t ic u la r  tax o n  (Table 6).

It is of in terest to note th a t  each of the 
th ree  com plexes postu la ted  are  fo u n d  in 
th ree  d is tinct geograph ica l  areas. B. to u r ­
ne for t i i  grow s wild in the M edi te r ranean  
(endem ic to th is  a rea , S c h u l z  1 9 19 ) .  B. 
rapa  and  its races a re  foun d  d is tr ibu ted  
th r o u g h o u t  the In d o -E u ro p ea n  regions, and  
B. ch inens is  an d  its relatives are  fo u n d  in 
China.

It h a s  been suggested (Su n  1 94 6 )  tha t  
there  a re  two races of B. rapa, an  eas te rn  
a n d  a  w este rn  race. F ro m  this p resen t 
s tud y  it is concluded  th a t  there  a re  two 
dis t inc t  E a s te rn  an d  W es te rn  species (Fig. 
1). F u r th e rm o re ,  it w ou ld  be of in terest  
to k n o w  how these two species arose  a nd  
f ro m  w h e re  they  originated, w ith  special 
re fe rence  to the ir  re la tionsh ip  to B. to u r n e ­
fortii.  One exp lan a t io n  fo r  this th ree  sp e ­
cies s i tua t ion  could  be th a t  one of the 
species (B. tournefort i i )  gave rise to the 
o th e r  two. As B. tournefor t i i  (of M editer­
ra n e a n  origin) is a w eedy ten ch ro m o so m e  
species it cou ld  lie the neares t  species to 
the o r ig ina l a rche typ e  suggested by S i k k a  
(1940) w ith  a basic  ch rom osom e  n u m b e r  
of five. If  th is w ere t rue  then  the  ten 
c h ro m o so m e  polyp lo id  m a y  have a r isen  in 
the  M e d i te r ranean  region and  sp rea d  to 
In d ia /E u ro p e  an d  th en  China.

A n o th e r  exp lan a t io n  fo r  th is s i tua t io n  is 
th a t  th e re  were th ree  cen tres  of o r ig in  for
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the  five ch ro m o so m e a rch e ty p e  w h ich  
ev en tu a lly  d ied  o u t a f te r  the po lyp lo id  w as 
fo rm ed . P oss ib ly  a t each  cen tre  of o rig in  
the p la n ts  developed  a long  th e ir ow n  lines, 
as in  the case of B. tournefortii ,  o r cam e 
u n d e r  d iffe ren t selection  p ressu res  by m an , 
as in  the case of B. rapa  and its varie ties, 
an d  B. chinensis  an d  its varieties. U lti­
m a te ly  such  a p rocess w ou ld  give rise to  
th re e  d iffe ren t g ro u p s  of p lan ts.
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Scandinavian Species o f  the Genus 

Brachythecium  (B ryophyta)

I. M odification  and B iom etric  Studies in  the B. rutabulum  —  

B. rivu lare C om plex
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B rachythec ium  ru tabulum  and  B. rivulare  have been experim en tally  cu ltivated  in 
co n tro lled  en v ironm en ts to study  the co n stan cy  of m o rpho log ical ch arac te rs . The 
hum id ity , tem p era tu re  and  light fac to rs  have been varied.

The v a ria tio n s of q u an tita tiv e  c h arac te rs  have been b io m etrically  an a ly sed  in 
the cu ltivated  m osses as well as in sam ples from  sp o n tan eo u s p o p u latio n s. The 
d iagnostic  value of the  ch a ra c te rs  stu d ied  have been estim a ted  fo r  taxonom ic  
purposes.

Kai Wigh, D epartment  of  P hys ics  and M easurement Technology, University  of  
Linköping ,  8-581 83 L inköp ing ,  Sweden.

M any species of m osses are extrem ely  
variable. The purpose of this investigation  
is to  study w hich  characters becom e m odi­
fied thus being of little taxonom ic value, 
and w hich characters are relatively con ­
stant. The m orphology, taxonom y and 
cyto logy  of the polym orphic com plex in ­
cluding the tw o species B r a c h y th e c iu m  
r u ta b u lu m  and B. rivulare  w ill he d iscus­
sed in a forthcom ing paper (W i gh  1976).

The tw o species have been taxonom ical- 
ly delim ited in different w ays, and several 
varieties have been described. Som e of 
these subspecific taxa are presum ed to he 
m odifications only. In order to assess their 
taxonom ic value m odification  experim ents 
have been carried out.

Biom etric analysis revealed that certain  
quantitative characters arc usefu l in d is­
tinguishing betw een B ra c h y th e c iu m  ru ta ­
b u lu m  and B. rivulare.

METHODS
T he m o d ifica tio n  ex perim en ts have been 

ca rried  out in  9 d iffe ren t en v iro n m en ts  (Table

1) w here  the m ate ria l w as g row n fo r  some 
m on ths. Sam ples g row n u n d e r d ry  conditions 
grew  ra th e r  slow ly an d  w ere th ere fo re  kep t in 
cu ltu re  fo r a longer pe rio d  th a n  the others.

No n u tritiv e  w as added  du rin g  th e  ex p eri­
m ents as it has p rev iously  been  observed th a t 
these m osses can  go on  grow ing fo r a t least 
tw o y ears  w ith o u t any  ad d itio n a l nu tritive. 
A fter the  period  of cu ltiv a tio n  the p lan ts  w ere 
d ried  an d  used fo r the m o d ifica tio n  studies.

M easurem ents of leaves, nerves, cells and  
spores have been m ade u n d e r a light m ic ro ­
scope. The m agn itudes used  w ere X30 fo r the 
leaves and  nerves, X400 fo r the cells and  
X 1,000 fo r the spores. T he accu racy  of the 
m easu rem en ts  w as 40 p, 3 p and  1.2 p respec­
tively.

T he leng th  of the leaves w as m easu red  from  
the in se rtio n  of the nerve on  the stem  to the 
tip  of the  leaves, an d  the leng th  of the nerves 
fro m  the  in se rtio n  to the tip  of the nerves. 
T he leng th  of the  cells w as m easu red  from  
cells n e a r the m iddle of the leaves, a p a r t  from  
the  nerves. F ro m  each sam ple 30 leaves and  
cells w ere m easu red , an d  20 spores.

MATERIAL
The investiga tions are  based  on the m ate ria l 

p rev iously  an aly sed  cyto logically  and  on h e r­
b a riu m  m ateria l. T he live m ate ria l of B. ruta-

Bot. N otiser, vol. 128, 1075
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Table 1. Climatic conditions for cultivated m aterial.

Environm ent
L ght T em perature Humidity

Lux Hours °C Hours °/o Hours

l a 5,000 15.5 14 15 40 15
0 8.5 1 4 -0 1 2 40->60 2

11 5 60 5
1 1 -0 4 2 60—0 0 2

l b as I a as I a as I a as I a 100 24
I c 2,000 15.5 as I a as I a as I a as I a

0 8.5
I d as I c as I c as I a as I a 100 24
II 4,600 12 14 10 100 24

0 12 14—0 2 2
12 10
1 2 -0 4 2

III a 9,200 15 19 12 60 12
0 9 19—0 0 2 60->90 2

10 8 90 8
1 0 -0 9 2 90->60 2

III b 7,200 15 as III a as III a as III a as I l i a
0 9

III c as III a as 1II a as III a as I l i a 100 24
III d as I l l b as III a as III a as III a 100 24

bulum is represented by the n =  12 cytotvpe 
and B. rivulare by the n = 6  cytotvpe. The 
reference num bers are listed in W igh (1976).

Voucher specimens are deposited at the 
Botanical Museum of Göteborg (GB), Sweden.

M ODIFICATION EXPERIM ENTS

Many in traspecific taxa in the Brachy- 
thecium rutabulum  — B. rivulare com plex 
have been described on such characters as 
the size and colour of the plant, length of 
seta, shape of lid, etc. These taxa are often 
m odifications only. If corresponding s tu d ­
ies were to be carried out in o ther species 
complexes also, m any taxa w ould probably 
prove to be m odifications only.

It seems likely that a given character can 
display a high degree of m odifiabilitÿ  in 
one species, w hereas in another species Ihe 
same character is m ore constant, an ex­
am ple being the shape of the lid in the 
fam ily Brachytheciaceae. This character 
is variable in certain  species such as Bra- 
Bot. Notiser, vol. 128, 1975

chythecium  rutabulum,  but in o ther genera 
it is probably  m ore constant.

Some populations of Brachythecium  
rutabulum  and B. rivulare  have been cu l­
tivated in 9 d ifferen t environm ents in cli­
m ate cham bers. The clim atic conditions 
are given in  Table 1. The environm ents 
have been called I a— d, 11 and  III a— d, 
th ree clim ate cham bers having been used.

The m odification  experim ents have been 
divided into two separate  investigations, 
one biom etric, discussed on p. 469 and one 
in  the m ain  qualitative. In  tlie la tter some 
characters have also been m easured but 
the results have not been analysed sta tisti­
cally.

M odificative C haracters

G A M E TOP H YTIC CH A R A CTE RS

Both species becom e extensively m odi­
fied. This was an tic ipated  as they are also 
highly variable under n a tu ra l conditions.
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PLICATION OF LEAVES. Plication is 
h ighly modificative in both species which 
may give rise to problems of identification, 
as in  several keys species with plicated 
leaves have been separated from species 
w ithou t plications. The reduced plications 
in B. ru tabulum  may cause trouble when 
distinguishing between this species and, 
for instance, B. m ildeanum  and B. curtum  
(WlGH 1976).
COLOUR OF PLANT. There is an obvious 
difference in the colour of plants cultivated 
in light with an intensity of 2,000 lux and 
those cultivated in 5,000 lux. Those grown 
in less light are a darker green than those 
cultivated in 5,000 lux. This is true of both 
species.
BRANCHING. The num ber of branches 
per cm of the shoot stands in direct re la­
tion to the humidity. Under conditions of 
saturated  humidity both species produce 
only a few branches.
ANGULAR CELLS. In all 9 environments 
B. rivulare produces large and well-devel­
oped angular cells (Fig. 1 E, F), the size 
of these cells being somewhat variable, but 
they are always fairly large and well-deli­
mited.

B. ru tabulum  displays greater variation 
in the development of angular cells when 
cultivated. Under dry conditions the angu ­
lar cells do not become enlarged or more 
clearly delimited (Fig. 1 B). Under condi­
tions of saturated humidity the variation, 
both within a sample and between samples 
from different populations, is more exten­
sive, plants in some samples then produc­
ing large and well-delimited angular cells 
as in B. rivulare. P lants in other samples 
only produce somewhat larger angular 
cells. In Fig. 1 C the angular cells are 
somewhat enlarged.

The structure of the angular cells has 
been regarded by several authors  as the 
most im portan t  diagnostic character for 
separating B. rutabulum  and  B. rivulare. 
This investigation shows that this character 
is highly modifiable in B. rutabulum . N a t­
ural populations of this species with large 
and well-delimited angular cells are also

found, such forms being extremely dif­
ficult to distinguish from B. rivulare. 
DECURRENCY OF LEAVES. The decur­
rent par t  of the leaves in cultivated samples 
is shown in Fig. 2. In B. rivulare the leaves 
are always longly and broadly decurrent. 
In B. rutabulum  the decurrency increases 
with humidity, both with regard to length 
and breadth. This character has been ac­
corded the same taxonomic importance as 
the angular cells, and it must he observed 
that the decurrency is extremely modifi­
able in B. rutabulum .
LENGTH OF INTERNODES. In both spe­
cies the internodes attain a greater length 
in 2,000 lux than in 5,000 lux both where 
humidity is saturated and under drier 
conditions. The differences are marked. 
In 2,000 lux there are about 25 leaves per 
cm of the shoot and in 5,000 lux about 33. 
W hen grown in 7,200 lux or 9,000 lux 
there are no differences, either where the 
humidity is saturated or under drier condi­
tions.

There are quite obvious differences 
between samples cultivated when the 
humidity is saturated and under drier 
conditions as regards length of internodes, 
the internodes being shorter under drier 
conditions. This is true of both species and 
with all light intensities.
NUMBER OF RHIZOIDS. The number 
of rhizoids is related to light intensity and 
to humidity, hut also to the degree of con­
tact the shoots have with the substratum. 
W hen grown in contact with the substra­
tum the shoots produce far more rhizoids 
than  when growing erect with no contact.

If the influence of light and of humidity 
are com pared as regards number of rh i­
zoids, it seems that humidity has the grea­
ter effect. Under conditions of lower h u ­
midity the number of rhizoids increases.

SPOROPHYTIC CHARACTERS

B rachythecium  rutabulum  only has been 
investigated.
LENGTH OF SETA. The length of the seta 
is highly modifiable and varies with liu-

Bot. Notiser, vol. 128, 1975
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0 .5 m m

Fig. 1. Photographs of angular cells. — A—C: Brachytheciiim rutabulum. ■— I ) —F: 
B. rivulare. — A: 71-90 (spontaneous population). — B: 71-90 (environment Illb ). — C: 
71-90 (environment 11 Id ). 1): 71-1(59 (spontaneous population). — E: 71— 127 (environ­
m ent Ib ). — F: 71-127 (environm ent Id). — The climatic conditions are given in Table 1.

midity. The differences between spontane­
ous material and samples cultivated under 
conditions of saturated humidity  are m a rk ­
ed. The length of the seta in cultivated 
samples is often more than  twice or three 
times that found in spontaneous material.  
In one population the mean of the length 
of the seta in spontaneous samples was 
Bot. Notiser, vol. 128, 1975

1.5 cm and the new sporophytes produced 
when humidity  was saturated was 4.5 cm. 
This observation is im portant since there 
are varieties of B. rutabulum  described 
which differ from the nomenclatural type 
material in having longer seta.
LENGTH AND SHAPE OF LID. Under 
conditions of saturated humidity  some
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71-90

71-127

Fit 2. Leaves of cultivated samples of Brcichythecium rutabu/um  (71-90) and B. rivulare 
(71-1271. The climatic conditions are given in Table 1.

p o p u la t io n s  of B. ru ta b u lu m  p ro d u c e  lo n ­
ger lids th a n  those  fo u n d  in  the  c o r r e ­
sp o n d in g  sp on tan eo u s  m ater ia l .  T he  lid 
is no t conical, b u t  m o re  or less oblique. 
P la n t s  d isp lay ing  th is  m o d if ica t ion  have  
b een  descr ibed  as a varie ty  a n d  h av e  also 
been  t rea ted  as a good species.

L a z a r e n k o  et al. (1971) in v estig a ted  the  
c h r o m o so m e s  in  B. eu rh yn ch io id e s  
(L im pr.) L o e s k e ,  a ta x o n  d iv erg in g  fro m  
B. r u ta b u lu m  in the lo n g  o b liq u e  lid  o n ly . 
T h e y  rep orted  tw o  c h r o m o so m e  nu m b ers, 
n =  6 and  n = 12 . T h e  ch r o m o so m e  c o m ­
p le m en t o f the 11 =  6 an d  n = 1 2  c y to ty p es  
a g reed  w ith  th at o f the co rresp o n d in g  
c y to ty p e s  o f B. ru ta b u lu m  w h ic h  su p p o rts  
the sta tem en t that B. eurhy n c h io id e s  is 
o n ly  a m o d ifica t io n  o f B. ru ta b u lu m .

T h e  long ob lique  lid is a  c h a ra c te r  
fo u n d  in  som e genera  in the  fam ily  B ra-  
chy thec iaceae ,  e.g. R hynch os teg ie l la ,  R h y n -  
chosteg ium , C ir r ip h y l lu m  a n d  E u r h y n -  
ch iu m ,  w h ereas  B r a c h y th e c iu m  h as  a 
sho r t  conical lid. T h e  lid in the  first- 
m en t io n ed  genera  is p ro b a b ly  less m o d i f i ­
able  th a n  in B ra c h y th e c iu m  ru ta b u lu m .

Difference in shape  of lid has  o f ten  been  
the only c h a rac te r  given in keys in s e p a r a t ­
ing B ra ch y th e c iu m  f rom  o th e r  genera . It 
m u s t  be no ted  th a t  B. ru ta b u lu m  a t  least 
could key out w rongly  using such  keys.

Not Modificative Characters

G A M E T O P H Y T IC  CHARACTERS

SH A PE OF LEAVES. N either  in B. ru ta ­
bu lum  n o r  in B. rivulare  is the sh ap e  of 
the leaves m odif iab le  (Fig. 2). T h is  c h a r ­
ac te r  is one of the m o s t  useful fo r  s e p a r a t ­
ing the two species. In  all 9 e n v iro nm en ts  
the leaves of B. ru ta b u lu m  are  long and  
poin ted  in co n tra s t  w ith  the  acu te  leaves 
of B. rivulare.  Fig. 2 also gives an  in d ica ­
tion of the  size of the leaves in th e  d i f ­
ferent env ironm ents .  Leaves f ro m  8 en ­
v ironm ents  only  a re  i l lu s tra ted  as no  m a ­
ter ia l of po p u la t io n  71— 90 cu lt iva ted  in 
III c w as available.
D E N T IC U L A T IO N  OF LEAVES. N ei­
th e r  in B. ru ta b u lu m  n o r  in B. rivulare  
does the d en t icu la t ion  of the  leaves v ary

B ot. N o tise r, vol. 128, 1975



468 KAI W IGH

Table 2. Modificative an d  non-m odificat ive  
charac te rs  in B ra ch y th ec iu m  ru tabulum  and 
ß.  rivulare.  Gam etophytic  charac te rs  have been 
studied in both  species a n d  sporophytic,  
charac te rs  in B. ru tabu lum  only. —  Modi- 
ficative charac te rs :  +  , non-m odif icat ive  c h a r ­
acters:  — . — Modification depends on h u m i­
dity: H, on  light: L.

Gametophytic  characters

Growth + H
Plication + H
Colour + L
Branching + H
Angular cells + H
Decurrency of leaves + 14
Internodes + H, L
Rhizoids + H, L
Shape of leaves —
Denticulation of leaves —
Length  of leaves + H, L
Length  of nerves + H, L
L ength  of cells + H, L

Sporophy tic  characters

Length  of seta + H
Lid + H
Size of spores —
Papillae  on seta —
F o rm  of capsule —

Size of capsule —
Exothecia l  cells •— •
Peris tome —
Stom ata —

in  a n y  of th e  e n v i r o n m e n t s .  T h i s  c h a r ­
a c t e r  is o f  n o  v a lu e  f o r  s e p a r a t in g  th e se  
tw o  species,  h u t  is o f  i m p o r t a n c e  in  d i s ­
t in g u i sh in g  B. r u t a b u l u m  f r o m  7i. m ild e a -  
n u m  (WlGH 1976).

S F O R O P H Y T I C  C H A R A C T E R S

B r a c h y t h e c i u m  r u t a b u l u m  o n ly  h a s  b e en  
in v es t ig a ted .

P A P I L L A T I O N  O F  SE T A . W h e n  c u l t i v ­
a te d  sa m p le s  w e r e  c o m p a r e d  w i th  s p o n ­
ta n e o u s  p o p u l a t i o n s  n o  d i f f e r e n c e s  in  th e  
p a p i l l a e  o f  th e  se ta  w e re  o b s e r v e d .  T h is  is 
i m p o r t a n t  s ince  t h e  p a p i l l a e  is o n e  o f  th e  
m o s t  w id e ly  u s e d  d ia g n o s t i c  c h a r a c t e r s  in 
th e  g e n u s  B r a c h y t h e c i u m .  W h e t h e r  o r  n o t  
th ese  p a p i l l a e  a r e  m o d i f i a b le  in  o t h e r  s p e ­
cies  h a s  n o t  y e t  b e e n  in v e s t ig a te d .

Bot. Notiser, vol. 128, 1975

S H A P E  AN D S IZ E  O F  C A P S U L E .  T h e r e  
a re  no  o b v io u s  d i f f e re n c e s  in  th e  s h a p e  
a n d  size o f  c a p s u le s  o f  c u l t i v a t e d  a n d  
s p o n t a n e o u s  s p e c im e n s  e x ce p t  f o r  the  lid 
as s ta te d  a b o v e .

E N O T H E C I A L  C E L L S .  I f  n a t u r a l  a n d  c u l ­
t iv a ted  m a t e r i a l  a r e  c o m p a r e d  a s  r e g a r d s  
size a n d  a r r a n g e m e n t  of  e x o th e c i a l  cells  n o  
d i f f e re n c e s  a r e  o b se rv ed .  In  c u l t i v a t e d  
s a m p le s  the  e x o th e c ia l  cells  a r e  a r r a n g e d  
in  ro w s  a n d  h a v e  lo n g i tu d in a l  w a l ls  t h a t  
a r e  m o r e  i n c r a s s a t e  t h a n  th e  t r a n s v e r s e  
walls .

P E R I S T O M E .  I n  c u l t i v a t e d  s a m p le s  t h e r e  
a re  no  o b s e r v a b le  m o d i f i c a t io n s  in  e i t h e r  
the  o u t e r  o r  i n n e r  p e r i s to m e .  T h e  c il ia  of  
th e  i n n e r  p e r i s to m e  a r e  p a p i l l o s e  a n d  
n o d o se  p re c i s e ly  as  in  n a t u r a l  p o p u l a t i o n s .  

STO M A TA . As th e r e  a r e  o n ly  a  few  s t o ­
m a t a  o n  e a c h  c a p s u le  no  e x te n s iv e  b i o ­
m e t r ic  i n v e s t ig a t io n  h a s  b e e n  u n d e r t a k e n .  
T h e r e  w e re  no  d i f f e r e n c e s  in t h e  s h a p e  a n d  
size of s t o m a t a  in n a tu r a l  a n d  c u l t i v a t e d  
m a te r i a l .

Summary of the Modification Experiments

T h e  m o d i f i c a t io n  e x p e r i m e n t s  c a n  he  
s u m m a r i z e d  as  fo l lo w s  (T ab le  2 ) :

(1) G a m e to p h y t ic  c h a r a c t e r s  d i s p l a y  a 
h ig h e r  d e g ree  o f  m o d i f i c a t io n  t h a n  s p o r o ­
p h y t ic  c h a r a c t e r s .
(2) V a r ia t io n s  in  h u m id i t y  g ive  r ise  to  
m o r e  e x te n s iv e  m o d i f i c a t io n  t h a n  do  v a r i a ­
t ions  in  l ig h t  i n te n s i ty .  T e m p e r a t u r e  p r o b ­
a b ly  h a s  l i t t le  i n f lu e n c e  o n  t h e  p l a n t s ,  a t  
leas t  w i t h in  th e  r a n g e  o f  t e m p e r a t u r e s  u se d  
in  th is  e x p e r im e n t .
(3) S o m e  m o r p h o lo g i c a l  c h a r a c t e r s  a r e  
m o d if i e d  b y  h u m id i ty ,  o t h e r s  b y  l ight ,  
w h e r e a s  still  o t h e r s  a r e  m o d i f i e d  b y  b o t h  
h u m id i t y  a n d  l ight.
(4) In  m o s t  case s  t h e  g a m e t o p h y t i c  c h a r ­
a c te r s  o f  B. r u t a b u l u m  a n d  B. r i v u la re  
m o d i f y  in  t h e  s a m e  w a y ,  b u t  t h e r e  a r e  
so m e  e x c e p t io n s ,  s u c h  as  l e n g t h  o f  cells,  
p. 471.
(5) T h e  m o s t  i m p o r t a n t  m o d i f i c a t iv e  c h a r ­
a c te r s  o f  t a x o n o m i c  v a lu e  a r e :  size o f
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Fig. 3. Statistical analysis o f biom etric characters in spontaneous sam ples of Brachythecium  
ru tabulum  and B. rivulare.  —  Squares show that the leaves are longer in B. rutabulum, 
open squares that the leaves are longer in B. rivulare, dots that the relative length of the 
nerves is greater in B. rivulare  and rings that relative length of the nerves is greater in

B. rutabulum.

plan ts, len g th  o f  in tern o d es, a n gu lar  cells, 
d e cu rren cy  o f lea v es, c o lo u r  o f p lan t, 
p lica tio n  o f  lea v es, len g th  o f  seta  and  
len g th  an d  sh a p e  o f lid .

(6) T h e  m o st im p o rta n t n o n -m o d ifica tiv e  
ch a ra cters are: sh ap e o f  lea v es, d en ticu la - 
tion  o f  lea v es , p a p illa tio n  o f  seta , size and  
sh a p e  o f  c a p su le s  and p er isto m e.

BIOMETRIC STUDIES 

Spontaneous Populations

T he length  and  sh a p e  o f the lea v es, tw o  
o f the m ost im p ortan t m o r p h o lo g ica l ch a r ­
acters for sep a ra tin g  B r a c h y th e c iu m  ru ta ­
b u lu m  from  B. r iv u la re  have  b een  stu d ied  
b io m etr ica lly  as w e ll as o th er  ch aracters  
of p o ssib le  d ia g n o stic  va lue .

Bot. N otiser, vol. 128, 1975
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Fig. 4. Variat ions in length of leaves and  
relative length of nerves in spontaneous  
samples of B. ru tabu lum  (triangles) a n d  B. 
rivulare  (dots).

S IZ E  O F  S P O R E S

T h e r e  is n o  s ta t i s t i c a l ly  s ig n i f ic a n t  d i f ­
f e re n c e  b e tw e e n  th e  size o f  t h e  sp o re s  in 
B. r u t a b u l u m  a n d  B. r iv u la re .  T h e  m e a n  
v a lu e  i n  th e  p o p u l a t i o n s  s tu d i e d  is 17— -21 
± 1 — 2 p in  b o t h  spec ies .

L E N G T H  O F  L E A V E S ,  N E R V E S  
A N D  C E L L S

In  b o t h  spec ies  14 p o p u l a t i o n s  h a v e  b e e n  
se lec ted  a t  r a n d o m  (Figs.  3, 4 ) .  T h e  l e n g th  
of th e  leaves ,  n e rv e s  a n d  ce l ls  h a s  b e e n  
m e a s u r e d .  B. r u t a b u l u m  a n d  B. r iv u la re  
do  n o t  d i f f e r  w i th  r e g a r d  to  l e n g th  o f  cells.

T h e  s h o r t l y  p o i n t e d  l ea v es  in  B. r i v u la r e  
c a n  b e  e x p re s s e d  b io m e t r i c a l l y  a s  th e  r a t i o  
o f  th e  l e n g th  o f  t h e  n e r v e s  to  t h e  l e n g th  o f  
th e  leaves .  T h e  le n g th  o f  th e  leav es  a n d  
th e  r e la t iv e  l e n g th  o f  t h e  n e r v e s  a r e  v e ry  
u se fu l  d i s t in g u i s h in g  c h a r a c t e r s .  T h e r e  is, 
h o w e v e r ,  g r e a t  v a r i a t i o n  b e tw e e n  p o p u l a ­
t io n s  w i t h in  b o t h  spec ies .  I n  m o s t  p o p u l a ­
t io n s  o f  B. r iv u la re  th e  leav es  a r e  s h o r t e r  
a n d  th e  n e r v e s  r e la t iv e ly  l o n g e r  t h a n  in 
t h e  p o p u l a t i o n s  o f  B. r u t a b u l u m .  T h e  
v a r ia t i o n s  in  th e se  c h a r a c t e r s  a r e  s h o w n  
in  F ig .  4. T h e  d i f f e re n c e s  h a v e  b e e n  e s t i ­
m a t e d  b y  m e a n s  o f  a  t - te s t  s ig n i f ic a n t  a t  
t h e  5 %  level.

Table 3. I)iff erences significant a t  the 5 °/o 
level be tw een  spon taneous  populat ions  of 
B. ru tabu lum  and  B. rivulare  with reference 
to length  of leaves a n d  relative length of 
nerves. F o r  exp lana t ion  see text and  Fig. 3.

C harac ters Num ber of 
combinations %>

Leaves longer in B. ru ta­
b u lum  (-{-character) 147 75.0

Leaves longer in B. rivulare
(—  character) 20 10.2

No differences 29 14.8
Rel. length of nerves

grea ter  in B. rivulare
( + character) 133 67.9

Rel. length of nerves
g rea ter  in B. ru tabulum
(—  character) 14 7.1

No differences 49 25.0

2 + charac te rs 94 48.0
1 +  ch arac te r 63 32.1
2 — charac te rs I 0.5
1 —  ch arac te r 3 1.5
1 +  and  1 —  ch arac te r 29 14.8
No differences 6 3.1

I n  F ig .  3 th e  s q u a r e s  s h o w  t h a t  th e  
l ea v es  a r e  s ig n i f ic a n t ly  lo n g e r  in  B. r u t a ­
b u l u m  (a  +  c h a r a c t e r )  a n d  th e  d o t s  t h a t  t h e  
r e la t i v e  l e n g th  o f  th e  n e rv e s  is s ig n i f ic a n t ly  
g r e a t e r  in  B. r i v u la r e  (a +  c h a r a c t e r ) . T h e  
o p e n  s q u a r e s  s h o w  t h a t  the  lea v es  a re  
s i g n i f i c a n t ly  lo n g e r  in  B. r i v u la r e  (a —  
c h a r a c t e r )  a n d  th e  r in g s  t h a t  t h e  r e la t i v e  
l e n g t h  o f  t h e  n e r v e s  is s ig n i f ic a n t ly  g r e a t e r  
in  B. r u t a b u l u m  (a —  c h a r a c t e r ) .

In  T a b le  3 t h e  r e su l t s  f o r  th e  p o p u l a t i o n  
s tu d i e d  a r e  s u m m a r i z e d .  In  75.0 °/o o f  th e  
c o m b i n a t i o n s  Ihe  leaves  o f  B. r u t a b u l u m  
a r e  lo n g e r  t h a n  th o se  o f  B. r i v u la r e  (a +  
c h a r a c t e r ) .  In  o n ly  10.2 °/o o f  t h e  c o m b i n a ­
t io n s  a r e  t h e  leaves  of B. r iv u la r e  l o n g e r  
(a —  c h a r a c t e r ) . I n  67.9 °/o o f  t h e  c o m b i n a ­
t io n s  th e  re la t iv e  l e n g th  of th e  n e r v e s  is 
g r e a t e r  in  B. r i v u la r e  (a +  c h a r a c t e r )  a n d  
in  o n ly  7.1 °/o o f  th e  c o m b i n a t i o n s  is the  
r e la t iv e  l e n g th  o f  th e  n e r v e s  g r e a t e r  in 
B. r u t a b u l u m  (a —  c h a r a c t e r ) .
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Fig. 5. Length of leaves in spontaneous samp­
les of Brachythecium rutabulum and B. ri- 
vulare.

The lower half of Table 3 shows that in 
48.0 %  of the combinations there are two 
+  characters and that in 0.5 °/o only are 
there two —  characters. One +  character oc­
curs in 32.1 °/o of the combinations and 
one —  character in 1.5 °/o.

Thus in 80.1 °/o of the combinations 
there are either one or two +  characters 
(in such cases the biometric information 
will be helpful in identifying the species). 
In 14 .8%  of the combinations there is 
one +  character and one — character (the 
one character indicates B. rutabulum  and 
the other B. riuulare). In 3 .1 %  of the 
combinations no differences are found and 
in only 2 %  are one or two —  characters 
found (here the biometric information will 
lead to an erroneous identification of the 
species).

II should be noted that these populations 
have been selected at random  from the 
populations studied cytologically and that 
B. rutabulum  is represented by the n = 1 2  
cytotype and B. rivulare by the n =  6 cyto- 
type.

'Fhe 14 populations of each species can ­
not cover the whole morphological varia­
tion of the species. This is the case in the 
length of the leaves at least.

Variation in length of leaves is shown in 
Fig. 5 and the relative length of the nerves 
in Fig. 6. These figures are very useful for 
separating the two species. This biometri­
cal test should always be correlated with 
qualitative characters.
31

^  100

Fig. 6. Relative length of nerves in spontan­
eous samples of Brachythecium rutabulum and 
B. riuulare.

Cultivated Material

The same characters that were measured 
in natural samples have been studied in 
the cultivated samples. Only a limited 
amount of cultivated material has been 
available for this investigation so that the 
statistical analyses are based on a smaller 
num ber of samples than in the natural 
populations.

SIZE OF SPORES

W hen natural and cultivated material of 
Brachythecium rutabulum  is compared no 
differences in size of spores is observed. 
B. rutabulum  is an autoecious species often 
producing sporophytes when cultivated, in 
contrast with B. riuulare which is dioecious 
and of which no sporophytes have been 
available for study.

LENGTH OF LEAF CELLS

The length of the cells in cultivated 
material in relation to spontaneous popu­
lations is given in Table 4.

In B. rutabulum  the cells in cultivated 
material are always longer than in sponta­
neous material.  W hen cultivated in drier 
habitats the cells are longer, except in en­
vironments I c and I d.

In cultivated material of B. rivulare the 
cells are longer in the environments T a— d 
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Table 4. C om parison  betw een leng th  o f cells in sp o n tan eo u s an d  cu ltivated  m ate ria l of 
B rachythec ium  ru tabulum  and  B. rivulare.  L ength  of cells in cu ltiv a ted  sam ples is ca lcu ­
lated  as percen tage of length  of cells in the co rre sp o n d in g  n a tu ra l  p o p u lations. T he 

en v iro n m en ta l cond itions are  g iven in T ab le  1.

Lux H um idity E n v ironm en t
PI

B. ru ta b u lu m B. rivulare

2,000 < 1 0 0  % I c 105.7 104.4
2,000 100 % I d 107.4 104.2
5,000 < 1 0 0  % 1 a 113.5 100.4
5,000 100 °/o l b 108.7 107.5
7,200 < 1 0 0  % III b 114.0 93.4
7,200 100 °/o III d 108.1 95.3
9,200 < 1 0 0  % I l i a 1 1 1 . 1 92.6
9,200 100 % III c 102.7 96.5

than  in the corresponding spontaneous 
populations. In environments III a— d the 
reverse is true. This difference is probably 
due to intensity of light. In environments 
III a— d light intensity is 7,200 lux or 
9,200 lux and in I a— d 2,000 lux or 5,000 
lux.

In drier environments there is a tenden­
cy for the cells to be somewhat smaller 
than  where humidity is saturated. The op­
posite holds for B. rutabulum.  This dif­
ference can probably be explained by the 
fact that B. rivulare is a hydrophilous 
species and B. rutabulum  mesophilous.

LENGTH OF NERVES AND LEAVES

In Table 5 the mean values of absolute 
and relative lengths of the nerves in culti­

vated samples and the corresponding n a tu ­
ral material is given.

In cultivated samples of Brachythecium  
rutabulum  and B. rivulare both the abso­
lute and  relative length of the nerves is 
less than  in the corresponding spontaneous 
material.

The relative length of the nerves has 
decreased more in B. rivulare  than  in B. 
rutabulum,  but is greater in B. rivulare 
just as in the na tu ra l  populations. The 
mean value of all relative lengths in culti­
vated samples is 47.7 °/o in B. rivulare  and 
44.9 °/o in B. rutabulum.  In the correspond­
ing spontaneous materia l the relative 
length of the nerves is 58.7 °/o in B. rivu­
lare and 53.1 %  in B. rutabulum  (see also 
Table 7).

Table 5. I ̂ ength of nerves in cu ltivated  m ateria l (Mod.) of B ra c h y th ec iu m  ru ta b u lu m  and  
B. rivulare  and length  of nerves in co rresp o n d in g  sp o n ta n eo u s  m a te ria l (Spon.).

E n v iro n ­
m ent H um idity

B. ru tabulum B. rivulare

Absolute 
leng th  m m

in %  of 
leaf length

A bsolute 
len g th  m m

in %  of 
leaf leng th

Mod. Spon. Mod. 1 Spon. Mod. Spon. Mod. 1 Spon.

I a < 1 0 0 % 0.78 1.19 42.0 53.0 0.68 1.17 43.7 59.4
I h 1 00% 0.67 1.22 42.4 53.7 0.69 1.10 48.8 59.2
1 c < 1 0 0  % 0.88 1.09 46.8 51.6 0.74 1.20 48.8 60.8
I d 100 % 0.71 1.09 47.6 51.9 0.67 1.10 51.5 59.2
III a < 1 0 0  % 1.05 1.26 46.3 52.7 0.76 1.15 46.8 57.3
III c 100 % 0.81 1.38 44.3 55.7 0.70 1.21 48.4 58.0
III b < 1 0 0  % 0.92 1.25 43.3 53.2 0.88 1.11 48.2 58.3
III d 10 0 % 0.85 1.25 46.2 52.8 0.74 1.15 45.3 57.3
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Table 6. I ̂ ength of leaves in cultivated m aterial of Brachythecium rutabulum  and B. rivulare 
calculated as percentage of length in corresponding spontaneous populations. — In the 
upper half of the table the lengths are arranged according to variation in humidity. In the 

lower half the lengths are arranged according to variation in light intensity.

Lux Humidity E nvironm ent B. rutabulum B. rivulare

2,000 <100 %> I c 89.2 78.4
2,000 100 °/o I d 70.7 71.2
5,000 <100 % I a 80.5 79.5
5,000 100% I b 70.2 75.7
7,200 <100 % III 1) 87.1 85.3
7,200 100 % IIr d 80.7 75.9
9,200 <100 % III a 95.2 81.1
9,200 100 % III c 79.5 75.6
2,000 <100 % I c 89.2 78.4
5,000 < 1 0 0 % I a 80.5 79.5
2,000 100 % I d 70.7 71.2
5,000 100 % 1 b 70.2 75.7
7,200 <  100 % III b 87.1 85.3
9,200 <100 % III a 95.2 81.1
7,200 100 % III d 80.7 75.9
9,200 100 % III c 79.5 75.6

T he ab so lu te  leng th  of the  nerves is 
g re a te r  in  d r ie r  en v iro n m en ts  th a n  w here  
h u m id ity  is sa tu ra te d . T his h o ld s fo r b o th  
species b u t th e  d iffe rence  is m ore  p ro ­
nounced  in B. ru tabu lum .

In  b o th  species th e  nerves a re  longer 
in en v iro n m en ts  III a— d th a n  in I a— d.

In B. ru ta b u lu m  the  m ean  values a re  0.91 
m m  an d  0.76 m m  respectively , an d  in  B. 
rivulare  the  co rresp o n d in g  values a re  0.77 
m m  an d  0.70 mm .

T he leng th  of the nerves is th u s  m o d i­
fied bo th  by degree of h u m id ity  an d  light 
in tensity .

Table 7. Differences significant a t the 5 %  level in biometric characters in cultivated 
samples of B. rutabulum  and B. rivulare. — The climatic conditions are given in Table 1.

For explanation see text.

Leaves longer in Nerves relatively

Samples Number of B. rutabulum longer in B. rivulare
combinations Number of 

combinations % Number of 
combinations %

1 c 25 22
Spon. 25 14
11 45 35
Spon. 45 22
Ill a 25 25
Spon. 25 21
Ill b 20 18
Spon. 20 15
Ill c 25 23
Spon. 25 13
I ll  d 20 17
Spon. 20 13

88.0 11 44.0
56.0 21 84.0
77.8 7 15.6
48.9 24 53.3

100.0 8 32.0
84.0 11 44.0
90.0 11 55.0
75.0 8 40.0
92.0 16 69.6
52.0 20 80.0
85.0 6 30.0
65.0 11 55.0
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In most cases the leaves are shorter  in 
cultivated material than in spontaneous 
populations. In Table 6 the length of the 
leaves in cultivated material is calculated 
as percentage of the length in spontaneous 
populations.

In both B. rutabulum  and B. rivulare 
the leaves are shorter in saturated humidity  
than  in drier environments (Table 6, upper 
half).

If the length of the leaves is related to 
intensity of light, (Table 6, lower half) 
there are almost no differences between 
samples cultivated in environments I d and 
I b, and in III d and III c. This dem onstra­
tes that humidity modifies the length of 
the leaves to a greater extent than  intensity 
of light does.

In drier habitats intensity of light has 
little or no influence on length of leaves in 
B. rivulare  (compare I c with I a, and III b 
with III a). In B. rutabulum  intensity of 
light modifies the length of the leaves to a 
greater extent.

The length of the leaves is thus modified 
by both humidity and intensity of light.

The statistical analysis of biometric 
characters in cultivated samples has been 
carried out in the same way as in the 
spontaneous material, p. 470.

In the corresponding study of sponta­
neous populations 14 populations of each 
species were used, the num ber of com bina­
tions thus being 196. Unfortunately much 
fewer cultivated samples were available 
but the tendency is quite clear.

The procedure followed for statistical 
analysis was such that the biometric results 
for cultivated material have been com ­
pared with the results for the correspond­
ing spontaneous samples. The results are 
summarized in Table 7. F or  conditions of 
saturated humidity environments II, III c 
and III d have been used, and for drier 
habitats I c, III a and III b. These environ­
ments were chosen as the num ber of sam ­
ples available was greater in them than in 
the other environments.

As regards length of leaves there is 
always a greater num ber of combinations 
B ot. N o tise r, vo l. 128, 1975

in cultivated material than  in spontaneous 
material which show statistically signifi­
cant differences. The opposite is true of 
the relative length of the nerves except in 
environment III b.

These investigations show that biometric 
methods are diagnostically useful in sepa­
rating Br achy the cium rutabulum  from B. 
rivulare.

Summary of the Biometric Investigations

SPONTANEOUS SAMPLES

(1) Brachythecium rutabulum  and B. rivu­
lare do not differ in size of spores and 
length of cells in the leaves.
(2) The leaves are significantly longer in 
B. rutabulum.
(3) The relative length of the nerves is 
significantly greater in B. rivulare.
(4) These last two characters are useful in 
separating the species.

CULTIVATED MATERIAL

(1) The cells in cultivated material of 
B. rutabulum  are longer than in sponta­
neous populations. W hen B. rivulare is 
cultivated in lower intensities of light the 
cells are longer than  in spontaneous popu ­
lations, in lighter environments the cells 
are shorter.
(2) In B. rutabulum  the cells are shorter 
under conditions of saturated humidity 
than  in drier environments bu t longer in 
B. rivulare.
(3) Both the absolute and relative length 
of nerves is less in cultivated samples of 
both species.
(4) In lower intensities of light the nerves 
are shorter in both species.
(5) In drier environments the nerves are 
longer in both species.
(6) In both  species the leaves are shorter 
in cultivated samples.
(7) In both  species the leaves are shorter  
under conditions of saturated humidity  
than in drier habitats.
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(8) U n d e r  c o n d i t i o n s  o f  s a t u r a t e d  h u m i ­
d i ty  t h e  l e n g th  o f  th e  l ea v es  o f  b o t h  sp ec ies  
is l i t t le  in f lu e n c e d  b y  l ig h t  i n te n s i t y  o r  n o t  
a t  all .

(9) H u m i d i t y  m o d i f i e s  th e  q u a n t i t a t i v e  
c h a r a c t e r s  m o r e  t h a n  l ig h t  i n t e n s i t y  does.
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T h e section  R u ta b u la  o f the genus B ra­
ch y th e c iu m  has been  d e lim ited  in d iffe ren t 
w ays by d iffe ren t au th o rs . T h e  tw o  species 
B ra c h y th e c iu m  ru ta b u lu m  (H ed w .) B.S.G. 
and  B. rivulare  B.S.G. can  be said  to co n ­
s titu te  the cen tre  of th is  section . O ther 
species p resum ed  to  be re la ted  to these tw o 
species have been g ro u p ed  in the  section  
Rutabu la  (W ig h  1974). T he taxonom ic  
tre a tm en t of these  la tte r  species in the 
section  has, how ever, been d iscussed  and  
th e  de lim ita tio n  o f the sec tion  varies 
b e tw een  d iffe ren t b ryo log ists . O nly a few  
con tro v ersia l species w ill he m en tioned  
here , e.g. B ra ch y th e c iu m  la t i fo lium  KlNDB., 
B. ryanii  K a u r. and  B. m i ld ea n u m  
(SCHIMP.) SCHIMP.

In  S cand inav ia  th e  B ra c h y th e c iu m  ru ta ­
b u lu m  —  B. rivulare  com plex  is re la tive ly  
w ell de lim ited  co m p ris in g  o n ly  these tw o 
species. T hey a re  ch a rac te riz ed  by the  
ch rom osom e n u m b e r n = 1 2  an d  n =  6 re ­
spectively  in c o n tra s t w ith  th e  species 
m en tioned  above, B. la t i fo lium  and  B. 
ryanii  hav ing  th e  ch ro m o so m e n u m b er 
n = l l  and  B. m i ld e a n u m  n = 1 3 .

MATERIAL

This study is based on live m aterial and 
herbarium  material. The gatherings that have 
been studied cytologically were collected be­
tween 1970 and 1973. The localities are given 
in the appendix. The names of some collabo­
rators who have contributed with some of the 
gatherings are shown in parentheses after the 
gatherings concerned. 264 gatherings of B. 
rutabulum  and 42 of B. rivulare have been 
studied cytologically and voucher specimens 
have been deposited at the Botanical Museum 
of Göteborg (GB), Sweden. Reference num bers 
are given in the appendix.

About 2,000 herbarium  specimens of each 
species have been studied from  the following 
herbaria: A AU, B, EG, G, G, GB, H, LD, O, 
OULU, S, TRH, THOM, TUB and UPS. The 
abbreviations used are as in  L a n j o u w  and 
S t a f l e u  (1964).

METHODS

The cultivation techniques used for the 
populations that have been studied cytologi­
cally are as in W i g h  & S t r a n d h e d e  (1971).

Two different cytological methods have been 
used: The Feulgen method used by W i g h  & 
S t r a n d h e d e  (1971) and the aceto-orcein 
m ethods used by W i g h  (1972 a). Both m ethods

B ot. N o tiser, vol. 128, 1975



TAXONOMY IN BRACHYTHECIUM 477

give equally  good sta in ing  resu lts . T he f irs t 
m e th o d  is to be recom m ended  fo r p e rm a n en t 
p re p a ra tio n s  b u t is m ore d ifficu lt to s ta n d a rd ­
ize. The im p o rtan ce  of p re trea tm en ts  is s tre s ­
sed. O nly w ith  su itab le  p re tre a tm e n t is it 
possib le  to co u n t m ito tic  ch ro m osom es in  a 
g rea t n u m b er of popu lations. Cold tre a tm e n t

h a s  been u s e d  in th is  s t u d y  (WiGH & S t r a n d - 
HEDE 1971, W igii 1972 a) .

T he ch rom osom es have been p h o to g rap h ed  
as in W igh  (1973 a).

The d raw ings of m o rpho log ical d e ta ils  have 
been m ade w ith  the  a id  of a cam era  lucida.

DELIMITATION OF THE BRACHYTHECIUM RUTABULUM — B. RIVULARE 
COMPLEX

B rach yth ec iu m  rutabulum  and B. rivu-  The key com prises all species recognized
lure can be distinguished from  the other by N y h o l m  (1954— 1969) except for B.
Scandinavian species of the genus w ith  geheebii  w hich has been transferred to the
the aid of the follow ing sim plified  key. genus Hom alo thecium  ( W i g h  1973 b).

1. Seta ±  sm ooth . (B. collinum, B. cur tum ,  B. populeum, B. p lum osum ,  B. e ry throrrhizon,  
B. albicans,  B. groenlandicum, B. m i ld ea n u m ,  B. campestre, B. salebrosum, B. glareosum,  
B. tu rg id u m ) .

1. Seta ro u g h  th ro u g h o u t the  w hole  len g th  ............     2
2. Cilia of the in n er peris tom e a p p en d icu la te , leaves often  plane, as a ru le n o t p licate. 

\B. glaciate, B. velutinum, B. trac l iypod ium ,  B. re f lexum, B. starkei,  B. la t i fo l iu m ) .
2. Cilia of the  in n er peris tom e n o dose , leaves concave, p licate ................................................  3
3. A utoecious species ....................................................................................................................B. ru tabulum
3. D ioecious species .......................................................................................................................................  4
4. A ngular cells in fla ted  ....................................................................................................  B. rivulare
4. A ngular cells not infla ted . [B. ryanii) .

B r a c h y t h e c i u m  r u t a b u l u m  (H e d w .) B.S.G.

B r u c h , S c h i m p e r  & G ü m b e l , B ryol. E u r. 
6: 15 543 (1853) (fasc. 52— 54 Mon. 1 1 :9 ). —  
H y p n u m  ru ta b u lu m  H e d w i g , Spec. M usc. 276 
(1801). L ec to type : sheet 3106/87 in th e  H e d ­
w i g — S e n w a e g R i c h e n  h e rb ariu m  (G). Coll. 
no. 12.

B rach y th ec iu m  ru tabulum  var. aureo-virens  
B r i d .) B r o c k m ü l l e r , Arch. Ver. F re u n d . 
N aturg . M ecklenburg  23 :122  (1870). —  H y p ­
n u m  ru ta b u lu m  var. aureo-virens  B r i d e l , 
Spec. Muse. 2 :1 8 4  (1812). L ec to type: sheet 
3001/94 in the  B r i d e l  h e rb ariu m  ( B ) .  T he 
specim en  in  the  low er rig h t co rn er. Coll. no. 
21. Collected hv D e j e a n .

B ra ch y th ec iu m  ru tabu lum  var. brev ise tum  
( F i e d l .) B r o c k m ü l l e r , Arch. Ver. F reu n d . 
N aturg . M ecklenburg  23 :122  (1870). —  H y p ­
n u m  ru ta b u lu m  var. brev isetum  F i e d l e r , 
Syn. L aubm . M ecklenburg  111 (1844).

B ra ch y th ec iu m  ru tabu lum  var. crassum  
L a n g e , Bot. T id ssk r. 2 :248  (1868) nom . nud .

B ra ch y th ec iu m  rivulare  var. cu sp id a tu m  
J e n s e n , D anm . Moss. 2: 141 (1923). L ec to ty p e : 
(C). Collected by  C. J e n s e n  in D en m ark , Z ea­
land, A llindelille F red sk o v  in 1882.

B rachythec ium  ru tabu lum  var. d u m e to ru m  
J e n s e n , in B a u e r  M usci E ur. Exs. se r 14 nr. 
693 (1910). L ec to type: (G). C ollected by C. 
J e n s e n  in D enm ark , Z ealand , H valsö  in 1904.

Brachythec ium  ru tabu lum  var. eurhynchio i-  
des L i m p r i c h t , Laubm . D eutschl. 3: 109 
(1896). —  B. eurhynchio ides  ( L i m p r .) L o e s k e , 
Moosfl. H arz. 273. (1903) nom . inval. prov.

B rachythec ium  ru tabu lum  var. exp lana tum  
( B r i d .) B r o c k m ü l l e r , Arch. Ver. F reund . 
N aturg. M ecklenburg 23 :122  (1870). —  H y p ­
n u m  ru tabulum  var. exp lana tum  B r i d e l , Spec. 
Musc. 2: 184 (1812). — /1. starkei  ( B r i d .) B.S.G. 
var. exp lanatum  ( B r i d .) M ö n k e m e y e r , Laubm . 
E ur. 819 (1927). L ecto type: Sheet 3001/97 in 
the B r i d e l  h e rb ariu m  (B). T he specim en  in 
the u pper left corner. Collected by B l a n d o w  
in 1803 in N eubrandenburg . Coll. no. 25.

H y p n u m  ru tabu lum  var. f lacc idum  B r i d e l , 
Spec. Musc. 2 :184  (1812). L ec to type: sheet 
3001/4 in the B r i d e l  h e rb ariu m  (B). The 
specim en on the low er h a lf of the  sheet. 
Collected in 1797.

Brachythec ium  ru tabulum  var. f lavescens  
( B r i d .) B r u c h , S c h i m p e r  & G ü m b e l , Bryol. 
E ur. 6 :1 6  544 (1853) (fasc. 52— 54 Mon. 12: 
10). —  H y p n u m  ru tabu lum  var. f lavescens  
B r i d e l , Bryol. Univ. 2: 488 (1827). — H y p n u m  
flavescens  B r i d e l , Spec. Muse. 2 :1 8 5  (1812) 
nom . illeg. —  B rachy thec ium  rivulare  ssp. 
f lavescens  ( B r i d .) K i n d b . C anad. Bee. Sc. 
6(2): 73 (1894). L ecto type: sheet 3001/2 in the 
B r i d e l  h e rb ariu m  (B). T he specim en in the 
up p er left corner. Coll. no. 5.
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Hypnum rutabulum var. laxifolium B r i d e l ,  
Bryol. Univ. 2:488 (1827). -— Brachythecium 
plumosum ( H e d w . )  B .S .G .  c f .  L x m p r i c h t ,  
Laubm. Deutschi. 3:87 (1896). Lectotype:
sheet 3001/6 in the B r i d e l  herbarium (B). 
Collected in 1825 by P y l a i e .

Brachythecium rutabulum var. laxum R o t h ,  
Eur. Laubm. 2: 244 (1904).

Brachythecium rutabulum var. longisetum 
( B r i d . )  B r u c h .  S c h i m p e r  & G ü m b e l ,  Bryol. 
Eur. 6:16 544 (1853) (fase. 52—54 Mon. *12: 
10). — Hypnum rutabulum var. longisetum 
B r i d e l ,  Muse. Rec. 2(2): 161 (1801). Lecto­
type: sheet 3001/15 in the B r i d e l  herbarium 
(B). The specimen in the upper right corner. 
Collected in 1798.

Brachythecium rutabulum var. lutescens 
W a r n s t o r f ,  Verh. Bot. Ver. Brandenburg 
41: 73 (1899).

Brachythecium rutabulum v a r .  plumulosum  
B r u c h ,  S c h i m p e r  & G ü m b e l ,  B r y o l .  E u r .  6:  16 
544 (1853) ( f a s e .  52—54 M o n .  12: 10).

Brachythecium rutabulum var. robustum 
B r u c h ,  S c h i m p e r  & G ü m b e l ,  Bryol. Eur. 6: 16 
544 (1853) (fase. 52—54 Mon. 11:10). — B. 
robustum (B.S.G.) L o e s k e ,  Moosfl. Harz 273 
(1903).

llypnum uliginosum D e j e a n  in B r i d e l ,  
Bryol. Univ. 2:487 (1827). nom. nud. Orig, 
coll.: sheet 3001/15 in the B r i d e l  herbarium 
(B). The specimen in the lower left corner. 
Coll. no. 45. Collected by D e j e a n .

R obust p lan ts w ith creeping stems and  
±  erect b ranches (Fig. 2 E), often growing 
in extensive green or yellow ish m ats. 
Autoecious. Leaves 1.8— 3.0 mm, erect— 
spreading, m ore or less decurren t in a ± 
narrow  band, slightly or strongly plicated, 
g radually  narrow ing  to an  acum inate point 
(Fig. 1 B). Margin denticulate, as a rule 
slightly recurved a t base of leaf. Nerve 
reaching to about m iddle of leaf. Cells in 
m iddle of leaf 70 to m ore than  100 p, 
tow ards the base near the nerve porose. 
Angular cells rectangular, ±  well delim ited 
and occasionally inflated. Seta  as a rule 
1.5— 3 cm, rough th roughou t (Fig. 1 G). 
Capsule ±  horizontal (Fig. 1 F). Exothecial 
cells in m iddle and  upper p a rt of capsule 
in rows, ±  rectangular w ith longitudinal 
walls th icker th an  transverse w alls (Fig. 
1 D) at the base of capsule exothecial cells 
m ore irregular, not in rows and  m ore in ­
crassate (Fig. I E ) .  Stomata  large, 31— 
39X 28— 35 p. Inner peristome w ith  nodose

and  strongly papillose cilia (Fig. 1 A). Lid 
short and  conical (Fig. 1 F). Spores  p ap il­
lose, about 17— 21 p.

VARIATION. The plants show  consider­
able varia tion  in size and colour. Some­
tim es the stems are ±  ascending in a way 
characteristic of Brachythecium rivulare. 
W hen growing in wet hab itats the angular 
cells are m ore clearly defined and  longly 
and b road ly  decurrent. These form s are 
very sim ilar to B. rivulare. The leaves are 
always acum inate bu t the degree of p lica­
tion and the denticulation is variable. In 
sm all form s of the species the leaves are 
often w ithout any plication, but there are 
also form s w ith strongly plicated leaves 
resem bling B. salebrosum  ( W e b .  & M o h r )  

B.S.G. (Table 3). The leaves are often 
denticulate along the whole m argin, but 
the denticulation is sometim es restricted  
to the upper p art of the leaves, and there 
are also form s w ith no den ticulation  at 
all, resem bling B. m ildeanum  ( S c h i . m p . )  

S c h i m p .  (Table 3). The length of the seta 
varies. Shape and length of lid also vary. 
These last two characters are considered 
to be of g reat im portance for separating  
the genera in I lie fam ily B rachytheciaceae.

EXCLUDED NAMES

Specim ens of a num ber of varieties of 
Brachythecium  rutabulum  have been s tud­
ied. The following varieties canno t be 
m ain ta ined  as taxa and are regarded  by 
the au th o r as synonym s of B. rutabulum:  
var. aureo-virens,  var. brevisetum,  var. 
crassum, var. dumetorum,  var. eurhyn-  
chioides, var. explanatum,  var. flaccidum,  
var. flavescens, var. laxifolium, var. laxum,  
var. longisetum,  var. lutescens, var. plu ­
m osum  and  var. robustum  (cf. list of syno­
nym s).

B. rivulare  var. cuspidatum  is also re ­
garded as a synonym  of B. rutabulum.  The 
longly pointed  leaves clearly  show  th a t it is 
a fo rm  of B. rutabulum. T his sta tem ent is 
also supported  by the fact th a t the speci­
m ens are autoecious.

Bot. N otiser, vol. 128, 1975



TAXONOM Y IN B R A C H YTHECIUM 479

0.2 mm

D  O  0  C=> ^  

O  C D  Q )  Q

°  0 S o

O  c=> o ö

0.05mm0.1mm

1mm

1mm

1mm

0.2mm

Fig. 1. A, B, D —G: Brat ecium rutabulum. — C: B. rivulare. — A: Inner peristome. — 
B, C: Leaves. -— D:Exothecial cells from the middle of the capsule. — E: Exothecial cells 

from Hie base of the capsule. — F: Sporophyte. — G: Part of seta.

B. rutabulum  var. cavifalium  Lindb. 
belongs to the B. turgidum  com plex as has 
been pointed out by A r n e l l  & M å r te n s ­
son  (1959).

The specim ens of B. rutabulum  var. 
rivulare L an ge  belong to B. rivulare (cf. 
list of synonym s under th is species).

Material of B. rutabulum  var. viviparum  
B ry h n  from the type locality has been

studied. According to the au thor Ibis taxon 
does not belong to the genus Brachytlie-  
c ium  but to the genus Drepanocladus  in 
the family Amblystegiaceae. The differen­
ces between this taxon and B. rutabulum  
can be summarized as follows: it grows 
submerged (not common in B. ru tabu lum ) , 
it seems to be dioecious, the angular  cells 
are inflated and almost reaching the nerve 

B ot. N o tise r , v o l. 128, 1975
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Table 1. Varieties of Brachythecium rutabulum  regarded as synonyms of B. rutabulum  s. 
str. The characters listed are those diverging from the taxonomic type of B. rutabulum. — 

Characters modificative +  , non-modificative—.

Taxon Characters

var. aureo-virens ±  yellowish +
abundant rhizoids +
abundantly branched +
seta long +

var. brevisetum internodes short +
seta short +

var. crassum leaves long +
leaves strongly plicate +

var. dumetorum few branches +
branches elongated +
internodes long +
leaves longly decurrent +

var. eurhynchioides lid long, oblique +
var. explanatum leaves ±  arranged in 2 rows ?
var. flaccidum ±  yellowish +

branches elongated +
abundantly branched +

var. flavescens stem elongated +
±  yellowish +
robust +

var. laxifolium internodes long +
seta long +
seta ±  smooth —

var. laxum branches elongated +
internodes long +
lid ±  long +

var. longisetum seta long +
stem elongated +

var. lutescens slightly plicate +
±  yellowish +
nerve thin +

var. plumulosum small +
var. robustum dark green—green +

robust +
internodes short +

(inflated an g u la r  cells are  u n c o m m o n  in 
the autoecious species B. r u ta b u lu m ) , in 
h ab i t  it agrees m u c h  m o re  w ith  species in 
the genus D repanocladus  t h a n  w ith  species 
of Brach y th ec ium ,  leaves no t den ticu la te  
(this is u n co m m o n  in B. ru ta b u lu m ) , 
leaves not plicate  (in m os t cases the  leaves 
in B. ru tab u lum  a re  m o re  or less plicate) . 
T he  au th o r  regards  B. ru ta b u lu m  var. v iv i­
p a ru m  as being conspecific  w ith  D repano­
cladus pseudostrcimineus  (C. M ü l l . )  R o t h .
Bot. Notiser, vol. 128, 1975

C harac te rs  su p p o r t in g  th is  s ta tem en t  are: 
p ro b ab ly  dioecious, leaves no t p licate  or 
denticula te ,  an g u la r  cells inf la ted , a lm ost 
reach in g  the nerve, leaves r a th e r  shor tly  
po in ted  w ith  a rec u rv ed  point,  n e rve  r a th e r  
thin .

In T ab le  1 tax a  reg a rd ed  by the  a u th o r  
as sy no ny m s of B ra c h y th e c iu m  ru ta b u lu m  
s. str. a re  listed. T he  m os t  im p o r ta n t  c h a r ­
acters d iverging f ro m  th e  tax on om ic  type  
specim en of B. ru ta b u lu m  a re  sh o w n  in
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the table. The diverging characters are 
denoted modificative ( +  ), not modificative 
(— ), and (?) ( W i g h  1970).

DISTRIBUTION IN SCANDINAVIA

B. rutabulum  is common in Denmark 
and  in the southern  and central parts of 
Sweden. It is also reported from a few 
localities in the northernm ost parts of the 
country, where reports have been control­
led they have proved to be incorrect, B. 
rutabulum  having been confused with B. 
rivulare or species in the B. salebrosum  
complex. In a b road  sense this complex 
can be said to comprise the following 
taxa: B. salebrosum  ( W e b . & M o h r ) B.S.G., 
B. turgidum  ( H a r t m .) K i n d b ., B. groen- 
landicum  (C. J e n s .) S c h l j a k  and B. mildea- 
n u m  ( S c h i m p .) S c h i m p . var. udum  ( H a g .) 
M o n k .

In Norway B. rutabulum  is a common 
coastal species to about the province of 
Sör-Tröndelag. It is ra the r  uncommon 
inland and does not occur in the high 
mountains.

In the southernm ost parts  of Finland 
it is common, rapidly decreasing in fre­
quency towards the north.

As in Sweden B. rutabulum  lias been 
reported from the northern  parts  of N or­
way and Finland. Along the coast of 
Norway it is found in the far  north, but 
in Finland it is uncom m on in the north 
and in the northernm ost parts  of the 
country  probably absent. Reports of B. 
rutabulum  from these districts are erro­
neous, due to confusion with the above- 
mentioned species.

HABITATS

B. rutabulum  grows on different kinds 
of substrata, for example calcareous and 
siliceous stones, bare  soil, logs, etc. It is 
an apophytic species and often grows along 
roads, in ditches, in gardens, etc.

In ditches it sometimes grows together 
with B. m ildeanum  and on logs together

with B. salebrosum. Occasionally in wet 
habitats it can grow together with B. rivu­
lare.

Braehytheeium rivulare B.S.G.

B r u c h , S c h i m p e r  & Gü m b e l , Bryol. Eur. 
6: 17 546 (1853) (fasc. 52—54 Mon. 13:12). 
Type material not seen.

Braehytheeium rivulare var. cataractarum 
S a u t e r , Fl. Herzogth. Salzburg 3:60 (1870).

Braehytheeium rivulare var. gracile J e n s e n , 
Danm. Moss. 2:141 (1923). Lectotype: (C). 
Collected by C. J e n s e n  in Denmark, Juteland, 
Norring Uhre in 1894.

Braehytheeium rivulare var. nitidum S a u t e r , 
FI. Herzogth. Salzburg 3:60 (1870).

Braehytheeium rivulare var. umbrosum 
L i m p r i c h t , Laubm. Deutschl. 3:130 (1896).

Braehytheeium rutabulum var. rivulare 
(B.S.G.) L a n g e , Bot. Tidsskr. 3:30 (1869).

Robust plants with creeping stem and 
ascending secondary stems which are more 
or less branched (Figs. 2 B, F). Dioecious. 
Leaves 1.6— 2.3 mm, erect— spreading, 
longly and broadly decurrent,  usually pli­
cate, with an acute point (Fig. 1 G). Margin 
±  recurved at the base of the leaf, ±  
denticulate. Nerve reaching beyond the 
middle of the leaf. Cells in the middle of 
the leaf 70 to more than  100 p, towards the 
base near the nerve porose. Angular cells 
rectangular, large, well-delimited, ±  inflat­
ed. Sporophyte  similar to that of B. ruta­
bulum.

VARIATION. The most obvious varia­
tion is in habit. There are sometimes no 
secondary stems, but the stem is regularly 
branched (Figs. 2 A, C). W hen growing 
submerged in streams it has an elongated 
stem with secondary stems, differentiated 
or not, and without leaves at the base of 
the main stem (Fig. 2D) .  The degree of 
plication and denticulation varies as in B. 
rutabulum. The size of the plants ranges 
from a few cm to more than 20 cm.

Some varieties of B. rivulare have heen 
investigated. The following are regarded 
as synonyms of B. rivulare s. str.: var. 
cataractarum, var. gracile, var. nitidum  
and var. um brosum  (cf. list of synonyms).

Bot. Notiser, vol. 128, 1975
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Fig. 2. A—D, F: Brachythecium rivulare. — E: B. rutabulum. — A, C: Regularly branched, 
secondary stems not differentiated. — B: Secondary stems differentiated. — D: Regularly 
branched, secondary stems poorly differentiated. Without leaves at the base of the primary 
stem. — E: Creeping stem with i  erect branches. — F: Creeping primary stem and erect

secondary stems.

As has already been pointed out under 
B. rutabulum, K. rivulare  var. cuspidatum  
is a synonym  of B. rutabulum.

B. rivulare var. longifolium  does not 
belong to tlie B. ru tabulum — B. rivulare 
com plex bu t to the B. salebrosum  complex, 
which has already been pointed out by 
W a r n s t o r f  (1906) w ho trea ted  it as a 
form  of B. m ildeanum  ( S c h i m p .) S c h i m p . 
This form  will be discussed in a forthcom ­
ing paper.

Brachythecium  rivulare can easily be 
confused w ith B. rutabulum.

B. rivulare has also often been confused

w ith chostegium riparioides ( H e d w .) 
C a r d . This confusion is probably largely 
of ecological origin as the tw o species 
often grow together in stream s. They are 
not m orphologically alike and B. rivulare 
is readily distinguished from  It. riparioides 
on the inflated, longly and broadly decur­
rent angular cells. A nother distinguishing 
character is the shape of the leaves. In  the 
la tter species they are ±  rounded and in 
Ihe form er som ew hat elongated. R. ripa­
rioides is an autoecious species often p ro ­
ducing sporophytes, in contrast w ith  B. 
rivulare w hich is dioecious and rarely

Bot. N otiser , v o l. 128, 1975
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Table 2. Oiff e rences be tw een B rachy thec ium  ru tabulum  and  B. riuulare.

C harac ters B. ru tabu lum B. rivulare
C harac ters  

m odificative  ( + )  
or  not (— )

Leaves ±  longly pointed ,  Fig. 1 B. ±  acute, Fig. 1 C. _
Angular  cells rectangula r ,  r a th e r  small , 

usua lly  n o t  well delimited or
rectangular ,  large, 
±  inflated, a lways

inflated well delimited +
D ecurren t  p a r t as a rule n a r ro w  a n d  n o t b road ly  a n d  longly
of leaf longly decu rren t decurren t +
Leng th  of nerve to m iddle  of leaf som ew hat  beyond 

middle of leaf +
Sex condit ion autoecious dioecious
Sporophytes com m on rare
H abita ts often  in d ry  hab ita ts ,  but  also 

in wet
a lways in wet 
habita ts

T ype  of b ranch ing as a ru le  s trongly  b ra n ch e d often poorly b ranched  +
Secondary  stems not  o f ten  d i fferen tia ted often  d ifferentia ted
Rhizoid bundles often p roduced not often p roduced +
C hrom osom e
nu m b er

n =  12, Figs. 3, 4 n =  6, Fig. 3.

N u m b er  of large
heteropycnotic
bodies

2, Fig.  5 1, Fig. 5

p r o d u c e s  s p o r o p h y te s .  T h e  se ta  is s m o o t h  
in  t h e  f o r m e r  a n d  r o u g h  in  t h e  l a t t e r .

D I S T R I B U T I O N  IN  S C A N D IN A V IA

B. r iv u la r e  is w id e ly  d i s t r i b u t e d  in  th e  
w h o l e  o f  S c a n d in a v i a  b u t  it is n o t  c o m m o n  
e x c e p t  in  a  f e w  d is t r ic t s ,  e.g. t h e  w e s t  coas t  
o f  N o r w a y .

H A B IT A T S

B. r iv u la r e  a lw a y s  g r o w s  in  w e t  h a b i t a t s ,  
o f t e n  o n  s to n e s  in  o r  b e s id e  s t r e a m s .  It 
o f t e n  g r o w s  t o g e th e r  w i t h  R h y n e h o s t e g i u m  
r ip a r io id e s  a n d  B. p l u m o s u m .

Differences Between B. rutabulum and 
B. rivulare

T h e  d i f f e r e n c e s  b e tw e e n  t h e  t w o  sp ec ie s  
a r e  g iv en  in  T a b le  2. T h e  m o s t  u se fu l  
c h a r a c t e r s  a r e  th e  s h a p e  o f  t h e  leaves ,  t h e  
a n g u l a r  cells  a n d  th e  d e c u r r e n t  p a r t  o f  
th e  leaf. T h e  f i r s t  c h a r a c t e r  is n o t  m o d i f i ­
a b le  w h e r e a s  th e  d e v e l o p m e n t  o f  t h e  a n g u ­

la r  cells  a n d  th e  d e c u r r e n t  p a r t  o f  t h e  
leaves  in  B. r u t a b u l u m  a r e  c h a r a c t e r s  
h ig h ly  d e p e n d e n t  o f  h u m i d i t y  ( W i g h  
1976).  T h e  ty p e  of b r a n c h i n g  c a n  s o m e ­
t im e s  b e  o f  d ia g n o s t i c  v a lu e  (Fig.  2 ) ,  b u t  
in so m e  f o r m s  o f  B. r u t a b u l u m  the  h a b i t  
is t h a t  o th e r w is e  c h a r a c t e r i s t i c  o f  B. r i v u ­
lare,  j u s t  as t h e r e  a r e  f o r m s  o f  B. r i v u la r e  
w h i c h  h a v e  the  t y p e  of b r a n c h i n g  c h a r ­
a c te r i s t ic  o f  B. r u t a b u l u m .

In  B. r iv u la re  s p o r o p h y t e s  if  p r e s e n t  a r e  
few , w h e r e a s  B. r u t a b u l u m  o f t e n  p r o d u c e s  
a b u n d a n t  s p o r o p h y te s .  A c h a r a c t e r  a l s o  of 
so m e  d ia g n o s t i c  v a lu e  is t h e  n u m b e r  of 
rh iz o id s  p r o d u c e d  b y  th e  p l a n t .  B. r u t a ­
b u l u m  o f t e n  p r o d u c e s  b u n d l e s  o f  rh iz o id s ,  
in  c o n t r a s t  to  B. r ivu lare .  T h i s  v e r y  m o d i ­
f iab le  c h a r a c t e r  is d e p e n d e n t  o n  h u m id i t y ,  
l ig h t  in te n s i t y  a n d  w h e t h e r  t h e  s h o o t  h a s  
g r o w n  in  c o n ta c t  w i th  t h e  s u b s t r a t u m  
( W i g h  1976).

I f  th e  a b o v e - m e n t io n e d  c h a r a c t e r s  c a n n o t  
be  u s e d  f o r  d ia g n o s is  it  is s o m e t im e s  n e c e s ­
s a r y  to  d e t e r m i n e  w h e t h e r  the  p l a n t  is 
a u to e c io u s  o r  d io ec io u s .  S o m e  a u t h o r s  h o ld  
t h a t  B. r iv u la re  c a n  b e  b o th  a u to e c io u s  a n d

Bot. N otiser, vol. 128, 1975
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Table 3. Differences between Brachythecium rutabulum  and oilier species in the genus.

Characters Characters in B. rutabulum Characters in the other species

Seta rough throughout
B. salebrosum
smooth

Plication as a rule not strongly plicated, strongly and regularly plicate
plications ±  restricted to with plications beginning from
middle of leaf the base of the leaf

Apex of leaf acuminate more longly pointed
Chromosome number n =  12 n =  13

Denticulation usually db denticulate
11. niildeanuni
not denticulate

Angular cells mostly ±  well developed not well developed
Shape of leaf rounded—ovate regularly tr iangular
Seta rough throughout ±  smooth
Plication ±  plicate often without plication
Chromosome number n =  12 n =  13

Leaf concave, exceptionally plane
H. curtum
plane

Nerve of branch leaf not ending in a spine-like often ending in a spine-like
projection projection at back of leaf

Branch leaf denticulate dentate
Size of plant robust—medium medium—small
End of branches without bundles of rhizoids often with bundles of rhizoids
Habitat usually not in pine forests often in jiine forests
Seta rough throughout often partly less papillose
Cilia of inner peristome nodose appendiculate
Capsule often more than 2 mm usually smaller
Chromosome number n =  12

CMriII

Seta rough
B. plumosum
±  smooth

Length of cells in middle 70— 100 u, often shorter than 70 u
of leaf 
Leaf erect— spreading often secund
Nerve of branch leaf not ending in a spine-like often ending in a spine-like

projection projection
Angular cells rectangular, not incrassate, incrassate, not well developed,

±  well developed rectangular or quadrate
Habitat usually not submerged in often submerged in streams

C h r o mosome n um be r
streams 
n =  12 n =  10

genus, e.g. B. sa lebrosum  ( W e b . & M o h r ) 
B.S.G., B. m i ld e a n u m  ( S c h i m p .) S c h i m p ., 
B. c u r tu m  ( L i n d b .) L i m p r . a n d  B. p lu m o ­
su m  ( H e d w .) B.S.G. T h e  d if ferences b e ­
tween B. ru ta b u lu m  an d  these species a re  
given in T ab le  3.

The m os t  obvious d ifference  b e tw een  B. 
ru ta b u lu m  an d  B. sa lebrosum  is the seta. 
W h e re  no sp o ro p h y te s  are  ava ilab le  the  
p lica tion  of the  leaves is a useful d iagnos tic  
charac te r .

B ot. N o tise r, vol. 128, 1975

dioecious, bu t  au toec ious p lan ts  have  no t 
been  observed by the au th o r .

The  leaves a re  longer in B. ru ta b u lu m  
a n d  the  relative length  of th e  nerves longer 
in B. rivulare  (W ig h  1976).

Differences Between B. rutabulum and 
Some Other Brachythecium Species

B ra chy thec ium  ru ta b u lu m  has  o ften  
been  confused  w ith  o th e r  species in the
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B. m ildeanum  and B. rutabulum  some­
times grow together on clayey soil in 
ditches etc. These two species are similar 
in habit, but under the microscope there 
is usually no difficulty in separating the 
two species. The denticulation and the 
shape of the leaves are the two most useful 
distinguishing characters.

Apart from B. rivulare, B. curtum  can 
sometimes be the most difficult species to 
distinguish from B. rutabulum,  small forms 
of which have often been confused with 
B. curtum.  These forms often have more 
or less plane leaves so that this character 
is of less value. In such cases all the other 
characters listed must be taken into con­
sideration. The best distinguishing charac­
ters are the end of the nerve in the branch- 
leaves and the presence or absence of 
rhizoid bundles at the tip of the branches. 
Too much reliance must, however, not be 
placed on the latter character.

B. p lum osum  has also often been con­
fused with B. rutabulum  but it is generally 
easy to distinguish between the two species. 
As a rule it is sufficient to note whether 
the leaves are secund or not, but in some 
forms of B. p lum osum  the leaves are more 
or less erect and in such cases the other 
distinguishing characters must be used.

CYTOLOGY OF BRACHYTHECIUM 
RUTABULUM

Chromosome Complement

In all the gatherings studied the ch ro ­
mosome number was found to be identical, 
viz. n = 1 2  which is remarkable since sev­
eral other chromosome numbers have been 
reported for this species (Fig. 6).

In a  few gatherings one of the ch ro ­
mosomes has a negatively heteropycnotic 
end segment (Fig. 3 E, H). This segment 
appears to vary in size in different popula­
tions and  even within a population. In a 
few cases it is quite conspicuous, whereas 
in others it is very small and in most popu­
lations no end segment is observed at all. 
This indicates that the size is partly  due

to the degree of contraction caused by the 
pretreatment. The same phenomenon has 
been observed by the author in M nium  
undulatum  Hedw . (W igh 1972 b).

Several hundreds of metaphases have 
been studied, but in none have the cen­
tromeres in all the chromosomes been
observed in one single metaphase plate.
This makes it difficult to construct an
idiogram for the species.

It was sometimes observed that the ch ro ­
mosomes were built up of lightly and 
darkly staining blocks (Figs. 3 A— C, E, 
G, I, 4 A, B). The lightly staining segments 
are presumed to be built up of heterochro­
matin and are the possible sites of kinetic 
activity, perhaps in the same way as re­
ported by V a a r a m a  (1954) for Pleurozium  
sclireberi.

If different populations are compared 
as to the distribution of eu- and hetero- 
chromatic segments in the chromosomes, 
it is sometimes possible to find the same 
pattern of eu- and heterochromatic blocks 
in the presumably corresponding ch rom o­
somes from different populations. In other 
cases, however, the chromatic patterns 
were observed to differ. Such comparisons 
are rendered difficult as in no cases do all 
the chromosomes of a metaphase plate 
show this differentiation. This may, of 
course, be due to the fact that some ch ro ­
mosomes are wholly built up of euchro- 
matin or almost so. Such a chromosome is 
observed to be darkly staining in its whole 
length. Thus it cannot yet be proved 
whether corresponding chromosomes al­
ways have identical chromatic patterns, 
but this investigation indicates the pos­
sibility that chromosomes often have the 
same chromatic pattern, but in other cases 
they may have different patterns, possibly 
due to structural changes such as trans­
locations or inversions.

Hcteropycnosis

In the resting nuclei of this species the 
num ber of positively heteropycnotic bodies

Bot. Notiser, vol. 128, 1975
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Fig. 3. Mitotic chrom osom es.  — A— C, E, G— I: ß.  ru tabu lum  (n —12). —  D, F: B. rivulare  
(n =  6 ) . —  A: 72-528 (cf. Fig. 5 B). —  B: 71-505. —  C: 71-509. — I): 71-171. —  E: 72-285. 
—  F: 71-371. — G: 71-665 (cf. Fig. 5 A). —  H: 71-491. —  I: 71-441. — The a r ro w s  show  

negatively he te ropycnotic  end segment.
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Fig. 4. Photom icrographs of m itotic chromosomes of Brachythecium rutabulum. — A: 
71-665 (cf. Fig. 3 G). — B: 72-528 (cf. Fig. 3 A). — C: 72-481.

varies. E ach  nu c leu s c o n ta in s  one o r tw o 
large  bodies an d  a v a ry in g  n u m b e r of sm all 
bod ies  (Fig. 5 A— C). As a ru le  th ere  a re  
tw o la rge  bod ies b u t these  som etim es fuse 
(Fig. 5 C), so th a t  th e re  a p p e a rs  lo be only 
one. All stages in  th is  fu s io n  can  be s tu d ­
ied. T hese la rge  h e te ro p y cn o tic  bodies are  
o ften  designa ted  H by Ja p a n e se  cyto logists. 
H stands fo r a la rge  h e te ro p y cn o tic  bod)T 
an d  h  fo r the  sm all ones. In  th e  B rachy the -  
c ium  ru ta b u lu m — B. r ivu lare  com plex 
one large  b o d y  deno tes th a t  th e  species is 
h ap lo id  an d  tw o large  bod ies th a t it is

Fig. 5. H eteropycnotic bodies in resting nuclei.
— A—C: Brachythecium rutabulum. — 1): II. 
rivulare. — A: Two large bodies and three 
small ones. — B: The two larger bodies just 
before fusion, together w ith five small bodies.
— C: The two large bodies have fused. One 
additional small body. — I): One large body 
and three small ones.
32

diplo id . M oreover one b o d y  occu rs  in 
d ioecious species and  tw o in  au to ec io u s 
species.

T he d iffe rences be tw een  h e te ro p y cn o tic  
bodies in B. ru ta b u lu m  an d  B. rivu lare  is 
d iscussed  on p. 491.

Chromosome Numbers Previously  
Published

n — 5 H o l m e n  (1958) Denmark. 
n =  6 V i s o t s k a  (1967) and L a z a r e n k o  et al. 

(1971) the U krainian SSR (as B. eur- 
hynchioides) . —  L a z a r e n k o  et al. 
(1971) the Latvian SSR and the E ston­
ian SSR, 2 populations. 

n = 10  M o u t s c h e n  (1955) Belgium. — H o l m e n  
(1958) Denmark. 

n =  l l  S i n o i r  (1952) probably France. -— 
C h o p r a  & K u m a r  (1967) India. —  
B r y a n  (1973) Austria. 

n =  12 W i l s o n  & B u r n e t t  (1961) Scotland. -— 
S m i t h  & N e w t o n  (1967) the British 
Isles, 29 populations. — V i s o t s k a  
(1967) and L a z a r e n k o  et al. (1971) 
Ukrainian SSR, 4 populations (one 
population as B. eurhynchioides). —• 
R a m s a y  (1969) the British Isles. — 
V y s o t s k a y a  & F e t i s o v a  (1969) and 
L a z a r e n k o  et ah (1971) the Latvian
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SSR. — V y s o t s k a y a  (1970) and L a - 
z a r e n k o  et al. (1971) the Georgian SSR. 
—  W i c h  & S t r a n d h e d e  (1971) Den­
mark and Sweden, 9 populations (two 
of the populations as B. rivulare). — 
L a z a r e n k o  et al. (1971) the Estonian 
SSR.

n =  13 V i s o t s k a  (1967) and L a z a r e n k o  et al. 
(1971) the Ukrainian SSR, 2 popula­
tions.

n =  20 R a m s a y  (1969) the British Isles, 2 po­
pulations.

n =  22 L a z a r e n k o  et al. (1971) the Byelorus­
sian SSR, 2 populations.

Some of the above-mentioned popula­
tions have been studied by the author. The 
gathering studied by S m i t h  & N e w t o n  
(1967) and R a m s a y  (1969) with the ch ro ­
mosome number n = 1 2  are all typical B. 
rutabulum.  The two gatherings with the 
chromosome num ber n =  20 reported by 
R a m s a y  (1969) diverge somewhat from 
the nomenclatural type of the species, 
particularly in the small size of the plants 
and leaves. In the most im portant ch a r­
acters the two l , 'ations agree with B. 
rutabulum.  As only limited material of 
this cytotvpe has been available it cannot 
be stated with certainty whether it belongs 
to another taxon in the B. rutabulum  — B. 
rivulare complex until fu rthe r  material of 
the cytotvpe has been found. Until then 
the two gatherings must be treated as a 
form of B. rutabulum.  This cytotype has 
not been observed elsewhere and it is with 
all certainty uncommon, at least in Scan­
dinavia.

The Latvian and Estonian gatherings 
with the chromosome num ber n =  6 proved 
to be a mixture of B. rutabulum  and B. 
rivulare so that it seems likely that the 
chromosome numbers refer to B. rivulare. 
The population with n =  6 published under 
the name of B. eurhynchioides  has not 
been available for study.

Two of the Ukrainian populations with 
n - - 12 have been studied and they are both 
typical B. rutabulum  as are the popu la­
tions from the Latvian SSR, the Georgian 
SSR and the Estonian SSR.

One population of B. rutabulum  with 
n = 1 3  has also been studied and is in all 
characters wholly in accordance with (he 
nomenclatural type of the species.

As the other non-Scandinavian popula­
tions that have been cytologicallv studied 
have not been available to the author, it is 
not possible to comment on the chrom o­
some numbers. It is evident that the dom i­
nating cytotype in B. rutabulum  has the 
chromosome number 11=12. Chromosome 
races probably exist in this species, p. 492, 
but it seems most likely that some of the 
chromosome counts are incorrect and that 
some populations have been erroneously 
determined or that the chromosome n u m ­
bers refer to mixed gatherings.

There can sometimes be difficulties in 
spreading and staining which may explain 
erroneous counts. This may also be due to 
the bivalents sticking together or to mei- 
otic irregularities, p. 489.

Two European species of Brachythecium,  
B. salebrosum  and B. m ildeauum  have the 
chromosome num ber n =  13. As forms of 
these species can sometimes be difficult to 
distinguish from  B. rutabulum , p. 484 this 
may perhaps explain the chromosome 
count n =  13 reported for B. rutabulum.  
The chromosome count n =  22 may have 
arisen from confusion with B. curtum  as 
small forms of B. rutabulum  can  be dif­
ficult to distinguish from that species, 
p. 485.

The chromosome numbers reported for 
B. rutabulum  are given in Fig. 6.

Chromosome Numbers in Scandinavian  
Populations

In Scandinavian populations of B. ruta­
bulum  three chromosome num bers have 
been reported, viz. n =  5, 10 and  12. The 
first numbers have been published by 
H o l m e n  (1958) in two Danish populations 
with the reference numbers 636 and 702 
respectively, the latter referring to an 
autoecious population and the num ber  636
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to a probably dioecious one. The popula- 
ton with n =  l() (no. 702) has larger leaves, 
longer leaf cells and larger spores, 13 p 
instead of 10 p as found in the other 
gathering (no. 636). The seta is also longer 
and the capsule smaller in no. 702. Accord­
ing to H o l m e n  population 702 is m o rp h o ­
logically closely related to B. curtum.

The small size of the capsule indicates 
such a relationship (Table 3) but this is 
contradicted by the chromosome number. 
All populations of B. curtum  tha t have 
been studied cytologically by the au thor  
have the chromosome num ber n =  22.

No dioecious form  of B. rutabulum  has 
been observed by the author. In the p ro b ­
ably dioecious population, no. 636, the 
leaves are smaller indicating tha t  it may be 
a form  of B. rivulare. This is, however, 
contradicted by the size of I he spores 
which is only 10 p.

As these two populations have not been 
available to the au thor  it is difficult to 
discuss the morphology in any detail. In 
Scandinavia some dioecious species of 
Brachythecium  are know n but none with 
n =  5 has been found by the author. The 
lowest numbers known are n =  6 in B. rivu­
lare and n =  7 in some species of the B. 
albicans complex ( W i g h  1974). This com ­
plex is, however, morphologically very 
divergent from the B. ru tabulum  —  B. 
rivulare complex and can thus be excluded 
from the discussion.

The chromosome numbers in these two 
, , 'a tions are thus problematic. The 
cytological methods used (the sporophvtes 
were embedded in paraffin  and cut on a 
microtome) can perhaps cause the loss of 
one or more chromosomes so tha t the ch ro ­
mosome num ber would be higher than 
reported. Of course there is a possibility 
that cytotypes of B. rutabulum  exist in 
Scandinavia with n =  5 and  n =  10. It seems, 
however, more likely that the chromosome 
num bers are due to erroneous counts, p. 
492.

W i g h  & S t r a n d h e d e  (1971) reported 
the chromosome num ber n =  12 in two 
Scandinavian populations of B. rivulare.

These reports, however, refer to  B. ruta­
bulum.  The t a x o n o m i c  determinations were 
based on the  rather  well-delimited angular 
ce l l s ,  a c h a r a c t e r  that must not be o v e r ­
e m p h a s i z e d .  The leaves of t w o  , , ' Ations
a r e  longly pointed in a m anner w h o l l y  
characteristic of B. rutabulum  and th e  two 
, , ' a t io n s  are autoecious w h i c h  also s u p ­
p o r t s  th is  la t ter  determination. T h e  other 
7 populations studied by th e  authors are 
ty p ic a l  B. rutabulum.

Meiotic chromosomes in Scandinavian 
populations of B. rutabulum  have been 
studied b y  V a a r a m a  (unpubl.) who ob­
served 12 bivalents in a F innish popula­
tion.

M eiotic Irregularities

Several meiotic irregularities have been 
observed in particular in the n = 1 2  cyto- 
type of B. rutabulum.  R a m s a y  (1969) re ­
ported for example non-synchronous sepa­
rations of bivalents, laggards at telophase 
I and II, micronuclei and irregular spore 
tetrads. S m i t h  & N e w t o n  (1967) reported 
irregularities such as failure of pairing, 
bridges, fragments, lagging bivalents or 
semi-bivalents. L a z a r e n k o  el al. (1971) 
observed 12 and 13 bivalents in one single 
sporophyte. In mitotic divisions in the 
capsule they observed 24 and 26 ch ro ­
mosome bodies, each body consisting of 
two chromosomes, the chromosom e n u m ­
ber thus being 2n =  4N or 52. Unfortunately 
they did not study the chromosomes in 
the gametophyte so that it is difficult to 
explain this mixoploidy. These irregulari­
ties, together with the sticky bivalents, can 
easily give rise to erroneous chromosome 
counts.

Origin

According to W i l s o n  & B u r n e t t  (1961) 
and other authors B. rutabulum  is an auto- 
ploid species. S m i t h  & N e w t o n  (1967) 
did not agree with this as they found 
neither trivalents nor quadrivalents and as 

Bot. N otiser, vol. 128, 1975

34

94

32



490 KAI WIGH

no cytotype with n =  6 is known it must at 
least be very uncommon. They thought 
tha t  there would be selection against an 
autopolyploid species since it would imply 
the occurrence of tri- and quadrivalents 
which would give rise to unbalanced 
spores.

As so few cytological experiments have 
been carried out in mosses it is difficult to 
discuss autopolyploidy and allopolyploidy. 
Through experimental apospory it is possi­
ble to produce a polyploid series in mosses, 
for  instance from n =  6 to 12 etc. In a n u m ­
ber of species it is fairly easy to obtain these 
polyploids, as the regenerative capacity is 
very high. It is thus possible to generate a 
gam etophyte with the double chromosome 
num ber  from a sporophyte, if the sporo- 
phyte is cultivated in a suitable nutritional 
medium.

In the classic work by M a r c h a l  (1912) 
a diploid form of Amblystegium, A. serpens 
bivalens, was produced through apospory. 
According to him the basic chromosome 
num ber  in this species is n = 1 2 ,  and the 
bivalens  form  thus had n =  24. The be­
haviour of the chromosomes was studied 
during meiosis. In no sporophyte was a 
regular pairing of the chromosomes ob­
served. In every sporophyte there was a 
m ixture of quadri-, hi- and univalents, 
resulting in unbalanced chromosome n u m ­
bers in the spores. Such a diploid form 
would thus not be able to compete in 
nature  with the haploid form of the spe­
cies.

Brachythecium rutabulum  may be an 
autopolyploid species, bu t if so, the form a­
tion of quadri- and trivalents has been 
suppressed in some way. The species may 
have originated through autoi 1 , 1 ' ’y a 
long time ago and the formation of quadri-  
and trivalents been suppressed by natural 
selection. It seems probable that diploid 
forms of mosses arise in nature through 
apospory  but that these forms presumably 
have difficulty in establishing themselves 
if they cannot multiply vegetativelv, and 
thus cannot become widespread if there is 
no mechanism to ensure more regular 
Bot.  N ot ise r ,  vol. 128, 1975

meiosis. Autopolyploid species can also 
arise th rough  endomitosis.

It seems, however, more likely that B. 
rutabulum  is an  allopolyploid species that 
has evolved from  cytotypes with n =  6.

Euploidy and A neuploidy

The polyploid series n =  5, 10 and 20 
in B. rutabulum  has been m uch discussed. 
The cytotypes with n =  5 and n =  10 are 
discussed here on p. 488. The author can­
not support this theory  of the basic n u m ­
ber n =  5 in the species (Fig. 6).

As has been already mentioned some of 
the chromosom e num bers reported in B. 
rutabulum  are probably erroneous and 
others p robably  refer to other taxa, but 
this does not explain all the diverging 
chromosome numbers. Although chrom o­
some races have not been observed by the 
author in the Scandinavian populations of 
B. rutabulum  studied, their existence is 
supported by the interesting investigation 
carried out by M o u t s c h e n  (1955). Through 
irradiation of the sporophytes a series of 
viable aneuploid m utan ts  was obtained. 
The irradia tion  resulted in a num ber of 
fusions and the num ber  of chromosomes 
was thus reduced. This investigation shows 
that B. rutabulum  can survive radical 
chromosome mutations. Such changes may 
occur in natu re  and  it seems likely that 
the chromosom e num ber  can be lower 
than n = 1 2  as a result of translocations 
or fusions of whole or almost whole ch ro ­
mosomes.

Only one detailed investigation of the 
centromere conditions in mosses has been 
carried out. In a most im portan t  investiga­
tion V a a r a m a  (1954) studied the kinetic 
activity of one easily identifiable chrom o­
some in Pleurozium schreberi  ( B r i d . )  
M i t t .  This study shows that the particular 
chromosome has more than  one site of 
active mobility.

As no other investigations of the centro­
mere conditions in mosses have been ca r ­
ried out it is not possible to say if there
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is the sam e ty pe  of c en tro m er ic  activity  
in o th e r  m oss  ch rom osom es .  In  th e  fam ily  
B rach y th e c iace ae  accessory  ch ro m o so m e s  
a re  k n o w n  in  th ree  genera  co m p r is ing  five 
species, viz. H o m a lo th e c iu m  lutescens  
( H e d w . )  R o b i n s . ,  H. ser iceum  ( H e d w . )  
B.S.G., B ra c h y th e c iu m  g lareosum  ( S p r u c e )  
B.S.G., B. v e lu t in u m  ( H e d w . )  B.S.G. and  
R h y n c h o s te g iu m  m eg a p o l i ta n u m  ( W e b .  & 
M o h r )  B.S.G. ( W i g h  1973 a, N y h o l m  & 
W i g h  1973). T h e  accessory  ch ro m o so m es  
in  all these  species b ehav e  in the sam e w ay  
as the  A -chrom osom es .  T h ey  u n d e rg o  d iv i­
sions cpiite n o rm a l ly  a n d  they  a re  never 
e l im ina ted  in mitosis, w h ich  denotes  k in e t ­
ic activity .

C h ro m o so m e  f ra g m en ta t io n  o r  fus ion 
has  b een  observed  by  V a a r a m a  (1953) in 
O rth o tr ic h u m  ten e l lum  B r u c h . In  one 
sp o ro p h y te  a large  b iva len t w ith  a su b ­
te rm in a l  cons t r ic t ion  w as  observed. In  
a n o th e r  the re  w as  no such  b iva len t b u t  
in s tead  th e re  w as an  ad d i t io na l  sm all b i ­
valen t p re s u m e d  to have derived  f ro m  the 
large b ivalent.  V a a r a m a  did not exclude 
the poss ib il ity  of the large b iva len t  having 
a r isen  th ro u g h  the fus ion  of tw o sm aller  
bivalents .

Available in fo rm a t io n  po in ts  to the like­
lihood in ce r ta in  mosses at least of one or 
m o re  of the c h ro m o so m e s  h av ing  m ore  
th a n  one cen trom ere .  F u r th e r m o r e  the 
c h ro m o so m e  n u m b e r  in a 7  ; ’a tion  of a 
species can  a p p a re n t ly  increase  as the 
resu lt  of f r a g m e n ta t io n  an d  decrease 
th ro u g h  trans lo ca t ion s  o r  fus ion  of w hole 
o r  a lm ost w ho le  ch rom o so m es .

CYTOLOGY OF BRACHYTHECIUM 
RIVULARE

Chromosome Complement

Only one c h ro m o so m e  n u m b e r ,  11 =  6  has 
been  observed in  this  species (Fig. 3 1), F).  
U nlike B. r u ta b u lu m  no  c h ro m o so m e  w ith  
a negatively h e te ro p y c n o tic  end  segm ent 
has  been observed. This  m a y  he d ue  to the 
fact th a t  few er g a th e r in gs  of this  species 
have  been  studied.

T he  cen trom eres  a re  seldom observed  
in this  species, b u t  in one m e tap h ase  p late  
the cen trom eres  in th ree  ch ro m osom es  
were seen (Fig. 3 F ).  T hese  th ree  c h r o m o ­
somes have  sub m ed ian  cen trom eres .  All 
six c h rom o so m es  are  of a b o u t  equ a l  size 
as observed by  H o l m e n  (1958).

Heteropycnosis

In  this dioecious species only one large 
positively he te ropycno tic  b o d y  is p resen t  
in the resting nuclei (Fig. 5 D). A par t  f ro m  
this body  a vary ing  n u m b e r  of sm a lle r  
bodies can  be observed.

Resting nuclei of B. ru ta b u lu m  and  B. 
rivulare  can  he read i ly  d is tinguished. Only 
w hen  the  large he te ropycno tic  bodies in 
the fo rm e r  species have fused  can  it so m e ­
times he p rob lem at ic  if only  a few cells 
are  available.

Chromosome Numbers Previously Pub­
lished
11=  6 H o l m e n  (1958) Denmark. — S m i t h  & 

N e w t o n  (1968) Ihe British Isles. — 
V y s o t s k a y a  & F e t i s o v a  (1969) and 
L a z a r e n k o  el al. (1971) the Latvian 
SSR and the Estonian SSR 3 popula­
tions. — W i g h  & S t r a n d h e d e  (1971) 
Denmark. W i g h  (1972 a) Spain, 2 
populations. 

n =  l l  I n o u e  (1967) Japan. 
n =  12 F e t i s o v a  & V y s o t z k a y a  (1970) and 

L a z a r e n k o  el al. (1971) the Estonian 
SSR and the Latvian SSR, 2 popula­
tions. — The report by W i g h  & S t r a n d ­
h e d e  (1971) is erroneous because of 
incorrect taxonomical determination. 
The two populations belong to B. ruta­
bulum.

n =  13 V  i s o t s  K a (1967, 1970) and L a z a r e n k o  
ct al. (1971) the Ukrainian SSR and 
Georgian SSR, 4 populations. 

n = 1 6  A n d e r s o n  & B r y a n  (1958) North Car­
olina, USA.

The  p o p u la t io n  w ith  n =  6  investigated 
by  S m i t h  & N e w t o n  ( 1 9 6 8 )  has  been  s tu d ­
ied by the  au thor .  It is a typica l fo rm  of 
B. r ivu lare , as a re  the two S pan ish  p o p u la ­
tions s tudied  by  W i g h  ( 1 9 7 2  a).
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n=10 > n = 2 0

> n = 2 2n=11

> n = 1 2

n=13

Fig. 6. Chromosome numbers published for Brachythecium rutabulum. — Arrow 1 indicates 
chromosome doubling. — Arrow 2 indicates reduction of chromosome number. —- Arrow 3 

indicates increase in chromosome number. — For explanation see text.

One of the L a tv ian  po p u la t io n s  w ith  
n =  6 has been  inves tiga ted  an d  w as  fo u n d  
to belong to B. rivulare.  T h e  p o p u la t io ns  
w ith  the ch ro m o so m e  n u m b e r  n = 1 2  from  
the L a tv ian  SSR a n d  the E s to n ia n  SSR 
both  proved to he m ixed  ga the r in gs  of B. 
rivulare  an d  B. ru ta b u lu m  so th a t  the  c h r o ­
m osom e n u m b e r  p re su m a b ly  refers  to B. 
ru ta bu lu m .

One of the U k ra in ia n  po p u la t io n s  w ith  
n = 1 3  has been  available . It com bines  
cha rac te rs  typ ica l  of b o th  B. rivulare  and  
B. ru ta bu lu m .  In  the  habit ,  sh ap e  an d  
leng th  of leaves a n d  length  of nerves it 
agrees w ith  B. rivulare,  b u t  in th e  poorly  
developed a n g u la r  cells a n d  the  shor tly  
d ecu rren t  leaves it resem bles m o re  closely 
B. ru tabu lum .  A rchegonia  on ly  have  been 
fo u n d  indica ting  th a t  it m a y  be a dioecious 
specim en w hich  su p p o r ts  rega rd ing  it as a 
divergen t fo rm  of B. rivulare  un ti l  a d d i ­
tional m ater ia l  is available.

C hrom osom e N um bers in Scandinavian  
P opulations

C hrom osom e n u m b e r s  in B. r ivulare  
have  been , 1 ' ' s h e d  by H o l m e n  (1958) 
w ho  repor ted  n =  6 in a D an ish  p o p u la t io n  
an d  W i g h  & S t r a n d h e d e  (1971) w h o  p u b ­
lished 11 =  6 in a D an ish  t , 'a t io n  an d  
n = 1 2  in two o th e r  p opu la t ions .  T he  tax o ­
nom ic  de te rm in a tio ns  of these last tw o 
p opu la t ions  a re  e rro neo u s  a n d  the  rep o r t  
re fe rs  to B. ru ta bu lu m .
R ot. N o tise r, vol. 128, 1975

T he  ch ro m o so m e  n u m b e r  n =  6 has  also 
been  observed  by  A l m g r e n  (unpubl.) in 
a Sw edish  po p u la t io n  of B. rivulare. In  all 
ch a rac te rs  th is  p o p u la t io n  is typica l of 
B. rivulare  as is the  po pu la t ion  s tudied  by 
W i g h  & S t r a n d h e d e  (1971). It seems th u s  
likely th a t  the re  is only  one cytotype of B. 
rivulare  in S cand inav ia  o r  at least tha t  the  
o th e r  cy to types  are  u ncom m on.

A WORKING HYPOTHESIS FOR E X ­
PLANATION OF CHROMOSOME NUM ­
BERS IN B. RUTABULUM AND  
RIVULARE

In  Figs. 6 an d  7 the ch rom o so m e  n u m ­
b ers  rep o r ted  in B. ru ta b u lu m  a n d  B. r ivu ­
lare a re  given.

In  B. ru ta b u lu m  n  =  5 has  been  p u b ­
lished by  H o l m e n  (1958). At first meiotic  
m e ta p h a se  5 large b ivalen ts  of ab o u t  the 
sam e size are  show n. In  llie sam e species 
L a z a r e n k o  et al. (1971) rep o r ted  n =  6 . 
At first meiotic  m e tap h ase  they  fo un d  6 
large b ivalen ts  ab ou t  equa l in size. If the  
n  =  5 cy to type  has  ar isen  th ro u g h  the f u ­
sion of two ch rom o so m es  in  the n =  6 
cyto type, one of the c h rom o so m es  in the 
n =  5 cy to type  w o u ld  he consp icuously  
la rge r  th a n  the  o thers .  As this  is no t the 
case the a u th o r  p resum es  th a t  the c h r o m o ­
som e n u m b e r  n =  5 is an  e r ron eou s  count.  
It does no t seem likely th a t  it is d ue  to 
m isd e te rm in a t io n  as no m orpho log ica lly  
re la ted  species is k n o w n  w ith  the c h r o m o ­
som e n u m b e r  n =  5, p. 489.
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n=11

n=6

n=13

Fig. 7. Chromosome numbers published for 
Brachythecium rivulare. — Arrow 1 indicates 
chromosome doubling. —- Arrow 2 indicates 
reduction in chromosome number. — Arrow 
3 indicates increase in chromosome number.

- For explanation see text.

It must be noted that two of the popula­
tions of B. ru ta b u lu m  with n =  6 published  
by L azarenko et al. (1971) are mixed  
populations, p. 492.

B. ru ta bu lu m  p ro b a b ly  o r ig ina tes  from  
a cy to type  w ith  n — 6 . T h is  hypo th e t ica l  
cy to ty pe  w ou ld  p ro b ab ly  be d ioecious and  
the doub ling  of the  c h ro m o so m e  n u m b e r  
w o u ld  have  caused  a  ch an g e  f ro m  the 
d ioecious to the au toec ious  state . T h e  n =  12 
cy to type  dom ina tes  in th is  species an d  
s t ru c tu ra l  ch ro m o so m e  chang es  of this 
cy to ty pe  have  given rise to the  o th e r  
cyto types. Such ch anges  can  cause  an  in ­
c rease  in the ch ro m o so m e  n u m b e r  th ro u g h  
f ragm enta t ion ,  if the f r a g m e n ts  a re  centr ic  
an d  d isplay  no tendency  to fuse w ith  the 
o th e r  ch rom osom es .  T h is  w ou ld  indicate  
th a t  the n =  13 cy to ty pe  could  lie karyo-  
logically hete rogeneous  a n d  po lyphy le tic  
as it seems likely th a t  f r ag m e n ta t io n  m ay  
arise  several times an d  in d if fe re n t  c h r o ­
m osomes.

T h ro u g h  trans loca tion  of w ho le  o r a l ­
m ost w ho le  ch rom o so m es  the  ch ro m o so m e  
n u m b er  could  be low er th a n  n = 1 2 .  Such 
changes could  com pr ise  one o r  m o re  c h ro ­
m osom es a n d  also give rise to d if feren t 
karyo types .

C hrom osom e doub ling  of the  n = l l  and  
n = 1 0  cy to types have  g iven  rise to the 
n =  22 a nd  n  =  20 cy to types  respectively.

These  ch ro m o so m e  ch ang es  have  ev i­
dently  no t  given rise to a n y  g rea t  m o r p h o ­
logical d if ference  as the cy to ty pes  are  still

identif iable  as be longing to the  species 
B. ru tabu lum .  The cy to types  w ith  c h ro m o ­
some n u m b e rs  o th e r  th a n  n = 1 2  are  p r o b ­
ably  no t so w idesp read  n o r  so co m m o n  as 
the n = 1 2  cytotype. This  is so in S can d i­
navia  at least.

In B. rivulare  the  basic n u m b e r  is n =  6 . 
T he  ch ro m osom e  n u m b e r  n = 1 2 ,  13 an d  11 
can  he expla ined  in the sam e w ay  as in B. 
ru tabu lum .  T he  ch ro m o so m e  n u m b er  
ti=lT), however,  does not seem to fit into 
the p a t t e rn  and  its origin is d iff icult to 
explain. This  ch ro m o so m e  n u m b e r  is 
u n co m m o n  in the genus B rac h y th e icu m  
an d  exists in a few species only (WlGH 
1974).

It m u s t  be stressed  th a t  th is  is m erely  
a hypothes is  a nd  th a t  p e rh a p s  som e of the 
ch ro m osom e  n u m b ers  rep o r ted  are  e r ­
roneous. The only  cyto types seen by the 
au th o r ,  except fo r m ixed p o p u la t ion s  with 
11 =  6 , a re  n =  12, n =  13 an d  n  =  20 in B. 
ru ta b u lu m  an d  n =  6 an d  n =  13 in B. r ivu ­
lare.
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APPENDIX. L ocalities of C ytologically  
Studied M aterial

B rachythecium  rutabulum

FIN LA ND. N y l a n d .  Ingå, F ag erv ik  (70—  
213, 70— 215, 70—217, 70—218); K a rja lo h ja , 
Pyö li (70— 191, 70— 192, 70— 197); L o h ja , 
A htiala  (70— 177, 70— 178, 70— 181, 70— 184), 
O utam o (70— 67); T enala , L indö (70— 228). — 
R e g i o  A h o ë n s i s. Salo, V iitta  (70— 153); 
Särk isa lo , B astböle (70—85, 70— 89), F ö rb y  
(70— 78, 70— 163) ; T u rk u , K aarina , T u o rla  
(70— 110).

NORGE. H o r d a l a  n  d. A rna (70—329). 
R o g a 1 a n  d. B ryne, N ordheim  (71 — 186,

71- 187, 71— 188), O rre (71— 181, 71— 182,
71 184); E igersund , H elleland (71— 135, 71—
137, 71 — 138); G jestal, D irdal (71— 156); H å, 
Ogna (71— 147); K arm öy, A valdsnes (70— 
427), S to k k a stran d  (70— 416); K leppe (71— 
151, 71— 152, 71— 153); Sandnes, Å lgård (71—  
164, 71 165); Sauda, 4 km  S of S au d asjö en
(70 -3 7 8 , 70— 392) ; S tavanger, n ea r the ch u rch  
(71 91), R ennesöy (71 105, 71— 106, 71—
107, 71 111). —  Ö s t f o 1 d. F re d rik s tad , 
V eum engen (72— 127); Onsöy, H u rrö d  (72—
108, 72— 110), K jölberg  (71— 124, 72— 136,
72— 137), K rökeröy , E n h u s  (72— 163, 72— 164, 
72— 166, 72— 167), K rökeröy , the q u a rry  n e a r 
F em dal (72— 189), K råkeröy , H olte  (72— 196, 
72- -197), K råkeröy , Röd (72— 44, 72— 55, 72—  
56, 72— 63, 72— 64, 72— 65, 72— 142, 72— 144, 
72—146, 72— 150), K råkeröy , T angen  (72— 169,
72 170, 72— 171, 72— 172), T o rg au ten  (72— 
38, 72— 39, 72— 41), T ro n d alen  (72- 72, 72—  
74, 72— 77, 72— 78, 72— 83), Åle (72— 90, 72— 
91), Ö rebekk (72- 119, 72— 120, 72— 121).

SVERIGE. B o h  u s 1 ä n. B acka, F rid h em  
(70—479, 70—481, 70— 482, 71— 3), leg. M. 
N e u e n d o r f  (71— 3); B jö rlan d a , H ögåsa  (71—  
12); Kungälv, S tu b b h u it (71— 59 leg. T. H a l - 
l i n g b ä CK); S kepp landa , S kår (73—01 leg. T. 
I I a l l i n g b ä CK) ; Säve, L indesnäs (72— 4, 72— 
12); T anum , K näm  (70— 374); T orsby , L illa  

Överön (70— 510); U ddevalla, K ristinedal (71—- 
239, 71— 240, 71— 244, 71— 245, 71— 246, 71—  
247, 71— 248, 71— 249, 71— 250), K uröd  (71—  
90); Y tterby, R ag n h ildshö lm en  (71— 10, 72— 7,
72— 8). —  D a l s l a n d .  Ånim skog, S kållebyn  
(71— 15 leg. I). N i l s s o n ) .  -— G o t l a n d .  
G otska Sandön, Gam la g å rd en  (71— 720, 71— 
722 leg. S. S u n h e d e ) ,  S to ra  Id em o ren  (71— 719 
leg. S. S u n h e d e ) ;  V ästerhe jde, F rid h e m  (72—

227 leg. B. P e t ter sso n ); V ästk inde, Nors 
(71— 622 leg. B. P et ter sso n ). — H a 1 l a n  d. 
F jä rå s , T jo löho lm  (71— 507, 71— 508, 71— 509, 
71— 510); Släp, Särö (70—25), Särö , V äste r­
skog (71— 17 leg. D. N ilsso n ); Skogaby, 
E b b a rp  (70— 35, 70— 36). —  N ä r k e .  Gäl- 
le rs ta , A ttersta  (72— 576); K um la (70— 272); 
V in trosa , L an n afo rs , lim estone q u a rry  (71— 
457, 71— 458). —  S k å n e .  A raslöv, U llstorp , 
po n d  (71— 513, 71— 514, 71— 521), U llstorp , 
lim estone  q u a rry  (71— 500, 71—501, 71— 502, 
71—503, 71— 504, 71— 505); B rom ölla , Eden- 
ry d  (71— 730); B rönnestad , H ovdala  (73— 20); 
F jä lk in g e , Ivön, lim estone q u a rry  (71— 489,
71— 490, 71— 491, 71— 492), N äsum  kao lin  
q u a rry  (72— 639, 72— 641, 72— 642). —  S m  å - 
l a n d .  H u skvarna , Å dalsfallen  (71—27, 71— 
28 leg. T. H a l l i n g b ä c k ) ; Lagan, n e a r  th e  river 
L ag an  (73— 24 leg. S. S u n h e d e ) ;  V isingsö, 
n e a r the h a rb o u r  (72— 285). -— U p p l a n d .  
B ogesund (71— 127); D anm ark , T jo ck sta  172— 
481) ; Gam la U ppsala  (72— 430) ; H uddunge 
(71— 697 leg. G. E e n ) ; U ppsala. R öbo, the 
b rick -y a rd  (72— 445, 72— 453); V aksa la , Skäl­
by  (72— 469); V attho lm a, Åsby (72— 412); 
V axholm , Skägga (70— 274); V ärm dö  (70— 
281). —  V ä s t e r g ö t l a n  d. Askim , St. 
A m undön  (71 — 19 leg. D. N i l s s o n ) ;  Berg, 
P o s tg å rd e n  (70— 517, 70— 518, 70— 523); Bred- 
sä te r, L ugnås (70— 249, 70— 255, 70— 262); 
B ro d d e to rp , H orn b o rg a  (70— 550, 70— 557,
70— 558) ; Göteborg, B o tan iska  träd g å rd en  
(70— 461, 70— 610, 71— 482), L ån g ed rag  (70— 
452), T y nnered  (70— 431, 70—432); K inne- 
ku lle , Ö sterp lana  (71— 538), R åb äck  (73— 7,
73— 8 leg. S. S u n h e d e ) ;  L an d v e tte r (70— 450); 
L erd a la , K arlsfo rs (70—532, 70— 542, 70— 
545) ; Skövde, Ryd, Åsen (70— 487) ; Våm b, 
n e a r the ch u rch  (72— 607, 72— 609) ; T im m ers­
da la , S tora  S to lan  (72— 593, 72— 597, 72— 601,
72— 602); Tuve, S to ra  H olm  (71 16 leg. L.
A r v i d s s o n ) . V ii s t m a n  1 a n d. Guld-
sm ed sh y ttan , M ård sh y ttan , the m arb le  q u a rry  
(72— 544, 72— 550), F a n th y tta n , the lim estone 
q u a rry  (71— 441, 71— 442, 71— 445, 71— 450); 
L ju sn arb e rg , S tä lldalen , ö s tra  Bom  lim estone 
q u a rry  (71— 415); N orberg, K lackberg  (72— 
518, 72— 523, 72— 528, 72— 529, 72— 530, 72— 
531) ; Sala, Skå, lim estone q u a rry  (72—511). — 
Ö l a n d .  A lgutsrum , G råborg (71— 652, 71 — 
653); B orgholm , slo tts ru in en  (71— 80, 71 81,
71— 608, 71—609, 71— 610, 71— 611), betw een 
B orgho lm  and  Köping (71— 563, 71— 564, 71— 
565, 71—566, 71— 567, 71— 568, 71— 570, 71— 
571, 71— 572, 71— 573, 71— 574); D egerham n, 
A lb ru n n a  (71— 75, 71— 77, 71— 82 leg. T. 
H a l l i n g b ä c k ) ; H ögsrum , H a llto rp  (71— 646, 
71— 647); K nisa, K nisa m osse (71— 79 leg. T. 
H a l l i n g b ä c k ) ;  Köping, 1 km  SW  of D alby 
(71— 585, 71— 589, 71— 590, 71— 591); S tenåsa, 
F rö ss lu n d a  (71— 626, 71— 627, 71— 628, 71— 
629, 71— 631, 71— 632); T o rslunda, A rontorp
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(71— 685. 71 -686), E rik sö re  (71— 664, 71— 665,
71— 666, 71— 667, 71— 668). —  Ö s t e r g ö t -  
1 a n  d. B orensberg , b rick -y a rd  (72— 228, 72— 
229); G odegård, B lom m edal (72— 238); K ro k ­
ek, m arb le  q u a rry  (72— 255, 72— 256, 72— 
260, 72— 264, 72— 265, 72— 275, 72— 280, 72— 
292) ; R ingarum , Sä tte rbo  (72— 324, 72—326,
72— 327); T örnevalla , lim estone q u a rry  (72— 
244, 72— 245) ; Vånga, Glan lim estone q u a rry  
(72— 304).

ßrachythecium rivulare

FINLAND. N y l a n d .  Ingå, F ag erv ik  (70— 
211, 70— 212).

NORGE. A k e r s h u s. A sker, G roset (72— 
201, 72— 204), Sem (71— 127); B aerum , Skui 
(70— 309, 70— 313). —  A u s t - A g d e r .  Tve- 
destrand , Tveite (70—349). — H o r d a 1 a n d.

A rna, H e rlan d  (70—316, 70— 321, 70—324). — 
R o g a 1 a n  d. F ra f jo rd , B rå lan d sfo rsen  (71-—- 
169, 71— 171); H å, Ogna (71— 146); Sandnes, 
T ro d a l (71— 166); S tavanger, R ennesöy (71— 
109, 71— 110). —  T e l e m a r k .  Bam le, Feset 
(70— 354, 70— 361). — V e s t - A g d e r .  Flek- 
k e fjo rd , Y stabö (71— 142).

SV ERIG E. B o h u s 1 ä n. Säve, L indesnäs 
(72— 11); U ddevalla, K ristinedal (71— 237, 71 
243). —  J ä m t l a n d .  Åre, Å resku tan  (71— 
367, 71— 368, 71— 370, 71—371, 71— 372). —  
S k å n  e. B rö n n estad , H ovdala (73— 17, 73— 
18); D alby, F åg e lsångsdalen  (71— 72 leg. T. 
H a l l i n g b ä c k ) . —  V ä s t e r g ö t l a n d .  Berg, 
P o s tg å rd e n  (70— 521, 70— 522); B ro d d e to rp , 
H o rn b o rg a  (70— 560); F a lköping , K arleby, 
D ju p a d a lsb ä ck e n  (70— 573, 70— 579, 70— 580) ; 
L erd a la , K arlsfo rs  (70— 543); Skövde, Rvd, 
S k å n in g sto rp  (70—569), Ryd, Åsen (70— 488, 
70— 489). —  Ö s t e r g ö t l a  n d. V ånga, Glan, 
lim esto n e  q u a rry  (72— 299).
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In  co nnec t ion  w ith  the  co m p i la t io n  of 
a  c y to taxo no m ica l  a tlas  an d  check l is t  of 
the arc t ic  f lo ra  ( L ö v e  & L ö v e  1975 a),  we 
m a d e  effo rts  to a r r ive  at a u n ifo rm  classi­
fication  fo r  as m a n y  as poss ib le  o f  the 
404 genera, 1629 species and  270 ad d it io na l  
subspecies of h ig h e r  p lan ts  w h ic h  are  
k n o w n  to o ccu r  w ith in  the tu n d r a  of the 
c i r c u m p o la r  n o r th lan d s .  As a n o r m  for 
the classif ication, we fo l low ed th e  Lin- 
n a e a n  species concep t as a d o p ted  by  S can ­
d inav ian  a n d  R u ss ian  b o tan is ts  w o rk in g  
w ith  these p lan ts  a n d  s t reng th ene d  by  the 
b iological o r  cy togenetical a p p ro a c h .  Ac­
cord ing  to th is  pa rad igm , the  fam ily  in 
its t rad i t io n a l  sense is defined  as a collec­
tion of g en e ra  th a t  a re  l ikely  to have  
evolved f r o m  a co m m o n  an ces to r  as fa r  
as ind ica ted  by m o rpho log ica l  an d  cyto- 
logical ch arac te r is t ics .  T he  n a tu ra l  genera  
shou ld  sh ow  m orph o log ica l  a n d  cytologi- 
cal evidence o f  l inear,  a nd  th e re fo re  s tr ic tly  
m onophy le t ic ,  evo lu t ion  of th e i r  species 
fro m  a single p ro to type .  T h e y  m u s t  also 
have  ce r ta in  crossab il i ty  b a r r ie r s  to w a rd s  
o th e r  such  g roups ,  a l though  th a t  biological 
req u i rem e n t  som etim es  needs to be re laxed  
because o f  taxo no m ica l  expediency  fo r  
very large  g ene ra  ( L ö v e  & L ö v e  1974). 
A good b iological species is rep ro d ac t iv e ly  
isolated f r o m  o th e r  such  taxa, b u t  it is 
identif ied  b y  aid of m orph o log ica l  an d  
geograph ica l  d is tinctions. H ow ever,  w ith in

the species miscibil ity  is no t only  a llowed 
but d irectly  requ ired ,  ir respective of the 
m agn i tu de  of the  m o rph o log ica l  d is t inc­
tion of various  races. T herefore ,  sexual 
subspecies and  varieties are  defined  as 
in terfe r t i le  m a jo r  o r m in o r  geographical  
races th a t  a re  capab le  of m ix ing  freely 
w h enev er  they  meet. Since these concepts  
are  at least very  close to those followed 
by the  m a jo r i ty  of bo tan is ts  w o rk in g  w ith  
arc t ic  p lan ts ,  only  a limited  n u m b e r  of 
ad ju s tm en ts  w ere fo u n d  to be needed to 
a t ta in  a  reasonab le  closeness to the u n i ­
fo rm ity  endeavoured .  T hey  a re  m a in ly  
caused  by  redef in i t ion  of a few generic  
limits.

In o rd e r  to save space w h e n  validating  
new  nam es  fo r  the arc t ic  taxa  fo r  w h ich  
this  is justified, sh o r t  descr ip tions  are  
given fo r  the new  taxon, or a c ita tion  only  
to the  nam e-giving bas ionym , except w hen  
the  rank-dec id ing  com b ina t io n  needs to 
be ad ded  fo r  clar if ication . S ynonym s are  
neglected unless necessary  fo r  identif ica­
tion, an d  o th e r  in fo rm at io n  is included 
spar ing ly  fo r  p a r t ic u la r  cases.

G ym nocarpium  dis junctu in ( R u p r e c h t )  

L ö v e  & L ö v e ,  comb, h o v . ,  based  on 
P o lyp o d iu m  D ryop ter is  L. var. d is ju n c tu m  
R u p r e c h t ,  in Beitr.  P f lanzenk .  Russ. 
Reiches 3 (1845), p. 52; D ryop ter is  d is­
junc ta  ( R u p r .)  C. V. M o r t o n ,  p. p.

This  is a Pacif ic  species w i th  2n =  80 
Bot. Notiser, vol. 128. 1975
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chrom osom es, corresponding to the m ore 
w idespread A tlantic taxon G. dry opteris 
(L.) N e w m a n  w ith 2n =  160 chrom osom es 
(cf. L ö v e  & L o v e  1967).

Festuca rubra L. ssp. fraterculae 
(R a sm .)  L ö v e  & L ö v e ,  comb, nov., based 
on Festuca rubra  L. var. Fraterculae R a s ­
m u s s e n ,  in Nytt Mag. f. N aturvid. 66 
(1927), p. 110; F. Richardsonii H o o k .  ssp. 
fraterculae  (R asm .)  L ö v e  & L ö v e .

This ra re  but very d istinct taxon of 
b irdcliffs in  northern  Norway, the Faeroes 
and  Iceland and perhaps elsew here in the 
N orth  A tlantic region, was originally  de­
scribed as a variety only by R a s m u s s e n  
(1927), b u t la ter elevated to subspecific 
rank  under F. richardsonii H o o k , by 
L ö v e  & L ö v e  (1956). A dditional obser­
vations by us and by B r y n j ô l f s s o n  (1974) 
indicate th a t it is correctly  classified as 
a subspecies equivalent to bu t younger and 
therefore less w idespread than  ssp. arctica 
( H a c k .) Go v o r ., w hich is an  older nam e 
fo r ssp. richardsonii  ( H o o k .) H u l t é n  of 
the F. rubra  complex.

Poa supina S c h r a d .  ssp. ustulata 
( F r ö h n e r )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Poa ustulata  F r ö h n e r ,  in 
Bot. Jah rb . 88 (1968), p. 437.

This is the w idespread Asiatic race of 
Poa supina, ra the r than  a species in its 
own right as m aintained by F r ö h n e r  
(1968), differing m ost clearly from  the 
E uropean  typical race by its lack of long 
stolons so it grows in tufts, by  its d ark  
spikes and the dark-violet anthers, and in 
its la ter and  longer flow ering time, its 
distinctly  shorter lifespan, and several 
o ther characters w hich together m ake it 
an  easily distinguishable taxon. N aturally , 
bo th  races are characterized by the same 
diploid chrom osom e num ber, and, in our 
experience, they are easily hybridized 
and  then give rise to la ter generations in 
w hich their distinguishing characters show 
a clearly M endelian segregation, as could 
be expected of well-defined races at this 
level of classification.
Bot. Notiser, vol. 128, 1975

Phippsia R. B r .

It was pointed out by L ö v e  (1970 a), 
th a t the m orphological characters tra d i­
tionally  em ployed to distinguish the large 
grass genus Puccinellia  P a r i ., from  the 
sm all arctic-subarctic genus Phippsia  R. 
B r . are of little significance for the sepa­
ration  of taxa at tha t level. Biologically 
still m ore im portan t is the fact, observed 
by several students in recent decades, that 
the crossability between these two taxa 
is no m ore inhibited than  between the spe­
cies of Puccinellia itself. Therefore, fol­
lowing either the classical and purely 
m orphological standard  (cf. H a r t m a n  
1832) or the biological definition of the 
generic category, these groups m ust be 
regarded as being congeneric, as earlier 
concluded by L ö v e  (1970 a, b) and L ö v e  
& L ö v e  (1975 b). The nam e Phippsia  has 
prio rity  and  so m ust he accepted as the 
valid nam e for the united group. The fo l­
lowing new transfers, changes in rank , 
and descriptions are required  for the taxa 
occurring in the Arctic:

Phippsia agrostoidea (T h .  S o i l )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia 
agrostoidea T h .  SöRENSEN, in PORSILD in 
Natl. Mus. Canada Bull. 135 (1955), p, 78.

Phippsia anderssonii ( S w a l l e n )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia 
anderssonii S w a l l e n ,  in Journ. W ash. 
Acad. Sei. 34 (1944), p. 21.

Phippsia angustata (R. B i l )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia 
angustata  R. R r o w n ,  Chloris Melvilliana 
(1823), p. 29.

Phippsia angustata ssp. pnlihinii (T h .  
S o i l )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Puccinellia palibinii T h .  S o r e n ­
s e n ,  in Medd. om Grönl. 136,3 (1953), 
p. 74.

Phippsia arctica ( H o o k . )  L ö v e  & L ö v e , 
c o m b , nov., b a se d  o n  Puccinellia arctica 
W . .1. H o o k e r , F I. B o r. A m er. 2 (18 4 0 ), 
p. 248.

Phippsia borealis ( S w a l l e n )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia
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borealis  S w a l l e n ,  in  J o u r n .  W ash . A cad. 
Sei.  34  ( 1 9 4 4 ) ,  p. 19.

P hippsia  borealis ssp. neglecta  ( T z v e -  
l e v )  L ö v e  & L ö v e ,  c o m b ,  n o v . ,  b ased  o n  
Puccinellia  borealis  ssp. neglecta  T z v e l e v ,  
in  A rk t. F l. SSSR 2 (1964), p. 206.

P hippsia  bruggem annii (T h . SÖR.) 
L ö v e  & L ö v e , com b, nov., b ased  on Pnc-  
cinellia brug gem an n ii  T u .  S ö r e n s e n , in 
P o r s i l d  in  N atl. Mus. C an ad a  B ull. 135 
(1955), p. 80.

P hippsia  cap illaris ( L i l j e b l . )  L ö v e  & 
L ö v e  ssp. pulvinata  (F r . )  L ö v e  & L ö v e ,  
sta t. & com b, nov., b ased  on  Glgceria  
distans  (L.) W o. v ar. p u lv in a ta  F r i e s ,  
M ant. 2 (1839), p. 11, p ro  p a r te ; A trop is  
pu lv ina ta  V. K r e c z e t o v i c h ,  F l. SSSR 2 
(1934), p. 761.

P hipp sia  d eseham psio ides (T h .  S ö r . )  
L ö v e  & L ö v e ,  com b, nov., b ased  on P u c ­
cinellia d eseh am psio id es  T h .  S ö r e n s e n ,  
in  M edd. om  G rönl. 136,3 (1953), p . 73.

Phippsia frag iliflora  (T h .  S ö r . )  L ö v e  & 
L ö v e ,  com b, nov., b ased  on  P uccinellia  
fragil if lora  T h .  S ö r e n s e n ,  in  M edd. om  
G rönl. 136,3 (1953), p. 73.

Phippsia  gorodkovii ( T z v e l e v )  L ö v e  & 
L ö v e ,  com b, nov., b a sed  on  P uccinellia  
g orodkov i i  T z v e l e v ,  in A rk t. F l. SSSR 2 
(1964), p. 199.

Phippsia groen landiea  ( T n .  SÖR.) L ö v e  
& L ö v e ,  com b, nov., b ased  on Puccinel lia  
groenlandiea  T h . S ö r e n s e n ,  in  M edd. om  
G rönl. 136,3 (1953), p. 37.

Phippsia hauptiana (V. K r e c z . )  L ö v e  & 
L ö v e ,  com b, nov., b ased  on A trop is  H a u p ­
tiana  V. K r e c z e t o v i c h ,  in  F l. SSSR 2 
(1934), p. 763.

Phippsia interior (T h . S ö r .) L ö v e  & 
L ö v e , com b, nov., b ased  on  Puccinellia  
in terior  T u .  SÖRENSEN, in  H u l t é n , FL 
A laska & Y ukon  X (1950), p. 1713.

P hippsia langeana ( B e r l . )  L ö v e  & 
L ö v e ,  com b, nov., b a s e d  on  Glgceria  
Langeana  B e r l i n ,  Ö f v e r s .  K ongl. V et .-  
Akad. F ö rh . 1884, No. 7, p. 79.

Phippsia langeana ssp .  alaskana ( S c r i b n .  
& M e r r . )  L ö v e  & L ö v e ,  com b, nov., b ased  
on  Puccinellia  a laskana  S c r i b n e r  & M e r ­
r i l l ,  in  C o n trib . U. S. N atl. H erb . 13,3

(1910), p. 78; P uccinellia  L angeana  ssp. 
alaskana  (S c r i b n . & M e r i l ) T u . S ö r .

Phippsia langeana ssp . asiatiea (Th. 
S ö r .) L ö v e  & L ö v e , com b, nov., b ased  on 
Puccinellia Langeana  ssp. asiatiea  T h . 
S ö r e n s e n , in  H u l t é n , F lo ra  A laska  & 
Y ukon X (1950), p. 1710.

P hippsia laurentiana ( F e r n . & W e a t h .) 
L ö v e  & L ö v e , com b, nov., b ased  on  P uc­
cinellia lauren tiana  F e r n a l d  & W e a t h e r - 
b y , in  R h o d o ra  18 (1916), p. 14.

Phippsia  lenensis (H o l m b .) L ö v e  & 
L ö v e , com b, nov., b a sed  on Puccinellia  
sibirica  H o l m b . var. lenensis  H o l m b e r g , 
in Bot. Not. 1927, p. 207; Puccinellia  
lenensis  ( H o l m b .) T z v e l e v .

Phippsia neoarctica L ö v e  & L ö v e , spec, 
nov.

Planta perennis, caespitosa, foliis glauce- 
scentibus, stolonifera, stolonibus epigeis. Cnlmi 
10— 15 cm longi, procum bentes. Folia cau- 
linaria duo, longivaginata; lam ina stricta, 
plicata, 1—3 cm longa, 1.5—2.0 mm lata, 
apice acuta, glabra. Ligula 1.0— 1.3 mm longa, 
acula, vel abrupte acum inata. Panicula m aci­
lenta, diluto-purpurascens, 3—6 cm longa; 
rami e nodo inferiore 2—3, tenues, rigidi 
ascendentes, demum reflexi, spiculis 1—3; 
pedicelli non incrassati. Spiculae oblongae, 
6— 11 mm longae, 3—6-florae. Gluma inferior 
1.5—2.0 mm longa, lanceolata, obtusa, 3- 
nervia. Lemm ata 3.5—4.5 mm longa, obtusa 
vel plus minusve em arginata. Palea bifida, 
lemmatis longitudinis, carinis sine spiculis. 
Antherae 1.5—2.0 mm longae, sterilis, non 
dehiscentes. Sine granis.

Chromosomatum num erus 2n =  21.
Holotypus: W est Greenland, Sydostbugt, 

leg. N. H a r t z ,  July 1880, in Herb. Copen­
hagen, c f. S ö r e n s e n , in Medd. om Grönland 
136,3 (1953), p. 51—52.

A p e ren n ia l an d  caesp ito se  p la n t w ith  
g laucescen t leaves an d  w ith  e p ite rra n e a n  
sto lons. T he flo w erin g  cu lm s a re  p ro c u m ­
bent, 10— 15 cm  long, w ith  tw o leaves; the  
u p p e r  sh ea th  is e lo n g a ted ; th e  b lad es are  
rigid, fo lded, 1— 3 cm  long  an d  1.5— 2.0 
m m  b ro ad , a b ru p tly  p o in ted  a t th e  apex, 
an d  g lab rous. T he ligu le  is 1.0— 1.3 m m  
long, acu te  o r a b ru p tly  po in ted . T h e  p a n ­
icle is m eager, d ilu te -p u rp le , 3— 6 cm
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long; branches 2—3 from  the low er node, 
slender, stiffly ascending, la ter on re ­
flexed, bearing 1—3 spikelets; the pedicels 
are scarcely thickened. Spikelets oblong, 
6— 11 m m  long, 3— 6-flowered. The first 
glume is 1.5— 2.0 m m  long, lanceolate, 
obtuse or slightly em arginate, glabrous at 
the base. The palea is bifid, as long as 
the lem m a or a little longer, the keels are 
w ithout spinules. The an thers are 1.5— 2.0 
mm long, sterile and  not dehiscent. No 
seeds develop. Chrom osom e num ber 
2n =  21.

This taxon, which is the socalled “Green­
land type” of P. phryganodes  sensu T h . 
S ö r e n s e n , is distributed  th roughou t arctic 
N orth America from  G reenland to eastern 
Alaska. It is apparen tly  a com pletely ste r­
ile and triploid hybrid  of unknow n p are n t­
age that is capable of effective vegetative 
reproduction, although its wide d is trib u ­
tion also m ay he the result of th a t it is 
p roduced frequently  and in m any places 
and  survives for a long time.

Phippsia nutkacnsis (K. P r e s l )  L ö v e  & 
L ö v e ,  comb, nov., based on Poa nutkaën-  
sis K. P r e s l ,  Reliq. H aenk. 1 (1830), p. 
272; Puccinellia nutkacnsis  F e r n .  & 
W e a t h .

Phippsia nutkacnsis s s p .  borealis 
( H o l m b . )  L ö v e  & L ö v e ,  c o m b ,  n o v . ,  b a s e d  
o n  Puccinellia retroflexa  ( C u r t . )  H o l m b .  
ssp. borealis H o l m b e r g ,  B o t .  N o t .  1926, 
p. 182; Puccinellia coarctata F e r n .  & 
W e a t h .

The new com bination at the subspecies 
level is required because hybridization 
experim ents, still unpublished, between 
the Beringian taxon and the A tlantic plant 
have confirm ed the suggestion by S o r e n ­
s e n  (1953) tha t these taxa are conspecific, 
since the hybrids are fully fertile and 
their meiotic divisions w ithout even the 
slightest d isturbance so a reproductive 
b arrie r is absent. Since some slight m or­
phological differences are connected with 
the geographical separation, however, we 
find it reasonable to accept the Atlantic 
taxon as a subspecies in its own right, 
B ot. N o tise r, vol. 128, 1975

a lthough  its distinction is, adm ittedly, not 
alw ays very obvious. It is our belief tha t 
this and  some other plants and anim als 
tha t are com m on to the N orth A tlantic 
region and the Beringian area have d is­
persed over the still open P olar Sea by 
aid of ocean currents afte r the form ation 
of the Bering Strait in the Pliocene (cf. 
E i n a r s s o n , H o p k i n s  & D o e l l  1967).

Phippsia phryganodes (T r in . )  L ö v e  & 
L ö v e ,  comb, nov., based on Poa phryga­
nodes  T r i n i u s ,  in Mém. Acad. Pétersb., 
sér. 6, 1 (1830), p. 389; Puccinellia geni­
culata V. K r e c z e t o v i c h .

This taxon, in its strict sense, is a d ip ­
loid and  sexual species of the Beringian 
region. Its epithet should not be m isapp­
lied as a collective nam e for the circum- 
po lar arctic com plex which here is in­
cluded in P. vilfoidea and P. neoarctica, 
a lthough  this has been done by S ö r e n s e n  
(1953) and others.

Phippsia poacea (T h .  S ö r . )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia  
poacea  T h .  S ö r e n s e n ,  in P o r s i l d ,  in Natl. 
Mus. Canada. Bull. 135 (1955), p. 78.

Phippsia porsildii ( T i l  S ö r . )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia  
porsildii Tu. S ö r e n s e n ,  in Medd. om 
Grönl. 136,3 (1953), p. 35.

Phippsia rosenkrantzii (Tn. S ö r . )  L ö v e  
& L ö v e ,  comb, nov., based on Puccinellia 
rosenkrantzii T h .  SÖRENSEN, in Medd. om 
Grönl. 136,3 (1953), p. 33.

Phippsia sibirica ( H o lm b . )  L ö v e  & 
L ö v e ,  comb, nov., based on Puccinellia  
sibirica H o l m b e r g ,  in Bot. Not. 1927, p. 
206, excl. var.

Phippsia svalbardensis ( B ö n n i n g )  L ö v e  
& L ö v e ,  comb, nov., based on Puccinellia 
svalbardensis  B ö n n i n g ,  in Kgl. Norske 
Vidensk. Selsk. Skrifter 1961, Nr. 4 (1962),
p. 10.

Phippsia tenella ( L g e )  L ö v e  & L ö v e ,  
comb, nov., based on Glycerin tenella  
L a n g e ,  in K j e l l m a n  & L u n d s t r ö m ,  Vega- 
Exp. Vetensk. Iakttag. 1 (1882), p. 313.

Phippsia vaginata ( L g e )  L ö v e  & L ö v e ,  
com b, nov., based on Glycerin vaginata



N O M E N C LA T U R E OF ARCTIC PLANTS 501

L a n g e ,  F lo ra  danica, fasc. 44 (1858), tab. 
2583.

Phippsia vahliana ( L i e b m . )  L ö v e  & 

L ö v e ,  com b, nov., based on Poa Vahliana  
L i e b m a n n ,  F lora  danica, fasc. 41 (1845), 
tab. 2401.

Phippsia vahliana ssp. byrrangensis
( T z v e l e v )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Puccinellia byrrangensis  
T z v e l e v ,  in Novit. Syst. P lant. Vase. 8 
(1971), p. 80.

Phippsia vahliana ssp. colpodioides 
( T z v e l e v )  L ö v e  & L ö v e ,  slat. & com b, 
nov., based on Puccinellia colpodioides  
T z v e l e v ,  in Arkt. F lo ra  SSSR 2 (1964), 
p. 194.

Phippsia vahliana ssp. jenisseiensis
( R o s h e v . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Atropis jenisseiensis  Ros- 
h e v i c h ,  in Izv. Bot. Sada Akad. N auk 
SSSR 30 (1932), p. 300.

Phippsia vilfoidea ( A n d e r s s . )  L ö v e  & 

L ö v e ,  comb, nov., based on Catabrosa 
vilfoidea  A n d e r s s o n ,  in M a l m g r e n ,  in 
Öfvers. Kgl. Vet.-Akad. F ö rhand l. 19 
(1862), ]). 254; Puccinellia vilfoidea
( A n d e r s s .) L ö v e  & L ö v e .

This is the variable te trap lo id  circum - 
polar taxon w hich has frequen tly  bu t e r ­
roneously been identified w ith the diploid 
eastern  Asiatic and  B eringian species P. 
phryganodes.  It includes th ree  subspecies 
of w hich ssp. vilfoidea  occupies the E u ro ­
pean arctic area.

Phippsia vilfoidea ssp. hcringensis
L ö v e  & L ö v e ,  ssp. n o v .

Planta stolonifera, stolones foliiferae super­
ficiales praesunt. Palearum carinae papillosae. 
Cellulae epidermale folii in pagina superiore 
semper tumidae, saepe guttiforme, interdum 
item inconspicue papillosae.

Chromosomatum numerus 2n =  28.
Holotypus: Bering Sea district, Qiqertariaq, 

A. E. P o r s il d  1069, in Herb. Mus. Canada.

A stoloniferous p lant, the stolons w ith 
superficial leaves. The keels of the palea 
are papillose. The cells of the epiderm is 
of the upper leaf surface are  always tum id

and often dropshaped, som etim es also in­
conspicuously papillose. Chromosom e 
num ber 2n =  28.

This race, which is the “Beringian type” 
of P. phryganodes  sensu S ö r e n s e n ,  grows 
on the coasts around  the Bering Sea and 
the Bering Strait.

Phippsia vilfoidea ssp. sibirica ( H a d a c  

& L ö v e )  L ö v e  & L ö v e ,  com b, nov., based 
on Puccinellia vilfoidea  ssp. sibirica 
H a d a c  & L ö v e ,  in Bot. Not. 114 (1961), p. 
36; P. phryganodes  ssp. asiaticci T z v e l e v ,  

in Arkt. FI. SSSR 2 (1964), p. 186.
Phippsia wrightii ( S c r i b n .  & M e r r . )  

L ö v e  & L ö v e ,  comb, nov., based on Col- 
podium Wrightii S c r i b n e r  & M e r r i l l ,  in 
Contrib. U.S. Natl. Herb. 13,3 (1910), p. 
74.

Bromopsis F o u r r .

As recently show n by H o l u b  (1973), 
the generic nam e Bromopsis  F o u r r .  is the 
correct nam e for the perennial group of 
the collective genus Bromus,  w hen sepa­
rated as a distinct genus, and  not the fre­
quently used bu t invalid nam e Zerna 
P a n z e r .  The following taxa of the eastern 
Asiatic or w estern N orth Am erican Arctic 
are in a need of transfe r to this name, 
some at a new rank:

Bromopsis dieksonii ( M i t c h .  & W i l t . )  
L ö v e  & L ö v e ,  stat. & com b, nov., based 
on Bromus Pumpellianus  S c r i b n .  ssp. 
dieksonii M i t c h e l l  & W i l t o n ,  in Brit- 
tonia 18 (1966), p. 163.

Bromopsis ircutensis ( K o m . )  L ö v e  & 
L ö v e ,  comb, nov., based on Bromus ircu­
tensis K o m a r o v ,  in Bot. Mat. Herb. 
Petersb. Bot. Sada 2 (1921), p. 130.

Bromopsis pumpelliana ( S c r i b n . )  H o ­
l u b  ssp. arctica ( S h e a r )  L ö v e  & L ö v e ,  
stat. & comb, nov., based on Bromus arcti- 
cus S h e a r ,  in S c r i b n e r  & M e r r i l l ,  Grass. 
Alaska (1910), p. 83.

Bromopsis voguliea (Socz.) H o l u b .  By 
an oversight, L ö v e  & L ö v e  (1975 a) re-

Bot. N otiser, vol. 128, 1975
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placed the nam e of the la tter au th o r of 
this com bination w ith their own. It is 
also w orth  noting, tha t T z v e l e v  ( 1 9 7 4 )  

regards this taxon as a subspecies only 
of B. pumpelliana, perhaps a likely p ro ­
position w hich then m ight logically also 
require th a t level for B. ircutensis. L ack­
ing experim ental evidence, we p refer to 
keep these taxa at the species level, de­
spite their cytological sim ilarity  to  the 
also octoploid B. pumpelliana.

Elymus L.

Following num erous experim ental ob­
servations of the Triticeae group, L ö v e  & 
L o v e  (1961, 1965), L ö v e  (1970 a, b), 
T z v e l e v  (1973) and D e w e y  (1974) have 
advocated the acceptance of the generic 
nam e Elym us  L .  for m ost of the p e ren ­
nial taxa that have been trad itionally  in ­
cluded in tha t genus or in Agropyron  s. 1., 
Anthosachne, Clinelymus, Hystrix, Roeg- 
neria and Sitanion, excluding as d istinct 
genera Elytrigia, Ley mus  and  Agropyron  
s. str. and some annual genera. This p ro ­
posal has been accepted also in p a rt by 
R u n e m a r k  & H e n e e n  (1968), although  
they included also Elytrigia  and L eym us  
in their then m uch m ore collective genus 
Elymus.  The great m ajo rity  of arctic taxa 
of the genus so circum scribed have a l­
ready been transfe rred  to this group by 
T z v e l e v  (1973 and earlier) and others. 
However, a change in ran k  or new  com ­
binations are required  for the following 
entities:

Elymus alaskanus ( S c r i b n .  & M e r r . )  

L ö v e  & L ö v e  ssp. borealis ( T u r c z . )  
L ö v e  & L ö v e ,  comb, nov., based on Tri­
ticum boreale T u r c z a n i n o v ,  in Bull. Soc. 
Nat. Moscou 29 (1856), p. 58; Elym us  
kronokensis  ( K o m . )  T z v e l e v  ssp. borealis 
( T u r c z . )  T z v e l e v ;  non E lym us borealis 
S c r i b n .

Elymus alaskanus ssp. hyperarcticus
( P o l u n i n ) L ö v e  & L ö v e , comb, nov., 
based on Agropyron violaceum  H o r n e m . 
var. hyperarcticum  P o l u n i n , in Bull. Natl.
Bot. N otiser, vol. 128, 1975

M u s .  Canada 92 (1940), p .  95; Roegneria 
borealis ( T u r c z .) N e v s k i  s s p .  hyperarcti­
cum  ( P o l u n i n ) L ö v e  & L ö v e ; E lym us  
sajanensis  ( N e v s k i ) T z v e l e v  s s p .  hyper­
arcticus ( P o l u n i n ) T z v e l e v .

Elymus alaskanus ssp. islamlieus 
( M e l d . )  L ö v e  & L ö v e ,  comb, nov., based 
on Roegneria borealis var. islandica M e l -  
D E R is ,  in Svensk Bot. Tidskr. 44 (1950), 
p. 163; Roegneria borealis ssp. islandica 
( M e l d . )  L ö v e  & L ö v e .

Elymus alaskanus ssp. subalpinus (L. 
N e u m . )  L ö v e  & L ö v e ,  comb, nov., based 
on Triticum violaceum  H o r n e m .  f. sub­
alpinum  L. N e u m a n ,  Sveriges F lo ra  (1901), 
p. 726; Agropyron latiglume ( S c r i b n .  & 

S m .)  R y d b .  ssp. subalpinum  (L. N e u m . )  
V e s t e r g r e n .

Elymus alaskanus s s p .  villosus (V.  V a s -  

SIL.) L ö v e  & L ö v e ,  comb, nov., based on 
Roegneria villosa V .  V a s s i l i e v ,  in Bot. 
Mat. 16 (1954), p. 57; Elymus sajanensis 
( N e v s k i )  T z v e l e v  s s p .  villosus (V.  V a s -  

SIL.) T z v e l e v ;  non Elymus villosus M u e u l .

Elymus trachycaulus ( L i n k )  G o u l d  ssp. 
andinus ( S c r i b n .  & S m .)  L ö v e  & L ö v e ,  

comb, nov., based on Agropyron violaceum  
( H o r n e m . )  L g e  var andinum  S c r i b n e r  & 

S m i t h ,  in U. S. Dept. Agric., Div. Agrostol. 
Bull. 4 (1897), p. 30; Agropyron violaceum  
ssp. andinum  ( S c r i b n .  & S m .)  M e l d .

Elymus trachycaulus ssp. subsecundus 
( L i n k )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Triticum subsecundum  L i n k ,  

Hort. Berol. 2 (1833), p. 190.
Elymus trachycaulus ssp. stefanssonii 

( M e l d . )  L ö v e  & L ö v e ,  comb, nov., based 
on Roegneria Doniana ( W h i t e )  M e l d .  
var. Stefanssonii  M e l d e r i s ,  in Svensk Bot. 
Tidskr. 44 (1950), p. 158; Roegneria
Doniana  ssp. Stefanssonii  (M e l d .) L ö v e  & 

L ö v e .

Elymus trachycaulus ssp. violaceus 
( H o r n e m . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Triticum violaceum  H o r -  

n e m a n n ,  F lo ra  danica, fasc. 35 (1832), 
tab. 2044.

Elymus trachycaulus ssp. virescens ( L g e )  

L ö v e  & L ö v e ,  comb, nov., based on Agro-
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pyron violaceum  ß  virescens L a n g e ,  i n  

Medd. om Grönl. 3 (1880), p. 155; Roeg- 
neria Doniana  ssp. virescens ( L g e )  L ö v e  
& L ö v e .

Critesion R a e i n .

It is our settled belief based on studies 
by num erous au thors and also on our 
own, still unpublished, cytogenetical ex­
perim ents, th a t the genus H ordeum  L. in 
its trad itional circum scrip tion  is an  u n ­
natu ra l assem blage of taxa w hich are com ­
posed of haplom es ( L ö v e  & L ö v e  1975 c) 
th a t are too d istan tly  related  to be united 
in a single genus, even at the subgeneric 
or sectional levels as accepted by T z v e l e v  

(1973). This view is especially supported  
by the observation tha t hybrid ization  be­
tween these taxa is absent even under ideal 
experim ental conditions, and also by the 
fact that both annual and  perenn ial taxa 
are involved, differing  m orphologically  in 
num erous characters th a t have been found 
to be of u tm ost im portance fo r separating  
groups at h igher levels in o ther taxa of 
the Triticeae. Therefore, we find it logi­
cal to accept the generic nam e Hordeum  
L. in a restric ted  sence, including only the 
annual species of the subgenus Hordeum  
of T z v e l e v  (I.e.) or of the section Crithe 
D o e l l . ,  typified by H ordeum  vulgare L. 
W e are not ready  to propose w hat is the 
correct generic nam e fo r the two peren­
nial sections Hordeastrum  D o e l l .  and 
Bulbohordeum  N e v s k i ,  hybrids between 
w hich seem to indicate haplom ic rela tion­
ships of a congeneric significance ( L ö v e  & 

L ö v e ,  unpubl.), but the section Steno- 
stachgs N e v s k i  differs so substantially  
from  all these groups in its haplom ic a r ­
rangem ent th a t a generic separation is 
well substantiated , as it also seems to be 
on purely m orphological grounds. At th a t 
level, its valid  nam e is Critesion  R a f i n .  

Only the single species C. juba tum  (L.) 
N e v s k i  reaches the Arctic, w here it is re ­
presented by the following race:
33

Critesion jubatum (L.) N e v s k i  ssp. 
breviaristatum ( B o w d e n )  L ö v e  & L ö v e ,  

comb, nov., based on H ordeum jubatum  
L. ssp. breviaristatum  B o w d e n ,  in Canad. 
Journ . Bot. 40 (1962), p. 1691.

Leymus H ö c h s t .

The m ost w idespread species of the 
genus L eym us  is the te trap lo id  L. mollis 
( T h i n . )  P i l g e r ,  w hich w ith  its subspecies 
is circum polar both in the boreal and a rc ­
tic regions. In the Arctic th a t species is 
represen ted  by its typical race and also 
by the tw o following races:

Leymus mollis ( T h i n . )  P i l g e r  ssp. in­
terior ( H u l t é n )  L ö v e  & L ö v e ,  comb, nov., 
based on E lym us interior  H u l t é n ,  Flora 
of A laska and Yukon II (1942), p. 270; 
Elym us mollis  T h i n .  ssp. interior  ( H u l t é n )  
B o w d e n .

Leym us m ollis ssp. villosissimus
( S c r i b n . )  L ö v e  & L ö v e ,  comb, nov., 
based on Elym us villosissimus  S c r i b n e r ,  

in U. S. Dept. Agric., Div. Agrostol. Bull. 
17 (1899), p. 326; Elym us mollis  ssp. vil­
losissimus  ( S c r i b n . )  A .  L ö v e .

Leym us velutinus ( B o w d e n )  L ö v e  & 

L ö v e ,  stat. nov., based on Elym us inno­
vatus B e a l  ssp. velutinus  B o w d e n ,  in 
Canad. Journ . Bot. 37 (1959), p. 1146.

Since this taxon is octoploid w ith 2n =  56 
chrom osom es, as contrasted to the te tra ­
ploid L. innovatus  from  w hich it is, thus, 
separated  by a reproductive b arrie r in ad ­
dition to clear m orphological and geogra­
phical differences, it is hard ly  logical to 
regard  it as a subordinate race of the 
latter. T herefore this change of rank.

Descham psia caespitosa (L.) PB. ssp. 
anadyrensis (V .  V a s s i l . )  L ö v e  & L ö v e ,  

stat. & com b, nov., based on Deschampsia  
anadyrensis  V. V a s s i l i e v ,  in Bot. Mat. 8 
(1940), p. 68.

Calamagrostis m altci ( P o l u n i n )  L ö v e  & 

L ö v e ,  stat. & comb, nov., based on Cala­
magrostis purpurascens  R. B r. var. Maltei 
P o l u n i n ,  in Natl. Mus. Canada Bull. 92 

Bot. N otiser, vol. 128, 1975
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(1940), p .  51; Calamagrostis purpurascens  
s sp .  Maltei ( P o l u n i n ) A. E .  P o r s i l d .

We are unable to propose a natura l divi­
sion of the very variable and collective 
taxon Calamagrostis purpurascens  R. Br. 
into species tha t  conform with various 
degrees of polyploidy, mainly because the 
chromosome reports have not been ac­
companied by close morphological com­
parisons of the material.  However, we find 
it to be a step in the right direction to 
distinguish as separate species those units 
that are most clearly recognizable. One 
of these is the taxon above, which has 
recently been closely analysed and lifted 
from its originally tentative level of variety 
to that of subspecies (P o r s i l d  1975), a l­
though tha t  is certainly no improvement 
in the understanding of its distinctness, 
which certainly is greater than  that of a 
m ajor geographical race.

Agrostis scabra W i l l d .  ssp. septen­
trionalis ( F e r n . )  L ö v e  & L ö v e ,  stat. nov., 
based on Agrostis scabra var. septentrio­
nalis F e r n a l d ,  in Rhodora 55 (1933), p. 
209.

The variety category as used by F e r ­
n a l d  for this and m any other taxa is 
clearly tha t  of a m ajor geographical race, 
or a subspecies in our definition.

Hierochloë orthantha T i l  S o i l  W e find 
it difficult to follow W e i m a r c k  (1971) in 
placing the strictly apomictic 03-chromo­
some North American taxon as a subspe­
cies of the predom inantly  sexual 56-chro­
mosome circum polar II. alpina  (Sw.) R. & 
S. L ö v e  & L ö v e  (1965) found this taxon 
to be identical with a plant described from 
Mt W ashington by B i g e l o w  (1816) as 
Holcus monticola  and transferred  this 
name to Hierochloë (in L ö v e  & S o l r r i g  
1964). The taxon is listed as Hierochloë 
monticola  ( B i g e l . )  L ö v e  & L ö v e  by L ö v e  
& L ö v e  (1975 a). We overlooked, how ­
ever, that this is a hom onym  of the Aus­
tralian //. monticola  M e z ,  which in turn  
is a synonym of II. submutica  F . M u e l l .  
(cf. V i c k e r y  1975). Therefore, the correct 
name for the taxon at the level of species 
Bot. Notiser, vol. 128, 1975

m u s t  b e  II. orthantha  T h . S o i l , o r  th e  
s a m e  n a m e  as a p p l i e d  at  the  s u b s p e c i f i c  
l e v e l  by W e i m a r c k  (1971).

Carex capillaris L. s sp .  fuscidula (V.
K r e c z .) L ö v e  & L ö v e , stat. & comb, nov., 
based on Carex fuscidula  V. K r e c z e t o - 
v i c i i , in E g o r o v a , in Novit. Syst. Plant. 
Vase. 1 (1964), p. 36.

We are of the opinion th a t  E g o r o v a  
(1964) errs  in identifying the sou thern  
Eurasia tic-North  American tail-grown 
race ssp. chlor ostachijs (St e v .) L ö v e , 
L ö v e  & R a y m o n d  with the typical Atlan- 
tic-Scandinavian ssp. capillaris, but she is 
evidently correct in distinguishing a 
low-grown arctic-alpine Eurasiatic-North 
American taxon from the typical boreal 
race, since the species was obviously de­
scribed from  the lowlands of Central Swe­
den to where neither ssp. chlorostachgs 
nor the arctic-alpine race reach. However, 
there is no reason to believe that the taxon 
in question is a species in its own right, 
as proposed by E g o r o v a  (I.e.) with re ­
ference to a nomen nudum on a map by 
K r e c z e t o v i c h  (1952), but we find  it rea­
sonable to accept it as a m ajo r  geograph­
ical race at the subspecific level.

Carex gaudichaudiana KUk. ssp. appen- 
diculata ( T r a u t v .  & M e y . )  L ö v e  & L ö v e ,  
stat. & comb, nov., based on Carex acuta 
L. var. appendi culata T r a u t v e t t e r  & 
M e y e r ,  Flor. Ochot. phaen. (1856), p. 100; 
Carex appendiculata  ( T r a u t v .  & M e y . )  
K ük.

We follow Koyama (1959) in regarding 
this no r thern  taxon as a race only of the 
Asiatic C. gaudichaudiana ; however, we 
find it w arran ted  to transfer it to a higher 
level, since we prefer to distinguish be­
tween varieties and subspecies on  basis 
of their geographical distinction.

Carex nigra (L.) R e i c h a r d

The cytological similarities between the 
morphologically distinguishable races of 
this widespread species are corrobora ted
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by the ease w ith w hich they hybridize 
w here they come together and also under 

[ experim ental conditions (L ö v e  & L ö v e , 
unpubl.). Therefore, we find  it reasonable 
to accept the th ree taxa reaching the A rc­
tic only at the subspecific level, to w hich 
two need to be transferred :

Carex nigra ssp .  juncea (F r .) L ö v e  & 
L ö v e , c o m b ,  n o w ,  b a s e d  o n  Carex vu l­
garis F r . * (ssp.) juncea  F r i e s , M a n t .  3 
(1842), p. 154.

Carex nigra ssp. wiluica (M e i n s h .) 
L ö v e  & L ö v e , c o m b ,  n o w ,  b a s e d  o n  

! Carex wiluica  M e i n s h a u s e n , in M a a k , 
Vilyusk. Okr. Yakutsk. 01)1. 2 (1886), p. 
308; Carex juncella  ( F r .) T h . F r . ssp. 
wiluica  (M e i n s h .) E g o r o v a .

Calla L.

The genus Calla is usually  regarded as 
a m onotypic taxon w ith a circum polar 
d istribution. However, cytotaxonom ical 
studies have revealed, th a t the no rth  and 
central E uropean  populations, w hich cer­
tainly belong to the species C. palustris 
L. s.str., are characterized by the octoploid 
chrom osom e num ber 2n =  72, w hereas the 
N orth American plant, w hich is sm aller 
in all respects, is a te trap lo id  w ith 2n =  36. 
It was accepted as a distinct species, bre­
vis, of the genus Provenzalia  by R a f i - 
n e s q u e  (1836) bu t la ter ignored. In Calla 
its correct nam e is:

Calla brevis ( R a f i n .) L ö v e  & L ö v e , 
comb, n o w ,  based o n  Provenzalia brevis  
R a f i n e s q u e , New FI.  N orth Amer. 2 
(1836), p. 67.

Populus tremula L. ssp. tremuloides
(M i c h x .) L ö v e  & L ö v e , stat. & comb, n o w ,  
based on Populus tremuloides  M i c h a u x , 
F lora  Bor. Amer. 2 (1803), p. 243.

The N orth Am erican taxon is m o rp h o ­
logically very close to the typical P. tre­
mula  L. of E urasia , from  w hich it d iffers 
technically in having regularly  crenate- 
serru la te  and usually  short acum inate 
leaves, as contrasted  to the irregu larly  
sinuate-dentate and  often obtuse leaves of

the E urasiatic plant. They are ecologically 
and  cytologically identical, and num erous 
experim ents have show n them  to be com ­
pletely interfertile. Therefore, we find  it 
illogical to reta in  them  as distinct species 
despite their large and distinct geograph­
ical areas, and propose the transfe r of the 
N orth American taxon to the subspecific 
level of the Eurasiatic species.

Salix brachycarpa N u t t . s s p .  fullerto- 
nensis (C. K. S c h n e i d e r ) L ö v e  & L ö v e , 
stat. & comb, now based on Salix fullerto- 
nensis C. K. S c h n e i d e r , in Bot. Gazette 66 
(1918), p. 340.

The northw estern  American species S. 
brachycarpa  is com posed of a few races, 
two of w hich reach the arctic regions. The 
m ore w idespread one of these, ssp. niph- 
oclada (R y d b .) A r g u s , is ra th e r com m on 
in arctic-alpine areas west of the H ud­
son’s Bay, but in the no rth ern  Keewatin 
D istrict it is replaced by the distinct but 
less w idespread and m ore p rostra te  and 
sm aller leaved S. fullertonensis, w hich 
certainly ought to be reduced to the sub- 
specific level.

Betula nana L. ssp. perfiljevii (V. V a s - 
s i l .) L ö v e  & L ö v e , stat. & comb, now, 
based on Betula Perfiljevii V. V a s s i i .j e v , 
in Novit. Syst. P lant. Vase. 3 (1966), p. 75.

Betula nana ssp. tundrarum ( P e r f .) 
L ö v e  & L ö v e , stat. & comb, now, based 
on Betala tundrarum  P e r f i l j e v , in Bot. 
Zhurn. 48 (1963), p. 1139.

In conform ity w ith the acceptance of 
the w idespread E urasia tic and North 
American races of Betula nana as the  ssp. 
nana  and  ssp. exilis (SUKACZ.) H u l t é n , 
we find it necessary to propose subspecific 
status also for the two m orphologically 
distinct races above, both of w hich were 
originally described as species of a restric ­
ted distribution.

Alnus incana (L.) M o e n c h  ssp. hirsuta 
(S p a c h ) L ö v e  & L ö v e , stat, now, based 
on Alnus incana var. hirsuta  S p a c h , in 
Ann. Sci. Nat., 2 sér., 15 (1841), p. 207.

We prefer to regard  the species Alnus 
incana as a com plex of d istinct m ajor 
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geographical races, since they have been 
show n by num erous experim enters to be 
easily hybridized w ithout a reduction  in 
fertility  and  w ith la ter generations giving 
clearly M endelian segregations. Of the four 
races reaching the Arctic, only the above 
one from  eastern Asia has not earlier been 
validated  as a subspecies.

Urtica gracilis A i t . s s p .  sondenii ( S i m m .) 
L ö v e  & L ö v e , comb, nov., based on Urtica 
dioica  L. var. Sondenii S i m m o n s , in  L i n d ­
m a n , S v e n s k  fanerogam fl. (1918), p. 208; 
Urtica dioica  s s p .  Sondenii ( S i m m .) H y l a n - 
d e r .

Recent cytological investigations have 
dem onstrated  beyond doubt th a t the 
m ainly eastern  N orth Am erican Urtica 
gracilis and its far n o rth e rn  outposts in 
Scandinavia differ not only m orphologi­
cally and  geographically from  the E ur- 
asiatic Urtica dioica L. and  from  o ther 
dioecious N orth A m erican species, bu t 
also cytologically, since the la tte r are d i­
stinctly te traploid  w ith  2n =  52 ch rom o­
somes (we have reason to doubt records 
of 2n =  48 because reexam ination  of the 
slides on which our own reports of this 
num ber were based showed th a t these 
num bers were caused by a too low esti­
m ation of crowded m etaphase plates), and 
the fo rm er taxon is diploid w ith 2n =  26. 
The diploid species reaches the Arctic only 
in n o rth e rn  Scandinavia and the ad jacent 
Soviet Union, w here it is rep resen ted  by 
the ahove race.

Runicx L.

W e see no reason to re ta in  the genus 
R um ex  in its trad itionally  very collective 
sense, and  so accept for the dioecious 
arctic p lants the generic nam es Acetosella  
F o u r r . and  Acetosa  M i l l . Only the fo l­
lowing recently  described species need to 
be transfe rred  to these genera, since valid 
com binations are available for the other 
taxa of the north lands:

Acetosella beringensis ( J u r t s e v  & P e t ­
r o v s k y ) L ö v e  & L ö v e , comb, nov., based
Bot. N otiser, vol. 128, 1975

on R um ex beringensis J u r t s e v  & P e t ­
r o v s k y ,  in Y u r t s e v ,  S y t i n  & S e k r e -  

t a r e v a ,  in Bot. Zhurn. 58 (1973), p. 1745 
(note).

Acetosella krausei ( J u r t s e v  & P e t r o v ­
s k y )  L ö v e  & L ö v e ,  comb, nov., based on 
R um ex Krausei J u r t s e v  & P e t r o v s k y ,  in 
Y u r t s e v ,  S y t i n  & S e k r e t ä r e  v a ,  in Bot. 
Zhurn. 58 (1973), p. 1745.

Aeetosa oblongifolia ( T o l m .) L ö v e  & 

L ö v e , comb, nov., based on R um ex ob- 
longifolius T o l m a c h e v , in Arkt. F lo ra  
SSSR 5 (1966), p. 154.

Kocnigia hndacii L ö v e  & L ö v e , spec, 
nov., based on Koenigia islandica  L. var. 
arctica H a i i a c , in S tudia Bot. Cechica 5 
(1942), p. 3.

This sm all diploid taxon is apparen tly  
an  Asiatic p lan t tha t reaches Svalbard. It 
is distinguished from  typical and  te tra ­
ploid K. islandica  by being diploid and 
having sm aller flowers and sm aller achenes 
bu t since this is a m odifiable character 
requiring  com pletely ripe seeds for secure 
identification, o ther less m odifiable charac­
ters need to be searched for. W hen com ­
pared  under controlled experim ental con­
ditions, the floral and fru it size differences 
are always reliable, and then  the diploid 
also ripens its seeds significantly  earlier 
than  the tetraploid. Both species seem to 
he alm ost obligately autogam ous and hy ­
bridization rare ly  succeeds even under 
controlled conditions because of the d iffi­
culties of em asculating the flow ers. H ow ­
ever, triploids derived from  pollinations j 

of the te trap lo id  by pollen from  the d i­
ploid were found to have a ra th e r  high 
frequency of trivalents at meiosis, perhaps 
indicating an  autoploid origin of the  te tra ­
ploid species ( L ö v e  & L ö v e ,  unpubh).

Polygonum  L.

It is our opinion based on long-tim e 
studies of various features of num erous 
taxa belonging to this very collective genus, 
tha t it ought to he divided in to  m ore
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clearly  defined genera, as proposed by 
m any previous au tho rs though generally  
ignored by au tho rs  of m anuals. Cytolog- 
icallv, this is well substantiated  by v aria ­
tions in chrom osom e m orphology and by 
the occurrence of at least three basic ch ro ­
mosome num bers th a t coincide w ith the 
m orphological characters that have been 
used to define the restric ted  genera. Follow ­
ing th is view, Polygonum  is restricted to the 
annual groups belonging to the section or 
suhgenus Avicularia, w hereas other genera 
represen ted  in the Arctic are Bistorta  
S c o p , (not M i l l , as inadvertently  given 
by L ö v e  & L ö v e , 1975 a), Persicaria M i l l ., 
Aconogonon  R c h b . and  Fallopia A d a n s .

According to H u l t é n  (1968), w ho does 
not subdivide the collective genus, the 
no rthern  Pacific populations of the wide 
taxon P. bistorta L. all belong to the ssp. 
p lum osum  ( S m a l l ) H u l t é n , w hich then 
includes the ssp. ellipticum  ( W i l l d .) P e t ­
r o v s k y . R ecent cvtological evidence, how ­
ever, casts a doubt on this conclusion, 
since the fo rm er apparen tly  strictlj' Am er­
ican taxon has been found to he hexaploid 
w ith 2n =  72 chrom osom es, w hereas the 
la tte r eastern  Asiatic and Alaskan p lan t 
is a te trap lo id  w ith 2n =  48 chrom osom es, 
as is also the typical race of the species. 
Therefore, we accept the latter as a sub­
species of the E urasia tic  species in the 
genus Bistorta  and the form er as a species 
in its own right, B. plumosa  ( S m a l l ) 
G r e e n e  (not L ö v e  & L ö v e  as in L ö v e  & 

L ö v e  1 9 7 5  a). Likewise, the genus Aco­
nogonon is represen ted  in the Arctic by 
some species, only one of which requires 
a transfer.

Bistorta major S .  F .  G r a y  s s p .  elliptica  
( W i l l d . )  L ö v e  & L ö v e ,  comb, nov., based 
on Polygonum ellipticum  W lL L D E N O W  e x  

S p r e n g e l ,  S y s t .  veget, ed. 16, 2 (1825), 
p. 253; Polygonum bistorta L. ssp. ellip­
ticum  ( W i l l d . )  P e t r o v s k y .

Aconogonon laxm annii ( L e p e c i i . )  L ö v e  

& L ö v e ,  comb, nov., based on Polygonum  
Laxmannii  L e p e c h i n ,  Nova Acta Petrop. 
10 (1797), p. 414.

Dichodon ( B a r t l . )  R c h b .

The genus Dichodon, as recently  re- 
susciated by I k o n n i k o v  (1973) to accom ­
odate the species Cerastium dubium  ( B a s t .) 
O . S c h w a r z  and C. cerastoides (L.) B r i t ­
t o n  and their close relatives, w hich re­
present the sections Dichodon  and Peren­
nia I k o n n . respectively, ought also to in ­
clude the section Strephodon  S e r . of the 
collective genus Cerastium, as show n by 
observations m ade by S ö l l n e r  (1954). 
Both groups are m orphologically related  
and arc characterized by the same rare 
basic chrom osom e num ber x =  19, as con­
trasted to x =  9 of Cerastium proper. This 
conclusion requires the following transfers:

Dichodon sect. Strephodon ( S e r i n g e )  

L ö v e  & L ö v e ,  coml). nov., based  on 
Cerastium sect. Strephodon  S e r i n g e ,  in 
DC. P rodr. 1 (1824), p. 414.

Dichodon chlorifolium  ( F i s c h .  & M e y . )  

L ö v e  & L ö v e ,  comb, nov., based on 
Cerastium chlorifolium  F i s c h e r  & M e y e r ,  

in Index IV Sem. Hort. Petrop. (1837), 
p. 34.

Dichodon dahuricum ( F i s c h . )  L ö v e  & 

L ö v e ,  comb, nov., based on Cerastium 
dahuricum  F i s c h e r  ex S p r e n g e l ,  PI. 
m inus cognit. Pug. II (1815), p. 65.

Dichodon maximum (L.) L ö v e  & L ö v e ,  

comb, nov., based on Cerastium m axim um  
L i n n a e u s ,  Spec, plant. (1753), p. 439.

Dichodon pcrfoliatuni (L.) L ö v e  & 
L ö v e ,  comb, nov., based on Cerastium  
per foliatum  L i n n a e u s ,  Spec, plant. (1753), 
p. 437.

Sagina L.

Although some botanists of the last cen­
tury  had shown that the collective genus 
Sagina could be divided into at least three 
m ore homogeneous genera on basis of 
floral and fru it characters, this advise has 
not been heeded by later au thors, p ro ­
bably because other technical characters 
for th is^sep ara tio n  are som ew hat con­
fusing. Since recent cvtological evidence, 
however, shows that these th ree  groups 
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differ also drastically in their basic chro­
mosome numbers and chromosome m or­
phology, there is a reason now to accept 
these opinions. In tha t case, the annual 
boreal species are assigned to the genus 
Saginella K o c h , s.str. which is charac­
terized by Ihc basic num ber x =  6 and typi­
fied by S. apetalci A r d . The boreal and 
arctic-alpine group of perennial species 
similar to S. nodosa  L. are classified as 
representing the genus Spergella R c h b ., 
s.str. which has the basic num ber  x =  7, 
but the perennial S. procumbens  L. and its 
relatives are retained in the genus Sagina 
L., s.str. which is cytologically charac­
terized by the basic num ber  x 11. The 
acceptance of this division requires the 
transfer of two arctic-alpine species to 
the genus Spergella:

Spergella caespitosa (J. V a h l ) L ö v e  & 
L ö v e , comb, now, based on Arenaria 
caespitosa J. V a h l , in F lo ra  danica, fasc. 
39 (1840), tab. 2389; Sagina caespitosa 
(J. V a i i l ) L g e .

Spergella intermedia ( F e n z l ) L ö v e  & 
L ö v e , c o m b ,  n o w ,  b a s e d  o n  Sagina inter­
media  F e n z l , in  L e d e b o u r , F l o r a  r o s s .  I 
(1842), p. 339.

Minuartia L.

The redefinition of the strictly Mediter­
ranean genus Minuartia  L. by H i e r n  
(1899), which made it possible to accom ­
odate within its limits even arctic species, 
certainly was caused by a m isunder­
standing of considerable magnitude, a l­
though later authors and even two m ono­
graphers ( M a t t f e l d  1921, 1922; M c N e i l l  
1962) seem to have accepted this without 
hesitation. The group so widely defined is 
highly unnatura l from  w hatever modern 
point of view it is looked upon, as shown 
most clearly be the apparen t difficulties 
experienced by M c N e i l l  (I.e.) in dividing 
it into subgenera, sections and even sub­
sections and series some of which are not 
only morphologically heterogeneous but 
also characterized by distinct basic ch ro ­
mosome numbers and by karyomorpho- 
B ot. N o tiser, vol. 128, 1975

logy different f rom  that of their sup­
posedly closest relatives. Minuartia  s.str. 
is known to have the basic number x =  15, 
whereas other groups within the collec­
tive genus have been reported to have 
basic num bers  as variable as x =  8, 9, 10, 
11, 12, 13, and 23. We have had the op­
portunity  to make cytotaxonomical studies, 
still m ainly unpublished, of considerable 
living and  herbarium  material of num er­
ous species from arctic and boreal regions 
in Eurasia  and North America and also 
of populations from the Mediterranean and 
the southwestern Asiatic area of the collec­
tive genus. These studies, which also in­
clude detailed observations on pollen and 
seed coat morphology, have convinced us 
tha t this unnatura l  assemblage needs to 
be divided into groups that better fit the 
modern biological definition of a genus. 
Therefore, in the Cytotaxonomical Atlas 
of the Arctic F lora (L ö v e  & L ö v e  1975 a) 
we have resusciated some long ignored 
but well-defined and more restricted ge­
nera that are represented in the tundra 
of the northlands, and proposed  new 
names for a couple of groups for which 
valid names at that level were not avail­
able.

One of the most distinct groups within 
this unnatu ra l  assemblage is the section 
Uninervicie which in its strict sense in­
cludes a single species with two races that 
are distributed from southern Greenland 
to the mountains of Tennessee, w ith  some 
outposts in South America. Since the taxon 
has not previously received recognition as 
a genus, we are pleased to be able to name 
it in honour  of A. F r l in g  P o r s i l d , the 
most outstanding Canadian specialist on 
arctic plants who received his basic t ra in ­
ing in Greenland.

Another well-defined group requiring 
a new nam e at the generic level is nam ed 
in honour of J o h a n n e s  and D a g n y  T a n d e  
L i d  of Oslo, he an ardent s tudent of arc- 
tic-alpine plants and the au tho r  of arctic 
floras and  of the best recent m a n u a l  of 
Scandinavian plants, and  she the most
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o u t s t a n d i n g  i l lu s t r a to r  o f  a r c t ic  a n d  b o r e a l  
a n d  e v e n  s u b t r o p i c a l  p l a n t s .

A d d i t io n a l  a n d  r e v i v e d  g e n e r a  o f  th i s  
c o m p l e x  t h a t  r e a c h  a r c t i c  l a n d s  a r e  A l­
si nan the  ( F e n z l )  R c h b . ,  Neumayerci  R c h b . ,  
T ry p h a n e  ( F e n z l )  R c h b .  a n d  W ierzb ick ia  
R c h b . ,  w h e r e a s  th e  b u l k  o f  g e n e r a  in  n e e d  
o f  r e s e p a r a t io n  f r o m  th is  c o n f u s e d  c o m ­
p l e x  are  d i s t r ib u te d  in m o r e  s o u t h e r n

m o u n ta in s  of the  b o rea l zone. In s tead  of 
fu rn ish in g  exact an d  d e ta iled  descrip tions 
of each  o f the  a rc tic  genera, w e p rovide 
below  a key fo r th e ir  id en tif ica tion , w h ich  
w e h av e  lifted  ou t of the good co m p re ­
hensive  key hy M c N e i l l  (1962), fo llow ed 
by  v a lid a tio n s  o f the new  tax a  of various 
ra n k s  re q u ire d  fo r som e of the a rc tic  
p o p u la tio n s .

1 Annual or biennial herbs; petals more or less emarginate, twice as long as the calyx; 
sepals obscurely or reticulately nerved, erect a t anthesis; leaves one-nerved (or almost 
three-nerved), slender or ra ther fleshy; seeds obscurely tuberculate to tuberculate, some­
times echinate ............................................................................................................  Porsildia, x =  l()

1 Suffruticose or herbaceous perennials; petals entire, very rarely shortly emarginate . . 2
2 Sepals rounded to obtuse at apex, linear; calyx cylindrical; sterile shoots gradually 

passing into flowering shoots, rarely  flowering shoots distinct and then bearing large 
fascicles; leaves fleshy, rarely  ra ther rigid, traversed by one more or less prom inent 
nerve ..........................................................................................................................................................  3

2 Sepats acute or acuminate, rarely  obtuse and then ovate; calyx ovoid or urceolate; 
leaves of the sterile rosettes closely fasciculate, or even spreading, slender ...................  4

3 Leaves flat, lanceolate or linear-lanceolate; entire leaf, or the margin near the base,
setose, bearing long acute hairs; seeds w ith a fim briate crest on the dorsal r i d g e ...............
  Wierzbickia, x =  23

3 Leaves linear-subulate, the m argin near the base more or less scabrid with short and 
obtuse hairs, rarely  glabrous; seeds obscurely reticulate to obscurely tuberculate all 
over   India, x= 13

4 Petals shorter than sepals; sepals erect at anthesis; leaves one-nerved; seeds obscurely 
tuberculate; perennial herbs w ith elongate pedicels ...............................  Alsinanthe, x= 15

4 Petals longer than  sepals, or if shorter, then sepals spreading at anthesis; plant peren­
nial; sepals 3—5(-—9) -nerved w ith a ra ther narrow  m em branous or scarious margin; 
calyx not hardened at the base .......................................................................................................  5

5 Sepals 5— 7(—9)-nerved, rarely  3-nerved and then the seeds are fim briate; leaves 
linear-subulate or setaceous; sepals spreading at anthesis; seeds obscurely tuberculate 
or m uricate ................................................................................................................  Tryphane, x= 12

5 Sepals 3-nerved, acuminate, erect a t anthesis; petals obovate or oblong, gradually n a r­
rowing to the base, 1.5—2 times as long as sepals; seeds obscurely tuberculate and 
sometimes echinate ...............................................................................................  Neumayera, x =  13

A lsinanthe ross ii (R. B n.)  L ö v e  & L ö v e ,  
com b, now , b a se d  on Arenaria  Rossii  R. 
B r o w n ,  in R i c h a r d s o n ,  in F r a n k l i n ,  
N arr. Jo u rn . P o la r  Sea, A pp. V II (1823), 
j). 738; M inuartia  Rossii (R. Bit .)  G r a e b -  
NER, s .s tr .; M inuartia  R o lf i i  N a n n f .

A lsinanthe elegans (C h a m .  & S c h l e c h t . )  
L ö v e  & L ö v e ,  com b, now , b a sed  on A re­
naria elegans  C h a m i s s o  & S c h l e c i i t e n -  
d a l ,  in  L in n aea  1 (1826), p. 57; M inuartia  
elegans (C h am . & S c h l e c h t . )  S c h i s c h k i n .

P orsild ia  L ö v e  & L ö v e ,  gen. nov.

B ased on A ls in e  12 U ninerv iae  F e n z l ,  
in  E n d l i c h e r ,  Gen. p lan t. (1840), p. 9 6 5 ;

M inuartia  sect. Uninerviae  ( F e n z l )  M a t t -  
f e l d ,  in Bot. Ja h rb . 57, Beih. 126 (1921), 
p. 28, p. p., exci. M. nn if lora  ( W a l t . )  
M a t t f .  T ype species: Porsildia groenlan-  
dica  ( R e t z . )  L ö v e  & L ö v e .

P orsild ia  groenlandica ( R e t z . )  L ö v e  & 
L ö v e ,  com b, nov., b ased  on Stellaria groen­
landica  R e t z i u s ,  F lo ra  Scand. P ro d r . ed. 
2 (1795), p. 107; M inuartia  groenlandica  
( R e t z . )  O s t e n f .

P orsild ia  groenlandica ssp. glabra 
( M i c h x . )  L ö v e  & L ö v e ,  com b, nov., based  
on Arenaria  glabra  M i c i i a u x ,  F lo ra  Bor. 
A m er. 1 (1803), p. 274; M inuartia  groen­
landica  ssp. glabra  (M ic h x . )  L ö v e  & L ö v e .
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Lidia L ö v e  & L ö v e ,  g e n .  n o v .

Rased on Mimiortia  sect. Spectabilis 
series Bi florae M a t t f e l d , in Feddes 
Repert., Beih. 15 (1922), p. 182, diagn. in 
clavae. Type species: Lidia biflora  (L.) 
L ö v e  & L ö v e .

Lidia arctiea (S t e v . )  L ö v e  & L ö v e ,  
com b, nov.,  ba sed  on Arenaria arctica 
S t e v e n ,  ex S é r i n g e ,  in  DC. Prodr.  1 
(1824) ,  p. 104; Minuartia arctica (S t e v . )  
A. & Gr.

Lidia biflora (L.) L ö v e  & L ö v e ,  comb, 
n o v ., b a s e d  on Stellaria biflora  L in n a e u s ,  
Spec, plant. (1753), p. 422; Minuartia bi­
flora  (L.) SciiiNZ & T h e l l .

Lidia obtusiloba ( R y d b . )  L ö v e  & L o v e ,  

comb, nov., based on Alsinopsis obtusiloba  
R y d b e r g ,  in Bull. T orrey  Bot. Club 33 
(1906), p. 132; Minuartia obtusiloba 
( R y d b . )  H o u s e .

Lidia yukonensis ( H u l t é n )  L ö v e  & 
L ö v e ,  com b, nov.,  b ased  o n  Minuartia  
yukonensis  H u l t é n ,  in Arkiv f. Bot.  II, 7 
(1967), p. 52.

Gastrolychnis R c h b .

The arctic-alpine herm aphrod itic  taxa 
tha t trad itionally  have been trea ted  as a 
section of either the otherw ise dioecious 
genus Melandrium  R o e h l . or of the  then 
m uch too inclusive genus Silene L. are 
m ore appropria te ly  included in the well- 
defined genus Gastrolychnis (TOLM ACHEV&  

K o z h a n c h i k o v , in T o l m a c h e v  1971), a 
p rocedure based on m orphological d istinc­
tions b u t strongly supported  by cvtological 
observations of the behavior of haplom es 
and of genomic relationships in the Cary- 
ophyllaceae ( L ö v e  & L ö v e , unpubl.). 
Most of the arctic taxa have already  been 
tran sfe rred  to this genus by previous 
au thors, bu t new com binations are needed 
for the following:

Gastrolychnis apetala (L .)  T o l m .  & 

K o zh .  ssp. arctica (Fr.)  L ö v e  & L ö v e ,  
com b, nov . ,  based  on Wahlbergella apetala 
(L.) F r .  ß arctica T h. M. F r i e s ,  in Öfvers.  
V etensk .-A kad. F örh a n d l .  2 (1869) ,  p. 133;
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Melandrium apetalum  (L.) F e n z l  ssp. 
arcticum  ( F r .) H u l t é n .

This race is endemic in Svalbard. 
Gastrolychnis apetala ssp. uralcnsis 

( R u p r . )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Gastrolychnis uralense R u p r e c h t ,  

in Beitr. Pflanzenk. Russ. Reiches 7 (1850), 
p. 30; Silene uralensis ( R u p r . )  B o c q u e t  
ssp. apetala (L.) B o c q u e t .

This circum polar arctic-subarctic race 
is frequently  confused w ith  the endemic 
Svalbard race above, even by H u l t é n  

(1968, 1971).
Gastrolychnis involucrata ( C h a m .  & 

S c h l e c h t . )  L ö v e  & L ö v e ,  comb, nov., 
based on Lychnis apetala L. y involucrata  
C h a m i s s o  & S c h l e c h t e n d a l ,  in Linnaea 
1 (1826), p. 43; Melandrium involucratum  
( C h a m .  & S c h l e c h t . )  R o h r b a c h ;  Melan­
drium furcatum  ( R a f i n . )  H a d a c .

Gastrolychnis involucrata ssp. elatior 
( R e g e l )  L ö v e  & L ö v e ,  comb, nov., based 
on Lychnis apetala var. elatior R e g e l ,  

in Bull. Soc. Imp. Nat. Moscou 34 (1862), 
p. p. emend. M a g u i r e ,  in R hodora 52 
(1950), p. 240; Silene involucrata  ssp. ela­
tior ( R e g e l )  B o c q u e t .

Gastrolychnis involucrata ssp. tenella 
( T o l m . )  L ö v e  & L ö v e ,  comb, nov., based 
on Melandrium aff ine J. V a h l  ssp. tenel­
lum  T o l m a c h e v ,  in Trud. Bot. Muz. 24 
(1932), p. 258.

Gastrolychnis soezaviana ( S c h i s c h k i n )  

T o l m .  & K o z h .  ssp. ogilviensis (A. E. 
P o r s i l d )  L ö v e  & L ö v e ,  comb, nov., based 
on Melandrium apetalum  ssp. ogilviense 
A. E. P o r s i l d ,  in Natl. Mus. Canada Publ. 
Bot. 4 (1975), p. 23.

Gastrolychnis triflora (R. B r . )  T o l m .  & 

K o z h .  ssp. dawsonii ( R o b i n s . )  L ö v e  & 

L ö v e ,  stat. & comb, nov., based on L ych ­
nis triflora  R. B i l  var. Dawsonii  R o b i n ­
s o n ,  in Proc. Amer. Acad. 28 (1893), p. 
149.

Caltha minor M i l l .  ssp. arctica (R.
B r .) L ö v e  & L ö v e , comb, nov., based on 
Caltha arctica R. Bit., Suppl. to App.
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P a r r y ’s V o y .  (1 8 2 4 ) ,  p. 2 6 5 ;  Calthci 
palustris  L. ssp. arctica (R. B r . )  H u l t é n .

M orphological and cytological observa­
tions support the opinion tha t the con­
ventionally circum scribed collective spe­
cies Caltha palustris actually  consists of 
two good species, the L innaean  taxon  in 
its strict sense, which is a p lan t w ith 
2n =  32 chrom osom es tha t is represen ted  
in the E urasia tic  Arctic by its ssp. palus­
tris and in northw estern  Alaska by ssp. 
asarifolia  (DC.) H u l t é n , and a circum - 
po lar arctic-alpine polyploid w ith a vari­
able chrom osom e num ber and perhaps 
partially  apom ictic. The la tte r has been 
given various nam es in the past, hut the 
oldest valid nam e for the com plex is C. 
m inor  M i l l ., described from  the m oun­
tains of Great Britain, of w hich the arctic 
populations are best regarded as a single 
subspecies.

Anemone drummondii S. W a t s .  s sp .  
heimburgeri L ö v e  & L ö v e ,  s u b s p .  n o v .

Stylus filiformis, firmus, non fragilis. Holo- 
typus: Alaska, Bering Strait district, Teller; 
Walpole 2006 in U.S. Natl. Herb.

This no rth ern  race has a filifo rm  style, 
w hich is firm  and not fragile as in the 
m ore southern  typical subspecies. We 
nam e it in honour of Dr M a r g a r e t  H e i m - 
RURGER, an arden t student of the cytology 
of the collective genus Anem one.

Jurtsevia L ö v e  & L ö v e ,  g e n .  n o v .

Based o n  Anem one  suhgenus Rivulari- 
dium  J a n c z e w s k i ,  in  Revue g é n .  B o t .  4 
( 1 8 9 2 ) ,  p. 2 5 1 .

As pointed out by H o l u b  (1 9 7 3 ) ,  the 
genus Anem one  L. represen ts an unnatu ra l 
aggregate even after the exclusion of Hepa­
tica M i l l ,  and  Pulsatilla  M i l l .  He defined 
it strictly  as typified by A. coronaria  L. 
(x =  8) and  separated  from  it the genera 
Anem onoides  M i l l .  (x  =  8, 15) and  Ane- 
m onastrum  H o l u b  ( x  =  7). Even after this 
division, the genus rem ains heterogeneous, 
since the m onotypic subgenus Rivulari- 
dium  also deviates strongly in  its m or­

phology from  the so restric ted  genus A ne­
m one  from  w hich it also differs in having 
the basic chrom osom e num ber x =  7 and 
m orphologically d ifferen t chrom osom es. 
Its only species is a slender and  delicate 
p lan t w ith filiform  rootstocks, sparing ly  
h irsu te  with deeply five-cleft basal leaves 
and three-clelt involucral leaves; the stem s 
are 5— 20 cm high and te rm inate in a 
solitary  yellow flow er w hich is 1.5— 2.5 
cm in diam eter; the fru iting  heads are sub- 
globose, and the achenes are few and 
globose w ith a slender and hooked beak. 
It is a p lan t of snow-patches, herb-slopes 
and  moist willow thickets in the north- 
lands from  Taim yr to Greenland, although 
L ö v e  & L ö v e  (1975 a) m istakingly om it­
ted the num ber 6 (Greenland) from  the 
in form ation  of its la titud inal d istribution . 
W e find  it logical to propose the sep ara ­
tion of this taxon under a new generic 
nam e. As such, we nam e it in hon o u r of 
the very active arctic botanist, B o r i s  
Y u r t s e v , and transfer its only species to 
the new genus:

Jurtsevia richardsonii ( H o o k . )  L ö v e  & 
L ö v e ,  comb, nov., based on A nem one  
Richardsonii W. J. H o o k e r ,  F lo ra  Bor. 
Amer. 1 (1829), p. 6.

Anemonastrum narcissiflorum  (L.) H o l u b

The w idespread and variable species 
A nem onastrum  narcissiflorum  com prises 
sixteen m ajor geographical races ( H u l t é n  
1944; L ö v e , L ö v e  & K a p o o r  1971) of 
w hich three w ith outposts in the Arctic 
are in need of transfer:

Anemonastrum narcissiflorum  ssp. cal- 
vum (Juz .)  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Anem one calva J u z e p c z u k ,  
in F lo ra  SSSR 7 (1937), p. 279.

Anemonastrum narcissiflorum  ssp. sibi- 
ricum (L.) L ö v e  & L ö v e ,  comb, nov., 
based on Anem one sibirica L., Spec, p lant. 
(1753), p. 541; Anem one narcissiflora  L. 
ssp. sibirica (L.) H u l t é n .

Anemonastrum narcissiflorum  ssp. vil­
losissim um  (DC.) L ö v e  & L ö v e ,  com b, 
nov., based on Anem one narcissiflora  ç 
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villosissima D e  Ca n d o l l e , Prodr. 1 (1828), 
p. 22; Anemone narcissi flora ssp. villosis­
sima  (DC.) H u l t é n .

Atragene alpina L. s sp .  sibiriea (L.) 
L ö v e  & L ö v e ,  c o m b ,  n o v . ,  b a s e d  o n  Atra­
gene sibiriea L i n n a e u s ,  S p e c ,  p la n t .  (1753), 
p. 343 ;  Clematis alpina  (L.) M i l l . ssp .  
sibiriea (L.) O. K u n t z e .

Since we favour the splitting of the 
genus Clematis L. of recent au thors but 
agree that the Eurasiatic taxon reaching 
the Arctic is only a race of the alpine spe­
cies, this transfe r is required.

Batrachium circinatum ( S i b t h . )  S p a c h  
ssp. subrigidum ( D r e w )  L ö v e  & L ö v e ,  
stat. & comb, nov., based on Ranunculus  
subrigidus D r e w ,  in R hodora 38 (1936), 
p. 39.

This is the vicarious N orth Am erican 
race of the E urasia tic species.

Beckwithia glacialis (L.) L ö v e  & L ö v e  
ssp. chamissonis ( S c h l e c h t . )  L ö v e  & 
L ö v e ,  comb, nov., based on Ranunculus  
C ha mi ss o ni s S C H LE c H T E ND a l  , A n im ad v. 
Ranunc. 1 (1819), p. 12; Ranunculus gla­
cialis L. ssp. Chamissonis (SCHLECHT.) 
H u l t é n .

W e agree w ith H u l t é n  (1944) th a t the 
arctic Pacific taxon is m ost appropria te ly  
regarded as a subspecies of the Atlantic 
arctic-alpine species, which, however, we 
place in a distinct genus of its own. T hat 
requires the present transfer.

Cyrtorbyncha cymbalaria ( P u r s h )  
B r i t t ,  ssp. alpina ( H o o k . )  L ö v e  & L ö v e ,  
comb. & stat. now, based on Ranunculus  
cymbalaria  P u r s h  var. alpina  W . .1. 
H o o k e r ,  F lo ra  Bor. Amer. 1 (1829), p. 11.

The representatives of the species in the 
w estern American m ountains and in the 
Arctic from  Alaska to G reenland clearly 
constitute a m ajor ra th e r than  a m inor 
geographical race.

Ranunculus hyperboreus R o t t b .  ssp. 
tricrenatus (R u p r . )  L ö v e  & L ö v e ,  stat .  
nov., based on Ranunculus hyperboreus  
var. tricrenatus R u p r e c i i t ,  in Beitr. Pflan- 
zenk. Russ. Reiches 2 (1845), p. 19.
B ot. N o tise r, vol. 128, 1975

This geographical race has been regard ­
ed as a varie ty  only as recently  as in the 
F lora A rctica USSR, although it certainly 
is no less distinct m orphologically and 
geographically  than are the generally ac­
cepted arc tic  races ssp. hyperboreus  and  
ssp. arnellii S c i i e u t z . Therefore its valida­
tion at this level.

Ranunculus acris L.

W e agree w ith O r l o v a  (1956) tha t in 
addition to the more w idespread and 
d istinct low -grow n race, ssp. pumilus  
(Wo) L ö v e  & L ö v e  of this species of the 
arctic regions, two m ore taxa of this com ­
plex in northw estern  E urasia  are w orthy 
of recognition, although we are of the 
opinion tha t the}' are m ore correctly  clas­
sified as subspecies than  as species. At 
that level the ir nam es are:

Ranunculus acris ssp. glabriusculus 
(R u p r . )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Ranunculus glabriusculus R u p ­
r e c h t ,  in Beitr. Pflanzenk. Russ. Reiches 
2 (1845), p. 19.

Ranunculus acris ssp. scandinavicus 
( O r l o v a )  L ö v e  & L ö v e ,  stat. & comb, 
now, based on Ranunculus scandinavicus  
O r l o v a ,  in F lo ra  Murm. Obi. 3 (1956), 
p. 288; Ranunculus silvaticus F r i e s ,  non 
T h u i l l i e r ;  Ranunculus acris ssp. stevenii 
a n d . scand., non A n d r z . ,  nec K o r s i i .

Papaver relictum ( L u n d s t r . )  N o r d h .  
ssp. hyperboreum ( N o r d h . )  L ö v e  & L ö v e ,  
comb, nov., based on Papaver radicatum  
R o t t b .  ssp. hyperboreum  N o r d h a g e n ,  in 
Bergens Mus. Årbok 1931, N aturv. rekke 
2, ]). 48; Papaver N ord liageni anum  A. LÖVE 
ss]). Nordhagenianum.

This is the no rthern  Scandinavian m ajor 
race of the 70-chromosome E urasia tic  spe­
cies of the genus.

Torularia (G o ss .)  O. E. S c h u l z

W e regard  it as advisable to accept the 
genus Torularia  as distinct from  Braga 
S t e r n b . & H o p p e  to avoid heterogeneity  
of the latter. W e also find it necessary to
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divide the collective species hum ilis  into 
units restric ted  by their m orphology and 
single chrom osom e num bers. So defined, 
the genus includes two species in the Arc­
tic, here validated:

Torularia arctica ( B ö c h e r ) L ö v e  & 
Lo v e , stat. & comb, nov., based on Toru­
laria hum ilis  (C. A. M e y .) O. E. S c h u l z  
ssp. arctica B ö c h e r , in Medd. om Grön­
land 147,7 (1950), p. 29.

Torularia richardsonii ( B y d r .) L ö v e  & 
L ö v e , comb, nov., based on Pilosellci 
Richardsonii R y d b e r g , in T orreya 7 
(1907), p. 159.

Boechera L ö v e  & L ö v e , g e n .  n o v .

Folia cantina integra, sagittata vel auri- 
cnlata, amplectia, inferiora dense stellato- 
pilosa. Corolla alba ab purpurea. Pedicelli 
maturescentes deflexi vel appressi. Semina 
alata.

Numerus basicus chromosomatum x =  7.
T y p u s  generis:  Boechera holboellii (H or-  

nem.) L ö v e  & L ö v e .

Cauline leaves entire, sagittate or auri- 
culate, clasping. Leaves of lower p a rt of 
stem densely covered w ith m inute stellate 
hairs. Corolla red-violet to white. Ripe 
fru iting  pedicels d istinctly  deflexed or op­
pressed to the  rachis. Seeds winged. Basic 
chrom osom e num ber x =  7.

This taxon, w hich traditionally  has been 
included in the then  very collective and 
heterogeneous genus Arabis L., is m or­
phologically as well as cytologically (x =  7 
versus x=^8) clearly distinct, especially 
when fru iting  specim ens are com pared. 
W e nam e it in honour of T y g e  W. B ö c h e r , 
an arctic bo tan ist of great reputation  who 
has studied this group in detail from  v ar­
ious points of view for several decades. 
The genus includes several species of 
boreal and  m ountainous areas in N orth 
America, of w hich the following occur in 
the Arctic:

Boechera divaricarpa (A. N e l s o n )  
L ö v e  & L ö v e ,  comb, nov., based on Arabis 
divaricarpa  A. N e l s o n ,  in Bot. Gazette 30 
(1900), p. 193.

Boechera druimnondii (A. G r a y ) L ö v e  
& L ö v e , comb, nov., based on Arabis 
D rum m ondii A. Gr a y , in Proc. Amer. 
Acad. 6 (1862), p. 187.

Boechera holboellii (H o r n e .m .)  L ö v e  & 
L ö v e ,  comb, nov., based on Arabis Hol­
boellii H o r n e m a n n ,  in F lo ra  danica, fasc. 
11 (1827), tab. 1879.

Boechera tenuis ( B ö c h e r ) L ö v e  & 
L ö v e , stat. & comb, nov., based on Arabis 
Holboellii var. tenuis B ö c h e r , in Svensk 
Bot. Tidskr. 48 (1954), p. 38.

Noccaea M o e n c h

The genus Thlaspi L. as treated  in re ­
cent m anuals is a heterogeneous group, 
and some of its socalled sections or sub­
genera are so distinct th a t their species 
never produce hybrids w ith those of other 
sections even under experim ental pressure. 
Since the explanation of this lack of 
crossability of at least the m orphologically 
well-defined section Pterotropis  DC. is 
connected w ith certain  features of the 
chrom osom es that indicate a profound hap- 
lomic distinction, the separation  of this 
section under the restricted  generic nam e 
Noccaea seems to be well w arranted. Two 
taxa reaching the arctic regions then re­
quire to be transfe rred  to this genus:

Noccaea cochleariform e (DC.) L ö v e  & 
L ö v e , comb, nov., based on Thlaspi coch­
leariforme D e  C a n d o l l e , Syst. nat. 2 
(1821), p. 381.

Noccaea montana (L.) F. K. M e y e r  ssp. 
arctica (A. E .  P o r s i l d ) L ö v e  & L ö v e , 
stat. & comb, nov., based on Thlaspi arc- 
ticum  A. E. P o r s i l d , in Sargentia 4 (1943), 
p. 40.

Cochleariopsis L ö v e  & L ö v e , gen. nov.
Plantae perennis humilis, 2—12 cm alta, 

multicaulis, rhizomate verticale, a basi ramosa 
et vix inflata, carnosa; caulibus saepius pro­
stratis, folia radicalia longe petiolata, ovala 
vel ovata, obtusa, basi rotundata vel reni- 
formi-cordata, post florationem mox emar- 
cida. Folia caulinaria rhomboideo-elliptica, 
integra vel subhastato-trilobata. Racemi flor­
entes densi, fructiferentes elongati. Flores
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minores; stylus brevissimus, pedicelli patuli, 
capsula subglobosa vel elliptico-ovalis, laevis 
vel obsolete venosa, 2—3-plo longior quam 
lata. Siculae globosae, ellipsoideae, obovatae 
vel ambitu angustatae.

Numerus basicus chromosomatum x —7.
Typus generis: Cochleariopsis groenlandica 

(L.) L ö v e  & L ö v e .

A low-growing perennial, 2— 12 cm high, 
the rhizom es vertical w ith m any stems, 
b ranched  at the base and slightly inflated, 
fleshy; the stems are often p rostra te ; the 
basal leaves have long petioles, and  are 
oval or ovate, obtuse, w ith a round  or 
ren iform -cordate base, w ithering soon after 
the flow ers have fallen off. The blades of 
the stem leaves are sho rte r th an  the pe t­
ioles, rhom boid-elliptic, entire or snb- 
hastate-trilobed. The racem es are densely 
covered w ith flowers and elongate when 
the fru its ripen. The flow ers are small, 
w ith  short styles, the pedicels spreading; 
the capsule is subglobose or elliptic-oval, 
veinless o r scarcely veined and 2— 3 times 
longer th an  broad. The silicules are glo­
bose, elliptic, obovate or in extrem e cases 
also narrow ed. Basic chrom osom e num ber 
x =  7.

The collective natu re  of the genus Coch­
learia L. as trad itionally  circum scribed 
has becom e evident th rough  intensive cyto- 
taxonom ical studies, w hich have show n 
tha t the taxon actually  consists of two 
m orphologically  and geographically d is­
tinct groups w hich also d iffer in their 
basic chrom osom e num bers and  chrom o­
some m orphology and never hybridize, 
w hereas crosses between taxa of each 
group are m ore easily produced and  also 
occur in nature. Since the L innaean  genus 
is typified by C. officinalis  L., the group 
w ith  x =  6 m ust be reta ined as Cochlearia 
s. str., w hereas we propose the new nam e 
Cochleariopsis for the arctic taxon with 
x =  7. The la tter includes only a single 
diploid species w ith th ree variable sub­
species, in contrast to several d istinct spe­
cies of a polyploid series of the restricted  
L innaean  genus. The following taxa need 
to be transfe rred  to the new genus:
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Cochleariopsis groenlandica (L.) L ö v e  

& L ö v e , comb, nov., based on Cochlearia 
groenlandica  L i n n a e u s , Spec, plant. (1753), 
p. 647.

Cochleariopsis groenlandica ssp. arctica 
S c h l e c h t .) L ö v e  & L ö v e , comb, nov., 
based on Cochlearia arctica S c h l e c h t e n - 
d a l , in DC. Reg. Veg. Syst. Nat. 2 (1821), 
p. 367; Cochlearia officinalis L. ssp. arc­
tica ( S c h l e c h t .) H u l t é n .

Cochleariopsis groenlandica ssp. ob- 
longifolia (DC.) L ö v e  & L ö v e , comb, nov., 
based on Cochlearia oblongifolia D e  C a n ­
d o l l e , Reg. Veg. Syst. Nat. 2 (1821), p. 
363; Cochlearia officinalis ssp. oblongi­
folia (DC.) H u l t é n .

Tolmaehevia L ö v e  & L ö v e , gen. nov.

Plantae perennis. Caudex crassus ramosus; 
caulibus plerumque paucis. Folia obovata, 
lanceolata vel oblonga ovata, approximata. 
Inflorescentia cymosa, densa, terminalis; 
flores polygami, pentameri raro tetrameri, 
purpureo-rosei vel viridi-purpurei vel flavi. 
Folliculi apocarpa.

Numerus basicus chromosomatum x =  9.
Typus generis: Tolmaehevia integrif oli-

(R a f i n .) L ö v e  & L ö v e .

P erennial plants. The rootstock is thick 
and b ranched ; I he stems are often few. 
The leaves are obovate-lanceolate or ob­
long-ovate, close together. The in flo res­
cences are a term inal and dense cyme. The 
flow ers are polygam ous, pentam erous or 
rare ly  tetram erous, purple-red or greenish- 
purp le  or yellow. The follicles are apo­
carpous. Basic chrom osom e num ber x =  9.

This w estern N orth American and  east­
ern Asiatic genus is biologically m ost 
clearly  distinguished from  Rhodiolci L .  by 
having polygam ous flowers and the basic 
chrom osom e num ber x =  9 as contrasted  to 
the dioecious character of the L innaean  
genus w ith its basic num ber x = l l .  Its 
polygam ous condition also separates it 
from  the arctic-alpine E urasiatic Kirpiczni-  
kovia  validated below and from  the ap ­
paren tly  m onotypic Rocky M ountain Cle- 
mentsia rhodantha  (A. G r a y ) R o s e , both 
of w hich have herm aphroditic flow ers and
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seem to be characterized by the basic 
chrom osom e num ber x —7. W e have the 
p leasure of nam ing this beau tifu l arctic- 
alpine genus in honour of A l e k s a n d r  I. 
T o l m a c h e v , the em inent m aster of R us­
sian arctic bo tany  and a longtim e friend. 
It includes the following three species:

Tolmachevia atropurpurea ( T u r c z . )  
L ö v e  & L ö v e ,  comb, nov., based on Sedum  
atropurpureum  T u r c z a n i n o v ,  in Bull. Soc. 
Mosc. 1 (1840), p. 13, 70.

Tolmachevia integrifolia ( R a f i n . )  L o v e  
& L ö v e ,  c o m b ,  n o v . ,  b a s e d  o n  Rhodiola  
integrifolia  R a f i n e s q u e ,  Atl. J o u r n .  1 
(1832), p. 146.

Tolmachevia krivochzhinii ( S i p l . )  L ö v e  
& L ö v e ,  comb, nov., based on Rhodiola  
Krivochzhinii S i p l i v i n s k y ,  in K r i v o c h -  
z h i n  & S i p l i v i n s k y ,  in Novit. Syst. P lant. 
Vase. 11 (1974), p. 313.

Kirpicznikovia L ö v e  & L ö v e ,  g e n .  n o v .

Based on Rhodiola  sect. Chamae-Rhodiola  
B o r i s s o v a , i n  Novit. Syst. P lant. Vase. 6  
(1969), p. 114.

Typus generis: Kirpicznikovia quadrifida  
( P a l l .) L ö v e  & L ö v e .

This genus of seven alpine species of 
w hich the single one reaching the Arctic 
is transfe rred  below, is distinguished by 
its herm aphrod itic  usually  pentam erous 
and  large white, red or rarely  yellow ish 
flow ers w ith the stam ens a ttached  to the 
u pper p a rt of the petals; it has a thick 
and branched  rootstock, the leaves are 
linear to oblong and  entire, and  the 
num erous stem s are short, clustered  and 
persistent. W e have the p leasure of nam ing 
it afte r our longtim e friend, M. E. K ir- 
p i c z n i k o v , w ho is a specialist on Asiatic 
p lan ts and one of the good con tribu to rs 
to tlie F lo ra  SSSR.

Kirpicznikovia quadrifida ( P a l l . )  L ö v e  
& L ö v e ,  com b, nov., based on Sedum  
quadrifidum  P a l l a s ,  Reise III, Anh. 
(1776), p. 730.

Saxifraga m onticola ( S m a l l )  L ö v e  & 
L ö v e ,  c o m b ,  n o v . ,  b a s e d  o n  Muscaria m o n ­

ticola S m a l l , in  N orth Amer. F lo ra  22  
(1905), p. 130.

This arctic eastern Asiatic and Cana­
dian taxon of the group related to S. caes- 
pitosa L. is apparen tly  a species in its own 
right, differing m orphologically, geograph­
ically and  cytologically from  I he circum - 
po lar decaploid com plex since it is only 
a hexaploid.

Alchemilla L.

It seems advisable to regard  the apom ic- 
tic microspecies of Alchemilla  th a t reach 
the arctic regions only as subspecies of 
the  species A. vulgaris L., since they are 
m orphologically and geographically com ­
parable to th a t category of o ther species, 
despite being obligately apom ictic. The 
following three taxa are then in need of 
being transferred  to tha t level:

Alchemilla vulgaris ssp. oxyodonta 
( B u s e r )  L ö v e  & L ö v e ,  comb, nov., based 
on Alchemilla acutidens B u s e r  ssp. oxg- 
odonta  B u s e r ,  in Bot. Not. 1906, p. 141.

Alchemilla vulgaris ssp. transpolaris 
(Juz.) L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Alchemilla transpolaris  J u z e p -  
c z u k ,  in Bot. Mat. 16 (1954), p. 179.

Alchemilla vulgaris ssp. vestita ( B u s e r )  
L ö v e  & L ö v e ,  stat. & comb, nov., based 
on Alchemilla filicaulis R i j s e r  var. vestita 
B u s e r ,  in Bull. Herb. Boissier 1 (1893), 
Appendix 2, p. 22.

Astragalus astragalinus ( H o o k . )  L ö v e  & 
L ö v e ,  comb, nov., based on Phaca astra- 
galina W . J. H o o k e r ,  Flora Bor. Amer. 
1 (1833), p. 145; Astragalus alpinus  L. ssp. 
alaskanus  H u l t é n .

This taxon was reduced to the subspeci­
fic level of A. alpinus  by H u l t é n  (1947), 
and two decades later, H u l t é n  (1968) 
claim ed tha t it and ssp. alpinus  “form  
in trogression”. This is clearly based on 
the same m isuse of this term  for m o r­
phological indications of alloploidy as by 
H u l t é n  (1956), since .4. alpinus  s. str. is 
a diploid plant, w hereas ssp. alaskanus  
is a te traploid  of w hich .4. alpinus  m ay 
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be one of the parental species. It is evi­
dent that the taxon is a species in its own 
right and so we transfer its nam e to that 
level.

Oxytropis taimyrensis (J u r t s e v ) L ö v e  
& L ö v e , s ta t .  & c o m h .  n o v . ,  b a s e d  o n  Oxy­
tropis arctica R. B r . s sp .  ta imyrensis  J u r t ­
s e v , in  B o t .  M at.  19 ( 1 9 5 9 ) ,  p . 2 3 9 .

Recent studies have shown tha t  this 
taxon is a n  octoploid plant with 2n =  64 
chromosomes, whereas 0 . arctica is a do- 
decaploid with 2n =  96 ,  thus indicating 
that their relationship m ay he more re ­
mote than originally surmised and their 
taxonomical level similar. Therefore this 
transfer to a higher level.

Callitriche anceps F e r n . s sp .  subanceps 
(V. P e t r .) L ö v e  & L ö v e , sta t .  & c o m b ,  
n o v . ,  b a s e d  o n  Callitriche subanceps  V. 
P e t r o v , in  Iz v e s t .  G la v n .  B o t .  S a d a  27  
( 1 9 2 8 ) ,  p. 3 5 9 .

The North American species C. anceps, 
which reaches from Greenland to Alaska 
in the American northlands, is represented 
in easternmost Asia by this m orphologi­
cally and cytologically very closely related 
vicarious taxon, which certainly is best 
regarded as a subspecies only.

Viola epipsiloides L ö v e  & L ö v e , nom. 
nov., based on Viola repens  T u r c z a n i n o v  
ex T r a u t v e t t e r  & M e y e r , in M i d d e n ­
d o r f , Reise Sibir. 1,2,2 (1856), p. 18; non 
Viola re pens  S c h w e i n i t z .

A new name is required for this species 
of the eastern Siberian and western  North  
American arctic-alpine regions, because 
of an  earlier homonym. It has frequently  
been wrongly identified with the Eurasiatic 
V. epipsila  L e d e r , to which it does not 
seem to be even remotely related.

Viola aduncoides L ö v e  & L ö v e , s p e c .  n o v .

P lanta  perenn is;  fo l ia  longi-pet io la ta ,  sub-  
coriacea, ovata, cordata ,  glabrata  vel  dense  
pubescentia ,  pilis brevis  (minus 0.2 m m  
longi) ; st ipulae  l ineari- lanceo latae ,  in tegrae  
vel sp inu los i-dentatae;  corolla  caerulea-pur-  
purea, 10— 15 m m  longa. Pro jec tura  in s t y l i 
capitata  g lobosa ,  1/10 vel m inus la t itudo  c a p i­
tis; capsu la  4— 5 m m  longa; sem ina  a trofusca .

N u m eru s  c h r o m o so m a tu m  2n =  40.

Holotypus: Canada, Manitoba, Arnes, mea­
dow along poplar shrub, May 5, 1953, Löve  & 
Löv e  5744 in Herb. Winnipeg.

A perennial plant w ith long-petioled 
leaves which are subcoriaceous, ovate and 
cordate, glabrous or densely pubescent 
with short hairs (less than  0.2 m m  long) ; 
the stipules are linear-lanceolate, entire or 
spinulose-dentate; the corolla is bluish- 
purple, 10— 15 mm long. Projections on 
the upper tip of the style head are short- 
conical or globular, 1/10 or less the width 
of the style head. The capsule is 4— 5 mm 
long; the seeds are dark-brown. Chromo­
some num ber  2n =  40.

This North American tetraploid species 
differs from the diploid V. adunca  S m . 
in the form  of the style head and the 
smaller projections on it, the shorter hairs 
on the leaves when present, and  in the 
size of guard cells and pollen grains 
(M c P h e r s o n  & P a c k e r  1974). It is a p ­
parently an hemiautoploid (L ö v e  & L ö v e  
1975 c) of Pleistocene origin as indicated 
by its distribution.

Chamerion platyphyllum ( D a n i e l s )  
L ö v e  & L ö v e ,  comb, nov., based on Cha- 
maenerion angusti folium  (L.) Sc.op. var. 
p latyphyllum  D a n i e l s ,  in Univ. Missouri 
Studies 2,2 (1911), p. 176; Epilobium  Dani- 
elsii D. L ö v e ;  Epilobium p la typhyl lum  
( D a n i e l s )  L ö v e  & L ö v e ,  non R y d r e r g .

This is the octoploid (2n =  72) taxon of 
southern boreal mountains in eastern 
North America and the western mountains 
north  to the arctic regions, corresponding 
to the more northern c ircumpolar C, 
angusti fo lium  (L.) H o l u r . For a discus­
sion of the genus and its correct name, 
see H o l u r  (1972).

Chamerion subdentatum (R y d r .) L ö v e  
& L ö v e , comb, nov., based on Chamae- 
nerion subdentatum  R y d r e r g , F lo ra  Rocky 
Mts. (1917), p. 585.

This is the tetraploid mainly western 
American and eastern Asiatic alpine taxon 
corresponding to the more widespread 
and almost circumpolar arctic-alpine octo­
ploid species C. latifolium  (L.)  I Io l u r .
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Coelopleurum lucidum  (L.) F e r n .  ssp.  
gmclinii (DC.) L ö v e  & L ö v e ,  stat. & com b,  
nov.,  b a sed  on  Archangelica Gmelinii D e  
C a n d o l l e ,  P rod r.  4 (1830),  p. 170.

This is the Pacific  vicarious race of the 
otherw ise eastern  N orth Am erican species.

Conioselinum chinense (L.) B.S.P. ssp. 
boreale ( S c h i s c h k i n ) L ö v e  & L ö v e ,  stat. 
& com b, nov.,  b ased  on Conioselinum  
boreale S c h i s c h k i n , in F lo ra  SSSR 17 
(1951),  p. 351.

This race is the northernm ost E uropean 
population  of th is w idespread and  variable 
species.

Pyrola rotundifolia L. ssp. asarifolia
(M i c h x .) L ö v e  & L ö v e , stat. & comb, 
nov., based on P yrola asarifolia M i c h a u x , 
F lora  Bor. Amer. 1 (1803), p. 251.

This v icarious race replaces the ssp. 
ro tundifo lia  of E u rasia  in N orth America 
and eastern  Asia.

Douglasia L i n d l .

This genus is closely related to Andro- 
sace L. fro m  w hich it differs in some tech­
nical characters and  also in the apparen tly  
derived basic chrom osom e num ber x =  19 
as contrasted  to x =  10. It is represented  
in the n o rth lan d s by three taxa w hich we 
believe are m ost adequately classified as 
subspecies only of the species 1). ochotensis 
( W i l l d .) H u l t é n . T w o  of these are here 
transfe rred  to this level:

Douglasia ochotensis ssp. arctica (C h am .  
& S c h l e c h t . )  L ö v e  & L ö v e ,  stat. & com b,  
nov.,  b a sed  o n  Androsace arctica  C h a m is -  
s o  & S c h l e c h t e n d a l ,  in L in n a ea  1 (1826),
p. 220.

Douglasia ochotensis ssp. gormanii 
(Gr e e n e ) L ö v e  & L ö v e , stat. & comb, 
nov., based  on Androsace Gormanii 
G r e e n e , in  P itton ia  4 (1900), p. 149; 
Douglasia Gormanii (Gr e e n e ) Co n s t a n c e .

Primula tsehuktsehorum K j e l l m . ssp. 
arctica (K o i d z .) L ö v e  & L ö v e , stat. & 
comb, nov., based on Prim ula  arctica

K o i d z u m i , in Bot. Mag. Tokyo 25 (1911),
p. 216.

We believe that the three ra th e r distinct 
variations of this Beringian species are 
correctly classified as three subspecies, 
although the opinion could also he de­
fended tha t they m ay he m inor geograph­
ical races and  then only varieties. A tran s­
fer is needed for one of these taxa that 
has even been described as a species under 
three different names.

Gentiana L.

The collective genus Gentiana needs to 
be divided into several m ore n a tu ra l gen­
era, as dem onstrated  by several au thors 
during the past two decades. 01' these 
groups, Ciminalis A d a n s .; H o l u b , Cala- 
thiana  D e l a r b r e , Comastoma  ( W e t t s t .) 
T o y o k u n i , Gentianella M o e n c h , Gentia- 
nodes L ö v e  & L ö v e , Gentianopsis M a and 
Lom atogonium  B. B r. are represented  in 
the arctic regions, but only one species 
and one subspecies of these are in need 
of a transfer:

Ciminalis prostrata ( H a e n k e ) L ö v e  & 
L ö v e , comb, nov., based on Gentiana pro­
strata H a e n k e , in J a c q u i n , Collectanea 2 
(1788), p. 66.

Gentianopsis detonsa (R o t t b .) M a ssp. 
raupii (A. E. P o r s i l d ) L o v e  & L ö v e , 
comb, nov., based on Gentiana Raupii 
A. E. P o r s i l d , in Sargentia 4 (1943), p. 
60; Gentianella detonsa  (R o t t b .) G. D o n  
ssp. Raupii (A. E. P o r s i l d ) J. M. G i l l e t t .

Polcmonium boreale A d a m s  ssp. humile 
( W i l l d .) L ö v e  & L ö v e , stat. & comb, 
nov., based on Polem onium  hum ile  W i l l - 
d e n o w  ex R o e m e r  & S c h u l t e s , Syst. 
Veget. 4 (1819), p. 792, non S a l i s b u r y ; 
Polem onium  H ultenii H a r a .

This is the northern  Siberian race of the 
species.

Polemonium pulcherrimum H o o k . ssp. 
hyperboreum (T o l m .) L ö v e  & L ö v e , stat. 
& comb, nov., based on Polem onium  
hyperboreum  T o l m a c h e v , in  Feddes 
Repert. 23 (1927), p. 273.
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This is the S iberian subspecies of the 
species, the typical race of w hich is met 
w ith in the m ountains and north lands of 
N orth America.

Phlox sibirica L. ssp. alaskensis ( J o r - 
d a l ) L ö v e  & L ö v e , comb, n o w ,  b a s e d  o n  
Phlox alaskensis J o r d a l , i n  R h o d o r a  54  
(1952), p. 38; Phlox Richardsonii H o o k . 
ssp. alaskensis ( J o r d a l ) W h e r r y .

Pseudolysim achinm  O P iz

The splitting of the collective genus 
Veronica L. has been m ade on basis of 
m orphological differences only, bu t these 
are strongly supported  also by differences 
in basic chrom osom e num bers, since Vero­
nica L., s. str. is characterized by x =  8, 9, 
w hereas Veronicastrum  M o e n c h  h a s x  =  7 
and Pseudolysimachium  O p i z  has x =  17. 
Two of the species belonging to the last 
genus and occurring in the north lands re ­
quire a transfer:

Pseudolysim achium  maritimum (L.) 
L ö v e  & L ö v e , c o m b ,  n o w ,  b a s e d  o n  Vero­
nica maritima  L i n n a e u s , S p e c ,  p l a n t .  
(1753), p. 10.

Pseudolysim achium  septentrionale 
(B o r i s s .) L ö v e  & L ö v e , c o m b ,  n o w ,  b a s e d  
o n  Veronica septentrionalis  B o r i s s o v a , in  
F lora  SSSR 22 (1955), p. 369.

Castillcja pallida (L.) K u n t h

This n o rth e rn  species is rep resen ted  
in the arctic tu n d ra  by th ree evidently 
m ajo r geographical races, w hich R e b r i -  
s t a i a  (1964) regarded as distinct species. 
A lthough they are adm ittedly ra th e r  d is­
tinct m orphologically , th is seem s to be 
the result of an alm ost obligate au to ­
gamy ra the r than  of the occurrence of 
reproductive isolation, so we see no reason 
to classify them  higher th an  as subspecies, 
as here validated:

Castillcja pallida ssp. hyparctica(RERR.) 
L ö v e  & L ö v e , stat. & comb, now, based 
on Castillcja hyparctica  R e r r i s t a i a , in 
Novit. Syst. P lant. Vase. 1 (1964), p. 289.
Bot. Notiser, vol. 128, 1975

Castilleja pallida ssp. lapponica (G a n - 
d o g e r ) L ö v e  & L ö v e , stat. & comb, now, 
based on Castilleja lapponica  G a n d o g e r , 
Flora E urop. 18 (1889), p. 25.

Castilleja pallida ssp. pavlovii (R e b r .) 
L ö v e  & L ö v e , stat. & comb, now, based 
on Castilleja Pavlovii R e b r i s t a i a , in Novit. 
Syst. P lant. Vase. 1 (1964), p. 294.

Pedieulariopsis L ö v e  & L ö v e , gen. now

Plantae perennis, humilis, superne pilosa 
vel glabra; foliis profunde pinnatifidis pinna- 
tipartisve, laciniis ovatis oblongisve pinnato- 
pinnatifidis, lobis dentatis; spicis interruptis; 
calycis dentibus abbreviatis integerrimis ser- 
rulatisve; corolla tubo basi infracto; galea 
erostrata, obtusa, labium duplo superans.

Numerus basicus ehromosomatum x =  6.
Typus generis: Pedieulariopsis verticillata 

(L.) L ö v e  & L ö v e .

Perennial plants, erect but low growing, 
above pilose or glabrous. The stem leaves 
are in 3— 4 w horls, deeply p innatifid  or 
p innately  partite, and the divisions are 
ovate-oblongish p innato-pinnatifid , the 
lobes are toothed. The spikes are in te r­
rup ted ; the calyx has short teeth th a t are 
entire o r finely serrate; Ihe corolla tube 
is sharp ly  ben t at the base, the helm et is 
beakless and obtuse and twice the size of 
the lower lip. Basic chrom osom e num ber 
x =  6.

The new genus differs from  Pedicularis 
L. in several characters of the flowers, 
the arrangem ent of the spike and  in leaf 
m orphology, but the m ost p ro found  d if­
ference is in its chrom osom e m orphology 
and  in the basic num ber x =  6 as con­
trasted  to x =  8 of the L innaean genus. It 
includes a single but no t very variable 
species of considerable arctic-alp ine d is tri­
bution:

Pedieulariopsis verticillata (L.) L ö v e  & 
L ö v e ,  comb, now, based on Pedicularis  
verticillata L i n n a e u s ,  Spec, p lan t. (1753), 
p. 846.

Chlorocrepis tristis ( W i l e d . )  L ö v e  & 
L ö v e ,  comb, now, based on Hieracium
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tr iste  WlLLDENOW e x  S p r e n g e l ,  Syst. 
veget.  3 (1826), p. 640.

This t r an s fe r  is needed w h e n  the th ree  
trad it ional ly  accep ted  sub g en e ra  of ll ier -  
ac ium  L. are  e leva ted  to generic  ran k .

Crepis teetorum  L. ssp. n igrescens  
( P o h l e )  L ö v e  & L ö v e ,  stat & com b, nov., 
b ased  on Crepis nigrescens  P o h l e ,  in  Acta 
Hort. Ju r jev . 3 (1903), p. 231.

This taxon  of n o r th e rn m o s t  E u ro p e  an d  
w estern  Siberia is often  reg a rd e d  as a 
synonvm  only  of C. tee to rum ,  even if 
some au th o rs  accep t it as a species in its 
ow n  right. A lthough  som e of its few  
charac te r is t ics  a re  p e rh a p s  o n ly  m o d i f i c a ­
tions of no taxo no m ica l  im p o r tan ce ,  o thers  
seem to be genetically  cond it ioned .  Since 
it also has a d is tinct a rea  of its ow n, we 
l in d  it logical to accep t it as a race  at the  
subspecific  level r a th e r  th a n  to  ignore  it.

A ntennaria canescens ( L g e )  M a l t e  s s p .  
porsildii (E. E k m .)  L ö v e  & L ö v e ,  stat .  & 
c o m b ,  n o v . ,  b a s e d  o n  A n ten na r ia  Porsildii  
E. E k m a n ,  in  S v e n s k  B o t .  T id s k r .  21 
(1927), p. 51.

This  is an  apom ic tic  an d  en d em ic  G reen­
land  p o p u la t io n  of a r a th e r  w id esp read  
apom ic tic  com plex , w hich  ce r ta in ly  w as  
given too h igh  a r a n k  w h en  desc r ibed  as 
a species. It m ig h t  even be m o re  co rrec t ly  
classified as a varie ty  only  o r  as a h y b r id  
tha t  has  su rv ived  simply th a n k s  to its 
being  apom ictic .

N ardosm ia arctica (A. E. P o r s i l d )  
L ö v e  & L ö v e ,  c o m b ,  n o v . ,  b a s e d  o n  P eta-  
sites arc t icus  A. E. P o r s i l d ,  in  S a r g e n t ia  
4 (1943), p. 74.

T h e  c e r ta in ly  good reasons  fo r  keep ing  
this genus as sep a ra te  f r o m  Petasites  in 
a m o re  s t r ic t  sense, given by  K u p r i y a n o v a  
(1961), req u i re  a t r a n s fe r  of th is  a rc t ic  
C an ad ian  taxon .

N ardosm ia vitifo lia  ( G r e e n e )  L ö v e  & 
L ö v e ,  com b, nov.,  based  on  P etasites viti-  
fo l ius  G r e e n e ,  in Leafl . W est .  Bot. 1 
(1906), p. 180.

A n o th e r  C an ad ian  taxon req u i r in g  t r a n s ­
fer  to th is  re s tr ic ted  genus.
34

EndoccIIion T u r c z .

T h ere  arc  valid m o rph o log ica l  and  cyto- 
logical reasons  to d is t inguish  the  genus 
N a rd o sm ia  C a s s ,  f ro m  Petasites  M i l l . ,  
a l th o u g h  b o th  are  ch a rac te r ized  by  th e  
sam e  basic nu m ber ,  x =  10. However,  w e  
f in d  it il logical to a t ta ch  to the  fo rm e r  
the small Asiatic g ro up  th a t  has  been 
desc r ibed  as the genus Endocell ion ,  even 
as a  subgenus  as done by  K u p r i y a n o v a  
(1961), since it is no t  only  m orpho log ica lly  
d is t inc t  b u t  differs also in hav ing  the basic  
n u m b e r  x =  7 in add it ion  to a considerab ly  
d if fe re n t  ch rom o so m e  m orpho logy .  T he  
fo l low ing  tw o of its th ree  eas te rn  Asiatic 
a rc t ic -a lp ine  species req u ire  a tran sfe r :

E ndocellion  glacia lis ( L e d e r . )  L ö v e  & 
L ö v e ,  comb, nov.,  based  on N a rd osm ia  
glacialis L e d e b o u r ,  F lo ra  rossica 2,2 
(1845), p. 466.

E ndocellion  gm elin ii ( T u r c z . )  L ö v e  & 
L ö v e ,  comb, nov., b ased  on N a rd o sm a  
Gmelinii  T u r c z a n i n o v ,  ex DC., P ro d r .  7,1 
(1838), p. 271.

T ephroseris ( R c h b . )  R c h b .

As sho w n  by H o l u b  (1973), this bo rea l 
g ro u p  w h ich  is t r ad i t ion a l ly  inc luded  in 
the  then  very  collective genus Senecio  L.,  
is m orp ho lo g ica l ly  best d is t inguished  by  
its absence  of o u te r  invo lucra l  brac ts ,  in 
ad d it io n  to several less obvious technical 
cha rac te rs .  Its m ost p ro fo u n d  biological 
d if fe rence  th a t  c lea rly  sets it a p a r t  as an 
ev o lu t ion a ry  un it  of considerab le  d is t inc­
tion  is, how ever,  the  fac t  th a t  its basic  
ch ro m o so m e  n u m b e r  is x =  8 as con tras ted  
to X =  10 of Senecio  p ro p e r .  H o l u b  (I.e.) 
reco m m en d s  th a t  the  g rou p  he accepted 
as a genus of its own, an op in ion  w hich  
wre endorse  on basis of longtim e ob serva­
tions of its E u ro p e a n  a n d  N o r th  A m erican 
rep resen ta t ives .  T h e  fo l low ing  new7 co m ­
bin a t io ns  fo r  taxa  of the  n o r th lan d s  a re  
requ ired :

T ephroseris aquilonaris ( S c h i s c i i k i n )  
L ö v e  & L ö v e ,  comb, nov.,  based  on  Senecio  
aquilonaris  S c h i s c i i k i n ,  in F lo r a  SSSR 26 
(1961), p. 884.
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Tephroseris atropurpurea ( L e d e b .) 
H o l u b  ssp. frigida ( R i c h a r d s .) L ö v e  & 

L ö v e , slat. & comb. nov., based on Cine­
raria frigida R i c h a r d s o n , in Bot. Appendix 
to F r a n k l i n , Narr, of Journ . (1823), p. 
748.

Tephroseris atropurpurea ssp. toinen- 
tosa ( K j e l l m .) L ö v e  & L ö v e , comb, nov., 
based on Cineraria frigida  f. tomentosa  
K j e l l m ., in Vega E x p .  Vetensk. I a k t t .  2 
(1883), p .  13; Senecio atro purpureus  
( L e d e r .) F e d t s c h . ssp. tomento sus
( K j e l l m .) H u l t é n .

Tephroseris lindstroemii ( O s t e n f .) 
L ö v e  & L ö v e , comb, nov., based on 
Senecio integrifolius  (L .)  G l a i r v . var. L ind­
stroemii O s t e n f e l d , C hristiania Vidensk. 
Selsk. Skr. 1909, No. 8 (1910), p. 70; 
Senecio Lindstroemii  A .  E .  P o r s i l d .

Packera L ö v e  & L ö v e ,  g e n .  n o v .

Plantae perennis, herbaceae. Caules non 
rite foliosi. Caudex sine rhizoma repens vel 
suberectus. Folia simplicia et integra ad 
lyrato-pinnatifida, folia radicalia petiolata, 
caulinaria amilia vel minora. Plantae glabra- 
tae alteruter ab initium vel plus minusve per­
manentes tomentosae; pubescentia nunquam 
e pilis longis articulatisque.

Numerus basicus chromosomatum x =  23.
T y p u s  generis: Packera aurea (L.) L ö v e  & 

L ö v e .

Herbaceous perennials. Stems not un i­
form ly leafy to the inflorescences, arising 
from  a horizontal to suberect caudex or 
rhizom e. Leaves sim ple and entire to 
lyrate-pinnatil'id , those a t the base peti- 
olate, g radually  reduced upw ards, or u n i­
form  throughout. P lants either quite g la­
brous from  the beginning or m ore or less 
perm anently  tom entose; pubescence never 
of long jo in ted  hairs. Basic chrom osom e 
num ber x =  23.

This m ainly N orth and  South American 
genus w ith a few representatives in Asia 
com prises the groups Aurei, Lobati  and 
Tomentosi  of the collective genus Senecio 
as described b y  R y d b e r g  (1900) and 
G r e e n m a n  (1916), w hich stand ap a rt from
B o t. N o tise r, vo l. 128, 1975

the other divisions of the collective aggre­
gate by having prolonged rhizom es, and 
if pubescence is present it is a tom entum  
of more or less arachnoid  and  never of ; 
long and jointed hairs, bu t persisten t as 
flocculent tufts. Its m orphological and 
geographical distinctions are enhanced  by 
its basic chrom osom e num ber, w hich d if­
fers m arkedly from  tha t of Senecio  L. 
s. str. (x=10) and Tephroseris  ( R c h b . )  

R c h b .  ( x  =  8 ) s o  that its distinction as a 
genus is biologically well substan tia ted . It 
is our pleasure to nam e the new genus in 
honour of J o h n  G. P a c k e r ,  an okltim e 
friend who has contributed m uch to the 
clarification of the status of the arctic- 
alpine N orth American m em bers of the 
taxon. Its arctic taxa are:

Packera aurea (L.) L ö v e  & L ö v e ,  comb, 
nov., based on Senecio aurea L i n n a e u s ,  J  

Spec, plant. (1753), p. 270.
Packera fernaldii (G r e e n m .) L ö v e  & 

L ö v e , comb, nov., based on Senecio Fer­
naldii G r e e n m a n , in Ann. M issouri Bot. 
Gard. 3 (1916), p. 90.

Packera hyperborealis (G r e e n m .) L ö v e  

& L ö v e , comb, nov., based on Senecio 
hyperborealis  G r e e n m a n , in Ann. M issouri 
Bot. Gard. 3 (1916), p. 98.

Packera indecora (G r e e n e ) L ö v e  & 

Löve, comb, nov., based on Senecio in­
decorus  G r e e n e , Flora F ranciscana (1897), 
p. 470.

Packera ogotorukensis ( P a c k e r ) L ö v e  

& L ö v e , comb, nov., based on Senecio 
ogotorukensis  P a c k e r , in Canad. Journ . 
Bot. 50 (1972), p. 511; Senecio conter­
minus  auct. Alaska, non G r e e n m a n .

Packera pauciflora ( P u r s h ) L ö v e  & 

L ö v e , comb, nov., based on Senecio pauci- 
florus  P u r s h , F lora Amer. Sept. 2 (1814), 
p. 529.

Packera paupercula ( M i e u x . )  L ö v e  & 

L ö v e , comb, nov., based on Senecio pau­
perculus  M i c h a u x , F lora Bor. Amer. 2  

(1803), p. 120.
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Packera resedifolia ( L e s s . )  L ö v e  & 

L ö v e ,  comb, nov., based  on  Senecio rese- 
difolius  L e s s i n g ,  in  L innaea 6 (1831), p. 
243.

Aster L.

W e find  it m ore logical to regard  the 
live taxa of arctic A s te r  as representing  
three and two subspecies only of the two 
species A. Sibiriens  L. and  A. a lp in u s  L., 
ra th e r  than  as species as accepted in re ­
cent m anuals. As such the follow ing new 
levels and com binations are validated:

Aster sibiricus L .  ssp. pygmaeus L i n d -  

l e y )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Aster pygmaeus  L i n d l e y ,  in 
W. J. H o o k e r ,  F lo ra  Bor. Amer. 2 (1834),
p. 6.

Aster sibiricus s s p .  riehartlsonii
( S p r e n g . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Aster Richardsonii  
S p r e n g e l ,  Syst. Veg. 3 (1826), p. 258.

Aster sibiricus ssp .  subintegerrimus 
(T r a u t v .) L ö v e  & L ö v e , sta t ,  n o v . ,  b a s e d  
o n  Aster sibiricus v a r .  subintegerrima  
T r a u t v e t t e r , in  M i d d e n d o r f , R e i s e  1 
(1 8 4 7 ) ,  p. 161.

Aster alpinus L. ssp. serpentim ontanus 
( T a m a m s c h . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Aster serpentimontanus  
T a m a m s c i i a n ,  in F lo ra  SSSR 25 (1959), 
p. 108, and  Aster cyllenius  O n n q ,  in Bibl. 
Bot. 106 (1932), p. 38, p.p., non H a l a c s y .

Aster alpinus ssp. tolm atsehevii T a ­
m a m s c h . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Aster Tolmatsehevii  Ta- 
MAMSCHAN, ill F lo ra  SSSR 25 (1959), p. 
107, and  Aster chryzocomoides  D e  C a n ­
d o l l e ,  P rodr. 7 (1838), non D e s f o n -  

t  AINES.

Matricaria maritima L. ssp. boreale 
( H a r t m . )  L ö v e  & L ö v e ,  comb, nov., based 
on Trip leurosperm um  inodorum  S c h u l z -  

B i p .  ß borealis C. J. H a r t m a n ,  Handb. i 
Skand. F lo ra , ed. 5 (1849), p. 2; Tripleuro­
sperm um  m arit im um  (L.) K o c h  ssp. bore­
alis ( H a r t m . )  A .  P e d e r s e n .

34*

W e follow the typification  of the genus 
by R a u s c h e r t  (1974), and refer to H X m e t -  

A h t i  (1967) and P e d e r s e n  (1972) fox- 
clarification of the N orth Atlantic races 
of M. maritima.

Erigeron thunbergii A. G r a y  ssp. koma- 
rovii ( B o t s c i i . )  L ö v e  & L ö v e ,  stat. & 
comb, nov., based on Erigeron Komarovii 
B o t s c h a n t s e v ,  in F lora SSSR 25 (1959), 
p. 213.

Erigeron thunbergii ssp. koraginensis
( K o m .)  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Aster koraginensis K o m a r o v ,  

Flora Kamch. 3 (1930), p. 125.
Erigeron uniflorum  L. ssp. erioealyx 

( L e d e b . )  L ö v e  & L ö v e ,  stat. & comb, 
nov., based on Erigeron alpinus L. ß erio­
ealyx L e d e b o u r ,  F lora Altai 4 (1833), 
p. 91.

Tanacetum vulgare L. ssp. boreale 
( F i s c h . )  L ö v e  & L ö v e ,  stat. & comb, nov., 
based on Tanacetum boreale F i s c h e r ,  ex 
DC. P rodr. 6 (1838), p. 128.

This is a distinct eastern Asiatic arctic- 
alpine m ajor race of this com m on boreal 
Eurasiatic species, distinguished by its 
m ore dissected leaves w ith narrow  and 
sharply  serru la ted  segments.

Oligosporus groenlandicus ( H o r n e m . )  

L ö v e  & L ö v e ,  comb, nov., based on Arte­
misia groenlandica  H o r n e m a n n ,  Flora 
danica, fasc. 27 (1818), tab. 1585; Arte­
misia borealis P a l l .  ssp. Purshii  ( B e s s . )  
H u l t é n ;  Artemisia campestris  L. ssp. 
spithamea  H a l l  & C l e m . ,  non Artemisia  
spithamea  P u r s i i .

W e find it logical to b reak  up the very 
heterogeneous Artemisia  L .  into m ore n a t­
ural units, as advocated by P o l y a k o v  
(1961), and so accept the generic name 
Oligosporus C a s s ,  for the species trad i­
tionally constituting the section or sub­
genus Dracunculus.  T hat genus is charac­
terized by having a sm ooth and not hairy 
receptacle and  disc-flowers w ith both sta­
mens and pistils b u t sterile because of an 
abortive ovary, and  by having an  entire 
or nearly  entire style, in addition to other 
technical differences.

Bot. N otiser, vol. 128, 1975
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As sh ow n  by  H u l t é n  (1950), the co n ­
siderable  d iversity  of the  arc t ic-a lp ine  
p op u la t ion s  th a t  a re  u sua l ly  inc luded  in 
the species A rtem isia  borealis, falls nicely 
into two m a jo r  groups, w h ic h  he reg a rded  
as m a jo r  geograph ica l  races a n d  sep a ra ted  
as the typical tax on  a n d  its ssp. pursh ii. 
Since these tax a  have  been  fo u n d  to d if fe r  
in c h ro m osom e  n u m b e r  so they are  c e r ­
ta in ly  rep ro du c tiv e ly  isolated, w e f ind  it 
m ore  a p p ro p r ia te  to accep t th e m  as d is­
tinct species an d  a d o p t  fo r  the  la t te r  its 
old an d  validly p u b lish ed  n a m e  groen- 
land icus. T ypical  O ligosporus borealis 
( P a l l .) P o l y a k ., as its n a m e  m u s t  be in 
the  res tr ic ted  genus, w as  descr ibed  f ro m  
the  n e igh bo rh oo d  of the Ob r iver  of Siberia . 
It is a p lan t  w ith  m ore  o r  less densely  and 
loosely pubescen t  leaves, th e  u p p e r  ones 
lobed and  the low er ones sm all  w ith  a 
few b ro a d  lobes, an d  w ith  re la tive ly  large 
(5— 6 m m  broad)  h eads  w i th  a g lab rous  
in v o lu c ru m  an d  fo rm in g  dense an d  u su ­
ally u n b ra n c h e d  spikes. O. groen land icus, 
how ever,  w h ich  w as o r ig ina l ly  described 
f ro m  w estern  G reenland, is a p la n t  w ith  
densely  sericeous or pu b esc en t  b asa l  leaves 
w h ich  are  2— 3 times p inn a t if id  w ith  n a r ­
row  lobes, and  w ith  sm a lle r  (3— 4 m m  
broad) g lobular  heads  w ith  p u b escen t  or 
g lab rous  inv o lu c rum  a n d  fo rm in g  th in  
spikes. The  fo rm er  ta x o n  is te t rap lo id  
w ith  2n =  36 ch rom osom es ,  bu t the la t te r  
is dip lo id  w ith  2 n = 1 8 .  B o th  a re  arctic- 
a lpine. The te t rap lo id  reaches  f ro m  n o r t h ­
e rn  E u ro p e a n  R ussia  over  S iberia  to L a b ­
ra d o r  an d  w es te rn  G reen land , w h e re  it is 
re la tive ly  com m on. T h e  di,  1 ' ' is met 
w i th  fro m  low er Yenissei east to  Baffin  
Is la n d  an d  w es te rn  G reen land , w h e re  it 
is ra re ;  how ever,  it seems to r each  f a r th e r  
n o r th  in N o rth  A m erica  th a n  the  t e t r a ­
p lo id  an d  grow s also in so u th e rn  m o u n ­
tains in Asia a n d  in Gaspé a n d  the Rocky 
M ounta ins  of C olorado in N o r th  America.

SOME CORRECTIONS

A few obvious m isp r in ts  have  crep t in 
on  a few pages of L ö v e  & L ö v e  (1975 a),
Bot. Notiser, vol. 128, 1975

b u t  on ly  the  fo llow ing omissions a n d  over- 3 
sights need to be po in ted  out:

p. XIV: T he  im p o r ta n t  re fe rence  to 
D o h o g o s t a l s k a y a  (1972) has been  o m i t­
ted.

p. 9: T he  a u th o r  of the fam ily  Bot- 
ry eh iaceae  is N ak ai .

p. 320: T he  reference  y ea r  1969 b has  
fallen  o u t  a f te r  M u l l i g a n  & P o r s i l d  fo r  
the c h ro m o so m e  re p o r t  fo r  Saxifraga  ad- 
scendens  ssp. oregonensis.

[). 596: Lagotis 433 has  been  om it ted  
f r o m  the  index.
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L ö v e ,  A. & L ö v e ,  D.: C y t o t a x o-
n o m i c  A t l a s  o f  t h e  A r c t i c  
f l o r a .  — J. Cramer, Vaduz 1975. ISBN 
3-7682-0976-8. xxiii +  598 pp. Price (sub­
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The second of a projected series of cyto- 
taxonomic atlases by A. and D. L ö v e  bas 
appeared. (Why, it could be asked, are 
they called atlases?) The first is that on 
Slovenian plants reviewed by me in Bo­
taniska Notiser 128: 551— 553, where I 
stressed the significance of the Slovenian 
list. This in my opinion lies in its use­
fulness as a source of references lo the 
literature dealing with all vascular plants 
found in Slovenia (using the taxonomic 
concept of the authors). In addition, how ­
ever, I delivered a somewhat lengthy 
criticism of some of the basic principles 
presented and exemplified the disadvan­
tages of the “crit ical” method employed. 
As the same criticism applies to this vo­
lume the reader is referred to the former 
review.

I have studied the new Atlas of Arctic 
plants with particular interest,  both by 
reason of my experience of the first Atlas 
and because my own research has at times 
brought me into contact with Arctic 
botany. The book serves the dual purpose 
of being both a eheck-list of Arctic taxa 
and a critical review of their chrom o­
some numbers. The area covered is ra ther  
more extensive than the term “arc tic” 
usually implies which is scarcely a dis­
advantage in this context. This is, how ­
ever, not the only reason why the num ber 
of genera presented has increased by 75 °/o 
and the number of species by over 80 °/o 
as compared with those dealt with by 
PO LUNIN in bis Circumpolar Arctic Flora 
(1959). The main reason for the discrep­
ancy is of course the difference in taxo­
nomic concepts adopted. P o l u n i n  used a 
somewhat collective concept whereas L ö v e

Bot. Notiser, vol. 128, 1975

and L ö v e  are splitters in the extreme. 
They employ a “biological” or “evolution­
a ry ” concept, which implies tha t a taxon I 
at generic level or lower is defined “bio- 1 
logically” but identified morphologically. 
More than one basic chromosome number 
is not tolerated within a single genus, and 
a correctly and exactly defined species j 

must have one single chromosome number 
only. In most cases this does not give rise 
to conflict but the outcome can at times be 
surprising. Minuartia, for example, has 
been virtually reduced to fragments, and 
several other genera have been split up. 
There has also rarely been some lumping, 
an example being the merging of Puccinel- 
lia and Phippsia  with the latter name 
having been given priority. For practical 
reasons it might have been wiser to have 
proposed the conservation of Puccinellia. 
The taxonomic and nomenclatural changes 
will probably  provoke considerable i r r i ­
tation but should perhaps not be regarded 
as being controversial as they mainly re ­
flect differences of personal opinion. 
Validations of new taxa and combinations 
are made in a paper appearing in this 
issue of Botaniska Notiser (pp. 497— 523).

My own limited knowledge of the vast 
field of the cytotaxonomy of Arctic plants 
does not permit me to check the overall 
reliability of the information in the list.
As when reviewing the first Atlas I chose 
to check a genus with which I am familiar, 
in this case the grass genus Hierochloë. 
The result was both astonishing and dis­
turbing. There is, for instance, no re f ­
erence to Z h u k o v a ’s report (1967) on the 
chromosome num ber 2n =  56 in H. alpina 
nor to my report (1970) on 2n =  66 in the 
same taxon, nor to my report (1971) on 
2n =  58 in H. monticola  (H. orthantha,
H. alpina ssp. orthantha) , nor to my re ­
ports (1971, 1973) on 2n =  72, 75, 76 and 
77 in H. alpina. All these reports except 
Z h u k o v a ’s represent deviations from the



BOTANICAL LITERATURE 525

norm al euploid conditions within the taxa. 
H. odorata has not been listed for Green­
land where it has been collected from one 
place (voucher at C). In //.  Mr ta ssp. 
arctica, 2n =  56 ( W e i m a r c k  1971) should 
have been underlined as it has been deter­
mined from Arctic material as geographic­
ally delimited here. If the omissions are 
due to oversight there is a severe risk 
tha t  there may be other accidental omis­
sions and mistakes in the list which would 
diminish its value catastrophically. On the 
other hand I must react adversely if the 
authors should have omitted the infor­
mation as being “apparently  incorrect or 
inexact”, “obviously wrong or taxono- 
mically suspect” or “scientifically w orth ­
less and . . . directly misleading to those 
less familiar with the cytotaxonomical 
m ethod” (quoted from the reasons given 
for the exclusion of certain references). 
1 consider tha t  it is the au thor  s responsi­
bility to decide whether the information 
lie publishes is correct, and that no a t ­
tempt at screening should be made by 
the compilers of a list of this type.

It is to be hoped that this one u n ­
fortunate example is not a measure of the 
reliability of the book as a whole. If this 
were so the total num ber of possible mis­
takes would be somewhere in the region 
of 1,500.

As to general appearance I consider 
that this Atlas, which is typewritten, is 
more attractive than Ihe first volume, 
which was a crude computer outprint. 
It is perhaps regrettable that both volumes 
are not of the same format.

G u n n a r  W e i m a r c k

L ö v e ,  A. & L ö v e ,  D.: P l a n t  C h r o m o- 
s o m e s .  — J. Cramer, Vaduz 1975. ISBN 
3-7682-0966-0. xv +  184 pp. Price DM 
36: — .

'Fhis is the first of a projected series of 
volumes on P lan t  Science. F irs t the micro­
scopic s tructure  of chromosomes is de­

scribed and their behaviour at mitosis and 
meiosis surveyed. The theoretical basis of 
chromosome study is outlined and there 
is a short section dealing with tissues 
suitable for cytological study. The micro­
scope and other equipment are briefly 
presented together with some simple 
techniques of observation. Practical cyto- 
technology is described in greater detail 
with a num ber of selected methods.

The little hook is handy  to use and is 
in general attractive. Most terms are ade­
quately explained and their  philologie 
derivations given. However, I should have 
preferred the terms “centrom ere” and 
“kinetochore” to have been kept separate, 
using “centromere” to denote the visual 
constriction and “k inetochore” for the 
submicroscopic organelle fo r  chromosome 
movement. This is a practice that has been 
introduced into modern literature and is 
to my mind a commendable one. A short 
section on the submicroscopic structure 
and biochemistry of chromosomes would 
have been warranted  although admittedly 
it is somewhat peripheral in view of the 
limited scope of the book. As it is now 
the book is predominantly descriptive with 
ra the r  little of the functional aspect. Some 
emphasis is laid on chromosome number. 
Techniques for karyotype analysis, the 
detailed study of meiosis, etc. are more 
superficially treated. I admit to being 
astonished that sectioned material is so 
strongly recommended for karyotype ana­
lysis ra ther  than squashes. In spite of 
the fact that much curren t literature is 
cited, the impression might be received 
that little has happened in the field of 
karyology since the 40s. In particular I 
find it regrettable that the new handing 
techniques such as the Giemsa technique 
are so briefly mentioned and no practical 
details discussed. Although only very re­
cently taken into use by botanists these 
techniques will undoubtedly assume great 
importance. I also searched in vain for 
mention of certain other methods of which 
my own experience has been satisfactory.

B ot. N o tise r, vo l. 128, 1975
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I cannot agree with the statement on 
p. 93 that the chromosome number 
counted at meiosis is n. The num ber 2n is 
obtained when counting the two groups at 
anaphase I (they should be added together 
to avoid a miscount if non-disjunction 
has occurred) as well as at, for example, 
diakinesis and metaphase I where bi­
valents are usually counted (consisting, of 
course, of two chromosomes each).

Figures 15, 25 and 26 are wrongly 
oriented which could be misleading.

So much negative criticism is perhaps 
hardly fair, for what book conforms 
wholly with the demands of the p ro ­
spective reviewer. I am convinced that 
this volume will serve favourably as a 
short introduction to chromosome study. 
A great advantage is that it comprises 
both theory and practice whereas the 
comprehensive textbooks usually deal with 
only the one or the other.

G u n n a r  W e i m a r c k
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