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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

Bot. Notiser, vol. 128, 1975
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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

Length o f  p e ta ls

3

P«

5

7

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

Bot. N otiser, vol. 128, 1975
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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



16 BO SJÜSTEDT

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 .

Bot. Notiser, vol. 128, 1975
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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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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



LEPIDIUM IN TROPICAL AFRICA 21

(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

Bot. Notiser, vol. 128, 1975
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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
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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

Bot. Notiser, vol. 128, 1975



LE PID IU M  IN TROPICAL AFRICA 31

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 

Bot. Notiser, vol. 128, 1975



34 BENGT JONSELL

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-



L E P I D I U M  I N T R O P I C A L  AFRI CA 37

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.  
Bot. N otiser, vol. 128, 1975

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  
Bot. Notiser, vol. 128, 1975

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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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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RANGE O F RUBUS IN SW E D E N

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



56  ULF OLSSON

LU

rx.
00

<1

7 /

/ / ;

Bot. Notiser, vol. 128, 1975

. 
Q.

 
pe

tr
ae

a.
 

V
ar

ia
ti

on
 

in 
le

af
 

sh
ap

e 
an

d 
siz

e 
w

ith
in

 
a 

po
pu

la
ti

on
 

of
 

se
ss

ile
 

oa
k.

 
Of

 
ea

ch
 

tre
e 

(A
—

N)
 

fo
ur

 
le

av
es

 
of

 
di

ff
er

en
t

siz
e 

ar
e 

ta
ke

n 
fro

m 
S—

SW
 

ex
po

se
d 

tw
ig

s.



PH EN O T Y PE S OF QUERCUS IN SW EDEN 57

LU

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

. 
Q.

 
ro

bu
r.

 
V

ar
ia

tio
n 

in 
le

af
 

sh
ap

e 
an

d 
siz

e 
w

ith
in

 
a 

po
pu

la
ti

on
 

of 
pe

du
nc

ul
at

e 
oa

k.
 

Of
 

ea
ch

 
tre

e 
(A

—
N)

 
fo

ur
 

le
av

es
 

of 
di

f
fe

re
nt

 
siz

e 
ar

e 
ta

ke
n 

fro
m 

S—
SW 

ex
po

se
d 

tw
ig

s.



58 ULF OLSSON

2 0 i

1 5

S -

O O
•  o  °  

0 o o

cjS o
 ̂ A•°v

1 Dv  
□  ■  ■ ■  

m u  °m  G

5  10 P e d u n c l e  l e n g t h

QA

M a l e
f e r t i l i t y

5 1 0  m m

100 % .

P e d u n c l e  l e n g t h

20

1 5
•  o
O • A® A

°< $ ° °  A °  

\  °°®oA
A A 

*  A A;  a *  a A
□ □ *  i

1 C P  ° D  A ®  A  4 3  GAAn aU r, n ~  A n r -A  □  Q 
□  A

5  10

a G

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

o o 10

Q B

M a  l e  
f e r t i l i t y

5  1 0  m m

l
100 %

P e d u n c l e  l e n g t h

?  Q O 

?
H W

9  _

* t

*  *

v ;

♦*

f  »V

*

T r  T  )

o o

Q  A A

N o

M a  l e  
f e r t i l i t y

J k
100 %

5  10 P e d u n c l e  l e n g t h 5 0  m m

Fis. 3 A— F.

5  10  m m P e d u n c l e  l e n g t h

Bot. N otiser, vol. 128, 1975



P
et

io
le

 
o/o

 
01 

° 
 

T 
Pe

t 
io 

le 
, 

o/
o 

^
 

° 
P

e
ti

o
le

, 
o/

o

PHENOTYPES OF QUERCUS IN  SWEDEN 59

9 ? o

?  *

QC

Male 
ferti  I i ty

50 100 %

OD

Ma le 
fe r t i l i t y

H

J
50 100 %

5  1 0 .mm Peduncle leng th 5  10 mm Peduncle leng th

Ma le 
ferti  I i ty

I

J
100 %

OE

10 mm Peduncle leng th

QF

Ma le 
' fe rt i  I i ty

V -

J

*1
100 %

5  10 mm Peduncle length

OG

Ma le K
fert  i 1 i t y

L 15-
M  ■ m k

50 100 %

R
o

f f t

t <u
o

0)
CL

f t T

OH

5  io  mm Peduncle leng th  5  io  mm

F is. 3 G— L.

Ma le 
fe r t i l i t y

50 100 %

T r 9

Peduncle length

Bot. Notiser, vo l. 128, 1975



P
e

ti
o

le
 

o/
o 

 ̂
V 

P
e

ti
o

le
, 

o/
o 

T
 

? 
 

? 
P

e
ti

o
le

, 
o

/o

60 ULF OLSSON

M a  l e  
f e r t i l i t y

M

........
50 .100 %

Oi
n ----------:— I------------

5 10 mm

N o

P e d u n c l e  l e n g t h

10-1
M a  l e 
f e r t i l i t y J

100 %

T T

Q N

QO

M a  le 
f e r t i l i t y

100 %

T T
r  T T T

P e d u n c l e  l e n g t h

M a  l e  
f e r t i l  i t y

QO

5  10  m m P e d u n c l e  l e n g t h P e d u n c l e  l e n g t h

100 %

M a l e  0
f e r t i l  i t y

100 %

Q R

5  10 m m

?T t  T
r  '

P e d u n c l e  l e n g t h

B ot. N o tise r, vo l. 128, 1975

Q X

5 10

Fie. 3 M— R.

M a  le 
f e r t i l i t y

P e d u n c l e  l e n g t h

100 %

r  t



PH EN O TY PES O F QUERCUS IN SW ED EN 61

Mt i  l e  

f e r t i l i t y

100 %

QY

P e d u n c l e  l e n g t h  

N o

M a l e

f e r t i l i t y u
100 %

?o
& 9

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 
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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  
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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 .

LITERATURE CITED

A n d e r s o n , E. 1949. Introgressive hybridi
zation. — New York.

C a r l i s l e , A. & B r o w n , A. H. F. 1965. The 
assessm ent of the taxonom ic status of 
mixed oak (Quercus spp.) populations. 
— W atsonia 6:120— 127.

COUSENS, J. E. 1962.  Notes on the status of 
Sessile and Pedunculate oaks in Scotland 
and their identification. — Scot. For. 16: 
170— 179.

— 1963. V ariation of some diagnostic charac
ters of the Sessile and Pedunculate oaks 
and their hybrids in Scotland. W atsonia 
5:273— 286.

— 1965. The status of the Pedunculate and 
Sessile oaks in Britain. — Ibid. 6: 161—176.

G a r d i n e r , A. S. 1970. Pedunculate and Ses
sile Oak (Quercus robur L. and Quercus 
petraea  ( M a t t u s c h k a ) L i e b l .) .  A Review 
of the H ybrid Controversy. — Forestry 
43:151— 160.

H u l t é n , E. 1950. Atlas of the distribution of 
vascular p lants in NW Europe. — Stock
holm.

I r g e n s - M ö l l e r , II. 1955.  Forest-tree Genetics 
Research: Quercus L. — Econ. Bot. IX: 
5 3 — 71.

J o h n s s o n , H. 1952. Ungdomsutvecklingen 
hos stjälkek, druvek och rödek. -— Sv. 
Skogsvårdsför. Tidskr. 50:168— 193.

J o n e s , E. W .  1959. Biological flora of the 
British isles. Quercus L. — J. Ecol. 47: 
169—222.

K o l e s n i k o v , A. 1. 1933. (On the m ethod of 
obtaining rapidly  growing form s). —  Bull. 
Appl. Bot. L eningrad A (5—6) :83— 101. 
(PBA 4). (From  I r g e n s - m ö l l e r  1955).

K r a h l - U r b a n , J. 1951. T rauben- und Stiel
eiche in Schweden. — Forstwiss. Zbl. 
319—336.

— 1959. Die Eichen. Forstliche Monographie 
der Traubeneiche und der Stieleiche. -— 
H am burg and Berlin.

L i n d n e r , J. 1935.  Skogens krönika i Göte
borgs och Bohus län. — Göteborg.

O l s s o n , Ü .  1974. The structure of stellate 
trichom es and their taxonom ical im pli
cation in some Quercus species (Faga- 
ceae). — Stencils.

P y a t n i t s k i i , S. S. 1934. (Experiments in self- 
pollinations of Larix, Acer and Quercus). 
—- Acta Inst. Bot. Acad. Sei. URSS 4: 
297—318. (PBA 5).

S c h a r f e t t e r , R. 1953. Biographien von 
Pflanzensippen. — W ien.

S e m e r i k o v , L. F .  & Gl o t o v , N .  W .  1971.  (An  
estim ation of the isolation in populations 
of D urm ast oak (Quercus petraea Liebl.)). 
— Genetika 7:65— 71.

S n o g e r u p , S. 1967. Studies in the Aegean 
Flora. IX. Erysim um  sect. Cheiranthus. 
B. V ariation and evolution in the small- 
population  system. — Opera Bot. 14.

S t e b b i n s , G. L. 1945. The cytological an a 
lysis of species hybrids. — Bot. Rev. 11: 
463—486.

S y l v é n , N. 1946. Eken. Vad Sverige ägt, äger 
och bör äga av detta ädla lövträd. — In 
Eken, 7—33. — Stockholm.

W e t t s t e i n - W e s t e r s h e i m , W. v. 1935. Selbst
befruchtung bei Eiche. E orstarchiv 11: 
247— 248.

Bot. Notiser, vol . 128, 1975



M allom onas trum m ensis Nov. Spec. (C hrysophyceae) 

Studied by Means o f Scanning and Transm ission  

Electron M icroscopy

Gertrud Cronberg

C r o n b e r g ,  G. 1975 07 08. Mallom onas t rum m ensis  nov. spec. (Chrysophyceae) 
studied  by m eans  of scanning  an d  t ransm iss ion  electron microscopy. —  Bot. 
Notiser 128:69— 72. Lund .  ISSN 0006-8195.

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

Bot. Notiser, vol. 128, 1975



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
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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.
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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.
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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
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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.

Bot. Notiser, vol. 128, 1975
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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.
Bot. Notiser, vol. 128, 1975
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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.

Bot. N otiser, vo l. 128, 1975
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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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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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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.



POLLEN OF CAMPANULACEAE II 1 0 5

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

Bot. N otiser, vol. 128, 1975



PO LL E N  O F CAMPANULACEAE II 111

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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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
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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,  
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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
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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



CLASSIFICATION OF THE ANGIOSPERMS 121

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- 

Bot. N otiser, vol. 128, 1975



136 ROLF DAHLGREN

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. 
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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
Bot. N otiser, vol. 128, 1975

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- 
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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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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.

Bot. N o tise r, v o l. 128, 1975
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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
Il 0 - g lu

•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- 

Bot. Notiser, vol. 128, 1975
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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).
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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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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
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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 ) .

Bot. Notiser, vol . 128, 1975



166 S0REN ROSENDAL JENSEN ET AL.

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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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
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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



184 ROLF DAHLGREN

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-



LE
IT

N
ER

IA
L.

ES

DISTRIBUTION O F  CHARACTERS 187

Bot. N otiser, vol. 128, 1975

SBIVNOOAIOd
SaiVQNIdVS

SBlVldAW

S31VHiN3d3N

S31V3H1

Fi
g.

 
2. 

D
is

tr
ib

ut
io

n 
of 

te
nu

in
uc

el
la

te
 

(h
at

ch
in

g)
, 

ps
eu

do
cr

as
si

nu
ce

ll
at

e 
(s

ha
de

d 
wi

th
 

do
ts

) 
an

d 
cr

as
si

nu
ce

ll
at

e 
ov

ul
es

 
in 

or
de

rs
 

of 
th

e
an

gi
os

pe
rm

 
sy

st
em

.

9999999999999999999999



188 ROLF DAHLGREN

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

47
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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

64
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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,
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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 r a l a u , H .  1974 : B i b l i o g r a p h y  a n  d 
I n d e x  t o  P  a 1 a e o b o t a n  y a n d  
P a l y n o l o g y  1950—  1970. T w o v o 
lum es: B ib l iog raph y  (358 pp.) an d  Index  
(261 pp.). —  S tock ho lm  1974. D is t r ib 
uted by the Sw ed ish  M useum  of N atu ra l  
H is tory ,  S-104 05 S tockho lm  50, Sweden. 
— Price (both parts )  as a d irec t  o rde r :  
Sw. Kr. 300:— ; b o o k se l le rs  p r ice :  c. Sw. 
Kr. 450:— .

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  
Bot. Notiser, vol. 128, 1975

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
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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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