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The four species nos. 105— 108 are w ith ­
out doubt closely related. They all occur 
mainly in the arctic areas, in the m ounta in  
chain and by springs and cold streams in 
the northern  lowlands. The group is recog­
nized by a usually simple inflorescence, 
two lines of hairs on the stem and the lack 
of or scarcity of eglandular hairs on the 
capsvdes.

There are some fully fertile populations 
that are difficult to determine but most of 
the material can without any difficulty be 
referred to one of the species. Some of the 
extreme measurements in our descriptions 
may refer to introgressive populations but 
we have avoided specimens which are ob­
viously intermediate in several characters. 
The nature and significance of hybrid iza­
tion in the group is in need of fu rther  
experimental investigation. Morphological 
variation in populations from the northern  
part of Scandinavia has been treated in 
detail by K y t ö v u o r i  (1972).

In the case of the seed surface structure, 
there is an apparent contradiction between 
the descriptions given by K y t ö v u o r i  

(1972) and those by S k v o r t s o v  and Ru- 
SA N O V iT C H  (1974) and B e r g g r e n  (1974) 
founded on scanning electron microscopy. 
In reality, the fresh seeds have papillae, 
but these collapse on hard  drying. The 
preparation  technique for scanning mi- 
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croscopy will cause all or most papillae 
to collapse, resulting in a pitted structure.

105. E p ilo b iu m  a ls in ifo liu m  V illar s  
1779

Perennial herb, (10— )15— 30(— 50) cm 
high, often forming dense stands. Stem 
more branching than  in related species, 
sometimes forming adventitious stems or 
green, epigean runners  from the basal 
nodes, usually with more or less stunted 
branches in the axils of middle cauline 
leaves, producing one (1— )2— 5(— 8)-flow- 
ered inflorescence or sometimes also a 
few smaller lateral ones. Stolons formed 
from basal nodes, subterranean or occur­
ring deep down in floating vegetation, 
2— 10 cm long, 1— 2 mm thick, pale, 
with long internodes and scale-like leaves 
2— 5 mm long. Tarions formed at the ends, 
of the stolons, compact, c. 10 mm long 
and 5 mm thick, with blunt, fleshy leaves.

Stem 1—3(— 4) m m  thick, terete, at 
least in the basal part  with 4 weak ridges 
or lines below midribs and leaf margins. 
Two rows of hairs below the leaf margins, 
rarely also more uniformly hairy in upper 
part,  hairs 0.1— 0.3 nun, usually all re­
curved, rarely also some glandular, erect 
ones on upper part.

Most leaves opposite, usually only upper 
Bot. N otiser, vo l. 128, 1975



Fig. 105. Epilobium alsinifotium  V i l l .  —  A: Habit, X l /3 .  —  B: Stolons, X 1/2. —  C: Stem 
node, X2.5. ■— 1): Cauline leaves, X l .  —  E: Upper leaves, X I .  —  F: Upper stem parts 
with leaves, X2.5. —  G: Buds, X l .  — H: Flower, X l .  — J: Apical part of  capsules, X2.5. 

—  K: Style, X l .  — E: Petal, X l .  —  M: Sepals, X2.5.

bracts alternate, all petiolate, petiole 0.5—  
3 (— 7) m m , longest in low er and middle 
parts, leaf bases united around the stem  
but never decurrent. Basal leaves sm aller, 
on the low est part of the stem in mud or 
dense vegetation often scale-like, higher 
up obovate to elliptical, obtuse. Middle 
and upper leaves (10— )20— 35 (— 60) mm  
long, (5— )10— 18 (— 25) mm broad, all 
ovate or rarely som e of the low er ones 
ellip tical, m iddle ones tapering to an obtuse 
Bot. N otiser, vol. 128, 1975

apex, upper ones acute, serrate w ith  sm all, 
usually up to 0.3 m m  high teeth evenly  
distributed or denser tow ards apex. Bracts 
broader than in related species, even the 
upper ones large, often  concealing the 
buds. Leaves subglabrous, sparsely hairy  
only on adaxial side o f m idrib, hairs like 
those of the stem. Inflorescense alm ost 
erect even w hen  young, though often  bent 
in dried m aterial. P ed icels erect to erecto- 
patent in all stages. B uds ovoidal to ellips-
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oidal, blunt or with a minute mucro. 
Sepals (4.5— )6— 7(— 7.5) mm, connate 
to 0.8— 2 mm at base, narrowly ovate, 
acute or rarely obtuse, reddish or rarely 
pure green, sparsely glandular-hairy. Pe­
tals (6— )9— 12(— 13) mm, notched to 1— 
1.5 mm, reddish-violet, very rarely p u rp ­
lish-pink or white. Anthers 0.7— 0.9 mm, 
long filaments (4.5— )5— 6.5 mm, short 
filaments (3.5— )4— 4.5 mm. Style equal­
ling or shorter  than the long stamens, 
stigma capitate.

Capsule stalk (10— )15— 30(—-50) mm. 
Capsule 40— 60(— 70) mm, young ovary 
ra ther  densely glandular-hairy, with a 
few eglandular hairs on the ridges, hairs 
like those of the stem, ripe capsules 
usually subglabrous. Seeds narrowly obo- 
voidal, with one markedly flattened side, 
(1.1— )1.4— 1.8 mm long, (0.35— )0.45— 
0.55 mm broad, with an acutely tapering 
base and a blunt apex, neck (0.05— )0.1— 
0.15 mm, surface with many rows of low 
papillae, chalazal hairs 50— 60, 4.5— 7 mm 
long. Flower homogamous.

E. alsinifolium  occurs almost exclusively 
by springs and along watercourses, often 
in water, rarely in other wet places. It 
is commonest below the timberline, in the 
north  it is found up to 700 m, to c. 1300 
m in the S par t  of the m ounta in  chain. 
It is at least slightly calcicole.

E. alsinifolium  is an E uropean  endemic 
occurring on most m ountains except in 
the extreme south. In Scandinavia it occurs 
in the entire mountain  chain, in the arctic 
and subarctic parts and with scattered 
localities in the lowlands of Sweden south­
wards to c. 61° N and in F inland to 64 N.

Known hybrids: with E. hornemannii, 
lacti florum  and palustre.

106. E p i lo b iu m  h o r n e m a n n i i  R e i c h e n -  
BA C H  1824

Perennial herb, (10— )15— 30(— 40) cm 
high. Stem usually simple, rarely forming 
some adventitious stems or creeping b ra n ­
ches up to 5 cm long from the lower 
nodes, usually lacking branches in the

axils of cauline leaves, producing one 
2— 8(— 10)-flowered inflorescence or r a re ­
ly also a few smaller lateral ones. Stolons 
often lacking, if present green, epigean, 
usually erect to erecto-patent,  5—20 (— 50) 
mm long, c. 1 mm thick, with small, oppo ­
site leaves. T lirions formed at the end of 
the stolons as loose rosettes of green leaves 
1.5— 10 mm long.

Stem 1— 2(— 3) mm thick, terete, its 
basal par t  often pale, with small leaves, 
at least in its lower pa r t  with 4 weak 
ridges or lines below midribs and leaf 
margins. Two rows of hairs below the 
leaf margins, hairs 0.1— 0.3 mm, usually 
all eglandular, incurved, rarely also few 
to m any glandular, erect ones on upper 
part.

Most leaves opposite, only some upper 
ones alternate, all petiolate, petioles 1 — 
5(— 10) mm, longest in lower and middle 
leaves, bases uniting around the stem but 
never decurrent.  Basal leaves smaller, 
obovate to elliptical, often some of the 
lowest ones scale-like. Middle and upper 
leaves (10— )20—30 (— 50) m m  long, (5— ) 
8— 15(— 25) mm broad, all ovate or some 
of the lower ones elliptical, tapering to an 
obtuse to acute apex, upper ones always 
acute. Leaves serrate with teeth usually 
less than  0.5 nun, denser on upper part 
of margin or evenly distributed. Leaves 
subglabrous, usually sparsely hairy only 
on the adaxial side of the midrib, hairs 
like those of the stem.

Inflorescence almost erect even w hen 
young, though often bent in dried m a te­
rial. Pedicels erect to erecto-patent in all 
stages. Buds broadly ellipsoidal to sub- 
globose, obtuse. Sepals (3— )4.5— 5.5 m m  
long, connate to c. 1.5 mm, narrowly ovate, 
acute or obtuse, always reddish, sparsely 
glandular-hairy. Petals (4.5— )5— 7(— 8.5) 
mm, notched to 1— 1.5 mm, reddish or 
pinkish-purple, very rarely white. Anthers 
0.4— 0.5(— 0.85) mm, long filaments 4.5— 
5 mm, short filaments 3— 3.5 mm. Style 
shorter than the long sitamens, stigma 
capitate.

Bot. Notiser, vol. 128, 1975
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Fig.  106. Epilobium hornemannii R e i c h e n b .  —  A: Habit, X l / 3 .  —  B: S to lons  and w in ter  
buds, X 1/2. —  C: Stem node, X2.5. —  1): Cauline leaves , X l .  —  E: U pper leaves ,  X L  —  
F: Upper  stem part  w ith  leaves, X2.5. —  G: Buds ,  X l .  —  H: F low er ,  X L  —  J: Apical  

part o f  capsules ,  X2.5 .  —- K: Style , X L  — L: Petal, X l .  M: Sepals, X2.5.

Capsule stalk (10— )15— 3 0(— 40) mm. 
Capsule (35— )40— 50(— 55) mm , young  
ovary densely or m oderately glandular- 
hairy, ripe capsules usually  subglabrous, 
hairs 0.1— 0.2 mm, erect. Seeds narrow ly  
obovoidal, w ith one m arkedly flattened  
side, 1.0— 1.25(— 1.4) mm long, 0.35— 0.45 
m m  broad, w ith an acutely tapering base 
and a blunt apex, neck 0.05— 0.15 mm, 
surface w ith m any row s of m ore or less 
con ical papillae, chalazal hairs 45— 50, 
3.5— 5.5 m m  long. F low er hom ogam ous.

E. hornem annii  grows by springs and 
w atercourses but also in  fens and m ea­

dow s and along ditches, both in the low er  
alpine zone and in  the w oodland, up to 
1100 m in the north, to 1500 111 in the 
southern m ountains.

E. hornemannii  has a discontinuous cir- 
cum polar distribution. In Scandinavia it 
is fairly com m on in  the m ountains and in 
the arctic and subarctic parts, w ith scat­
tered occurrences in  the low lands of Sw e­
den southw ards to 60.5° N and in F in land  
to 63° N.

Known hybrids: w ith  E. als inifolium,  
anag allidi folium, lac t if lorum  and p a lu s tre .

Bot. N otiser, vol. 128, 1975
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Fig. 107. Epilobium lactiflorum  H a u s s k n . — * A: Habit, X l /3 .  —  B: Stolons, X 1/2. -—•
C: Stem nodes, X2.5. —  D: Cauline leaves, X L  —  E: Upper leaves, X l .  —  F: Upper
stem parts with leaves, X2.5. —  G: Buds, X l .  —  H: Flower, X l .  —  J: Apical part of

capsule, X2.5. — K: Style, X l .  —  L: Petal, X L  —  M: Sepals, X2.5.

107. Epilobium lactiflorum IT a u s s k n e c h t  

1879

P e renn ia l  herb , (5— )15— 30(— 40) cm 
high. Stem u sua l ly  simple, w i th ou t  b r a n ­
ches in the axils of cau line  leaves, p roduc ing  
one  (1— )2— 6(— 8 ) -f low ered inflorescence.
Stolons often  lacking, if p re se n t  very  sho r t  
o r  up to 10 m m  long, 0.5— 1 m m  thick, 
pale  o r  green, epigean, w ith  a  few small, 
usual ly  scale-like leaves. T u r io n s  fo rm ed  
at  the  ends of stolons o r  a p p a re n t ly  d i ­
rectly  in  the axils of basa l  leaves, as loose 
rosettes  of leaves 2— 10 m m  long. Speci­
m ens som etim es a p p a re n t ly  b ra n c h e d  ba- 
sally because  of the  p ro l ife ra t io n  of several 
tu r io n s  from  the  sam e old s tem  base.

Stem 1— 2 m m  thick, terete , at least in 
the  low er p a r t  w ith  4 w eak  ridges or lines

Bot. N o tise r , vo l. 128, 1975

below  m idribs  an d  leaf m arg in s .  T w o 
row s of ha ir s  be low  the leaf m a rg in s ,  
ha irs  0.1— 0.3 m m , u sua l ly  all eg lan du la r ,  
incurved, ra re ly  som e erect, g la n d u la r  ones 
in the  u p p e r  part .

Most leaves u sua l ly  opposi te ,  u p p e r  ones 
a lternate ,  all petiolate, petioles 0.5— 4 (— 8) 
m m , longest in low er cau l ine  leaves, bases  
un it ing  a ro u n d  the  stem b u t  n eve r  de- 
curren t.  Basal leaves sm aller,  sp a th u la te  
to obovate  o r  ell iptical. M iddle  and  u p p e r  
leaves (10— )15— 35(— 40) 111111 long, (3— ) 
5— 12(— 15) m m  broad ,  all ovate  or o f ten  
some m iddle  ones e lliptical, u p p e rm o s t  
ones ovate  to n a r ro w ly  ovate ,  m id d le  
ones usua l ly  b ro a d ly  obtuse, u p p e r  ones  
acute. B racts  sm aller  th a n  the  o th e r  leaves, 
u p p e r  ones o f ten  very  small ,  n o t  con-
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Fig. 108. E pilob ium  anagallidifo l ium  L a m . —  A: Habit,  X l /3 .  -— B: Stolons, X l /2 .  —  
C: S tem  nodes, X2.5. —  D: Cauline leaves, X l -  —  E: Upper leaves, X L  —  F: Upper stem 
p a r ts  w i th  leaves, X2.5. —  G: Buds, X l .  — H: Flower,  X l .  —  J: Apical p a r t  of capsules,  

X2.5. —  K: Style, X L  — L: Petal ,  X l .  — M: Sepals, X2.5.

cealing the buds. Lower and middle leaves 
subentire or serrate w ith sm all teeth m ore 
num erous in the m iddle part of the m argin 
or un iform ly  distributed, upper leaves 
alw ays serrate. Leaves subglabrous, hairy  
only on adaxial side of the m idrib and 
on the m argin, hairs like those of the stem 
though smaller.

Inflorescence alm ost erect even when 
young, though often bent in dried m ate­
rial. Pedicels erect to erecto-patent in 
rela tion  to axis in all stages, or often the 
young capsule + pendent due to bending 
of the pedicel. Buds subglobose, w ith a 
distinct, blunt tip. Sepals (2.8— )3.5— 4.5 
(— 5) mm, connate to 1— 1.5 mm, narrow ­
ly ovate, acute or rarely  obtuse, pure green 
or m ore or less reddish, sparsely glandular- 
hairy. Petals (3— )4.5— 5.5(— 7) mm, n o t­
ched to c. 1 mm, white, pinkish-w hite or 
rarely  p inkish violet. Anthers 0.45— 0.55 
mm, long filam ents 2.5— 3.5 mm, short 
filam ents 1.5— 2.5 mm. Style equalling or 
shorter than the long stam ens, stigma 
capitate.

Capsule stalk (10— ) 15— 30(— 40) mm. 
Capsule 35— 50 (— 60) mm, young ovary
B ot. N o tise r, vol. 128, 1975

sparsely to densely g landular-hairy , hairs 
erect, 0.1— 0.2 mm. Seeds narrow ly ob- 
ovoidal w ith one m arkedly flattened side, 
(1— )1.2— 1.35(— 1.4) m m  long, 0.35— 0.45 
m m  broad, w ith an  acutely tapering base 
and a b lun t apex, neck 0.05— 0.15 m m, 
surface w ith m any rows of very flat 
papillae, thus often apparen tly  smooth, 
chalazal hairs c. 40, 7— 9 m m  long. F low er 
hom ogam ous.

E. lactiflorum  occurs in wet meadows 
and fens, rare ly  along w atercourses. It 
is found up to 1600 m in the southern  
p art of the m ountains, to 900 m in the 
north .

E. lactiflorum  has a discontinuous cir- 
cum polar distribution. It is ra ther com m on 
in the m ountains and  in the arctic parts 
of Scandinavia, w ith isolated occurrences 
in the low lands sou thw ards to 60.5 N 
in Sweden, in F in land  only occurring in 
the extrem e north .

Known hybrids: w ith E. alsinifolium, 
cmagallidifolium, davuricum, lxomemannii, 
m ontanum  and palustre.



DRAWINGS OF SCANDINAVIAN PLANTS 105— 108 285

108. E p i lo b iu n i  a n a ga l l id i  fo l ium  L a m a r c k  
1786

Perennial herb, (2— )5— 15 (— 20) cm 
high. Stem unbranched, producing one 
1—3-flow ered inflorescence. Stolons u su ­
ally present, epigean, 5— 20 (— 50) m m  
long, c. 0.5 mm thick, rarely branching, 
w ith opposite, widely spaced leavesi 2— 10 
mm long. T urions form ed at the end of 
the stolons as loose rosettes of green 
leaves 2— 10 mm long.

Stem terete, 0.5— 1(— 1.5) m m  thick, 
in the basal p art w ith 4 low ridges or 
lines below m idribs and leaf m argins. Two 
rows of hairs  below leaf margins, espe­
cially in the  upper part, hairs, 0.1— 0.3 
mm, all eglandular, recurved, or also 
some erect, g landular ones w ithin the in ­
florescence.

Basal and middle leaves opposite, upper 
ones alternate, all petiolate, 0.5— 3(— 10) 
mm, longest in the m iddle leaves, bases 
uniting around  the stem, but never de­
current. Basal leaves smaller, obovate to 
spathulate. Middle and  upper leaves 5—- 
20 (— 25) m m  long, 2— 5(— 10) mm broad , 
ovate to elliptic, all obtuse or the upper 
ones acute, lower ones subentire, up p er 
ones serrate with few, short, irregu la r 
teeth. Bracts usually sm aller th an  the 
m iddle leaves, not concealing the buds. 
Basal and m iddle leaves glabrous to sub- 
glabrous, upper ones sparsely hairy  on 
adaxial side of m idrib and Ihe m argin , 
hairs usually  less than  0.15 mm, m ostly  
eglandular, recurved, rarely  also a few 
erect, g landular ones.

Inflorescence characteristically  nodding 
when young, in fru it strictly erect. P ed i­
cels erect in relation to the axis in all 
stages. Buds broadly ellipsoidal to ovoidal, 
obtuse. Sepals 3— 4 mm, connate to  c. 1 
mm, narrow ly ovate, acute, reddish, sp a r­
sely glandular-hairy . Petals 3.5— 6 m m,

notched to 0.5— 1 mm, reddish or pinkish- 
purple. Anthers 0.3— 0.4(— 0.5) m m, long 
filam ents 2.5— 3 mm, short filam ents 2—  
2.5 mm. Style equalling or slightly ex­
ceeding the long stam ens, stigma capitate.

Capsule stalk (6— )20—40 (— 50) mm. 
Capsule 20— 30(— 35) mm, young ovary 
sparsely  hairy, w ith both g landular hairs 
and  basally  some eglandular, incurved 
ones, hairs 0.1— 0.2 mm, ripe capsule 
subglabrous. Seeds narrow ly obovoidal, 
w ith  one m arkedly  flattened side, 0.8— 1.1 
m m  long, 0.35— 0.4(— 0.5) mm broad, 
w ith  an  acutely tapering base and a 
b lun t apex, neck c. 0.5 mm, surface w ith 
m any rows of small, flat papillae, chalazal 
hairs  40— 50, 3— 4 mm long. F low er homo- 
gam on s.

E. anagallidifolium  occurs on the banks 
of w atercourses, on wet slopes, m eadow s 
and  snow-beds. Mainly in the alpine and 
arctic zones, to 1750 m in the S m ountains, 
to 1100 m in the north.

E. anagallidi fo lium  has an  arctic-alpine 
circum polar d istribution. In Scandinavia 
it is ra th e r com m on th roughou t the 
m oun ta in  chain  and in the arctic coastal 
areas, w ith only few, scattered localities 
along w atercourses in the n o rthern  low ­
lands.

Known hybrids: w ith E. hornem annii, 
lactiflorum  and  palustre.
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Interrelationships o f the Subfam ilies o f the Ericaceae 

and Derivation o f the M onotropoideae

Gary D. Wallace

W a l l a c e ,  G. D. 1976 02 09. Interrelationships of the subfamilies of the Ericaceae 
and derivation of the Monotropoideae. — Bot. Notiser 128: 286—298. Lund. 
ISSN 0006-8195.

The mycoparasitic Monotropoideae and other subfamilies of the Ericaceae 
were examined to clarify the position of the former in this family. There are 
few, if any, absolutely distinctive characteristics in any of the subfamilies. 
Excluding the features associated with mycoparasitism, the Monotropoideae 
have features found among other members of the Ericaceae. Based on their 
floral biology, nature of the stamens and particularly anthers, embryology, 
phytochemistry and other features, the Monotropoideae are most closely allied 
to the Arbuteae of S t e v e n s ’ ( 1 9 7 1 )  Vaccinioideae. S t e v e n s ’ concept of the 
Vaccinioideae (i.e. including Vaccinieae and Arbuteae) is accepted here.
Gary D. Wallace, Research Division, Los Angeles State and Country Arboretum, 
Arcadia, C<dif. 91006, U.S.A.

T he  aim of this  p ap e r  is to c lar ify  the 
taxonom ic  posi t ion  of the M onotropoideae  
w ith  respect to the rest ot the  Ericaceae. 
T he  possibility of deriva tion  of the su b ­
fam ily  from o th e r  g roups  of the E ricaceae  
will be discussed. The M onotropoideae  and  
P yro lo ideae  a re  usual ly  p laced  in or nea r  
the Ericaceae an d  close to one ano ther .  
T here  rem ains, then, to be de te rm ined  
h ow  m u ch  taxon om ic  divergence, in this 
case, is a l low able  to a subfam ily  an d  how  
m u c h  is a llow able  befo re  a subfam ily  
shou ld  be e leva ted  to familial status. A 
new ly erected fam ily  w ould, of course, 
be closely all ied to the fam ily  f ro m  w hich  
it is* segregated since the  m ere  act of 
separa tion  of two tax a  shou ld  no t  in ­
h eren t ly  a lter  the taxo no m ic  d is tance 
w hich  p rec ip ita ted  the division. The grea ter 
the n u m b er  of ch arac te r is t ics  co m m o n  to 
the M onotropoideae  an d  the  o the r  m e m ­
bers  of the Ericaceae , the  closer the  two 
g ro u p s  should  be p laced to one a n o th e r  
an d  the less tenab le  w ould  be a shift  to 
a d if feren t s ta tus .  This  assum es th e  use of 
taxonom ically  re levant charac te rs .  Many 
Bot. Notiser, vol. 128, 1975

of the  earl ie r  c lassif ications of the  M ono­
tropo ideae  w ere  e i ther  based  u p o n  in ­
com ple te  in fo rm a t io n  or inco r rec t  in te r ­
p re ta t io ns  of ava ilab le  da ta .  R are ly  has 
ad eq u a te  m a te r ia l  of all the  species been  
availab le  fo r  s tudy. E ven  th o u g h  most 
c lassif ica t ions have  put the M o n o t ro p o i­
deae close to the P yro lo ideae ,  th e re  is no 
p a r t ic u la r  re ason  to believe th a t  th ey  were 
derived fro m  the P yro lo ideae .  T h e  P y r o ­
loideae m a y  rep re sen t  qu ite  a d if feren t 
line of the Ericaceae .  C o m para t ive  d a ta  
fo r each  of the six subfam il ies  T h o r n e  
(1968) recognized in  the  E r icaceae  are  
given in Table  1.

The  m y co tro ph ic ,  ach lo ro p h y l lo u s  sp e ­
cies w h ich  co m pr ise  the  M ono tro po id eae  
have  u sua l ly  been  con s ide red  sap rop hy tes .  
More recen t stud ies  ( B j ö r k m a n  1960, 
F u r m a n  & T r a p p e  1971) have  sho w n  
evidence of the exis tence of fu n ga l  bridges 
be tw een  the  m v co t ro p h s  a n d  the  host 
species. T h is  h a b i t  cou ld  be te rm e d  m y c o ­
p a ra s i t i sm  to d if fe ren t ia te  it f r o m  o th e r  
fo rm s  of p a ra s i t i sm  a n d  to d ra w  a tten t io n  
to the in teg ra l  role p layed  by th e  m yeo r-
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rhizae. The 12 species of the M onotropoi- 
deae are d istributed  am ong 10 genera. 
This m ay be com pared w ith the nearly  
40 species in  three (two to four) genera 
of the Pyroloideae and the approxim ately 
100 genera and 2,500 species of the rest 
of the Ericaceae. A description of the 
M onotropoideae and one for each of the 
included species has been provided in 
ano ther paper ( W a l l a c e  in press). Any 
study to determ ine the relationships of 
the M onotropoideae m ust take into ac­
count those characteristics related to the ir 
m ycoparasitic habit. Such features could 
be expected to he interrelated. There is 
no reason to doubt tha t there have been 
norm al evolutionary pressures upon pol­
lination m echanism s and propagule dis­
persal system s of the M onotropoideae.

There are a few o ther families in  w hich 
there are m ycoparasites. A ra ther com plete 
list of the genera, by family, was given 
in F u r m a n  and T r a p p e  (1971). In each 
of the fam ilies considered, except the 
T riuridaceae, the m ajo rity  of the species 
are chlorophyllous. The m ycoparasitic 
Epirixanthes  B l u m e  differs from  auto- 
trophic Salomonia  LOUR.,  both of the 
Polygalaceae, only in hab it ( K e n g  1969). 
The form er genus is the only case of 
m ycoparasitism  in the Polygalaceae. W i l ­
l i s  (1973) com bined the two genera in 
Salomonia. Petrosavia B e c c . is the only 
m ycoparasitic genus placed in the L ilia ­
ceae by T h o r n e  (1968) and F u r m a n  and 
T r a p p e  (1971). Protolirion  R i d l ., listed 
by the latter au thors, is synonym ous w ith 
Petrosavia. W i l l i s  (1973) considered the 
genus a m onotypic fam ily. There are about 
200 species am ong the m ycoparasitic 
genera of the Orchidaceae noted by 
F u r m a n  and T r a p p e  (1971). They also 
list six genera of the Gentianaceae w hich 
include over 50 m ycoparasites. The T ri­
uridaceae is the only fam ily com posed 
en tirely  of m ycoparasitic species. S t a n t  

(1970) stated tha t she w ould have no 
objections to placem ent of Petrosavia in 
the T riuridaceae on the basis of a n a ­
tom ical evidence. This could be a case

of convergence of habit. The fam ily 
Burm anniaceae is interesting in that m yco­
parasitic species ou tnum ber autotrophic 
species. There are about 14 genera of 
m ycoparasites and only Burmannia  has 
chlorophyllous and achlorophyllous spe­
cies. In Burmannia, J o n k e r  (1938) treated 
23 of the 57 species as saprophytic, here 
term ed m ycoparasitic. Only the T riu ri­
daceae have apparen tly  diverged too far 
to be allied with any close autotrophic 
relatives.

PREVIOUS TAXONOMIC TREATMENT

The m em bers of the M onotropoideae, 
historically, have been placed in several 
taxonom ic positions close to the Ericaceae. 
N u t t a l l  (1818) was one of the first 
botanists to unify the know n genera of 
the M onotropoideae. He erected a separate 
family, his “n a tu ra l o rd er”, the Mono- 
tropeae (sic). N u t t a l l  noted the sim ilar­
ities am ong the seeds of Monotropa  L., 
Hypopithys  S c o p ., and Pterospora  N u t t ., 
the genera he knew  and  accepted, and 
those of Pyrola  L. He considered the form  
and d istribution  of the an thers of the 
three genera sufficiently different, how ­
ever, to w arran t their separation  from  
Pyrola  as a family. N u t t a l l  claim ed tha t 
Monotropa  had  a “m onopetalous” corolla 
tha t was separate to the base, which ap ­
peared then as separate petals. The petals 
are, in fact, entirely separate in Mono­
tropa. D e s v a u x  (1827) treated  the Mono­
tropoideae as a family, the Semicircu- 
laceae, ap a rt from  the Ericaceae. Mono­
tropa liypopitliys  L. was the only m em ber 
of the family. F i n d l e y  (1836) elevated 
both the Pyroloideae and M onotropoideae 
to separate families. His M onotropaceae 
differed from the Pyrolaceae in tha t its 
m em bers had straight styles, longitudinally 
dehiscent an ther sacs, leafless stems, ap ­
parently  sym petalous corollas, and were 
parasitic plants. I ) e  C a n d o l l e  (1839) 
reasoned the group to be a segregate fam ­
ily, pointing out the lack of term inal 
pores in  an thers and the difference in 

Bot. Notiser, vol. 128, 1975
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. 2  5  S a
C/5 O
^  O  • fe

"  S. y a °g  a  s  »  ç j

3  f i  3  
c

i G  
y  y  
P . o .  

. 03
a - cqj c/5

O o
y  g f e  
" y  «  
3  y  T

co
O to

y  O  y
y  y  y  O  O . 
O  Ë  r  y

3  y  y  f e  a
«  “ > G  G  «'  X  à

jC * ‘ y  a  
- a  o  ç  

y  y  G

G G  O  
a  G .
3 , - y  -a

Cd

cd
-  »-« ’  r  a

  ■ c  ™ *r Ä
00 . 5  ^ y  f e  «

»« i «  »S g  2 2 3
T « ?  3  £  £  . £2

• ;- O Ü C G  a
2  t p  >- • •■ S  JS 3y  y  - y  G , g

> ,  to OC y *  0®
■ o  e r1 • -  y

a « » g
>-> G «  -

S y  
G

G g  y
SÖ t-

a  o y o y e
t o y . y ê 3 t y t o t o O

y  g  o c  ë  
c  . G  2  
~  Ë  °
O G W  g

* ■ « 3  Ö

to O

a  g

5  *  „
y  a  -S

Ë  «5

^  y
S  o .

f i  «
a  3
a  5fe. cd

—  fe 
O) -M 

- m -  C/5

s °  i  
“  “  J s

? | ü s
d S l l
G - ,  o  • -  

•rr ^  &

ä  I l s «

Ë  ^  3  • -  
3  ËfeC «2O  0 3  J; 3  
y  G o  a
y  g  
E * y

y  a

«  j ' f i  o  
y  »S c  
y  .G  3  
O 5/3

Ë  y  T3 g  " g

S °  O g 6C .
.  a  >  y  G  v>

> > -3  °  y  =3 T
a

c  feT es a
- ÿ  X  y  G  a  2
to i;» ° -  o Ë a*

-  a  y -  y  «  -G
ko  o  o  y  y  to

o

S G 2 f e  
b U  £  S  

S  nG å r
y  O 

y  I—L y  3  -G  ■y oc*-fi y 
a  G C  y  
C  a  G  G

r TJ 
e  y
a  y  
P .-G

2  «»
1 OC I  5  

O S oc t  
a *  G  g  
^  • y  o  

a  a  . y
'  ■» y  C3 y  

^  y  
y f e G

•S a  3

«  o
"G
y  y

°  f e i 2  £  C 
y  . G  g  y  
y  2  G  y  M  

a  PJ «ÖH . y  • -  y

35 « - - S  Ë  I  Ë
•G - y y - ‘rr - G o 2 o  

f i .  o  o f e  M i o G  «

" â  T3
>
°  33
°  ï

c/T

w  fe—  g :  y
y  to y

oc
G

_o
3

y  y

^  Ë«  S

cd ^  
v  Æ

O «5

fe -

£
‘ S  •

C/5 C

► -S

o  3  a  
c f e  g

« ® |  
73 -G  G
cd 5 co

J= 2  a
^  Ca;

S  * ** C  P  v  ^  sS 
M c d l  c  »5 
^  fe . C  3  
S ^ x o s

a  2  s  Ë  y
2  f . S  e  . 2
. - 2 - r  •*■ ^  ' o
O y y c • 
G .Ë  a  3s "g  

S G ’S * .  G
Ë  2  S  y  3  a  P - fe : 3

y  g  e
Ë  O . y

oo 'S  a

y  5 , 0

«  “  *  
y  G 
a  to .

; . g s
iO  y  to

G  g

71 *3 S

a  y  y
p .  °  c. fe
C/5 >  O

03 . . .

c  ► . '2
e  . r  5

G .G  
y  a  

=~ G
•Ë  y -1

O
G  a
y  s  —y  r e  - -  r

ë  i y  
a
y  y  y  

r  y  O  
o  o  . 

y  T3 . 2  

G  I  y
i  y  :p o ca

-  y  «  G  -G  •
£  o  'S  a  e  2  
y  fe: G  G G  y

oo y  y

a  o c

yn  ^a  O  y

' G  2  Sy  tic
o  ’ G . y  y  
a « » * '  S
^  v  y  • -  5

fe ?  3  CO 1/5
T  G3 G  3
o  to . f e  y

  y  a  to * j  3  Gc« .S Æ =3 03 fe* ,S
cd

C  - g  C/5
o  »3 H  yO  > ,

G ' 10

► .2 
o  l e

0 3  y

G  y  g
jZ. (D 3  

C/5 f e  ^

S  .S T æ

e ç - f i  
C  y  
O G

2  i
o  a

°  o l
y  y  y
y  to gy  y  G
2  g  oC m  C/5

cd C

o

• " 3  ^
T3 fe .c
a; cd o;
Ë  *■ â

O i> o  
c. o  —
C  .-M o

T3 cd

, g  y  y  

; °
! le Ë e

o

22 y

y  y

I X 

"a

G  o  22 o
tO G  U

G -  
y  "G
to g

G

y  3fi

«? O G

G O 
a  y  
§ . £  
Ë  3

« 3  y
O  y  ’ y  y  . 3

S * à e 3
to o  G  y

CD

■ . G  G
,y G G ^ 3
7  '0  0  f e  W >*2 ®
o y y? • y  3  q

e  °  2  °  g  -
r  « 2! y

y O y1 2 3 y
o  *- E fe g  t-
G o t 2  3 G y

. g  c c ^  f e

ë ”  à  å  ÿ  g y 
«  S f f c  y  §  S
V5 fe -fe — fe-, X  -C

O)

f i  2  y  
^ f e - G
y  «  G  

Oy
G Gy  O  G  

G • G
■î Ë  
a

o c
G —•
3  OC

oi) y  G  OC >2

G
3  G 
G g  
O y

>>fe

S g

O  T  .
“ 'S  X
5 * 5  S

g  *l
i .  i  ■ £ .  
n  c g  a 
. g  y g  G  y  N  o

-2
•M t 0 * 5  2  
O  3  3  o
^  o  f e f e  
C  y  y  . 

^  ü  t« T3 
cd cd . ^
CJ *— *fe

3  G 3  .Ë

iC* yy  to 23 . 3
Ë  "ir>  a  J2 
g  y  to G
■ y  e  g

.n y.jfi y

- y  3 a  rfi
■y “ 3
f e  O  cô 
y  ■“  3  
>• G  . -  
a  y  _• 
y  p .  e  
G 3 g 
O G  f e
°  2  Ë
rC y 3 .
y g °  12 
" 3 ^ 3  

G  3  o  5O to G  G

t  y  
• r g S 2 .

^  O  n  ifl 13

ë  y
cd

3  0 ) ^  .

3 d ° 5 s "

<= a  f e  °  §  
’- i  ■ 2  o  o c  

. o® oc  e

I  f e f e ' 7 ^  S
3  >> O  y  y  a
to G  G O O  G

H  »  ®
§  £ g

a  O Ë  3  Ë  C 
^  fe

“ â i
O

s i
^ G  O  T  
o  - j t :

| ï PO  Ch c/5

• '‘Ofe C/5 C/5 qj

”"  1g

o .  

E n

y  ' >

O
- C  to 

. „ G  
to G 

G  a  
a  Jfi

Bot. Notiser, vol. 128, 1975



290 GARY D. WALLACE
o JJ ..

QC — . G <3J CJ a;
P “ * ~ X  
‘Z  P  cj «« G .

P T 3 u
-IZ ̂  a; • p-— < rfi Ĉ _PC- -'S £ Ü
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num bers of perian th  segments in term inal 
versus lateral flowers. He inferred rela tion­
ships am ong his M onotropaceae, Pyrola  
aphylla  S m i t h  in R e e s , and  Cladothamnus 
B o n g . B e n t h a m  and H o o k e r  (1876) ele­
vated the M onotropoideae, hut not the 
Pyroloideae, to fam ilial status. They su p ­
posed the M onotropoideae to he root 
parasites. They also recognized a link 
am ong their M onotropeae, Ericaceae, and 
Pyroloideae th rough Pyrola aphylla. The 
M onotropaceae of S m a l l  (1914) were 
noted to possess simple pollen grains. He 
judged the m em bers to be saprophytes 
and  that their ovaries were either 1- or 
4— 6-celled. The baccate fru its of some 
of the m em bers were still poorly known 
at that time and S m a l l  noted that the 
fru its of some were m erely som ewhat 
fleshy. Recently C r o n q u i s t  (1968) also 
recognized M onotropaceae. He lists lack 
of chlorophyll, lack of leaves, presence 
of longitudinally dehiscent anthers, m o­
nad pollen, and variable placentation as 
differentiating characteristics. E i c h l e r  
(1875) was the only au th o r to treat the 
M onotropoideae as a subfam ily of the 
H ypopityaceae (sic). S im ilarly Rouv (1897) 
considered the Pyroloideae and Mono­
tropoideae subfamilies of his M onotro­
paceae. The M onotropoideae was considered 
a  tribe of the Ericaceae hy I ) .  D o n  (1834). 
He characterized the group as having 
unilocular anthers, peltate seeds, and as 
being leafless, parasitic herbs. B â i l l o n  
(1891) separated the genera which m ake 
up the M onotropoideae into two series, 
the M onotropées and the Pterosporées 
w hich he subordinated to the Ericaceae. 
The two series were distinguished by 
w hether or not the corolla was sym petal­
ous.

Usually the M onotropoideae is placed 
as a subfam ily of the Pyrolaceae or E ri­
caceae. D r u d e  ( 1 8 8 9 )  pu t the subfam ily 
into the Pyrolaceae. He noted tha t the 
Pyroloideae had reflexed anthers w ith 
ap ical dehiscence at anthesis and pollen 
in tetrads. His M onotropoideae had erect 
an th ers  w ith united, ring-shaped or

hippocrepiform  slits and m onad pollen. 
D r u d e ’s treatm ent was used by S c h u l t z e - 
M o t e l  (1964). L a w r e n c e  (1951) stated 
that the Pyrolaceae, in w hich he included 
the M onotropoideae and Pyroloideae, d if­
fered from  the Ericaceae by their h e r­
baceous habit, corolla of distinct petals, 
and loculicidallv dehiscent capsule. There 
are some exceptions to each of these 
characteristics. Chimaphila um bellata  (L.) 
B a r t , and C. maculata  (L . )  P u R S H  are 
som ew hat woody; H em itom es  G r a y , M ono- 
tropsis S c h w . in E l l ., Pterospora, and 
Sarcodes T o r r , have sym petalous corollas; 
and Cheilotheca  H o o k , f i l ., H em itom es, 
M onotropastrum  H. A n d r e s , M onotropsis, 
Pityopus  S m a l l , and Pleuricospora  G r a y  
have baccate fruits. The au th o r has con­
sidered the M onotropoideae a subfam ily 
of the Ericaceae in a previous paper 
( W a l l a c e  in press). This position had 
also been taken hv several earlier au th o rs  
( H e n d e r s o n  1919, C o p e l a n d  1939, 1941, 
1947, T h o r n e  1968, S t e v e n s  1971). 
H e n d e r s o n  (1919) allied the M onotro­
poideae and Pyroloideae to the Ericaceae 
in a series characterized by increasing 
saprophytism . This increasing saprophyt- 
ism was accom panied by anatom ical and 
m orphological change. She noted th a t ex­
cept for their saprophytism , the supposed 
differences am ong the M onotropoideae, 
Pyroloideae and Ericaceae broke dow n 
w hen viewed carefully. Co p e l a n d  (1939) 
followed J e p s o n  (1925) in placing the 
M onotropoideae and Pyroloideae in  the 
Ericaceae, adm itting his uncerta in ty  of 
their true relationships. In two la ter 
papers C o p e l a n d  (1941, 1947) m ain ta ined  
this position bu t gave reasons for treating  
the two subfam ilies as tribes of the Ar- 
butoideae of the Ericaceae. T h o r n e  (1968) 
did not elaborate on his reasons for p lace­
m ent of the Pyroloideae and  M onotrop­
oideae in the Ericaceae. S t e v e n s  (1971) 
stated tha t in placing the two subfam ilies 
in the Ericaceae he followed C o p e l a n d  
(1941, 1947) and H e n d e r s o n  (1919). He 
asserted th a t several characteristics and 
observations utilized by D r u d e  (1889) in
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his classification of the groups were in ­
correct.

DISCUSSION

The subfamily Monotropoideae has u su ­
ally been considered to be close to the 
Ericaceae. The question is whether they 
should be included in the Ericaceae. The 
following will include a discussion of 
some of the information provided in Table 
1. O ther data, whose presentation is not 
enhanced  by a tabular format, and a 
brief discussion on the acceptability of 
some of the other subfamilies and their 
m em bers will be included.

The Pyroloideae and Monotropoideae 
are restricted to the Northern Hemisphere. 
The Ericoideae, apparently  indigenous 
only in the Old World, has the Cape 
Province of Africa as its center of diver­
sity and is infrequently represented o u t ­
side Africa in comparison. The Rhododend- 
roideae, Vaccinioideae, and Arbutoideae 
are also probably of northern  origin bu t 
are widespread in the New and Old 
Worlds. The center of diversity for the 
Monotropoideae is western North America. 
Five genera are restricted to this area and  
two of the other five are found there. 
Some of the species are seldom collected.

Many modifications of the Monotrop­
oideae are related to their mycoparasitic 
habit. These include reduced herbaceous 
habit,  presence of nonphotosynthetic s te r­
ile brac ts  instead of leaves and associated 
features, and lack of above ground vege­
tative buds. The only above ground p o r ­
tions of the species are the annual 
inflorescences. These reproductive s truc­
tures represent the most noticeable p o r ­
tions, and not surprisingly the m ajo r  
source of taxonomic data of the species. 
S l e u m e r  (1966) pointed out that sterile 
materia l of any members of the Ericaceae 
is of little value because the most useful 
inform ation is to be found in the cha rac ­
teristics of the reproductive structures. 
W a t s o n  (1965) based some suggested 
taxonomic alterations within the Ericaceae

upon stomatal characters and few other 
features. Some of his other data do not 
seem to support changes suggested by his 
stomatal data, particularly  in the case of 
removal of the Phyllodoceac from the 
Rhododendroideae ( H a r b o r n e  & W i l ­
l i a m s  1973, I k u s e  1954).

Floral Biology

Several features utilized in taxonomic 
delimitations of members of the Ericaceae 
may be directly related to specialized 
pollen presentation mechanisms. Awned, 
shaker-type anthers; narrow  orificed, ur- 
ceolate corollas; and pollen lacking “vis- 
cin” (sporopollenin) strands are found 
primarily in the Ericoideae and Arbutoi­
deae. The constricted m outh  of the corolla 
with awned anthers presented just below 
its narrowest portion m ay be selective for 
particular insects or may spatially restrict 
entry so pollen will not be wasted. The 
anthers are disturbed, in their pendulous 
position, when the insect visitor pushes 
on the anthers or awns trying to reach 
the nectar at the base of the flowers. 
Pollen will normally be shaken out at 
this time. Autogamy, usually effected in 
later stages of anthesis, has been described 
for some species in the Ericaceae with pol­
len presentation mechanisms of this type 
( H a g e r u p  1954, K e r n e r  v o n  M a r i l a u n , 
1894— 95). The more flaring flowers of 
the Rhododendroideae have awnless a n ­
thers and “viscin” strands among the 
pollen grains. The pollen thus held in 
aggregates may become tangled in the feet 
or other body parts  of insects and t rans­
ferred to the sticky stigma. The com ­
parisons noted in Table 1 reflect cha r­
acteristics of extant members of the E r i ­
caceae and include data on specialized 
features of the above types. These special­
izations may hinder any attempt at erect­
ing a natural arrangement of the Ericaceae. 
For this reason care m ust be taken to 
consider data from m any  potentially 
useful features before tentative lines of 
development are drawn.
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Stam ens

The range of characters associated w ith 
the androecium  and an thers of the Mono- 
tropoideae m ay usually  he found am ong 
the o ther subfam ilies of the Ericaceae as 
well. A nther dehiscence varies greatly in 
m ost of the subfamilies. Monad pollen 
occurs in five genera of the Ericoideae, 
one of the Vaccinioideae, one of the Pyro- 
loideae, and all ten genera of the Mono- 
tropoideae. C haracteristics of anthers are 
of p articu la r taxonom ic value in the 
Ericaceae. These m ay exhibit a wide range 
of form s depending upon the pollen p re ­
sentation m echanism  peculiar to the taxon 
concerned. The general form  of the erica- 
ceous stam en is, however, relatively un i­
form . M a t t h e w s  and K n o x  (1926) noted 
th a t the stam ens, of mem bers of the 
Ericaceae, have a single trace which usually 
curves from  the connective tow ard the 
distal portion  of the an ther, w hether or 
not it is term ed the apex or base of the 
an ther. They chose the latter term . In  
m ost of the stam ens they depicted, the 
trace was unbranched and generally oc­
cupied the m ost m assive or isolated areas 
of sterile tissue in the anthers. In Daboe- 
cia polifolia  D. D o n , as m ight he expected, 
the m uch elongate an ther sacs are provided 
w ith a trace between them , which M a t ­
t h e w s  and K n o x  term ed a subsidiary 
trace. This strand  is found tow ard the 
porous end of the anther. This would he 
consistent w ith C a r l q u i s t ’s (1970) em ­
phasis on the probability  tha t relative size 
and  duration  of the stam en determ ine the 
am ount of vascularization. In m any cases 
in the Ericaceae, the an thers at m atu rity  
are positioned w ith their distal portions 
directed tow ard the base of the ovary 
on the adaxial sides of the stam inal f ila­
ments. C o p e l a n d  (1943) noted that the 
an thers of the m em bers of the Rhodo- 
dendroideae were developed in, ra the r 
than  m oved to, the position described 
above. The an thers of Erica hirtiflora  
C u r t , were described by M a t t h e w s  and 
T a y l o r  (1926) as developing w ith their

distal portion directed tow ard the base 
of the ovary. These do not undergo late 
an ther inversion. In this respect they are 
sim ilar to the an thers of the R hododendr- 
oideae described by C o p e l a n d  (1943). 
This is the m ost frequently  encountered 
situation am ong the o ther m em bers of 
the Ericaceae. F low ers of some m em bers 
of the A rbutoideae m entioned by M a t ­
t h e w s  and K n o x  (1926) develop with 
the distal portions of the anthers directed 
tow ard the still closed floral orifice and 
invert during the la tte r stages of their 
developm ent to attain  the same positions 
as the an thers of o ther Ericaceae. C o p e ­
l a n d  (1943) m entioned species of Pyrola  
and Arctostaphylos  A d a n s . whose stam inal 
development would conform  to th is de­
scription.

There are several types of stam ens 
found am ong the m em bers of the Mono- 
tropoideae. Cheilotheca, Hemitomes, Mono- 
tropa hypopithys , Pityopus, Pleuricospora,  
and Sarcodes have straight filam ents to p ­
ped by erect, linear or h ippocrepiform  
anthers which undergo no m ovem ents like 
those described above. Allotropa  T o r r .  
& G r a y  ex G r a y  in N e w b e r r y ,  M onotropa  
uniflora  L., Monotropastrum, Monotropsis, 
and Pterospora  have relatively straight 
filam ents topped by globose or variously 
shaped anthers, but these are not linear. 
The distal portions of these an thers are 
horizontally directed tow ard the style. 
During their m aturation , the distal p o r­
tions of the an thers m ay bend dow nw ard 
slightly, hut usually  less than 90 from  
the horizontal, so tha t it approaches a 
position m ore directed tow ard the floral 
base. The inversion in these species of the 
M onotropoideae is not considerable and 
in some cases m ay be achieved by the 
reflection of the stam ens allowed by the 
expansion of the corolla at anthesis. The 
ovaries of Allotropa, Monotropa uni flora, 
Monotropastrum, Monotropsis, and  Ptero­
spora are ra th e r globose or oblate sphero i­
dal. In  bud, the an thers usually  occupy 
the space in the angle between the apex 
of the ovary and the straight style. In m ost 
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of the o th er species of the M onotropoideae 
the ovaries are m ore elongate and the 
stam ens lie along side of and parallel to 
the style. This la tter condition is found 
in  m any m em bers of the Ericaceae in 
w hich the re  is little or no movement of 
the an th e r  in relation  to the m ature ex­
panded filam ent. The movem ent is more 
pronounced  in some species of the Pyro- 
loideae. In  Moneses S a l i s b .  the angle 
th rough  w ich the an ther m ust deflex is 
greater th a n  th a t encountered in any 
species of the M onotropoideae. The a n ­
thers of M oneses are also provided with 
short tube-like channels. Movement of 
the m atu ring  an thers atop the filam ents 
m ay serve to orient the extending awns, 
possessed by m any of the species, to a 
position w here the awns are against the 
corolla. The slight m ovem ent of some 
of the an thers of the M onotropoideae is 
all th a t is required  to orient the dehiscence 
openings of those species. Many species 
with urceolate corollas do not have anthers 
w hich undergo any degree of inversion. 
These are m ost frequent am ong mem bers 
of the Vaccinioideae. In these, the anthers 
are provided w ith elongate dehiscence 
tubules w hich would, in m ost cases, 
spatia lly  preclude any inversion move­
m ents of the anthers. The inversion would 
be detrim en ta l anyw ay since the apparen t 
pu rpose is to align the dehiscence openings 
of the an thers tow ard the floral orifice. 
M a t t h e w s  and K n o x  (1926) fu rthe r noted 
th a t m any  taxa in the Vaccinioideae have, 
in add ition  to the tubules, appendages on 
e ither the ir filam ents or anthers. These 
appendages are of variable position, and 
w ould serve to orient the anthers. In the 
E ricoideae, some species w ith included 
stam ens but awnless an thers have fila­
m ents th a t are curved to m ake contact 
w ith the corolla and thus provide the 
necessary support for the orientation of 
the an thers. S t e v e n s  (1970) reported the 
presence of curved filam ents, which he 
called geniculate, in several genera of the 
A ndrom edeae. These were also noted in 
a la te r paper ( S t e v e n s  1971). The stamens 
Bot. N otiser, vol. 128, 1975

and an thers of the M onotropoideae seem 
to he m ost closely allied to those of the 
A rbutoideae. Among the m em bers of the 
M onotropoideae only Pterospora  has an 
urceolate corolla and aw ned anthers.

Pollen

The distribution  of hi- and trinucleate 
pollen grains am ong the m ycoparasites 
and o ther angiosperm s is of interest bu t 
of uncertain  significance. B r e w b a k e r  
(1967) included a long list of taxa and 
their type of pollen. He considered tr i­
nucleate pollen grains the advanced type. 
B inucleate pollen grains predom inate in 
the angiosperm s and  am ong m ycopara- 
sitic genera. B r e w b a k e r  listed Neottia 
G u e t , of the O rchidaceae, Salomonia  L o u r . 
of the Polygalaceae, and the M onotro­
poideae and Pyroloideae of the Ericaceae 
as having binucleate pollen grains. The 
T riuridaceae, as well as Apteria  N u t t . 
(Burm anniaceae) and two chlorophyllous 
species of Burm annia  L., are trinucleate. 
He listed two m ycoparasitic species of 
Burm annia  as binucleate. B r e w b a k e r ’s 
list included relatively few genera of these 
fam ilies so the prevalence of either type 
of pollen is unknow n. This would be 
necessary for p roper com parisons in light 
of o ther taxonom ic evidence to determ ine 
the significance of this type of inform ation. 
E nkian thus  L o u r , is the only genus of the 
E ricaceae know n to possess trinucleate 
pollen grains.

Embryology

All the features associated w ith the 
gynoecia of m em bers of the M onotropo­
ideae m ay he found elsew here in the E ri­
caceae. C haracteristics of the ovules are 
alm ost uniform  th roughou t the Ericaceae. 
On the basis of her em bryological w ork 
D a v i s  (1966) separated  the M onotropaceae 
and Pyrolaceae from  the E ricaceae. F o r the 
purpose of this discussion data for her 
th ree fam ilies will be considered as though 
it were for a united fam ily, the Ericaceae.
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D a v i s  noted several embryological ch a r ­
acteristics. The ovules are anatropous, 
unitegmic, and tenuinucellate except in 
some of her Ericaceae where the ovule 
may he nearly campylotropous. The arche- 
sporial cell functions directly as the mega- 
spore mother cell and cytokinesis ac­
companies meiosis. Some members of 
D a v i s ' s  Ericaceae vary in the la tter c h a r ­
acteristic. The chalazal megaspore of a 
usually linear te trad develops into a Poly­
gonum -type  embryo sac. Endosperm fo r ­
mation is ab initio cellular in almost all 
cases. Embryogeny is of the caryophyllad 
type in D a v i s ’s Pyrolaceae and Mono- 
tropaceae but of the solanad type in the 
Ericaceae. The difference may represent 
a reduction of the embryo from the 
solanad type in which the basal cell forms 
a suspensor for two or more cells, to the 
caryophyllad type in which the basal cell 
undergoes no further  divisions ( M a h e s h -  
w a r i  1950).

Data from G a n a p a t h y  and P a l s e r  

(1964) and S t u s h n o f f  and P a l s e r  (1969) 
indicate that the embryos of members of 
the Ericaceae, except for the Pyroloideae 
and  Monotropoideae, are linear and  have 
two short cotyledons. C o p e l a n d  (1947) 
stated that the embryos of the genera 
he put in the Pyroleae (Pyrola, Chimaphila  
P u r s h ,  and M one ses) failed to form any 
distinct parts. According to J o h a n s e n  
(1950), the mature embryo of Monotropo  
hypopithys  consists of about nine cells. 
T e r e k h i n  (1963) claimed that the embryo 
and endosperm in the Pyroleae and  Ptero- 
sporeae consisted of about 30— 40 cells. 
Embryos of species of the Pyrolaceae 
(including Monotropo) studied by P y y k k ö  

(1968) were reportedly undifferentiated 
and embedded in endosperm. C o p e l a n d  
(1947) had  reported that the embryos 
absorbed most of the endosperm. The 
reduction of the embryos of the Mono­
tropoideae and Pyroloideae is in keeping 
with their reduced stature and habit.  It 
seems likely tha t in both  subfamilies 
infection by the mycorrhizal fungi occurs 
soon after the seeds are shed. This may 
20

alleviate the necessity for abundant endo­
sperm. M a h e s h w a r i  (1950) provided a 
list of embryological features com m on to 
the Ericales. P a l s e r  (1961) expanded this 
list. There are some minor exceptions 
to some of the noted features in her  list.

Phytochem istry

H e g n a u e r  (1966 a) recorded the occur­
rence of several compounds among the 
members of the Ericaceae. The diterpenes 
are the toxic constituent of the Ericaceae. 
Andromedotoxin, one of these, has been 
isolated from members of the Rhododen- 
droideae and Arbutoideae but was not 
found among the few species of the Eri- 
coideae, Vaccinioideae, and Pyroloideae 
investigated. It was, however, found in 
Monotropo uni flora, the only m em ber  of 
the Monotropoideae investigated. H e g ­
n a u e r  (1966 b) mentioned the presence 
of arbutin  in Arbutus  L., Ar cto s taphylo s, 
Pyrola, and Vaccinium  L. All members 
of the Pyroloideae and Monotropoideae 
were said to possess monotropeoside.

Gossypetin was recognized as a useful 
taxonomic m arker  by I T a r b o r n e  and W i l ­
l i a m s  (1973). This compound was noted 
by them primarily in the Rhodoreae and 
Phyllodoceae of the Rhododendroideae but 
was also found in Erica L. (some species) 
of the Ericoideae; Comarostaphylis  Zucc. 
of the Arbutoideae; and Iiarrimanella,  
Chamaeclaphne K u n t z e ,  and O xydendrum  
DC. of the Vaccinioideae. Hydroquinone 
was found in all members of the Arbutoi­
deae examined, Pyrola, and Chimaphila  as 
well as some species of Pcrnettya  G a u d i c h  
and Vaccinium  ( H a r b o r n e  & W i l l i a m s  

1973). They also noted the occurrence of 
the monomethyl ether of hydroquinone in 
Pyrola  and Vaccinium. Ursolic acid, ß-sito- 
sterol, and p-coumaric acid have been re ­
ported from  Monotropo uniflora  by B o b ­
b i t t  et al. (1966). H e g n a u e r  (1966 a) re ­
ported ursolic acid from each of the other 
subfamilies of the Ericaceae. He mentioned 
the occurrence of ß-sitosterin in Befaria  

Bot. Notiser, vol. 128, 1975
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M u t i s  e x  I.., Lyonia  R e i c h  i l ,  and Pyrola. 
H a r b o r n e  and W i l l i a m s  (1973) state that 
the Pyroloideae and Monotropoideae fit 
into the Ericaceae based upon their che­
mistry and  suggest that the Vaccinioideae 
is similar.

The tribes and most of the subfamilies 
of the Ericaceae are fairly distinct hut 
have been subjected to various taxonomic 
combinations. For the purposes of this 
brief discussion of the other subfamilies 
of the Ericaceae, S t e v e n s ’ ( 1 9 7 1 )  classifi­
cation is the most useful. The presence of 
gossypetin and pollen grains with “viscin” 
strands, am ong the taxa of the Phyllo- 
doceae and  Rhodoreae enforce S t e v e n s ’ 
treatment of the Rhododendroideae. The 
Ericoideae is relatively distinct in most 
of its features. S t e v e n s  placed the Arbu- 
toideae as a tribe of the Vaccinioideae. 
His classification has many merits, how­
ever, the Arbutoideae is separated in the 
present w ork  in an attempt to allow com­
parison of the two groups. I would have 
to agree with S t e v e n s  ( 1 9 7 1 ) ,  however, 
and unite the Arbutoideae with the Vac­
cinioideae. Several characters associated 
with pollen presentation mechanisms were 
found to be common between the two 
groups. These mechanisms were not cor­
related by S t e v e n s .  Some of the characters 
which are interrelated include the shape 
of the corolla, presence or absence of 
“viscin” strands, presence or absence of 
anther  tubules, and inversion of anthers.

CONCLUSIONS

Data in Table 1 clearly indicate the 
close relationship of the Monotropoideae 
to the o ther  members of the Ericaceae. 
Most features found among the members 
of the Monotropoideae m ay he found in 
some o ther  members of the Ericaceae. The 
mycoparasitic habit of the subfamily is the 
most distinguishing feature of the group. 
Several characteristics are associated with 
this habit. Among these are reduced habit 
and embryological features, as well as 
changes in gross morphology, anatomy,
Bot. N otiser, vol. 128, 1975

physiology, and pollen presentation mech­
anisms. The Monotropoideae appear  to be 
most closely allied to the Arbuteae of 
S t e v e n s ’ (1971) Vaccinioideae. In addition 
to evidence from Table 1 there are other 
shared characteristics. Anthers of some 
members of the Monotropoideae undergo 
a modified form of an ther  inversion, a 
feature noted in the Arbuteae and Pyro­
loideae. The Monotropoideae and Arbuteae 
possess a similar range of floral charac­
teristics. Chemical evidence also indicates 
a close relationship am ong the tribes of 
the Vaccinioideae and the subfamily Mono­
tropoideae. The case against maintainence 
of the Pyrolaceae is also apparen t from 
data in Table 1. They, like the Mono­
tropoideae, possess no features unique 
among Ericaceae, except possibly myco- 
parasitism.

The Pyroloideae form a ra ther  uniform 
subfamily which should be placed near 
the Monotropoideae. The Monotropoideae 
and Pyroloideae were probably derived 
from the vaccinioid line, but in both cases 
the separation was some time ago and 
extant members have diverged to a great 
extent. There is no reason to belive that 
the Monotropoideae were dervided from 
the Pyroloideae, even though  one or more 
species of Pyrola  are occasionally leafless 
and so perhaps mycoparasitic, and Pyrola 
secunda  L. has m onad pollen. This prob­
ably represents similar levels of special­
ization. The subfamily Arbutoideae is 
recognized in Table 1 following T h o r n e  
(1968). This greatly simplified presentation 
of the data and provided an  opportunity  
to examine S t e v e n s ’ placement of the 
Arbuteae with the Vaccinioideae. S t e v e n s ’ 
combination does, as expected, seem quite 
reasonable. T h o r n e  proposes to follow 
this view in the fu tu re  ( T h o r n e ,  pers. 
comm.). The recognized subfamilies of the 
Ericaceae would then be as follows: 
Rhododendroideae, Ericoideae, Vaccinioi­
deae, Pyroloideae, and  Monotropoideae. 
The taxa of each of these are aligned as 
in S t e v e n s  (1971). W i l l i s  (1973) ten ta ­
tively placed Wittsteinia  F. M u e l l .  of



TH E  SUBFAMILIES OF TH E  ERICACEAE 297

S t e v e n s ’ W it t s t e in io id e a e  in  t h e  E p a c r i -  
d a c e a e .  S ince  n o  n e w  ev id e n ce  o n  the  
p l a c e m e n !  o f  th is  c o n t r o v e r s i a l  g e n u s  ( S t e ­

v e n s  1971) c o u ld  he  p r o v id e d ,  it w a s  not  
t r e a t e d  in  th is  p a p e r .
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C hrom osom e num bers  are  given for 41 species of ang iosperm s  f ro m  Iran  
belonging to 33 genera and  12 families.  The ch rom osom e n u m b ers  of 27 species 
and  six genera  (Lepyrodiclis F e n z l  ex E n d l . ,  Pseudofortuynia H e d g e ,  Robeschia 
H ö c h s t ,  ex F o u r n . ,  StraussieUa H a u s s e n . ,  Lepechiniella M. P o p .  and Hyme- 
nocrater F i s c h .  & M e y . )  are  published for the firs t time. T he  ch ro m o so m e  
n u m b ers  of three species differ  f ro m  those given by o ther  au thors .  C hrom osom e 
races have been found  in  Arabidopsis pumila ( S t e p h . )  N. B u s c h ,  Primula 
auriculata L a m .  and  Senecio coronopifolius D e s f .

In Clypeola aspera ( G r a u e r )  T u r r i l l  a cytotype with  n 13 was found .  
It p robab ly  orig inated  f ro m  m ateria l  with  n =  14 by m eans  of one unequal  
trans location .

Ahmad Aryavand, Département de Biologie, Université d’Esfahan, Esfahan, Iran.

Dans le cadre de nos. recherches cyto- 
taxonom iques su r la flore de l ’Iran  ( A r y a -  

v a n d  1975 a, b), nous présentons dans ce 
travail les résultats concernant 42 espèces 
ap p arten an t à 12 fam illes et 33 genres 
d ifférents. P ou r environ deux tiers de 
ces taxons les nom bres chrom osom iques 
sont rappo rtés pour la prem ière fois.

MATÉRIEL ET MÉTHODES

La plus grande partie  de notre m atériel 
consiste en boutons floraux que nous 
avons récoltés et fixés sur le terrain  en 
Iran, à l alcool-acétique (3: 1). Seul le 
m atériel de Cousinici tenella ainsi q u ’un 
échantillon  de Lepyrodiclis holosteoides 
proviennent de graines reçues respective­
m ent des ja rd in s  botaniques de Taschkent 
et de Versailles. Ces graines ont été cu l­
tivées dans le jard in  botanique de 1 Institu t 
de Botanique de l’Université de Neuchâtel. 
Les boutons ont été fixés par le Professeur 
C. F a v a r g e r .  P our chacun  des taxons 
étudiés, un tém oin a été séché; ces témoins

seront conservés dans l ’herbier de la 
Faculté des Sciences de l’U niversité d 'Esfa- 
han  (Iran). La technique utilisée a été 
celle des écrasem ents au carm in  acétique. 
Les fam illes ont été classées suivant la 
classification du Syllabus der P flanzen­
fam ilien de E n g l e r - D i e l s  ( D i e l s  1936) 
et dans chaque fam ille les genres et les 
espèces sont présentés p ar o rdre a lp h a ­
bétique. Nous n ’avons figuré ici que les 
images cytologiques se rap p o rtan t à des 
plantes (pii n avaient pas encore été 
étudiées à ce point de vue ou qui p ré ­
sentaient un  intérêt particulier.

Tous nos com ptages concernant la 
méiose sont effectués su r les cellules- 
mères du pollen.

LILIACEAE

Allium ascalonicum L. — n =  8

LOCALITÉ. E sfah an :  K hunsar ,  Golestan
kuh, 2400 m  (74-165).
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Ce nom bre a été trouvé p ar plusieurs 
au teurs chez cette espèce sur des p ro ­
venances d ifférentes (in B o l k h o s k i k h  et 
al. 1969) et cela indique, pour le mom ent, 
que le nom bre chrom osom ique de cette 
espèce est constant. Les chrom osom es ont 
une taille assez grande.

Allium stamineum Boiss. — 2 n =  16

LOCALITÉ. Fars: Ali abad-e Kamin, 1600 
m (74-206).

Notre résu ltat concorde avec celui de 
F e i n b r u n  (in B o l k h o s k i k h  op. cit.) sur 
du m atériel de Palestine. Les chrom osom es 
sont grands. Chacun d ’eux m esure environ 
13 m icrons à l’anaphase de la mitose 
som atique de l’ovaire.

Bellevalia glauca ( L i n d l . )  K u n t h  
n =  4 (Fig. 1 A)

LOCALITÉ. Esfahan: Damaneh, 2100 ni 
(74-163).

Cette espèce n ’a pas fait l’objet d ’un 
com ptage chrom osom ique. Mais le nom bre 
de base x =  4 est très fréquent chez le 
genre Bellevalia. P o d l e c h  et B a d e r  (1974) 
ont trouvé chez Bellevalia saviczii W O R O N .  
le nom bre 2n =  24 (hexaploïde) sur un 
m atériel d ’A fghanistan. B. glauca a été 
subordonné par B o i s s i e r  (1884) à B .  
ciliata ( C y r i l l )  N e e s .  Ce dernier taxon 
possède aussi 2n =  8.

Eremurus persicus J a u b .  & S p a c h  —
2n =  14 (Fig. 1 B)

LOCALITÉ. Esfahan: Gliameshlou, 2050 ni 
(74-149).

Cette espèce n ’a pasi été étudiée a u p a r­
avan t à notre connaissance. Mais toutes 
les espèces du genre Eremurus  qui ont 
été étudiées ju sq u ’à m ain tenant possèdent 
le nom bre chrom osom ique 2 n = 1 4 . Donc

au point de vue du nom bre chrom osom ique 
ce genre semble être très uniform e.

CARYOPHYLLACEAE

Lepyrodiclis holosteoides C. A. Mey. — 
n = 1 7 , 2ii =  34 (Fig. 2 A)

LOCALITÉS. Esfahan: Nadjaf abad, 1550 ni 
(74-130) — Iran (récollé par le jardin bot. 
de Versailles) (71-988).

Aucun représen tan t du genre Lepyrodic-  
lis F e n z l  ex E n d l .  n ’a fait à notre con­
naissance l’objet d ’un com ptage chrom o­
somique. Nous avons étudié deux spéci­
mens différents, 1 un  récolté directem ent 
dans la nature (Nadjaf-Abad à 20 km 
W  d Esfahan) et l ’autre, également origi- 
naire de l’Iran, provenant du ja rd in  bo tan i­
que de Versailles.

Dans les deux cas, nous avons obtenu 
le nom bre n =  17. Ce nom bre se rencontre 
également dans certains genres de la fa ­
mille des Caryophyllacées, comme Honke-  
nyci E h r i l ,  Gypsophila  L. et surtou t 
Cerastium L. Il existe certaines affinités 
m orphologiques en tre  ce dernier et le genre 
Lepyrodiclis.

PAPAVERACEAE

Hypecoum pendulum L. —  2n =  16
(Fig. 2B )

LOCALITÉ. Esfahan: Cité Universitaire,
1600 ni (74-22).

Cette espèce n ’a jam ais fait l’objet d 'un  
com ptage chrom osom ique. S m i t h  (1935— 
1936) et S u g i u r a  (1937) (in B o l k h o s k i k h  

et al. 1969) ont trouvé chez I lypecoum  
procumbens  respectivem ent les nom bres 
2n =  12 et 16?. M é s i c e k  et S o j a k  (in 
M o o r e  1973) ont com pté chez H ypecoum  
erectum  L. 2 n = 1 6  sur du m atériel de

Fig. 1. A: Bellevalia glauca, mitose pollinique, n =  4. — B: Eremurus persicus, mitose soma­
tique de l’ovaire, 2n =  14. ■— C: Clypeolci aspera, métaphase I, n =  13. — D: Clypeola aspera, 
mitose de la racine, 2n =  26. — É: Nonnea caspica, métaphase I, n =  22. — F: Nonnea 
persica, diacinèse, n =  16 (14 bivalents et 1 tétravalent). — G: Cousinia pugionifera, 

prophase de la mitose somatique de l’ovaire, 2n =  24.
Bot. Notiser, vol. 128, 1975



CYTOTAXONOMIE DE QUELQUES ANGIOSPERMES DE L ’IRAN 30 1

Aiù«5 r i t

us>

Or

10 fj

Bot. Notiser, vol. 128, 1975



302 AHMAD ARYAVAND

Mongolie. E n  p lus C h o u k s a n o v a  (in B o l k - 
HOSKiKH op. cit.) a t ro uv é  chez H y p eco u m  
tr i lo b u m  T r a u t v . 2n =  32. Ces résulta ts  
m o n t re n t  q u e  le n o m b re  de base chez 
le genre  H y p e c o u m  L. est p ro b ab lem en t  8.

P apaver ten u ifo lium  B oiss .  -— n =  7 
(Fig. 2 C)

LOCALITÉ. Esfahan: Ghameshlou, 2050 m 
(74-134).

Cette espèce n  a pas  été étudiée a u p a r ­
av an t  à n o tre  connaissance . Mais d ans  le 
genre  Pcipciver L., le n o m b re  c h ro m o ­
som iqu e  2 n = 1 4  est le p lus  répan du .

BHASSICACEAE

A rabidopsis pum ila ( S t e p h . )  N .  B u s c h  —  

n =  8 (Fig. 2 D)

LOCALITÉ. Esfahan: Mt Homayoun shahr, 
1700 m (74-56).

M a n t o n  (1932) a com pté  sur  u n  spéci­
m en  d u  SW  de l’Asie le n o m b re  c h ro m o ­
som ique  2n  =  32. Donc, n o tre  échanti l lon  
qui p ro v ie n t  de la région d ’E s fa h a n  (Iran) 
est u n  d ip lo ide  (n =  8). Mais m a lh eu reu se ­
m en t  M a n t o n  n ’a pas  ind iqué  la localité 
p réc ise  de son  échantillon . Il fau t  m en t io n ­
n e r  q ue  Arabidopsis  wallichii  ( H o o k .  f i l .  
& T h o m s . )  N .  B u s c h  possède aussi le 
n o m b re  ch ro m o so m iq u e  2 n = 1 6  ( P o d l e c h  
& B a d e r  1974).

A rab idops is  p um ila  avec u ne  aire de 
d is t r ib u t io n  assez vaste (Russie centrale  
et m é r id io n a le  et Asie cen tra le  et austro- 
occidentale)  possède de nom b reuses  varié ­
tés ( S c h u l t z  1924). De tou te  façon, nos

ob se rva t io ns  m o n t re n t  que cette espèce 
a au m o in  deux races  chrom osom iques, 
l ’u ne  d ip lo ide  (I ran : E sfahan )  et l’au tre  
té t ra p lo ïd e  (SW Asie).

C lypeola  aspera ( G r a u e r )  T u r r i l l  — - 
n =  13, 2n  =  26 (Fig. 1 C, D)

LOCALITÉS. Esfahan: Mt Kolah-ghazi, 1800 
m (75-534) —- Fars: Kazeroun, Komaradj, 
1100 m (75-569).

D ’a p rè s  nos reche rch es  an té r ieu res  (Ary- 
a v a n d  1975 a), il existe chez cette espèce 
deux  n o m b re s  ch ro m o so m iq u es  d ifférents: 
n  =  7 et n  =  14. D epu is  lors, nous  avons 
observé  chez deux ind iv idus de p rov e ­
nances  d if féren tes  le n o m b re  c h ro m o so ­
m iq u e  n = 1 3  et 2n =  26. Dans les mitoses 
so m atiq ues  de la racine, on  aperço i t  12 
ch ro m o so m es  avec constr ic t ion  dans la 
rég ion  m édiane , 12 ch ro m o so m e s  à co n ­
str ic t ion  subm édiane  et 2 ch rom osom es 
d on t  la taille est en v iron  deux  fois p lus  
g ra n d e  q u e  celle des au tres  et possédant 
u ne  cons tr ic t io n  subm éd iane .  A la méta- 
ph ase  1 des cellules-mères de pollen, nous 
avon s  observé  12 b ivalen ts  de taille n o r ­
m a le  et 1 b ivalent bea u c o u p  p lus  g rand  
q u e  les au tre s  et en  fo rm e d ’an n eau  à 
deux  ch iasm as.  Il sem ble  bien que le type  
à  n = 1 3  dérive du  ty p e  à n = 1 4  p a r  fusion  
de deux  ch rom o so m es  en tre  eux à la suite 
sans  d o u te  de trans lo ca t ion s  inégales (cf. 
S w a n s o n  1960 p. 397). J u s q u ’à  présen t 
n o u s  n ’avons pu déceler de différences 
m orp h o lo g iq u e s  en tre  les p lan tes  à n = 1 4  
et à n = 1 3 ,  m ais  ce po in t  exigera encore 
d ’a u tre s  investigations.

Ce p h é n o m èn e  de fus ion  des c h ro m o ­
som es n 'es t  pas c o m p arab le  a u  p h én o m èn e  
R o bertson ien ,  souven t observé d ans  le

Fig. 2. A: Lepyrodiclis holosteoides, anaphase I, n —17. — B: Hypecoum pendulum , 
mitose somatique de l’ovaire, 2n =  16. — C: Papaver tenuifolium , mitose pollinique, n 7. 
— D: Arabidopsis pumila, métaphase I, n =  8. — E: Clypeola dichotoma, anaphase I, 
n  =  7. — F: Pseudofortuynia esfandiarii, diacinèse, n —7. — G: Robeschia schimperi, 
mitose pollinique, n =  8. — H: Sisymbrium septulatum, diacinèse, n =  7. — I: Straussiella 
purpurea, mitose pollinique, n =  8. — J: Astragalus bachtiaricus, mitose somatique de 
l’ovaire, 2n =  16. — K: Astragalus candolleanus, mitose pollinique, n =  8. — L: Astragalus 
fragiferus, mitose pollinique, n =  8. — M: Sophora griffithii ssp. hortensis, mitose 
pollinique, n = 9 .  —- N: Primula auriculata, métaphase II, n =  l l .  — O: Arnebia decumbens, 
mitose somatique de l’ovaire, 2n =  22. — P: Lepechiniella persica, anaphase I, n. =  11.

— Q: Hymenocrater bituminosus,  anaphase I, n = 9 .
Bot. N otiser, vol. 128, 1975
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règne a n im a l  et r a rem en t  chez les p lan tes  
sup é r ieu re s  ( K o l l m a n n  1 9 6 9 ) ,  puisque 
d an s  ce cas ce sont des ch rom osom es 
té locen tr iques  qui se souden t en tre  eux 
p o u r  d o n n e r  p a r  exem ple  des c h ro m o ­
somes m é ta -  ou  sub m étacen tr iques ,  le n o m ­
bre  to tal des b ras  re s tan t  identique. T andis  
que  d an s  no tre  cas, il ne s’agit pas de 
c h ro m o so m e s  té locen tr iques mais p lu tô t 
de ch ro m o so m es  à co nstr ic t ion  m édiane  
011 s u b m éd ian e  ou enfin  sub te rm ina le  qui 
se so u d en t  en tre  eux p o u r  d o nn er  un  
n o u v ea u  ch rom osom e . Il semble b ien  ce­
p en d an t  que  la m asse  totale de la  chro- 
m atine  reste  à peu  près  identique.

C lypeola d ichotom a Boiss .  —  n  =  7 
(Fig. 2  E)

LOCALITÉ. Esfahan: Mouteh, 2000 ni (74- 
194).

N ous avo ns  co m p té  (A r y a v a n d  1975 a) 
le n o m b re  ch ro m osom iqu e  des Clypeola  
m icroca rpa  et C. aspera  a p p a r te n a n t  res­
pec tivem ent aux  sections Jon th lasp i  ( A d - 
a n s .) DC. et Bergeretia  I)C. L ’espèce C. 
d ich o to m a  Boiss .  ap p a r t ie n t  à la  section 
Pseudanasta tica  Boiss .  Dansi l ’état actuel 
de nos connaissances, le n o m b re  x =  8  

est p a r t icu l ie r  à la section Jon th lasp i  et 
x =  7 a u x  sections Bergeretia  et P seudanas­
tatica.

C onringia persica Boiss. —  2 n =  14

LOCALITÉ. Esfahan: Mt Homayoun shahr, 
1700 ni (74-55).

N otre  résu lta t  concorde  avec le com ptage 
effec tué  p a r  P o d l e c h  et D i e t e r l e  (1969) 
su r  du  m a té r ie l  d A fghanis tan . Ce nom bre  
a été tro u v é  chez deux  au tre s  espèces du 
genre  Conringia  (cf. B o l k h o s k i k h  op. cit.) 
et on  p e u t  dire p o u r  le m o m en t que le 
n o m b re  de base chez le genre  Conringia  
est x =  7.

P seu d ofortu yn ia  esfandiarii H e d g e  —  
n =  7 (Fig. 2 F)

LOCALITÉ. Esfahan: Ghameshlou, 2050 ni 
(74-151).
Bot. N otiser, vol. 128, 1975

P seu do fo r tuyn ia  H e d g e  est u n  genre 
n ionotypique , en dém iqu e  des provinces de 
F a r s  et d ’F s f a h a n  de l’Iran .  Ce genre, 
découvert  récem m en t p a r  H e d g e  ( H e d g e  
& B e c i u n g e r  1968), ne c o m p o r te  q u ’une 
seule espèce P. esfandiarii  H e d g e .  Notre 
échantil lon  p rov ien t  de la région de G ha­
m esh lou  à env iro n  60 km  au  N W  d E s fa ­
han . C’est une nouvelle  localité  p o u r  cette 
espèce. C’est la p rem iè re  fois q u 'u n  co m p ­
tage ch ro m o so m iqu e  a  été effectué dans 
ce genre. D ’après  H e d g e  ( H e d g e  & R e c i i -  

IN G ER op. cit.), le genre  P seu do fo r tu yn ia  
ap p a r t ie n t  à la t r ib u  B rass iceae et à la 
sous-tr ibu  M oricandiinae. Or, d ans  cette 
sous-tr ibu  on c on na î t  les n o m b re s  c h ro m o ­
som ique des tro is  genres : Conringia, Mori-  
candia  et O rycho ph ra gm u s .  Chez ce d ern ie r  
genre, le n o m b re  ch ro m o so m iq u e  de O. 
violaceus  (L.) O. E. S c h u l z  a été d é te rm iné  
p a r  M a n t o n  (1932): 2 n = 2 4 ,  no m b re  don t  
nous  ne pouvons  pas  t i rer  de conclusion. 
Com m e nous l ’a vo ns  expliqué  p lus hau t,  
chez le genre Conringia,  le n o m b re  de base  
est 7. Q uant a u  genre  Moricandia,  on 
con n a î t  à l’he u re  actuelle, les n o m b res  
ch rom osom iqu es  de qu a tre  espèces. T ous  
ces; comptages, à l ’excep tion  d ’u n  com ptage  
effectué pa r  Q u é z e l  (1955) su r  M. arven-  
sis (L.) DC. 2 n =  24, on t d o n n é  co m m e 
n o m b re  ch ro m o so m iq u e  2n =  28 (in B o l k ­
h o s k i k h  op. cit. et M o o r e  1973). T ou tes  
ces observations m o n t re n t  que  le n o m b re  
n = 7  de P seu d o fo r tu yn ia  esfandiarii  H e d g e  

jus tif ie  la s i tua t ion  tax o n o m iq u e  de ce 
taxon.

R obeschia sch im peri (Boiss.)  O. E. S c h u l z  

11 =  8  (Fig. 2  G)

LOCALITÉ. Esfahan: Mouteh, 2000 ni (74- 
192).

Le genre R obesch ia  H ö c h s t , ex F o u r n . 
ne com porte  q u ’u n e  seule espèce d a n s  le 
m onde: R. sch im per i  (Boiss.)  O. E. S c h u l z  
( S c h u l z  1924). Cette espèce se t ro uv e  au  
Sinai, en Syrie, en I r a n  et a u  P ak is tan .  
Cette p lante  n ’a  pas  été é tudiée  a u p a ra v a n t  
à no tre  connaissance.
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Sisym brium  septu latum  DC. —  11 =  7, 2 n =
14 (Fig. 2 II)

LOCALITÉ. Esfahan : Mt Kolah-ghazi, 1800 
m (74-07).

Cette espèce, n o n  plus, n ’a pas été 
é tudiée  a u p a ra v a n t .  Mais le nom b re  2 n =  
14 est très  fréqu en t  chez le genre S is y m b ­
r ium.  Le n o m b re  ch ro m osom iq ue  2n =  2 8 a  
été t ro uv é  chez S. irio L. pa r  P o d l e c h  
et D i e t e r l e  (1969) su r  du  m atérie l d ’Af­
ghan is tan ,  et p a r  A m i n  (in L ö v e  1973) 
su r  du  m a té r ie l  d ’Egypte.

D ’après  S c h u l z  (1924), notre  espèce 
a p p a r t ie n t  à  la section  P a ch y p o d iu m  
( W e b b  & B e r t h .) F o u r n . dont deux  
au tre s  re p ré se n ta n ts  (à savoir  S. ciltissi- 
m u m  L. et S. orientale  L.) ont un  n o m b re  
ch ro m o so m iq u e  de 2n =  14 (in B o l k h o s - 
k i k h  op. cit.) . Il fau t  a jo u te r  que la 
section P a c h y p o d iu m  est tou t  à fait p ro che  
de la  section Irio DC. dont fait pa r t ie  
l ’espèce S. irio L.

Straussiella  purpurea ( B g e . )  H a u s s e n .  —  
11 =  8  (Fig. 2 1)

LOCALITE. Esfahan: Mouteh, 2000 m (74- 
186).

C’est à no tre  avis le p rem ie r  com ptage  
publié  sur  le  genre Straussiella  H a u s s e n . 
Straussiella  purp urea  est u ne  p lan te  vivace, 
en dém iqu e  de l ’ouest et du  cen tre  de l ' I ran .  
Le g enre  Straussiella  ap p a r t ie n t  à la t r ib u  
Alysseae  d ans  laquelle  1111 ce r ta in  n o m b re  
de genres  com m e A ly s s u m ,  Fibiyia, Cly-  
peola  (pro parte)  etc. p résen ten t  aussi le 
n o m b re  ch ro m o so m iq u e  x =  8 .

Torularia acu leo lata  (Boiss.) O. E.
S c h u l z  —  n  =  7

LOCALITÉ. Esfahan: Mt Homayoun shahr, 
1700 m (74-43).

D ans  u n  travail a n té r ie u r  (A r y a v a n d  
1975 a), nous  avons  pub lié  p o u r  la p r e ­
m ière  fois le n o m b re  ch ro m o so m iq u e  (2 n =  
14) p o u r  cette espèce. N o tre  com ptage  
su r  u n  spécim en d ’u ne  a u t r e  localité d on ne  
le m êm e  resulta t .

FABACEAE

Astragalus bachtiaricus B g e .  —  2n 16 
(Fig. 2 J)

LOCALITÉ. Esfahan: Ghameshlou, 2050 m 
(74-159).

Cette espèce n ’a pas été étudiée a u p a r ­
avant.  Mais le n o m b re  2n =  16 est très  
f réquen t  chez le genre Astragalus.

A stragalus candoU eanus Boiss. —  11 =  8  

(Fig. 2 K)

LOCALITÉ. Esfahan: Kuf-e Sofeh, 1700 m 
(74-75).

Cette espèce non  plus, n ’a ja m a is  fait 
l 'obje t d ’u n  com ptage  ch rom o so m iq ue .  
Nous avons  observé que lques  ph én o m èn e s  
a n o rm a u x  dans  la m itose  po ll in ique  des 
échantil lons que  nous avons étudiés ( A r y a ­
v a n d , en co u rs  de publica tion) .

Astragalus fragiferus B g e .  —  n =  8 
(Fig. 2 L)

LOCALITÉ. Esfahan: Mt Kolah-ghazi, 1800 
ni (74-88).

Cette espèce 11’a pas, non  plus,  été 
étudiée au p a ra v a n t .  A la m é tap h ase  de la 
p rem ière  mitose poll in ique  le ch ro m o so m e  
p a ranu c léo la i re  p résen te  une  constr ic t ion  
assez grande.

M elilotus o ffic in a lis  (L.) M e d .  —  11 =  8

LOCALITÉ. Teheran: Ab-e ali, 2400 m 
(74-277).

N otre  résulta t concorde  avec celui de 
n o m breu x  au teu rs  su r  des m até r ie ls  de 
provenances  d ifférentes  (cf. B o l e h o s e i e h  
op. cit. et M o o r e  1973). Il fau t  no te r  
que le n o m b re  ch ro m o so m iq ue  2n =  32 
p o u r  cette espèce ( L e s i n s  1952) co r r e s ­
pond à u ne  race  artificielle o b ten u e  p a r  
l ’uti lisation de colchicine.

Sophora griffith ii S t o c h s  ssp. hortensis  
(Boiss. & B u h s e )  Y a e o v l .  —  n =  9 
(Fig. 2 M)

LOCALITÉ. E s f a h a n :  Cité Universitaire,
1600 m (74-24).

Ce taxon  n ’a pas été étudié a u p a ra v a n t .
Bot. N o tiser, v o l. 128, 1975
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Mais le nom bre x =  9 est très fréquent 
chez le genre Sophora. C’est un  arbuste 
ornem ental à fleurs jaunes qui a été m ultip ­
lié ces dernières années à Esfahan.

Vicia sativa L. — 2 n = 1 2

LOCALITÉ. Khuzistan: Ahvaz, Hamidyieh, 
150 m (74-15).

Beaucoup de com ptages chrom osom iques 
ont été effectués sur cette espèce. Trois 
nom bres chrom osom iques ont été notés: 
2n =  10, 12, 14. Le nom bre 2n =  12 est 
signalé le plus souvent.

GERANIACEAE

Erodium cicutarium (L.) L ’H é r i t . ex 
A i t o n  — 2n =  40

LOCALITÉ. Esfahan, Mt Kolah-ghazi, 1800 
ni (74-33).

Cette espèce collective a été beaucoup 
étudiée par d ifférents auteurs. Les résul­
tats m ontrent q u ’il existe en général deux 
nom bres de base différents x =  9 et x = 1 0 . 
Le nom bre x =  10 est de beaucoup le plus 
fréquent. La p lu p a rt des au teurs semblent 
être d ’accord pour la dérivation du nom bre 
x =  9 à partir de x = l( ) .  P o d l e c h  et D i e - 
t e r l e  (1969) ont trouvé le nom bre 2n =  36 
sur du  m atériel d ’Afghanistan.

Comme le type à 2 n = 1 8  n ’a jam ais 
été rencontré ju sq u ’a l’heure actuelle chez 
cette espèce, il semble bien que le type 
à 2n =  20 a donné naissance au type 
2n =  40 et celui-ci, dans certaines régions 
de l ’aire de distribution  de l’espèce a 
donné naissance au  type à 2n =  36 par un 
phénom ène d ’aneuploïdic.

Il faut a jou ter que P o d l e c h  et D i e t e r l e  
(1969) ont rappo rté  d ’après R o t t g a r d t  
(1956) le nom bre 2 n = 1 8  pour le var. 
im m aculatum  et 2n =  20 pour le var. 
p im pinellifo lium . Il s’agit sans doute d ’une 
e rreu r  typographique car les nom bres pu b ­
liés p ar R o t t g a r d t  sont respectivem ent 
n =  18 et n =  20.

ZYGOPHYLLACEAE 

Peganum harmala L . — n =  12

LOCALITÉ. Esfahan: Mt Kolah-ghazi, 1800 
m (74-122).

Si l'on fait abstraction  d ’une num ération  
assez ancienne de N e g o d i  (1937 in B o l k - 
h o s k i k h  op. cit.): 2n =  22, notre com ptage 
est identique aux résultats obtenus par 
plusieurs au teurs (in B o l k h o s k i k h  op. 
cit. et M o o r e  1973) sur des plantes de 
provenances différentes. 11 faut noter que 
récem m ent H a n l e t  (in L ö v e  1973) a 
trouvé une race tétraploïde (n =  24) de 
cette espèce en Mongolie dans des peuple­
m ents de Lasiagrostis, influencés par 
l ’homme.

PRIMULACEAE

Primula auriculata L a m . — n =  11 
(Fig. 2 N)

LOCALITÉ. Esfahan: Khunsar, Golestan 
kuh, 2500 m (74-166).

Le prem ier com ptage effectué chez cette 
espèce date de 1920 (M a r c h a l ) : 2n =  54, 
résultat qui nous para ît erroné. S o k o - 
LOVSKAJA et S t r e l k o v a  (1940, 1948, in 
B o l k h o s k i k h  op. cit.) ont trouvé 2n =  45 
sur du m atériel du Caucase. T u m a j a n o v  
et B e r i d z e  (1970) ont com pté 2n =  44 sur 
du m atériel de l ’Ossètie (Géorgie). Enfin 
K r e s s  (1969) a com pté sur un  m atériel 
du ja rd in  botanique de Munich le nom bre 
chrom osom ique 2n =  44. Cette p lante avait 
été récoltée lors d ’une expédition anglaise 
(Bowles-Expedition), et c’est M. le Dr B. 
M a t h e w  qui nous a aim ablem ent com ­
m uniqué l’endroit précis de sa récolte. 
11 s’agit de la région Khoy, à 2000 m ait. 
à  l ’extrêm e N ord-ouest de l ’Iran , à en ­
viron 70 km de la frontière de l’URSS.

L ’état actuel des connaissances cyto- 
logiques sur cette espèce peut se résum er 
ainsi:

Race tétraploïde 
2n =  45 (Caucase)
2n =  44 (Géorgie)
2n =  44 (Ivhoy, NW de l’Iran)

Bot. Notiser, vol. 128, 1975



CYTOTAXONOMIE DE QUELQUES ANGIOSPERMES DE L'IRAN 307

race diploïde
2n = 2 2  (Golestan kuh, Khunsar, environ 

à 130 km NW d’Esfahan), le 
présent auteur.

Au po in t de vue  taxo no m iq ue  S c h w a r z  
(1968) divise ce ta x o n  en  deux espèces 
dif féren tes .  D ’a p rè s  cet a u te u r  les p lan tes  
de l ’I r a n  peu v en t  ê tre  considérées com m e 
é tan t  le P. auricu la ta  L a m . (au sens str ic t) ,  
e t  les spécim ens du  Caucase, de la T ran s-  
caucas ie  et de 1 Asie M ineure com m e a p ­
p a r t e n a n t  à P. glacialis  A d a m , ex W i l l d . 
C om m e, n ous  veno ns  de l’expliquer,  les 
limites des races ch rom o so m iq u e s  ne co ­
ïn c id en t  pas  p a r f a i t e m e n t  avec la p r o ­
posi t ion  de S c h w a r z . D ans l ’é tat actuel 
d e  nos conna issances ,  nous  pouvons d ire  
q u e  la par t ie  sud  de l ’a ire de d is tr ibu t io n  
de cette espèce est occupée p a r  la race  
p r im it iv e  dip loïde. Cette race  d ip lo ïde  a 
d o n n é  naissance  vers  le N W  à un e  race  
té t rap lo ïd e  qui occupe  ac tue llem en t le N W  
de  l ’I r a n  et le Caucase  et p ro b ab lem en t  
l ’Asie M ineure. U ne é tude  b iosys tém atique  
p lu s  com plè te  sera it  d ’u n  g rand  in té rê t  
p o u r  d is t inguer  les limites précises de ces 
d eu x  races.

B( ) K AGI N ACE AE

A rnebia d ecum bens ( V e n t . )  C o s s .  & K r a l .  
-  n = l l ,  2n  =  22 (Fig. 2 G)

LOCALITÉ. Esfahan: Mouteh, 2000 m (74- 
182).

N otre  ré su l ta t  su r  cette espèce ne c o n ­
co rd e  pas  avec les ré su l ta ts  ob tenus  p a r  
M a t v e j e v a  et T i k a n o v a  (en cours  de p u b ­
lication) (in B o l k h o s k i k h  op. cit.) . E n  
e ffe t  les a u te u rs  russes  on t  com pté  le 
n o m b re  2 n =  8 su r  u n  m a té r ie l  p ro v e n a n t  
p ro b a b le m e n t  de l ’URSS. D ’après  R i e d l  
(1967), cette espèce co m p ren d  deux sous- 
espèces d an s  le te r r i to ire  couvert  p a r  
«F lo ra  Iran ica» .  N o tre  échan t i l lon  a p ­
part ien t  p ro b a b le m e n t  a u  ssp. d e c u m b e n s , 
m ais  en 1 absence  de fru i ts  n o u s  ne pouvons  
pas 1 assurer .

L epech in iella  persica (Boiss.) H. R i e d l  —  
n = l l  (Fig. 2 P)

LOCALITÉ. Tehran: Plour, 2300 m (74-273).
A no tre  connaissance, a u c u n  re p ré s e n ­

tan t du  genre L epechin ie lla  M. P o p . n ’a 
fait l ’ob je t  d ’u n  com ptage  ch ro m osom iqu e .  
Lepechiniella  persica  (Boiss.)  H . R i e d l  
est une espèce vivace, en dém ique  du  n o rd  
de l’Iran .

N onnea caspica ( W i l l d . )  G. D o n  —  n  =  22 ,  
2n =  44 (Fig. 1 E)

LOCALITÉ. Esfahan: Cité Universitaire,
1600 ni (74-20).

Notre  ré su lta t  ne concorde  pas  avec 
ceux ob tenus  p a r  P o d l e c h  et B a d e r  
(1974) su r  cette espèce. E n  effet les 

a u teu rs  a llem ands  ont com pté  2 n =  28 su r  
du m atér ie l  de l ’A fghanis tan . Cette espèce 
selon R i e d l  (op. cit.) possède d a n s  le 
te r r i to ire  couvert  p a r  «F lo ra  Iran ica»  
q ua tre  sous-espèces d ifférentes. L ’a ven ir  
d ira  si la d ifférence  de n o m b re  c h r o m o ­
som ique coïncide ou no n  avec les limites 
de ces sous-espèces.

A n o te r  que  V a s u d e v a n  (à l ’im press ion)  
a com pté  n  =  8 chez u n  N on nea  caspica  
du  T a n g m arg  (K ashm ir) .  Si la  p la n te  a 
été co rrec tem en t  dé term inée , cela signifie 
q u ’il y a des races de cette espèce p o s ­
sédant n = 1 4  et 11 =  8 , ce qui p e rm e t t ra i t  
de c o m p re n d re  l ’existence d ’un  n o m b r e  
n  =  2 2 .

N onnea persica Boiss . —  n = 1 6  (Fig. 1 F)

LOCALITÉ. Esfahan: Ghameshlou, 2050 m 
(74-153).

Cette espèce n ’a pas été étudiée a u p a r ­
avan t à  n o tre  connaissance . Mais p lu s ieu rs  
au teu rs  on t  t rouvé  le n o m b re  2 n = 1 6  chez 
N. rosea  L i n k  (in B o l k h o s k i k h  op. cit .).  
Il fau t  n o te r  que  N. persica  a p p a r t ie n t  
à  la section Nonnea ,  tand is  que N. rosea  
a p p a r t ie n t  à la  section O rth o ca ryu m  DC.

Il fau t  a jo u te r  que, à la d iac inèse  
nous avons observé  14 b ivalen ts  et 1 
té travalen t.  L a  présence  d ’u n  té t rav a len t  
laisse sup po se r  q u ’il s’agit peu t-ê tre  d ’u n  
au to té trap lo ïde .
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LAM I ACEAE

Ercmostachys adenantha J a u b . & S p a c h

— n - 1 1  (Fig. 3 A)

LOCALITÉ. Esfahan: Mouteh, 2000 m (74- 
195).

C’est à notre avis le prem ier com ptage 
, 1 ' ‘é sur cette espèce. Le nom bre chrom o­
somique 2n =  22 est déjà connu pour six 
autres espèces du genre Eremostachys  (cf. 
B o l k h o s k i k h  op. cit. et M o o r e  1973). A 
la m étaphase de la prem ière mitose pol- 
linique un des chrom osom es possède un 
satellite.

Hymenocrater bituminosus F i s c h . & M e y .
—  n =  9 (Fig. 2 Q)

LOCALITÉ. Esfahan: Mt Kolah-ghazi, 1800 
ni (74-81).

Aucun représen tan t du genre H ym enoc­
rater n ’a été étudié auparavan t à notre 
connaissance. Le nom bre chrom osom ique 
n =  9 est assez répandu dans la famille 
des Labiées.

Nepeta racemosa L a m .  s . 1. —  n = 1 8  
(Fig. 3 B)

LOCALITÉ. Tehran: Plour, 2300 ni (74-274).

Cette espèce n ’a pas été étudiée au p a r­
avant. Il s’agit probablem ent d ’une espèce 
tétraploïde avec le nom bre de base x =  9. 
Or, ce dernier nom bre est très fréquent 
chez le genre Nepeta L.

Nepeta sehiraziana Boiss. — 11 =  8 
(Fig. 3 C)

LOCALITÉ. Shahr-e Kord: Kuh-rang, 2350 
m (74-259).

Cette espèce du genre Nepeta n ’a pas, 
non plus, fait l’objet d ’un com ptage ch ro ­
m osom ique. Mais le nom bre chrom osom i­
que 2 n = 1 6  a été trouvé chez N. teydea 
W e b b  et B e r t h , p ar plusieurs auteurs 
(cf. B o l k h o s k i k h  op. cit. et M o o r e  1973).

SClîOPHULAKIACEAE

Veronica farinosa H a u s s e n . — 2 n = 1 6  
(Fig. 3 D)

LOCALITÉ. Esfahan: Damaneh, 2100 ni 
(74-161).

Cette espèce n ’a pas été étudié au p a r­
avant. Elle ap p artien t au groupe Orientalis 
( R ö m p p  1928). Comme F i s c h e r  (1970), en 
particu lier, l ’a m ontré, le nom bre de base 
dans ce groupe est x =  8 avec des taxons 
diploides (comme F .  farinosa  H a u s s e n . ) ,  
tétraploïde«! (comme V. microcar jxi Boiss.), 
hexaploïdes (comme F. multifida  B e n t h .) 
et octoploïdes (F. elmaliensis  M. F i s c h e r ).

ASTEIÎACEAE

Cousinia congesta B g e . 2n =  24 
(Fig. 3 E)

LOCALITÉ. Esfahan: 25 km S Delidjan, 
2100 111 (74-263).

N otre résu ltat ne concorde pas avec 
le com ptage effectué par C h o u k s a n o v a  

(non publié, in B o l k h o s k i k h  op. cit.) 
sur du m atériel probablem ent originaire 
de T urkm enistan . E n effet, l’au teu r russe 
a trouvé le nom bre chrom osom ique 2n =  
26. C’est une espèce vivace de la section 
Congestae B g e . qui se trouve dans le nord 
de l ’Iran , le T urkm enistan  et l ’A fghanistan.

Fig. 3. A: Eremostachys adenantha, mitose pollinique, n =  l l .  —- B: Nepeta racemosa, 
anaphase I, n =  18. — C: Nepeta sehiraziana, métaphase II, n= 8 . — D: Veronica 
farinosa, mitose somatique de l’ovaire, 2n =  16. — E: Cousinia congesta, prophase de 
la mitose somatique de l’ovaire, 2n =  24. — F: Cousinia kornhuberi, mitose somatique de 
l’ovaire, 2n =  24. — G: Cousinia tenella, mitose somatique de l’ovaire, 2n =  26. — H: 
Onopordon heteracanthum, métaphase I, n =  17. — I: Scorzonera picridioides, métaphase
I, n =  7. — J: Senecio coronopifolius, anaphase I, n =  10. — K: Tragopogon straussii, 

mitose somatique de l’ovaire, 2n =  12.
Bot. N o tiser, vol. 128, 1975
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C ousinia kornhuberi H e im e r l —  2n =  24 
(Fig. 3 F)

LOCALITÉ. Hamadan, Barrage de Shahnaz, 
2000 m (74-232).

C’est à no tre avis le p rem ier com ptage 
publié sur cette espèce vivace, endém ique 
de la province d’H am adan située à l’ouest 
de l ’Iran.

C ousinia pugion ifera Ja u b . & S pach —
2n =  24 (Fig. 1 G)

LOCALITÉ. Esfahan: 10 km N Meymeh, 
2100 m (74-245).

Cette espèce non plus n ’a pas été étudiée 
auparavant. C’est une espèce bisannuelle 
ou vivace de la section Pugioniferae  Bge., 
endém ique de la région d Esfahan.

C ousinia tenella  F isch . & C. A. M ey. -— 
2n =  26 (Fig. 3 G)

LOCALITÉ. Récolté par le jardin bot. de 
Tashkent (74-220).

L échantillon que nous avons étudié p ro ­
vient du ja rd in  botanique de Taschkent; 
il a donc probablem ent été récolté dans le 
T urkm enistan  ou l’Asie centrale. Cette 
espèce se trouve en Iran  dans les provinces 
Azerbaïdjan, Gorgan, T ehran  et K horassan. 
Ce taxon annuel de la section Tenellae 
B ge. n ’a pas fait non plus l ’objet d ’un 
com ptage chrom osom ique.

Le genre Cousinia est bien représenté 
dans la flore de l’Iran . Il prend  le 
deuxième rang au point de vue du nom bre 
d ’espèces après le genre Astragalus. H eu­
reusem ent, ce genre a été le sujet d ’un 
rem arquable volum e de la «F lora Iranica» 
traité avec beaucoup de m érite par le 
P rofesseur I)r R ech in g e iî (1972). II pos­
sède 354 espèces dont la p lu p a rt endé­
miques. Mais au contraire, peu d ’études 
cytotaxonom iques ont été consacrées à ce 
genre. Les nom bres chrom osom iques con­
nus ju squ ’à présent chez 24 espèces dans 
1 ensemble du genre sont 2 n = 1 8 , 20, 24, 
26 et 36. Il est encore trop  tô t pour avoir 
une idée générale sur la cytotaxonom ie 
Bot. Notiser, vol. 128, 1975

de ce genre. Mais nous espérons continuer 
son étude cytotaxonom ique au  fur et à 
m esure de nos possibilités.

O nopordon heteracanthum  G. A. M ey. —  
n = 1 7  (Fig. 3 H)

LOCALITÉ. Esfahan: Djargouyeh, 1550 m 
(74-261).

Cette espèce, non plus, n ’a jam ais fait 
l ’objet d ’un com ptage chrom osom ique. 
Mais, il semble bien que le nom bre 2n =  34 
soit pour le m om ent le seul nom bre 
chrom osom ique connu chez le genre Ono- 
pordon.

Scorzonera p ierid io ides Boiss. — n =  7 
(Fig. 3 I)

LOCALITÉS. Esfahan: Mt Kolah-ghazi, 1800 
m (74-30) — Esfahan: Ghameshlou, 2000 ni 
(74-132).

Cette espèce non plus n 'a  pas été étudiée 
auparavant. Mais dans le genre Scorzonera,  
le nom bre chrom osom ique 11 =  7 est le 
plus répandu.

Senecio  coron op ifo liu s D e s f . —  11 =  10 
(Fig. 3 J)

LOCALITÉ. Luristan: Tangueh Malavi, 850 
111 (74-13).

Nous avons com pté le nom bre ch rom o­
som ique n = 1 0  sur un  m atériel provenant 
de Tangueh-M alavi (Luristan), localité si­
tuée à l’ouest des chaînes de m ontagnes 
Zagros.

M eh ra  et R am anandan (in L ö v e  1969) 
ont rappo rté  pour cette même espèce le 
nom bre 11 =  20 trouvé sur un  m atériel 
de Simla (dans l ’H im alaya occidental). 
Donc, il existe probablem ent chez cette 
espèce annuelle et polym orphe (B o is s ie r  
1875), au m oins deux races chrom oso­
m ique différentes; l ’une diploïde (n = 1 0 ) 
(ouest de l ’Iran) et l ’autre, té traploïde 
(H im alaya occidental). Il serait très in ­
téressant de déterm iner les lim ites géogra­
phiques de ces deux races, ainsi que leurs 
différences m orphologiques.
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Tragopogon straussii B o r n m . —  2 n = 1 2  
( F i g .  3  K )

LOCALITÉ. Arak: 35 km W  de la ville 
Arak, 2000 m (74-241).

C’est à n o tre  avis le p rem ie r com p tage 
p u b lié  su r  cette  espèce. Le n o m b re  c h ro ­
m oso m iq u e  2 n = 1 2  est le p lu s  fré q u e n t 
chez le gen re  Tragopogon.
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New Species from  Panam a and Costa Rica

Helen Kennedy
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Three  new species of Calnthea  (Marantaceae) are described: Calathea porto-  
belensis  a n d  C. robin-fosteri  f rom  P a n a m a  and  C. similis  f ro m  P a n a m a  and  
Costa Rica. A new record,  Calathea guzmanioides,  previously  k n o w n  only from  
Colombia is noted for Panam a.

Helen K ennedy ,  B o tany  Dept., Field M useum  of Natural History ,  Roosevelt  Rd. 
at Lake  Shore  Dr., Chicago, Illinois 60605, USA.

The Marantaceae is a family of h e r ­
baceous monocots, including forest floor 
species 15 cm high as well as clambering 
liana-like species of 7— 8 m. It is a 
prominent element in the moist to wet 
tropics below 1500 m elevation. The m a jo r ­
ity of species occur in the Neo-tropics, 
especially near the equator.

As an outgrowth of pollination studies 
of this family in Central America ( K e n ­

n e d y  1974) a revision of the Maranta- 
ceous flora of P anam a was undertaken. 
Although the num ber of species of M aran­
taceae known from Panam a bas signifi­
cantly increased in the past 5— 6 years, it 
continues to be a rich source of u n ­
reported and undescribed species. In his 
comments on the coverage of families 
treated in the early parts of W o o d s o n  

and S c h e r y ’s  Flora of Panam a (1945), 
D r e s s l e r  (1972 p. 184) noted 35 species 
of Marantaceae as occurring in Panama, 
a sizable increase over the 23 species listed 
in the flora. Since then the number of 
species known from Panam a in this family 
has risen to 49. In Calathea, the largest 
and most diverse genus of the family, an  
additional 23 species have been found 
since the original treatment, an increase 
Bot. Notiser, vol. 128, 1975

of 164 °/o. In the family as a whole the 
percent increase is 110.

Much of the wet forest area near the 
continental divide and on the Atlantic 
slope of Panam â remains inadequately 
explored botanically. This is indicated by 
the number of new species in the Portobelo 
area (Colon Province) and in the recently 
accessible forest along the El Llano-Carti 
road (km 12— 17) in the Cordillera de 
San Bias. A total of 17 species is known 
from this latter area of which 7 (6 Cala- 
theae and 1 Ischnosphon)  were new re ­
cords for Panama as well as new species. 
Of the 15 species know n from the Rio 
Guanehe site (near Portobelo, Colon Prov.), 
6 were new records for Panam a, 5 of which 
were also new species. Out of the 13 
species at Gerro Jefe (Panama Prov.) 
5 were new records and 3 new species. 
Seven species were com m on to both Cerro 
Jefe and the Garti road area, 5 species 
in common between Cerro Jefe and Rio 
Guanehe and 5 between the Carti road 
and Rio Guanehe. The degree of species 
overlap between these relatively rich wet 
forest areas is only about 1/3. Many of 
these species are know n from only a 
few individuals or small, very localized,
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populations. This low population density 
and sporadic occurrence is most com m on 
in species of the w etter forest hab itats 
growing w ithin the forest ra ther than  at 
an edge or in disturbed situations. Because 
of the d istributional patterns of these 
species the problem  of adequately sam p­
ling an  area such as the Atlantic slope 
becomes a challenge indeed, especially 
considering the lack of roads. Of the 26 
species of Calathea discovered since 1945 
in Panam a, 15 are know n from only a 
single locality w ith in  Panam a. P robably 
a few of these species are indeed narrow  
endemics. However, m ore extensive collec­
ting in P anam a, Costa Rica and the Choco 
region of Colombia will quite likely show 
these species to have a w ider distribution, 
though not necessarily a w ider habitat to ler­
ance. Six of the 15 Calatheas m entioned 
above have been collected in Costa Rica 
and 3 in Colombia. The claviculate bracte- 
oles which are so characteristic of inflores­
cences in the m ajo rity  of South American 
Calatheas, though rare in Central American 
ones, occur in 8 species from  eastern 
Panam a (east of the Canal Zone) bu t in 
none from  w estern P anam a, indicating their 
South A m erican affinities. W ith continued 
exploration of the wet forest areas of 
Panam a the M arantaceous flora for this 
area will p robably  reach 60— 70 species.

Calathea portobelensis K e n n e d y  sp. n o w  
-  Fig. 1

Planta ad 1.1 m alta vulgo ram ificans. 
Petioli supra sulcati, parte superiore ad 2 
cm longa callosa supra tom entosa; lam ina 
elliptica supra sm aragdina secus parte cent­
rale pallidior. Spicae plures raro solitariae 
cylindricae, pedunculo ad basim  tumido albo 
demum deflexo; bracteae dilute virides; om nis  
par florum  bracteolis induralo-claviculatis 
com itatum; corollae albae vel violaceo-suf- 
fusae tubo ad 2.6 cm longo.

Caulescent herb, 0.4— 1.1 m high. An 
individual p lan t usually  has one or m ore 
branch shoots arising in the axils of the 
lowerm ost leaves, though generally only 
one shoot per leaf axil. In older plants

branch shoots often arise in the axil of 
the leaf subtending the inflorescence. R hi­
zome ca 6— 10 mm in diam eter, internodes 
3—9 mm, roots occasionally bearing sw ol­
len tubers. Cataphylls herbaceous, n a rro w ­
ly ovate, apex m ucronulate, green, m inu te­
ly appressed puberulent (14X ). Leaf blade 
herbaceous, surface shallow ly undulate, 
elliptic, apex of larger leaves rounded 
w ith an acum en, acum inate in sm aller 
leaves, base rounded, shortly  and ab rup tly  
acum inate at the junction  with the p u l­
vinus, 5—-30 cm wide and  9— 61.5 cm 
long. Leaf surface above sëm ilustrous 
grass-green with a jagged-edged light green 
pattern  along the m idrib (ca 1/6 the w idth 
of the leaf), glabrous, occasionally m in ­
utely puberulent along m ajo r veins (14 X ), 
not visible to naked eye, m idrib m inutely 
tomentose, m ore densely so near apex. 
The lower surface dull grey-green, m idrib  
and veins m inutely tom entose, and g la­
brous between the veins. Pulvinus round 
in cross, section, slightly larger in diam eter 
than  petiole, light green, glabrous to sub- 
glabrous, m inutely tom entose along upper 
side, 0.35— 2 cm long. Petiole bearing a 
shallow  groove along the upper side, grass- 
green, m inutely tom entose, 0.6— 24 cm 
long, occasionally absent altogether. Leaf 
sheath herbaceous, grass-green, m inutely 
puberulent (14X) to subglabrous in upper 
portion, the basalm ost portion  (1— 2 cm) 
pink, dense appressed tom entose, 4— 45 
cm long. Stem grass-green, m inutely p u ­
berulent (14 X ). The first inflorescence is 
term inal on the shoot, additional in flo ­
rescences with their concom itant h icarinate  
prophylls are borne in the axil of the 
leaf subtending the first inflorescence. In 
addition, a leafy branch shoot m ay also 
be form ed in the axil of the subtending 
leaf and likewise bear 1 or m ore in flo ­
rescences. B icarinate prophylls subtending 
axillary inflorescences or shoots green, 
m inutely puberulent, 1.8— 7.8 cm long. P e­
duncle green, subglabrous to m inutely  
tom entose basally, (3) 5.5— 28 cm long, 
the basal 1 cm pale green to w hitish, 
swollen, w ith age the peduncle bends in 
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this area reflexing the inflorescence dow n­
ward. Inflorescences usually  several. 1— 4 
(7) per leafy shoot, cylindric to fusiform , 
(2) 3— 7.5 cm long and 0.8— 2.3 cm wide. 
B racts (3) 6— 15(18) im bricate, spirally 
arranged , herbaceous, apex erect or oc­
casionally  slightly spreading, b roadly  ellip­
tic to ob tru lla te  in upper bracts, apex 
acum inate to subacute, low erm ost bract 
occasionally broadly transverse ovate, 
1.6— 2.2 cm  high and 0.8— 2 cm wide; 
each subtending up to 8 flower pairs. 
O uter b rac t surface wholly light green or 
pale w hitish-tan  w ith m argins tinged p u rp ­
lish, m inutely  tom entose; w ithin, light 
green above, paler tow ard base or white, 
glabrous. B icarinate prophyll m em bran­
aceous, elliptic to ovate-elliptic, rounded 
to obtuse, translucent pale green or pale 
tan, m inutely puberulent at apex, 1.3— 
1.8 cm high and 0.8— 1.2 cm wide. Meso­
phyll m em branaceous, narrow ly  ovate to 
ovate, obtuse to rounded, translucent pale 
green or pale tannish, m inutely puberulent 
(14 X) at apex, 1.45— 1.8 cm high and 
0.7— 0.8 cm wide. Bracteoles subtending 
individual flowers, 2 per flower pair, 
m em branaceous, translucent chartreuse or 
fain t tan, glabrous, 1.25— 1.9 cm long, 
0.3— 0.45 cm wide. Each flower pair is 
provided with an indurate claviculate brac- 
teole, 1.7— 2.1 cm long, the lower half 
translucen t white, the upper half stiff, 
cream -yellow . The flower opens spontan­
eously. Sepals thin, herbaceous, narrow ly 
obovate-elliptic, acute, white, glabrous, 
1.5— 1.9 (2.1) cm long and 0.25— 0.4 cm 
wide. Corolla tube white, glabrous, 2.2— 
2.6 cm long, additionally a stam inal tube
3— 4 m m  long is usually present. Corolla 
lobes ovate to elliptic, obtuse, w hite or 
light purp le, 0.8— 1.1 cm long and (3.5)
4— 6 (7) m m  wide. Outer stam inode b road ­
ly transverse elliptical, c ircular or broadly  
elliptical, apex rounded or shallow ly re­

tuse, very shortly  clawed at the base, white 
or purple, 0.9— 1.2 cm long and 0.7— 1 cm 
wide. Callose stam inode spatulate, apical 
portion petaloid, broadly transverse ellip­
tic, em arginate, lower portion callose, 
white or m arked w ith purple, 1— 1.2 cm 
long and 0.7— 1 cm wide. Cucullate sta­
minode w hite or purple, 0.45— 0.5 cm 
long and 0.35— 0.5 cm wide, provided with 
a subterm inal filiform  appendage. F ila­
ment white or purple, bearing a lateral 
petaloid appendage to 2.5 mm wide; anther 
2 mm long. Ovary white, glabrous, 1— 1.5 
mm long. Style and stigma white. Capsule 
obovoid, trigonous, sem itranslucent light 
green, glabrous w ith fleshy slightly raised 
apical rim, 8— 9 m m  high and 5.5— 7 mm 
wide, crow ned by a live expanded p er­
sistent calyx, 6.5— 7 mm wide. Seeds usu­
ally 3, trigonous, rugose on the outer 
surface, red-brow n, 3— 4 m m  high and 
3—4 mm in diam eter with a basal white 
aril 2.5— 3 nun high.

TY PE. P anam a: P rov. Colon, Rio G uanche, 
ca 1.5 m i. upstream  from  the bridge, low lan d  
wTet forest, ca 10 in, 23 Aug. 1972, H. K e n n e d y  
and ILL. D r e s s l e r  1500 (h o lo typ e US, is o ­
types BM, COL, DAV, DUKE, F, GH, K, MO, 
NY, PM A, U, W ).

O TH ER COLLECTIONS. P anam a: P rov. 
C olon, se m i-sw am p y flo o d  p la in  near bridge  
over R io B u en aven tu ra , near P ortob elo , 4 
April 1970, R.B. F o s t e r  1689; near P ortob elo  
at the bridge over the R io B uenaventura , 
14 Aug. 1970, H. K e n n e d y  & R. B. F o s t e r  
445 (B, DUK E, LE, MENU, MO, P, Y E N ); 
sem i-in un d ated  fo rest and tierra  firm a, 27 
Aug. 1970, H. K e n n e d y  467 (DAY, MICH, S, 
UG, U S); Rio G uanche, 2 m i. upstream  from  
the bridge, m ature forest, 17 Ju ly  1971, H. 
K e n n e d y , R. R. F o s t e r  & R. L. D r e s s l e r  
1095 (MO); ca 1.5 m i. u p stream  from  the  
bridge, 10— 20 m, w et lo w la n d  evergreen  
forest, 4 Sept. 1974. 11. K e n n e d y , R. L. D r e s s ­
l e r , P. J. M. M a a s  & C. T o f t  3383 (BM, 
BR, GOET, H, M, U) ; a long  R io G uanche, 6 
km  S o f P ortob elo  1 —3.5 km  E o f  P ortob elo -  
P uerto  P ilon  road bridge, 0— 10 m , trop ica l 
w et forest, 10 D ec. 1973, M. N e e  & A.

F ig . 1. Cala thea  po r to b e le n s is .  A: H abit. —  B: In florescen ce w ith  untripped  flo w ers. •—• 
G: F lo w e r s  on upper lea f su rface, ca llo se  and outer stam inod es o f  m idd le f lo w er  purple, 
■white in the others. —  1): C apsules w ith  p ersisten t sep a ls and arilla te  seeds on upper lea f

su rface. —  S cale in cm.
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G e n t r y  8689; Rio Boqueron ca 6 km up­
stream from Peliica Hydrographic station, 7 
April 1974, R. L. D r e s s l e r  4651 (US); 6 —8 km 
from Deluca Hydrographic station on the road 
to Nombre de Dios, ‘29 Aug. 1974, II. K e n n e d y  
& R. L. D r e s s l e r  3333 (US). Province un­
known, 1911, H. P i t t i e r  4214 (F).

F low erin g  m ain ly  during Ihe rainy sea­
son, May through December. However, in  
the P ortobelo  area a few  individuals m ay  
be foun d  in  flow er at alm ost any tim e 
during the year. Occurring along stream  
banks, in run-off channels and in the 
sandy soil o f old stream beds, or on slopes 
above the stream . This species differs from  
other P anam anian  and Costa Rican Cala- 
theas by the claviculate bracteoles, pale 
green irregular pattern along Ihe midrib, 
the several (rarely 1) sm all inflorescences 
of light green or tannish w hite bracts, and 
the characteristic tendency toward bran­
ching. It is d istinguished from  the South 
A m erican Calcithea lietzei M o r r e n  and C. 
lousiae  G a g n a p a i n  by its less defined  
color pattern on the leaf and possession of 
clavicu late bracteoles. The claviculate brac­
teoles bear an extra-floral nectary sub- 
term inally  w h ich  accounts for the com m on  
occurrence of ants on the inflorescences  
of Ibis species.

The specific epithet refers to its discovery 
and prevalence in the forested region near 
Portobelo, Panama.

Calathea robin-fosîen  K e n n e d y  sp. nov.
—  F ig. 2

P lan ta  ultra metralis. Folia solitaria longis­
sime petiolata; petioli atrovirides glabri, parte 
superiore ad 3.2 cm valde conspicue callosa 
glabra; lamina anguste elliptica apice acu­
minato vel obtuso base acuta, supra ad medi­
um minutissime puberula, subtus dilute viridis 
glabra ad medium rubra raro flavo-virens, 
vagina haud conspicua. Spica e rhizomate 
ellipsoidea, pedunculo ad 8.6 cm longo suh- 
glabro; bracteae spiraliter dispositae minute

puberulae; omnis par florum bracteolis in- 
durato-claviculatis comitata; sepala ultra 2.3 
cm longa glabra; corollae glabrae; ovarium 
glabrum.

Herb 1.1— 1.65 (1.8) m high, aerial
adult shoots bearing a single leaf, rarely 
tw o, the several leaves (shoots) connected  
by a com m on rhizom e. Juvenile shoots 
bearing several leaves. Rhizom e to 1.5 cm  
in diam eter, internodes 0.2— 1.2 cm in 
length. Gataphylls 5— 6 per shoot, fleshy  
tow ard base, above subcoriaceous, ovate 
to narrow ly ovate-triangular, acute to ob ­
tuse in lower ones, purple or green tinged  
w ith purple, subglabrous to m inutely pu- 
berulent, innerm ost one up to 71 cm long. 
Leaf blade sem i-coriaceous, slightly  ob ­
lique, narrow ly elliptic, apex broadly acute 
to obtuse, base acute, 36.3— 85.5 cm  long  
and 10 .1— 20.7 cm  wide. Leaf surface  
above green, opaque, glabrous, proxim al 
half of midrib subglabrous, distal half 
puberulent especially at apex; leaf below  
light green (in juvenile plants dark purple) 
dull, midrib red, occasionally  yellow -green. 
P ulvinus glabrous, dark green w ith  red- 
purple tinge, or reddish-brow n, 1.3— 3.2 
cm long, articulate w ith  petiole, junction  
on upper side, acum inate. Petiole dark 
green tinged slightly w ith  purple-brown, 
glabrous, 32— 80 cm long, m ost com m only  
40— 55 cm long. Leaf sheath inconspicuous, 
m argins fleshy, h ighly reduced, to 7.8 
(11.7) cm, the basal portion consp icuously  
sw ollen, bright pink in young leaves 1 in n ­
ing pale green to tan w ith age, 2— 3.5 cm  
long, the outer cells becom ing corky. In ­
florescence arising directly from  the rhi­
zome, shoot bearing the inflorescence is 
provided with up to 7 bladeless sheaths. 
Sheaths ovate to narrow ly ovate, obtuse  
to acute, purple, m inutely  pubescent, the 
base and the internode of the rhizom e  
below  sericeous. Scape dark purple to

Fig. 2. Calathea robin-fosteri. A: Habit. Note inflorescence at base of plant. - B: In ­
florescence on separate shoot from the rhizome. Note pale needle-like claviculate 
bracteoles protruding from the bracts. — C: Untripped flower showing shape of callose 
and outer staminodes. — I): Flower on lower leaf surface. — E: Capsules with persistent 

sepals and arillate seeds on upper leaf surface. — Scale in cm.
B ot. N o tise r , vo l. 128, 1975
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purple-brow n, subglabrous, 2.2— 8.6 cm 
long, bearing a narrow ly ovate, acute 
sterile purple b ract w hich subtends 2 
inflorescences, one borne term inally, the 
second arising in the axil of this b ract sepa­
rated from  the first by a bicarinate pro- 
phvll and subtended by a reduced leaf­
less sheath, these last two structures a l­
ways shorter than the sterile bract. Oc­
casionally only the term inal inflorescence 
subtended by the sterile b ract is developed. 
Inflorescence spiciform , narrow ly ellipsoid- 
fusiform  lo subcylindrical, 4.5— 7 cm long, 
1.3— 2.2 cm wide. Peduncle subglabrous, 
dark  purple, 1.1— 7 cm long, the term inal 
one longer. Bracts 9— 13, spirally  arranged, 
im bricate, herbaceous to subcoriaceous, 
dark  red-purple to brow nish-purple, m in­
utely tomentose, hairs less than  0.3 mm, 
not visible to the naked eye, m itre shaped, 
acute, rarely obtuse, 2.3— 2.8 cm high 
and 1.2— 1.8 cm wide, each subtending 
2 or more flower pairs. B icarinate pro- 
phyll m em branaceous, narrow ly ovate, 
acute, m argins and apex puberulent, 2—-
2.5 cm high and ca 0.8— 0.9 cm wide. 
Mesophyll m em branaceous, narrow ly ova­
te, acute, apical 1/3 puberulent (14 X ), 2.4—
2.6 cm high and 0.9— 1.1 cm wide. Brac- 
teoles subtending individual flowers two 
per flower pair, m em branaceous, narrow ly 
ovate, puberulent at apex, 2.3— 2.5 cm 
long and 5— 6.5 mm wide. Each flower 
pair is accom panied by an indurate clavi- 
cidate bracteole 2.5— 3.1 cm long, yellow- 
tan apically, tinged purp le below. Sepals 
oblong to narrow ly subobovate, acute, 
glabrous, entirely w hite or w ith apical 
half faintly tinged pink, 2.3— 2.6 cm long 
and 0.4— 0.55 cm wide. Corolla tube 
glabrous, white, (2.3) 2.5—3.0 cm long; 
lobes subequal, shallow ly concave, ellip­
tical acute to obtuse, apical m argins in ­
curved, glabrous, entirely  white or with 
the distal half tinged pale pink, 1.5— 1.6 
cm long and 0.8— 1 cm wide. O uter stam- 
inode broadly elliptic to suborbicular, apex 
rounded, irregular, shallowly em arginate, 
white, 1.25— 1.4 cm long and 1.1— 1.2 cm 
wide. Callose stam inode petaloid apically, 
Bot. N otiser, vo l. 128, 1975

upper half depressed elliptical, apex em ar­
ginate, white, 1.5— 1.6 cm long and  1.35— 
1.45 cm wide. Cucullate stam inode white, 
0.5— 0.6 cm long and ca 0.55 cm wide, 
bearing a subterm inal filiform  appendage 
2— 2.5 mm long. Stam en w ith la teral peta l­
oid appendage to 1.5 mm wide narrow ing 
above, an ther ca 2 m m  long, apical 1/3 free. 
Style and stigma white. O vary white, 
glabrous, ca 3 nun long and ca 2 mm in 
diam eter. Capsule sm ooth, fleshy, ellip­
soidal, w ith slight constriction subterm i- 
nally, w ith a thickened, raised, apical rim, 
the apical m argin of each valve tridentate, 
crow ned by a persistent calyx. Seeds 
usually  three per capsule, trigonous, rugose 
on ou ter surface, brow n, 6— 7.5 mm long 
and 3.5— 4.5 m m  in diam eter, provided 
w ith a basal white aril ca 3 m m  high.

TYPE. Panama: Prov. Colon, Rio Guanche 
ca 1.5 mi. upstream from  bridge, mature 
forest, 10 m elev., 1 Nov. 1971, II. K e n n e d y  
1235 (holotype L'S, isotypes F, MO).

OTHER COLLECTIONS. Panam a: Prov. Co­
lon, Rio Guanche, 2 mi. upstream  from  the 
bridge, mature forest, 17 July 1971, H. K e n n e d y ,  
R. B. F o s t e r  & R. L. D r e s s l e r  1083 (GIL K, 
NY) ; ca 1.5 mi. upstream  from  the bridge, 
mature forest, 10 Aug. 1971, H. K e n n e d y ,  
R. L. D r e s s l e r  & H. W i e h l e r  1106 (US); 
low land wet forest, ca 10 m, 23 Aug. 1972, 
H. K e n n e d y  & R. L. D r e s s l e r  1499 (DUKE, 
PMA, U) ; Rio Iguanita, ca 1 mi. upstream, 
low land wet forest, elev. ca 10 m, 27 Mar.
1975, H. K e n n e d y  & R. L. D r e s s l e r  3474 (E).

T his species was also found in the Rio
Boqueron drainage, 6— 8 km beyond the
Peluca H ydrographic station on the road 
to Nom bre de Dios, Colon Province, Panam a.

Flow ering m ainly during the rainy sea­
son, April to November. However, along 
the Rio Iguanita p lan ts were in flow er in 
M arch. It occurs in m oderate to deep 
shade on wrell drained sites not subject 
to flooding.

It is easily distinguished from  o ther 
Central American Calatheas by possessing 
a single leaf per shoot and the in flo res­
cence borne on a separate shoot, im bricate 
bracts, claviculate bracteoles, and a corolla 
tube shorter than  3.2 cm. Vegetatively it 
closely resembles the often cultivated
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Fig. 3. Calatlica sim ilis. A: Habit.  — B: Inflorescences. — C: T ripped  flowers on upper 
surface  of leaf. — I): Capsules with  pe rs is ten t  calyx, dehisced capsule with emerging seeds 

a n d  ar il late  seeds on upper  leaf surface. —  Scale in cm.
Bot. Notiser, vol. 128, 1975
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C. variens K o e r n i c k e  and is distinguished 
from  that species by the glabrous, solid- 
colored petiole. It differs from  other 
species having separate floral and single­
leaved vegetative shoots (Calathea Series 
Rhizanthe, S c h u m a n n  1902 p. 70) by the 
im bricate b racts, indurate  claviculate brac- 
teoles, acute leaf base and leaf w idth 
greater th a n  10 cm.

This species is n am ed  in h onor  of Dr 
R o b i n  F o s t e r  whose help and  logistic support  
has g rea t ly  a ided this s tudy an d  whose 
fascina tion  w ith  tropical forests led to his 
inves tigation  of the Rio Guanche area  and  
hence the  d iscovery  of this, as well as o ther 
new species.

Calathea sim ilis H. K e n n e d y  sp. now — 
Fig. 3

P la n ta  1.7— 3.2 m alta. Petioli villosi vel 
glabri, fo l ia  ova ta  a cu m in a ta  vel subuncinata  
base o b tu sa  vel ro tu n d a ta  sup ra  dense villosa 
subtus p a r s  m arg inalis  spa rs im  villosa ceterum 
glabra. Spicae ad 24 cm longae folio comitata  
pedunculis  a d  70 cm longis villosis vel glabris; 
b racteae  d is t ichae  apice em arg ina to  aureae 
unc tuosae  ad  m arg inem  villosae valde suaveo­
lentes; p a r ia  f lo rum  ad 6; sepala ad 2.5 cm 
longa; coro llae  aureae  tubo ad  3 cm longo.

Caulescent herb 1.7— 3.2 m high, shoots 
bearing 5— 8 leaves, 4— 7 arising basallv, 
the upperm ost leaf w hich subtends the 
inflorescences is borne above an elongated 
stem in ternode up to 1.3 m long. Rhizome 
fibrous, semi-woody. Cataphylls usually 
dead, p a rtia lly  rotted on m ature flowering 
shoots, narrow ly  ovate, obtuse, m ucronu- 
late, abaxially  grass-green, villose, espe­
cially basally  and centrally, innerm ost 
cataphvll 40— 115 cm long. Leaf blade 
sem i-leathery, pliable, apex acum inate 
to uncinate , base obtuse to rounded, 
80—91 cm long and 32— 39 cm wide 
in subtending leaves, others 75— 105 
cm long and  25— 38 cm wide. Leaf blade 
above grass-green to dark  green, densely 
villose (hairs ca 2 m m  long), m idrib yel­
low-green, villose; leaf surface below light 
green to glaucous, glabrous, occasionally 
sparsely villose. Pulvinus round in cross 
section, olive-green, glabrous, articulate 
with petiole, the junction  light yellow- 
Bot. N otiser, vol. 128, 1975

green, 10.3— 12.5 (14) cm long in the 
subtending leaf, 7.5— 16 cm in others. 
Petiole grass-green to deep green, glabrous 
lo villose, 51— 74 cm long in subtending 
leaf, 45— 120 cm in others. Leaf sheath 
not auricu late , grass-green to deep green, 
villose th roughou t or the m argins densely 
villose w ith  the central abaxial portion 
partially  o r entirely  glabrous; pale green 
g labrous w ith in , 33— 56 cm long in sub­
tending leaves, 60— 120 cm in others. 
Stem grass-green to deep green, subgla- 
brous to villose; puberulent to subgla- 
brous w here covered by the leaf sheaths. 
Inflorescences 2— 4 per shoot depending 
on age, com m only 2, the first one term inal, 
the second arising in the axil of the sub­
tending leaf w ith accom panying bicarinate 
prophylls and  bladeless sheaths, rectan­
gular, com pressed, 20— 24 cm high and 
(6.5) 7— 8 cm across. The subtending b i­
carinate p rophy lls yellow-green, villose 
along the carina. Peduncle grass-green to 
deep green, villose (21) 40— 72 cm long, 
the peduncle of the first inflorescence 
longer th an  the rest. Bracts 26— 34 in 
num ber, leathery , distichously arranged, 
reniform , conduplicately folded, apex 
em arginate, 3.8— 4.1 cm high and  6.8— 7.8 
cm wide, unfolded, w ith a strong sweet, 
fru ity  fragrance, each subtending 6 or 
m ore flow er pairs. Abaxial surface of 
b rac t shiny, oily in appearance, deep 
golden yellow  to yellow-orange, lower 
bracts villose w ith scattered hairs, upper 
ones m ore sparsely so; adaxial surface 
yellow -orange, very shiny w ith a m arked 
oily appearance, glabrous. B icarinate pro- 
phyll m em branaceous, broadly ovate, apex 
obtuse to slightly rounded, translucent to 
subopaque orange, abaxial surface of ca­
rina villose, the rest glabrous; w ith in  
glabrous, 2.4— 2.8 cm high, 1.1— 1.5 cm 
wide carina  to carina, and 1.8— 2.4 cm 
to tal w idth. M esophyll m em branaceous, 
broadly  ovate, apex rounded, translucent 
to subopaque orange, glabrous, occasion­
ally bearing a few hairs at the apex, 2.5— 
2.7 cm high and 2.1— 2.8 cm wide. Brac- 
teoles subtending individual flow ers 1 per
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flower pair, membranaceous below, api- 
cally thickened, stiff, obovate-elliptic, o r­
ange, glabrous, 2.4— 2.6 cm long and 0.3— 
0.5 cm wide. Sepals channeled, narrowly 
obovate, apex acute, translucent cream 
below, apical Vs yellow-orange, occasion­
ally tinged with green, glabrous, 2.2— 2.55 
cm long and 0.5— 0.6 cm wide. Corolla 
tube light yellow-orange, glabrous, 2.8— 
3 cm long; staminal tube 2— 3 m m  long; 
corolla lobes subequal, narrowly obovate- 
elliptic, apex obtuse, margins infolded, 
appearing  acide, bright yellow, apical p o r ­
tion yellow-orange, glabrous, 1.3— 1.5 cm 
long and  0.35— 0.5 cm wide. Outer sta- 
minode broadly elliptic very shortly clawed 
at the base, apex rounded, bright yellow- 
orange, 1.1— 1.2 cm long and 0.7— 0.9 cm 
wide. Callose staminode rectangular, apical 
portion petaloid, deeply bifid into two 
unequal appendages, yellow-orange to dark  
gold, 1.2— 1.4 cm long. Cucullate stam i­
node yellow-orange, 0.55— 0-7 cm long 
and 3.5— 4 mm wide provided with a sub- 
terminal filiform appendage. Stamen with 
lateral yellow-orange petaloid appendage 
to 1.5 m m  wide, extending halfway up 
the anther; an ther  3 nun long. Style and 
stigma golden orange. Ovary cream-col- 
ored with faint greenish tinge, glabrous, 
2.5— 3 nun high. Capsule thin, smooth, 
obovoid, apex rounded, straw-colored to 
orange-yellow, 1.1— 1.3 cm high and  0.8— 
0.9 cm wide, crowned by a persistent live, 
expanded, bright orange calyx. Seeds usu­
ally 3 per capsule, trigonous, dark  blue, 
6 7 nun high and ca 5 nun in diameter
bearing a basal white aril 4— 5 nun high.

TYPE. P a n a m a :  Prov. Colon. S an ta  Rita 
Ridge below the ra in  gauge, 13 Aug. 1971, 
II. K e n n e d y , R. L. D r e s s l e k  & It. W i e h l e r  
1127 i ho to type US, isotypes F, MO).

OT H E R  COLLECTIONS. P a n a m å :  Prov. 
Colon, San ta  R ita  Ridge ro ad  past  San ta  Rita, 
10 Ju ly  1969, II. K e n n e d y , R. L. D r e s s l e r  
& N .  l i .  W i l l i a m s  298 (PMA). Prov .  P a n a m a ,  
km  10— 12 on  the  road  to Carti ,  18 Sept. 
1974. H .  K e n n e d y , P .  .1. M a a s , R. L. D r e s s l e r  
& (2  T o f t  3400 (F). Prov. Veraguas,  Rio 
P r im ero  Braso, 2.5 k m  beyond  Agriculture 
School Alto P iedra ,  n e a r  San ta  Fe, 700— 750 
m, 24 Ju ly  1974, T. C r o a t  25498 (MO). Prov.

Bocas del Toro, P u n ta  Pena ,  vicin i ty  of 
Chiriquicito, ca 1000 ft, r a in  forest ,  7 June  
1967, W. L e w i s  et al. (SCZ, UC). —  Costa 
Rica: Prov. Heredia, small  hills of  cleared 
agricultura l  land  and areas  of r e m n a n t  o rig­
inal fores t  now  being logged a t  150— 250 m, 
near  T ir im b ina  E of the Rio Sarap iqu i ,  10° 
24' N, 84° 7' W, 12 -15 Aug. 1971, W . C. 
B u r g e r  & M. B u r g e r  8141 (F) ; L a  Selva 
OTS field s ta tion  on  Rio P u e r to  Viejo, near 
Pto. Viejo, 27 May 1969, H. K e n n e d y  263 
(MO); 15 Ju ly  1970.'II. K e n n e d y  405A (CR).

Flowering May to November during the 
rainy season. Occurring in evergreen wret 
forests usually at the forest edge and 
frequently in disturbed areas with full 
sun in association with second growth 
species. It appears to be ra the r  shade 
intolerant.  It is most closely related to 
Calcitheci insignis P e t e r s e n  (with which 
it has been confused) and C. trinitensis 
B r i t t o n . It is easily distinguished from 
other distichously bracted species by the 
villose upper surface of the leaf, its rela­
tively large size (usually over 2 m), the 
sparsely, not densely villose bright yellow- 
orange, unctuose bracts and the absence 
of claviculate bracteoles. The distinct frag­
rance of the bracts is sufficient to dis­
tinguish it from all other species in the 
field and might act as a signal to polli­
nators as it is strongest in young inflo­
rescences. The degree of pubescence varies 
between populations. The peduncle, petiole 
and leaf sheath are densely villose th rough­
out in the Panam anian specimens while 
the petiole, upper portion of the peduncles 
and the central abaxial portion of the 
leaf sheath are glabrous in the Costa 
Rica material.

The specific epithet is f rom  the Latin  
adjective similis, re fe rr ing  to the sim ilarity  
of its la te ra l ly  compressed inflorescence  with 
that  of C. insignis  PETERSEN.

C alathea guzm anioides S m i t h  & I d r o b o

S m i t h  & I d r o b o  in  Caldasia 5 :4 7  (1948).

This species, previously know n only 
from Colombia in the Departments of 
Chocö and El Valle, has recently been 
found in the Atlantic lowlands of Panam a.
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Specimens from Panam a ( D r e s s l e r  4214) 
were compared with the type ( K i l l i p  & 

C u a t r e c a s a s  38748, US) and clearly re ­
present this species.

P a n a m ä :  Prov. Colon, a long  t r ib u ta ry  b e ­
tween Cano Rey and  San Lucas, S of C odé  
d e l  Norte, 19 Aug. 1972, R . L. D r e s s l e r  
4214 (F, US).

This species is most closely related to 
an as yet undescribed species from Panam a 
and Costa Rica and slightly less so to 
Calcithea allenii W o o d s o n , all having a 
similar inflorescence structure. It is easily 
distinguished from C. allenii by its larger 
size (up to 2.5 m versus 1.4 m), the non- 
plicate leaf (C. allenii is strongly plicate) 
and the bract margin entire ra ther  than 
deeply emarginate. Galathea giizmanioides 
differs from the undescribed species by the 
entire, instead of emarginate, lower bracts 
and the seeds oblong-elliptic rather  than 
circular in outline.
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Lam procephalus B. N ord., a New Senecioid Genus from  

South Africa
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Lamprocephalus m ontanus  B. N o r d .  is described as a new m onotypic genus 
of the Com positae-Senecioneae. It is a shrublet with solitary, discoid capitula 
and a curiously appendaged style, which is unique in the tribe. The distri­
bution is confined to som e m ountains of the western Cape Province.

Bertil Nordenstam , Section for Botany, Swedish Museum of Natural History,  
S-10'f 05 Stockholm 50, Sweden.

Lamprocephalus m ontanus B. N ord., gen. 
e t sp. nov. (Com positae— Senecioneae)

Orig. coll.: S c h l e c h t e r  10119, Cape Pro­
vince, Ceres Div., Koude Bokkeveld, in mon- 
libus pone Tweefontein, 5500 ft., 24.111.1897 
(S holotype; BM, BOL. K isotypes).

Fruticulus  erectus vel adscendens, glaber 
praeter axillas et dorsa foliorum  araneoso- 
tom entosa. Folia alterna sessilia sim plicia  
integerrim a imbricata linearia subtriquetra 
apice m ucronata basi sem iam plexicaulia. 
Pedunculi  term inales solitarii elongati scaposi 
m onocephali. Involucrum  cam panulatum  basi 
truncatum, bracteis  11— 13 uniseriatis liberis 
lineari-lanceolatis. Receptaculum  planum  nu­
dum. Capitulum  hom ogam um  discoideum . 
Corolla  tubulosa glabra; lobi triangulares 
canali resinifero m ediano instructi. Sty li  rami 
dilatati glabri intra area stigm atica continua  
vestiti, apice appendice oblongo-triangulari 
m inute papillosa et protuberationibus tribus 
dorsalibus ornati. Antherae  basi breviter 
sagittatae apice appendice plana anguste tri­
angulari acuta coronatae. Achaenia  oblonga  
truncata dem um  nigra obscure quinquan- 
gulata albopapillata. P appi  setae copiosae  
albae persistentes corolla breviores.

Erect or ascending shrublet, 0.2— 0.5 m 
high, branching  basally, glabrous except 
for a loose cobwebby tom entum  in leaf- 
axils and on adaxial sides of young leaves. 
Branches becom ing nude w ith age and 
lepidote w ith persistent leaf-bases.

Leaves alternate, sessile, sim ple, im b ri­

cated, linear from  a broader half-clasping 
base, (0.5—-)1— 2(— 3) cm long, 1— 1.5 
(— 2) m m  wide, suberect— erecto-patent 
and  som ew hat curved, m ore spreading 
with age, subtriquetrous w ith flattish  or 
slightly concave adaxial side, abaxially 
obscurely keeled especially basally, sub- 
carnose or coriaceous, m ucronate.

Peduncles term inal, solitary, simple, sca- 
pose, 3— 25 cm long, ca 1.5 m m  thick, 
w ith 3— 7 scattered filiform -subulate re ­
duced leaves up to 1 cm long.

Involucre cupuliform — narrow ly cam- 
panulate w ith a truncate hase, 1.5— 2 cm 
high, 1— 1.5 cm wide, basally only 3— 5 
m m  wide. Involucral bracts uniseriate, 
11— 13, equal, free from  the base, linear- 
lanceolate, 1.2— 1.8 cm long, 1— 2 mm 
wide, 2— 3-veined, coriaceous in the centre 
and w ith th inner m argins, apically acu­
minate.

Receptacle flat, nude.
Capitula hom ogam ous, discoid, ca 15— 

30-flowered. Corolla tubular, 10— 14 mm 
long, probably red w ith yellowish base, 
glabrous; lobes narrow ly triangular, 1— 1.3 
m m  long, w ith a distinct resiniferous m id­
vein, thickish, w ith involute m argins and 
subcucullate tips. Style terete, basally swol­
len; style branches distinctly broader than 
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ü §  above WOO »

Fig. E Distribution of Lamprocephcilus m on­
tanus  B. N o r d .

the shaft, 4— 5 mm long, glabrous, inside 
w ith continuous stigmatic areas, outside 
fain tly  3—4-ribbed, apically w ith a 1— 1.5 
mm long oblong-triangular obtuse— sub­
acute m inutely papilla te dorsally 3(— 4)- 
hunched appendage. Anthers 4— 4.5 mm 
long incl. the flat and acute narrow ly 
triangu lar appendage, basally m inutely 
sagittate; endothecial cells w ith laxly set 
thickenings on longitudinal and transverse 
walls; filam ent collar ca 1 mm long, bas- 
allv dilated w ith som ew hat larger cells, 
broader than the filam ent.

Achenes narrow ly oblong, 6— 9 mm 
long, 1.5— 2 mm broad, w ith ra the r tru n ­
cate ends, obscurely 5-angular, brown, 
eventually black, covered w ith small 
w hitish m ucilaginous papilliform  duplex 
hairs arranged in five longitudinal fields. 
P appus bristles copious, pluriseriate, 9— 11 
mm long, persistent, laxly and  m inutely 
serrulate, glossy white.

Flowering period: Dec.— April.

CAPE PROVINCE. C l a n w i l l i a m  Di  v.: 
Cedarberg Mts, Pk S of Sneeuwkop, SW  
slopes, shale band, 5000 ft, I. 1942, E s t e r -

h u y s e n  7591 (BOL) —  S Cedarberg, Apollo 
Pk, slopes, 4000- 5000 ft, III. 1956, E s t e r i i u y - 
s e n  25526 (BOL). — C e r e s  D i v.: In clivis 
saxosis montium Skurfdebergen prope Gy- 
douw, 5400 ft, XII. 1891, H. B o l u s  7551 leg. 
A. B o d k i n  (BOL, K) — Koude Bokkeveld, 
in m ontibus pone Tweefontein, 5500 ft, III. 
1897, S c h l e c h t e r  10119 (BM, BOL, K, S) 
— Schurweberg Pk, betw. Bokkeveld Sneeu- 
kop and Bokkeveld Tafelberg, stony slopes, 
S aspect, 4500 ft, I. 1962, E s t e r h u y s e n  29435 
(BOL, S). —  W o r c e s t e r  1) i v.: Plateau  
betw. Matroosberg and Sonklip, 6000 ft, iV. 
1958, E s t e r h u y s e n  27679 (BOL) —- M atroos­
berg, shale band, 6500— 7000 ft, I. 1959, 
E s t e r h u y s e n  s.n. (BOL).

This rem arkable new taxon was first 
collected in 1891 by B o d k i n  and six years 
later by S c h l e c h t e r , who d istribu ted  it 
as “Senecio lamprocephalus  S c h l t r  n. 
sp .” This nam e was never validly p u b ­
lished, although it has been used in h er­
baria  as well as in literatu re ( M u s c h l e r  
1909 p. 56). It therefore seems app rop ria te  
to adopt S c h l e c h t e r ’s epithet as a generic 
name.

In gross m orphology the new taxon 
resem bles some Senecio species (e.g. those 
of sect. Pinifolii). The peculiar style is 
very different from  anyth ing  know n in 
Senecio, however. The style branches are 
unusually  stout and crow ned by a large 
sterile appendage. Sw eeping-hairs are com ­
pletely lacking, but the appendage has a 
papillate surface and a few dorsal hunches 
near the base. The stigm atic areas are 
continuous, covering the w hole of the 
inside of the style b ranches except for the 
tip of the apical appendage (Fig. 2 C, 1)). 
This type of style is quite un ique in the tribe 
Senecioneae. The sterile tips of the style 
branches in e.g. Gy nur a are very d iffer­
ently shaped. The typical Senecio  style 
has discrete stigm atic areas and  a term inal 
b ru sh  of sweeping-hairs.

O ther characteristics of the new genus 
are the scapose peduncles w ith  (probably) 
red-flowered discoid cap itu la , the uni- 
seriate involucre w ithout a calyculus, and 
the acute anther appendages. The aclienial 
wall is very firm , and the five veins arer 
best seen after dissection.

Bot. Notiser, vol . 128, 1975
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Fig. 2. Lam procepha lus m o n ta n u s  B. N o r d .  ( S c h l e c h t e r  10119, typus).  —  A: Achenial 
hair,  X150.  —  B: Corolla  lobes, laid out, X0.  —  C: Style b ranch ,  inside, X12. —  1): Style 
b ranches ,  X6.  —  E: F loret,  X3. —  F: E ndo thec ia l  cells, X75.  —  G: Anthers, X6.  — 

H: Achene, X3. — Right: Habit,  XV 2 . -— Del. auct.
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The d istribution  of the m onotypic genus 
is lim ited to some w estern Cape m ountains, 
from  the Cedarbergen in the north  to the 
M atroosberg in the south (Fig. 1). In the 
phytogeographical groupings of the Cape 
floristic elem ent ( W e i m a r c k  1941, N o r - 
d e n s t a m  1969) the taxon belongs to the 
N orthw estern  Endem ics. The apparently  
rare  species seems to favour stony slopes 
with a southerly  or south-w esterly aspect 
at altitudes of between 1200 and 2100 
metres.
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A Comparative Study on the Cambial Structure o f  Som e  

Arid Zone Species of Acacia and Prosopis

A. K . M. Ghouse and Muhammad Iqbal

G h o u s e ,  A. K. M. & I q b a l ,  M. 1976 02 09. A com para t ive  study on the cam bia l  
s t ru c tu re  of some ar id  zone species of Acacia an d  Prosopis .  —  Bot. Notiser  
128: 327— 331. Lund. ISSN 0006-8195.

The cam bia l  const ituents  in tlie d if feren t  species of Acacia  an d  Prosopis  
d iffer  in size, relative num b er ,  a n d  extent of a rea  occupied in the  cam bia l  zone. 
T he  c am b iu m  is stra ti f ied  in A. catechu  a n d  non-stra tif ied  in o thers .  A m ong 
the latter ,  Ind ian  species a re  characterized  by tall, broad ,  m ult i -se r ia te  r a y  
init ial units  with  a rela tively high p ro p o r t io n  of ray  initials, while  the  exotics 
possess sh o r t  an d  n a r ro w  ray  init ial units  with  a relatively low p ro p o r t io n  
of ray  initials.
A. K. M. Ghouse & M u h a m m a d  Iqbal, D epartment o f  Bo tany ,  Aligarh M usl im  
University , Aligarh 202001, India.

The presen t report, dealing p rim arily  
w ith the cam bial structu re  of some Acacia 
and  Prosopis species, form s p art of the 
program m e of this laboratory  investigating 
the s tru c tu re  and  behaviour of the vas­
cu lar cam bium  in trop ical trees. It is hoped 
th a t the in form ation  thus obtained will 
m ake it possible to recognize the trends 
of specialization, if any, in cam bia of 
tropical trees.

MATERIAL ANI) METHODS

Cambial  samples (20— 24 for  each species) 
a long w ith  some sapw ood  a n d  in n er  phloem  
were  collected in Sep tem ber  1973 (2 cm
square  blocks) f ro m  the m ain  t ru n k s  of adult  
trees of Acacia  a n d  P rosopis  species, viz. 
Acacia catechu  W i l l d . ,  A. farnesiana  W lL L D ., 
A. m e la n o xy lo n  11. B i l ,  A. nilotica  (L.) W i l l d .  
var. cupress i form is  S t e w a r t  (R am k an ta  or 
R am kat i  babul) ,  A. nilotica  var. telici T r o u p  
(Godi babu l) ,  A. nilotica  var. vediana  C o o k e  
(Kauria  babul) ,  a n d  Prosopis  spicigera  L., 
growing in or  a ro u n d  Aligarh w ith in  a  rad ius 
of 16 km , and  fixed on the  spot  in FAA. 
The  sam ples wrere asp ira ted  fo r  the free 
access of the  fixative into the deeply  situated 
cam bial  tissue a n d  a f te r  five days were  p r e ­
served in 70 %  ethanol .  T w o- to three-year-  
old twigs were also collected, fixed, and  
22

preserved as above. T ransverse  a n d  tangen t ia l  
sections th ro u g h  the cam bial  zone w ere  m ad e  
f ro m  all collections on  a sliding m ic ro to m e  
a t a th ickness of  10— 12 p, a n d  s ta ined  with  
tann ic  acid-ferric  chloride  ( F o s t e r  1949) 
and  H e id en h a in ’s haem atoxylin .  T h ey  were  
m oun ted  in C anada  b a lsam  a f te r  d e h y d ra t io n  
in the e thano l  series ( S a s s  1958).

To calculate the a rea  occupied  by d iffe ren t  
types of init ials c am era  lucida d raw in g s  were  
m ade  on tracing paper.  P o r t io n s  of the  d r a w ­
ings conta in ing the ray  init ials w ere  c a re ­
fully  rem oved  a n d  weighed on  a n  e lectrically  
opera ted  m icrobalance .  The  pieces of  p a p e r  
bear ing  only  fu s i fo rm  initials  (after  the  r e ­
moval of the d raw ings  of ray  init ials)  were  
also weighed separately.  T he  p ro p o r t io n  of 
one type of e lement to the o th e r  in the  
cam bial  strip w as then calcu la ted  p e r  un it  
a rea  on  the basis of  the weights thus  o b ­
tained. To confirm  the  accuracy  the  results  
were com pared  with those  o b ta ined  by  d irect 
calcula tion  based on  the m ea su re m e n ts  of 
the size of init ials as described by G h o u s e  
and  Y u n u s  (1974 a).

OBSERVATIONS

The vascular cam bium  in aerial axes 
of all the species investigated in  the 
present study appears as a cy linder b e­
tween the xylem and phloem , and consists 

B ot. N otiser, v o l. 128,1975
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Fig. 1. Camera lucida drawings of the cambial 
strips of Acacia and Prosopis as seen in 
tangential sections. — A: A. catechu. ■—
B: A. farnesiana. — C: A. melanoxylon. — 
D: P. spicigera (all X30).

of elongated fusiform cells as well as 
the ray initials. Fusiform cells, in all 
species except A. catechu , are roughly 
hexangular with long parallel sides and 
narrow  pointed ends which overlap and 
elongate apically (Figs. 1 B—D, 2). In 
.4. catechu on the other hand, fusiform 
cells, which show no overlapping and 
apical elongation, remain comparatively 
short (Fig. 1 A), the cambium stratified.

The length of fusiform cells varies in 
the different species, ranging from 190— 
360 |x in Acacia species, and 200—320 u 
in Prosopis. E nd  walls of these cells 
measure from 10— 170 u in Acacia and 
45— 120 p, in Prosopis  (Table 1). In all 
the species studied, the fusiform cells were 
found to be shorter in younger axes than  
in the older ones.
Bot. N otiser, vol. 128, 1975

Fig. 2. Camera lucida drawings of the cambial 
strips of three varieties of Acacia niloticci as 
seen in tangential sections. — A: var. vediana. 
—■ B: var. telia. — C: var. cupressiformis 
(all X 20).

Ray initials aggregate frequently to form 
fusiform units of varying magnitude in 
all the species. Often two or more such 
units unite to form complex bodies running 
to a greater depth, covering the length 
of two or more fusiform cells (Figs. 1 1), 
2). They form very tall s tructures in A. 
nilotica  and  P. spicigera, comprising over 
70 cells. In A. catechu, 98 °/o of the rav 
initial units are short (1— 15 cells) while 
in A. farnesiana  and  A. melanoxylon,  up 
to 68 °/o and 80 %  respectively are short. 
In the remaining species about 50 °/o of 
the ray  units are short,  except in the 
variety cupressiformis  of A. nilotica  in 
which only 27 %  of the ray initials units 
fall within this category (Fig. 3) .

Like the depth, the w idth of ray  initial 
units also differs m arkedly  in the different 
species studied. In A. nilotica, 60— 78 °/o 
of the ray  units are multiseriate (4— 9 
cells), while in others such b road  units 
are either absent (A. melanoxylon)  or con­
siderably less in number. A. catechu, A. 
melanoxylon,  and P. spicigera show the 
m axim um  of uni-, hi- and tr iseriate ray 
initial units respectively (Fig. 4).

Fig. 5 indicates the relative proportions 
of fusiform and ray  initials in the spe­
cies investigated. Fusifo rm  initials con­
stitute about 82 °/o of the cambial zone
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tili
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Fig. 3. Histograms showing tHe frequency of 
ray initial units of varying height in the 
cambial zone of Acacia and Prosopis. ■— 
A: A. melanoxylon. — B: A. farnesiana. — 
C: A. nilotica var. cupressiformis. — D: A. 
catechu. — E: P. spicigera. — F : .4. nilotica 
var. telia. — G: A. nilotica var. vediana. — 
Short: 1— 15 cells. Medium: 1G—30 cells. 
Tall: 31—45 cells. Very tall: 46— 70 cells.

Fig. 4. Histograms showing the frequency of 
ray initial units of varying width in the 
cambial zone of Acacia and Prosopis. -— 
A: A. melanoxylon.  — B: A. farnesiana. — 
C: A. nilotica var. cupressiformis. ■—- D: A. 
catechu. — E: P. spicigera. -— F: .4. nilotica 
var. telia. — G: A. nilotica var. vediana.

in A. m e lan oxy lo n ,  78 °/o in A. farnesiana,  
70 °/o in  A. catechu,  63 °/o in  P. spicigera  
a n d  57— 75 °/o in  A. nilotica.

DISCUSSION

A lthough  the cam b ia l  co m p o n en ts  are  
th e  sam e in all species investigated, the i r  
com pos i t ion  a p p e a r s  to he species specific. 
T h e  m o de  of aggregation  and  the  extent 
of m ultip l ica t ion  of r a y  initials  d if fe r  in 
the  d if fe ren t species. R ay  initials , fo r 
ins tance ,  inva r iab ly  fo rm  sh o r t  a n d  uni- 
ser ia te  s tru c tu res  in A. catechu,  a n d  m ostly  
tall a n d  b ro a d  bodies  in A. nilotica  and  
P. spicigera. I t  is also w o r th  no ting  th a t  
in A. farnesiana  a n d  A. m e la n o xy lo n  (both 
exotics) ray  in itia ls  f ro m  sho r t  n a r ro w  
units , w hile  in  rest of the  species (all 
indigenous) ta ll to very  tall an d  b ro a d  
m u ltise r ia tc  ray  un its  ch arac te r ize  the  c a m ­
b iu m  (except in  A. catechu).  A. catechu  
h av ing  s tra ti f ied  cam b iu m  (G h o u s e  & 
Y u n u s  1974 b) en joys  a  phylogenetica l ly  
a d v an ce d  posi t ion  am o ng  o th e r  species 
of the genus Acacia  in  the  op in ion  of 
B a i l e y  (1923) an d  M e t c a l f e  an d  C h a l k  

(1950).
Bot. Notiser, vol. 128, 1975

T h e  p resen t  findings on  the p ro p o r t io n s  
of fu s i fo rm  cells and  ra y  initials are  in 
opp o s i t io n  to the  w idely  accep ted  view 
th a t  fu s i fo rm  cells const i tu te  ab ou t  90 °/o
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□  RAY I N IT IA L  OE FUSIFORM INITIAL

Fig. 5. Histograms showing the proportion of 
fusiform and ray initials in the cambial zone 
of Acacia and Prosopis. — A: A. melanoxylon.  
— B: A. farnesiana. -— C: A. nilotica var. 
cupressiformis.  — D: A. catechu. — E : P. 
spicigera. —  F : A. nilotica var. telia. ■— G: 
A. nilotica var. vediana.
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or m ore of the cam bial zone in different 
plants or plant groups ( H a i l e y  1923, 
W i l s o n  1963, 1964, K o z l o w s k i  1971,
B u t t e r f i e l d  1972), at the sam e tim e 
confirm ing the earlier findings m ade in this 
laboratory on various tropical trees 
( G h o u s e  & Y u n u s  1974 a, c).

The length of fusiform  initials varies in 
different positions w ith in  the tree. It 
gradually increases w ith the increasing  
age of the axis till the fusiform  cells attain  
the adult state. T hus tlie present obser­
vations run parallel to those of B a i l e y  

(1923), B a n n a n  (1962), C a r l q u i s t  (1962), 
E v e r t  (1961) and G h o u s e  and Y u n u s  

(1973) on som e conifers and d icotyledons.
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Em bryo Sac o f H ydrobryopsis sessilis (Podosteniaceae) 

— Origin, Organization and Significance

Govindappa D. Arekal and C. R. Nagendran

A r e k a l , G. D. & N a g e n d r a n , C. R. 1976 02 09. E m b ry o  sac of H ydrobryops is  
sessilis (Podostemaceae) —  origin, o rganizat ion  and  significance. —  Bot. Notiser 
128: 332— 338. Lund. ISSN 0006-8195.

Botli P o d o s tem u m  and  D ic raea  embryo  sac types have been recorded  in a 
single taxon, H ydrobryops is  sessilis (Podostemaceae),  for the f irs t  time. The 
Dicraea type is re in te rpre ted .  The  presence of an t ipoda l  cells in the family is 
refuted. In terre la t ionsh ips  be tw een  the P odos tem um  and  D icraea types are  
discussed.

Govindappa D. Arekal and C. R. Nagendran, Department o f  B o ta n y , University  
of Mysore,  Manasa Gangotri,  Mysore-6, India.

B a t t a g l i a  (1971) reviewed the existing  
literature on the em bryo sac developm ent 
in m em bers of Podostem aceae and recog­
nized three m ajor types, viz. (A) the  
Apinagia type found in the m ajority of 
taxa investigated, (B) the D icraea type  
confined  to the genus Dicraea  (now P oly-  
p leuru m  ( T a y l .  ex T u l . )  W a r m i n g ;  see 
H a l l  1971) and (C) (he Podostem um  
type the occurrence of w hich  w as c o n ­
sidered doubtful.

Attem pts have been m ade in this lab ­
oratory to understand the developm ent of 
I he fem ale gam etophyte in all the Indian  
genera of Podostem aceae ( N a g e n d r a n  
1974, A r e k a l  & N a g e n d r a n  1975, N a g e n -  
d r a n  et al. 1976). Since there is no em bryo- 
logical report on H ydrob ryo ps is  sessilis  
( W i l l i s )  E n g l e r  —  a m onotypic genus 
endem ic to South India — the developm ent 
of the em bryo sac has been investigated  
and its significance presented.

MATERIAL AND METHODS

Material of H ydrobryops is  sessilis  was 
collected in fo rm alin /ace tic  acid /alcohol  
(FAA) f ro m  s tream s in the South  Ganara  
a n d  Chikmagalur distr icts  of K a ran a tak a  
during  January ,  1973. C ustom ary  m ethods  
of dehydra t ion  a n d  embedding were e m ­
ployed. Sections were  cut on a m icro tom e at 
6— 10 microns and  sta ined  with H e id en h a in ’s 
I ron  a lum -Haem atoxylin ,  using e ry th ros in  in 
clove oil as counter  stain.

OBSERVATIONS

The thalloid plant body is pinnately  
branched and closely  appressed to rocks. 
The flow ers are enclosed in 5— 7 sessile  
bracts, only the stam ens and stigm as 
projecting. Each flow er has 2 long sta­
m ens and 2 stam inodes. The pollen is 
shed as dyads. The ovary is superior, 
bicarpellary, syncarpous and bilocular  
w ith  a number of ovules on a m assive

Fig. 1. Developm ent of em bryo  sac in H y d ro b ryo p s is  sessilis. —  A: Ovular p r im o rd iu m  
w ith  a rch esp o r ia l  cell. -— B: Megaspore  m o th e r  cell: outer  in tegum ent n o t  shown. —  
C: Fu n c t io n a l  dyad cell; note  degenera ted  m ic ropy lar  dyad cell. — D: Two-nucleate  
em b ry o  sac, ju s t  p r io r  lo the o rgan iza t ion  of nucellar  p lasm odium . —  E: Two-nucleate  
em b ry o  sac; a f te r  fo rm at io n  of nuce l la r  p lasm odium . —  F — G: Organized embryo  sacs 
each  w ith  two jux taposed  chalazal  synergids,  an  egg an d  a m ic ro p y la r  p o la r  cell. — 
H: Organized e m bryo  sac w ith  two synerg ids  a t  the m ic ropy lar  end, a n  egg below and  
a  chalaza l  p o lar  cell. —  I: Zvgote in c o n ta c t  w i th  nucellar  p lasm odium . —  A— B, D— G,

' ' I X 640; C X 700; H X H 80 .
Bot. Notiser, vol. 128, 1975
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axile placenta. The fru it is a sm ooth, 
subsessile, loculicidal capsule.

The ovules are anatropous, tenuinucel- 
late and bitegmic. The inner integum ent 
is short, the outer alone form ing the 
micropyle. A hypoderm al archesporial cell 
organizes very early in the ovular p r i­
m ordium  (Fig. 1 A) and directly func­
tions as m egaspore m other cell (Fig. 1 B). 
It has dense cytoplasm  and a large nucleus. 
The firs t meiotic division in the m egaspore 
m other cell results in two unequal dyad 
cells. The sm aller m icropylar dyad cell 
soon degenerates and is recognized as a 
crescent-shaped cap (Fig. 1 C). The n u ­
cleus of the lower dyad cell com pletes the 
second meiotic division and a tw o-nucleate 
em bryo sac results (Fig. 1 D—-E). The 
two nuclei move apart and after a sim ul­
taneous m itotic division produce four 
daughter nuclei which contribute to the 
organization of the em bryo sac. In alm ost 
30 %> of the ovules the spindles of the two 
dividing nuclei are disposed in  a T-shaped 
m anner. In these ovules, the organized 
em bryo sac has two juxtaposed, pear- 
shaped synergids at the m icropylar end, 
an  egg below them  and a po lar cell 
beneath the egg —  conform ing to the 
Podostem um  type (Figs. 1 H, 2 A— C). On 
the other hand in 70 °/o of the ovules 
the spindles of the two dividing nuclei 
are oriented in an inverted T -shaped 
m anner. The organized em bryo sac con­
sists of two sm all juxtaposed cells at the 
narrow  chalazal end of the em bryo sac, 
a conspicuous egg above them  and a 
large cell at the broad m icropylar end -— 
an em bryo sac conform ing to the so- 
called D icraea type (Figs. 1 F— G, 2 D— E). 
Occasionally in these em bryo sacs, the 
two sm aller chalazal cells m ay be ob liq­
uely disposed or placed one above the 
o ther (Fig. 2 F) depending upon available 
space and the orientation of the spindles

of the dividing chalazal nucleus of the 
tw o-nucleate em bryo sac.

M eanwhile, the nucellar cells situated 
below the developing m egaspore m other 
cell elongate and becom e densely p ro to ­
plasm ic (Fig. 1 B). W hen the em bryo sac 
a tta ins the tw o-nucleate stage, these cells 
lose the ir walls and organize a multi- 
nucleate p ro top last in w hich the nuclei are 
usually  situated  at one end (Fig. 1 D— I). 
This is the nucellar plasm odium  (A r e k a l  
& N a g e n d r a n  1975) tha t nourishes the 
fu tu re  em bryo (Fig. 2  G ) .

DISCUSSION AND CONCLUSIONS

The occurrence of a bisporic tetra- 
nucleate em bryo sac of the Podostem um  
type such as noted in the present study 
was reported  by M a g n u s  (1913) in Po- 
dostem um  subulatus  G a r d n ., Fcirmeria 
m etzgerioides  ( T r u m e n ) W i l l i s  and Zey- 
lanidium  olivaceum  (G a r d n .) E n g l . Sub­
sequently C h i a r u g i  (1933) reported  a 
sim ilar type of em bryo sac in W eddellina  
squam ulosa  T u l . However, H a m m o n d  

(1937) who exam ined Podostem um  cera- 
tophy llum  M i c h a u x  reported  a bisporic 
five-nucleate em bryo sac in which the 
chalazal nucleus degenerates at the two- 
nucleate stage ( =  Apinagia type of B a t ­
t a g l i a  1971). A reinvestigation of Zey- 
lanidium  olivaceum  by R a z i  (1955) re ­
vealed th a t the em bryo sac developm ent 
conform ed to Apinagia type and not to 
the Podostem um  type as stated by M a g n u s  

(1913). F u rth e r, the very existence of the 
Podostem um  type in the fam ily itself 
has been doubted tim e and  again (P. 
M a h e s h w a r i  1937, 1941, 1947, S. C.
M a h e s h w a r i  1955, B a t t a g l i a  1971, A r e ­
k a l  & N a g e n d r a n  1975). Nevertheless, 
the presen t study has revealed beyond 
all doubt the existence of the Podostem um  
type in nearly  30 °/o of the ovules. The

Fig. 2. Development of embryo sac in Hydrobryopsis sessilis. — A—C: Organized embryo 
sacs with two micropylar synergids, an egg below and a chalazal polar cell. — 1)—E: 
Organized embryo sacs with two juxtaposed chalazal synergids, an egg above and a 
micropylar polar cell. — F: Organized embryo sac with two synergids placed one above 
the other at chalazal end. — G: Zygote; note degenerated chalazal synergids. — All XH80.
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Podostemum type of embryo sac is s im­
pler than the Apinagia type and closely 
related to it. Here, the nucleus which 
would later degenerate and which rep re­
sents the rem nants of the disappearing 
chalazal quarte t of nuclei of an Allium 
type of embryo sac is not produced at all. 
The embryo sac is therefore bisporic and 
tetranucleate, all the four nuclei belonging 
to the m icropylar quartet. Although this 
type of embryo sac is designated the 
Podostemum type, its validity could be 
admitted only when it is consistently 
found in the genus Podostem um  M i c h a u x . 
A careful investigation of all species of 
Podostem um  would clarify the position.

The occurrence of a bisporic te tra ­
nucleate embryo sac of the Dicraea type 
with two small chalazal cells designated 
antipodal cells, egg and a single m icro­
pylar synergid, both  considered as sisters, 
and without a polar cell, has been reported 
in Dicraea elongata  T u l .  ( M a g n u s  1913), 
D. stylosa  W i g h t  ( M u k k a d a  1962, 1964) 
and D. agharkarii N a n d i  ( R a z i  1966). 
This type has hitherto been regarded as 
exclusive to the genus Dicraea. Its oc­
currence along with the Podostem um type 
in ovules of the same ovary in the present 
study makes it revealing. Actually the 
Dicraea type presents an inverted image 
of the Podostemum type and this dis­
position has neither altered the location 
nor the size of the egg. The large pear- 
shaped synergids noted at the micropylar 
end of the Podostemum type have become 
much smaller in size with sparse contents 
and are confined to the narrow  region of 
the embryo sac. There is no doubt tha t  
the narrow lower end of the embryo sac 
is responsible for the smaller size of the 
cells and their occasional oblique or super­
posed disposition is due to the orientation 
of spindles of the dividing nucleus of the 
lower chalazal zone. Further,  these cells 
can never be regarded as antipodal cells, 
on the grounds that in the family Podo- 
stemaceae itself there is an unmistakable 
trend towards the elimination of the an t i­
podal complements through the “Strike” 
Bot. Notiser, vol. 128, 1975

phenomenon exhibited by the chalazal 
nucleus of the two-nucleate embryo sac 
leading towards simplification in both 
size and structure. In Didotristicha ramo­
sissima ( W i g h t ) v a n  R o y e n  (C h o p r a  & 
M u k k a d a  1966, and our own observa­
tions), the disappearance of the prim ary 
chalazal nucleus occurs about the time 
of the organization of the embryo sac, 
while in Farmeria indica  W i l l i s  emend. 
A r e k a l  & N a g e n d r a n  ( A r e k a l  & N a - 
g e n d r a n  1974, 1975) it occurs much
earlier. In the Podostemum type, the 
“Strike” phenomenon is complete and the 
nucleus which would later degenerate is 
not produced at all. Thus the Dicraea type 
of embryo sac is nothing but an inverted 
Podostemum type and need not be con­
sidered unique as in the following de­
scription: “. . . the peculiar egg apparatus  
with a single synergid and egg, the a b ­
sence of polar nuclei and the presence 
of two (occasionally only one) antipodal 
cells are a rare combination of characters 
not found in any other angiosperm —  
not even in any other member of the 
Podostemaceae” ( M u k k a d a  1964 p. 291). 
According to our interpretation the orga­
nization of the embryo sac in the genera 
Dicraea and H ydrobryopsis  falls into line 
with other angiosperms in not having the 
synergid and egg as sister cells.

As there is only syngamy and no endo­
sperm in the family ( B a t t a g l i a  1971, 
N a g e n d r a n  et al. 1976), the haploid polar 
cell in members so far  investigated appears 
to have lost its functional significance. 
While in the Apinagia and Podostem um 
types of embryo sacs the position of the 
polar cell is chalazal, in the Dicraea type 
it is located at the m icropylar end. The 
so-called single synergid reported as sister 
to the egg ( M u k k a d a  1964) is therefore 
nothing but the polar cell hitherto  re­
garded as being absent. This shift in 
position does not alter the location of the 
egg which has rem ained in the middle 
of the embryo sac whether  it is of the 
Podostemum or the Dicraea type. Furthe r ,  
the nucellar p lasmodium that nourishes
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the developing em bryo has factors for 
in fluencing the fertilized egg to extend  
tow ards it, irrespective of the disposition  
of other com plem ents of the embryo sac.

W i l l i s  (1902) in  his taxonom ic m ono­
graph on the Podostem aceae of India  
and Ceylon described a new species in 
the genus Hy dr ob ry u m  E n d l ., under the 
nam e II. sessile W i l l i s , from  the collections 
of C. A. B a r b e r  for the South Indian  
F lora m ade at Beltangadi, South Canara 
district in Karnataka State (No. 2520). 
E n g l e r  (1930) referred this taxon to a 
new m onotyp ic genus under the nam e 
•of Hyd robryops i s  sessilis ( W i l l i s ) E n g l e r , 

based on fruit characters. The m ode of 
em bryo sac developm ent noted in the 
present study lends support to E n g l e r , 

since it is of the A pinagia type in Hydro-  
bryum  ( N a g e n d r a n  et al. 1976) and is 
o f both Dicraea and Podostem um  types 
in Hy dr obr yop s i s .

S u b r a m a n y a m  (1962) in his account on  
aquatic angiosperm s inadvertently cited  
the present taxon as Hydrobryops i s  sessile 
( W i l l i s ) E n g l . But the correct nam e 
rem ains Hydrobryopsi s  sessilis ( W i l l i s ) 

E n g l . Further, S u b r a m a n y a m  & S r e e - 

m a d u a v a n  (1969) w hile providing a key 
to the Indian genera of Podostem aceae 
state that the pollen in the present taxon  
is shed as m onads. But in the present 
study it has been consistently observed  
that the pollen, as in all other genera 
of Indian Podostem oideae, is shed as 
dyads.

Hydrobryops i s  sessilis is an interesting  
taxon w hich  unites several Indian genera of 
Podostem aceae. It resem bles Zeylanidium  
T u l . in vegetative characters, Dicraea T u l . 
and Podos t em um  M i c h , in embryo sac 
types and Griffi thella W a r m , in the 
sm ooth, spherical capsule.
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Arils are  fo u n d  in wild seeded b an an a s  a n d  cultivated edible fo rm s w hich  
develop some ovules. T he  ar il  consists of simple tr ichom es em bedded  in mucilage,  
a r is ing  f rom  the funiculi  and  su r round ing  the ovules and  younger  seeds. The 
a ril  a n d  the m ucilage  begin to d isappear  in edible and  wild b a n a n a s  w h e n  the 
grow th  of the  pulp  s tarts .  In m atu re  fru i ts  of seeded b a n an a s  only vestiges of 
the a r il  can  be recognized in the ne ighbourhood  of the funiculi.  In m atu re  edible 
f ru i ts  the m ucilage  toge the r  w ith  the tr ichom es of the  aril a re  visible as a 
yellowish m ass in w h ich  the degenerated  ovules a re  embedded.

Walter L. Friedrich, Phytopcilaeontologisk  Afdeling, Geologisk Insti tut ,  U niver­
si tetsparken, DK-8000 A arhus  C, Danmark.

Friedrich S trauch ,  Geologisches Institu t,  Zülpicherstrasse A9, D-5000 K ö ln  1, 
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Die E rha ltung  von A rillus bei P flanzen­
fossilien konnte erstm alig  an der fossil­
en Spirem atosperm um  wetzleri  ( H e e r )  
C h a n d l e r  (M onocotyledones) aus dem 
T ertiär nachgew iesen w erden  ( F r i e d r i c h  

& K o c h  1972). Dieses Pflanzenfossil ließ 
sich u. A. auf G rund des tr ilo k u laren  Auf­
baus der F ru ch t und der arilla ten  Sam en 
m it Sicherheit zu den Z ingiberaceen stellen. 
Sp irem atosperm um , aus 130 Fundstellen  
aus E urasien  bekannt, ist fast identisch 
mit dem heute in Indoch ina vorkom m en­
den Cenolophon o xy m itru m  ( S c h u m a n n )  
H o l t t u m  ( F r i e d r i c h  & K o c h  1970, K o c h  
& F r i e d r i c h  1 9 7 1 ) .

Spirematospermum  zeigt auch e rs tau n ­
liche Ä hnlichkeiten zu den sam enbildenden 
M usaceen und auch zu d e r  fossilen Musa 
cardiosperma  J a i n  aus dem  T ertiä r von 
Indien. In der M orphologie der tr ilo k u ­
laren F rüch te  und im B aup lan  der Samen 
ist auch die Beziehung zu den samen- 
bildenden B ananen besonders augenfällig.

Die rezenten Zingiberales ( =  Scitami- 
neae) sind (bis au f wenige allerdings noch 
ungeklärten A usnahm en) arilla t (Tabelle 
1); sie w urden deshalb frü h e r bereits

als „A rillatae“ bezeichnet ( P f e i f f e r  1891, 
E n g l e r  & G i l g  1924 S. 163).

Eine nahe Beziehung zwischen rezenten 
Zingiberaceen und M usaceen hatte M a u r i t - 
z o n  (1935 S. 30) bereits festgestellt; auch 
M c G a h a n  (1961 S. 237) beobachtete ä h n ­
liche Bildungen im  Bau der Sam en bei 
den beiden Fam ilien.

Der Nachweis des Arillus bei einer fos­
silen Zingiberacee aus dem T ertiä r bestätigt 
die Theorie von C o r n e r  (1953 S. 469), 
„The D urian T heory“, zum indest in dem 
Punkt, daß der P ro to typ  der Zingiberales 
( =  Scitamineae) arilla t sei; und zeigt zu ­
dem, daß die R eduktion des Arillus bei 
einigen rezenten Form en als P rogression 
zu deuten ist ( F r i e d r i c h  & K o c i i  1972 S. 
58). Nach H u m p h r e y  (1896 S. 34) sind 
arillare S truk turen  besonders häufig  bei 
dehiszenten F rüchten , w ährend  sie bei 
indehiszenten nicht anzutreffen  sind.

Der Vergleich von Spirematospermum  
m it den rezenten V ertretern  der Z ingibe­
rales zeigt, daß sich die karpologischen 
M erkmale in dieser Gruppe, von einigen 
Progressionen abgesehen, kaum  geändert 
haben. Auffällig ist indessen, daß bei 
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Aliisa und Heliconia  kein Arillus vorhan­
den sein soll, w ie m an aus der betreffen­
den Literatur schließen könnte. W i n k l e r  

(1930 S. 526) schreibt: „N iem als besitzen  
die Samen in der Gattung Musa  einen A ril­
lu s“, und auch in A. E n g l e r ’s „Syllabus der 
Pflanzenfam ilien“ ( P o t z t a l  1964) heißt 
es bei der U nterfam ilie M usoideae „Samen 
ohne A rillus“.

MATERIAL UNI) METHODE

Bei der vorliegenden U nte rsuchung  wurden  
hauptsächlich  Früch te  un d  Sam en aus der 
Sam mlung des Botan ischen  Museums in 
Kopenhagen verwandt,  die un ter  den Thai- 
Dänischen E xpedit ionen  de r  letzten J a h r ­
zehnte eingesammelt w orden  waren. Außer­
dem wurde  auch  Material aus den Botanischen 
Gärten Köln, Tübingen, Arhus, Kew Gardens 
und  K openhagen untersucht .  Die F rü ch te  und 
Sam en aus dem Botan ischen  Museum in 
Kopenhagen w aren  n u r  in wenigen Fällen 
artl ich bestimmt; es k a n n  d ah er  bei dem 
hier besprochenen  Material n u r  eine grobe 
Einteilung in die beiden F ru ch t ty p en  M usa  
balbisiana  C o l l a  (4 Sam enre ihen  pro K am ­
mer) und M usa acum inata  C o i .l a  (2  Sam en­
reihen pro Kammer) gegeben werden.

Außer sam enbildenden, wilden Bananen- 
F rüch ten  w urd en  auch  K u l tu r fo rm en  in die 
Untersuchung einbezogen: P isang  aus Java, 
paradisiaca -Typen un d  gewöhnliche Eßba- 
nanen.

Die Früch te  w urd en  in der üblichen Weise 
über  die Alkohol-Reihe entwässert ,  in P a ra ff in  
eingebettet und auf  e inem Schlit tenm ikrotom  
geschnitten. Zur Fä rb u n g  w u rd e  Toluid in  und 
in einigen Fällen auch  Häm atoxylin -Eosin  
benutz t.  Zur Herstellung von U lt rad ü n n ­
schnitten  w urde  D u rcu p an  als  Einbettungs- 
mittel verwandt.  Die P rä p a ra te  w urden  mit 
Glasmessern auf  einem U ltram ikro tom  der 
F irm a  Reichert geschnit ten. Besonders k o n ­
t ras ta rm e Struk tu ren  in den P rä p a ra te n  w u r ­
den mit  einer In te r fe renz-K ontras t-E inr ich tung  
n ach  Nom arski  der F irm a  Zeiss fotografiert .

Das in der vorliegenden Arbeit beschriebene 
Material  wird im Botan ischen  Museum in 
Kopenhagen (C) und  im H erb ar iu m  Jut- 
landicum  Aarhus (AAU) aufbew ahrt .  N ach­
stehend einige Angaben zu den abgebildeten 
Stücken:

MUSA SP. AUS THAILAND: K. L a r s e n , 
S. S. L a r s e n , I. N i e l s e n  & T. S a n t i s u k  
31040, peninsula  between T ak u p a h  a n d  Surat  
Thani ,  limestone area,  6 m  high, leaves 
g laucous undernea th ,  8° 59 N, 98° 48 E, 200 
m, 16.7. 1972 (AAU). Th. S o r e n s e n , K.

L a r s e n  & B. H a n s e n  4772 (Copenhagen 
spir. coli: 6627), W an g  Tao, co m m o n  by  a 
small  stream, 6.9. 1958 (C). F l o t o  7650, 
(Copenh. spir. coll. 6628), 12 km  f ro m  Ban 
Mussoe, 400 m, 22.7. 1959 (C). T h . S o r e n s e n , 
K. L a r s e n  & B. H a n s e n  4773 (Copenhagen 
spir. coll. 6630), W an g  Tao,  com m on by a 
small  stream, 6.9. 1959 (C).

MUSA SP. AUS JAVA: II. J e n s e n  s .u . 
(Copenh. spir. coll. 4243-1), Java,  Buitenzorg, 
1905 (C).

ENSETE AUS THAILAND: E nsete  sp. (Syn. 
M usa glauca) K. L a r s e n  10000 (Copenhagen 
spir. coll. 6629) Soi Dao, old c learing n e a r  
village, 200 m, 11.6. 1963 (C).

HISTOLOGISCHE BEFUNDE

Das U ntersuchungsm aterial w urde so 
ausgewählt, daß die verschiedenen sam en­
bildenden Grundtypen Musa balbisiana  
C o l l a  (mit 4 Sam enreihen pro Kammer) 
und Musa acuminata  C o l l a  (mit 2 Säulen­
reihen pro Kam mer), sow ie eßbare nicht 
sam enbildende Bananen gleichm äßig rep­
räsentiert sind.

Die D efinition des Arillus, die besonders 
in der älteren Literatur unterschiedlich  
gehandhabt wird ( P l a n g h o n  1845, W e t t ­

s t e i n  1935), ist zum indest in Bezug auf 
die Zingiberales (Scitam ineae) eindeutig; 
hier faßt man die vom  F unikulus aus­
gehenden und den Sam en m ehr oder 
weniger einhiillenden B ildungen als A rillus 
auf ( H u m p h r e y  1896, M a u r i t z o n  1935 S. 
22). V a n  d e r  P i j l  (1955 S. 307) gibt 
folgende allgem eine D efinition: „A p ost­
floral outgrowth from  the top of the 
funicle (the hilum  region) covering the 
seed more or less“.

Der Musa acuminata Eruchttyp

Der Musa acuminata  „F ru ch ttyp “ mit 
2 Sam enreihen pro L okulus w urde in ver­
schiedenen W achstum sstadien  untersucht. 
Im juvenilen Stadium  (Fig. 1 A, B) 
erkennt m an deutlich bereits m akrosko­
pisch die drei Kam m ern, in denen die 
Samen als dunkle F lecke von einer gelb ­
lichen, gallertartigen Masse um geben sind. 
Diese Masse entspringt von den F unikuli

Bot. Notiser, vol. 128, 1975
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Fig. E M usa  sp. aus Thai land .  M. acum inata  „F ru c h t ty p “ mit  zwei Sam enre ihen  pro  
Lokulus.  —  A: Nr. 6627, Querschnitt ,  juveniles  Exem plar,  Arillus die Sam enanlagen  u m ­
gebend (Pfeile). —• B: Gleiches Stück wie A. Arillushaare  von den Funiku l i  ausgehend, die 
Sam enan lagen  umgehend. —  C: Nr. 6630, Querschnitt ,  fas t  ausgereif te  Samen, Arillusrelikte  
n u r  a n  den Funiku l i  (Pfeile). —  D: Vergrößerte r  Ausschnitt  aus C. —  E: Nr. 31040, Quer­
schn itt  durch  Teil einer F ru c h t ;  fehlgeschlagene K am m er mit  Arillus gefüllt. — F: Gleiche 
F ru c h t  wie E. Kein Arillus zw ischen P e r ik a rp  und Palisadenzellen  des Samens. —  B, E, 
F:  D if fe ren tia l-In terferenzkontras t .  —  Abkürzungen:  Ar Arillus. F  Funikulus.  Ch Chalaza. 
E n  E ndosperm . P a  Palisadenzellen.  Pe Per ikarp .  Sa Sam enanlagen. T Testa . L Latexgefässe.

S Septum.
Bot. Notiser, vol. 128, 1975
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der Samenlagen und füllt die K am m ern 
fast vollständig aus. Bei stärkerer Ver­
größerung (Fig. 1 B) lassen sich in dieser 
Masse offenbar einzellige Trichom e e r­
kennen, die aus den Funikuli auswachsen. 
Nach der Definition handelt es sich um 
den Arillus. In der Nähe des Funikulus 
sind sie noch straff geordnet; im distalen 
Bereich liegen sie unregelm äßig und 
befinden sich bereits un te r Auflösung. 
Eine Pulpabildung ist in diesem Stadium  
noch nicht feststellbar, die ja  später be­
sonders von der Innenseite des P erikarps 
einsetzt.

Im fortgeschrittenen W achstum sstadium  
(Fig. 1 C, D) füllen die noch unreifen 
Samen bereits die drei K am m ern voll­
ständig aus. Die gallertartige Arillusmasse 
ist bis auf einige Trichom fragm ente in 
der Nähe der Funikuli und am  Hilum, 
zurückgedrängt. In einer abortierten  K am ­
m er ist der fehlgeschlagene Bereich noch 
von Arillus gefüllt, w ährend  in der norm al 
entwickelten Kam m er A rillusbildungen 
nicht m ehr feststellbar sind (Fig. 1 E).

Ausgereifte Samen, an der Verfestigung 
der Testa erkennbar, haben keine A rillus­
bildungen m ehr. Die äußerste Schicht der 
Testa w ird hier von langgestreckten P ali­
sadenzellen gebildet, die d irekt an  die 
Innenseite des P erikarpes anliegen. In 
diesem W achstum sstadium  beobachtet m an 
kleine S tärkekörner in den P arenchym ­
zellen des Perikarps, die die beginnende 
Pulpabildung anzeigen.

Der Musa balhisiana Fruchttyp

Bei diesem F ruch ttyp  sind 4 unregel- 
m äßige Sam enreihen pro Lokulus en t­
wickelt. Bei juvenilen F rüch ten  sind die 
Kam m ern von der gallertartigen A rillus­
masse ausgefüllt, in der die Sam enanlagen 
eingebettet sind (Fig. 2). Die Trichom e 
w achsen strahlenförm ig aus den F unikuli 
aus und sind nur in d irekter Nähe der 
A ustrittsstellen als H aare zu erkennen. 
Mit zunehm ender E ntfernung von den 
Funikuli gehen sie m ehr und m ehr in eine 
form lose Substanz über. Bei diesem

F ru ch tty p  sind A rillusbildungen solange 
feststellbar, bis die Samen die Kam m ern 
vollständig ausgefüllt haben, erst dann 
setzt die P ulpabildung von der Innenseite 
des P erikarpes ein und drängt sich zwischen 
die einzelnen Samen, wie bei einer aus­
gereiften F ru c h t von Musa sp. (Nr. 31040) 
aus T hailand  beobachtet w erden konnte.

Musa sp., Pisang gabu, aus Iîuitenzorg, 
Java

Die F rüch te  dieser H ybride vereinigen 
M erkm ale des balbisiana und des acuminata  
„F ru ch tty p es“ (Fig. 3). U nter dem uns 
vorliegenden M aterial befindet sich eine 
F ru c h t m it drei regelm äßig ausgebildeten 
K am m ern, die jeweils 2 Sam enreihen en t­
halten  (Fig. 3 B) und  ein Exem plar m it 
4 K am m ern mit wenigen abortierten  
Sam enlagen (Fig. 3 A, C). In  allen Fällen  
sind die n ich t entw ickelten Sam enanlagen 
von Arillus umgeben. M akroskopisch e r­
kennt m an an Q uerschnitten durch  diesen 
F ru ch tty p  drei (seltener 4) halbm ond­
förm ige Bereiche, die von einer gelblichen 
gallertartigen  Masse ausgefüllt sind, die 
sich bei stä rkerer V ergrößerung in den 
D ünnschnitten  als Arillusbildung erweist. 
Bei diesen F rüch ten  ist eine starke A nhäu­
fung der Latexgefäße feststellbar, beson­
ders an der Innenseite des Perikarpes 
und an den Septen. Im zentralen  Bereich 
der F ru ch t um geben sie die Leitungs­
stränge, so daß sie im Q uerschnitt ein 
kreisförm iges P unk tm uster ergeben. Von 
der Innenseite des Perikarpes und der 
Septen w achsen w eitm aschige P arenchym ­
zellen in die K am m ern hinein. Sie en t­
halten  S tärkekörner, w ährend  die Trichom e 
des Arillus keine S tärkekörner enthalten 
(Fig. 3 D) .

Musa sp.

Die gew öhnliche E ßbanane leitet sich 
von den beiden W ildform en Musa balbi­
siana  und M usa acum inata  her (S i m m o n d s  
1962 S. 130). Im  Q uerschnitt durch  eine 
E ßbanane lassen sich m akroskopisch nur
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Fig. 2. M usa  sp., Nr. 6628 aus  T hailand .  M. balbisiana  „ F ru c h t ty p “ m it  vier unregelmäßigen 
Sam enre ihen .  -—- A: Juvenile  F ruch t ,  Querschnitt .  Die Sam enan lagen  sind von Arillus- 
b i ldungen  um geben, die von den Fu n ik u l i  ausgehen  u nd  die K am m ern  fast  ausfüllen. 
—  B: Gleiches P r ä p a ra t  wie A. Fu n ik u lu s  mit  Raphe  un d  Latexgefäßen  aus dem  Arillus- 
T richom e ausw achsen .  —  G, D: Vergrößerte  Ausschnitte  aus A. — Differentia l-Interferenz- 

kon tras t .  —  Abkürzungen:  Ar Arillus. L Latexgefässe. R Raphe.
3 Bot. N otiser, v o l. 128, 1975



344 W A L T E R  L. F R I E D R I C H  U N D  F R I E D R I C H  S T R A U C H

2 m m

Fig. 3. Musci  sp. „ P i s a n g  g a b u “ . Nr. 4243-1 a u s  B u i te n z o r g ,  J a v a .  —  A: F r u c h t  m i t  v ie r  
K a m m e r n ,  Q u e r sc h n i t t .  P fe i l  zeig t  a u f  d e n  in C v e r g r ö ß e r t e n  A u s sc h n i t t .  —  B: Z e n t r a l e r  
Te i l  e in e r  t r i l o k u l a r e n  F r u c h t  m i t  je  zwei S a m e n r e i h e n  p r o  L o k u lu s ,  Q u e r s c h n i t t .  Aril lus-  
b i l d u n g e n  a n  d e n  F u n ik u l i  (Pfe ile) .  —  C: V e r g r ö ß e r t e r  A u s s c h n i t t  a u s  A. D re i  r u d i m e n tä r e  
S a m e n a n l a g e n  s in d  v o n  A r i l lu s b i ld u n g e n  u m g e b e n .  V o n  d e n  S e p te n  u n d  v o n  d e r  I n n e n s e i t e  
des  P e r i k a r p e s  w ä c h s t  P u lp a g e w e b e  in d ie  K a m m e r  u n d  v e r d r ä n g t  d e n  A ril lus .  -—  D: 
A u s s c h n i t t  a u s  B. P u lp a g e w e b e  m i t  S t ä r k e k ö r n e r n  (hel le  P u n k t e )  a n g r e n z e n d  a n  A ril lus-  
T r i c h o m e n  (o h n e  S t ä r k e k ö r n e r ) .  D i f f e r e n t i a l - I n t e r f e r e n z k o n t r a s t .  —  A b k ü r z u n g e n :  Ar 

Aril lus. F  F u n ik u lu s .  P u  P u lp a .  St  S t ä r k e k ö r n e r .
Bot. N otiser, vol. 128, 1975
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S e p t u m

Fig. 4. Musa  sp. —  A: Querschnit t ,  E ß b a n a n e  mit drei Septen. B: Ausschnit t  aus  A. 
Abortierte  Sam enanlage, um geben  von Arillus-Trichom en, die am  Fun iku lus  auswachsen. 
D ifferen tia l- In te rferenzkontras t .  C: Gleiches P r ä p a ra t  wie A. Z entra le r  Teil einer F ruch t ,  
Querschnit t .  Zwei abortier te  Sam en an lag en  in einer Kammer. Pu lpab ildungen  an  den 
Septen, den Funiku l i  und  de r  Innensei te  des P e r ik a rp e s  ve rd rängen  die Relikte des Arilhis. 
—- I): Gleiches P rä p a ra t  wie A. Q uerschn it t  d u rc h  ein Septum  m it Latexgefäßen (schwarze 
Flecke) und abortier te  Sam enanlage .  S ta rke  Pu lp ab ild u n g  am  Septum. —  Abkürzungen: 

Ar Arillus. F Funiku lus .  L Latexgefässe.  Pe Per ikarp .  Pu Pulpa.  S Septum.
Bot. N otiser, vo l. 128, 1975
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noch wenige Relikte dieser beiden S tam m ­
form en erkennen (Fig. 4 B— D). Die 
Latexgefäße m ark ieren  den Grenzbereich 
P erikarp  zu den m it P u lpa gefüllten K am ­
m ern und zeigen die Lage der drei Sepien 
an. V erküm m erte Sam enanlagen sind nur 
selten zwischen den Pulpaw ucherungen  zu 
finden. U ntersucht m an die abortierten  
Sam enanlagen, so findet m an im Bereich 
der P lazenten A rillusbildungen in F orm  von 
0,025 mm dicken Trichom en, die aus den 
Funikuli ausw achsen. Mit zunehm ender 
Reife der F ru ch t w erden sie von der 
P ulpa verdrängt und gehen m ehr und 
m ehr in Auflösung.

DISKUSSION DER ERGEBNISSE

Bereits in der älteren  L ite ra tu r stellte 
m an H aarbildungen im  Bereich der P la ­
zenten bei Musa  fest. W i t t m a c k  (1868 
Tafel III, Fig. 25), der eine Beschreibung 
von M. ensete gibt (heute w ird Ensete 
als eigene Gattung aufgefaß t), bildet einen 
Q uerschnitt von M. rosen ab und bezeich­
net die H aare an den Sam enanlagen als 
P lazentahaare. H u m p h r e y  (1896 S. 28), 
der ebenfalls Sam enanlagen und  junge 
Samen von M. rosen untersuchte, konsta­
tiert: „The ovule presents nothing no te­
worthy, except a dense felt of long sim ple 
trichom es arising from  the sides of the 
funiculus. No trace of these rem ains in 
the seed. As com pared with the ovule, the 
seed shows great la teral extension, so 
the em bryonal cavity  is m uch shorter 
than  broad. The trace of the m icropylar 
opening can still be recognized, and, as 
might be expected from  the indéhiscent 
fruit, no aril is developed.“

Sowohl W i t t m a c k ’s  (1868) als auch 
H u m p h r e y ’s  (1896) E rgebnisse w erden von 
späteren B earbeitern erw ähnt. So benutzt 
J ä h k e l  (1909 S.  2 3 )  den Begriff „P lazen ta­
haa re“ von W i t t m a c k  (1868) un d  d ’A n g -  

R E M O N D  (1915 S .  74) beobachtet: „Die 
Sam enknospen der B ananen sind in einer 
durchscheinenden Gallerte eingebettet und 
von vielen Zellfäden umgeben, die aus 
dem  Fuß des F un iku lus ih ren  U rsprung 
Bot. N otiser, vo l. 128, 1975

nehm en“. W as die Gallerte angeht, so 
bezieht er sich in einer F ußno te  au f 
J ä h k e l  (1909). M a u r i t z o n  (1935), der eine 
um fassende Ü bersicht über „Sam enbau 
und Em bryologie einiger Scitam ineen“ 
gibt, erw ähnt unter Musaceae n u r die 
Gattungen Ileliconin und Strelitzin  und 
verweist bezüglich der Gattung Musa  auf 
frühere U ntersuchungen (1935 S. 3). Es 
ist daher n ich t erstaunlich, daß W i n k l e r  
(1930 S. 526) in E n g l e r - P r a n t l  b eh au p ­
tet: „Niemals besitzen die Sam en in der 
Gattung Musn  einen Arillus“. Auch in 
neueren Arbeiten liest m an ( S i m m o n d s  

1953 S. 89): „Each loculus bears two 
rows of ovules embedded (or nearly  so) 
in a strip of mucilage which is pervaded 
at its axial face by num erous hair-like 
cells em ergent from  the axis especially 
in the neighbourhood of the ovules“ . Im 
gleichen Zusam m enhang erw ähnt er: „The 
num ber of hair-like cells in the m ucilage 
seems to increase for the first week or 
two, but later all traces of them  disappears 
as the mucilage goes“. In ähnlicher W eise 
gibt S i m m o n d s  diesen Sachverhalt in spä­
teren Arbeiten wieder ( S i m m o n d s  1959 S. 
29 und 1962 S. 78). Es ist daher auch 
nicht verw underlich, daß in Ü bersich t­
w erken wie A. E n g l e r ’s „Syllabus der 
P flanzenfam ilien“ ( P o t z t a l  1964 S. 609) 
un ter der U nterfam ilie Musoideae erw ähn t 
w ird: „Sam en ohne A rillus“.

Unter Berücksichtigung der bereits oben 
zitierten Beobachtungen früherer B earbei­
ter und unserer eigenen Feststellungen 
kann  zusam m enfassend folgendes über den 
Arillus bei der Gattung Musn  L. gesagt 
w erden: Bei allen von uns un tersuch ten  
A/u.sa-Friichten ist in juvenilen Stadien 
ein Arillus entwickelt. E r besteht aus 
einfachen Trichom en, die von den F u n i­
kuli ausgehen und die Sam enanlagen u m ­
geben.

Bei fo rtschreitender M aturität der Sa­
m en w ird der Arillus zurückgebildet. Die 
Auflösung des Arillus erfolgt zu dem  Zeit­
punkt, wo die Bildung der P u lpa beginnt. 
Bei reifen Sam en ist der Arillus n u r noch 
in Relikten an  den Funikuli vorhanden .
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An Querschnitten von Ensete  sp. aus T hai­
land ( L a r s e n  10 000) w aren an den Funi- 
kuli der fast reifen Samen keine Arillus- 
hildungen feststellbar; ein abortierter Same 
in der selben F ruch t w ar  jedoch von 
Arillustrichomen umgeben. Offenbar gilt 
bei der Gattung Ensete in Bezug auf den 
Arillus derselbe Sachverhalt wie bei Musa, 
nämlich daß der Arillus in juvenilen 
F rüch ten  entwickelt ist und mit zuneh­
mender Reifung zurückgebildet wird.

Über die biologische Funktion des Aril­
lus bei den Zingiberales haben sich zahl­
reiche Autoren geäußert.  Allgemein nimmt 
m an an, daß er eine Rolle bei der Dehis- 
zenz der Früchte ( P f e i f f e r  1891) und 
bei der Verbreitung der Samen durch 
Tiere spielt. Bei Musa  sind die Früchte 
beerenartig und meist indeliiszent. Der 
Arillus ha t  hier seine Funktion in Folge 
der Progression verloren. Die Rolle als 
Lockmittel für Tiere, die die Samen ver­
breiten, w ird von der P ulpa übernommen, 
die offenbar als Ersatz fü r  den fu n k ­
tionslosen Arillus entwickelt wurde. P u lp a ­
bildung tritt ja  bekanntlich nicht nur  bei 
Kulturform en sondern auch bei wilden 
Bananen auf.

Die Entdeckung des Arillus bei der 
fossilen Spirematospermum wetzleri (Zin- 
giberaceae), die sehr nahe verwandt ist 
mit der rezenten Cenolophon oxym itrum  
und auch  in vielen morphologischen und 
anatomischen Einzelheiten den wilden re ­
zenten Bananen nahe steht, zeigt, daß der 
Arillus ein sehr altes Element der Zingi- 
berales ist (Tabelle 1). Die gut erhaltenen 
fossilen Bananenfrüchte aus dem Paleogen 
von Indien waren unserer Meinung nach 
wahrscheinlich ebenfalls arillat, da J a i n  

(1964 S. 46) beobachtet: „The seeds,
though filling each locule, show no sign 
of compression and the space left between 
the seeds is filled with a noil-cellular 
m a tr ix “. Auch die Verdickung der Testa 
im Bereich des Hilum bei den fossilen 
Musa-Samen spricht für die Existenz eines 
Arillus, wie J a i n  (1964 S. 53) übrigens 
selbst feststellt, später aber wieder ver­
wirft.
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Campanula keniensis  T h u l i n  sp. nov., is described from  Kenya. Although 
an annual its nearest ally is believed to b e  the perennial C. edulis F o r s k . 
Crossing experim ents between C. keniensis  and C. edulis gave highly sterile 
offspring. The synonym y of C. edulis is given and all nam es are typified. 
Crossings between a large-flowered and a sm all-flow ered strain of C. edulis 
yielded an intermediate offspring with no reduction of fertility. Chromosome 
numbers are reported for C. afra (2n =  24), C. d i chotoma  (2n =  24), C. edulis 
(2n =  56), C. kremeri  (2n =  24) and C. keniensis  (2n =  54). Wahlenbergia tenuiloba  
T h u l i n  nom. nov., is proposed for the illegitim ate W. congesta  T h u l i n .

Mats Thulin, Inst i tute of Systemat ic  Botany,  P.O. Box 541, 751 21 Uppsala,  
Sweden.

Campanula keniensis T h u l i n  sp. nov. 
(Figs. 1 A, 2 A, D)

ORIG. C O L L .:  M o b e r g  1415, Kenya, Kai- 
jado D istr., Ngong Ilills, south of highest 
part, along the path to the top, 3.1. 1971 
(UPS holotype).

Species nova ah affini C. edulis  F o r s k . 
habitu erecto annuo, corolla cylindrica 6— 8 
mm longa lobis erectis 1— 1.6 mm longis 
extus dense puberula, stylo tubo corollae  
breviore, floribus breviter pedicellatis vix 
nutantibus et chrom osom atum  numero 2n =  54 
diversa.

A nnual + stiffly erect herb, up to 35 
cm tall. Stem branched m ainly in the 
upper part, strongly ribbed, h irsute w ith 
mixed hairs  of very variable length. Leaves 
sessile, narrow ly  ovate to ovate above, 
elliptic to oblanceolate or narrow ly ovate 
tow ards the base, up to 10— 25 mm long, 
5— 10 m m  wide, acute or subacute w ith 
truncate , or, at least in the upper leaves, 
cordate base, hirsute w ith hairs often 
bulbous a t the base: m argin cartilaginous, 
+ undulate-crenate; m idvein and lateral 
veins prom inent beneath. Inflorescence lax 
w ith m arked  overtopping of the term inal 
flow er giving a dichotom ous appearance; 
Bot. N otiser, v o l. 128, 1975

pedicels short, elongating up to 10 mm in 
fruit. H ypanth ium  broadly  obconical, w ith 
5 d istinct nerves and  up to 5 additional 
+ w eak nerves in  between them , shortly  
and densely pubescent hu t w ith long hairs 
on the nerves. Calyx-lobes narrow ly tr i­
angular, 4— 7 mm long, acute, w ith long 
hairs at m argins and  on m idvein outside, 
o therw ise shortly  and densely pubescent 
on bo th  sides; calyx-appendages ovate, 
1.5—42.5 mm long, reflexed, ±  obtuse. 
Corolla blue or m auve w ith w hitish base, 
cylindrical, 6— 8 mm long, w ith erect 
ap icu la te  lobes 1— 1.6 m m  long; m idveins 
of petals distinct w ith +  long hairs, co­
rolla otherw ise densely puberulous outside, 
g labrous inside. Stam ens w ith ovate, sh o rt­
ly ciliate filam ent-hases; an thers 1.3— 2.0 
m m  long. Ovary 3-locular, inferior; style 
m uch shorter than  the corolla-tube, 3- 
lobed, w ith pollen-collecting hairs along 
m ost of its length, hu t w ith  norm al hairs 
at the base. Capsule 3-locular, dehiscing 
by basal valves. Seeds num erous, elliptic- 
oblong in outline, com pressed, ±  0.6 mm 
long, alm ost sm ooth, yellow ish-brow n. 
2n =  54.
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T able 1. Chromosome n u m b ers  of some species of Campanula.  
V oucher  specimens in UPS. C. a fra  and  C. k rem er i  a re regarded 
as d is t inc t  species fo r  the sake of convenience (see text).

Taxon Voucher Origin of m ateria l 2n

C. afra  ........... B y m a n  1340 Canary  Is., Tenerife 24
C. d icho tom a T h u l i n  2410 Algeria, El Milia 24

T h u l i n  2414 b Algeria, El Milia 24
B a r k o u d a h  s.n. Algeria, Tizi Ouzou 24

C. e d u l i s .......... T h u l i n  1367 Ethiopia,  Asella 56
B j ö r n s t a d  1575 Tanzania ,  Ngorongoro 56

C. ken iens is  . . M o b e r g  1415 Kenya, Ngong Hills 54
C. k rem er i  . . . T h u l i n  2302 Algeria, Oran 24

C. keniensis  is only know n from  the 
Ngong Hills, ju st south of N airobi in 
Kenya, w here it has been collected in 
grassland on the sum m it ridge and along 
the w estern slopes at altitudes of between 
2150 and 2430 m.

COLLECTIONS. Kenya: Kaijado Distr.,
Ngong Hills, XII. 1954 B a l l y  9889 (K), XI. 
1966 A r c h e r  528 (EA), XI. 1967 A g n e w  9681 
(NAI), I. 1971 M o b e r g  1415 (UPS).

DISCUSSION

A g n e w  (1974 p. 509) was the first 
to pay atten tion  to C. keniensis. He called 
it Campanula  sp. A and pointed to its 
annual hab it and densely pubescent corolla 
as characters distinguishing it from  C. 
rigidipila ( =  C. edulis, see below).

The species shows a striking sim ilarity 
to, am ong annual species, the m ainly 
M editerranean C. dichotoma  group (C. 
dichotoma  L .,  C. afra C a v ., C. kremeri 
Boiss. & R e u t ., C. semisecta M u r b ., etc.) 
and  C. balfourii  W a g n . & V i e r h . on 
Socotra, w hich perhaps belongs to the 
same group. The taxonom ic treatm ent of 
these species varies considerably (see e.g. 
M u r b e c k  1897 p. 115— 119, Q u é z e l  1953) 
and most of them  have at tim es been 
regarded as subspecies o r form s of C. 
dichotoma. The perennial C. edulis in 
eastern tropical Africa and Yemen is 
also very close to C. keniensis.  All these 
species m entioned have calyx-appendages,

capsules dehiscing by basal valves or 
pores, 3-merous gynoecia and are placed in 
Campanula  sect. Medium  A. DC. The only 
previously know n chrom osom e num ber 
am ong them  is 2n =  24, reported  from  
Italian C. dichotoma  by G a d e l l a  (1964 
p. 14). 2n =  34 in C. sarmentosa  (a syno­
nym of C. edulis, see below) was re ­
ported by S u g i u r a  (1942 p. 431). It is 
presum ably erroneous like m any other 
of his counts (see G a d e l l a  1964 p. 43). 
Chromosome num bers obtained by the 
present au thor are sum m arized in  Table 
1 (see also Fig. 2 A— C).

The subdivisions of the genus Campa­
nula  by D e  C a n d o l l e  (1830), B o i s s i e r  

(1875) and F e d o r o v  (1957) were reviewed 
by G a d e l l a  (1964), who considered them  
all m ore or less unnatu ra l and  proposed 
a provisional subdivision into seven groups 
w here m uch im portance was ascribed to 
cytological data. C. dichotoma  was placed 
on its own in Group V, bid it w as p re ­
sumed th a t m any other annual appen- 
diculate species belonged there although 
chrom osom e data were lacking. C. kre­
meri, as could he expected, fits into the 
same group. The chrom osom e num ber 
2n =  54 in C. keniensis, however, cannot 
easily be derived from  2n =  24. F u r th e r ­
more, the chrom osom es of C. keniensis  
are sm aller (c. 1—-1.5 pm) than  in C. 
dichotoma  and C. kremeri (c. 1.5— 2 pm). 
A close affin ity  betw een C. keniensis  and 
the C. dichotoma  group is therefore im- 
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Fig. 1. Flowers of cultivated specimens. — A : Campanula keniensis, progeny of M o b e r g  
1415, X 4 .5 .  — B: C. edulis, progeny of a cross between the small-flowered strain T h u l i n  

1367 and the large-flowered strain B j ö r n s t a d  1575,  X 2 .5 .

probable. C. keniensis  is m orphologically 
distinguishable from  this group m ainly 
by its cylindrical corolla w ith very short 
and erect lobes (Fig. 1 A). In the C. 
diehotoma  group the corolla is ±  funnel- 
shaped w ith longer lobes, which are 
spreading to alm ost perpendicular to the 
tube (however, in herbarium  m aterial 
this m ay be difficult to see). The hairiness 
of the corolla varies w ithin the C. dieho­
toma  group, and plants w ith I he outer 
surface of the corolla densely puberulous 
as in C. keniensis  also occur.

The p lan t described as C. balfonrii by 
W a g n e r  & V i e r h a p p e r  (in V i e r i i a p p e r  

1906 p. 301, see also V i e r h a p p e r  1907 
]). 474—476) was previously thought by 
B a l f o u r  (1388 p. 148) to be a form  of 
C. diehotoma. As distinguishing features 
V i e r h a p p e r  (1907 p. 475) m ainly m en­
tioned the sm aller corolla and shorter 
calyx-lobes and appendages. Com pared 
with C. balfonrii, C. keniensis  seems to be 
a som ew hat m ore robust plant. Longer 
hairs such as are present on the midveins 
of the petals in C. keniensis  can hardly  
Bot. Notiser, vol. 128, 1975

be seen in  C. balfourii. The midveins 
them selves are  also m ore inconspicuous 
in th is species. The corolla is of a m ore 
cam panulate  shape in  C. balfourii  (other­
wise the corolla is of a sim ilar size and 
is also densely puberulous outside in both 
these species). F u rthe r, the hypanth ium  
usually has m ore than  5, often c. 10 
nerves in C. keniensis  (5 in C. balfourii), 
the additional nerves being ±  weak. The 
liest distinguishing charac ter for C. ken i­
ensis is its short com paratively  stout style, 
usually  m uch shorter th an  the corolla- 
tube, versus the slender style, as long 
as or longer than the corolla-tube in 
C. balfourii.  Calyx-lobes and  appendices, 
seeds and pollen grains (3-porate, 30— 35 
urn in equatorial diam eter, and w ith 
densely and  finely sp inu lar exine) are 
sim ilar in all essentials in the two species. 
Until the chrom osom e num ber of C. bal­
fourii is know n it can h ard ly  be deter­
m ined w ith certain ty  w hether its nearest 
affin ity  is w ith C. diehotom a  or w ith 
C. keniensis, although the  form er a lte r­
native seems m ost probable.
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Fig. 2. A—C, Somatic metaphase plates. — A: Campanula 
keniensis,  M o b e r g  1415 (2n=54). — B: C. edulis, T h u l i n  1367 
(2n =  56). — C: C. kremeri, T h u l i n  2302 (2n =  24). — Scale =  
10 pm. — D: Semi-diagrammatic drawing of style and stamen 
in C. keniensis. The dotted area of the style indicates distribution 
of pollen-collecting hairs. From M o b e r g  1415, X 8 . D If

A p ar t  f ro m  C. keniensis,  C. eclulis is 
the  o n ly  native  C am panu la  in  K enya  an d  
these tw o  v ir tua l ly  a re  the on ly  r ep re sen ­
tatives of the genus sou th  of th e  equator .  
It is d is tr ib u ted  f ro m  Yemen, S u d an  an d  
E th io p ia  in the n o r th  to eas te rn  Z a ïre  an d  
n o r th e rn  T a n z a n ia  in  the  south. I n  Kenya 
it seems to he ra r e  and  is no t k n o w n  from  
the N gong Hills. T he  n e a res t  localit ies 
a re  in th e  A berdares  an d  th e  Chyulu  
Hills.

As op po sed  to the  st iff ly  erect, an n u a l  
C. keniensis ,  C. ednlis  is u su a l ly  a d e c u m ­
bent o r  ascend ing  p e ren n ia l  w i th  a thick, 
soon lignified tap - ro o t  (however,  in c u l­
tiva tion  it f low ers  even d u r in g  the  firs t 
yea r  w hile  the  tap - ro o t  is still v e ry  th in).  
T he  co ro l la  is u sua l ly  la rger  in C. ednlis 
and  c a m p a n u la te  (Fig. 1 II), b u t  fo rm s 
w ith  a co ro l la  c o m p a ra b le  in  size and  
shape  to th a t  in C. ken iensis  a lso occur. 
However, th e  co ro l la  is g lab ro u s  o r  has 
long ha ir s  on  the  m idve ins  of the  petals  
only, a n d  is devoid of the dense  shor t  
pubescence  of C. keniensis.  T h e  style is 
r a th e r  s h o r t  and  s tou t in C. ednlis  and  
m u c h  sh o r te r  th a n  the  co ro l la  as in C. 
keniensis ,  b u t  as th is  is u su a l ly  +  deeply

lobed the  style is often  as long as the  
corolla- tube. T h e  h y p a n th iu m  is u su a l ly  
m ore  th a n  5-nerved in b o th  species. T he  
pedicels are  u p  to 5 cm long in C. ednlis  
a n d  usually  m u ch  longer th a n  in  C. k e n ie n ­
sis. T he  m a rk e d  nodding  of the  capsu les  
in C. ednlis  is m u c h  less p ro n o u n c ed ,  
if occurr ing  at all, in C. keniensis .  T he  
basa l  p a r t  of the  style  be low  the po llen  
collecting h a ir s  is g lab ro us  in  C. ednlis  
b u t  h a iry  in C. ken iensis  (Fig. 2 I)).  
T h e  leaf shape  is very  var iab le  in C. 
ednlis,  an d  a l th o u g h  o ften  h av ing  n a r ­
rower, +  ob lanceola te  o r  a lm ost sp a th -  
ulate leaves no  c lear  d is t inc tion  ca n  be 
m ade  using th is  ch arac te r .

The  ch ro m o so m e  n u m b e r  o f  C. k e n ie n ­
sis, 2n  =  54, is m os t  easily exp la ined  as 
a result of a redu c t ion  from  2n  =  56, and  
p ro b a b ly  the  species is closely re la ted  to 
an d  possibly derived f ro m  C. ednlis. The  
ch rom o so m es  are  also of a s im ila r  size 
in these two species (1— 1.5 pm, Fig. 
2 A, B).

Crossing experim en ts  p e r fo rm e d  b e ­
tw een  offspring  of the ho lo type  of C. 
keniens is  an d  a s t ra in  of C. ednlis  (off­
spr ing  of T h u l i n  1 3 67 ,  Asella, E th iop ia )
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resulted in  seed form ation in 10 out of 
16 pollinated  flowers. Vigorous hybrids, 
in term ediate  in all respects and with 
2n =  55, were obtained from  all successful 
crossings. They behaved as annuals, a l­
though m ore long-lived than  the parental 
C. keniensis. The pollen fertility  of the 
parents, obtained hy counting the per­
centage of lactic hlue staining pollen in 
a sam ple of 200 grains, was found to be 
95— 100 °/o. In 18 hybrid  specimens
studied the pollen fertility  varied between 
10 and 40 %> (mean value 30 °/o). In 
the paren ta l plants seeds were form ed 
abundan tly  by autogam y. In the hybrids, 
however, not a single seed was formed, 
not even after artificial self-pollination. 
Thus a strong genetic barrie r exists be­
tween these species, probably  mainly 
owing to the difference in  chrom osom e 
num ber.

C. keniensis  and C. edulis are not 
easily placed in any of the groups p ro ­
posed fo r the genus by G a d e l l a . 2n =  56 
has previously been reported  only from  C. 
vidalii (sometimes placed in the mono- 
typic genus Azorina  P e e k ) on the Azores, 
which is totally unrela ted  to C. edulis 
and 2n =  54 is a new num ber for the 
genus. Group VI includes species with 
2n =  28, bu t these are all devoid of calyx - 
appendages. Obviously tbe chrom osom al 
diversity  and the relationships w ithin the 
genus are  still m ore com plicated than  is 
revealed by G a d e l l a ’s work.

The wide variation present in C. edulis 
has given rise to a ra th e r extensive syno­
nym y w hich is sum m arized below. All 
lectotypes have been chosen by the present 
au thor.

Campanula edulis F o r s k å l

F o r s k å l  1 7 7 5  p .  4 4 .  —  Orig, c o l l . :  F o r s k å l  
s.n., Yem en, Kurma (G lectotype) .

There are three sheets  in F o r s k â l ’s her­
barium  in C, two ol’ w h ich  are w ithout  
locality .  The third spec im en, the lectotype,  
con s is ts  o f  two ind ividuals  and apart from  
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the spec if ic  nam e has  the loca l i ty  “ad K urm a” 
written  in F o r s k â l ’s handw riting .  There is 
also  a spec im en  in S tockh o lm  (S) collected  
hy F o r s k â l  and with  the loca l i ty  “ad H a d je ” . 
T h is  w a s  orig ina l ly  sent to M o n t i n  by V a h l  
in 1780. H adje  is the second  loca l i ty  cited  
by F o r s k å l  (1775 p. 44) for  C. edulis.  
Also a spec im en  w ithout  co llector  and locality  
in Herb. Thunberg  (UPS) w a s  probably  
distributed by V a h l .

C. e scu len ta  R i c h a r d  1 8 5 1  p. 4. -—- C. 
rig id ip i la  S t e u d . & H ö c h s t , ex A . R i c h . 
v a r .  escu len ta  (A . R i c h .) D l  C a p u a  1 9 0 4  
p. 236. —  Orig. coll .:  Q u a r t i n  D i l l o n  & 
P e t i t  s .n . ,  E thiopia ,  Tigre, Ouodgerate  (P  
l e c to ty p e ) .

C. qu ar t in ian a  R i c h a r d  1851 p. 5. —  
C. sc h im p e r i  V a t k e  var. q u a r t in ian a  (A. 
R i c h .) V a t k e  1876 p. 201, nom . illegit.  —  
C. r ig id ip i la  S t e u d . & H ö c h s t , ex A. R i c h . 
var. qu ar t in ian a  (A. R i c h .) E n g l e r  1892 
p. 410. —■ Orig. coll .:  Q u a r t i n  D i l l o n  & 
P e t i t  s.n., E th iop ia ,  Tigre, M em sah  8 .IX. 
1839 (P h o lo ty p e ) .

R i c h a r d  cites a Q u a r t i n  D i l l o n  spec im en  
co l lected  in M em sah  in Septem ber as the type  
of  C. quart in iana .  The o n ly  sp ec im en  in 
Herb. R i c h a r d  w ith  this data has  no sp e ­
c if ic n a m e  w ritten o n  it, but  as the  spec im en  
agrees  very  w el l  w ith  the orig inal description  
there is no reason  for d ou b tin g  that it is 
the sp ec im en  used  b y  R i c h a r d .

C. r ig id ip i la  S t e u d . & H ö c h s t , ex R i c h a r d  
1851 p. 3. —  C. sc h im p e r i  V a t k e  1874 p. 
712, nom . nov. superfl. pro C. sa r m e n to s a  et 
C. r ig id ip i la  (type as for  C. r ig id ip i la ,  see  
E n g l e r  1892 p. 410). —  C. sc h im p e r i  V a t k e  
var. r ig id ip i la  (S t e u d . & H ö c h s t , ex A. 
R i c h .) V a t k e  1876 p. 201, n o m . il legit.
—  Orig. coll.: Q u a r t i n  D i l l o n  & P e t i t  s.n., 
E th iop ia ,  Tigre, Ouodgerate  (P lec to type) .

C. sa r m e n to sa  H ö c h s t ,  ex R i c h a r d  1 8 5 1  
p. 4 .  —  C. sc h im p e r i  V a t k e  var.  s a r m e n to sa  
(A . R i c h .) V a t k e  1 8 7 6  p .  2 0 1 ,  n o m .  illegit.
—  C. rig id ip i la  S t e u d .  & H ö c h s t ,  e x  A. R i c h .  
var. sa r m e n to sa  ( H ö c h s t ,  ex A . R i c h . )  E n g ­
l e r  1 8 9 2  p .  4 1 0 .  —  Orig. coll .:  Q u a r t i n  
D i l l o n  & P e t i t  s . i l ,  E th io p ia ,  Choa ( P  
l e c t o t y p e ) .

Campanula bordesiana  M a i r e  (1929 p .  

1 8 8 )  described from  Ahaggar and  also re ­
ported from  Tibesti, is p robab ly  also con- 
specific w ith C. edulis. However, I have 
seen too little m ateria l yet to form ally 
reduce it to a synonym . The area of d is­
tribu tion  of C. edulis m ay thus lie extended 
to southern  Algeria in the west.
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DISCUSSION

C. esculenta  w as said by R ichard to 
differ from  C. edulis in having a glabrous 
corolla  (how ever, a few  hairs are present 
near the apex of the corolla-lobes in 
the syntypes) and obovate-oblong, sub- 
spathulate, not lanceolate leaves. It was 
distingu ished  from  C. rigidipila by its 
leaf-shape and shorter calyx-lobes and 
appendages.

C. qucirtiniana w as characterized by 
long, upright, striate and h ispid stems 
w ith scattered leaves, and by having hairy  
m idveins on the petals.

C. sarmentosa  was said to differ from 
C. rigidipila in having th inner and de­
cum bent stems and larger, obovate and 
obtuse leaves.

The name C. edidis in the literature 
was apparently  first used for African 
materia l by Schwartz (1939 p. 270). He 
cited C. rigidipila as a synonym. C. rigidi­
pila  in its tu rn  had long been in use 
for C. edidis in Yemen. Cufodontis (1965 
]). 1052) cited C. esculenta, C. sarmentosa  
and  C. rigidipila as synonyms of C. edulis, 
but regarded C. quartiniana  as distinct, 
though with hesitation. I agree that this 
is a ra ther  characteristic form because 
of the long upright stems (+  decumbent 
at the base, however) and branches, but 
there are numerous intermediates and I 
prefer to regard them all as a single 
polymorphic species.

The most conspicuous variation in C. 
edulis is to be found in the size of the 
flowers. The corolla ranges from 7 to 
25 or occasionally 30 mm in length. How­
ever, the variation is continuous, even 
though large-flowered forms predominate 
on certain mountains, for instance Mount 
Moroto in Uganda, Mount H anang and 
Ngorongoro Crater in Tanzania, and some 
others in Ethiopia.

Crossing experiments were perform ed 
between the two strains of C. edulis cited 
in Table 1. T h ulin  1367 from Ethiopia 
is a typical “quartin iana ’ form  with an 
ft— 9 mm long corolla while B jörnstad

1575 from Tanzania is closest to a “sar­
mentosa” form with corollas 15 to 20 
mm long. Seeds were formed in five 
out of eight crosses attempted. F rom  all 
successful crossings hybrids intermediate 
in corolla length were obtained (Fig. 1 B). 
Pollen fertility was investigated in 23 
specimens of the F I  generation and  was 
found to range from 96 to 100 °/o. N u ­
merous seeds were formed by autogamy 
in all of them and an F2 generation was 
raised without difficulty. No genetic b a r ­
riers thus exist between these two rather  
dissimilar strains from quite different 
parts of the area of distribution of the 
species. These results strongly support 
the wide circumscription of the species 
given here.

ADDENDUM

W ahlenbergia tcnuiloba T h u lin  nom. now

Syn. W. congesta T h u l in  1975 p. 209, nom . 
illegit. [non W. congesta (Cheesm.) N. E. 
B r o w n  1913 p. 3 3 6 ].

Unfortunately N. F. Brown’s com bi­
nation, which refers to a species in New 
Zealand, was overlooked in my recent 
study of tropical African Wahlenbergia.  
IF. tcnuiloba is endemic in Zaire and 
only known from the type collection. 
The new specific e, "  t refers to the 
very narrow calyx-lobes of the species.
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The Total Range of Euphrasia
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H u l t é n ,  E. 1976 02 09. The total range o f  Euphrasia. Bot. Notiser
128: 357— 364. Lund. ISSN 0006-8195.

A new map of the total range of the genus Euphrasia  L. (Scrophulariaceae) 
is presented, as well as a m ore detailed one of its distribution in the Northern 
Hem isphere. A third map shows the ranges o f E. tatarica, E. frigida  and 
E. mollis.  The connection between the ranges in the Old and New W orlds 
is over the Aleutian Islands.

A few com m ents on the com plicated taxonom y within the genus and on the 
occurrences in the Southern Hemisphere are made. No attem pt is made to 
outline the history of the genus.

Eric Hultén, Swedish Museum of Natural History, S-1A0 05 Stockholm, Sweden.

In connection with the study of the 
total ranges of Scandinavian plants I 
became interested in the total area of 
distribution of the genus Euphrasia, and 
tried to improve earlier maps of the genus. 
The result of this study is presented here 
(Figs. 1 ,2).

The following maps, at least, of the 
genus Euphrasia  have been published: 
W e t t s t e i n  (1896 Karte 1); I r m s c h e r  (1922 
Figs. 2, 3); Du R i e t z  (1940 p.  224); 
C r o i s â t  (1952 Figs. 7, 11); B u r b i d g e  
(1960 p. 180); VAN S t e e n i s  (1962 p .  260, 
1964 Fig. 7, 1971 Map 2, 1972 p. 285); 
v a n  S t e e n i s  & B a l g o o y  (1966 p .  97); 
S cH M iT H ü S E N  (1968 p .  113); S c h n e l l  
(1970 Fig. 58); H a r t l  in H e g i  (1972 p .  
338); T h o r n e  (1972 p. 379).

At least as far as the range in the 
Northern Hemisphere is concerned they 
are all based on W e t t s t e i n ’s very sche- 
matical map, hut since 1896 our  know l­
edge of the distribution of plants has 
increased very considerably, and none of 
the above-enumerated m aps are suffici­
ently detailed to give a reasonable idea 
of the actual conditions. Since W e t t ­
s t e i n ’s m ap was completed a num ber  
of works including the following have 
appeared, allowing a far more detailed

map to be made of the range of the 
genus in the Northern Hemisphere: F e r -  
n a l d  & W i e g a n d  (1915); H u l t é n  (1930 
pp. 107, 290; 1937 pp. 294, 376; 1950 
Maps 1568— 1580; 1958 Map 32; 1968 p. 
814); J 0R G E N S E N  (1919); K a r a m y s c h e v a  

& R a c h k o v s k a y a  (1973 p. I l l ) ;  K r y l o v  
(1939 pp. 2474— 87); Li (1953); P o p o v  
(1959 p. 664); P a v l o v  (1965 pp. 102— 
109) ; S e l l  & Y e o  (1970) ; Y a m a z a k i  (1963).

The maps presented here are based 
on information found in these works as 
well as on that in the about 1,400 taxon­
omic works enumerated in my work on 
the circumpolar plants ( H u l t é n  1971 
pp. 405— 446). The herbarium  and col­
lection of distributional maps at the 
N atural History Museum of Stockholm 
(Riksmuseum) has also been used.

In Ann. Jard. Bot. Madrid 1(17), 1959 
pp. 452— 458, six species of Euphrasia  are 
reported from Peru. Acc. to E d w i n  1971 
p. 671 only two of them possibly belong to 
that genus — and only E. pubescens R. & 
P. is supposed to occur in Peru. The re­
port is based on an old collection kept 
in the Paris herbarium. No special locality 
is given and the report most probably is 
erroneous. Peru is therefore not marked 
on the map presented here.

Bot. Notiser, vol. 128, 1975
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Fig. 2. To ta l  range  of the genus Euphrasia  in the N o r th e rn  Hemisphere .
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COMMENTS ON THE RANGE

The genus Euphrasia  occupies a cir- 
cum polar area in the N orthern  H em i­
sphere, but reappears in w estern South 
America and on the F alk land  Islands 
and also in New Zealand and Australia 
w ith a few in term ediate stations, for ex­
am ple on Form osa, Borneo, Celebes and 
New Guinea. In  Africa it only occurs in 
Morocco.

In the H im alayas Euphrasia  specimens 
have been collected above 4000 m, in 
China up to 4450 m (Li 1953). It is very 
rem arkable th a t practically  all localities 
in N orth America are situated on land 
that was glaciated during the Pleistocene. 
The genus does not occur in the un ­
glaciated inner parts of Alaska and Yukon. 
It is especially com m on in the once inun­
dated areas around  southern  H udson Bay, 
hut apparen tly  avoids inner L abrador.

Euphrasia  taxa  are easily spread, for 
instance together w ith hay, and it is there­
fore not always possible to state their 
natu ra l range. The isolated occurrences 
at Thule in N Greenland and on Spitz­
bergen (at a hot spring) could be taken 
as being anthropochorous, hut the occur­
rence on the rarely  visited Jan  Mayen 
m ay cast doubt on this.

The genus is lacking in northeastern  
Siberia, and in northern  Siberia it seems 
only to occur w ashed down along the 
large rivers. The connection between Asia 
and America is form ed by a single, fairly 
characteristic m icrospecies, E. mollis  L e ­
d e » . ,  with an alm ost linear area from 
southern  Alaska over the Aleutian Islands 
and southern K am chatka to northern  
Japan, but lacking in the Bering Strait 
area (Fig. 3). It is not out of the 
question that a connection over Bering 
Sound has existed in earlier w arm er 
periods.

EUPHRASIA IN THE NORTHERN 
HEMISPHERE

W e t t s t e i n  (1896) divided the genus 
into 87 taxa w hich he gave the status of
Bot. Notiser, vol. 128, 1975

species, while 22 are regarded as hybrids. 
He adm its tha t he uses the term  species 
merely for convenience. It m ust be rem em ­
bered tha t W e t t s t e i n ’s adm irab le study 
was m ade before M e n d e l ’s hered ita ry  
laws had  been rediscovered. His concept 
of hybrid ization  and  its consequences 
m ust therefore have been very unclear. 
However, even later au thors, for instance 
K a r l s s o n  (1974), adm it th a t hybrid ization  
seems to play a great p art in the varia tion  
w ith in  the genus.

Since W e t t s t e i n ’s m onograph  appeared  
a great num ber of new  taxa (“species” ) 
have been described, and  W e t t s t e i n ’s 

concepts and the lim itations of m any of 
his species have been changed. Thus, for 
instance, in the Soviet U nion 62 “species” 
are now recognized in  the F lo ra  URSS 
( J u z e p c h u k  1955 a), and  new ones with 
sm aller and  sm aller ranges are still being 
described by practically  everyone dealing 
w ith the genus in restric ted  areas. T hus, 
for instance, J u z e p c h u k  (1955 b) de­
scribed 22 new species from  the Soviet 
Union, m ost of them  w ith  very lim ited 
areas of distribution . A ltogether about 
500 taxa given the sta tus of species have 
been described. In  o the r w ords, in this 
respect the genus Euphrasia  behaves in 
the sam e way as a num ber of o ther 
com plexes, the m em bers of w hich are 
som etim es taken as single collective spe­
cies, though  usually as a conglom erate 
of “m icrospecies”, e.g. Betula, T h ym u s  
serpyllum  s. lat., T rapa natans  s. lat., 
Polygonum aviculare, the Poa pratensis  
group and still others. The seasonal d im or­
phism  as well as the fac t th a t Euphrasia  
taxa are hem iparasites contribu te to com ­
plicate the picture.

In the N orthern  H em isphere the genus 
Euphrasia  behaves as a  com plex species, 
E. officinalis  s. lat., w ith  the exception 
of the Azorean and  som e of the Japanese 
taxa w hich are essentially  d ifferen t. It 
consists of a highly variab le c ircum polar 
low land population , and  superim posed 
on this and  poorly d iffe ren tia ted  from  
it a group of arc tic-m ontane taxa {E. fri-
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Fig. 3. R a n g e  o f  t h r e e  r e m a r k a b le  E u p h r a s ia  t axa .  —  I n b r o k e n  o u t l in e :  E. ta tar ica .  
O u t l in e  w i th  d a s h e s  a n d  d o ts :  E. f r ig id a  ( inc lud ing  E. su b a r c t ic a  Ju z .  a lo n g  the  L en a  
River .  E. f r ig ida  o c c u r s  a c c o r d in g  to Y e o  1972 d o u b t f u l l y  in L E u ro p e . )  B r o k e n  o u t l in e .  

E. m o l l i s  ( in c lu d in g  E. p s e u d o m o l l i s  .luz.).

B ot. N o tise r, vol. 128, 1975
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gida— minima, E. salisburgensis— lappo- 
nica). M any of the low land taxa are 
sym patric, often even occurring together 
in the sam e population, and they are 
often connected by dubious forms.

N orthern  and boreal plants, chiefly oc­
curring in areas that were glaciated during 
the Pleistocene, are replaced south of 
their ranges by closely related preglacial 
counterparts. W hen the ice retreated 
biotypes or fragm ents of this southern 
population, well adapted  to the new 
clim atic and  ecological conditions, spread 
northw ards into the new land laid bare 
by the m elting ice. They form ed the basis 
of the present boreal species.

In  the case of Euphrasia  one of these 
southern  taxa is w hat passes for E. 
tatarica F i s c h e r  ex S p r e n g . It occurs 
in E urope and Asia (Fig. 3), and by 
F e r n a l d  & W i e g a n d  (1915 p. 198) was 
even accepted as occurring in eastern 
America under the nam e of E. stricta 
var. tatarica. E. tatarica is, however, not 
sharply  differentiated  from  the northern  
population, especially not from  E. stricta. 
Outside the area m arked in Fig. 3 it m ay 
occur on Sakhalin and in Japan . In 
F lora E uropaea (Y e o  1972) p art of E. 
tatarica is included in E. stricta, the rest 
in E. pectinata  T e n . In o ther respects 
also E. officinalis  s. lat. shows great 
sim ilarity to o ther com plex species. F or 
instance, a num ber of related bu t more 
highly differentiated, isolated taxa occur 
along the southernm ost rim  of the whole 
complex. These taxa are so distinct that 
they could be regarded as species even 
using the norm al species concept. One 
such taxon is, for instance, E. pectinata  
which, however, also presents form s that 
are in term ediate between this and the 
m ore northern  populations.

EUPHRASIA IN THE SOUTHERN 
HEMISPHERE

Very few plant taxa have a range 
sim ilar to that of Euphrasia,  and it can
B ot. N o tiser, vo l. 128, 1975

therefore be of in terest to discuss this 
po in t in greater detail.

Quite a num ber of taxa w ith the ir 
m ain  range in the N orthern  H em isphere 
reappear in a more or less identical form  
in sou thern  S America. Some of these 
have been discussed by R o i v a i n e n  (1954), 
others by C o n s t a n c e  ct al. (1963). E x­
am ples are Carex pyrenaica  and C. magel- 
lanica, the genera Ribes, E m petrum , Sani- 
cula and Saxifraga, as well as a num ber 
of w estern American taxa belonging to 
the genera Phacelia, Nama, Agoseris, Mic- 
roseris, Osmorrhiza  and Bowlesia. Some, 
for instance Carex macloviana, the Phac­
elia magellanica com plex and the genus 
Saxifraga  occur in in term ediate  stations 
along the Andes indicating  the route of 
m igration.

One species, Trisetum spicatum  L. s. 
lat., has a range sim ilar to th a t of the 
genus Euphrasia  w ith in term ediate stations 
both in eastern Asia and Central and 
South America. This has been discussed 
in detail by the au th o r ( H u l t é n  1959). 
In this case the m igrational routes seem 
to have been very well established.

Another plant, Fim bris ty lis annua  ( D e l .) 
R o e m . & S c h u l t , s . lat., d istributed  from  
the hot springs of K am chatka over Japan , 
Korea, China and Polynesia to A ustralia 
and  also occurring in  Mexico and  S 
America, m ay in this connection be w orth  
closer study, as it p robab ly  occupies a 
chain  of localities in bo th  hem ispheres.

As regards the taxa  of the Southern 
H em isphere, W e t t s t e i n  referred  those 
from  S America to a separate section, 
Trifidae, on their three-cleft leaves, w hile 
those of southeastern  Asia, New Zealand 
and  A ustralia were regarded as a subsection 
of the section Euphrasia, and  thus m ore 
closely rela ted  to the Euphrasias  of the 
N orthern  H em isphere.

It is therefore extrem ely rem arkable 
th a t S k o t t s b e r g  (1922) described a new 
perennial species of Euphrasia  w ith  entire 
leaves and large flow ers from  M asafuera 
off the Chilean coast not belonging to 
the section Trifidae,  bu t show ing close
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affin ities to the N ew  Zealand— Australian  
group of E uphrasia  taxa. It is very  
rarely that taxa w hich in South America 
on ly  occur on Juan Fernandez reappear  
on the other side of the Pacific. Such 
cases are, according to inform ation  re­
ceived  from  B e n k t  S p a r r e , for exam ple  
the fo llow ing: A rthopteris  altescandens
(C o l l a ) J. S m . reappearing in Polynesia, 
A ustralia and Africa; Histiopteris  incisa  
( T h u n b .) J. S m . reappearing in Australia, 
T asm ania and S A frica (introduced in  
the province of M agellanes) ; Santalum  
fernandezianum  T .  P h i l , now  extinct, the 
genus reappearing in  H aw aii and E Asia; 
Halorrhagis,  four endem ic species on Juan 
Fernandez, the genus reappearing in P o ly ­
nesia and Australia; Coprosma,  tw o en ­
dem ic species on Juan Fernandez, num er­
ous species in P olynesia  and Australia.

Very few  phytogeographers today w ould  
agree w ith the conclusion  w ith w hich  
Du R i e t z  (1940 ]). 272) sum s up his 
discussion  of the bipolar problem : “To 
exp lain  the facts of bipolar plant d is­
tribution is seem s necessary to look for 
epeirogenetic transtropical highland brid­
ges older than the m ountain  chains of the 
Alpine Orogen. Such highland bridges 
m ay have existed not only in Africa, 
but also bordering A lpine geosynclines 
(i.e. the Andean and M alaysian geosync­
lines), partly passing over present deep sea 
bottom .”

The old concept of land bridges betw een  
continents m ust be revised in the light 
of the theory of plate tectonics that is 
becom ing m ore and m ore accepted. To 
w hat extent this theory can he applied  
to the history of the genus E uphrasia  
depends on judgem ents concerning the 
age of the genus and the time scale of 
the presum ed plate m ovem ents.

It seem s prem ature to attem pt a sketch  
of the developm ent of the genus from  its 
presum ably A siatic origin to the present 
peculiar w orldw ide range. Knowledge of 
the present conditions is, how ever, essen­
tial as a base for furtherm ore discussion.
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Studies on  the Flora o f  Jordan  

1. D ip lotax is v illosa  sp. nov. (C ru ciferae)

L o u tfy  Boulos a n d  W alid  Ja llad

B o u l o s ,  L. & J a l l a d ,  W . 1976 02 09. S tud ies on the flora  o f Jordan. 1. D ip lo ta x is  
v illo sa  sp. nov. i C ru cifera e). —  B ot. N otiser  128 :3 6 5 — 367. L und. ISSN 0006-8195.

D i pl ot ax i s  vi l losa  B o u l o s  & J a l l a d  sp. nov. is d escribed  from  the sou th ern  
desert o f Jordan. T he n ew  sp ec ies seem s to represent a u n ique group w ith in  
the gen u s Diplo tax i s  DC. and d oes not fit in to  an y  o f the four sectio n s o f  the 
genus. A k ey  is g iven  to separate Di pl ot ax i s  vi l losa  from  the four p rev io u sly  
k n o w n  sp ec ies o f D i p l o t ax i s  in Jordan. A d raw in g  o f the p lan t and a m ap  are  
p resented .

L o u t f y  Bo ul os  a n d  Wa l id  Jal lad,  F a c u l t y  of  Science,  Un i ver s i t y  of  Jo rd a n,  
A m m a n ,  Jordan.

The genus Diplotaxis  DC. in Jo rd an  is 
represented by four species, viz. Diplotaxis 
harr a ( F o r s s k .) B o i s s ., D. acris ( F o r s s k .) 
B o i s s ., D. erucoides (L.) DC. and D. vi­
minea  (L.) DC. ( P o s t  & D i n s m o r e  1932 
pp. 118— 120, Z o h a r y  1966 pp. 305— 308, 
pi. 453— 456, J a l l a d  1975). The present 
paper reports the discovery of a new 
species in the sou thern  desert of Jordan .

Our new species is collected from  an 
area which seems to have been very rarely  
visited by botanists or has never even 
been explored botanically. The occurrence 
of this rem arkable new species w ithin 
a vast area stretching over a few square 
kilom etres, w ith thousands of individuals 
alm ost in pure stands, m ay draw  attention 
to the need to carry  on fu rth e r floristic 
studies, as the area m ay include some 
o ther interesting elem ents w hich still await 
discovery. The site w here our new species 
was collected is about 40 kilom etres n o r th ­
east of E l-Jafr in the upper course of 
W adi Shaum ari, a fairly  long wadi s tre t­
ching northw ards from  E l-Ja fr  for about 
60 kilometres.

Diplotaxis villosa sp. nov. seems to 
constitute a distinct group w ithin the genus 
Diplotaxis. It does not fit into any of the 
four sections given by S c h u l z  (1919) viz. 
Ilesperidiam  O. E .  S c i i u l z , Catocarpum

Sea Le> 
Below Sea Le 

tssion  Above Sea Le 
100 75 SO 25

Adam

Fig. 1. D istr ib u tion  o f  Di pl ot ax i s  vi l losa.
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DC., R hynchocarpum  P r a n t l  and  Ano- 
carpum  DC.

W e propose to nam e this species Diplo- 
taxis villosa  due to the m ost characteristic  
w hite villous hairs w hich densely cover 
m ost of the plant parts. It m ay be de­
scribed as follows:

D ip lo tax is v illosa  B o u l o s  & J a l l a d ,  sp. 
nov. —  Fig. 2

Annua, albo-villosa, 5— 60 cru alta ,  p le rum que  
valde ram osa.  Folia  petiolafa, sinuato-den- 
ta ta  usque  lyrata ,  in fer io ra  sparse  pilosa, 
super io ra  dense villosa. Inf lo rescen tia  race ­
mosa, m ult if lora ,  usque 30 cm longa. Flores 
laete flavi, 1.2— 1.5 cm diam etro ,  pedicellis 
1— 1.5 cm  longis adseendentibus  usque p a te n ­
tibus. Sepala 5— 7 m m  longa, villosa, sub 
an thes i  patentia .  Pe ta la  (unguiculo incluso) 
1— 1.2 cm longa. S tam ina  longiora  exserta, 
f i lam ent is anguste  alatis . Pedicelli  sub fru c tu  
1.5— 2.5 cm, adseendentes ,  villosi. F ru c tu s  
13— 17 m m , erectus, cylindricus,  glabrescens; 
valvae uninerves,  su tu ra  p ro m in e n te r  ca r i ­
nata .  Stylus 2— 3 m m  longus, glaber. Semina 
1X1.2 m m , num erosa,  in quoque  loculo 
b iseria ta ,  b runnea ,  late elliptica,  g labra ,  rugu- 
losa.

HOLOTYPE: W ad i  S haum ari ,  upst ream , 
c. 40 k m s n o r th ea s t  of E l-Jafr .  9 April 1975. 
B o u l o s  & J a l l a d  7994. University  of  J o rd a n  
H erbar ium ,  Amman. Isotypes: BM! CAI! G! K! 
LD! RNG! S!

Annual, white-villous, 5— 60 cm  high. 
Stem erect or ascending, usually  richly 
branched. Cauline leaves petiolate, petiole 
1— 2.5 cm long, blade 4— 7X 3.5— 7 cm, 
sinuate-dentate to lyrate, sparsely  hairy  
on both  surfaces; upper leaves short- 
petioled, blade 1.5— 3 X 1 — 2.5 cm, densely 
villous. Inflorescence a m any-flow ered ra ­
ceme, up to 30 cm long. F low ers bright 
yellow, becoming orange-yellow  w hen dry, 
1.2— 1.5 cm in d iam eter; flow ering ped­
icels 1— 1.5 cm long, ascending to sp read­
ing, narrow ly cylindrical, villous. Sepals 
5— 7 mm long, villous, yellow ish-green 
in bud, green and spreading during anthe- 
sis, lanceolate to ovate-lanceolate. Petals 
1— 1.2 cm long including the claw, limb 
obovate, veined. Long stam ens exserted; 
filam ents narrow ly  winged. F ru iting  pe­
dicels 1.5— 2.5 cm long, ascending, villous. 
F ru it 13— 17X 3— 5 mm, erect, cylindrical, 
glabrescent; beak seedless, valves un inerv ­
ed, w ith a prom inent ridge along the 
suture; replum  m em branous. Style 2— 3 
m m long, glabrous; stigm a bilobed; gyno- 
phore very short. Seeds 1 X 1.2 mm, num er­
ous, in two rows in each cell, brow n, 
broadly elliptic, glabrous, rugulose.

KEY TO THE DIPLOTAXIS SPECIES KNOWN FROM JORDAN

1. F lowers yellow
2. Biennials or  perennials ,  f ru i t  deflexed ....................................................................... D. l ia n a
2. Annuals, f ru i t  erect to ascend ing

3. P lan ts  densely white-villous, f ru i t  c y l i n d r i c a l ..................................................... D. villosa
3. P lan ts  g labrous  or g labrescent,  f ru i t  compressed ......................................... D. v im inea

1. F low ers  while, p ink  or violet
4. F lowers p ink  o r  violet, over 16 m m  long ..................................................................  I), acris
4. F low ers  white, up to 16 m m  long ............................................................................. 1). erucoides
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Studies on the Flora o f Jordan  

2 . Seven  Species New to the Flora o f  Jordan

Loutfy Boulos, Walid Jallad and Jamil Lahham

B o u l o s ,  L., J a l l a d ,  W. & L a h h a m ,  J. 1976 02 09. Studies on the flora of 
Jordan. 2. Seven species new to the flora of Jordan. -— Bot. Notiser 
128: 368—370. Lund. ISSN 0006-8195.

Seven species are recorded as new to Jordan: Papaver glaucum  BoiSS. 
& H a u s s k n .  (Papaveraceae), Hypericum olivieri ( S p a c h )  BoiSS. (Gutti- 
ferae), Linum corymbulosum  Reichb. (Linaceae), Allium sind jar ense 
BoiSS. & H a u s s k n .  (Alliaceae), Colchicum crocifolium  B o iss . (Liliaceae), 
Consolida tomentosa  ( A u c h e r )  S c h r ö d .  subsp. oligantha (B o iss .)  D a v i s  
(Ranunculaceae) and Thalictrum isopyroides C. A. M e y .  (Ranunculaceae). 
The genus Thalictrum  L. has not previously been known from Jordan.
Loutfy Boulos, Walid Jallad and Jamil Lahham, Faculty of Science, 
University of Jordan, Amman, Jordan.

T h e  p resen t  pap e r  rep o r ts  seven species 
new  to th e  f lo ra  of Jo rdan .  S pecim ens of 
these species are  deposi ted  at the  U n i ­
versity  of Jo r d a n  H e rb a r iu m , A m m an .

P apaver g laucum  Boiss. & H a u s s k n . in 
Boiss.

T his  species is no t am o n g  th e  six 
species en u m e ra te d  by Z o h a r y  (1966) 
f ro m  Jo rd an .  C u l l e n  (1965) gives th e  
fo l low ing d is tr ibu t ion  for P. g la u c u m : 
T u rk e y  (eastern  A natolia) ,  th e  Syr ian  
desert,  n o r th e rn  I r aq  an d  w es te rn  I r a n ;  
I r a n o -T u ra n ia n  element. A ccording to 
M o u t e r d e  (1970) the  geograph ica l  d i s ­
t r ib u t ion  is: T urkey ,  Syria, I r a q  a n d  Iran .

Specimens collected from Jordan: c. 30 
km northeast of H-4, 9 April 1974 (f 1., fr.) 
B o u l o s ,  J a l l a d  & L a h h a m  6861. —  Wadi 
Ruweishid, 12 km east of H-4, 11 Aoril 1974 
(fl.) B o u l o s ,  J a l l a d  & L a h h a m  6918. — 9 
km north of Aqaba, 5 April 1974 (fl., 1'r.) 
B o u l o s ,  J a l l a d  & L a i i h a m  6671. — W adi 
Yutum, upper stream, 15 km north of Aqaba, 
21 March 1975 (fr.) B o u l o s ,  J a l l a d ,  L a i i h a m  
& A b u - H m a i d a n  7476. — 4 km south of 
Rum Rest House, along the road to Rum 
Police Station, 23 March 1975 (fr.) B o u l o s ,  
J a l l a d ,  L a h h a m  & A b u - H m a i d a n  7674.

H ypericum  oliv ier i (S p a c h )  B o i s s .

The spec im ens  w ere  d e te rm in ed  b y  N. 
K. B. R o b s o n .  D r R o b s o n  (verbal com m .) 
did no t see a ny  m a te r ia l  of this species 
from  J o r d a n  d u r in g  his  m a n y  yea rs  of 
research  on the  genu s  H y p e r ic u m  L. 
R o b s o n  (1967) re fe rs  to th is  species as 
being f r o m  T u rk e y ,  the  S yr ian  dese r t  an d  
w estern  Iran .  M o u t e r d e  (1970) gives the  
following geograph ica l  d is t r ib u t io n  fo r  H. 
o liv ier i : “T u rq u ie ,  Syrie, p resq ue  sû re m e n t  
I r aq  et T ra n s jo rd a n ie ,  W . de l’I r a n .” T his  
shows th a t  he suspec ted  its p resence  in 
Jo rd a n ;  how ever ,  he d id  not give e n o u g h  
evidence of its occu rrence .  T h e re  is no 
m en t io n  of this  species in Z o h a r y  1966.

Specimens collected from Jordan: Hussein 
Housing District, Amman, 10 June 1974 (fl.) 
S.  O r a n  s.n. — University Campus, Al- 
Jubaiha, near Amman, 22 July 1974 (fr.)
B o u l o s  7286. — Duplicates of both specimens 
in BM!

Linum  corym bu losum  R e ic h b .

P o s t  an d  D in s m o r e  (1932) as well 
as Z o h a r y  (1972) r e co rd ed  th is  species
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from  Palestine but not from Jordan. 
D a v i s  (1967) gives the general distribution 
of L. corym bulosum  as follows: South 
Europe, Crimea, Southwest Asia, East 
Africa; Mediterranean element. He gives 
no details about any particular countries 
in Southwest Asia.

Specim en collected from  Jordan: 12 km  
north o f Irbid (3 km north of Sal), 26 
April 1975 (fl., fr.) BOULOS, J a l l a d  & L a h h a m  
8173.

Allium sindjarense Boiss. & H a u s s k n .

According to M o u t e r d e  (1966) this 
species is know n from southern Turkey, 
Iraq  and Syria. P o s t  & D i n s m o r e  (1932) 
report its occurrence in Syria. Our find 
from Jo rdan  comes from a locality very 
close to the Syrian border.

Specim en collected from  Jordan: 80 km  
northeast of H-4, near the Syrian border, 
10 April 1974 (fl.) B o u l o s ,  J a l l a d  & L a h h a m  
6881.

Colchicum crocifolium  Boiss.

P o s t  & D i n s m o r e  (1933) do not m en­
tion this species in their treatment of the 
genus Colchicam  L. However, M o u t e r d e  
(1966) gives the following geographical 
distribution for C. crocifolium : Syria,
Turkey, Iraq  and Iran.

Specim en collected from  Jordan: 35 km  
northeast of H-4, 11 April 1974 (fr.) B o u l o s , 
J a l l a d  & L a h h a m  6952.

Consolida tomentosa ( A u c h e r )  S c h r ö d g r .  

s u b s p .  oligantha (Boiss.) D a v i s

Z o h a r y  (1966) enumerates three species 
of Consolida (DC.) S. F. G r a y  from 
Jordan. Our species is not among these 
three. D a v i s  (1965) reports on the geo­
graphical distribution of our species as 
follows: Turkey, North Iraq and the
Syrian Desert? Irano-Turanian  element. 
Ile adds: “Some Syrian specimens are 
intermediate between suhsp. oligantha and 
suhsp. tomentosa  (Syrian Desert and  N.

Iraq) . . .  its presence in Turkey remains 
in doubt.”

Our find represents an extreme southern 
extension in the geographical range of 
the species (Fig. 2).

Specim en collected from Jordan: 5 km
south of Shaubak, 29 June (fl., fr.) J a l l a d , 
L a h h a m  & H a n a n i a  616.

Thalictruni isopyroidcs C. A. M e y .

According to D a v i s  et al. (1965) the 
geographical distribution of Thalictrum  
isopyroidcs  is as follows: Soviet Armenia, 
N orthern  Iraq, Turkey (scattered mainly 
in eastern Anatolia), the Syrian Desert, 
Iran, Afghanistan and Altai; m ainly in 
the Irano-Turan ian  region. M o u t e r d e  

(1970) gives a more or less similar dis­
tribution for the same species. L e c o y e r  

(1885) already gave an almost identical 
d istribution for T. isopyroides  in his 
m onographic  treatm ent of the genus T ha­
lictrum. The p lan t grows in m ountainous 
regions ( L e c o y e r  1885) am ong volcanic 
rocks ( P o s t  & D i n s m o r e  1932).

Thalictrum isopyroides  was collected 
in southern  Jordan, 1—3 km  south of 
Ras en Naqh, 30°01'N and  35°28'E. 
This locality represents the extreme south­
western limit of the geographical range 
of the species. Djebel Druz, southern 
Syria, was the southwestern limit before 
the discovery at Ras en Naqh, Jordan. 
The genus Thalictrum  L. is entirely new 
to the flora of Jordan.

The presence of Thalictrum isopyroides 
as far  south as Ras en Naqb, about 90 
kilometres northeast of the Gulf of Aqaba, 
the Red Sea, is probably due to the high 
al titude of this area (c. 1400 m). Moreover, 
the plants were collected on the western 
slopes of the Ras en Naqh escarpment, 
w hich m ay  provide a milder microclimate 
within tha t  area.

Among the rare  and interesting species 
collected by the authors at Ras en Naqb 
are: Biebersteinia multifida  DC., Tulipa  
polychrom a  S t a p f ,  Iris palaestina  Boiss.
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Fig. 1. The distribution within Jordan of 
Papaver glaucam  (dots), Hypericum olivieri 
(filled square), Linum corymbulosum  (tri­
angle), and Allium sindjarense (unfilled 
square).

ssion  Abov« S t*  I 
100 75 50 25

Fig. 2. The distribution within Jordan of 
Colchicum crocifolium  (dot), Consolida to- 
mentosa  subsp. oligantha (square), and Tha- 
lictrum isopyroides (triangles). For T. iso- 
pyroides  the southwesternmost Syrian locality 
(Djebel Druz) is also shown.

an d  P y r e th r u m  santolinoides  DC. In  J o r ­
d an  these  species an d  p ro b ab ly  o thers  
a re  a lm o st res tric ted  to  R as en  N aqb  and  
h a rd ly  exist ou ts ide th is area .

Specimens collected from Jordan: 1—3 km 
south of Ras en Naqb, 12 March 1974 (fl. 
buds) B o u l o s , A l - E i s a w i  & J a l l a d  5997. 
— 1—4 km south of Ras en Naqb, 19 March 
1975 (fl.) B o u l o s  & J a l l a d  7353. — 1—2 km 
south of Bas en Naqb, 4 April 1975 (fr.) 
B o u l o s  & J a l l a d  7803.
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M i è g e ,  J . & S t o r k ,  A d é l a ï d e  L. (eds) : 
O r i g i n e s  d e s  f l o r e s  a f r i c a i n e s  
e t  m a l g a c h e s .  N a t u r e - s p e c i a t i o n .  
Comptes rendus de la V ille  réunion de 
l’AETFAT, Vol. 1. —- Boissiera 24 a. 
Genève 1975. 422 pp.

Since its first meeting in Brussels in 
1951 the “Association pour l’E tude Taxo- 
nomique de la Flore d ’Afrique Tropicale” 
(AETFAT) has organized eight confer­
ences at various institutions involved in 
the s tudy of African flora and vegetation. 
The latest conference took place at the 
Conservatoire et Ja rd in  Botanique de la 
Ville de Genève in September 1974 and 
was at tended by more than  a hundred  
botanists from a wide range of E uropean  
and African countries.

It has been the general practice at the 
AETFAT meetings to devote the m ain  part 
of the conference to papers relating to a 
selected topic of general interest. At the 
1974 meeting the topic was “The Origin 
of the F loras of Africa and Madagascar 
and the Nature of Spéciation” . Papers  on 
a num ber of other subjects within 
AETFAT’s sphere of research were also 
read, including progress reports on ex­
pedition activities, and progress in the 
publication of distribution and vegetation 
maps, recurren t subjects at AETFAT 
meetings. A total of more than 70 papers 
was read at the Geneva meeting. The 
present Volume 1 of the “Com ptes-rendus” 
comprises 47 papers, mainly  those with 
themes relating to the m ain  topic of the 
meeting. The remaining papers,  including 
the progress reports  and a num ber  of 
papers on nature  conservation, will appear 
in a forthcoming volume.

The 47 papers in Volume 1 are grouped 
around a num ber  of themes: Records 
of fossil pollen; changes in floras and 
vegetation during the Pleistocene; micro­

evolution in m ountain habitats; distribu­
tion maps of Sahelian plants; phytogeo- 
graphical papers on local endemism and 
on the relation between the floras of 
Madagascar and of tropical East Africa; 
taxonomic, morphological and phylogen­
etic papers on various African genera and 
families; phytochemistry, mainly of the 
genera Acacia and Adansonia; numerical 
taxonomy and biometry of the grass 
genera Aristida  and Panicum-, com puter­
ization of herbaria  with important col­
lections of African plants. It is very 
difficult to select any of the papers for 
reviewing in detail.

The general impression one receives 
from the papers as a whole is tha t  of 
a very rich and many-faceted research 
activity. The present volume, and indeed 
all the volumes from the AETFAT meet­
ings, is indispensable to students of the 
flora of Africa as the proceedings rep re­
sent up-to-date cross-sections of the many 
themes of African botany at present under 
study in European and African herbaria  
and universities. But the disjointed natu re  
of the contents of the papers also clearly 
indicates how far there is still to go 
before reaching the goal suggested by 
the main topic of the meeting: an  ex­
haustive description and explanation of 
the origin of tlie floras of Africa and 
Madagascar.

I b  F r i i s

B o n e y ,  A. D. : P h y t o p l a n k t o  n. S tu­
dies in Biology 52. Edited by the Insti­
tute of Biology. —  Edward Arnold Ltd. 
London 1975. 116 pp. Price £  3.80
(boards); 1.90 (paperback).

The phytoplankton, the most im portant 
vegetation in about 73 °/o of the ea r th ’s 
surface area, is the subject of this book.
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Both m arine  and freshwater phy top lank­
ton are dealt with in the 116 pages. 
It, however, concentrates mostly on the 
marine organisms. The title “P hy top lank ­
ton” indicates that no attempt has been 
made to restrict this enormous subject 
and the impression remains after reading 
the book. It must, however, be stated 
that the au thor  has succeeded in giving 
inform ation on m uch of the subject 
“phy top lank ton”.

The three major chapters deal with 
the organisms, factors affecting their 
growth and their succession. Briefer ac­
counts treat buoyancy, interactions with 
other organisms, biomass, production, pol­
lution and  other effects made by man.

In m y opinion the chapter  on the 
organisms gives too short an introduction 
to each of the taxonomic groups of the 
phytoplankton. It would have been to 
advantage if the classes had been sub­
divided into orders as well. The chapter 
“Factors  Affecting Phytoplankton Growth” 
treats light, temperature and nutrients in 
a way easy to survey for a beginner in 
the study of phytoplankton. P a r t  of the 
chapter  takes up the important tool of 
phytoplankton  studies — culture tech­
niques.

The succession of phytoplankton is a 
subject which has interested m any sci­
entists and a great deal of work has 
been done. General conclusions are very 
difficult to draw, but those which exist 
are dealt with in an interesting way.

In the chapter on the buoyancy of 
phytoplankton  aspects of outgrowths on 
the cell, physiological regulations and the 
importance of water movement are sum ­
marized. Recent authors seem to consider 
tha t  water movement is the determining 
factor, which is stated by the author. 
More stress could have been laid on this.

The book ends up with a short chapter 
on m an-m ade effects, giving very brief 
accounts of a num ber of effects. This 
part  can be looked upon as a stimulus to 
furthe r  reading.

My only objection is the lack of re- 
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ferences in the text or at least after each 
chapter. This I consider necessary in a 
small book like this covering such an 
extensive subject.

L a r s  E d l e r

S c h u s t e r , R u d o l f  M.: T h e  H e p a t i ­
c a e  a n d  A n t h o c e r o t a e  o f  
N o r t h  A m e r i c a  E a s t  o f t h e  
H u n d r e d t h  M e r i d i a n .  Vol. III. 
X IV+  880 pp. 475 figures. “ 1974” (in fact 
published on April 24, 1975). — Columbia 
University Press, New York and London. 
Price £  12.50 (cloth).

The third volume of this work maintains 
the same high standard of print and il­
lustrations found in the previous two 
issues (Vols. I, 1966, and II, 1970). These 
were reviewed in Bot. Notiser 124 (1971) 
pp. 176— 178. The appreciative summ ary 
“This work is much more than a flora 
of North American liverworts, it is a 
treasure of information in all fields of this 
topic” may just as aptly be attr ibuted to 
the present volume.

Vol. I l l  treats a m ajor  portion of the 
order Jungermanniales, i.e., the four fam ­
ilies Gymnomitriaceae (primarily, also in 
Vol. I ]). 386, known as Marsupellaceae; 
the change has been necessary under the 
Code of Nomenclature), Scapaniaceae, An- 
theliaceae and Cephaloziaceae and ends 
with the genus Odontoschisma. P ar t ic ­
ularly the first two have undergone exten­
sive and complex spéciation in the Arctic. 
Dr S c h u s t e r  has spent four full summ ers 
in Ellesmere Island and Greenland; this 
has given him the unique opportunity  to 
study several critical taxa under very 
extreme conditions. His discussions on the 
differentiation within a species are based 
largely on study of living specimens rather  
than  of herbarium material.

The infraspecific variation and its re­
sponse to environmental conditions is 
treated in great detail. In some cases, 
“phenotypes which are so far out of the 
norm al range exhibited that I assume they 
represent genetic varian ts” have been
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described as forms. The modificative var i­
ation has often been recorded with terms 
like “mod. colorata, pcirvifolia, integri folia" 
which have no status under the Code of 
Nomenclature.

The au thor has restricted himself to 
conditions seen in nature. He has not 
tried to make a “biosystematic” analysis 
of the variation. Hence it must rem ain  as 
an open question how the taxonomic c h a r ­
acters can he modified under varied cli­
matic conditions (under cultivation) such 
as light and humidity. Recent research of 
this kind has shown an unexpectedly high 
variability within otherwise well-known 
“species” or “varieties” of bryophytes. Cf., 
e.g., K a i  W i g h , “Studies on the Moss 
Family Brachytheciaceae with Special Re­
ference to the Genus B rachy thecium ”. 
(Thesis, Department of P lant Taxonomy, 
University of Gothenburg, 1975).

In his preface Dr S c h u s t e r  declares 
tha t  he takes a “conservative” a t ti tude to 
nomenclature. “Consideration of w hether  
Scapania nem orosa  should he called S.

nem orea  is a waste of valuable intellectual 
energy.” The critical reader can easily find 
several cases to discuss. G ym nom itrion  
“Sect. 4. Corallodes S c h u s t ., sect. n.” is 
recorded (p. 147) without a description. 
In the Index it is met with as “corallo- 
ides." G ym nom itrion  Sect. “ Apiculatae” 
should he Apiculata, and Odontoschism a  
Sect. “D enudatae” should he “D enudata” 
(both neu ter  plural; cf. Code of Nomen­
clature, Art. 21). O dontoschism a  “Sect. 
M acouniae” founded on 0 .  m acounii is 
inadmissible under the Code.

In Vol. I (1966) this work was p ro ­
jected to comprise 3 volumes. It is evident 
tha t  its scope has been changed to some 
extent during the past ten years. The 
sequence of families has sometimes been 
altered when one compares with the 
classification proposed in Vol. I. As several 
large groups remain to be treated we may 
expect one, perhaps two, fu rthe r  volumes 
in order to complete this m onum enta l 
treatise.

O v e  A l m b o r n
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