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69. Juncus acutiflorus E h r h a r d t  ex 
H o f f m a n n  1791

Perennial, with a thick, creeping, spa r
sely branching rhizome with usually 0.5— 
1.5 cm long internodes. Stems 30— 110 
cm high, basally compressed, apically 
terete, with 2— 3 basal sheaths, rarely one 
subbasal leaf and 2—4 cauline leaves. 
Leaves 5— 50 cm long, unitubulose, thin- 
walled, perfectly and usually manifestly 
septate, auricles short,  obtuse, firm. Inflo
rescence of (10— )50— 80 (— 250) heads; 
heads (3— )5— 8(— 20)-flowered. Tepals 2 
— 2.7 mm, inner ones longer, ovate to 
narrowly ovate, apiculate to cuspidate, 
their tips, especially those of the inner 
ones, usually reflexed, in their apical parts 
usually chestnut-coloured, basally green 
to light brown, with narrow  scarious m a r 
gins. Stamens 6, 1/2— 2/3 as long as the 
tepals; an thers  0.8— 1 mm, 1.5— 2 times 
as long as the filaments. Style 0.5— 1 mm, 
stigmata 1— 1.5 mm. Capsule 2— 3 mm, 
exceeding the tepals, trigono-ovoidal to 
narrowly pyramidal, tapering or rarely 
more abruptly  contracted into a 0.5— 1 
mm long rostrum, usually light brown. 
Seeds c. 0.5 mm, ovoidal to ellipsoidal,

1 N i l s s o n  is resp on sib le  for the draw in gs  
and S n o g e r u p  for the text.
9

with c. 25 longitudinal striae and weaker 
transverse ones. 2n =  40.

J. acutiflorus  is a plant of fens and 
moist meadows. It occurs mainly in C., 
W. and SW. Europe and NW. Africa, with 
scattered localities eastwards to Kurdistan. 
In Scandinavia, it is comparatively com
mon only in southernmost Jylland, but 
has a few localities in Falster, middle and 
N. Jylland and southernmost Norway. All 
old reports from Sweden were based on 
mislabelled and misdetermined material.

70. Juncus anceps L a h a r p e  1827

Perennial, with a creeping, sparsely 
branching rhizome of varying internode 
length. Stems 20— 60 cm, usually rigid, 
w ith  0— 2 basal sheaths and 3— 5 cauline 
leaves. Leaves 5— 25 cm long, unitubulose, 
perfectly septate, basally with a + con
spicuous dorsal furrow and sometimes 
with a ventral ridge, auricles firm, obtuse, 
0.5— 1.5 mm. Inflorescence usually con
sisting of 50— 80 heads, lax or crowded, 
often divided into two discrete parts, p r i 
m ary  branches ± erect, secondary ones 
erecto-patent; heads (2— )3— 4(— 8)- 
flowered. Tepals 2— 2.7 mm, equal in 
length or almost so, ovate to oblong, 
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with b road  scarious margins apically, u su
ally dark  brown to chestnut-coloured, only 
in shade light brown to greenish, outer 
ones slightly boat-shaped, acutish, with a 
short mucro, inner ones broadly obtuse, 
I be scarious apical part  often cucullate at 
first. Stamens 6, about 2/3 as long as the 
tepals; anthers  0.7— 1 mm, equalling or 
slightly longer than  the filaments. Style 0.5 
— 0.8 m m ; stigmata 1— 1.5 mm. Capsule 
2.5— 3.2 mm, slightly exceeding the tepals, 
+ broadly trigono-ovoidal, tapering or in 
in land forms almost blunt, with a usually 
0.3— 0.5 m m  long mucro, usually dark  
brown to chestnut-coloured. Seeds c. 0.5 
mm, narrowly ovoidal, reticulate due to 
c. 25 longitudinal and weaker transverse 
striae. 2n =  40.

Danish forms with an extremely erect 
and crowded inflorescence and unusually 
dark  flowers were described as ./. atricapil- 
lus D r e j . ,  and were treated, e.g. by H v -  

LA N D ER  (1953), as ./. anceps var. atricapil- 
lus ( D r e j . )  B u c h .  There are, however, 
many intermediates in different areas, and 
some Danish specimens are exactly like 
the southern  forms of the species.

./. anceps is usually found on m aritime 
sand, but also in open places in heaths 
and fens, and m ay even penetrate into 
denser vegetation in fens. It occurs in the 
coastal areas of W. and S. Europe  and 
NW. Africa. In Scandinavia it is fairly 
common along the west coast of Jylland 
and in nor thern  Jylland, and has also been 
recorded from one locality on northern  
Sjælland.

./. anceps also occurred in some fens in 
SW. Skåne, Sweden, but these localities 
have been destroyed and probably the spe
cies now occurs in only one of them. In 
these, as in o ther  inland localities, it is no 
longer as morphologically characteristic as 
in the coastal localities. The variation is

F ig .  6 9 . J u n c u s  a c u t  i f  l o r u s  E h r h .  e x  H o f f m .
- A: Habit, X0.5. (The stem drawn is 

unusually short). —  B: Tepals and stamens,  
X8. —  C: Flower with ripe capsule,  X8. —- 
1): Seed, X30. —  E: Part of leaf transect, 
X30. (Leaf unitubulose).
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Fig. 70. Juncus anceps L a h a r p e . — A: Habit, X0.5. — B: Condensed inflorescence, X0.5. 
— C: Tepals and stamens, X12. — D and E: Flowers with ripe capsules, XlO.

E: inland form from S. Sweden.

in th e  direction of J. alpin us V il l ., bu t 
there are no proofs as to its real cause. 
J. anceps  has also been  recorded as a casu 
al in Finland.

Juncus alpinus V i l l a r s  1787

Perennial, w ith a creeping rhizom e. 
Stem s 5— 60 cm, usually weak, w ith  0— 1

(-—2) basal sheaths and (2— )3 (— 5) eau- 
line leaves. Leaves unitubulose, perfectly  
septate, basally  usually w ith a ±  conspic- 
uous dorsal furrow , auricles obtuse, 0.5—  
1.5 m m . Inflorescence very variable in 
form  and size. Tepals 2— 3(— 3.8) mm , 
equal or alm ost so, inner ones alw ays 
broadly obtuse, outer ones obtuse or acul-
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Fig. 71. Juncus alpinus  V i l l .  ssp. alpinus. —  A: Habit, X 0 .5 .  —  R: Inflorescence of form  
uncom m on in Scandinavia, X 0 .5 .  —  C: Tepals and stam ens, X l2 . —  D: Flower with

ripe capsule, XlO.

ish  an d  o ften  m u cro n a te . S ta m en s 6, 1 /2—  
2 /3  as lon g  as the tep a ls; an th ers 0 .4— 0.7  
m m , 1 /2 — 2/3 a s lon g  as the fila m en ts . 
S ty le  c. 0.5 m m , stig m a ta  1— 1.5 m m . C ap
su le  eq u a l to or  lo n g er  th an  the tepals, 
rath er  variab le  in  fo rm  a n d  co lo u r , bu t a l
w a y s  o b tu se  w ith  a sh ort m u cro . S eeds  
0 .5 5 — 0.6 m m , o v o id a l, so m etim es s lig h tly  
o b liq u e , reticu la te  due to  c. 30 lo n g itu d in a l 
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an d  m a n y  w ea k er  tra n sv erse  striae. 2n =  4(> 
in  all fo rm s c h e ck ed  b y  m e.

J. a lp in u s  h a s a w id e  c ircu m p o la r  d istr i
b u tio n  and  sh o w s co n sid era b le  g e o g ra p h i
ca l as w e ll as lo ca l var ia tio n . I fo u n d  it 
p o ss ib le  to a ccep t 3 g eo g ra p h ica l su b sp e 
c ie s  a m o n g  the S ca n d in a v ia n  m ater ia l, the  
su b a rctic— su b a lp in e  ssp . a lpes tr is ,  th e  N. 
E u r o p e a n  and  N. A m erica n  ssp. n o d u lo s u s
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Fig. 72. Juncus alpinus  V i l l . ssp. nodulosus  ( W a h l e n b .) L i n d m . -— A: Habit, X0.5. —  
B and C: Details of  inflorescences, X l .5 .  —  D: Tepals and stamens, X12. —  E: Flower

with ripe capsule, XlO.

and the predom inantly  S. and m iddle E u ro 
pean ssp. alpinus. Interm ediates are com 
mon and often locally abundant, and they 
have often been described as separate taxa 
of d ifferent ranks. Thus certain  specim ens 
in term ediate between ssp. alpestris and ssp. 
nodulosus have been treated  as ssp. Mar- 
shallii ( P u g s l .) L. & L. In the total area 
of the species fu rther subspecies m ay pos
sibly be accepted, and the Asiatic form s in 
particu lar need fu rthe r study.

71. Juncus alpinus V i l l .  ssp. alpinus

(Syn. J. fuscoater S c h r e b e r  in S c h w e i g -  
GER & K ö r t e  1311)

Stems of varying height but usually 30 
— 60 cm. Inflorescence ra th e r wide w ith 
erecto-patent branches, heads usually  25— 
60, usually  few-flowered in the Scandi
navian  form s, pedicellate flow ers few or 
lacking. F low ers small, dark  brow n to 
chestnut-coloured. Tepals usually  2—
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navia it is know n from Sjælland, S. Swe
den up to Västergötland and Östergötland, 
the Baltic Islands and from scattered lo
calities in F in land  up to about 65°N. 
Intermediates to ssp. nodulosus  are  com
paratively rare in Sweden and Denmark, 
probably  because of the different ecologi
cal requirements of their representatives in 
this area. In Finland, on the other hand, 
such intermediates seem to be fairly com
mon.

Ssp. alpim is  grows in fens and on bare 
wet soil from sea level in tbe no r thern  part 
of its range to 2500 m in the mountains. It 
is more strictly calciphilous in SW. Scan
dinavia than in other areas.

B

Fig. 73. Juncus alpinus  VlLL. ssp. alpestr is  
( I I a k t m . )  L. & L. —  A: Habit, X0.5. —  B: 
Tepals and stam ens, X12. —  C and I ) :  F low 

ers w ith ripe capsules. XlO.

2.5 mm, all broadly  obtuse, the outer ones 
often mucronate. Capsule broad, equal to 
or slightly longer than the tepals.

Ssp. alpinus  occurs in the mountains of 
Caucasus, Anatolia, Balkan, Italy and 
Spain, and is fairly com mon in the Alps 
and in the lowlands northw ards to W. 
Russia and middle Scandinavia. In Scandi-

72. Juncus alpinus V i l l .  s sp .  nodulosus 
( W a h l e n b e r g )  L i n d m a n  1 9 1 S

(Syn. J. alpinus V i l l . v a r .  rariflorus  
( H a r t m a n ) H a r t m a n  1858)

Length of stem variable, usually 20—40 
cm. Inflorescence usually narrow, with 
ra the r  long, erect pr im ary  branches and 
short secondary ones. Heads usually 5 — 25,  
few- to many-flowered, often 5— 10-1 low
ered, some pedicellate flowers usually p re 
sent. Flowers usually greenish to light 
brown, rarely darker  brown. Tepals usu
ally 2.2— 3 mm, outer ones acutisb to ob
tuse, usually mucronate. Capsule usually 
considerably exceeding the tepals, almost 
cylindrical in form.

Ssji. nodulosus  occurs outside Scandi
navia in W. and N. Russia and in northern  
temperate N. America. Similar Asiatic 
plants need further  study. In Denmark it 
is found only in the nor thern  part, in Swe
den, Norway and F inland throughout tbe 
area, though it is rare  in the southern 
limestone areas and in the alpine and arc
tic regions.

In the northern  par t  of its area, ssp. 
nodulosus  occurs in very different types

Fig. 74. Juncus articulatus  L. —  A—E: Habit and inflorescences, X0.5. —  A: Form com 
mon on open shores. —  B and I): Habit and inflorescence form s com m on in different 
habitats. -— C: Sand ecotype. —  E: M onstrosity caused by Livia juncorum.  —  F: Tepals 

and stamens, X12. —  G and II: F low ers w ith ripe capsules, XlO.
Bot. N otiser, vol. 125, 1972
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of vegetation oil wet soil. In the southern  
part, however, it is m ainly found on open 
sand or gravel, such as on the shores of 
oligotrophic lakes.

73. Juneus alpinus V i l l . ssp. alpestris 
( H a r t m a n ) L ö v e  & L ö v e  1948

Lowgrown, usually  10— 20 cm high, 
rhizom e often shortnoded. Inflorescence of 
1— 7 heads, w ith short branches, heads 
usually  6—8-flowered, pedicellate flowers 
few o r usually lacking. F low ers dark  brown 
to chestnut-coloured. Tepals 2.0—3(— 3.8) 
mm, all broadly obtuse, outer ones m ucro
nate. Capsule slightly to considerably ex
ceeding the tepals, usually  slightly tailor
ing in its middle p art but ab rup tly  con
tracted  apically, rarely  m ore acutish.

Ssp. alpestris has a circum -arctic d istri
bution, but is also found in the subalpine 
belt of the Scandinavian m ountains. Form s 
m ore or less transitional to ssp. nodulosus  
occur along river valleys dow n to the low 
lands. S im ilar form s are also found in 
Scotland. The d istribution  of the subspe
cies in Scandinavia and in general calls for 
fu rth e r study.

74. Juncus articulatus L. 1753

Perennial, caespitose or w ith a creeping 
rhizom e of varying in ternode length, or 
rare ly  w ith sub terranean  stems rooting 
from  tbe nodes. Stems 5-—60 cm, or rarely 
floating and then up to 1 m, erect or in 
caespitose form s ascending, w ith 0— 2 
basal sheaths and  3— 6 cauline leaves. 
Leaves unitubulose, perfectly  septate, quite 
terete or som ew hat la terally  com pressed. 
Inflorescence usually  wide, w ith (1— )5— 
20(— 80) heads; heads 5— 15 (— 30)-flow
ered. Tepals 2.5— 3.5 mm, equal or outer

ones slightly longer, varying in colour from 
green w ith d arker tips to dark  brown, 
chestnut-coloured or reddish-brow n, ovate 
or rarely  lanceolate, outer ones boat
shaped, acute or rarely  obtuse with a 
m ucro, inner ones acute to obtuse, often 
m ucronate. Stam ens 6, 1/2— 3/4 as long as 
the tepals; an thers 0.7— 1 mm, equal to or 
slightly longer than  the filam ents. Style c. 
0.5 m m , stigm ata c. 1.5 mm. Capsule 2.5— 
3.5(— 4) mm, usually exceeding the tepals, 
trigono-ovoidal or rarely  ellipsoidal, acute 
or rarely  obtuse, m ucronate, straw -colour
ed or light brow n to chestnut-coloured, 
often greenish w hen unripe. Seeds 0.5—0.6 
mm, ovoidal, reticulate due to c. 25 longi
tudinal and m any ± conspicuous tran s
verse striae. 2n =  80.

./. articulatus is the m ost w idespread spe
cies of subgenus Septati. It is probably 
indigenous to Europe, Asia, N. Africa and 
tem perate N. America only. It is, however, 
also found in S. Africa, A ustralia and New 
Zealand, w here it has probably  been in tro 
duced by m an. In Scandinavia it is very 
com m on in the sou thern  lowlands up to 
about 61 °N. w ith scattered localities up to 
65 N. Along the Norwegian W . coast it is 
com m on up to c. 67°N. and occurs scat
tered up to 70 N. It grows in all sorts of 
±  wet environm ents and has form ed many 
conspicuous ecotypes.

./. articulatus is extrem ely variable, but 
I find it impossible to sort out any regional 
races. The varieties described seem to rely 
on m ere m orphological appearences, often 
occurring  together w ith in  the same natural 
breeding populations.
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ABSTRACT

B r a m w e l l , 1).. H u m p h r i e s , C. J., M u r r a y , B. G. & O w e n s , S. J. 1972. Chrom osom e 
studies in the f lora of M acaronesia.  —  Bot. Notiser 125: 139— 152.

C hrom osom e n u m b ers  have been de te rm ined  for 51 species of f lowering p lan ts  
f ro m  M acaronesia.  Of these, 32 species were  h i th e r to  u n k n o w n  cytologically. The 
percen tage  of polyploidy in the C anarian  flora has  been calcula ted  a t  24.4 °/o. The 
system of classification of endem ic species, in troduced  by F a v a r g e r  & C o n t a n d r i o - 
p o u l o s  (1961) is applied to the  C anarian  flora.

INTRODUCTION

Recent studies on the cytology of the 
M acaronesian flora ( L a r s e n  1960, 1962, 
1963; B o r g e n  1969, 1970; B r a m w e l l  et 
al. 1971) em phasize the low degree of 
polyploidy found in the endem ic repre
sentatives.

The present contribution covers 51 spe
cies from  the Canaries, Madeira and the 
Cape Verde Islands; of these 32 have not 
previously been studied cytologically . 
B o r g e n  (1969) reports 26.5 %> polyploidy  
in the Canarian flora and w ith inclusion  
o f our data this is further reduced to 
24.4 °/o.

An attem pt is m ade to apply to the 
Canarian flora the system  of classification  
of endem ic species (based on their level of 
polyp loidy and that of their corresponding  
taxa) introduced by F a v a r g e r  & C o n - 
T a n d  RIOPOU LOS (1961). Most Canarian 
endem ics are considered to be palaeoen- 
dem ics or old schizoendem ics and this sup 

p o r t s  th e  v iew  e x p r e s s e d  b y  B o r g e n  
(1969), b a s e d  o n  th e  level o f  p o ly p lo id y ,  
t h a t  th e  C a n a r i a n  e n d e m ic  f l o r a  is a n  a n 
c ie n t  o n e  c o m p r i s i n g  a  n u m b e r  o f  re lic t  
g e n e r a  a n d  spec ies .

MATERIALS AND METHODS

Chrom osom e coun ts  were  m ad e  f ro m  m ate 
rial collected by 1). B r a m w e l l  (from Octo
ber 1968 August 1969) an d  C. -J. H u m p h r i e s  
a n d  1). B r a m w e l l  (spring 1971) in (he Canary  
Islands,  an d  f rom  sp on taneous  seed supplied 
by Dr. E. R. S v e n t e n i u s  (Cape Verde Islands 
p lan ts) ,  the J a rd in  de Aclimatacion de P lan ta s  
de la Oro tava  a n d  the J a rd in  Canario  “Viera 
y Clavijo” (Tafira,  Gran Canaria) .  Voucher 
specim ens are  p reserved  in the H erbar ium  of 
the University  of Reading and  Oro tava  H e r 
bar ium . Som atic  counts  were m ade  from  
root-tips  which  were p re trea ted  in a sa tu rated  
solu t ion  of pa rad ich lo ro b en zen e  for two 
hours ,  fixed in acetic  a lcohol ( 1 :3 ) ,  stained 
in basic  fuchsin  a n d  squashed  in acetic orcein. 
Meiosis was studied  in pollen m othe r  cells 
f rom  m ateria l  fixed in acetic a lcohol and 
squashed  in acetic  orcein. The d raw ings  were 
m ad e  with the a id of a Zeiss cam era  lucida.

Bot.  N oti ser ,  vol. 125, 1972
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RESULTS 

Monocotyledonae

L IL IA C E A E

Sci lla  la t i fo l ia  W lLL D . —  2 n  =  2 8  (F ig . 3 L ) .

Seed c o llec tio n : T en erife , P u n ta  de T eno. 
5 -1969  I). B r a m w e l l .

B o r g e n  (1970) rep orts th e  sam e so m atic  
n u m b er in p lan ts o r ig in a tin g  from  L anza- 
rote. T h is  is in co n tra st to Gi m é n e z - 
Marti'n (1959) w h o  record ed  2n =  40  from  
m a ter ia l o f  u n sp ec ified  orig in .

U rg in ea  h c sp e r ia  W e r b  & B e r t h . —  2 n =  
28 (F ig . 4 A).

Seed co llectio n : T en erife , P u n ta  de T eno. 
3 -1 9 6 9  D. B r a m w e l l .

T h is is the first rep ort o f  the c h r o m o 
som e n u m ber o f  th is en d em ic  sp ecies . 
S o m a tic  n u m b ers o f 2n  =  12, 20, 30 , 40 and  
60 are v a r io u sly  rep orted  from  the c lo se ly  
rela ted  w id esp rea d  M editerranean  sp ec ies  
U. m a r i t i m a  (L.) B a ke r  w h ic h  is a lso  fo u n d  
in the C anaries (2n =  40, L a r s e n  1969).

D ra ca e n a  d ra c o  L. —  2n =  40  (F ig . 4 B ) .

Seed  co llectio n : Cape V erde Islan d s, Sant 
Antào. 3 -1970  E. B. S v e n t e n i u s .

T h is  co u n t co n firm s the rep ort b y  
B o r g e n  (1970) fro m  C anary Is la n d s m a te 
rial o f  the sam e sp ec ies . T h e Cape V erde  
Is la n d s p o p u la tio n s  w ere  p rev io u sly  cy to -  
lo g ic a llv  u n in v estig a ted .

Dicotyledonae

A SC L E P I ADAGE AE

C a lo tr o p is  p ro c e ra  R. B r . —  2n =  26 
(F ig. 1 A).

Seed  co llectio n : Cape V erde Is lan d s, Ih la  
da  Sal.  3 -1 9 7 0  E. U. S v e n t e n i u s .

T h is  sp ec ies  is a c o m m o n  su b tro p ica l 
w eed  and  a ch r o m o so m e  co u n t o f  2n =  22 
ha s p r e v io u s ly  b een  rep orted  by M iè g e  
(1 9 6 2 ). C h e v a l i e r  (1935) refers th e  Sal 
p o p u la tio n s  o f th is sp ec ies  to var. insu laris  
A. C h e w

C ero p e g ia  fu sca  B o l l e  —  2n =  22 
(F ig . 1 C).

Seed  c o llec tio n : T en erife , M ontana R oja  
nr. M edano. 4-1971 B r a m w e l l  & H u m 

p h r i e s .

B o r g e n  (1969) rep orts 2n =  44 from  
p la n ts  o f th is  sp ec ies  from  Gran Canaria. 
S o m e m o r p h o lo g ica l d iffe re n c es  a lso  exist 
b e tw e en  the p o p u la tio n s  fro m  the tw o  is 
lan d s and  it m a y  he p o ss ib le  to recogn ize  
th em  as d istin ct su b sp ecies  w h en  further  
in v estig a tio n s  are co m p leted .

C ero p e g ia  h ia n s  S v e n t . —  2n =  22 
(F ig . I B ) .

Seed  co llec tio n : La P a lm a , c o a sta l region  
b e lo w  F u en ca lien te . 6 -1969  1). B r a m w e l l .

T h is  sp ec ies , fo u n d  o n ly  o n  the islan d  
o f  L a P a lm a , w a s p r e v io u s ly  u n k n o w n  
c y to lo g ica lly .

BO R A G IN A C E A E

E c h i u m  sv e n te n i i  B r a m w e l l 1 —  11 =  8 
(F ig . 4 D ).

Bud co llec tio n : G ran C anaria  T afira  B o 
tan ic G arden from  sp ec im en s tran sp lan ted

1 Echium sventenii  B r a m w e l l , sp. nov.
E x  af fin ita te  E. virescentis  DC. sed habitu  

altiore, ra m o sis s im o ;  fo l i is  l inearibus vel 
l in ear i— lanceo lat is ,  den se  hirsutis ,  argenteis,  
m a rg in e  revolutis, coro l la  brevi, d ilute sub-  
rosea,  subquadrilobata ,  lob is  d u ob us  dorsali-  
bus co n jun ct is  ap ice  excepto ,  differt.

Holotypus:  “E x  insu la  Tenerife ,  regione  
austro -occ identa l i  in con va l le  dicta “Barranco  
S e c o ” prope op p idu m  Adexe versus 350 m. 
supra m a r e ”, 1.6. 1969, I). B r a m w e l l  1718, in 
Herb. Univ. R ad in gen s is  (RNG) conservatus .

Fig. 1. Mitotic c h r o m o s o m e s  of  A: Calotropis procera,  B: Ceropegia hians, C: C. fusca,  
D: Messerschmidia fruticosa,  E: Silene nocteolens,  F: Centaurea canariensis  var. subexpin-  
nata. G: C. junoniana,  H: C. duranii,  I: H eywoodiel la  oligocephala,  J: Senecio tussilaginis,  
K: Sonchus abbreviatus,  L: 5. bornmiilleri,  M: S. gummifer,  N: O dontosperm um  steno- 

phyllum,  O: Convolvulus lopez-socasi .  —  Scate 10 jx.

B ot .  N o t i s e r ,  v o l .  125, 1972
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from  Valle Seco de Adeje, Tenerife. 3-1971 
B r a m w e l l  & H u m p h r i e s .

This recently discovered endem ic species 
is know n from  a single locality in the south 
of Tenerife and this is the first report of 
its chrom osom e num ber.

E chium  triste S v E N T .  subsp. nivariense 
S v e n t . —  n  =  8  ( F i g .  4 E ) .

Bud collection: Tenerife, B arranco de las 
M anchitas, Adeje. 4-1971 B r a m w e l l  & 

H u m p h r i e s .

This rare endem ic species occurs on 
Tenerife, Gomera and Gran Canaria. This 
coun t which is the first for the species re 
fers to the biennial Tenerife subspecies.

E chium  webbii C o i n c y  —  n  =  8  (Fig. 4  F).

Bud collection: La Palm a, Los Tiles 
above San Andrés y Sauces. 4-1971 B r a m 
w e l l  & H u m p h r i e s .

E. webbii is confined to the island of La 
P alm a where it is locally frequent in pine 
and laurel forests. It had not previously 
been studied cytologically.

M esserschm idia fruticosa  L. —  2 n = 1 6  
(Fig. I D) .

Spontaneous seed received from  the Oro- 
tava Botanic Garden, originating from  Te
nerife, Teno.

This species is know n from  all the is
lands of the Canaries group. The present 
repo rt refers to subsp. fruticosa. L a r s e n  
(1960) reports 2 n = 1 6  from  m aterial of 
subsp. angustifolia  from  Tenerife.

CARYOPHYLLACEAE

Silene nocteolens W e b r  —  2n =  24 
(Fig. 1 E).

Seed collection: Tenerife: La Fortaleza, 
Las Canadas. 7-1969 D. B r a m w e l l .

L a r s e n  (1960) records the same som atic 
chrom osom e num ber from  this rare sub- 
alpi ne species.
Bot. N otiser, vol. 125, 1972

COMPOSITAE

Centaurea canariensis W i e l d , var. sub- 
expinnata  B u r c h i l  —  2n =  30 (Fig. 1 F).

Seed collection: Tenerife, P un ta  de Teno. 
6-1969 D. B r a m w e l l .

The same num ber is reported  by L a r s e n  

(1960) from  m aterial collected at the n ear
by locality of Buenavista.

Centaurea duranii B u r c h d . —  2n =  32 
(Fig. 1 H ) .

Spontaneous seed received from  the 
O rotava Botanic Garden originating from  
Hierro, El Golfo.

This species is a very rare  endemic of 
the island of H ierro  w here it is found only 
on coastal cliffs at El Golfo. The ch rom o
some num ber has not been previously re 
ported.

Centaurea junoniana  S v e n t . —  2n =  32 
(Fig. 1 G).

Seed collection: La Palm a, Roque de 
Teneguia. 4-1971 B r a m w e l l  & H u m p h r i e s .

This La P alm a endemic is restricted to 
a single locality w here it is extrem ely rare. 
The som atic chrom osom e num ber 2n =  32 
has been reported  for several o ther species 
of section Cheirolophus  ( B r a m w e l l  et al. 
1971). C. junoniana  was previously u n in 
vestigated cytologically.

H eywoodiella oligocephala  S v e n t . & 
B r a m w e l l  — 2n —6 (Fig. 1 I).

Root tips from  living p lants collected 
from  the north  coast of Tenerife. 4-1971 
B r a m w e l l  & H u m p h r i e s .

The genus H eywoodiella  is a recently 
discovered endem ic of the Canary Island 
of Tenerife ( S v e n t e n i u s  & B r a m w e l l  
1971) and  its chrom osom e num ber is re 
ported for the first time.

Senecio tussilaginis L e s s . —  2n =  60 
(Fig. 1 J).

Seed collection: Tenerife, Cuesta de Ba- 
jam ar. 4-1969 1). B r a m w e l l .

This species is com m on on the no rth  
coast of Tenerife and it has also been re-
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ported from  Gran Canaria. The same ch ro 
mosome number, 2n =  60, was recorded by 
L a r s e n  (1960) and B o r g e n  (1969). It 
seems to be com m on throughout the Maca- 
ronesian section Pericallis.

Soncluis abbreviatus L ink —  2 n = 1 8  
(Fig. 1 K).

Seed collection: Tenerife, El Bailadero 
de San Andres. 5-1969 I). B r a m w e l l .

S. abbreviatus L i n k  was united by 
B o u l o s  (1967) with S. congestus W i l l d .  
but it is probably  liest considered as a 
forest v icariant of tha t species as the m o r
phological distinctions between the two 
(leaf-shape and  inflorescence characters) 
are supported  by phytochemical evidence 
( B r a m w e l l  & D a k s h i n i  1971). The ch ro 
mosome num ber has not been previously 
reported.

Sonchus bornm iillcri P l TARD —  2 n = 1 8  
(Fig. 1 L).

Seed collected in the Tafira Botanic Gar
den, Gran Canaria, originating from La 
Palma.

A rare  endemic species, S. bornmiillcri 
is found only on coastal cliffs in the north 
of La Palma. This is the first report of its 
chrom osom e number.

Sonchus gum m i fer  L i n k  — 2n =  18 
(Fig. 1 M).

Seed collection: Tenerife, Ladera do Gui- 
mar. 7-1969 I). B r a m w e l l .

S. gum m ifer  is confined to cliffs in the 
south of Tenerife where it is locally a b u n 
dant. It has not been previously studied 
cytologically.

O dontosperm um  stenophyllum  ( L in k )  S c h .  
B i p . —  2 n =  14 (Fig. 1 N).

Seed collection: Gran Canaria, Temisas. 
3-1971 B r a m w e l l  & H u m p h r i e s .

This report confirms a previous count 
of the chromosom e num ber of this Gran 
Canarian endemic by B o r g e n  (1970).

CONVOLVULACEAE

Convolvulus lopez-socasi S v e n t . — 2n =  22
(Fig. 1 O).

Seed collection: Lanzarote, Fam ara .  4- 
1969 D. B r a m w e l l .

S a ’a d  (1967) includes this species in C. 
canariensis L. It is, however, very distinct 
morphologically and in habitat (M e n - 
d o z e r - H e u e r  1971) and the somatic ch ro 
mosome number, 2n =  22, differs from that 
found by B o r g e n  (1969) for C. canariensis 
(2n =  24).

CRU Cl FERAE

Crambe arborea  W e b b  ex C h r i s t  —
2n =  30 (Fig. 2 A).

Seed collection: Tenerife, Ladera de Gui- 
mar. 8-1969 1). B r a m w e l l .

C. arborea is a very rare endemic species 
of section D endrocram be found only at 
Guimar on the south coast of Tenerife. 
B o r g e n  (1970) reports the same somatic 
number from material received from the 
Orotava Botanic Garden.

Parolinia orncita W e b b  —  2n =  22 
(Fig. 2C).

Seed collection: Gran Canaria, Barranco 
de Arguiniguin. 3-1969 I). B r a m w e l l .

A ra ther  confused report of the ch rom o
some num ber  of a Parolinia  species is 
given by B o r g e n  (1969). F rom  the locality 
given B o r g e n  s material was probably the 
Gomeran endemic P. schizoggnoides S v e n t . 
and our count therefore appears to be the 
first for P. ornata.

Parolinia interm edia  S v e n t . & B r a m w e l l  
— 2n =  22 (Fig. 2 B).

Seed collection: Tenerife, P unta  de Teno. 
4-1969 I). B r a m w e l l .

This recently discovered species (B r a m 
w e l l  1970) is endemic to Tenerife and its 
chromosome num ber is reported for the 
first time.

Bot. Notiser, vol. 125, 1972
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Parolinia schizogynoides  S v e n t . —  2 n  =  2 2  

(Fig. 2 D).

Seed collection: La Gomera, B arranco de 
Argaga. 6-1969 1). B r a m w e l l .

P. schizogynoides is found only in the 
south-w est of Gomera and this is the first 
au then tic  report of its chrom osom e n um 
ber.

EUPHORBI AGEAE

Euphorbia  aphylla  B r o u s s . —  2n =  20 
(Fig. 2 E ) .

Seed collection: Tenerife, P u n ta  de Teno. 
7-1969 D. B ram w e l l .

E. aphylla  is a halophytic  species found 
on the north  coasts of Tenerife, Gomera 
and Gran Canaria. The same som atic n u m 
ber was given b y  M i c h a e l i s  (1964).

Euphorbia bourgeauana  G a y  —  2n =  20 
(Fig. 2 F).

Seed collection: Tenerife, Buenavista. 4- 
1969 1). Bit AM W E L L .

This endemic sh rub  of section Paclxy- 
cladae is know n from  a few localities on 
Tenerife. Its chrom osom e num ber was p re 
viously unreported.

Euphorbia  tuckeyana  S t e u d e l  —  2n =  20 
(Fig. 2G ).

Seed collection: Cape Verde Islands, Sant 
Antäo. 3-1970 E. B. S v e n t e n i u s .

This species is endem ic to the Cape 
Verde Islands. It has the sam e chrom o
some num ber (2n =  20) as the C anarian 
species of section Pachycladae  reported  
above and by L i n d e r  & L a m b e r t  (1965), 
P e r r y  (1943) and M i c h a e l i s  (1964). The 
chrom osom e num ber of E. tuckeyana  was 
previously unknow n.

LABIATAE

Sideritis cabrerae C e r . & O r t . —  2n =  44 
(Fig. 2 14).

Seed collection: La Gomera, B arranco  de 
Cabrito. Received from  O rotava Botanical 
Garden.

Chrom osom e num bers for three out of 
the eighteen C anarian Sideritis species are 
now known. S. gomerae  (2n =  16, B r a m - 
w e l l  et al. 1971) and S. cabrerae (2n =  44) 
are both m em bers of the M editerranean 
section Empedoclea  w hereas S. dendro- 
chahorra  B o l l e  var. soluta  ( W e b b ) S v e n t . 
(Leucophae solut<i W e b b , Sideritis soluta 
( W e b b ) C l o s ) w ith 2n =  36 ( L a r s e n  1960) 
is a m em ber of section Leucophae w hich is 
endem ic to M acaronesia.

The chrom osom e num ber of S. cabrerae 
was previously unreported .

LEGUMINOSAE

Anagyris latifolia B r o u s s . — 2 n = lS  
(Fig. 2 1).

Seed collection: Tenerife, below Guia de 
Isora. 6-1969 I). B r a m w e i . l .

L a r s e n  (I960) reports the same som atic 
num ber from  Botanical Garden m aterial 
of this species w hich is found only on the 
islands of G ran C anaria and Tenerife.

Dorycnium broussonetii ( C h o i s y )  W e b b  & 

B e r t h . —  2 n =  14 (Fig. 2 J).
Seed collected in the T afira  Botanical 

G arden originating from  Tenerife, Masca.
This rare  species is endem ic to Tenerife. 

Its chrom osom e num ber was previously 
unknow n.

Dorycnium spectabile ( C h o i s y ) W e b b  & 
B e r t h . —  2 n = 1 4  ( F i g .  2  K ) .

Seed collection: Tenerife, M ontanas de 
Teno. 5-1969 D. Bram  w e l l .

Fig. 2. Mitotic c h r o m o s o m e s  o f  A: C r a m b e  a rb o r e a ,  B: P a ro l in ia  in te rm e d ia ,  C: P. ornata ,  
D: P. sc h iz o g y n o id e s ,  E: E u p h o r b ia  a p h y l la ,  F: E. bou rg ea u a n a ,  G: E. tu c k e y a n a ,  H: S id e 
ri t is  cabrerae ,  I: A n a g yr is  la t i fo l ia ,  J: D o r y c n iu m  b ro u sso n e t i i ,  K: I). spe c ta b i le ,  L: L o tu s  
arenar ius ,  M: L. h i l lebran d i i ,  N: Vicia c ir rh o sa ,  O: L im o n iu m  braunii .  —  Scale 10 p.

B ot. N o tise r, vol. 125, 1972
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D. spectab ile  occurs  sporad ica l ly  on  b a 
salt cliffs in several a reas  of Tenerife .  T h e  
species was p rev iously  u n inves t iga ted  cyto- 
logically.

L o tu s  arenarius  BROT. —  2 n = 1 4  
(Fig. 2 L).

Seed collection: Tenerife ,  Chio. 4-1971 
B r a m w e l l  & H u m p h r i e s .

L. arenarius  is f r eq u en t  in the  so u th  of 
T en er i fe  and  the C an ar ia n  po p u la t io n s  a re  
so m e w h a t  d if fe ren t f ro m  those fo u n d  in 
the so u th  of the Ib e r ian  P en in su la  in  h a b i t  
an d  leaf-shape. F u r t h e r  inves tiga tions m a y  
lead to the recognition  of the  C anar ian  
p lan ts  as a d is t inc t  taxon. Gr a n t  ( 1 9 6 5 )  
gives the sam e c h ro m o so m e  n u m b e r  f ro m  
m a te r ia l  of unspecif ied  origin.

L o tu s  brunneri W e b » —  2 n = 1 4  (Fig. 4 I).

Seed collection: Cape V erde Is lands, S an t 
A ntâo. 3-1970 E. R. S v e n t e n i u s .

T h is  species, a  m e m b e r  of the M acaro- 
n es ian  section P edrosia , is endem ic  to the  
Cape Verde Is lands a n d  its ch ro m o so m e  
n u m b e r  has  not p rev iou s ly  been rep o r ted .

L o tu s  h illeb rand ii C h r i s t  —  2 n = 1 4  
(Fig. 2 M).

Seed collection: La  P a lm a ,  B a r ra n c o  de 
las Angustias. 4 -1 9 7 1  B r a m w e l l  & H u m 
p h r i e s .

T h is  w idesp read  an d  variab le  endem ic  
species of L a  P a lm a  w as  p rev ious ly  u n in 
vestigated  cytologically.

L o tu s  ho losericeus  W e b b  & B e r t h . —  
n =  7 (Fig. 4 H ) .

Bud collection: G ran  C anaria ,  San B a r 
to lom é d e  T ira jan a .  3-1971 B r a m w e l l  & 
H u m p h r i e s .

T h is  species is fo un d  on ly  in the  m o n 
tane  regions of the sou th  of G ran C anaria .

Its ch ro m o so m e  n u m b e r  was previously  
u n rep o r ted .

L o tu s  sessilifo liu s  DC. —  n = 1 4  (Fig. 4 G).
Bud collection: Tenerife ,  M ontana  R oja  

n e a r  El Medano. 4-1971 B r a m w e l l  & 
H u m p h r i e s .

B o r g e n  (1969) r ep o r ts  the d ip lo id  so
m a t ic  n u m b e r  2 n = 1 4  f ro m  Gran C anar ian  
m ateria l .  O u r  spec im ens  f rom  Tenerife  are  
te t rap lo id  bu t  the  two races are  very  s im i
la r  m orpho log ica l ly .

V icia  cirrhosa  C h r .  Sm. —  2 n =  14 
(Fig. 2 N ) .

S p on tan eo u s  seed received from the Oro- 
tava  B otan ica l  G arden  orig inat ing  from  La 
G om era , T aga luche .

L a r s e n  (1960) reco rds  the sam e c h r o 
m oso m e  n u m b e r  f ro m  this species w h ich  
is confined  to the W e s te rn  Canaries.

PLUM BA GINA CEA E

L im o n iu m  braun ii (B o l l e ) A. C h e v . -—  
2 n =  12 (Fig. 2 ()).

Seed co llection: Cape Verde Is lands,
Sant Antâo. 3-1970 E. R. S v e n t e n i u s .

T h e  c h ro m o so m e  n u m b e r  of th is  Cape 
V erde  Is lands  endem ic  w as prev iously  u n 
recorded .

POLYGONACEAE

R u m e x  lunaria  L. —  2n =  36 (Fig. 3 A).
Seed collection: G ran  C anaria ,  Santa  

L u c ia  de T ira ja n a .  3-1971 B r a m w e l l  & 
H u m p h r i e s .

R u m e x  lunaria , a M acaronesian  endemic, 
is w id esp read  in the  xerop hy t ic  zones of 
the C anary  Is lands. T h e  sam e ch ro m o so m e  
n u m b e r  is r e p o r ted  by  L a r s e n  (1960, 
1963) an d  B o r g e n  (1969).

Fig. 3. Mitotic chromosomes of A: R um ex lunaria, B: Reseda crystallina, C: R. scoparia, 
D: Marcetella maderensis, E: Kickxia pendula, F: Campylanthus spathulatus, G: Drusa 
glandulosa, H: Melanoselinum bichoffii, I: M. hirtum, J: Todaroa aurea, K: Forskohlea  

procridifolia, L: Scilla latifolia. — Scale 10 g.
B ot. N o tise r, vo l. 125, 1972
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R ESEDACEAE

Reseda crys ta ll ina  W e b b  & B e r t h . —
2n =  48 (Fig. 3 B).

Seed collection: F u e r te v e n tu ra ,  Matas 
Blancas. 5 - 1 9 6 9  I) .  B r a m w e l l .

T his  species is fou nd  on ly  on  L anzaro te ,  
F u e r te v e n tu ra  and  G ran  C anaria .  E ig s t i  
(1936) reco rds  the  sam e som atic  c h ro m o 

som e n um ber .

Reseda scoparia  B r o u s s . —  2 n  =  30 
(Fig. 3 C).

Seed collection: Tenerife ,  Adeje. 3-1971 
B r a m w e l l  & H u m p h r i e s .

This co n f i rm s  the  som atic  ch ro m o so m e  
n u m b e r  re p o r ted  by L a r s e n  (1960).

ROSACEAE

Marcetella m uderensis  ( B o r n m .) S v e n t . —  

2n =  28 (Fig. 3 D ) .
Seed received from  the J a r d in  Canario , 

Tafira ,  G ran  Canaria ,  f rom  p lan ts  o r ig in a t
ing from  M adeira .

This  very  ra r e  species is endem ic  to 
M adeira  and  its c h ro m o so m e  n u m b e r  was 
prev iously  u n k n o w n .  T h e  sam e som atic  
n u m b er  was re p o r ted  f ro m  the C an ar ian  
species M. m o q u in ia n a  ( W e b b  & B e r t h .) 
S v e n t . by M i c h a e l i s  (1964) an d  N o r d - 
b o r g  (1966).

SCRO PH U  L AR IA CE AE

K ickx ia  p end u la  ( K u n k e l ) B r a m w e l l 1 —  
2n =  40 (Fig. 3 E ) .

Seed collection: G ran  Canaria ,  T erm isas.  
3-1971 B r a m w e l l  & H u m p h r i e s .

This species w h ich  a p p e a rs  to be te tra- 
p lo id  is con f in ed  to a very  sm all a re a  of 
the sou th  of G ran  Canaria .  It is closely

1 K ickxia  p endu la  ( K u n k e l ) B r a m w e l l , 
comb. nov.

Linaria  p endu la  K u n k e l , Cuad. Bot. Canar. 
9: 8 (1970) .

T hough orig inal ly  described in the genus 
Linaria  this species should he re ferred  to 
K ickxia  sect. Valvatae  ( W e t t s t .) J a n c h e n  
(c f .  L a r s e n  1963).

re la ted  to K ickx ia  spartio ides  ( B r o u s s .) 
J a n c h e n  w h ich  is diploid.

C a m p y la n th u s  sp a th u la tu s  A. C h e v . —  
2 n =  14 (Fig. 3 F ) .

Seed collection: Cape Verde Is lands, San t 
Antâo. 3-1970 E. R. S v e n t e n i u s .

T h e  sam e c h ro m o so m e  n u m b e r  is re 
p o r te d  by  L a r s e n  (I960) f ro m  C an ar ian  
m a te r ia l  of  C. salsolo ides  (L. fil.) B o t h . 
C. spa th u la tu s  is a Cape Verde Is lands 
end em ic  an d  w as not p rev iou s ly  studied  
cytologically .

U M B E L L IF E R A E

D ru sa  glandulosa  ( P o i r e t ) B o r n m . -  
2 n =  16 (Fig. 3 G).

Seed collection: G ran  C anaria ,  G uayedra . 
3-1971 B r a m w e l l  & H u m p h r i e s .

T h e  m o n o typ ic  genus D rusa  is endem ic  
to the  M acaron es ian  reg ion  a n d  has, as 
its n eares t  relatives, B ow les ia  (14 species) 
an d  H o m a lo ca rp u s  (6 species) in S ou th  
A m erica. M a t h i a s  & Co n s t a n c e  (1965) 
r e p o r t  the sam e c h ro m o so m e  n u m b e r  
f ro m  m a te r ia l  of unspec if ied  origin.

M ela no se l in um  b ich o f f i i  (S c h m i d t )
A. Ch e v . —  2n =  22 (Fig. 3 H ) .

Seed collection: Cape Verde Is lands, Sant 
Antâo. 3-1970 E. R. S v e n t e n i u s .

L a r s e n  (1962) an d  B e l l  & Co n s t a n c e  
(1966) re p o r t  2n  =  20 a nd  n = l l  resp ec 
tively fo r  M. decip iens  of Madeira . T he  
ch ro m o so m e  n u m b e r  of M. b ichoffi i ,  a 
Cape Verde Is lands  species, w as  prev iously  
u n rep o r ted .

M elanose l inum  h ir tu m  (S c h m i d t )
A. C h e v . —  2 n = 1 8  (Fig. 3 I).

Seed collection: Cape V erde Is lands ,  San 
Thiago . 3-1970 E. B. S v e n t e n i u s .

T h e  som atic  c h ro m o so m e  n u m b e r  in the 
M acaro nes ian  genus  M elan ose l in um  a p 
pea rs  to be variab le ,  2 n = 1 8 ,  20 a n d  22 
ha v in g  been  re p o r te d  f ro m  the  th re e  sp e 
cies so fa r  coun ted .  M. h ir tu m  w as  p re 
viously u n k n o w n  cytologically .
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Fig. 4. Mitotic c h r o m o so m e s  (A, B, I) and  first  m eio t ic  m eta p h a se  (C— H) o f  A: Urginea  
hespe r ia ,  B: D racaen a  d rac o ,  C: S ese l i  w e b b i i ,  D: E c h iu m  sven ten ii ,  F7: E. tr is te ,  F: E. 

w e b b i i ,  G: L o tu s  ses  H: L. h o lo ser iceu s ,  I: L. brunner i .  —  Scale 10 li.

Seseli webbii Coss. —  n =  11 (Fig. 4 C).

Bud collection: Gran Canaria, Guayedra.
3 -1 9 7 1  B r a m w e l l  & H u m p h r i e s .

This Canarian endemic is know n from  
coastal regions of Tenerife, Gran Canaria, 
H ierro and Gomera. Its cytology has not 
previously been investigated.

Todaroa aurea  P a r l . —  2 n  =  2 2  (Fig. 3 J).

Seed collection: La Palm a, Fuencaliente.
4 -1 9 7 1  B r a m w e l l  & H u m p h r i e s .

In  a recent paper ( B r a m w e l l  et al. 
1971) the au thors reported  the sam e so
m atic chrom osom e num ber from  plants 
from  Tenerife. The m aterial investigated
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in the present case was a dw arf, coastal 
ecotype from  the south  of La Palm a.

URTICACEAE

Forskohlea procridifolia  W e b b  —  2 n = 1 4  
(Fig. 3 K).

Seed collection: Cape Verde Islands, San 
Thiago. 3-1970 E. R. S v e n t e n i u s .

The chrom osom e num ber of this Cape 
Verde Islands endem ic was previously un 
reported. L a r s e n  (1962) records 2n =  22 
from  the C anarian species F. angusti folia  
R e t z .

POLYPLOIDY AND THE CLASSI
FICATION OF ENDEMICS

FAVARGER & CONTANDRIOPOULGS (1961) 
have proposed a system of analysis of 
endem ism  based on the ploidy level of the 
endem ic taxa and tha t of their nearest non- 
endem ic relatives (corresponding taxa). 
F ou r classes of endemics are distinguished 
in this system: 1. palaeoendem ics; 2.
sehizoendem ics; 3. patroendem ics and  4. 
apoendem ics. W ith cytological data now 
available for 263 Canary Islands endemic 
species (B o r g e n  1969, 1970, B r a m w e l l  et 
al. 1971 etc.) it is possible to begin to 
apply  F a v a r g e r  & Co n t a n d r i o p o u l o s ’ 
system  to the C anarian flora. In m any 
cases this application  is lim ited by the 
lack of cytological data for the M editerra
nean and N orth A frican corresponding 
taxa. In view of this we have limited the 
discussion of each type of endem ic to a 
few well docum ented exam ples.

1. Palaeoendem ics

Palaeoendem ics are species of mono- or 
oligotypic genera, or taxonom ically iso
lated sections of genera w ith no non 
endem ic corresponding taxa. Cytologicallv 
palaeoendem ics m ay be diploid or poly
ploid (palaeopolyploids, F a v a r g e r  1967).

Exam ples of both  types can be readily 
found in the C anarian flora. The three

species of the endem ic genus Parolinia  
(Cruciferae) are all diploids (2n =  22). 
D rusa  (Um belliferae), 2 n = 1 6 , H eyw oo- 
diella, 2n =  6, Vieraea, 2 n = 1 6  (Composi
tae) and  Gesnouinia  (Urticaceae), 2n =  20, 
are all diploid m onotypic genera and both 
species of the genus Marcetella  (Rosaceae), 
2n =  28 are probably  diploids. Ancient 
polyploids appear to occur in the M acaro- 
nesian endem ic groups of Isoplexis  (Scro- 
phu la riaceae), 2n =  56, w hich is allied to 
the genus Digitalis (2 n = 1 6 — 168), and 
B ystropogon  (Labiatae), 2n =  42, a South 
A m erican/M acaronesian d isjunct genus, 
w hich according to B o r g e n  (1969) a p 
pears to be hexaploid.

2. Sehizoendem ics

The vast m ajo rity  of endem ic species in 
the C anarian  flo ra  appear to be schizo- 
endem ics. tha t is diploid or polyploid 
species w hose corresponding taxa are at 
the sam e level of polyploidy as the 
endemic.

The species of endem ic sections of large 
genera such as K chium , Sonchus, Senecio 
and  L im onium  are probably  old schizo- 
endem ics w hich are the resu lt of second
ary  evolution in relict groups (active epi- 
biotics, B r a m w e l l  1971). These endem ics 
tend to he vicarious taxa, rare ly  occurring  
on m ore than  a single island and in m any 
cases restric ted  to one locality. W here 
there are non-endem ic sections of these 
genera in the M editerranean region they 
tend to exhibit a higher level of po ly
ploidy, fo r exam ple K chium  in the Iberian  
P eninsula and  N orth Africa.

The old sehizoendem ics are generally  
diploid and  taxonom ically  isolated, and 
some, fo r exam ple L im on ium  section 
Nobiles, have a d ifferen t chrom osom e 
base num ber from  the non-endem ic sec
tions.

M e u s e l  (1 9 5 2 )  has suggested th a t the 
C anarian  taxa are relics of the ancestra l 
form s of the M editerranean rep resen ta
tives of these genera. F rom  th is view point 
the C anarian  taxa will be considered an-
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cient diploids f rom  which the continental 
taxa, with their  higher level of polyploidy, 
have arisen.

The low level (25.7 °/o) of polyploidy  
in the Canarian endemic flora (Borgen 
1969) is consistent with Meusei . s idea 
that the archipelago constitutes a refu
gium.

There also seems to he a second group 
of schizoendemic species: these are the 
species with close relatives in the Medi
terranean region. Examples of these are 
found in Monocotyledons such as Andro- 
cym bium  psam m ophilum  (Liliaceae), en 
demic to Lanzarote and Fuerteventura, 
with the somatic chromosome num ber 
2 n = 1 8 ,  which has a corresponding species 
.4. gram ineum , 2 n = 1 8 ,  in the Mediter
ranean region. Pancratium  canariensis 
(Amaryllidaceae), 2n =  22, is a widespread 
Canarian endemic reported from  all the 
islands and it has a very similar corre
sponding species P. m aritim um  (2n =  22) 
common in the Mediterranean region.

3. P atroendem ics

Patroendemics are diploid species whose 
cones ,  : ling nonendemic taxa are poly
ploid. FAVARGER & CONTANDR lOPOULOS
(1961) consider the endemic taxa to he 
older than  the corresponding taxa in this 
case. An example in the Canarian flora is 
Laurus azorica (Lauraceae), 2n =  36, now 
found only in Macaronesia but also known 
from Pliocene fossil deposits from South
ern Europe. Its modern corresponding 
Mediterranean species is Laurus nobilis, 
2n =  48, which is probably a post-Tertiary 
derivative.

Adenocarpus viscosus, 2n =  24, is en 
demic to Tenerife in the Canaries and its 
corresponding species is the Mediterranean 
.4. com plicatus (2n =  52).

4. A poendem ics

These are polyploid endemics whose 
corresponding non-endemic taxa are d i
ploid and there appear  to be very few

examples of this type of endemism in the 
Canaries. There are a few cryptic poly
ploids which might be considered as 
apoendemics such as Silene vulgaris which 
is usually diploid in Europe but which 
has a morphologically indistinguishable 
polyploid race on Gran Canaria and 
Asphodelus fistulosus  which is tetraploid 
in Europe and octoploid in the Canaries.

CONCLUSIONS

The Canarian flora is rich in palaeo- 
endemics and old schizoendemics and 
there are also a num ber  of patroendemics 
present.

These all represent the ancient endemic 
elements of the flora. There are, how
ever, comparatively few Canarian/Medi
te rranean modern  schizoendemics and 
virtually no apoendemics so tha t the flora 
seems to be very poor in young or neo
endemics.

As previously pointed out, this fact, 
coupled with the low degree of poly
ploidy, the predominance of woody life- 
forms and the presence of representatives 
of m any disjunctly distributed taxa in the 
Canarian endemic flora confirms tha t the 
islands are, indeed, a “refugium ” for 
genera and  species now extinct in the 
Mediterranean region and Northern  Africa.
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ABSTRACT

B e n t z e r , B., B o t h m e r , R. v o n  & W e n d e l b o , P. 1972. Chrom osom e m orphology in 
Afghanian Bellevalias. -— Bot. Notiser 125: 153— 156.

Chrom osom e m orphology and a brief phytogeographical survey is given for 
Bellevalia saviczii  W o r o n . ,  B. feinbrunae  F r e i t a g  & W e n d e l b o ,  and B. atro- 
violacea  R e g e l .

INTRODUCTION

This study includes the three species of 
Bellevalia  native to Afghanistan, and p re
viously treated taxonomically by F r e i t a g  

and W e n d e l b o  (1970). These species 
represent three of the four sections of the 
genus: B. saviczii W o r o n . (sect. Conica 
F e i n b r . ) ,  B. feinbrunae  F r e i t a g  & W e n 
d e l b o  (sect. Bellevalia), and B. atroviola- 
cea R e g e l  (sect. M uscarioides F e i n b r . ) .

The genus Bellevalia  is mainly confined 
to the Mediterranean and adjacent areas 
to the east as far  as Caucasus, NE. Iraq 
and W. Iran. The section Muscarioides 
with two or three species found in Uzbe
kistan, Tadjikistan and Afghanistan, is 
thus found at a considerable distance 
f rom (he main centre of the genus.

The hexaploid B. saviczii found in NE. 
Iran, Afghanistan and adjacent areas of 
the USSR is the easternmost representa
tive of the section Conica. It is practically 
never found outside wheat-fields and

vineyards and  there is reason to believe 
that it may be of fairly recent origin; 
probably  having arisen in connection with 
cultivation.

B. feinbrunae  is also the easternmost 
species in its section, an d  the gap between 
it and the nearest representative of sect. 
Bellevalia, in W. Iran, is considerable 
(about 1400 kms). There are, however, 
several examples from other genera of 
such disjunctions. It is native to Afghani
stan and is found growing in natura l 
vegetation ( F r e i t a g  & W e n d e l b o  1970).

This investigation concerns the deter
mination of chromosome numbers and 
chromosom e morphology. Karyotype simi
larities as well as differences between the 
species are briefly discussed.

MATERIAL AND METHODS
The investigation was carried out on m ate

rial cultivated in the Botanical Garden. 
Gothenburg. Material from  six populations
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T ab le  1. C hrom osom e n u m b ers  in BeUevalia, m ain ly  f ro m  Afghanistan .  * T he  exact 
localit ies a re  given in F r e i t a g  a n d  W e n d e l b o  (1970).

N um ber  of
Species Collection no. Prov ince individuals 2n

studied

B. sav iczii ............................  W  7251
W  9101 
W  8102 
W  7708 
W  7615 

Jö rgensen  451
B. f e in b r u n a e ...................... W  7537

W  7324 
Breckle A 394

B. a tr o v io la c e a   T ash k en t  1970,
seed exchange 

Hedge & W ende lbo

F a r a h  * 2 24
Sam an g a n  * 2 24
Badghis  * 3 24
H era t  * 2 24
Z a h u l * 2 24
L ogar  1 24
K abul * 2 8
F a ra h  1 8
L ogar  * 1 8

m a n y  seedlings 8

Mazar-i-Sharif  1 8

of B. saviczii, three  of B. fe in brunae , and  
two of B. atrovio lacea  (one of w h ich  f rom  
USSR) has  been available.

T he  usua l  Feulgen squash  m eth o d  was 
used (cf. B o t h m e r  1970). The  root-tips  were 
p re -t rea ted  in a m ix ture  of 0.6 %  colchicine 
and  2 mM 8-hydroxyquino line  for abou t  
2 hours .

The  id iogram s for B. fe in b ru n a e  a n d  B. 
atroviolacea  are  based  on m easu rem en ts  of 
ten good m etaphase  p lates of one individual 
f ro m  each species. F ro m  all o ther  p lan ts  
availab le  at least one plate  w as d ra w n  for 
com parison .

The karyo log ica l  no m e nc la tu re  suggested  
by  L ev an  et al. (1965) is fo l low ed .

RESULTS

C h r o m o s o m e  n u m b e r s  f o r  t h e  sp ec ie s  
s t u d i e d  a r e  g iv en  in T a b l e  1. T h e  b a s ic  
c h r o m o s o m e  n u m b e r  in th e  g e n u s  is x  =  4. 
B e lle v a lia  a tro v io la c e a  a n d  B . fe in b r u n a e  
w e r e  f o u n d  to lie d i p lo i d  (2n  =  8) a n d  
B. s a v ic z ii  h e x a p l o i d  (2n  =  24) .

T h e  h a p lo i d  k a r y o t y p e s  o f  th e  sp ec ie s  
s t u d i e d  (F ig .  1, 2) c o n ta i n s  o n e  m  c h r o 
m o s o m e  (no. 1), w h i c h  a ls o  is t h e  l a r g e s t  
o f  th e  c o m p l e m e n t .  T h e  s m a l l  m s m  c h r o 
m o s o m e s  (nos.  2— 3) a r e  i n d i s t i n g u i s h a b le

c h r o  m.

m m m mmwnnw
2 - 3

B »  In.

« « \  « * »,

1 0  AJ

I*

Fig. 1. Karyotype  of B ellevalia  saviczii. —  A: P o p u la t io n  no. W  7615. —  B: Satellited
ch rom osom es  in pop u la t io n  no. W  8102.
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A
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Fig. 2. Idiograms, with arm indices (r), and 
karyotypes of Rellevalia. — A, C: B. fein- 
brtinae. — B, D: B. atroviolacea. — The 
scale units given in C and D is equal to 10 u.

D

from  each o th er by conventional cyto- 
logical m ethods, and  are here treated  as a 
group (the r indices were calculated as 
m ean values for the 2— 3-chrom osom e 
group together).

Chrom osom es no. 1— 3 of the haploid 
karyotype show no apparen t interspecific 
variation . Chrom osom e no. 4 is of about 
the sam e relative length in all species in 
vestigated hu t differs m arkedly in r  index. 
In B. atroviolacea  and B. saviczii it is 
subtelocentric (r >  3.0; Figs. 1, 2 B, 1)), 
hut in B. feinbrunae  it is m etacentric 
(Fig. 2 A, C).

No satellites are present in the karyo 
types of the diploid species. In B. saviczii, 
satellites have been observed on the m sm  
chrom osom es (nos. 2— 3). They are vari
able in num ber as well as in size (Fig. 1).

DISCUSSION

In the genus Bellevalia  di-, tetra-, hexa- 
and octoploids have previously been re 
ported  (see F e d o r o v  1969 for references). 
D iploids are by far the m ost com mon. 
B. longistyla  is the only species reported  
to he octoploid, w ith 2n =  32 ( Z a k i i a - 

r i y e v a  &  M a k u s h e n k o  1969). These

au thors also reported  the chrom osom e 
num bers 2n =  8 for B. atroviolacea  and 
2n =  20 for B. saviczii. The form er num ber 
is confirm ed by the presen t investigation; 
the la tte r is, however, som ew hat doubtful 
(Fig. 2 C, op. c it.) .

It is evident from  earlier studies tha t 
the chrom osom e com plem ent in Bellevalia 
is m ore or less stable, having a “basic” 
karyotype represented  in alm ost all spe
cies studied (see e.g. F e i n r r u n  1938, 
L e v a n  1944, and G a r r a r i  1968). The 
extensive study by F e i n r r u n  (1938) indi
cates variation in the num ber and posi
tion of satellites and some m inute varia
tion in the relative lengths and arm  in
dices of the chrom osom es. The haploid 
karyotypes of the 16 species studied by 
F e i n r r u n  (1938) show one large m eta
centric chrom osom e (nam ed chrom osom e 
P by F e i n r r u n ) ,  one large subtelocentric 
(Q) and two sm aller subtelocentric ch ro 
mosomes (R and  S). The la tte r are very 
m uch alike and  difficult to distinguish 
from  each other.

The “basic” karyotype is also visualized 
by L e v a n  (1944) in B. webbiana  (2x) 
and B. rom ana  (2x), by G a r r a r i  (1968) 
in B. rom ana  (2x), B. clubia (2x) and 

Bot. Notiser, vol. 125, 1972



156 BENGT BENTZER ET AL

B. m a u rita n ien  (4 x ) ,  a n d  b y  Z a k h a r i v e v a  
a n d  M a k u s h e n k o  ( 1 9 6 9 )  in  B. a trovio la-
cea (2x).

In this investigation B. saviczii (6x) 
and B. a trovio lacea  (2x) w ere both found  
to liave the “b asic” karyotype (Figs. 1, 
2 B, D ). It is thus of interest to note that 
karyologically  B. a trovio lacea  does not 
differ from  the typical pattern w ith in  the 
genus in spite of its extrem e eastern  
distribution.

B. fe in b ru n a e  (2x) has the com m on  
chrom osom es nos. 1— 3 (Fig. 2 A, C) 
corresponding to chrom osom es P, R and  
S in F e i n b r u n ’s  study (1938). Chrom o
som e no. 4, how ever, deviates m arkedly  
in being m etacentric (conferred to sub- 
telocentric in the hom ologous chrom o
som es o f other taxa). As the relative 
length of this aberrant chrom osom e in 
B. fe in b ru n a e  is sim ilar to the correspond
ing one in B. a trovio lacea, a sim ple peri
centric inversion m ay have caused the 
deviation. None of its closest relatives, 
B. cya n o p o d a  W e n d e l b o  and B. deco
lorans  B o r n m ., have been investigated  
karyologically . It is therefore unw ise to 
draw any prem ature conclusions from  the 
deviation from  the “b asic” karyotype  
show n by B. fe inbrunae .

Satellites seem  to occur irregularly and 
vary in number, size and position. They  
are found, for exam ple, in B. saviczii 
(Fig. 1) and have also been found in 
Greek specim ens o f 11. dub ia  and B. tri-

fo lia ta  (in p re ss) . In  no  case, how ever, 
have  sa te llites  been  seen on the  large, 
su b te lo cen tric  ch ro m o so m e  (no. 4) in the 
h a p lo id  k a ry o ty p e .

B elleva lia  sa te llites m ay  possib ly  be 
re g a rd e d  as “f lo a tin g ” w ith in  the  p o p u la 
tions, u su a lly  w ith o u t va lue  fo r d is tin g u 
ish in g  betw een  n o n -hom ologous c h ro m o 
som es.

LITERATURE CITED
B o t h m e r , R. v o n  1970. Cytological studies in 

Allium 1. Chromosome num bers and m or
phology in sect. Allium from  Greece. — 
Bot. Notiser 123:519—551.

F e d o r o v , A. A. (ed.) 1969. Chromosome
num bers of flowering plants. — Lenin
grad.

F e i n b r u n , N. 1938. A m onographic study on 
the genus Bellevalia Lapeyr. (Caryology, 
taxonom y, geography). — Palest. Journ. 
Bot., Jerusalem  Ser., 1 :42—54.

F r e i t a g , 14. & W e n d e l b o , P. 1970. The 
genus Bellevalia in Afghanistan. Studies in 
the flora of Afghanistan. — Israel Journ. 
Bot. 19:220—224.

G a r b a r i , F .  1968. Iconografia crom osomica 
di alcune Liliaceae. — Atti Soc. Tose. Sc. 
Nat. Mein., Ser. B., 75: 163— 178.

L e v a n , A. 1944. Notes on the cytology of 
Dipcadi and Bellevalia. — Hereditas 30: 
217—224.

— F r e d g a , K. & S a n d b e r g , A. A. 1965. 
Nom enclature for centrom eric position on 
chrom osomes. — Ibid. 52: 201—220. 

Z a k h a r i y e v a , O. I. & M a k u s h e n k o , L. M. 
1969. Chromosome num bers of Monoco
tyledons belonging to the families L ilia
ceae, Iridaceae, Amaryllidaceae and Ara- 
ceae. — Bot. Zurn. 54: 1213— 1227.

Bot. Notiser, vol.  125, 11)72



Cleom e oligandra sp. nov. — a Two-staminate 

Species from  Tanzania

B y Lars E. Kers
Bergianska Trädgården, 

S-104 05 Stockholm, Sweden

ABSTRACT

K e r s , L. E. 1972. Cleome oligandra sp. nov. — a two-staminate species from 
Tanzania. — Bot. Notiser 125: 157— 160.

Cleome oligandra is described from Tanzania. The androecium shows a unique 
condition because the flowers usually have only two stamens. Staminodes are 
lacking.

DIAGNOSIS. Cleome oligandra K e r s , sp. 
nov. Species staminibus duobus a congeneris 
diversa est. — Herba parva suffruticosa 5— 
16 cm. Eloi •es minuti cremei petalis circa
4 mm longis, bracteis unifoliolatis. Stamina 2 
(rarius 3) inter se aequalia; staminodia nulla. 
Fructus nutans ellipticus brevisque 6— 10 nim 
longus, apice in stylum 1 mm longum abiens, 
gynophoro 4—5 mm longo stipitato, stipite 
pedicellum longitudine aequante. — Habitat 
inter saxa rupesque.

D E S C R IP T IO N . Small g lab rous  suf- 
f ru t ico se  herb,  5— 16 cm high, r ich ly  
b r a n c h e d  f ro m  the  w oody  base u p w ards .  
Ste ins  th in ,  g lab rous  except n e a r  the  r a 
cemes, s t r ia ted— grooved, roo t c row n  up  
to 14 m m  th ick  a n d  w oody. R acem es  up 
to 6 cm  in length . Leaves  3-foliolated, the 
low er ones g labrous, the u p p e r  ones s p a r 
sely g lan du la r ,  petioles 2— 27 m m  long, 
g lab ro us  to sparse ly  g landu lar .  Leaflets  
e lliptic to n a r ro w ly  obovate , 2— 14 m m  
long a n d  1— 5 m m  broad ,  of th in  texture. 
Floral bracts  unifoliolate, occasionally  2—  
3-folio late  at the very  base of the r a 
cemes, la m in a  elliptic— obovate, 1— 6 m m  
long, g lan d u la r -p u b e ru lo u s  on b o th  sides, 
petioles up to 2 m m  long. Pedicels  of 
f low ers  2.5 m m  long, e longating  to 4—
5 m m  in fru it ,  h o rizon ta l ly  sp read in g  at 
an thes is ,  la te r  becom ing  sh a rp ly  ref lexed 
a t  the  very  base, g la n d u la r-p ub eru lou s .

Sepals  0.5 m m  long, subequal ,  g labrous, 
obova te  w ith  an  acu te  apex, long p e rs is t
ing in fru it .  Petals  subequa l ,  g labrous, 
deciduous , c ream -co loured ,  3— 4 m m  long 
a n d  0.5 m m  b road ,  n a r r o w ly  lanceolate ,  
the l im b g rad u a l ly  tap e r in g  into a basal  
claw, the  tip a cu te— m in u te ly  ap iculate .  
S ta m e n s  2, ra re ly  (abnorm al ly? )  3, equal 
a n d  fertile, the  one  b o rn e  above an d  the 
o th e r  one  b o rn e  be low  the base of the 
pisti l,  th e i r  f i lam en t  bases u n ited  w ith  the 
g y n o p h o re  (in the  pis ti lla te  flowers) and  
g row ing  w ith  Ibis, h e re b y  fo rm in g  a 
m in u te  a n d ro g y n o p h o re  w h ich  is sh o r te r  
th a n  the p ers is t ing  sepals ; f i la m en ts  up  
to abo u t  4 m m  in length, g labrous, de li
ca te ; an thers  1— 1.5 m m  long befo re  a n 
thesis. G yno ph ore  4— 5 m m  long in fru it ,  
equa l l ing  the  pedice l in length, g labrous, 
s t ra ig h t  o r  sl ightly  cu rved  do w n w ard s ,  as 
it seems easily b ro k e n  n e a r  the  receptac le  
in the  r ipe  fru its .  Fruits  elliptic, 6— 10 
m m  long an d  2— 4 m m  b ro ad ,  b en t  d o w n 
w ard s  by the  ref lexed  pedicel base ;  valves  
deciduous , long itu d in a l ly  s t r ia ted  by  m a n y  
a n a s to m o s in g  veins, fa in t ly  g landu lar ,  
p a p e ry ;  rep lu m  g lab ro us ;  sty le  1 m m  
long  in fru it ,  s t ra igh t ,  ap ica lly  taper ing ;  
s t igm a  t ru nca te ,  h a rd ly  b ro a d e r  th a n  the 
style. Seeds  a b o u t  1.7 m m  in d iam eter ,  
c o m m a -sh a p e d  in la te ra l  view, fla t tened  
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from the sides, the radicula end ex
tending beyond the blunt and  swollen 
cotyledon end, the radicula end ±  covered 
by a thin whitish— hyaline tissue, seed 
coat glabrous, shiningly brown, finely reti
culated with longitudinal rows of minute 
pits.

TYPUS. A. B j ö r n s t a d  862, 20.IV. 1971, 
Tanzania, Iringa District, Ruaha National 
Park, on the top of the K im iram atonge kopje 
(O holotype, UPS isotype).

ICON. Fig. nostra 1.

This is a distinct species not easily 
confused with any other one. It is charac
teristic due to the insignificant flowers 
which have normally two stamens only, 
the short hanging fruits,  the com para
tively long gynophore and the short style, 
the seeds (size, shape, surface pattern),  
the 3-foliolate leaves and the unifoliolate 
bracts.

At first sight, the plants m ay be taken 
for dwarfish specimens of Cleome parvula  
R. A .  G r a h a m . The latter species is also 
found on kopjes in Tanzania ( E l f f e r s  

et al. 1964 p. 13). It differs from C. olig- 
andra  e.g. in the seeds, the num ber  of 
stamens (5 in C. parvula) and the long 
narrow fruits which are not bent dow n
wards by a reflexed pedicel. The m orpho 
logical similarity between these two spe
cies is, however, apparen t and it is highly 
probable that they are closely allied. 
Especially in the fruiting stage, the new 
species resembles Cleome brachycarpa  DC. 
(habit, short fruits). Cleome brachycarpa 
is easily distinguished from C. oligandra 
in the spreading fruits,  the very short 
gynophore (1 mm), the long style (3— 
4 mm) and the m arkedly broad stigma.

The available material is ra th e r  poor, 
especially as to flowering specimens. Two 
of the collections contain specimens with 
young inflorescences ( B j ö r n s t a d  862, 
R i c h a r d s  21046). The th ird  collection 
holds specimens in the fruiting stage on 
which leaves and flowers are  lacking 
( T h u l i n  & M h o r o  701). A single flower 
w ith three stamens was found at the very 
base of a raceme ( R i c h a r d s  21046). The 
odd stamen was borne very close to the 
upper  norm al stamen in that flower. Very 
likely the upper stamen p r im ord ium  had 
been split into two buds and  each had 
developed into a fertile stamen (“dédouble
m e n t”). Three stamens is certainly a rare 
abnorm ality  in this species.

Cleome oligandra is know n from  a very 
restricted area, viz. the top of the Kimi
ramatonge kopje in S.E. Tanzania. There 
it has been collected three times. Accord
ing to the inform ation kindly given by 
Mr. M. T h u l i n , Uppsala, this kopje is 
fairly often visited by botanists because it 
is accessibly situated near the Station of 
the Ruaha National Park  and also near 
a road. Other kopjes occur in the same 
area hut these are situated far  from  each 
other  and  are not easy to reach. So, it is 
not known whether  this species occurs 
on other kopjes in this par t  of Tanzania 
or not. The Kimiramatonge kopje reaches 
about 1100 m above sea-level and is situ
ated on an undulating plain occupied by 
Acacia— Commiphora— Combretum  wood
land (M. T h u l i n , oral communication).

MATERIAL STUDIED

T a n z a n i a :  Iringa District, Ruaha Na
tional Park.

Fig. 1. Cleome oligandra  K e r s , sp. nov. —- A: Top o f raceme. —  B :  Petals. —  C: F low er  
in lateral view. Staminate flow er w ith a rudim entary pistil (black). —  1): Stam ens (before 
an thesis). —  E: Sepals. —  F: F loral bracts. —  G: Stem leaf. —  14: Floral diagram. —  
J: Seed. —  K, M: Fruits. The left fruit w ith the valves detached to show  the seeds. —  
L: Receptacle w ith portion of the gynophore to the left. L1 seen in lateral view. L2 seen  
from above. L3 seen from  below. Note the stam en scars. Petal scars pointed. —  N: Aspect 

of plant. —  A— G, N drawn from  A. B j ö r n s t a d  862, J— M drawn from  
T h u l i n  & M h o r o  702.
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On the top of the K im iram atonge  kopje, 
on top of large boulders. A. B j ö r n s t a d  862, 
20.IV. 1971 (O holotype, UPS isotype) —  
K im iram atonge Hill. In  crevices of large 
rocks on top of the m ounta in .  Small  p ros tra te  
plant with woody root. F low ers  cream- 
coloured. H. M. R i c h a r d s  21046, 25.1. 1966 
(K) — Kimiramatonge kopje.  Growing ex

posed in d ry  crevices on large rocks.  M. T h u 
l i n  & B. M h o r o  701, 11.VIII. 1970 ( U P S ) .
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E m b ryolog ica l Studies in som e C om bretaceae

By J. Venkateswarlu and P. S. Prakasa Rao 1
Department of Botany, 
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Waltair, 
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ABSTRACT

V e n k a t e s w a r l u ,  J. & P r a k a s a  B a o ,  P. S. 1972. Embryological studies in some 
Combretaceae. — Bot. Notiser 125: 161— 179.

The embryological studies now made on 18 species distributed over nine genera 
of Combretaceae disclose that the different members exhibit a somewhat uniform 
pattern  of embryological development and constitute a natural assemblage of 
related taxa. The totality of embryological, floral anatomical, and morphological 
evidence support the removal of Guiera from E x e l l ’s  (1931) tribe, the Combreteae 
and the establishment of a monogeneric tribe, the Guieraeae. The retention of 
Poivrea  as a distinct genus from Combretum  is also indicated.

INTRODUCTION

T h e  C om b re taceae  em braces  18 genera  
a n d  500 species ( L a w r e n c e  1951). T hey  
a re  trees, sh ru b s  o r  climbers,  confined  
p re d o m in a n t ly  to the tropics.  The  fam ily  
is d iv ided in to  two subfamilies ,  nam ely , 
the m o n o g ener ic  S trep h on em ato id eae  and  
the C om breto ideae .  T he  la t te r  has  been  
fu r th e r  d iv ided  into four  tr ibes, nam ely  
the C om breteae ,  T erm inalieae , Calycop- 
te r ideae  a n d  L agu neu la r ieae  ( E x e l l  1931). 
Very  recen t ly  V e n k a t e s w a r l u  an d  P r a 
k a s a  R a o  (1971) on xy lo tom ical basis 
suggested  the sepa ra t ion  of S trep h o n em a  
into a d is t inc t  m onogener ic  family, the 
S trep h o nem ataceae ,  a fam ily  to be c o n 
sidered  all ied to the Com bretaceae . T h e re 
fore, C om bretaceae , as c o m p reh en d ed  by 
these  au th o rs ,  com prises  the g enera  in 
cluded  by E x e l l  (1931) in the sub fam ily  
Com breto ideae .

F r o m  a p e ru sa l  of the l i te ra tu re  it is 
obvious th a t  severa l of the c o m b re tacean  
gene ra  a re  still em bryolog ica lly  u n e x p lo r 

1 Present Address: Department of Botany, 
Andhra University Postgraduate Centre, Gun- 
tur-5, Andhra Pradesh, India.

ed a n d  the d a ta  fo rm e r ly  ava i lab le  fo r  
the few species s tu d ied  a r e  r a th e r  scanty  
a n d  f r a g m e n ta ry  ( K a r s t e n  1891; M a u r i t - 

z o n  1939; F a g e r l i n d  1941; N a g a r a j  

1954 a— c, 1955; P r a k a s a  R a o  1963), 
excep t fo r  P oivrea  coccinea  ( V e n k a t e s 

w a r l u  1952 a). In C o m b re tu m  p in c ia n u m  
a n d  C. p a n icu la tu m , M a u r i t z o n  (1939) 
re p o r te d  a 16-nucleate em b ry o -sac ,  but 
in all o th e r  species of th is  gen us  inves ti
gated  it c o n fo rm s  to the P o ly g o n u m  type. 
T h u s  th e re  is a genu ine  need  to ex tend  
em bryo log ica l  inves tiga tions to the o the r  
species of C o m b re tu m  as well to the  o th e r  
gen e ra  of the family. T o  p ro v id e  an  
em bryo log ica l  p ic tu re  o f th e  fam ily  was 
u n d e r ta k e n  a co m p reh en s iv e  co m p ara t iv e  
s tud y  of as m a n y  m e m b e rs  o f  the  d if 
fe ren t tr ibes  as possible a n d  also  as m an y  
species of C o m b re tu m  as cou ld  be ob 
ta ined . T he  p resen t  co m m u n ic a t io n  p e r 
ta ins  to the s t ru c tu re  a n d  d ev e lo p m en t  of 
the  a n th e r  a n d  ovule, the m a le  a n d  fem ale  
gam eto ph y tes ,  the  e n d o sp e rm  a n d  th e  e m 
b ry o  in 18 species of n ine  g e n e ra  r e p r e 
sen ting  all tr ibes.
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Table 1. Survey of the m ateria l .  -}-denotes the em bryolog ica l  aspects studied  in each species.

S p e c ie s  s t u d i e d  (tr ib es  
a c c o r d i n g  to  E x e l l  1931) C o l le c to r Origin

S truc tu re  and  
d evelopm ent of

< as tc

a, o
Z

COMBRETEAE
C o m b re tu m  ova li fo lium  R o x b . A uthors V isak h ap a tn am , India + + + —

C. e x ten sa m  R o x b . A uthors S im hacha lam , India + + + +
C. d e ca n d ru m  R o x b . Dr. P. N. R a o Anantagiri + + + +
C. g ra n d i f lo ru m  G. D a n . Dr. R. W. R e a d Miami, Flor ida , U.S.A. + + + +
Quisqualis indica  L. A uthors V isak h ap a tn am , India + — — —

Guiera senegalcnsis  L a m . Director, Fores t Ibadan ,  Nigeria + + + +
R esearch

TERM INALIEA E
Terminalia  catappa  L. A uthors V isakhapa tnam , India + + + +

chebula  R e t z . Dr. L. L. N a r a y a n a V isakhapatnam , India + + + +
T. bellerica  R o x b . A uthors V isakhapatnam , India + + — —

T. arjuna  W . & A. Dr. B. S. M. D u t t Bapatla ,  Ind ia + + — —

T. muelleri  R o t h Prof .  A. IsT. R a o Singapore + + + +
T. paniculata  R o t h Shri R. 81. R a o P oona ,  Ind ia -|- + + +
Anogeissus lati folia  W a l l A uthors V isakhapa tnam , India + + + +
A. acum ina ta  R o x b . A uthors Ganjam , Orissa + + + +
Bucida buceros  L. Dr. R. W. R e a d Miami, Flor ida , U.S.A. + + + +
Conocarpus erectus  L. Dr. R. W. R e a d Miami, F lorida, U.S.A. + — —

CALYCOPTERIDEAE
Calycopteris  f lor ibunda  L a m k Shri R. S>. R a o P oona ,  India + + + +

LAGUNCULARIEAE
L u m n itze ra  racemosa  W i l l i). Dr. P. V. B. M u r t y  Koringa, India  +  +  +  +

MATERIALS AND METHODS

Table  1 gives a survey of the m ate r ia l  and  
also of the em bryologica l  aspects studied  in 
the respective  species.

The f lowers a n d  fru i ts  in all stages of 
developm ent w ere  fixed in formalin-acetic-  
alcohol an d  stored  in 70 °/o alcohol-glycerine  
m ix ture  fo r  later  handling . Most of the 
materia l  o ffered  difficulty  in m ic ro to m y  due 
to the p resence  of ha irs  on the different  
f loral pa r ts .  It therefore  becam e ind ispens
able to dissect out a n th e rs  and  ovules at 
d ifferent  stages of developm ent fo r  em 
bedding a n d  sectioning. Sections 6 to 8 
m icrons  th ick  were  cut fo r  the s tudy  of micro- 
sporogenesis,  m egasporogenesis  and  embryo- 
sac developm ent a n d  8 to 12 m ic rons  thick 
for en d o sp e rm  and  e m bryo  development.  
S ta ining w as  done  in D e l a f i e l d ’s h e m a 

toxylin as well as sa f ran in  a n d  fast  green 
ado p tin g  the p roced u re  ou tlined  by J o h a n s e n  
(1940). Since m ost  of the  developm ental  
deta i ls  a re  so m ew h a t  sim ila r  in the  d ifferent 
m em b e rs  exam ined, a com m on account is 
presen ted  d raw ing  a t ten t io n  to the var ia tion  
in a n y  p a r t icu la r  species. W h ere  embryo- 
logical fea tu res  a re  un ifo rm , they  are r e p re 
sented  by a single com m o n  d iagram. W h ere  
varia t ions  a re  encountered ,  in respect of  any  
one fea tu re  or taxon, they  are  individualised.

OBSERVATIONS 

Microsporangium and Male 
Gainetophytc

I n  all  th e  m e m b e r s  e x a m i n e d  th e  s t a 
m e n s  o c c u r  a t t a c h e d  to  t h e  f l o r a l  t u b e  in
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two whorls  of 4 or 5 each. The transec
tion of the four-lobed young an ther  shows 
the hypoderm al archesporium  at each 
corner which after periclinal divisions 
forms a parietal layer and an inner 
p r im ary  sporogenous layer (Fig. 1 A, B). 
A varying number of cell layers come to 
be differentiated below the epidermis as 
a consequence of periclinal divisions in 
the p r im ary  parietal cells (Fig. 1 I)—-J, T). 
The an ther  wall at the mother  cell stage 
has one middle layer in Gniera senega- 
lensis (Fig. 1 C), two in Combretum ovali- 
folium, C. extensum, C. deccindrum, Quis- 
qualis indica and Lumnitzera  racemosa  
(Fig. 1 I), E) and three in Terminalia  
catappa, T. arjuna, T. bellerica, T. pani- 
culata, T. muelleri, Bucida buceros, Ano-  
geissus latifolia, A. acuminata  and Calg- 
copteris jloribunda  (Fig. 1 F, G, T). Bid 
vet in Combretum grandiflorum  there are 
four to six middle layers (Fig. 1 II, 1). 
Iu Conocarpus erectus the youngest anther 
available revealed the microspore tetrads 
surrounded  by secretory tapetum, two 
middle layers, endothelium  and an epi
dermis (Fig. 1 J). The an ther  tapetum  is 
parietal in its origin and of the secretory 
type. It is usually one-layered th rough
out, hut in Quisqualis indica, Terminalia  
muelleri, Bucida buceros and Calycopteris 
jloribunda  it becomes two-layered at some 
places (Fig. 1 E, G) due to a periclinal 
division of some of the tapetal cells. In 
Combretum grandiflorum  it is m ult i
layered (Fig. 1 II, I). The tapetal cells 
are at first uninucleate (Fig. 1 I), H), but 
become binucleate by t lie time spore 
m other  cells enter into the meiotic p ro 
phase and correspond to the first type 
recognised by C o o p e r  (1933). In Com
bretum grandiflorum  and Terminalia ca
tappa  tri- and quadrinucleate conditions 
of the tapetal cells were encountered in 
a very few cases (Fig. 1 I), as was also 
the fusion of the tapetal nuclei leading to 
polyploid nuclei (Fig. I K — N).  In an 
an ther  about to dehisce both the tapetum 
and the middle layers get crushed and 
distorted. The tapetal cells become con- 
11

sinned either at the uni- or binucleate 
stage of the pollen grains. The hypoder- 
mal layer develops fibrous thickenings 
except in the region of the stomium. 
Occasionally in Terminalia arjuna, Ano-  
geissus latifolia, A. acuminata  and L u m 
nitzera racemosa  some of the cells of the 
connective and the cells ad jacent to the 
middle layer also develop fibrous th ick 
enings (Fig. 1 O, P). In Terminalia arjuna  
and Lumnitzera racemosa the endothecial 
cells become richly filled with darkly  
staining contents which may probably  in 
clude tannins and  phenolic substances 
(Fig. I P ) .

Concurrent with the aforesaid changes 
in the wall layers of the anther,  the inner 
sporogenous cells undergo a few more 
mitotic divisions in all directions resulting 
in a mass of microsporocytes w hich se
crete a thick mucilaginous wall, undergo 
meiosis and yield te trahedra l or isobi
lateral tetrads, the former a rrangem ent 
being more frequent; cytokinesis is by 
furrowing. The m ature  pollen grains, 
which are spheroidal, tr iporate, ridged 
and furrow ed with thick exine and deli
cate inline, are shed usually at the two- 
celled stage (Fig. I Q) .  In Lum nitzera  
racemosa,  however, a few of the pollen 
grains showed six nuclei (Fig. 1 R). In 
such exceptional cases four  nuclei were 
invariably larger than the rest and  p ro b 
ably arose as a consequence of su p e r
num erary  divisions of the vegetative nu c 
leus. The two smaller nuclei obviously 
resulted from  the extra divisions of the 
generative nucleus.

Pollen sterility is very com monly ob 
served in most of the taxa investigated. 
Apart from the sterility resulting from  the 
pollen grains abortive when fully form ed 
(Fig. 1 ()), degenerations of the micro- 
spores at various other stages of devel
opment and to varying degrees, have been 
encountered in a few members. In Quis
qualis indica and Combretum grandi
f lorum,  a num ber of microsporocytes in 
some of the sporangia are seen to d e 
generate even before entering upon  the 
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m eiotic d ivisions (Fig. 1 E, H). In C om 
b re tu m  e x te n su m , T erm ina l ia  bellerica, 
and C alycopteris  f lo r ibunda ,  the entire 
sporogenous tissue in one or m ore lobes 
o f an anther som etim es degenerates (Fig. 
I S ) .  In such instances the degenerated  
contents rem ain as indistinct m asses. 
L ikew ise, degeneration o f one, two, three 
or even all the m icrospores in a tetrad, 
w hile still in the m other cell w all, has 
also been recorded in T erm inalia  catappa  
(Fig. I T) .

Ovary and M egasporangium

In all the species studied the ovary is 
in ferior and unilocular. It encloses 2 to 
5 pendulous ovules; the num ber varies 
in different m em bers. The ovular prim 
ordium  develops tow ards the roof of 
the locu lus and protrudes into the ovarian  
cavity as a blunt outgrow th being a hom o
geneous m ass o f parenchym atous cells 
delim ited peripherally  by a uniseriate  
epiderm al layer (Fig. 1 U). D uring the 
further developm ent, the ovular prim or

dium  increases in size and curves, w here
after the inner and outer integum ents are 
differentiated . The ovule finally  becom es 
anatropous, crassinucellar and tw o-inte- 
gum ented (Fig. 1 V, W ). The integum ents 
in general do not close the nucellus until 
after tetrad form ation  (Fig. 1 X). In fu lly  
grow n ovules the two integum ents w hich  
are free from  each other overtop the 
nucellus com pletely  constituting a narrow  
and roughly zigzag m icropyle. In Guiera  
senegalensis ,  how ever, the m icropyle is 
form ed by the inner integum ent alone 
(Fig. 2 C). In a sm all percentage o f ovules 
of T erm in a l ia  catappa  and Bucida  buceros  
the n ucellus extends into the m icropyle as 
a d istinctive conical structure (Fig. 2 D) .  
In the young ovules of C o m b re tu m  grandi-  
f lo ru m ,  C. e x te n su m , C. ova li fo l ium , C. 
d ec a n d ru m ,  Guiera senegalensis, T e r m i
nalia  bellerica, A noge issus  latifolia,  4 . acu
m ina ta ,  C alycopteris  f lo r ib u n d a  and L u m -  
n itzera  racem osa  each of the tw o inte
gum ents is tw o-layered  (Figs. 1 W , X, 
2 G), w hile in T erm ina l ia  catappa  and  
B ucida  buceros  the outer integum ent is

Fig. 1. A: Combretum decandrum. T.S., part of young an ther showing archesporium . X160. 
—- B: Anogeissus acuminata. L.S., an ther lobe displaying dividing archesporial cells. X300. 
— C: Guiera senegalensis. T.S., portion of m ature an ther lobe showing epidermis, endo- 

thecium, single middle layer, tlie rem nants of tapetal layer and the two-celled pollen 
grains. X120. — 1): Combretum ovalifolium. T.S., an ther lobe w ith sporogenous cells. 
X200. — E: Quisqualis indica. T.S., anther lobe w ith sporogenous cells and biseriate 
tapetal cells. X200. — F: Bucida buceros. T.S., an ther lobe w ith spore m other cells in 
division. X280. — G: Terminalia muelleri. T.S., an ther lobe w ith m icrospore tetrads, 
biseriate and binucleate tapetal cells. X280. — H, I: Combretum grandiflorum. T.S., part 
of an ther lobe showing functional and sterile spore m other cells, m ultiseriate tapetum , 
and bi-, tri-, and quadrinucleate tapetal cells. X270. — J: Conocarpus erectus. T.S., anther 
lobe showing epidermis, endothecium, crushed middle layers, binucleate tapetal cells and 
m icrospore tetrads. X340. — K—N: Terminalia catappa. Tapetal cells showing nuclear 
division and fusion. X270. — O: Anogeissus latifolia. T.S., m ature anther lobes w ith 
functional and sterile pollen grains and fibrous endothecium . X270. — P: Lumnitzera  
racemosa. T.S., m ature an ther lobe. Note the darkly stained m aterial in the endothecium. 
X360. — Q: Terminalia catappa. T.S., part of old an ther lobe showing m ature pollen 
grains. X360. — R: Lumnitzera racemosa. M ature pollen grain w ith 6 nuclei. X270. — 
S: Combretum extensum.  T.S., m ature anther showing abortive sporogenous tissue in 
two anther lobes. X200. — T: Terminalia catappa. T.S., portion  of m ature anther lobe 
showing the degenerated m icrospores in tetrads. X270. — U: Combretum ovalifolium. L.S., 
ovule prim ordium . X270. — V, W : Combretum ovalifolium. L.S., developing ovule showing 
integum entary prim ordia and megaspore m other cell. X270. — X: Combretum ovalifolium. 
L.S., ovule at te trad  stage. X120. — Y: Combretum ovalifolium. L.S., ovule showing 
funicular obturator at m ature em bryo-sac stage. X120. — Z: Lumnitzera racemosa. L.S., 
p art of m ature ovule showing nucellar cap, developing embryo and endosperm. X 160. —

END, endosperm ; OB, obturator.
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three-layered (Fig. 2 H) .  As the ovules 
m atu re  the ou ter integum ent becomes 
three- to six-layered in the m icropylar 
region (Figs. 1 Y, Z, 2 A— C). However, it 
rem ains two- to four-layered  at the 
chalazal region. The inner integum ent al
w ays rem ains tw o-layered even in the 
m atu re  ovules, except near the m icropyle 
w here it is three or four cells thick 
(Figs. 1 Y, Z, 2 A— C). In Lumnitzerci 
racemosa  the ou ter epiderm al layer of the 
ou ter in tegum ent com prises p rom inently  
tangentially  flattened  cells w hich contain 
tann in  (Fig. 2 E ) .

The nucellus is extensive in all species 
studied, excepting Guiera senegalensis. 
The few periclinal divisions th a t occur in 
the nucellar epiderm is result in a nucellar 
cap. By the tim e the ovules m ature, the 
nucellar cap is about three- to five- 
layered in Combretum decandrum, C. ex
tensum  and C. ovalifolium, Anogeissus  
latifolia  and .4. acum inata ; four- to six- 
layered in Combretum grandiflorum  and 
three- to six-layered in Terminalia ca- 
tappa, T. bellerico, T. muelleri, Calycopte- 
ris floribunda  and Lumnitzera racemosa. 
The d ifferen t m em bers investigated m an i
fest a m assive parie tal tissue (Fig. 2 G, 
I— O), excepting Guiera senegalensis, in 
w hich in m ost ovules it is restric ted  to 
two to four layers only (Fig. 2 P — R) 
and  in a few the parie tal cell even re 

m ains undivided (Fig. 3 A). The extensive 
fo rm ation  of parie tal tissue keeps the 
m egaspore m other cell deeply seated in 
the m em bers (Fig. 2 G, I— N) w ith the 
sole exception of Guiera (Figs. 2 P, 3 A). 
D uring the course of the developm ent of 
the em bryo-sac there is a pronounced 
grow th  of the chalaza of the ovule sim ilar 
to the one described fo r Poivrea  ( V e n k a - 

T E S W A K L U  1952 a) and  Combretum panicu- 
la tum  and C. p incianum  ( M a u h i t z o n  

1939). In m ost of the species a greater 
num ber of cells of the parie tal tissue get 
crushed  by the enlarging em bryo-sac 
w hich, w hen fully  organised, alm ost abuts 
on the nucellar cap. Likewise, in the 
low er end of the ovule the em bryo-sac 
penetra tes the chalaza w hich by now has 
grow n enorm ously  to form  the wall of 
the basal p a r t of the ovule (Figs. 1 Y, 
2 D — F).  In Guiera the em bryo-sac ex
hibits aggressive grow th at the m icropylar 
end and  extends even into the m icropyle 
absorb ing  its way through  the parie tal 
tissue and  the nucellar cap (Fig. 2 C).

A well-developed hypostase w hich be
comes m ore pronounced  during post
fertilization  stage is d ifferen tia ted  at the 
chalazal region of the ovule of L u m n it
zera racemosa  (Fig. 2 E) .  In Combretum  
extensum  a group of nucellar cells ex
trem ely rich  in p lasm a is encountered 
sub jacen t to the an tipodal end of the

Fig. 2. A: Calgcopteris floribunda.  L.S., part of m ature ovule w ith  zygote, endosperm  
nuclei, synergids, degenerating m ass, m icropylar region of em bryo sac, crushed parietal 
tissue, nucellar cap and two integum ents. X160. —  B: Combretum decandrum.  L.S., part 
of mature ovule. —  G: Guiera senegalensis. L.S., part of m ature ovule show ing absence of 
parietal tissue and nucellar cap, m icropyle form ed by inner integum ent, persisting syner
gids, proem bryo and nuclear endosperm . X 160. —  D: Terminalia catappa.  L.S., mature 
ovule show ing the nucellar cap projecting into the m icropyle. X40. —  E: Lumnitzera  
racemosa.  L.S., mature ovule. Note hypostase and the epiderm al cells of outer integum ent 
bearing colouring material. X 40. —  F: Com bretum  extensum.  L.S., m ature ovule. Note 
hypostase. X40. —  G: Combretum grandiflorum.  L.S., young ovule w ith single m egaspore 
m other cell. X160. —  H: Bucida buceros.  L.S., young ovule w ith single m egaspore m other 
cell and thick outer integum ent. X160. —  I: C om bretum  grandiflorum.  L.S., nucellus 
show ing deep-seated m egaspore m other cell. X160. —  J— O: L.S., nucellus showing tetrad 
of spores in different members. X250. —  P— R: Guiera senegalensis.  L.S., young ovule  
show ing nucellus of varying extent. X400. —  ANT, antipodals; DM, degenerating mass; 
E, egg; EMB, embryo; END, endosperm ; ES, em bryo-sac; HY, hypostase; II, inner integu
ment; NC, nucellar cap; NU, nucellus; OB, obturator; 01, outer integum ent; PN, polar  

nuclei; PS, persisting synergids; S, synergid; VS, vascular strand; Z, zygote.
Bot. Xotiser, vol . 125, 1972



EMBRYOLOGY OF COMBRETACEAE 1 6 7

Bot. N otiser, vol. 125, 1972



168 J. VE N K ATES WA 11 LU AND P. S. PRAKASA RAO

em b ry o -sac  (Fig. 2 F) th is  resem b ling  the 
c o n d itio n  re p o r te d  fo r  M elastom aceae 
( S U B R A M  A N Y  A M  1942).

Megasporangium and Fem ale 
Gametophyte

As th e  ovule beg ins to cu rve , p r io r  to 
the  a p p e a ra n c e  of th e  in teg u m en ta ry  
p rim o rd ia , a single h y p o d e rm a l a rche- 
sp o ria l cell d iffe ren tia te s  fro m  th e  cells 
of th e  n u ce llu s  (Fig. 3 B, C). H ow ever, 
in a few  ovules of C o m b re tu m  grandi-  
f lo ru m ,  C. ova l i fo l ium , Term ina l ia  ca- 
tappa , T. mueller i,  Guiera senegalensis  
an d  L u m n i tz e r a  racem osa  tw o  o r  m ore  
s im ila r la rg e r  cells s itu a ted  sub ep id erm - 
a lly  m ay  be seen  g ro u p ed  to g e th e r s im u 
la tin g  a rc h e sp o ria l cells (Fig. 3 D ) , b u t 
in no  case does m o re  th a n  one co n tinue  
to  develop . A fter som e en la rg em en t, the  
a rc h e sp o ria l cell fu n c tio n s  as th e  m eg a
sp o re  m o th e r  cell cu ttin g  o ff  a p r im a ry  
p a r ie ta l  cell (Fig. 3 E ) .  O ccasionally , h o w 
ever, ovu les w ith  tw o m eg asp o re  m o th e r 
cells have  also  been  m et w ith  in T e r m i 
nalia  bellerica, T. m ueller i ,  Anogeissus  
latifolia,  A. a cu m ina ta  an d  Calycopteris  
f lo r ib u m la  (Fig. 3 F ) .  T he  d eep -seated  
m eg asp o re  m o th e r cell (F ig. 2 G, I) u n d e r
goes tw o m eio tic  d iv isions an d  fo rm s a 
lin e a r  te tra d  of m egaspo res (Figs. 2 J — O, 
3 G— K) w ith  an  excep tion  of a few  ovules 
in T erm in a l ia  catappa  sho w in g  a T -sh ap ed

te tra d  (Fig. 3 L ) .  Ir re sp ec tiv e  of the m ode 
of a r ra n g e m e n t o f the  fo u r  h a p lo id  m ega
spores, u ltim a te ly , th re e  o f them  are  
c ru sh ed  a n d  I lie ch a la za l one  a lo n e  fu n c 
tions to fo rm  th e  fem ale  g am etophy te . 
T he tra ce s  o f the d eg en era tin g  cells p e r 
sist even  up to th e  8 -nuc lea te  stage of 
the em b ry o -sac  in T e rm in a l ia  m ueller i  
(Fig. 3 M ) .  T he fu n c tio n a l m eg asp o re  su b 
seq u en tly  en la rges an d  th ro u g h  th ree  
successive  d iv isions develops in to  a 2-, 4-, 
an d  8 -n u c lea ted  g am eto p h y te  (Fig. 3 N—  
P, M ). T h e  m ic ro p y la r  q u a r te t  o rgan ises 
e a r l ie r  an d  the  m a tu re  em b ry o -sac  d is
p lay s an  egg a p p a ra tu s , tw o p o la r  nuclei 
and  th re e  an tip o d a l cells (Fig. 3 Q — S, U ). 
T he m a tu re  em b rv o -sac  is e longa ted  and  
so m ew h a t v a riab le  in fo rm . It is b ro a d  at 
the  m ic ro p y la r  end  and  tap e rs  g rad u a lly  
to w ard s  th e  ch a la za l end  in C o m b re tu m  
e x te n s u m , C. grandi f lo ru m ,  C. decan drum ,  
T e rm in a l ia  catappa, T. mueller i,  T. belle
rica, B u c id a  buceros, Anogeissus latifolia  
and  .4. a cu m in a ta  (Figs. 2 D, 3 Q) ; b u lb 
ous a t th e  m ic ro p y la r  end  an d  n a rro w  
to w a rd s  th e  ch a la za l end  in C o m b re tu m  
ov a li fo l iu m  (Figs. 1 Y, 3 R) ; c o m p a ra 
tive ly  b ro a d  to w ard s  th e  ch a la za l end  in 
L u m n i tz e r a  racem osa  (F igs. 2 E , 3 S) ; and  
sp in d le -sh ap ed  in Guiera senegalensis  an d  
C alycopteris  f lo r ib u n d a  (Fig. 3 U). T h u s 
in all th e  species s tu d ied  h ere , th e  d ev e l
o p m en t o f m eg ag am eto p h y te  co n fo rm s to 
the  m o n o sp o ric  P o ly g o n u m  ty p e  (M a i i e s i i -

Fig. 3. A: Guiera senegalensis. L.S., young ovule showing the division of megaspore m other 
cell. Note tha t the parie ta l cell has not undergone fu rther division. X400. — B: Combretum  
ovalifolium. L.S., ovule prim ordium  showing single-celled hypoderm al female arche- 
sporium . X270. — C: Bucida buceros. L.S., young ovule showing the female archesporium . 
X270. — D: Terminalia muelleri. L.S., ovule showing m ultiple archesporium . X400. -— 
E: Combretum decandrum. L.S., young ovule showing single megaspore m other cell and 
late emergence of integuments. X200. — F: Combretum grandi florum.  L.S., ovule showing 
two deep-seated megaspore m other cells. X270. —  G—K: Linear tetrad  of megaspores 
in different members. X270. — L: Terminalia catappa. T-shaped tetrad  of megaspores. 
X270. — M—P: Development of embryo-sac in different members. X80. — Q—S, U: 
Fully developed em bryo-sac in different members. X180. — T: Lumnitzera racemosa. 
M icropylar pa rt of em bryo-sac showing egg apparatus. X270. — V: Guiera senegalensis. 
L.S., em bryo-sac showing 6 antipodal cells and proem bryo. X180. — W : Calycopteris 
floribunda. Three em bryo-sacs at different stages of development. X180. — X: Combretum  
grandiflorum. Em bryo-sac w ith developing embryos and aggregation of endosperm  nuclei 
at both ends. X160. — Y—H’: Em bryo development in different members. X140. — 

ANT, antipodals; Ç ARCHE, fem ale archesporial cell.
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w a r  I 1950). Each synei’gid develops hooks 
and a typical filiform apparatus  and are 
usually ephemeral, but in Guiera senegal- 
ensis they persist up to the early stages 
of em bryo formation. The egg cell is 
larger, flask-shaped, highly vacuolated 
and with the nucleus usually located in 
its lower par t  (Fig. 3 Q — U, W ) .

The three nuclei at the chalazal end of 
the embryo-sac go to organise the an t i
podal cells before the egg apparatus  orga
nises and disappear usually prior to triple 
fusion (Fig. 3 R— T, X). In Guiera senegal- 
ensis, however, the antipodal cells re 
main  persisting healthy into early em- 
hryogeny and in certain ovules they even 
show a secondary increase in num ber up 
to a maxim um  of six (Fig. 3 V).

Usually, only one emhrvo-sac is formed 
in each ovule. Occasionally, however, 
the occurrence of three embryo-sacs 
within an ovule has been encountered in 
Calycopteris floribunda  (Fig. 3 W), In 
such exceptional cases one embryo-sac 
showed the complete development of the 
egg apparatus, polar nuclei and the de
generating antipodal cells, while the others 
did not develop beyond the four-nucleate 
stage and ultimately degenerated.

Even when a single embryo-sac is p re 
sent in an ovule several cases of degene
ration of the embryo-sacs during t lie 
various stages of development were met 
with in Combretum decandrum, C. ex
te n su m , Terminalia miielleri, Bucida bu
ceros, Anogeissus latifolia, A. acuminata  
and Calycopteris floribunda. In Ano
geissus  species and Combretum extensum  
all the megaspores of the tetrad degenerate 
in some ovules (Fig. 3 K), while in others 
degeneration sets in after the embryo-sac 
had reached the four-nucleate stage. About 
60 %  of the ovules examined contained 
degenerating embryo-sacs in Calycopteris, 
Terminalia bellerica anti Combretum ex
tensum.  This abortion of megaspores and 
embryo-sacs recalls the parallel features 
in the development of the male gameto- 
phytes described earlier.
Bot. Notiser, vol. 125, 1972

Fertilisation and Endosperm  
Formation

The style has a narrow  canal lined by 
small richly protoplasmic cells which 
function as a transmitting tissue. Ferti
lisation is porogamous. At about the time 
of the organisation of the m atu re  embryo- 
sac the long funicles in Combretum ovali- 
folium, C. decandrum, C. extensum  and 
C. grandi florum  are lined with large 
papillate cells resulting in the formation 
of an ob turator  (Figs. 1 Y, 2 F ) .  The 
form ation of a funicular ob tu ra to r  has 
been observed earlier in Combretum  
paniculatum, C. pincianum  ( M a u r i t z o n  

1939), Quisqualis indica ( F a g e r l i n d  1941) 
and Poivrea coccinea ( V e n k a t e s w a r l u  

1952 a).
The triploid p rim ary  endosperm nuc

leus is multiplied by a few divisions 
without the formation of septa long be
fore the oospore divides for the first time. 
Thus the endosperm  formed in the earlier 
stages is of the free nuclear type. The 
disposition of the endosperm nuclei is 
interesting in tha t  there is a definite 
accum ulation in the chalazal and micro- 
py lar  regions of the megagametophyte, 
while at sides, the nuclei are not only 
relatively few but even spatially separated 
in the cytoplasmic lining of the mega
gametophyte (Fig. 3 X). This forms a 
characteristic feature in all the members 
under study. The cytoplasm at the anti
podal region of the embryo-sac accum u
lates as a thick granular  sheet in which 
a great num ber of endosperm nuclei is 
closely disposed. At the other end of the 
embryo-sac the nuclei stand apar t  from 
each other, and so there appears to be 
a dense aggregation of a larger num ber  of 
nuclei at the chalazal end alone (Fig. 3 X). 
By about the time the developing embryo 
approaches the globular stage, wall 
form ation  sets in in the m icropylar part  
of the free nuclear endosperm (figs. 
1 Z, 2B) .  In the fully developed seed, 
the endosperm becomes consumed by the 
developing embryo.
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m m

Fig. 4. A—H: Various stages in tlie embryo development in different members. X140. — 
I— T: Terminalia chebula. Various stages of the embryo development. X140.

Embryo Developm ent

In all the m em bers investigated here, 
the zygote divides only after the prim ary  
endosperm  nucleus has divided a num ber 
of times (Fig. 3Y ). The firs t division of 
the zygote is transverse w ith the resu lt 
that a two-celled pro-em bryo com prising 
a term inal cell ca and a basal cell cb is 
organised (Fig. 3 Z). Generally, division 
in ca precedes tha t in cb, although very

occasionally the reverse m ay be true  in 
Guiera senegalensis, Term inalia bellerica. 
Anogeissus latifolia, C om bretum  grandi- 
floriun  and Calycopteris floribunda  (Fig. 
3 A ), ca divides by an oblique wall into 
two jux taposed unequal cells, nam ely a 
and b (Fig. 3 B j .  Occasionally in T erm i
nalia catappa, Bucida buceros, Combre
tum  extensum , C. decandrum  and  Lum -  
nitzera racemosa  this w all m ay he vertical 
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ZYGOTE

cb

e .....................................................................  Stem apex.

q .....................................................................  Cotyledons

m ....................................................................... Hypocotyl

______n   Major part of the root

______o   Root apex and root cap
ni

Suspensor

Fig. 5. Schematic representation of the embryogeny common to most of the Combretacean
taxa in this study.

resulting in nearly equal cells (Fig. 3 C  ). 
Next an  oblique wall is laid down in the 
larger of the two resultant cells cutting 
off a tr iangular epiphyseal initial e 
distinguished from the rest by its shape 
and position (Fig. 3 1) , E ’). The three 
cells derived from  ca constitute the p o r 
tion designated q (Figs. 3 D ’-—G, 4 A). 
Concurrently with the above events in 
the term inal cell ca, the basal cell cb of 
the two-celled pro-embryo divides t ran s 
versely forming two superposed cells m  
and ci (Fig. 3 G , II'). The divisions in 
ci may he also vertical or even oblique 
as in Terminalia catappa  and Bucida  
buceros  (Fig. 3 F ). A little later, the 
lower of the derivatives (/7j ) of the cell 
ci undergoes a transverse division forming 
two more cells o and p (Fig. 4 A).

The course of events taking place 
subsequently in the different tiers of the 
pro-embryo is as follows:

As already described an epiphyseal 
initial e is differentiated early in the 
term inal tier. It usually divides longi
tudinally and the subepiphyseal cell by 
a vertical or oblique wall (Figs. 3 H ’, 
4 B). Periclinal divisions take place in the 
daughter  cells thus formed (Fig. 4 D ) .  
The derivatives of the epiphyseal initial 
fo rm  a group of cells which are quite 
distinct from  the subepiphyseal cells and 
ultimately form the stem apex (Fig. 
4 B — F). Subsequently the derivatives of 
Bot. N otiser, vol. 125, 1972

the subepiphyseal cells also divide peri- 
clinally demarcating the epidermal initials 
(Fig. 4 F ) .  Both anticlinal and periclinal 
divisions take place in the inner cells of 
the subepiphyseal region and the deriva
tives form the massive cotyledons of the 
m ature  embryo. The entire epiphyseal 
region, however, loses its identity during 
the advanced stages of em bryo devel
opment (Fig. 4 G, IF).

'Fhe middle cell m  undergoes two 
longitudinal divisions at right angles to 
each other giving rise to four circumaxi- 
ally arranged cells (Fig. 4B) .  The first 
of these divisions may be completed m uch  
earlier than  the formation of n and  ;q 
as in Combretum grundiflorum, Calycop-  
teris f loribunda  and Lumnitzera  racemosa  
(Figs. 3 11, 4 C). The differentiation of 
the dermatogen takes place following the 
periclinal divisions in the four cells of m  
a little la ter than  the formation of the 
epidermal initials in the terminal tier 
(Fig. 4 E) .  The diverse histogenic layers 
in this tier are differentiated prior  to the 
cotyledonary prim ord ia  making their 
appearance in the epiphyseal region.

The cell ci, as mentioned earlier, u n d e r 
goes a transverse division forming two 
superposed daughter cells n  and n l I Fig. 
3 G  ). The cell n soon divides by vertical 
and transverse walls and the derm atogen  
initials are differentiated following p e r i 
clinal divisions (Fig. 4 B, D). The divi-
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-1   Plumule and cotyledons

ZYGOTE

cb

-ll ..................................  Upper part of the hypocotvl

-in . . . .  Lower part of hvpocotyl and part of root 

 ---------ii   Root apex and root cap

I 1 ° II  lit   Suspensor

Fig. 6. Schematic representation of the embryogeny of Terminalia chebula.

sion in the tier n take place only sub
sequent to the formation of epidermal 
initials in the cells of the lier m  (Fig. 4 1)). 
The derivatives of the cell n  contribute 
to the m a jo r  pa r t  of the root. The cell 
n, divides transversely to form  two super
posed cells o and  p (Fig. 4 A). The former 
divides longitudinally twice and then 
tangentially. The derivative cells that are 
cut off inwards form the root apex, while 
those cut off outwards form the root cap 
initials. Subsequent divisions in the 
initiating layer of the root cap result in 
a multi-layered root cap. The cell p 
divides transversely and obliquely a few 
times to fo rm  a several-celled suspensor 
in Terminalia catappa, T. paniculata  and 
Lumnitzera  racemosa, while in others it 
divides and forms a two-celled suspensor 
(Fig. 4 G— 111.

F rom  the foregoing details of em bryo
geny, it can be gathered that the embryo 
is formed from  the derivatives of both 
the terminal (ca) and the basal (cb) cell 
of the two-celled pro-embryo. Thus the 
development of the embryo conforms to the 
Asterad type ( J o h a n s e n  1950). Further, 
since an  epiphyseal cell is differentiated 
and the tier n is not involved in the 
form ation of the suspensor, the em bryo
geny keys out to the Erodium Variation 
( J o h a n s e n  1950). The schematic rep re
sentation in Fig. 5 enumerates the deriva
tives of the diverse embryonic tiers.

All the members investigated here con
form to the embryogeny described above.

Terminalia chebula  presents certain dif
ferences and therefore its embryo devel
opment is described separately below.

Embryo Developm ent in 
Terminalia ehcbuln

The first division in the zygote is trans
verse and takes place after a few free 
endosperm nuclei are formed as in other 
Combretaceae, and gives rise to a two- 
celled pro-embryo with the basal cell cb 
and term inal cell ca (Fig. 4 I, J). The cell 
cb divides transversely resulting in two 
superposed cells m  and ci (Fig. 4 K). F u r 
ther transverse division in ci produces the 
tiers n and jq (Fig. 4 K, L). The latter 
undergoes fu rthe r  divisions transversely 
resulting in a filamentous pro-embryo 
(Fig. 4 M—()).

The cell ca divides longitudinally into 
two juxtaposed cells about the time the 
cells m, n, o and p  are differentiated (Fig. 
4 0 ) .  The derivatives of ca form a qua
drant consequent to the second longi
tudinal division at r ight angles to the first. 
Transverse division in the quadran t re
sults in an octant comprising the tiers / 
and /, (Fig. 4 P). Following the segmenta
tion in ca, a quadran t is organised in m. 
Periclinal division in tiers I, lx and  m  
demarcates the dermatogen initials in 
each of them (Fig. 4 Q, R). F u rthe r  divi
sions follow in the inner cells of each 
tier resulting in the differentiation of the 
periblem and plerome.

Bot. N otiser, vol. 125, 1972
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As a sequal to the aforesaid changes in 
ca and in, a quadran t is formed in the 
cell /i (Fig. 4 Q — S). F u r th e r  divisions 
occur in the tangential plane and the cells 
formed towards the inside give rise to the 
root apex while those laid down towards 
the periphery form the root cap.

The cell ;q divides to form  the super
posed daughter cells o and p  (Fig. 4M) .  
Both of these furthe r  divide to give rise 
to a suspensor, which is about eight cells 
long (Fig. 4 N, O) and remains two cells 
broad throughout its greater pa r t  and 
four cells b road at the basal region 
(Fig. 4 T ) .

F rom  the details enum erated  above it 
is clear that ca and cb arc involved in 
the formation of the embryo proper. Ter
minalia chebula  differs from  the other 
combretacean taxa investigated in the ab 
sence of an epiphyseal cell, the derivative 
/q entering into the constitution of the sus
pensor and in the origin of the upper and 
lower parts of the hypocotyl.  Therefore, 
though the embryogeny conforms to the 
Asterad type, it keys out to its Polygonum 
variation. The developmental details in 
respect of 'Terminalia chebula  are sche
matically represented in Fig. 6.

Polyenibryony

Normally a single embryo develops in 
the embryo-sac of the members studied 
here. However, in some taxa (Combretum  
grandiflorum, C. decandrum, C. extensum, 
Terminalia eatappa, Calycopteris flori- 
bunda, Cniera senegalensis and Lumnit-  
zera racemosa) two embryos were noticed 
in a few ovules (Fig. 3 X). In such cases 
the second embryo was disposed lateral 
to the zygotic embryo. This evidently sug
gests that the extra embryo originates 
from  one of the synergids.

DISCUSSION AND CONCLUSIONS

It is evident from  the preceding descrip
tion that by and large there is a great
Bot. Notiser, vol. 125, 1972

uniform ity  in the embryological features, 
Combretum grandiflorum, Guiera senega
lensis and Lumnitzera  racemosa  being 
most deviant.

The members exhibit two to three 
middle layers in the an ther  wall, except 
tha t  Combretum grandif lorum  shows a 
m ax im um  of six middle layers and Guiera 
senegalensis only one. Thus all the mem 
bers discussed here, with the exception of 
Guiera, conform to the basic type of 
anther-wall formation met with in the 
dicotyledonous plants and which in the 
opinion of D a v i s  (1966) is a derived 
feature.

The glandular tapetum is parietal in 
origin as in Poivrea coccinea  ( V e n k a t e s - 

w a r l u  1952 a). The tapetum  remains one- 
seriate throughout, although a partly  two- 
seriate condition was found in Quisqualis 
indica, Terminalia m u elle ri, Biicida buce
ros and  Calgcopteris floribunda.  A feature 
of exceptional interest is the occurrence 
of a multi-layered tapetum in Combretum  
grandiflorum.

As has already been mentioned, there 
is a total collapse of the entire mass of 
the sporogenous cells in some of the lobes 
of the anthers in Terminalia bellerica, 
Combretum extensum  and Calycopteris  
floribunda,  while degeneration in Com
bretum grandiflorum  is restricted to a few 
of the microsporocytes and in still others 
such as 'Terminalia eatappa  degeneration 
of microspores takes place at varying 
stages of development. Thus there seems 
to be a progressive degeneration of sporo
genous cells in the family, leading to dif
ferent degrees of sterility.

The functional significance, if any, of 
this consistent degeneration of some po
tential sporogenous cells is not obvious. 
K a u s i k  (1939), M a h e s h w a r i  (1934) and 
D n y a n s a g a r  (1947) suggested tha t  the 
degeneration of sporogenous tissue may 
fulfil, at least in part, the function of the 
tape tum  by furnishing nourishm ent to the 
developing sporogenous cells. The cells in 
the middle layers of the an ther  were also
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considered as forming auxiliary nutritive 
tissue by C o u l t e r  and C h a m b e r l a i n  

(1903) and S i n g i i  (1936). It is not easy 
to understand  how degenerated pollen 
m other  cells can supply  nourishment to 
the surviving pollen m other  cells acting 
as an auxiliary nutritive tissue in addition 
to the tapetum. It seems especially im
probable in Combretum grandiflorum, 
where the tapetum is several-layered; in 
the related species with single tapetal 
layers all the pollen mother cells could 
develop normally. Nor can the degenera
tion of all the m other cells in an  an ther  
lobe be explained on the basis of the 
‘auxiliary nutritive concept visualised by 
K a u s i k  (1929) and M a h e s h w a r i  (1934). 
In the grasshopper Melanoplas cliff eren- 
tialis and in many other  insects the sperm 
mother  cells are grouped into well-defined 
cysts within each of the testicular fol
licles. The cells within a cyst are well 
synchronised in DNA synthesis and stage 
of division indicating a uniform  normality  
of cytoplasm. L i m a - d e - F a r i a  and N o r d - 
q u i s t  (1962) found tha t  at the onset of 
meiosis and  after DNA synthesis all the 
nuclei of the sperm m other cells in the 
same cyst broke down. One of the three 
cysts of each follicle behaved in this way. 
The degeneration of a few pollen mother 
cells in an an ther  lobe is similar to this 
situation. L i m a - d e - F a r i a  and N o r d q u i s t  

(1962) regarded the condition in Mela- 
noplus  as an adapta tion  by which a large 
am ount of DNA is made available at a 
suitable time of development. J o h n  and 
L e w i s  (1965) have pointed out that such 
an  interpretation is ra the r  hazardous and 
suggested the condition to lie somewhat 
similar to the degeneration of all bu t one 
of the growing embrj 'os of gymnosperms 
where degenerated embryos may p resum 
ably lie nutritive, the extra embryos 
making a contribution comparable to 
tha t  of endosperm in angiosperms. The 
situation here may lie the same as sug
gested by J o h n  and L e w i s  (1965) for the 
degeneration of some of the sperm cells 
in Melanoplas. Perhaps an alternative

explanation can be sponsored for the 
condition in combretacean taxa. If a 
nutritional supply for a flower is not 
sufficient to enable all pollen mother cells 
to develop into m ature  pollen grains, then 
as a matter of biological economy some 
of the pollen mother cells may be sup
posed to be diverted from  their reproduc
tive function to a nutritional function thus 
making available the nutrients for the 
normal growth of the rest of the pollen 
mother cells. F rom  the foregoing discus
sion it is quite likely tha t  the causes for 
the degeneration of the pollen m other 
cells and the spores, therefore, may be 
more deep-seated and not so simple as 
described by K a u s i k  (1939), M a h e s h w a r i  
(1934), D n y a n s a g a r  (1947) and Co u l t e r  
and C h a m b e r l a i n  (1903).

All the taxa possess an inferior un i
locular ovary. The num ber  of ovules, 
which are pendulous and suspended by 
distinct funicles of varying lengths, is 
varied in the different taxa. The observa
tions made now by us and those by others 
made earlier ( M a u r i t z o n  1939; F a g e r - 
l i n d  1941; V e n k a t e s w a r l u  1952 a; N a g a - 
r a j  1954 a— c, 1955) show that the ana- 
tropous configuration of the ovules, their 
bitegminous nature and the formation of 
zigzag micropyle seem to be common fea
tures in the combretacean taxa. One other 
feature of uniform occurrence in the 
family as observed now and  earlier 
( M a u r i t z o n  1939; F a g e r l i n d  1941; V e n 
k a t e s w a r l u  1952 a) is the formation of 
a multilayered nucellar cap and an exten
sive nucellar tissue. However, the occur
rence of such crassinucellate ovules is 
not restricted to Combretaceae but also 
appears to be an established feature in 
Thymelaeaceae ( V e n k a t e s w a r l u  1945, 
1947), Melastomaceae ( S u r r a m a n y a m  
1942), Punicaceae ( M a u r i t z o n  1939), 
Lythraceae ( J o s h i  & V e n k a t e s w a r l u  

1935 a, b) and other families showing 
some relationship to Combretaceae.

Guiera senegalensis differs from  other 
Combretaceae in the formation of a few- 
layered parietal tissue and nucellar cap.

Bot. Notiser, vol. 125, 1972
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Further  in a restricted num ber of ovules 
the parietal cell does not even divide and 
such ovules, though crassinucellar, seem 
to approach a tenuinucellate condition. 
Thus in one and the same species a ten
dency towards a meagre development of 
the nucellar cap and parietal tissue is 
met with. It is therefore probable that 
Guierci represents a transitional stage in 
the evolution of the nucellar tissue and 
may be considered as a derived member 
among the combretacean stock foreshad
owing the ultimate establishment of the 
tenuinucellate condition of the ovule such 
as met with in the Lecytbidaceae. The 
latter possibility seems to receive some 
support from the highly condensed in
florescence of Guierci, which on exo- 
m orphic grounds must be regarded as a 
derived condition. In other members of 
the family the flowers are aggregated 
into spikes or racemes, a feature generally 
accepted as less evolved than  the head. 
It may also be mentioned that the m em 
bers of Lecytbidaceae studied by M a u r i t - 
z o n  (1939) and V e n k a t e s w a r l u  (1952 b) 
show a tenuinucellate nature of the ovule 
such as foreshadowed by the above-men
tioned exceptional ovules in Guiera.

A hypostase is present at the chalazal 
region in the ovules of L um nitzera  race- 
mosct, a feature that has not been so far 
reported for the members of Combreta- 
ceae ( M a u r i t z o n  1939; F a g e r l i n d  1941; 
V e n k a t e s w a r l u  1952 a; P r a k a s a  R a o  
1963). In Com bretum  extensum  a region 
of cells with dense cytoplasm is encoun
tered at the corresponding position in the 
chalazal end of the ovules. There are, 
however, no cells with thickened walls. 
If one were to concur with M a h e s h w a r i  

(1950) in that “the hypostase may not 
always consist of thick-walled cells” 
Combretum  extensum  may also be recog
nised as having a hypostase despite the 
morphological dissimilarities in the con
stituent cells.

Diverse opinions have been expressed 
about the function of the hypostase 
( H a b e r i . ANDT 1923; J o h a n s e n  1928;
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J o s h i  & V e n k a t e s w a r l u  1936; V e n k a t a  

R a o  1953). In the light of these conflicting 
views, it is ra the r  difficult to assess the 
significance and im portance of the h y p o 
stase in the restricted instances where it 
is met with. In this connection, the 
comparatively b roader  antipodal end of 
the embryo-sacs encountered in L u m n it
zera racemosa  in which a well-defined 
hypostase is manifested, may be of some 
interest. It is likely that in this species, 
the growth of the embryo-sac is ra the r  
vigorous at the antipodal end and that 
its sustained dow nw ard  growth into the 
chalaza may crush it; this is arrested by 
the thick-walled cells of the hypostase. 
As a consequence, it would be natura l for 
the lower part of the embryo-sac to en
large in a different direction and thus to 
become comparatively broader at the an t i
podal end. Such a view was also ex
pressed by VAN T i e g h e m  (1901), who 
regarded the hypostase as forming a sort 
of barr ier  for the growing embryo-sac, 
thus preventing it from pushing its way 
into the base of the ovule.

The prim ary archesporium  in the ovule 
is single-celled and hypodermal. This fea
ture is uniform ly met with in all the taxa 
examined now and earlier ( V e n k a t e s - 
w a r l u  1952 a). However, a few members 
like Com bretum  ovalifo lium , C. grandi- 
florum , Term inalia catappa, T. muelleri, 
Guiera senegalensis and Lum nitzera race
mosa  display multiple arc!:; ; ;  : :ium in 
a small percentage of ovules. Such a 
condition was earlier reported by V e n - 
k a t e s w a r l u  (1952 a) in Poivrea coccinea. 
The presence of supernum erary  embryo- 
sacs is recorded in a few ovules of Caly- 
copteris floribunda. This may be ascribed 
to the functioning and fu rthe r  develop
ment of more than one archesporial cell 
or by apospory ( M a h e s h w a r i  1950). In 
the former case the embryo-sacs would 
be almost of the same age while in the 
latter the embryo-sacs would be younger 
than the normally developed one. It has, 
however, been found in the present in
vestigation that the ovules containing

A0D
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plural embryo-sacs have been produced 
as a consequence of the functioning of 
more than  one megaspore mother cell. 
The extra embryo-sacs eventually degene
rate.

The occurrence of monosporic ( V e n - 

k a t e s w a r l u  1952 a; N a g a r a j  1955; P r a - 

KA SA  K a o  19(53) as well as tetrasporic 
( M a u r i t z o n  1939) types of embryo-sacs 
have been reported in this family. How
ever, only the Polygonum type of embryo- 
sac has been found to occur in the plants 
included in the present study. The deve
lopment of 16-nucleate embryo-sacs in 
Combretum panicalatum  and C. pincia- 
m im  ( M a u r i t z o n  1939) is to be reckoned 
as being exceptional in the family and 
needs confirmation.

In all members excepting G niera the 
synergids are ephemeral. In Guiera they 
degenerate only when the development of 
the embryo is well under way (Fig. 2 C). 
Such a persistance of the synergids has 
also been observed in Poivrea  (V enkates-  
w a r l u  1952 a).

The occurrence of three uninucleate 
antipodal cells is a usual feature of the 
family. They degenerate only after the 
organisation of the embryo-sac and the 
degenerated antipodals can be seen as 
deeply stained specks even after fertilisa
tion (Fig. 3 Q —S, W ). In Guiera, on the 
other hand, there is not only a secondary 
increase in their number, but they even 
persist up to a very late stage after fer
tilisation. This condition is to be treated 
as exceptional in the family and Guiera 
deviates from the rest of the members in 
this respect.

Although the endosperm is of the nu 
clear type, no detailed account of its deve
lopment lias been given except for Poivrea 
coccinea ( V e n k a t e s w a r l u  1952 a). The 
present investigation indicates that the 
endosperm formation follows the conven
tional type. While describing the endo
sperm of Lumnitzera  species, K a r s t e n  

(1891) remarked the absence of cell fo r
mation. The present study clearly reveals 
the formation of endosperm cells at the

micropylar region of the embryo-sac in 
Lumnitzera racemosa, so tha t K a r s t e n  s 

rem ark  is not substantiated by our ob
servation.

The detailed development of the embryo 
in the family has only recently been de
scribed by V e n k a t e s w a r l u  (1952 a) in 
Poivrea. The embryo development in all 
the species studied here, with the sole 
exception of Terminalia chebula, agrees 
with that found in Poivrea.  It keys out 
to the E rodium  variation of the Asterad 
type, while in Terminalia chebula  it is 
of the Polygonum variation of the Asterad 
type.

F rom  the foregoing it can be seen that 
the combretacean taxa seem to display 
uniform ity in the development of the 
anther, ovule, male and female gameto- 
phytes, endosperm and embryo develop
ment. However, Guiera differs from the 
rest of the Combretaceae in several fea
tures such as in having a single middle 
layer in the an ther  wall, the formation 
of the micropyle by the inner integument 
alone in m ature  ovules, the absence of 
funicular  obturator,  the sparse develop
ment of nucellus and nucellar cap, the 
shape of the embryo-sac, the persistance 
of the synergids and the antipodals and 
in the secondary increase of the antipodal 
cells. Likewise, in external morphology it 
deviates from the rest of the tribe Com- 
breteae of E x e l l  (1931), as the flowers 
are aggregated into dense, capitulum-like 
masses while in the others they are 
grouped into racemes or spikes. Studies 
in floral anatom y ( V e n k a t e s w a r l u  &  

P r a k a s a  R a o  1970), have revealed tha t  
Guiera has a five-carpellate ovary, while 
the other representants have three or  four 
carpels only. Thus from the point of 
view of comparative embryology, floral 
ana tom y and exomorphic features Guiera 
seems to stand out from the rest of the 
Combretaceae in general and in particular 
from the tribe Combreteae and merits 
separation from the Combreteae into a 
separate monogeneric tribe, the Guieraeae. 
Among Combreteae Poivrea, on embryo-
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logical and exomorphic features seems to 
he close to the genus Combretum  except 
for the absence of a floral disc and posses
sion of a three-carpellate ovary. In view 
of these points of difference the retention 
of Poivrea  as a distinct genus is advocated 
as against b e  C a n d o l l e ’s  (1828) sugges
tion to include it in the genus Combretum.  
It m ay he mentioned here that E x e l l  

(1931) in his classification and regrouping 
of different genera within the family has 
made no mention of this genus.

Embryological and floral anatomical 
evidence support the distinctiveness of 
Lumnitzera  and warrent placing it in a 
separate tribe, the Laguncularieae. Lum-  
nitzera possesses a well-defined hypostase 
and the occasional occurrence of poly
spermy — features hitherto  unrecorded for 
Combretaceae. F rom  an exomorphic point 
of view this genus stands apar t  from the 
rest in hearing hracteoles adnate with 
lower receptacle and 8-carpellate ovary 
(V E N K A T E S W A R L U  & P R A K A S A  R A O  1970). 
This gains fu rther  support from  E x e l l ’s 

(1931) view; he commented that “the only 
criticism which might he made is that the 
Laguncularieae are obviously a much 
more distinct group than the other and 
should perhaps be placed in a different 
category”.
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ABSTRACT

B e n t z e r , B. 1972.  Structural chrom osom e polym orphism  in diploid Leopoldia weissii 
(Freyn) Freyn ex Heldr. (Liliaceae). — Bot. Notiser 125: 180— 185.

A case of spread segmental chrom osom e aneuploidy in the diploid (2n =  18) Leo
poldia weissii (Liliaceae) is described. The additional segment is presumed to have 
originated by interchange, or by the breakage of a U-type chrom atid bridge.

INTRODUCTION

S tru c tu ra l p o ly m o rp h ism  in c h ro m o 
som e co m p lem en ts  is a  w ell-know n an d  
w ide ly  d is tr ib u te d  p h en o m en o n  in  m an y  
o rg an ism s (cf. D a r l i n g t o n  1965, J o h n  & 
L e w i s  1968). T he orig ins of p o ly m o r
p h ism  a re  d iverse , e.g. h y b rid iza tio n , in 
versions, in te rch an g es , an d  d u p lica tio n s . 
A ra re ly  s tu d ied  p h en o m en o n  is th e  a d d i
tion  o f a su p e rn u m e ra ry  ch rom osom e seg 
m en t to a p a r t ic u la r  ch rom osom e o f a 
co m p lem en t. S uch  ad d itio n a l segm en ts 
a re  d escrib ed  from  zoological m a te r ia l 
( W h i t e  1954, N u r  1961, C o i i e n  &. P i n s k y  
1966, an d  J o h n  & H e w i t t  1966), b u t  it 
h as  n o t been possib le  to find  c o n tr ib u 
tions fro m  b o tan y . In m ost cases the  seg 
m en ts  invo lved  a re  of a h e te ro c h ro m a tic  
n a tu re . In  som e in s tances it is a m a tte r  
fo r  d iscussion  w h e th e r  th e  in eq u a lity  of 
a b iv a len t is due  to a gain  o r a loss of 
genetic  m a te ria l in one of the  c h ro m o 
som es (J o h n  & H e w i t t  1966).

T he s ta n d a rd  ch rom osom e co m p lem en t 
in  the  genus L eopo ld ia  P a r e ,  is m a rk ed ly  
b im o d a l (Figs. 1, 2A) w ith  n (4L  +  6M +  8S) 
ch ro m o so m es ( B e n t z e r  1969). T he tw o  
p a irs  of long ch rom osom es a re  easily  
Bot. Notiser, vol. 125, 1972

d is tin g u ish ab le  fro m  each  o ther. One p a ir  
is te lo cen tric  (t ) an d  th e  o th e r is sub- 
te lo cen tric  (s t ) (T able  1). T he m ed ium  
a n d  sh o rt ch ro m o so m es a re  on ly  id en 
tifiab le  as g roups . T h e  ch rom osom e n o 
m encla tu re  fo llow s L e v a n  et al. (1964).

MATERIAL

Twelve specimens from  two populations of 
the diploid (2n =  18) Leopoldia weissii were 
studied. This species of Grape Hyacinth is 
restricted to the Aegean archipelago and 
adjacent areas. One population (no. 307) 
originates from the S. part of the island of 
Rhinia in the Kikladhes, Greece, while the 
other (no. 318) originates from  the N. part 
of the same island. The plants have been 
grown for 3 years in the greenhouses of the 
Botanical Gardens of Lund.

METHODS

Mitotic chrom osomes were studied in root- 
tip squashes. The fixative was Garnoy (3: 1) 
and the squash technique used was the one 
described hv ö s t e r g r e n  and H e n e e n  (1962) 
w ith minor modifications ( B e n t z e r  1969).

Meiotic chrom osom es were studied in 
Feidgen stained squashes of PMCs. The buds 
were fixed overnight in ethanol, propionic 
acid, and chloroform  (6:1:3). They were then 
transferred to 70 °/o ethanol. The squash
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1 2  3 4

Fig. 1. Karyotypes from root tip mitoses in Leopoldia weissii. — A: Segmental aneuploid 
from population no. 307. — B: Segmental aneuploid from pop. no. 318. — C: Normal 

plant from pop. no. 318. The four long chromosomes are numbered.

technique for meiosis was similar to the one 
used for mitotic chromosomes.

Drawings were made with the aid of a 
Leitz binocular camera lucida and the photo
micrographs were taken with a Nikon AFM 
camera on a Leitz Orthoplan microscope. 
The film was Scientia 39 C 56.

RESULTS
In po p u la t io n  no. 307 the 4 individuals  

s tud ied  w ere all he terozygous  fo r  a s u p e r 
n u m e ra ry  segm ent on  the  sh o r t  a rm  of 
one long st ch ro m o so m e  (Figs. 1 A and  
2 A, T able  1). A co rre sp o n d in g  loss of 
genetic m a te r ia l  was not fo u n d  in an y  
o th e r  chrom osom e.

In p op u la t io n  no. 318. 2 of 8 in d i
v iduals  were heterozygous fo r  a s im ilar

ad d it io na l  segm ent (Fig. I B ) .  T h e  r e 
m a in ing  6 specim ens w ere all n o rm a l  
hom ozygo tes  (Fig. 1 C). The  s u p e r n u m e r 
a ry  segm ent was of a lm ost  the sam e size 
as the o rd in a ry  sh o r t  a rm  of the  s t c h r o 
m osom es.  T he  long st ch ro m o so m es  w ere  
s t ru c tu ra l ly  s im ilar  a p a r t  f ro m  the ex tra  
seg m en t  an d  the satellites. Satelli tes a re  
u n re l iab le  ch ro m o so m e  m a rk e r s  in Lco- 
po ld id  ( B e n t z e r  1969), be ing  v a r iab le  in 
n u m b e r ,  size an d  posi t ion  even  w ith in  
popu la t io ns .

Meiotic studies of the segm enta l  a n e u 
p lo id  p lan ts  revealed  n o rm a l  p a i r in g  w ith  
9 b ivalents .  C hrom osom es nos. 3 a n d  4 
fo rm ed  a  m ark e d ly  u n eq u a l  b iv a len t  (Fig. 
2B) .  Some five h u n d re d  good d iak ines is—  

B ot. N o tise r, vol. 125, 1972
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B

$* f. 9

Fig. 2. A: Mitotic m etaphase of segmental aneuploid from  population no. 307. Arrow 
indicates abnorm al chromosome. Scale unit equals 10 p. — B: Diakinesis of segmental 
aneuploid from population no. 307. Arrow indicates unequal bivalent formed by the 

two st chromosomes. Scale un it equals 10 p.

metaphase cells from 3 structurally hetero
zygous specimens were studied. Univalents 
were never observed. The 4 long chrom o
somes seemed to form weakly associated 
quadrivalents in a few early diplotene 
cells. These apparent associations were 
never maintained until metaphase I. Simi
lar quadrivalents were rarely formed in 
normal homozygotes from population 
no. 318.

Anaphase 1 was studied in one hetero
zygous individual from population no. 
318. A number of dicentric bridges oc
curred. Some of them were of chromatid 
origin, i.e., paracentric inversions and U- 
type exchanges, while others were of sub- 
chromatid origin (Fig. 3, Table 2).

The frequency of aberran t A I in the 
only individual investigated from popula
tion no. 307 was lower. Normal hom o
zygotes from population no. 318 seemed 
to have few chromatid bridges while the 
sub-chromatid bridges were fairly f re 
quent (Table 2). Diploid L. weissii from 
other populations have far fewer bridges 
in A I.

DISCUSSION

'Phe origin of the segmental aneuploidy 
can not be stated with certainty. Outside
Bot. N o tise r, vol. 125, 1972

the scope of w hat is reported in this 
paper  some 200 population samples of 
Leopoldici species from the Aegean have 
been cytologically investigated. In none 
of these was there found a pair of hom o
logous chromosomes similar to chrom o
some no. 4 in Fig. 1 A and B. The occur
rence of segmental aneuploidy due to 
hybridization is therefore a scarcely ten
able possibility. Two alternative explana
tions seem more plausible.

1. Unequal interchange and the sub
sequent elimination of the most deficient 
chromosom e combination.

Interchange w ithout elimination would 
presum ably  residt in a certain am ount of 
multivalent configurations. If, on the other 
hand, the interchange occurred long ago 
and the most deficient gametes have 
been eliminated, the interchanged segment 
would appear as a duplication, and m ulti
valent configurations in meiosis would not 
be expected.

C o h e n  and P i n s k y  (1966) described a 
case of autosomal polymorphism in Cavia 
porcellus (Guinea Pig). Two homologous 
st chromosomes were present in three 
different combinations: 1. Both ch rom o
somes normal. 2. One norm al and one 
without the short arm. 3. One normal and 
one with the short a rm  duplicated. They
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Fig. 3. Anaphase  I bridges o f  one segmental 
aneuplo id  f rom  p o pu la t ion  no. 318.
A, B, C, D and  E are ch ro m a tid  bridges and  
F, G. II a n d  I are  sub -ch rom atid  bridges. 
In  A, B and  C are  the acen tr ic  segments 
invisible.

concluded that the polymorphism was due 
to a translocation and that the observed 
chromosome combinations were tine result 
of random  mating. Other theoretical chro
mosome combinations may resultt in u n 
balanced genotypes and lethality.

Y osid a  et al. ( 1965) describedl a case 
of deletion of the entire short arm of 
one of the largest autosom es im Rattns

rattus (Rat). They found the same poly
m orphism  in two widely separated popu
lations. In this case only normal hom o
zygotes and deficient heterozygous indi
viduals were found. The situation was in 
point of principle similar to the one de
scribed in this study.

2. The breakage of a U-type chromatid 
bridge in meiotie anaphase I.

Tabl e  1. Arm index a n d  relative length for the long ch rom osom es no. 1— 4 (Fig. 1). 
Mean values ±  sE. Each  m ean  valine is based on ten m easurem ents .  S, sh o r t  arm. L, long 
arm. He, hete rozygous for a d d i t io n a l  segment. Ho, norm al.  C hrom osom es no. 3 and  4 

a re  not kept separate  in indiv idual  no. 318 Ho.

Arm index 

C hrom osom e no.

Relative length 

Arm and C hrom osom e no.

Pop. no. 1 & 2 1 3 1 4 1 & 2 S 1 & 2 L 3 L 4 L  3 S 4 S

307 He . . .  8.7 ± 0.2 3 .7±0 .1  1.9±0.0> 2.5 +  0.1 21 .7±0 .2  17 .8±0.3  18 .8±0.3 4 .9±0 .1  10.0±0.2  
318 He . . .  8.4 ±0 .2  3 .6±0 .1  2.0±0.0) 2.6 ± 0.1 21 .0±0 .2  18.7±0.3  19 .2±0.3 5 .3±0.1  9 .5±0.1  
318 H o . . .  8.0 ±  0.2 4.0 ±0.1 2 .7±0.1 21 .2±0 .2  20 .9±0.2  5 .2±0 .1

B ot. N o tise r, vol. 125, 1972
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Table 2. Distribution of different aberrations 
in Anaphase I. He, heterozygous for addi
tional segment, llo, normal.

No.
1

N
or

m
al

x>
1  « s w c ~P
-C X
u  —

X
c3 ir. £ tu

A o
3 Æ uS y XS

s.

■—a
18

307-1 He ............. 80 2 l
318-7 He ............. 177 16 26 i
318-3 Ho ............. 24 — — i
318-4 Ho ............. 151 3 14 _ _

318-5 Ho ............. 73 1 7 —
Total 505 22 47 3

A C

B

XT 
X I

D

-o- 

— o -

Fig. 4. A theoretical consequence of one 
breakage of a U-type chromatid bridge. — 
A: U-type chromatid reunion. — B: U-lvpe 
dicentric bridge with fragment. The point of 
breakage is indicated by a dotted line. -— 
C: Chromosomes before second meiotic divi
sion. — I): Chromosomes in gametes.

B r a n d h a m  (1 9 7 0 )  m ad e  a n  inves tiga
t ion  on the co rre la t io n  be tw een  s p o n 
taneou s  c h ro m a t id  and  su b -ch ro m a t id  
a b e r r a t io n s  in the Aloi'neae. He conc luded  
t h a t  the m os t p laus ib le  ex p la n a t io n  of 
s u c h  a b e r ra t io n s  w as tha t  they  re su l ted  
f ro m  a b e r r a n t  c li iasmata. In  one in d i
v idu a l  o f Gasteria  the f r equ ency  of s u b 
c h ro m a t id  e r ro rs  rem a in e d  m o re  o r  less 
c o n s ta n t  fo r  eight years , w h ich  suggests 
genetic  contro l.  B r a n d h a m  (op. cit.) f u r 
th e r  suggested  th a t  ch ro m a t id  a n d  s u b 
c h ro m a t id  e r ro rs  are  bas ica lly  the  sam e 
thing, b e ing  th e  resu lt  of d i f fe ren t  r e 
un io ns  fo l low ing fo u r -s t ran d  su b - c h ro 
m at id  breakage .

I f  a b r idge  w hich  orig ina ted  f ro m  a 
ve ry  d is ta l U-type ch ro m a t id  exchange ,  
w as  b ro k e n  in a distal position  in la te  
a n a p h a s e  I, the resu lt ing  k a ry o ty p es  could  
be s im ila r  to those  fou nd  in this s tud y  
(Fig. 4).

I t  seem s obvious tha t  the f req u en cy  of 
c h ro m a t id  an d  su b -ch rom at id  e r ro r s  are  
a b n o rm a l ly  high, at least in p o p u la t io n  
no. 318 f ro m  S. Rhinia. It is no t  on ly  the  
h e te ro zy g o u s  ind iv iduals  th a t  c o n ta in  
n u m e r o u s  e r ro r s  b u t  even n o rm a l  h o m o 
zygotes. If B r a n d h a m ’s th eo ry  of g en e t ic 
a lly  d e te rm in ed  ch iasm at ic  m a l fu n c t io n  
is c o r r e c t  then  this  p o ly m o rp h ism  c an  be 
m o re  easily  exp la ined  an d  so can its geo
g ra p h ic a l  d is tr ibu tion .

W e s t e r m a n  (1 9 6 9 )  c o n c l u d e d  t h a t  t h e
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p o ly m o rp h ism  fo r  su p e r n u m e ra r y  seg
m en ts  th a t  is w id e sp read  in C h o rth ip p u s  
para lle lus  h as  been  a fea tu re  of th e  sp e 
cies fo r  8— 9000 genera t ions  an d  d u r in g  
th a t  p e r iod  o f  t im e  has  fo l low ed the 
m ig ra t ing  species f ro m  F ran ce  to E n g la n d  
an d  becom e stabil ized  in b o th  coun tr ies .  
A sim ilar segm ent in S te th o p h y m a  (S h a w  
1970) has a m u c h  m o re  limited ex tens ion  
in t ime a n d  has  evolved in on ly  m in o r  
isolated p o p u la t io n s  (S h a w  1971).

T he  su p e r n u m e ra r y  segm ents in m a n y  
an im a ls  are  a rg u e d  to be of a dap tiv e  
significance since th ey  ten d  to increase  
the over-all  c h ia sm a  freq uen cy  (cf. H e 
w i t t  & J o h n  1967, W e s t e r m a n  1969, 
a n d  S h a w  1971). Sim ilari ties be tw een  
s u p e rn u m e ra ry  segm ents  an d  B -chrom o-  
som es have  been  discussed, since th ey  
b o th  seem to have  an  effect on c h iasm a  
fo rm a tio n  an d  b o th  a re  m a in ly  of a 
h e te ro ch ro m a t ic  n a tu re .  In this  s tu d y  il 
h as  been  possible to  inves tigate  n e i th e r  
h e te ro ch ro m a t ic  co n ten t  n o r  c h ia sm a ta  
frequencies.

W ith  reference  to l i te ra tu re  o ne  can  
su m  up: —  1. S u p e rn u m e ra ry  segm ents  
a re  often of a h e te ro c h ro m a t ic  n a tu re .  
—  2. H e te ro ch ro m a t ic  un its  in th e  shap e  
o f  s u p e rn u m e ra ry  segm ents  o r B -chrom o- 
som es tend  to increase  the over-a ll  c h i 
a sm a  frequencies o f the  genome. -— 3. 
M alfunction  of c h ia s m a ta  is som etim es
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genetically  d e te rm in ed .  —  4. C h ro m a t id  
an d  su b -ch ro m a t id  e r ro r s  a re  c o r re la te d  
w ith  ch iasm ata  m a l f u n c t io n  in som e 
m ater ia l .

In this case c h ro m a t id  a n d  su b - c h ro 
m a t id  e r ro rs  ten d  to he m<ore f r e q u e n t  in 
po pu la t ion s  w i th  s e g m en ta l  an eu p lo id  
individuals  th a n  in  o thers .  T h e  segm en ta l  
aneu p lo idy  m a y  in  o th e r  w o rd s  he the 
re su l t  of a genetica lly  d e te r m in e d  ch ia sm a  
m a lfu n c t io n  w ith  the  s u b s e q u e n t  f o r m a 
tion of a d icen tr ic  c h ro m a t  id b r id g e  w h ich  
was finally  b ro k e n  in a d is ta l  position .
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ABSTRACT

H a l e , M. E. Jr. 1972. Typification of species in the lichen family Thelotremataceae 
described by Acharius. Bot. Notiser 125: 186—198.

A c h a r i u s  was the first lichenologist to describe species of Thelotremataceae, a 
unique lichen family with craterlike ascocarps. He published 15 taxa: Thelotrema 
cavatum, Pyrenula clandestina, Urceolaria compuncta, Thelotrema discoideum. 
Pyrenula discolor, Thelotrema fumosum, T. henatomma, Lichen lepadinus, Thelo
trema lepadinum var. bahianum and var. scutelliforme, T. obturatum, T. terebratum, 
Pyrenula trypanea, P. umbrata and Thelotrema urceolare. Each of these taxa is 
typified and described and locations of type material designated.

INTRODUCTION

The lichen family T helotrem ataceae is 
a crustose group of about 400 species 
found mainly in the tropics. Most are 
represented in herbaria  by few specim ens, 
oftentim es only the type, suggesting tha t 
e ither collectors have tended to overlook 
these ra ther inconspicuous lichens or 
there is a high degree of spéciation in 
the family. The richest area in term s of 
num ber and diversity of species is so u th 
east Asia, especially the d ip terocarp  
forests of Malaya, Philippines, and B o r
neo. The W est Indies (Lesser Antilles) 
and  Colombia also have m any species, 
w hile Africa, tem perate South America, 
N orth  America, Mexico, and Central 
America have by contrast a m uch sm aller 
thelotrem e flora.

L i n n a e u s  saw no specim ens of the 
Thelotrem ataceae. The first species were 
described by A c h a r i u s ,  who took con
siderable interest in the group, to the 
extent of publishing a separate paper on 
it (1812). He exam ined the A f z E l i u s  col
lections from  Guinea and S ierra Leone, 
Bot. Notiser, vol. 125, 1972

describing five species: Thelotrema cava
tum, T. discoideum, T. fum osum , T. ob
turai urn, and Pyrenula trypanea. A T h u n - 

b e r g  collection from  the Cape of Good 
Hope was called Thelotrema henatomma,  
and a m iscellaneous series from  tropical 
America, m ostly on Cinchona, yielded 
another five species: Pyrenula clandestina, 
P. discolor, Thelotrema terebratum, Pyre
nula umbrata,  and Thelotrem a urceolare, 
arid one variety, T. lepadinum  var. bahi
anum.  A specim en given the herbarium  
nam e Urceolaria com puncta  by J. E. 
S m i t h  was published from  Amboina 
(Indonesia) and the w ell-know n Thelo
trema lepadinum  and its var. scutelli- 
forme  were based on E u ropean  m aterial. 
In total A c h a r i u s  published  descriptions 
of 15 taxa, 13 species and  two varieties, 
now recognized as m em bers of the Thelo
trem ataceae. Follow ing him , incidentally, 
the m ost active w orkers w ere N vl a n d e r , 
who described about 100 species, and 
M ü l l e r  A r g . w ith 80 species.

The im portance of the A charian  names 
as the effective sta rting  date for the
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Thelotremataceae makes revision and 
typification of the original material u r 
gent. There has never previously been a 
comprehensive study of these specimens, 
a l though m any  in Helsinki show signs of 
sectioning and missing parts. A complete 
analysis of the species, of course, cannot 
he based on the material in Helsinki 
alone. W hile  on the whole the largest 
specimens are there, one (Urceolaria com
puncta) is represented only at BM and 
a few are not fertile. Better material is 
sometimes to be found in other herbaria, 
since A c h a r i u s  exchanged specimens with 
his contemporaries, R e t z i u s  and A g a r d h  
( T ö r j e  1968) (LD), A f z e l i u s  and T i i u n - 

r e r g  (UPS), and S w a r t z  ( S ) .  In 1837 the 
University of Uppsala purchased a fairly 
large collection from A. .1. A g r e l i u s , a 
son-in-law of A c h a r i u s . These lichens are 
now kept separately at UPS. A c h a r i u s  

also sent some of the species published 
before 1807 to the Linnean Society (now 
at BM). Other duplicates have been found 
at C (herb. B u s e ) and some were appa
rently  acquired by B o r r e r  (BM, formerly 
K), H a m p e , and K o e r r e r  (L). Il is pos
sible to show that most of the specimens 
are in fact duplicates of the original 
Aeharian material through similarity of 
bark  characters and chemical reactions.

The typification of the Acliarian spe
cies is still no easy or certain task. While 
he carefully listed habitat, substratum, 
and locality for each taxon in the pub 
lications, A c h a r i u s  did not label the spe
cimens well. Many are also in poor phys
ical condition, considerably abraded and 
badly preserved. Apothecia are often dis
integrated; spores are sparsely developed 
and can sometimes barely be determined 
with polarized light. To make matters 
worse, the original descriptions are not 
very useful, microscopic details not being 
included, and few species are illustrated.

The Aeharian herbarium  was purchased 
by the University of Helsinki in 183-1 
( E l f v i n g  1918). N y l a n d e r  was probably 
the first to make use of the material, 
taking out tiny study fragments before he 
13

went to Paris. These were eventually r e 
turned to Helsinki along with his main 
herbarium . He published very few obser
vations on the types. V a i n i o  must also 
have had first hand knowledge of the 
Aeharian material,  especially w hen he 
revised his Brazilian collections (1890), 
bu t the only species noted in his publica
tion was Thelotremci terebratum. He took 
out no kleptotypes. In revising the F é e  
types, M ü l l e r  A r g . (1887 a and b) s tud
ied the Aeharian isotypes at Uppsala and 
said that he borrowed the Helsinki m a te 
rial, a lthough I found no annotations on 
the specimens at H. He may also have had 
access to duplicates at Berlin (herb. H a m 
p e ) subsequently destroyed.

F é e  (182-1, 1837) made detailed com 
pilations of the lichens growing on Cin
chona  in tropical America, listing all of 
the Aeharian thelotreme species from  
South America and one (P yra m id  try- 
panea)  from Africa in addition to his own 
new species. As shown by the drawings 
an d  notes in the Essai, F é e  was quite 
familiar with A c h a r i u s ’ species and may 
even have had some specimens checked 
by A c h a r i u s  (note for example “teste 
A c h a r i o ” for Thelotrema bahianum  in 
F é e  1824 p. 93 and Pyrenula trypanea, 
p. 72). It is even possible tha t some of 
F é e s  specimens were duplicates of 
Aeharian material sent for inclusion in 
the Essai, although I have not been able 
to prove this yet.

M ü l l e r  A r g .  (1887 a) arranged to 
borrow  and revise the F é e  herbarium  
from  Glaziou in Bio de Janeiro. These 
specimens were for the most par t  incor
porated  in the Geneva collection ra the r  
th a n  being returned to the lender. K r e m -  
p e l h u r e r  (M ) somehow acquired a n u m 
ber of F é e  specimens which he labeled 
“Original zu F ée ,  Essai . .” The Paris 
he rbarium  (PC) has a considerable collec
tion of F é e  specimens. N y l a n d e r  took 
a num ber of kleptotypes from it. There 
is also some F é e  material at S trasbourg 
(STB) and at Uppsala (UPS). I hope at 
a later date to revise the F é e  types and 
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t h e  s p e c i m e n s  i d e n t i f i e d  b y  h i m  w i t h  

A c h a r i u s ’ n a m e s .
T h e r e  h a s  b e e n  so m e  u n f o r t u n a t e  c o n 

f u s i o n  c o n c e r n in g  n a m e s  u s e d  b y  F é e  
a n d  A c h a r i u s .  F é e ,  f o r  e x a m p le ,  d e 
s c r ib e d  a  n e w  species ,  T h e l o t r e m a  c la n 
d e s t in u m ,  w h i le  a t  th e  s a m e  t im e  r e c o g 
n iz in g  P y r e n u l a  c la n d e s t in a  A c h a r i u s .  

T h e s e  a re  tw o  s e p a r a t e  e n t i t ie s ;  F é e  d id  
n o t  m a k e  a n e w  c o m b in a t io n .  O n  th e  
o t h e r  h a n d ,  l a t e r  a u t h o r s  o f t e n  cite a 
T h e l o t r e m a  u m b r a t u m  " F é e ” b u t  a ll  t h a t  
F é e  d id  h e r e  w a s  to t r a n s f e r  A c h a r i u s ’ 
P y r e n u l a  u m b r a ta  to t h e  g e n u s  T h e l o 
t r e m a .

R e d i n g e r  (1936) is th e  o n ly  m o d e r n  
l ic h e n o lo g i s t  to rev is e  a  s ig n i f ic a n t  n u m 
b e r  o f  T h e l o t r e m a t a c e a e ,  sp e c if i c a l ly  t h e  
i m p o r t a n t  R e g n e l l  c o l le c t io n s  f r o m  R ra -  
zil (S). 1 c a n  f i n d  n o  in d ic a t io n ,  h o w e v e r ,  
t h a t  he  e x a m i n e d  a n y  o f  th e  A c lu ir ian  
t y p e s .  F o r  th e  m o s t  p a r t  h e  fo l lo w e d  
M ü l l e r  A r g . ’s c o n c e p ts  o f  the  spec ies .

METHODS
D uring  visits to Helsinki in 1970 and  1971 

I w as  able to exam ine a n d  section the  speci
m ens  in the A charian  h e rb a r iu m  and  m ake  
color tests w i th  p -phenylenediamine.  I was 
not p rep ared  to take pho tographs ,  hut dup l i 
cates f rom  o th er  he rb ar ia  f rom  which loans 
could  be m ade  provided samples for  p h o to 
g ra p h y  and  ch ro m a to g ra p h ic  tests  a t  a later  
da te  in my o w n  labora tory .  Chemistry  is an 
extremely  valuable  ch a rac te r  in the family 
because  of the constancy  of the acids. It is 
n o t  th a t  the species lack  good m o rp h o 
logical differentia tion;  chem is try  simply adds 
a n o th e r  c h arac te r  that  can  he easily an d  
re liab ly  determined. All specimens were  c h ro 
m ato g rap h ed  in two s tan d ard  solvents (ben- 
zene-dioxane-acetic  acid and  hexane-ether-  
fo rm ic  acid).

LIST OF SPECIES

S in c e  the  A c h a r i a n  n a m e s  t a k e  p r e c e 
d e n c e  o v e r  a ll  o t h e r  n a m e s  in t h e  f a m i ly

(excep t  f o r  h o m o n y m y ) ,  a ll  of  th e  sp ec ie s  
a r e  “ g o o d ” . T h is  d o e s  n o t  b y  a n y  m e a n s  
s ig n i fy  t h a t  t h e  sp ec ie s  a r e  well  k n o w n  
a n d  u n d e r s t o o d .  W e  l a c k  su f f ic ie n t  m a t e 
r ia l  f r o m  A fr ica ,  f o r  in s tan c e ,  to  k n o w  
h o w  c o m m o n  t h e y  a r e  o r  w h a t  th e  r a n g e  
of  v a r i a t i o n  is. I a m  n o t  p r e p a r e d  a t  th is  
t im e  to s ta te  f o r  m o s t  th e  r e la t i o n s h ip  to  
o t h e r  sp ec ies  in  th e  f a m i ly ,  a n d  f o r  th is  
r e a s o n  the  s y n o n y m y  lis ts  o n ly  b a s io -  
n y m s  a n d  n o m e n c l a t o r i a l  s y n o n y m s  f o r  
A c h a r i u s ’ spec ies .  T h e  ty p e  d e s ig n a t io n  
is q u o t e d  v e r b a t im  f r o m  th e  o r ig in a l  p u b 
l ica t io n .  T h e  sp e c ie s  a r e  l is ted  in a l p h a 
b e tic  o r d e r  b y  sp e c ie s  ep i th e t .

Thelotrema eavatum A c h a r i u s  1812 p .  92.

Ocellularia cavata  ( A c h a r i u s ) M ü l l e r  A r g . 

1882 p. 499.
TYPE DESIGNATION: “Habita t  in Africa 

ad  S ierram  L eonam  su p ra  corticem a r b o ru m .”
SPECIMENS EXAM INED: II (lectotype,

labeled “Guinea”); S (herb. S w a r t z  labeled 
“e Guinea”); UPS (herb. T i i u n b e r g  labeled 
“e Guinea” a n d  herb .  A g r e l i u s  labeled 
“Africa: Guinea, ex herb .  A c h a r i a n o ” ) .  All 
of these specimens p ro b a b ly  came from  the 
same piece of bark .

M O R P H O L O G Y  (F igs .  1 A, 4 A) : T h a l 
lus e p ip h lo e o d a l ,  r o u g h ;  a s c o c a r p s  e m e r 
g en t,  0.7— 0.9 n u n  in  d i a m e te r ;  p o r e  o p e n ,  
r o u n d  to i r r e g u la r ,  0 .2— 0.4 m m  w id e ;  
ex c ip le  a p ic a l ly  c a r b o n i z e d ;  c o lu m e l l a  d i 
s t inc t ,  a b o u t  0.3 m m  w i d e ;  sp o re s  c o l o r 
less, 8 / a scu s ,  t r a n s v e r s e l y  se p ta te ,  8 — 1 0 - 
lo cu la te ,  6— 8 X 2 5 — 43 it ( M ü l l e r  A r g .  
1887 a) ,  7— 8 X 2 6 — 33 u  ( S a l i s b u r y , U P S  
A g r e l i u s  s p e c im e n ) ,  6 — 8 X 3 0  it ( H a l e ,  

1 1  sp e c im e n ) .

C H E M IS T R Y : P +  r e d ,  “ A, R s e r i e s ” 
u n k n o w n s .  T h e s e  H 2 S O 4 +  sp o ts  fa l l  b e 
tw e e n  f u m a r p r o t o c e t r a r i c  a n d  p r o t o c e t r a -  
ric ac id  a n d  a r e  b e s t  r e s o lv e d  in b u t a n o l -  
a c e to n e - w a te r  o n  T E C  p la te s .  T h e s e  u n -

Fig. 1. P h o to g ra p h s  of type specimens of Acharian  Thelotrem ataceae.  -— A: 7 helotremci 
eava tum  (UPS). —  R: P yrenula  clandestina  (S). —  C: Urceolaria com puncta  (BMl. - 
D: Thelo trem a d iscoideum  (S). —  E: Pyrenula  discolor (UPS). —  F: The lo trem a  f u m o s u m

(UPS). —  AU X 12.5.
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know ns are characteristic of Ocellularia 
cinchonarum  ( F é e ) M ü l l e r  A r g . Speci
m en in S tested.

The m aterial on w hich T. cavatum  was 
based is un iform  and com paratively well 
developed. M ü l l e r  A r g . had  exam ined 
the isotypes in UPS. N y l a n u e r  identified 
the species in several collections and  p u b 
lished draw ings of the spores of the 
“archetyp i A c h a r i a m ” (1863 a). The spe
cies is correctly figured by R e d i n g e r  
(1936). It is apparen tly  w idespread in 
South A m erica as well as in Africa.

Pyrenula clandestina A c h a r i u s  1814 b 
p. 10, pi. 1, fig. 4.

Ocellularia clandestina ( A c h a r i u s ) M ü l l e r  
A r g .  1887 a  p. 7.

TYPE DESIGNATION: “Habitat in Ame
rica supra corticem Cinchonae flavae.”

SPECIMENS EXAMINED: H (labeled
“Amer, meridion., in Cinchona flava”); S 
(lectotype, labeled “Pyrenula clandestina, 
herb. SwARTZil”). These belong to the same 
piece of bark.

MORPHOLOGY (Fig. I B) :  Thallus
th in  and  fragile; ascocarps rare, im 
m ersed, 0.1— 0.2 mm in d iam eter; pore 
tiny, 0.05 m m  wide; colum ella absent; 
spores colorless, 8/ascus, transversely  4— 
8-septate, longitudinally 2— 3-septate, 1 - , 
8— 10X 16— 20 u ( H a l e , S specim en).

CHEMISTRY: P +  fain t orange, stictic 
and constictic acids. S specim en tested.

The specim en in Helsinki is sm all and 
apparen tly  sterile. N y l a n d e r  (1858) had 
studied it and  concluded th a t “typus 
A c h a r i i  suae Pgr. clandestinae visus nim is 
m iser, quare hoc nom en A c h a r i i  non 
in te rp re tari possum ”. M ü l l e r  A r g . based 
his in te rp re ta tion  of the species on a F é e  
specim en w hich had transversely  septate 
spores. He therefore transferred  it to 
Ocellularia. R e d i n g e r  (1936) followed in 
th is e rro r. The spore characters of the 
lectotype place the species in Thelotremci, 
bu t here it is preem pted by Thelotremci
Bot. Noti ser , vol. 125, 1972

clandestinum  F é e  (1837 p. 90), an u n 
rela ted  species. The next available nam e 
for Pyrenula  clandestina  appears to be 
Thelotremci laevigans  N y l a n d e i l  It is 
ra th e r  com m on at the base of trees in 
rain  forests in the A m erican tropics, 
Africa, and  probab ly  southeast Asia.

Urceolaria com puncta J. E. S m i t h  ex 
A c h a r i u s  1803 p. 143.

Thelotremci compunctum  (J . E .  S m i t h  e x  
A c h a r i u s ) N y l a n d e r  1857 p. 118. — Lepto- 
trema compunctum  (J . E .  S m i t h  e x  A c h a r i u s ) 
M ü l l e r  A r g . 1888 p .  527.

TYPE DESIGNATION: “Habitat in a r
borum cortice Amboynae. 1). C h r . S m i t h .”

SPECIMEN EXAMINED: RM (lectotype, 
labeled as in the type designation).

MORPHOLOGY (Fig. 1C) :  Thallus
ra th e r  thick, w hitish ; ascocarps num erous, 
im m ersed, 0.3— 0.5 111111 in diam eter; pore 
open, 0.1 -0.2 111111 w ide; exciple sep ara t
ing from  the thalline m argin; colum ella 
lacking; spores brow n, 8/ascus, tra n s 
versely 5— 7-septate, longitudinally  1 — 
2-septate, 9 — 11X 23— 26 p  ( H a l e , BM 
specim en).

CHEM ISTRY: P +  orange, stictic and 
constictic acids. BM specim en tested.

The only specim en so labeled in the 
A charian h erb a riu m  is a m isidentified P 
negative L eptotrem a  from  “Ind. Occid.” 
N y l a n d e r  (1863 a) had  actually  seen the 
BM specim en (then at Kew) and  said that 
it was equal to Thelotremci pertusarioicles 
N y l a n d e r , this being a nom en nudum . 
No o ther lichenologists have since exam 
ined the A m boina specim en.

Thelotrcm a discoideum  A c h a r i u s  1812 
p. 9 4 .

Ocellularia discoidea ( A c h a r i u s ) M ü l l e r  
A r g .  1887 a  p. 8.

TYPE DESIGNATION: “Habitat in Africa 
prope Sierram Leonam ex corticem arboris 
Dussa ali incolis dictae.”

SPECIMENS EXAMINED: II (lectotype,
labeled “Guinea”); S (herb. S w a r t z  labeled
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“e Guinea”) ; U P S  (herb. A g r e l i u s  labeled 
“e Guinea ex herb. A c h a r i a n o ” and herb. 
T h u n b e r g  labeled “e Guinea”). All seem to 
be parts of the same piece of hark.

MORPHOLOGY (Figs. I D ,  4 B) : T hal
lus thin and  crumbling; ascocarps semi- 
emergent, 0.4— 0.8 m m  in diameter; pore 
open, 0.15— 0.30 111111 wide; exciple apic- 
allv carbonized; columella present, about 
0.23 111111 wide, 0.12 111111 high; spores 
colorless, transversely septate, 4— 5-locu- 
late, 0 X 1 5 — 17 p  (M ü l l e r  A r g . 1887 a), 
5 —6X 20— 25 u  ( H a l e , II specimen); 
material in S and the herb. T h u n b e r g  is 
sterile.

CHEMISTRY: P +  yellow, psoromic
acid. S and UPS specimens tested.

The original collections, although un i
form in appearance, are in very poor 
condition. The species is no t  easily ch a r 
acterized in this state.

Pyrenula discolor A c h a r i u s  1814  1) p .  9,
pi. 1, fig. 2.

Ocellularia discolor ( A c h a r i u s ) S p r e n g e l  
1 8 2 7  p. 2 4 2 .  — Ascidium cinchonarum  s s p .  
discolor ( A c h a r i u s ) N y l a n d e r  1 8 6 7  p .  3 1 9 .

TYPE DESIGNATION : “Habitat in Ame
rica ad corticem Cinchonae flavae (corlic. 
regiam vulgo dictam).”

SPECIMENS EXAMINED: H (lectotype,
labeled “Amer, merid.” with a fragment in 
herl). N y l a n d é r ) ;  C (labeled “ad corticem 
chinae regiae, herb. V a h l ” ) ; L (probable iso- 
types); UPS (two specimens, one (a mixture) 
labeled “America” and the other “ad corti
cem Cinchonae”) . All the specimens are 011  

similar Cinchona bark.

MORPHOLOGY (Fig. I E ) :  Thallus
distinct, epiphloeodal; ascocarps semi- 
emergent to emergent, 0.7— 1.0 111111 in 
diameter; pore small, 0.1 — 0.15 m m  wide; 
exciple apically carbonized; columella well 
developed, about 0.3 mm wide, 0.2 m m  
high; spores colorless, transversely sep
tate, 12— 14-loculate, 1 1 — 12X 56 — 72 p  

( N y l a n d e r ,  H specimen, 1867); 8— 10X 
55—60 ii ( H a l e ,  H specimen).

CHEMISTRY: P +  red, protocetraric 
acid and an unknown; m edulla pale 
yellow but no pigment proved. UPS speci
men tested.

M ü l l e r  A r g . did not see this species. 
N y l a n d e r  (1867) noted a mixture, saying 
“immixtum cum Asciclio cinchonarum '”. 
Material of this species does indeed con
sist of two different,  externally similar 
plants, one with a distinct columella and 
a pale pigment in the ascocarps and one 
without a columella or pigment. Both 
contain protocetraric acid. Selection of a 
lectotype in this case is based chiefly 01 1  

A c h a r i u s ’ reference to “pallide llavi- 
cantes”. All specimens listed above belong 
to this type. The noncolumellate type 
includes a specimen labeled “ad corticem 
Cinchonae” (apparently herb. F r i e s ) and 
par t  of the mixture with columellate 
material,  both in UPS. The noncolumel
late material can he identified with 
Ocellularia verrucosa  ( F é e ) M ü l l e r  A r g .

Thclotrema fumosum A c h a r i u s  1812 
p. 91.

Ocellularia fumosa ( A c h a r i u s )  M ü l l e r  
A r g .  1887 a p. 7.

TYPE DESIGNATION: “Habitat in Guinea 
ad corticem arborum circa Sierram Leonam.”

SPECIMENS EXAMINED: II (lectotype,
labeled “Guinea”) ; S (herb. S w a r t z  labeled 
“e Guinea”); UPS (herb. A g r e l i u s  labeled 
“Guinea, ex herb. A c h a i u a n o ” ).

MORPHOLOGY (Figs. 1 F, 4 C) : T hal
lus distinct, epiphloeodal; ascocarps im
mersed to slightly emergent, 0.4— 0.5 mm 
in diameter; pore tiny, 0.05—0.10 mm 
wide; columella present, weakly ca rbon
ized; spores colorless, transversely sep
tate, 8-loculate, 8 X27  p  ( S a l i s b u r y , UPS 
specimen), 6— 8X 25 11 ( H a l e , H speci
men). The bark  samples are identical.

CHEMISTRY: P +  red in part,  variable, 
two unidentified substances present. S and 
UPS specimens tested.

The species is known only f rom  the 
ra the r  poorly developed type material.

B ot. N o tise r , vol. 125, 1972
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N o  o t h e r  s p e c i m e n s  h a v e  b e e n  f o u n d  w i t h  
the  s a m e  c h e m i s t r y .  M ü l l e r  A r g . ( 1 8 8 7  a) 
s a w  m a t e r i a l  “ a d  s p e c im .  A c i i . ”

Thelotrema hcnatomma A c h a r i u s  1 8 0 4  
p. 109 (nom en novum).

Lichen pertusus “ T h u n b e r g ” 1800 p. 176 
[ = Verrucarici pertusa A c h a r i u s  1798 p. 17], 
—  Pyrenulci henatomma ( A c h a r i u s ) A c h a 
r i u s  1810 ]). 316, ]>]. 5, fig. 4  a. — Ocellularia 
henatomma ( A c h a r i u s ) M ü l l e r  A r g . 1887 a
p. 6.

TYPE DESIGNATION: “Cap Bonae Spei, 
T h u n b e r g . ”

SPECIMENS EXAMINED: II (sterile); S 
(lectotype, labeled “Pyrenulci henatomma 
A c h a r ., herb. S w a r t z i i ” ) ;  UPS (herb. T h u n 
b e r g , labeled “Cap Bonae Spei”, only one 
ascocarp rem ain ing).

MORPHOLOGY (Fig. 2 A) : Thallus
thick, w arty ; ascocarps large, em ergent, 
1.2— 1.7 m m  in d iam eter; pore small, 
depressed, 0.1— 0.15 m m  wide; cxciple 
heavily carbonized; colum ella distinct; 
spores colorless, transversely septate, 9— 
10X 23— 20 ix ( M ü l l e r  A r g . ,  UPS speci
men, 1887 a), 15—22 X 90— 130 u ( H a l e ,  
S specim en).

CHEMISTRY: P —, hypopro tocetraric  
acid; a d a rk  streak  w ith triterpenes form s 
on the TEC plates. S specim en tested.

The orig inal collection of this species 
had been identified by T i i u n b e r g  as 
Lichen per tusus  (Verrucaria pertusci), a 
Swedish lichen. A c h a r i u s  recognized th a t 
it was m isidentified (1804) and renam ed 
it as a new  species, Thelotrema hena
tomma.  He did not give a description 
here, bu t his reference to the description 
of "Liehen pertusus  T h u n b e r g ” m akes 
the species validly published. A full d e 
scription was not published until 1810. 
The S specim en is large and well devel

oped in contrast to the scraps in H  and  
UPS. The species is com mon in South  
Africa.

Lichen lepadinus A c h a r i u s  1798 p. 30.

Thelotrema lepadinum ( A c h a r i u s ) A c h a 
r i u s  1803 ]). 132.

TYPE DESIGNATION: “H abitat ad co rti
cem Ulmi.”

SPECIMENS EXAMINED: H (lectotype); 
UPS (labeled “Omberg”).

MORPHOLOGY (Fig. 2 B ): Thallus
distinct, thick, sm ooth to alm ost g ranu lar; 
ascocarps num erous, em ergent, 1.0— 1.6 
m m  in d iam eter; pore open, 0.5— 0.8 m m  
wide; exciple separating  from  the thalline 
m argin  conspicuously; colum ella lacking; 
spores colorless, transversely  8— 10-sep- 
tate, longitudinally  2— 5-septate, about 
12X 50 ix, I — ( H a l e , UPS specimen).

CHEMISTRY: P —, no substances d e
tected on TUG plates. UPS specim en 
tested.

This is probably  the com m onest species 
in the family, know n from  m ost tem perate 
areas in the w orld. The type m aterial 
exhibits none of the yellowish pigm ent 
(K —) that is so evident in some specim ens 
of this species.

Thelotrema lepadinum var. bahianum  
A c h a r i u s  1803 p. 132.

Thelotrema bahianum ( A c h a r i u s ) A c h a 
r i u s  1812 p .  87. — Leptotrema bahianum 
( A c h a r i u s ) M ü l l e r  A r g . 1887 a  p .  12.

TYPE DESIGNATION: “In cortice arboris 
sub nomine Quina de Bahia e Brasilia ad 
vecta.”

SPECIMENS EXAMINED: II (lectotype,
labeled “Brasilia” w ith a fragm ent in herb. 
N y l a n d e r ) ; L (labeled “Thelotrema bahi
anum, K o e r b e r  Stam m herbar”) .

Fig. 2. Photographs of type specimens of Acharian Thelotremataceae. — A: Thelotrema 
hcnatomma (S). — B: Lichen lepadinus (UPS). — C: Thelotrema lepadinum var. bahianum 
(C). —- D: Thelotrema obturatum (BM). — E: P. terebratam (S). — F: Pyrenula trypanea

(LD). — All X  12.5.
Bot. N o tise r , v o l. 125, 1972
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MORPHOLOGY (Fig. 2 C) : Thallus thin, 
sm ooth; ascocarps em ergent, 0.6— 0.8 mm 
in d iam eter; pore open, 0.2— 0.4 mm wide; 
colum ella lacking; spores brow n, m uri- 
form , 2— 3 X 5 — 6-loculate, 10X 16— 19 p 
(H a l e , H  specim en).

CHEMISTRY: P +  red, p ro to cetraric  
acid . L and  H (herb. N y l a n d e r ) sp ec i
m ens tested .

The type m aterial is ra th e r poor and 
represented  at only two herbaria . N y l a n 
d er  (1863 a) had obviously seen the o ri
ginal since he illustrated  spores from  
“archetypi herbarii A c h a r ia n i” . This 
appears to be a w idespread tropical spe
cies (cf. R e d in g e r  1936).

Thelotrema lepadinum var. scutelliform e
A c h a r iu s  1810 p. 313.

TYPE DESIGNATION: “Habitat ad saxa 
Angliae. T u r n e r .”

SPECIMENS EXAMINED: H (lectotype, 
material on rocks) ; BM (on rock) ; UPS 
(mixed bark and rock specimens).

MORPHOLOGY: E ssen tia lly  id en tica l
w ith  th e  ty p ic a l variety; th a llu s sm o o th er  
w ith  s lig h tly  sm aller  a sco ca rp s; sp ores  
c o lo r less , 1—-2 X 8 -lo cu la te , 1 0 X 3 0  p 
(H a l e , bark  sp ec im en  in UPS).

CHEMISTRY: P —, no chrom atogram  
made.

This variety  falls well w ithin the range 
of variation  of the typical form  and 
appears to have no taxonom ic signi
ficance.

Thelotrema obturatum A c iia r iu s  1812 
p. 92.

Ocellularia obturata ( A c h a r i u s ) S p r e n g e l  
1827 p. 242.

TYPE DESIGNATION: “Habitat in Africa 
ad Sierram Leonam Guineae, supra corticem 
Trichilae procerae et aliarum arborum.”

SPECIMENS EXAMINED: H (lectotype, 
labeled “Guinea” with a fragment in herb. 
N y l a n d e r ) ;  BM (one labeled “in Trichil.
Bot. N otiser, vol. 125, 1972

procerae” and two labeled “e Guinea from 
A c h a r i u s ” ) ;  LD (one labeled “e Guinea, 
digito ipsius A c h a r i i ” and one labeled “e 
Guinea”, both ex herb. A g a r d h ) ; UPS (one 
labeled “Guinea, herb. A g r e l i i  and one 
“Guinea, herb. E. F r i e s ” ) .  All collections 
appear to be from the same piece of bark.

MORPHOLOGY (Figs. 2 D, 4 D) : T hal
lus th in  and  sm ooth; apothecia semi- 
em ergent to em ergent, 0.5— 0.6 mm in 
d iam eter; pore irregular, 0.1— 0.2 mm 
wide; exciple apicallv  carbonized; colu
m ella present, well developed, 0.20 mm 
wide and 0.15 m m  high; spores colorless, 
transversely  septate, 8-loculate, 5— 7 X  
28— 34 p (H a l e , H specim en).

CHEMISTRY: P +  red, “A, B series” 
unknow ns, the TLC profiles being exactly 
the sam e as in T helotrem a cavatum . S 
specim en tested.

This species is represented by a large 
num ber of un iform  duplicates. M ü ller  
A r g . had annotated  the UPS specimens 
b u t did no t publish  any of the data since 
he considered it to be a synonym  of 
T helotrem a cavatum . C hem istry confirm s 
the identity  of these two species although 
the to ta l range of m orphological variation 
is still unknow n.

Thelotrem a terebratum A c h a r iu s  1812
p. 88.

Ocellularia terebrata ( A c h a r i u s ) M ü l l e r  
Arg. 1887 a p. 7.

TYPE DESIGNATION: “Habitat in Ame
rica ad corticem Cinchonae flavae.”

SPECIMENS EXAMINED: II (lectotype,
labeled “America” with a fragment in herb. 
N y l a n d e r ) ;  S (labeled “in cortice Oinch. 
flavae, herb. S w a r t z i i ” ) ; UPS (labeled “Ame
rica, ex. herb. A c h a r i a n o , herb. A g r e l i i ” ) .  
All are part of the same bark collection.

MORPHOLOGY (Figs. 2 E, 4 E) : T hal
lus thick, sm ooth; ascocarps im m ersed to 
sem i-em ergent, crowded, 0.4— 0.5 mm in 
d iam eter; pore distinct, 0.1 m m  wide; 
colum ella present, th in  and w eakly car
bonized; spores colorless, transversely 
septate, 6— 8-loculate, 7— 8 X 2 0 —30 p
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m f  l a i m e r ,

Fig. 3. Photographs of type specimens of Acharian Thelotremataceae. — A: Pyrenula  
umbratu  (S). — B: Thelotrema urceolare (L). — All X 12.5.

( M ü l l e r  A r g ., UPS specim en, 1887 a),
6 — 9 X 2 0 — 3 0  a  (S a l i s b u r y , UPS s p e c i 
m e n ) ,  1 1 X 3 0  p ( N y l a n d e r , H  s p e c i m e n ) ,  
0 — 7 X 2 2 — 24 u  ( H a l e , II s p e c i m e n ) ,  5 —
7 - l o c u l a t e ,  7— 9 X 1 3 — 3 0  u (V a i n i o , I I  
s p e c i m e n  ( ? ) ,  1 8 9 0 ) .

C HEM ISTR Y : P +  y e l l o w ,  p s o r o m i c
a n d  “ n e o p s o r o m i c ” a c i d s .  11 s p e c i m e n  
( h e r b .  N y l a n d e r ) t e s t e d .

T his  seems lo he a well c h a rac te r ized  
species, a l th o u g h  we a re  still n o t  su f f i 
c iently  fam il ia r  w ith  the  range  of v a r ia 
tion. R e d i n g e r  (1936) iden tif ied  a n d  
i l lu s tra ted  it, a p p a re n t ly  correc tly ,  am o n g  
the R e g n e l l  B razil ian  collections.

P yrenu la  trypanea A c h a r i u s  1814  a 
p. 119.

Verrucaria trypanea ( A c h a r i u s )  S p r e n g e l  
1827 p. 244. — Ocellularia trypanea ( A c h a 
r i u s )  D o d g e  1953 p. 344.

TYPE DESIGNATION : “Habitat in Guinea 
ad arborum corticem.”

SPECIMENS EXAMINED: H (leclotype, 
labeled “Guinea” with fragment in herb. 
N y l a n d e r ) ; LD (labeled “e Guinea dedit

A c h a r i u s ” and a second specimen ex herb. 
A g a r d h ) ; S (labeled “e Guinea, herb. 
S w a r t z i i ” ) ;  UPS (labeled “e Guinea ex herb. 
T h u n b e r g ” ) .

MO RPHO LO GY  (Figs. 2 F, 4 F) : T h a l 
lus distinct, sm o o th ;  a sco ca rp s  f lush , 
0 .3— 0.4 111111 in d iam e te r ;  p o re  dis tinct,  
0 .05— 0.1 111111 w ide; exciple w eak ly  car- 
lionized at the apex ; co lum ella  p resen t,  
w eak ly  ca rbon ized  a n d  th in ;  spores  c o lo r 
less, tran sv e rse ly  septate ,  6— 7-loculate, 
5 — 6 X 1 6  19 (.1 ( H a l e , H spec im en) .

CH EM ISTR Y : P +  yellow, p so ro m ic
a n d  “n e o p so ro m ic ” acids. S a nd  UPS 
spec im ens  tested.

T h is  species w as inexp licab ly  o v e r 
looked  by the 19th cen tu ry  lichenologists .  
M ü l l e r  A r g . (1887 a) seem s to im ply  
t h a t  it is a sy n o n y m  of T h e lo tre m a  
(O cellu laria) fu m o s u m  A c h a r i u s  w ith o u t  
f u r th e r  e labora tion ,  except fo r  an  a n n o ta 
t ion  011 the  UPS specim en. D o d g e  (1953) 
d id  no t  see an y  ty pe  m a te r ia l  b u t  re l ied  
on the  descrip tions. I 11 any  event I believe 
th is  is a  d is t inc t  species, u n re l a te d  to 
O. fu m o sa .
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P yrenula  um brata A c h a r i u s  1814  1) p.  9,
pi .  1, f ig .  3.

Thelotrema umbratum  ( A c h a r i u s ) F é e  
1837 ]). 90. — Verrucaria umbrata  ( A c h a r i u s ) 
S p r e n g e l  1827 p. 244. — Leptotrema um 
bratum  ( A c h a r i u s ) M ü l l e r  A r g . 1887 a
p. 12.

TYPE DESIGNATION: “H abitat in Ame
rica merid. ad corticem Bonplandiae trifolia- 
tae W i l l d . (Cuspariae febrifugae H u m b . et 
B o n p l . v u l g o  cortic. Angusturae  dictae.)”

SPECIMENS EXAMINED: H  (apparently 
sterile); S (sterile, labeled “Pyrenula umbrata 
A c h . herb. S w a r t z i i ” ) ; U P S  (lectotype, 
labeled “America merid. in cort. Angustur. 
Herb. A g r e e , ex herb. A c h a r i a n o ” ) .  All 
specimens are from  the same piece of bark.

M O RPHO LO GY  (Figs. 3 A, 4 G) : T h a l
lus w a rty , th ick , sh in y ; a sco ca rp s  sem i- 
em ergen t, 0.5— 0.7 m m  in d iam eter, b a re ly  
v isib le am o n g  the  w a rts ; p o re  sm all, 0.10 
m m  w id e ; exciple ap ica lly  ca rb o n ized ; 
co lum ella  d is tinc t, ca rb o n ized ; spores 
co lorless, tran sv e rse ly  sep ta te , 8 -locu late , 
6— 7 X 1 8 — 26 p ( S a l i s b u r y , U PS spec i
m en ; co n firm e d  ten ta tiv e ly  by  H a l e  b u t 
spores p o o rly  developed).

C H EM ISTR Y : P - ,  TEC negative  or 
w ith  fa in t  tr ite rp e n e  spo ts. S specim en  
tested .

T h ere  a re  th ree  specim ens in UPS an d  
one each  in C an d  S labe led  “P yrenu la  
u m b ra ta ”, b u t on ly  one  co llection , the  
m a tch in g  b a rk  sam p les  in U PS an d  S 
a p p e a r  to  be p a r t  o f th e  o rig in a l A ch arian  
m a te ria l a n d  agree in m o s t essen tia ls  w ith  
A c h a r i u s ’ draw ing . O nly  the  U PS spec i
m en  is fe r tile  an d  a lth o u g h  spo res a re  
p o o rly  developed  it is c lea rly  an  Ocellu- 
laria. M ü l l e r  A r g . d id  n o t see an y  a u 
th en tic  m a te ria l an d  b ased  his e rro n eo u s  
o b se rv a tio n s on a spec im en  d e te rm in ed  
by F é e .

T helotrem a urceolare A c h a r i u s  1812 
p. 90.

Ocellularia urceolaris ( A c h a r i u s ) S p r e n g e l  
1827 p. 242. — Urceolaria thelotremoides 
M a s s a l o n g o  1852 p. 35. Based on Thelo
trema urceolare A c h a r i u s . — Thelotrema  
distinctum  N y l a n d e r  1857 p. 118 (nom en); 
la ter (1859 p. 222) identified with Thelotrema  
urceolare A c h a r i u s . — Leptotrema urceolare 
( A c h a r i u s ) M ü l l e r  A r g . 1887 a p. 12.

TYPE DESIGNATION: “H abitat in Ame
rica supra corticem Cinchonae rubrae.”

SPECIMENS EXAMINED: H (lectotype, 
labeled “America”); G (herb. B u s e  labeled 
“Quinquina rouge”); UPS (labeled “America, 
herb. A g r e i .ii  ex herb. A c h a r i a n o ” ) .  All 
come from  the same piece of bark.

M O RPHO LO GY  (Figs. 3 B, 4 H) : T h a l
lu s  d is tinc t, sm o o th ; asco ca rp s c row ded , 
sem i-em ergen t, 0.5— 0.6 n u n  in d ia m e te r ; 
p o re  consp icuous, 0.15— 0.20 m m  w ide ; 
excip le  n o t carbon ized , a  co lum ella  la c k 
in g ; spo res b ro w n , m u rifo rm , 11 — 14 X 
24— 32 p ( N y l a n d e r  1859, M ü l l e r  A r g . 
1887 a), 2 X 3 — 4-locu la te , 1 2 X 2 4 — 29 u 
( H a l e , H specim en).

C H EM ISTR Y : P - ,  TEC negative  w ith  
n o  spo ts. U PS specim en  tested .

T he specim en  in H is fra g m e n ta ry  w ith  
o n ly  th re e  a scocarps rem ain in g . M ü l l e r  
A r g . d id  n o t exam ine a u th e n tic  m a te r ia l 
b u t cites N y l a n d e r  fo r  spo re  size, a l
th o u g h  one can n o t he su re  the re fe ren ce  
to  spo re  size in N y l a n d e r s p u b lic a tio n  
(1859) is tak en  fro m  A c h a r i u s ’ ty p e . T he 
id en tity  o f th e  species is fa r  f ro m  clear.
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Fig. 4. Photographs of free-hand cross sections of some lectotypes in herb. A c h a r i u s  ill).
— A: Thelotrema cavatum. — B: T. discoideum.  — C: T. fumosum.  — 1): obturatum. — 
E: T. terebratum. — F: Pyrenula trgpanea. — G: P. umbrata. — II: 'Thelotrema urceolare.
— All are shown at the same m agnification (scale at bottom  in 0.1 and 0.01 mm divisions).
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som e of the old lite ra tu re  and  checked  the 
f in a l m an u scrip t. P a r t of the trav e l expenses 
fo r h e rb a r iu m  resea rch  w ere  generously  
given by  Mrs. W i l l i a m  J . M o r d e n .

LITERATURE CITED

A c h a r i u s ,  E . 1 7 9 8 . L ichen o g rap h iae  Suecicae 
P ro d ro m u s . —  L incopiae.

-  1803. M ethodus qua om nes de tectos L i
chenes. —  Stockholm iae.

-  1804. Des V erfassers (A charius’) V er
te id ig u n g  gegen die ihm  von den H e rau s
g ebern  g em ach ten  E inw urfe , n eb st ih ren  
G egenerinnerungen . Auch B eiträge zum 
M ethodus L ichenum , vom  H errn  A charius 
selbst. —  Arcli. Syst. N aturgesch . I, 
1 :81 110. - -  [In W e b e r  & M o h r ,  Be
m erk u n g en  . . .  Cf. below.]

— 1810. L ich en o g rap h ia  un iversalis . —  
G ottingae.
1812. A n m ärk n in g a r vid la fs läg te t Thelo- 
trem a  m ed no g are  bestäm m an d e  af dess 
a rte r . —  Kongl. Vetensk. Acad. Nya 
H and l. 1812: 79—95.

— 1814 a. S ynopsis M ethodica L ichenum . —  
L undae .

—  1814 h. M onographie  der L ichenen-G attung  
P y re n u la  m it A bbildungen a lle r b ish e r 
b e k an n ten  A rten. —  Mag. Gesellsch. 
N a tu rf. F re u n d e  B erlin  6 :3 — 25.

D o d g e ,  C. W . 1953. Some lichens of tro p ica l 
A frica. —  Ann. M issouri Bot. G arden 
40: 271— 412.

E l f v i n g ,  F. 1918. U niversite tets b o tan isk a  
in s titu tio n  1828— 1852. — H elsingfors
(H e lsin k i).

F é e , A. L. A. 1824. E ssai su r les C ryptogam es 
des éco rces exo tiques officinales. —  P aris.

-  1837. E ssa i su r les C ryptogam es des é c o r
ces exo tiques officinales. II. S upp lém en t 
et rév ision . —  Paris.

M a s s a l o n g o ,  A. 1852. R icerche su if  au to- 
n o m ia  dei L ichen i crostosi. —  V erona.

M ü l l e r  A r g o v i e n s i s ,  .1. 1882. L ichenolo-
gische B eiträge XVI. —  F lo ra  65:492— 509.

—  1887 a. G raph ideae  F eeanae. •— Mém. Soc. 
P h ys. H ist. Nat. Genève 29 (8) : 3— 80.

—■ 1887 b. Revisio L ich en u m  F éean o ru m . —  
Rev. Myc. 35: 1— 16.

—  1888. Revisio L ichenum  E schw eileria- 
n o ru m  e novo  stud io  specim inum  o rig i
n a liu m  in h e rb a r io  Regio M onacensi 
a sse rv a to ru m , Series II. —  F lo ra  71: 
521— 528.

N y l a n d e r ,  W . 1857. É n u m é ra tio n  g én éra le  
des lichens. —  Mém. Soc. Im p. Sci. Nat. 
C herb o u rg  5 :8 5 — 146.

—  1858. E x p o sitio  sy n o p tica  P y ren o car- 
p eo ru m . —  Mém. Soc. Acad. M aine-et- 
L oire, A ngers 4: 1— 88.

-  1859. L ichenes in reg io n ib u s exoticis q u i
b u sd am  vigentes. —  Ann. Sci. N at. Bot. 
ser. 4 , 11:205— 264.

—  1863 a. L ich en o g rap h iae  N ovo-G ranatensis 
P ro d ro m u s. —  Acta Soc. Sci. Fenn . 
7: 417— 504.

—  1863 b. In  J . T r i a n a  & J .- E .  P l a n c h o n ,  
P ro d ro m u s  F lo rae  N ovo-G ranatensis. —  
Ann. Sci. N at. Bot. ser. 4, 19:286— 382.

— 1867. In  d itto , A dd itam en tum . — Ann. 
Sci. Nat. Bot. ser. 5, 7 :3 0 1 — 354.

R e d i n g e r , K. 1936. T h elo trem aceae  B rasi- 
lienses. —  Arkiv Bot. 28 A (8) : 1— 22.

S p r e n g e l ,  K. 1827. System a vegetab ilium  4,
I. Ed. 16. —  G ottingae.

T h u n b e r g ,  C. P. 1800. P ro d ro m u s  p lan ta ru m  
C apensium  q uas in p ro m o n to rio  B onae 
Spei Africes an n is  1772— 1775 collegit. 2. 
—  U ppsaliae.

T ö r j e ,  A. 1968. De b o tan isk a  in s titu tio n e rn a  
vid Lunds un iv ers ite t. —  L unds U niversi
tets H isto ria  3: 109, 110.

V a i n i o , E. A. 1890. É tude  su r la  c lassifica tion  
n a tu re lle  et la m orp h o lo g ie  des lichens du 
B résil. —  Acta Soc. F a u n a  F lo ra  Fenn ica
II, 7 :3 — 256.

W e b e r ,  E. & M o h r ,  1). 11. M. 1804. B em erk 
ungen ü b e r A cb ariu s’s n eues L ichenen- 
system . — A rch. Syst. N aturgesch . I, 
l': 81— 110.

Bot. N o t is e r ,  vo l.  125, 1972



B otanical Literature

M o o r e ,  L. B. & E d g a r ,  E .:  F l o r a  o f  
N e w  Z e a 1 a 11 d. Volume II. I n d i- 
g e n o u s T r a c h e o p h y t a. M o 11 0 - 
c o t y l e d o n e s  e x c e p i  G r a m i n e a e .  
— W ellington 1970. 354 pp., 43 figures. 
Price $ 4.50.

T h e  f i r s t  v o lu m e  o f  th is  f l o r a  a p p e a r e d  
in 1961, w i t h  H. II. A l l a n  as  th e  m a i n  
a u t h o r .  A f t e r  h is  d e a th  it w a s  c o m p l e t e d  
h y  L. B. M o o r e  a n d  M. B. A s h w i n ,  a n d  
l a t e r  M o o r e  to o k  u p  th e  w o r k  011 its 
c o n t i n u a t i o n  to g e th e r  w i th  E .  E d g a r .  It 
is n o w  to  h e  h o p e d  t h a t  th e  e n t i r e  w o r k  
w il l  h e  c o m p le te d  w i th  th e  v o l u m e  on  
g r a s s e s  in th e  n e a r  f u tu r e .

The descriptions are thorough, with 
notes 011 distribution and ecology. P racti
cal keys for purposes of pure identifica
tion are given for all families and genera, 
and for  most larger genera there are also 
synoptic keys to subgenera, sections or 
species groups. Many useful comments on 
nomenclature, unsolved taxonomic p rob 
lems, untraced names etc. are also in 
cluded. The figures mainly take the form 
of good analytical drawings, which give 
effective help in the identification of 
genera and species. There are m o rp h o 
logical discussions on larger families, with, 
for example, for Orehidaceae an instruc
tive drawing showing the meaning of the 
terms of floral morphology. A glossary 
of terms is also included.

This part has, as with the first volume, 
been limited to species regarded hy the 
au thors  as being definitely indigenous. 
This is somewhat unsatisfactory as in tro
duced species play an im portant role in 
the flora of New Zealand. There is also 
a tendency to regard as introduced several 
widespread species that were recorded 
from the area at an early date and might 
well he indigenous. The lists of introduced 
species thus have to he carefully studied

for most genera if a full picture of the 
actual flora of the area is to he gained.

S v e n  S n o g e r u p

T r a l a u ,  H. (editor) : I n d e x  H o i  m e n- 
s i s. — P art  I. Equisetales, Isoëtales, 
Lycopodiales, Psilotales, Filicales, Gymno- 
spermae. 264 pp. Price S F r  100. —  P ar t  
II. Monocotyledonae A— I. 224 pp. Price 
SFr 115. — The Scientific Publishers Ltd, 
Zürich. 1969 and 1972.

In systematic botany we are used to 
consulting Index Kewensis as an indispen- 
sible guide to the first description of plant 
species, without giving m uch thought to 
the possible difficulties of searching for 
them in a l ibrary with limited resources. 
There are also a few other s tandard  works 
and  abstract volumes that tremenduously 
facilitate botanists in finding the in fo rm a
tion desired.

W ith  Index Holmensis, which is a 
world index of plant distribution maps, 
Sweden makes a contribution to service 
to botanical research. The im portance of 
the index will he properly acknowledged 
when the work becomes better know n — 
advertisement and information up till now 
have been far too diffident. W ith  time 
the index will no doubt he found in 
valuable. It is to he sincerely hoped that 
facilities and funds will he provided for 
its completion and to ensure successive 
supplements to keep it up to date.

The work on Index Holmensis is di
rected from  Naturhistoriska Riksmuseet,  
Stockholm, under the supervision and 
leadership of Dr. H a n s  T r a l a u .  It is 
based 011 a very rich, though by 110 means 
complete index of distribution m aps com
piled hy Professor E r i c  H u l t é n  and  used 
by him in his m ajor  works on phytogeo
graphy. This index has been complemented 
by means of a systematic examination of 
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botanical and other publications, a task 
carried out by a staff of several persons. 
Contributions to this work have also been 
made by representatives of various flora 
projects, especially by Professor v a n  

S t e e n i s  at Leyden and Professor M e u s e l  

at Halle.
In Index ITolmensis the genera are 

arranged in alphabetical order under the 
main groups given in the title, and the 
species are alphabetically arranged under 
each genus. A uthors’ nam es are omitted, 
w hich is perhaps wise, as these are often  
inaccurate and confusing.

The references appear under the scienti
fic name used in the original publication. 
This is probably better than if the com 
pilers had attempted to re-nam e or re
interpret the nam es of the species mapped, 
though it m eans that the reader w ill have 
to consult all possible synonym s. He will, 
for example, when looking up Epipact is  
lxelleborine,  find num erous references 
under this name but also several under 
E. latifolia and Helleborine latifolia.  It is 
necessary to know  this before consulting  
Index H olm ensis. An alternative w ould  
be to give cross references to im portant 
synonym s, a procedure that could possibly  
be considered in the preparation of com 
ing volum es.

Maps of plant distributions are of very 
different types. Some are the result of the 
careful revision of a species over its w hole 
range of distribution, som e on ly  a rough 
outline of its approxim ate distribution. 
Some again show  only the records of a 
species in part of a single province of a 
country. No reference to the type of map 
is given in the index (it w ould be d ifficult 
to be fair in this respect), but the total 
area of the map (not of the distribution  
area within the map) is given. The title 
of the botanical publication is given in 
considerable detail, and the references 
are never obscured by the abbreviations 
used. —  Maps of fossil plants and past 
distributions are included in the index 
and com prise a considerable part of the 
references in part I.
Bot. Notiser, vol. 125, 1972

The second part d iffers from the first 
in having three colum ns on each page  
instead o f tw o and in being in m uch  
sm aller print, w hich  m akes this part m ore  
convenient to use. It could have been  
m ade even m ore com pact by the m ore  
frequent use of “op. c it .”.

In preparing vol. II Dr. T h a l a u  has 
also had m ore assistance than for vol. I, 
and he has been supported by an E d i
torial Board of specia lists active in various 
parts o f the w orld. Several of them  have  
contributed substantially  in com pleting  
the index. Inevitably, certain distribution  
m aps have been overlooked, especially  
when published in inaccessible books or 
journals and in publications with m ixed  
contents. These can, how ever, be included  
in later supplem ents. Dr. T h a l a u  is 
anxious to make further contacts w ith  
botanists w illing to co-operate in the work  
on com ing volum es of the index.

W hen going through the two volum es  
of Index H olm ensis one is im pressed by 
the great num ber of m aps that exist for  
m any species. Species such as Cladium 
mariscas  and Picea excelsa  are m apped  
in more than 50 different publications, 
and 44 m ore can be found for the syn 
onym  of the latter species, Picea abies. 
T his m ay give a slight im pression of w hat 
a gold-m ine this w ork can prove to be to 
students of plant geography, ecology, 
vegetation history, etc. In the works cited, 
there is often additional inform ation on 
the species concerned, as well as further  
references. T herefore, the index m ay also  
serve as an excellent gate-way to the 
literature on the species one w ishes to 
study.

In sum, I w ish to recom m end Index 
H olm ensis to any institute teaching and 
doing research in phytogeography, syste
m atic botany including paleobotany, and  
ecology. It should take its place among  
other indispensible standard w orks. The 
index is not cheap, but considering the 
tim e gained by using it the costs are 
m odest.

R o l f  D a h l g r e n
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I n t e r n a t i o n a l  C o d e o f  B o t  a n i- 
c a 1 N o m e n c l a t  u r e. Adopted by the 
Eleventh International Botanical Congress, 
Seattle, August 1969. —  Regnum vegeta
bile 82. Utrecht 1972. 426 pp. Price (for 
members of I.A.P.T.) Sw. Ivr. 61.80. Post
giro 43 35 39 - 4, Göteborg.

This new edition of the well-known 
Code of Nomenclature includes the deci
sions taken by the Nomenclature Section 
of the Seattle Congress in 1969. Compared 
to its predecessor “the Edinburgh Code”, 
1966, (reviewed in Bot. Notiser 120 (1967) 
p. 382) we find no m ajo r  changes. An u n 
critical reader would get the impression 
that botanical nomenclature has reached 
a considerable degree of stability. This is 
true, however, only to a limited extent.

The Stockholm Congress in 1950 saw 
several important changes of the princi
ples of plant nomenclature, e.g., the in
troduction of automatic tautonyms (with
out au thor’s name) for infraspecific taxa 
including the nomenclatural type of the 
species. This “main  type” must be called, 
e.g., Salix alba L. ssp. alba var. alba f. alba. 
The reform has been generally accepted 
by plant taxonomists with a few excep
tions, e.g., the late au thor  of the “Nordisk 
Kärlväxtflora” N i l s  H y l a n d e r .

In many other cases, however, the No
menclature Section has been reluctant to 
m ajo r  changes. At Stockholm a fairly large 
minority fought for retaining certain well- 
established species names which had prov
ed to he invalid under the Code (“nomina 
specifica conservanda”). The same ques
tion (sometimes under the formula “no
mina specifica rejicienda” ) was discussed 
again in Paris (1954), Montreal (1959) 
and  Edinburgh (1964), but all proposals 
for conservation on species level were 
rejected. In Edinburgh a list was presented 
of some 70 specific names of “plants of 
economic im portance”, which were p ro 
posed for conservation. This question was 
postponed to the Seattle congress, bu t no 
action was taken there.

These examples concerning conserva

tion of names may illustrate the restrictive 
attitude towards essential changes which 
has been prevailing among most nomen- 
claturists. Only 30 of the 226 proposals to 
the Nomenclature Section were accepted at 
Seattle, 120 were rejected, 55 were referred 
to the Editorial Committee and 18 were 
treated in other ways. The number of p ro 
posals has been decreasing considerably 
since the Stockholm Congress. It seems as 
if several botanists hesitate to challenge 
the conservative Establishment ot Nomen
clature even if their proposals are well- 
founded.

Some of the few amendments (all of 
them of minor importance) in the new 
Code are mentioned here. F u rthe r  infor
mation on the problems under discussion 
can be obtained from “Synopsis of p ro 
posals on botanical nomenclature, Seattle 
1969” (Regnum vegetabile vol. 60) and 
“Report on botanical nomenclature, Seattle 
1969” (Regnum vegetabile 81). A brief 
survey of “Nomenclature at Seattle” was 
published by the Rapporteur-géneral Dr. 
E. A. S t a f l e u  in Taxon 19 (1970) p. 36. 
Dr. S t a f l e u  has also acted as editor of 
the present edition of the Code.

The principle of automatic tautonyms 
(cf. above, now called autonyms) was ex
tended first to the generic (Paris 1954) 
and then to the familial level (Montreal 
1959). A proposal by two American bota
nists (cf. Taxon 17 (1968) p. 645) showed 
in a well-documented way that, under 
certain circumstances, the extension ol the 
tautonym principle can lead to the result 
that a taxon with a particular circum
scription, position and rank can bear two 
correct names, which is contrary to one 
of the elementary principles of nomen
clature. This proposal involving changes 
of arts. 19, 22 and 26 in order to provide 
against these déficiences in the Code was 
accepted w ithout much discussion.

The Nomenclature Section also decided 
that the about 150 000 binomials (“espèces 
nouvelles”) published by G a n d o g e r  (Flora 
Europae, 27 volumes 1883— 1891) shall be 
treated as not validly published. They have 
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been ignored by most taxonomists and 
were not quoted in Index Kewensis, bu t it 
is evident that they were effectively p u b 
lished. Dr. S t a f l e u  (Taxonomic L iterature 
(1967) p. 163) argued that G a n d o g e r ’s 
“espèces nouvelles” are infraspecific 
“microspecies” and as such not validly 
published. As emphasized by the reviewer 
(Bot. Notiser 122 (1969) p. 148— 150) this 
is contrary to G.’s own opinion in F lora  
Europae. G. definitely stated that his 
“espèces nouvelles” are the real specific 
units, whereas his “espèces linnéennes” 
are said to be collective species represen t
ing an oldfashioned (sensu G.) species 
concept.

II is puzzling to the reviewer that the 
blacklisting of G a n d o g e r ’s Flora E uropae 
has taken place under art.  33 in the Code: 
“A combination is not validly published 
unless the au thor  definitely indicates tha t  
the epithet or epithets concerned are to be 
used in that particular  combination”. Any
one who lias read G.’s Préface (1883) m ust 
realize that G. did accept his “espèces 
nouvelles” as the real species and did not 
accept the “espèces linnéennes” otherwise 
than as aggregate species. The reviewer is 
fully convinced that it is necessary to ex
clude G.'s F lora  Europae, but it is not 
honest to do that by means of attr ibuting 
to him ideas tha t he did not express or 
terms that he did not use.

W hat is a microspecies? This term is 
not defined anywhere in the Code, no r  in 
the “Annotated glossary of botanical n o 
menclature” (Regnum vegetabile 56, 1968). 
Using the same arguments as in the Gan- 
d o g e r  case (“it i s  impossible to have spe
cies within species”) it would be possible 
to disqualify numerous “microspecies” in, 
e.g., Alchemilla  and  Taraxacum  versus the

“L innaean” species A. vulgaris and T. 
officinale.

Appendix I “Names of hybrids” has 
been considerably remodelled, whereas the 
corresponding art. 40, which caused much 
disagreement at Seattle, has been changed 
only to a small extent. In other cases, e.g., 
nomenclature above the rank  of family 
(art. 16), superfluous names (art. 63) 
and ambiguous names (“long-persistent 
sources of error  ”, art.  69) the Nomen
clature Section behaved like a Polish 
Diet: m uch discussion, few or no results. 
Most proposals were rejected or referred 
to special committees which are supposed 
to consider the controversies and report to 
the Leningrad Congress in 1975. A richer 
set of examples has been added to art. 63 
and the classical (not well chosen) exam
ple Rosa villosa under  art. 69 has been 
changed to Cyclamen europcieum.

W hen commenting upon the Edinburgh 
Code (cf. above) the reviewer questioned 
if the present shape of the Code is the 
most appropriate  one. Is it necessary to 
have complete versions in English, French 
and German in the same volume? U n
doubtedly, the English version would be 
sufficient. Par t  of the space gained by such 
a reform could be used for a more com 
prehensive set of examples under the 
articles and more references to the dis
cussion (in Taxon and elsewhere) con
cerning nomenclatural rules and practice. 
It is a m atter  of fact that the Code, how 
ever indispensible it may be, is not easily 
accessible to many students, nor to several 
botanists lacking the necessary historical 
approach  to the intricate pattern  of bo
tanical nomenclature.

O v e  A l m b o r n
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