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97. Chenopodium opulifolium S c h r a d . 
in  K o c h  e t  Z iz .  1814

A nnual,  u p  to 1 m  high , ascend ing  to 
erect, u s u a l ly  d iv a r ica te ly  b ra n c h e d .  S tem  
a n g u la r ,  s tr ia ted .  Leaves a l te rna te ,  pa le  
g reen  to g rey ish -g reen  an d  g lab ro u s  to 
sp a rse ly  fa r in o se  above, g rey ish -g reen  and  
c o n sp ic u o u s ly  fa r in o se  benea th .  L o w er  
leaves petio la te , petio le  a b o u t  equa l to or 
longer th a n  la m in a ,  cu n ea te  a t base, 1— 5 
cm  long, a b o u t  as long  as b ro ad ,  th ree -  
lobed to b ro a d ly  rh o m b ic  a n d  th e n  w ith  
tw o  p ro m in e n t  la te ra l  tee th , la te ra l  lobes 
w ith  2— 3 b ro ad ,  o u tw a rd -  to fo rw a rd -  
p o in t in g  ob tu se  to  acu te  teeth , m idd le  lobe 
r a th e r  s h o r t  a n d  b ro a d  w ith  2— 6 r a th e r  
in s ign if ican t ,  ob tu se  to acu te  a n d  fo rw a rd -  
p o in t in g  tee th , apex  obtuse, acu te  o r  
ap icu la te .  U p p e r  leaves m o re  o r  less 
pe tio la te ,  th ree - lo b ed  to lanceo la te ,  cunea te  
a t  base, e n t i re  to den ta te , acu te . F lo w ers  
s i tu a ted  in g rey ish , ro u n d ,  a t  least in  the  
lo w e r  p a r ts  of in f lo rescences  d is tinc t 
g lom eru les ,  fo rm in g  a loosely to r a th e r  
co m p ac t,  p a n ic u la te  in flo rescence . F lo w ers  
perfec t ,  co n sp icu o u s ly  fa r inose ,  5 -m erous. 
P e r ia n th  lobes  un ited  a t  the  m o s t  u p  to 
one  half,  ovate , g reenish  to b ro w n  in  the 
cen tre ,  pale  a n d  m e m b ra n e o u s  in  the  m o s t  
m a rg in a l  p a r ts ,  keeled  on  the  back . T h e  
p e r ia n th  e n t i re ly  covers  the  seed. P isti l  
w ith  a sh o r t  style, and  tw o  s lender,  r a th e r  
s h o r t  s tigm as  pap i l la te  to th e  base. 
S tam ens  5. Seeds ho rizon ta l ,  b lack , o r ­

1 E n g stra n d  is re sp o n s ib le  fo r  th e  d r a w ­
ings  a n d  Gu s t a f s s o n  fo r  th e  text.

b icu la r ,  1.0— 1.4 m m  in d iam ete r ,  w ith  
ro u n d  m arg in s .  T es ta  lu s tro u s ,  w ith  ra d ia l  
fu r ro w s .  R ad icu la  s h o r t  a n d  b ro a d ,  closely 
a t ta c h e d  to the  seed. E m b ry o  a n n u la r .

F lo w e r in g  tim e: J u ly  to  A ugust.
C h ro m o so m e  n u m b e r :  2 n = 1 8 ,  36, 54.
V aria t ion :  C. o p u l i f o l i u m  varies, as do 

m os t C h e n o p o d i u m  species, in  hab it ,  
height, size a n d  sh a p e  of leaves and  d e n ­
ta tion  o n  the  m arg in s .  T w o subspecies  
have  b een  d is t in g u ish ed  (cf. A e l l e n  
1960), b u t  m os t of the  S can d in a v ia n  m a te ­
r ia l  belongs  to ssp. opu l i fo l ium .

H ab it  an d  d is tr ib u t io n :  C. o p u l i fo l iu m  
is a m o re  o r  less occas io n a l  w eed  g row ing  
on m o s t  w aste  g ro u n d  o f ten  in  the v ic in ity  
of h a rb o u rs ,  m ills  a n d  facto ries . I t  h a s  a 
w ide a re a  of d is tr ib u tio n ,  b u t  is p ro b a b ly  
on ly  n a t ive  to th e  M e d ite r ra n e a n  p a r ts  
of E u ro p e ,  to the  c e n t r a l  p a r t s  of Asia 
a n d  to  Africa. In  S c an d in av ia  s ca tte red  
localities th ro u g h o u t  D e n m a rk ,  in  Sw eden  
d is tr ib u te d  n o r th w a rd s  to the p ro v in ce  of 
M edelpad , in  N o rw ay  n o r th w a rd s  to the  
p ro v in ce  of S ö r -T rö n d e la g  a n d  in  F in la n d  
in the so u th e rn m o s t  p a r ts .

C om m ents :  C. o p u l i fo l i u m  is closely
re la ted  to C. a l b u m  a n d  m o rp h o lo g ica l  
t r a n s i t io n s  occur.  H ow ever ,  acco rd in g  to 
A e l l e n  (1960), h y b r id  deriva tives  are  
ra re .  T y p ica l  spec im ens  of C. op u l i fo l i u m  
a re  d is t in g u ish ed  f ro m  C. a lb u m  by  th e ir  
long-petio la te ,  th ree - lo b ed  leaves, w h ich  
are  a b o u t  as long  as b r o a d  a n d  fa r inose  
b en ea th ,  a n d  by  th e ir  co n sp icu o u s ly  
fa r in o se  flow ers.

B ot. N o tise r, vo l. 127, 1974
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Fig. 97. Chenopodium opuli folium S c h r a d . — A: Habit (branch). — B: H ermaphrodite 
flower. — C: P erian th  seen from above. — D: Fru it enclosed in the perianth. — E: Fruit 
with pericarp. — F: Seed in transection. — G: Section through a seed, showing the

embryo. — A: X0.5. — B, D— G: X20. — C: X8.

98.  C h e n o p o d iu m  s u e c ie u m  J. M u r r . 1902

(Syn. C. viride sensu Ae l l e n  1960. For 
nomenclatural comments see H y l a n d e r  1945 
and J o r g e n s e n  1973).
B ot. N o tise r, vo l. 127, 1974

A nnual, u p  to  1 m  h igh ,  ascend ing  to 
erect, u su a lly  b ra n c h e d .  S tem  angu la r ,  
s tr ia ted . S tem  a n d  sh o o ts  in  young  stages 
of d ev e lo p m en t fa r in o se ,  la te r  becom ing
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Fig. 98. Chenopodium suecicum  J. Murr. — A: Habit. — R: Perianth seen from above. — 
C: Hermaphrodite flower. — D: F ru it  enclosed in the perianth. — E: Fruit with pericarp. 
— F: Section through a seed, showing the embrvo. — G: Seed in transection. — A: X0.5.

—  B: X 8. — G—G: X20.
B ot. N o tise r, vo i. 127, 197-1
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glab ro u s .  Leaves a l te rn a te ,  g reen  to  light 
g reen , g lab rous  to  sp a rse ly  fa r in o se  above, 
g reen  to g rey ish -g reen  a n d  co n sp icu o u s ly  
fa r in o se  b en ea th .  L o w e r  leaves long- 
pe lio la te ,  petio le a b o u t  equa l to o r  longer 
t h a n  lam ina ,  m o re  o r  less d is tinc tly  th ree -  
lobed, ovate  to rh o m b ic ,  cu n ea te  a t  base, 
la m in a  u su a lly  2— 7 cm  long, 1— 5 cm 
b ro a d ,  leng th  ab o u t  1.5 tim es th e  b re a d th .  
M arg ins  s h a rp ly  den ta te ,  excep t fo r  the  
en t i re  base, tee th  p ro m in e n t ,  acu te , f o r ­
w ard -p o in t in g ,  th e  lo w e rm o s t  ones being 
la rgest .  Apex acute . U p p e r  leaves m o re  or 
less petio late , rh o m b ic  to lanceola te , 
c u n e a te  at base, s h a rp ly  d en ta te  to entire. 
F lo w e rs  s i tua ted  in  ro u n d e d  to  oblong, 
u s u a l ly  d is tinc t g lom eru les ,  fo rm in g  a 
m o re  o r  less lea fy  a n d  r a th e r  loose an d  
g race fu l  panicle . F lo w e rs  perfec t ,  u sua lly  
co n sp icu o u s ly  fa r inose ,  5 -m erous . P e r i ­
a n th  lobes un ited  below , ovate, ob tu se  to 
acu te ,  d a rk  g reen  to b ro w n  in  th e  centre , 
l ig h t  g reen  to b ro w n  in th e  o u te r  pa r ts ,  
o n ly  m e m b ra n e o u s  an d  t r a n s p a r a n t  in the 
m o s t  m a rg in a l  p a r ts ,  d is tinc tly  a n d  sh a rp ly  
b u t  n a r ro w ly  keeled  on th e  back . T he  
p e r ia n th  on ly  p a r t ly  covers  th e  seed. 
P is t i l  w ith  a s h o r t  style, an d  tw o  long, 
f i l i fo rm  stigm as p ap i l la te  to the base. S ta ­
m e n s  5. Seeds h o r izo n ta l ,  a t m a tu r i ty  
a t ta c h e d  to the  p e r ia n th ,  b lack , o rb icu la r ,  
1 — 1.5 m m  in d iam ete r ,  w ith  ro u n d e d  
m a rg in s .  P e r ic a rp  r a th e r  th in ,  w h it ish  to 
yellow ish -g reen , fa ir ly  f i rm ly  a t ta c h e d  to 
the seed. T esta  lu s trous ,  w ith  ro u n d e d  to 
ob long , re la tive ly  sha llow , ra d ia l  grooves. 
R a d ic u la  sh o r t  a n d  b ro ad ,  closely a t tach e d  
to the  seed. E m b ry o  a n n u la r .

F lo w er in g  tim e: J u ly  to August.
C h ro m o so m e  n u m b e r :  2 n — 18.
V aria t ion : M ost vegeta tive  c h a ra c te r s

a re  variab le ,  p a r t i c u la r ly  the  size and  
s h a p e  of lo w er  leaves.

H a b i ta t  an d  d is tr ib u tio n :  C. su ec ic u m  
is a m o re  or less occasiona l w eed g row ing  
on  m o s t  w aste  g ro u n d ,  as gardens , f a r m ­
y a rd s ,  roads ides  an d  in  the  v ic in ity  of 
h a rb o u r s  an d  mills. I t  is a E u ra s ia n  sp e ­
cies, d is tr ib u ted  in  the  w este rn  and  cen tra l  
p a r t s  of E u ro p e ,  e a s tw a rd s  to  K a m tsc h a tk a

B ot. N o tise r, vo l. 127,1974

an d  J a p a n .  In  S c an d in av ia  r a th e r  co m m o n  
in the  s o u th e rn m o s t  pa r ts ,  in  D e n m a rk  
f ro m  the  e a s te rn  p a r t s  of J y l la n d  to Sjael­
land , in S w eden  f ro m  the  p ro v in c e  of 
S kåne  to  V ä s te rg ö t la n d — U p p la n d ,  r a r e  
f u r th e r  n o r th .  I n  N o rw a y  r a t h e r  c o m m o n  
in  the  v ic in ity  of Oslo, r a re  a n d  occas iona l  
n o r th w a rd s  to S ö r-T rö n d e lag ,  a n d  in F i n ­
la n d  m ost re c o rd s  a re  f ro m  th e  s o u th e rn  
par ts .

C om m en ts :  C. su ec ic u m  is closely r e ­
la ted  to  C. a lb u m  a n d  h y b r id s  a re  f r e ­
q u en t ly  fo rm e d  in  a rea s  of s y m p a tr ic  
d is t r ib u t io n  (cf. I l j i n  1936 a n d  A e l l e n  
1960). F u r th e r ,  th e  leaf-sliape  of C. suec i­
c u m  m a y  re sem b le  th a t  of C. o p u l i fo l iu m .  
H ow ever ,  C. s u e c ic u m  is d is t in g u ish ed  
f ro m  th e  o th e r  tw o  species b y  th e  s c u lp ­
tu r in g  of th e  testa , C. su ec ic u m  h a s  a 
testa  w ith  rad ia l ,  sha llow  grooves, the  
o th e r  species a s m o o th  o r  f u r ro w e d  testa.

99.  C h e n o p o d i u m  s t r i c t u m  R o t h  1821

A nnual,  u p  to  1 m  high, a scen d in g  to  
erect, b ra n c h e d .  S tem  a n g u la r ,  s tr ia ted .  
S tem  a n d  b ra n c h e s  g la b ro u s  to sp a rse ly  
fa r inose ,  u s u a l ly  red -s tr ip ed .  Leaves a l t e r ­
na te ,  the  lo w e rm o s t  ones  so m etim es  
opposite ,  g reen  a n d  m o re  o r  less red d ish ,  
g la b ro u s  above, u su a l ly  fa r in o se  b en ea th .  
L o w er  leaves d is t in c tly  pe tio la te ,  pe tio le  
of v a ry in g  leng th , b ro a d ly  ob long  to 
ovate, u su a l ly  w ith  a lm o s t  p a ra l le l  m a r ­
gins, cu n e a te  a t base, 2— 6 cm  long, 1— 4 
cm  b ro ad ,  len g th  u su a l ly  a t leas t  1.5 t im es  
the  b re a d th ,  e n t i re  to sp a rse ly  den ta te .  
Apex m o s tly  ap icu la te .  U p p e r  leaves 
pe tio la te ,  rh o m b o id  to  lanceo la te ,  en t ire  
r a re ly  den ta te .  F lo w e rs  s i tu a ted  in ro u n d  
to oblong, o livaceous  o r  d u ll  g reen  g lo ­
m eru les ,  fo rm in g  te rm in a l ,  sp a rse ly  leafy, 
e rec t a n d  rig id , sp ike- l ike  in flo rescences .  
F lo w e rs  p e rfec t ,  g la b ro u s  or sp a rse ly  
fa r inose ,  5 -m erous .  P e r ia n th  lobes u n i ted  
below, ovate , o b tu se  to acute , g reen  in  
the  cen tre , pa le  a n d  m e m b ra n e o u s  in  the  
o u te r  p a r ts ,  s l igh tly  kee led  on the  back . 
T h e  p e r ia n th  does n o t  fu l ly  co v e r  the  
seed. P is t i l  w ith  a s h o r t  style an d  tw o
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Fig. 99. Chenopodium strictum  R o t h . — A: Habit (branch). — B: Diverging leaves. — 
C: H erm aphrodite flower. -— D: Fru it enclosed in the perianth. — E: Fru it with pericarp. 
— F: Section through a seed, showing the embryo. — G: Seed in transection. -—• H: 

Perianth  seen from above. — A-—B: X0.5. — C— G: X20. — H: X8.
B ot. N o tise r, vo l. 127, 1974
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stigm as p a p i l la te  to the base .  S tam ens  5. 
Seeds h o r iz o n ta l ,  b lack , o rb ic u la r  to ovoid,
0.9— 1.3 m m  in d iam ete r ,  w ith  ro u n d  to 
s ligh tly  keeled m arg ins .  P e r ic a rp  r a th e r  
thin, ye llow ish -g reen ,  eas ily  de tached  
f ro m  the  seed. T es ta  lu s trous ,  a t  low 
m a g n if ica t io n s  a p p e a r in g  sm ooth , at h ighe r  
m a g n if ic a t io n s  w ith  m o re  o r  less deep 
fu r ro w s ,  a n d  som etim es  w ith  in s ign if ican t 
pits. R a d ic u la  r a th e r  p ro m in e n t ,  th e  apex  
a b ru p t ly  b en t  in w ard s  to w ard s  th e  seed. 
E m b ry o  a n n u la r .

F lo w e r in g  tim e: E n d  of A ugust to
S ep tem ber .  In  S can d in av ia  m a tu re  seeds 
a re  r a r e ly  developed .

C h ro m o so m e  n u m b e r :  2n — 18, 36, 54.
V aria t ion :  T w o  d is tinc t fo rm -se r ie s  have  

been  d is t ingu ished ,  var. s tr ic tu m  a n d  var. 
g la u c o p h y l lu m  (Ae l l e n ) W a i i l ., m a in ly  
based  on  the a p p e a ra n c e  a n d  co lo u r  of 
leaves, an d  d iffe rences  in in f lo rescences  
(for de ta ils  see A e l l e n  1960). A ccording  
to J ö r g e n s e n  (1973) C. a lb u m  L. var. 
m ic r o p h y l lu m  B o e n n i n g h . o u g h t to be 
t r a n s fe r r e d  to  C. s tr ic tu m ,  b u t  f u r th e r  
s tu d y  is n eed e d  to c o n f i rm  th is  point.

H a b ita t  and  d is tr ib u t io n :  In S can d in av ia  
C. s tr ic tu m  is a r a r e  a n d  m ore  o r  less 
occasiona l weed, g row ing  on  w as te  g ro und , 
o ften  close to h a r b o u r s  a n d  ra ilw ay- 
sta tions. I t  is p ro b a b ly  na tive  to  Asia and  
in  S can d in a v ia  is o n ly  re p re se n te d  by

single localities  n o r th w a rd s  to G o th e n b u rg  
an d  Oslo.

C om m en ts :  C. s tr ic tu m  is c losely  re la ted  
to an d  h as  o f ten  been  inc luded  in  C. a lb u m  
(cf. B r e n a n  1964). But, a cc o rd in g  to 
A e l l e n  (1960) h y b r id s  be tw een  these sp e ­
cies a re  ra re .  T h e  ta x o n o m ic  t re a tm e n t  
is a m a t te r  of op in io n ,  b u t  th e  a u th o rs  
p re fe r  to fo llow  A e l l e n  (1960) an d  keep 
it as a species. T h e  m o s t  usefu l c h a ra c te r s  
d is t in g u ish in g  C. s tr ic tu m  f ro m  C. a lb u m  
a re : re d -s tr ip e d  stem , n o t  o r  scarce ly
den ta te  leaves w i th  a lm o s t  para l le l ,  o f ten  
red d ish  m arg in s ,  o live -co loured  a lm o s t  
g la b ro u s  f low ers  s i tua ted  in rigid, erect, 
sp ike-like  in flo rescences ,  com bined  w ith  
the  la te  f low ering  time.
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G unillaea and N am acodon. Two New Genera o f  

C ainpanulaceae in  A frica

Mats Thulin

T h u l i n , M. 1974 09 13. Gunillaea and Namacodon. Two new genera of Campanu- 
laceae in Africa. —  Bot. Notiser 127: 165— 182. Lund. ISSN 0006-8195.

The new genera Gunillaea T h u l i n  and  Namacodon  T h u l i n  of Campanulaceae 
are described. Gunillaea, with two species, is distributed in tropical Africa from 
Angola to Mozambique and  on Madagascar, while the monotypic Namacodon  
is restricted to Namibia (South West Africa). Their morphology, capsule
dehiscence in particular, is discussed and comparisons are made with related 
genera such as Prismatocarpus, Wahlenbergia, Peracarpa and Heterocodon.
Gunillaea is characterized by indehiscent capsules, which open tardily by the 
irregular decomposition of the pericarp between the persistent lateral nerves and 
fu rther  by hair-like projections on the testa. Namacodon  is perhaps unique in 
Campanulaceae on account of its truly septicidal dehiscence. Other morphological 
characteristics are  apical appendages of the connectives and pollen grains released 
in tetrads. Both genera are placed in the subtribe Wahlenberginae. Three new 
combinations are made, viz. Gunillaea emirnensis  (A. DC.) T h u l i n , G. rhodesica
(Ad a m s .) T h u l i n  and Namacodon schinzianum  (M a r k g r .) T h u l i n . The somatic
chromosome num ber 2n =  18 is reported for Gunillaea rhodesica.
Mats Thulin, Institute of Systematic Botany, University of Uppsala, Box 5A1, 
S-751 21 Uppsala 1, Sweden.

INTRODUCTION

D u rin g  th e  rev is ion  of v a r io u s  A fr ican  
C am p an u lac eae ,  it h as  been  fo u n d  neces­
sa ry  in som e cases to c re a te  n ew  g en era  
on the  basis  of p rev io u s ly  u n n o t ic e d  c h a r ­
acters .  T h u s  one  species p rev io u s ly  r e ­
fe r red  to the  genus  W a hlenberg ia ,  viz. 
W . em irn en s is  A. D C .=  W. h u il la n a  A. DC. 
an d  tw o  species re fe r re d  to the  genus 
P r ism a to c a rp u s , viz. P. rh o d es icu s  A d a m s . 

an d  P. sch in z ia n u s  M a r k g r . can h a rd ly  
lie p la ced  in  Ihese o r  a n y  o th e r  k n o w n  
genera .  T w o  of the species, W a h len b erg ia  
em irn en s is  an d  P r ism a to ca rp u s  rh o d es i­
cus  a re  closely re la te d  a n d  a re  d is tr ib u ted  
in  t ro p ic a l  A frica, w ith  W . e m irn e n s is  a lso 
ex ten d in g  to M adagascar .  T h e y  a re  p laced  
in the  n ew  genus  Gunillaea. T h e  th ird ,  
P r ism a to ca rp u s  sch in z ianus ,  is endem ic  in  
Sou th  W es t  A frica  an d  is p la ced  in the 
n ew  m o n o ty p ic  genus N a m a co d o n .

MATERIAL AND METHODS

The study is based on herbarium  material 
from the following Herbaria, abbreviated as 
in the “Index H erbario rum ” (L a n j o u w  & 
St a f l e u  1964): B, BM, BR, C, EA, G, G-DC, 
K, LISC, LISU, M, P, S, Z. All collections 
referred to in this paper have been seen by 
the au thor unless otherwise stated.

Specimens of Gunillaea rhodesica were also 
grown in greenhouses in the Uppsala B otani­
cal Gardens from seeds obtained from the 
collection K o r n a s  826.

Chromosome counts were made in root- 
tip sections prepared according to the paraffin  
method (fixative: Navashin-Karpechenko;
stain: crystal violet).

For the anatomical studies flowers, fruits 
and seeds from herbarium  material were 
softened in formalin  for c. 10 days, paraffin- 
sectioned and stained with safranin and light 
green.

Pollen preparations were made according 
to the acetolysis method described by E r d t - 
m a n  (1952 pp. 6—9).
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Gunillaea T h u l i n ,  g e n .  n o v .

Genus novum, Prismatocarpo  L ’H ér.  et 
Wahlenbergiae S c h r a d . ex R o t h  affine, sed 
ab am bobus capsula indehiscente, postremo 
inaequaliter inter nervös persistentes laterales 
aperiente differens.

Herbae annuae. Folia alterna, sessilia, 
plana, nervo medio infra protruso, nervis 
lateralibus indistinctis. Inflorescentia mono- 
chasialis, ±  frondosa, floribus ±  regulari- 
bus, bisexualibus proterandris. Calycis lobi 
(3— )4— 5, accrescentes. Corolla campanulata, 
epigynica, (3— )4—5-loba. Stamina (3—-)4— 
5, libera, filamentis basi fere linearibus vel 
dilatatis, ciliatis vel glabris. Pollinis grana 
tripora, spinulifera. Ovarium inferum, bilo- 
culare, ovulis numerosis. Stylus corolla bre- 
vior, bilobus, sursum pilis collectoribus 
vestitus, subtus glaber vel pilosus, eglandu- 
latus vel ad basin loborum styli glandulis 
duabus munitus. Capsula pariete tenui, in- 
dehiscens, postremo inaequaliter inter nervös 
persistentes laterales aperiens. Semina nume- 
rosa; testa sulcata, interdum projecturis 
capilliformibus munita.

A n n u a l  h e rb s .  Leaves  a l te rn a te ,  sessile, 
f la t ;  m id v e in  p ro t ru d in g  b en ea th ,  la te ra l  
veins  obscu re .  In f lo rescences  ±  f ro n d o se

m o n o c h a s ia .  F lo w e rs  ±  regu la r ,  b isex u a l ,  
p r o t r a n d r o u s .  Calyx lobes (3— )4 — 5, 
acc rescen t.  C orolla  c a m p a n u la ie ,  epi- 
gynous , (3— )4— 5-lobed. S tam en s  (3— )4 
— 5, f ree ;  f i la m e n t  bases  a lm ost l i n e a r  to 
b ro a d ly  w inged , ciliate o r  g lab rous .  P o llen  
g ra in s  t r ip o ra te ,  sp inu life rous .  O v a ry  
in fe r io r ,  2 - lo cu la r ;  ovules n u m e ro u s .  S ty le  
s h o r te r  th a n  the  coro lla , 2-lobed, u p p e r  
p a r t  w i th  po llen -co llec ting  h a irs ,  lo w e r  
p a r t  g la b ro u s  o r  h a i ry ;  two g lands  so m e ­
tim es p r e s e n t  a t  base  of s ty le  lobes. 
C apsu le  th in -w a l led ,  indeh iscen t,  ta rd i ly  
o p en in g  b y  th e  i r r e g u la r  d e c o m p o si t io n  of 
the  p e r ic a r p  b e tw ee n  th e  p e rs is te n t  la te ra l  
nerves .  Seeds n u m e ro u s ;  te s ta  su lcate , 
o f ten  w i th  h a i r - l ik e  p ro jec tions .

T y p e  species: G. em irn en s is  (A. DC.) 
T h u l i n .

G enus cons is t ing  of tw o species d is t r i ­
b u te d  in  t ro p ic a l  A frica  an d  o n  M ad a­
gascar. T h e  generic  n a m e  is der ived  f ro m  
m y  w ife 's  C h r is t ia n  nam e.

KEY TO THE SPECIES

Corolla less than  5 mm long, shorter or longer than  the calyx lobes. Style without glands
.................................................................................................................................  1. G. e m ir n e n s i s

Corolla 5— 12 mm long, longer than the calyx lobes. Style furnished with two tiny glands 
immediately below the style lobes .........................................................................  2. G. rhodesica

1. Gunillaea emirnensis (A. DC.)
T h u l i n , c o m b .  nov.

Basionym: Wahlenbergia emirnensis  D e
C a n d o l l e  1839:432. — Orig. coll.: B o j e r  
s.n., Madagascar, Emirna, 1839 (G-DC holo­
type) ■

Wahlenbergia huillana  D e  C a n d o l l e  1866: 
333; H e m s l e y  1877:479. — Campanopsis 
huillana  (A. DC.) K u n t z e  1891:379. — Cervi- 
cina huillana  (A. DC.) HlERN 1898: 631. —  
Orig, coll.: W e l WITSCH 1161, Angola, Huila, 
Lopollo—Lake Ivantåla, XII. 1859, I. 1860 
(G holotype, BM, BR, C, K, LISU, M, P).

Wahlenbergia huillana  A. DC. v a r  pusillci 
D e  C a n d o l l e  1866:333. —  Orig .  coll.: W e l -  
w i t s c h  1160, A n g o l a ,  Huila, Em palanca, II. 
1860 (G h o l o t y p e ,  BM, LISU).

Wahlenbergia huillana A. DC. var. mada- 
gascariensis P. D a n g u y , nom. nud.? — This 
varietal nam e is written on the labels of some

of the m ateria l in P, G and  B. It was probably 
never published.

ILLUSTR.: Fig. 1; 3 F— K; 10 C, F.

A nnua l,  a scen d in g  o r  d ecum ben t,  r a re ly  
erect h e rb ,  4— 40 cm  tall, u su a lly  m uch-  
b r a n c h e d  f ro m  th e  base. S tem  +  h irsu te ,  
r a re ly  g lab rescen t.  Leaves n a r ro w ly  e llip tic  
to ellip tic  o r  ob lanceo la te ,  a t ten u a te ,  acu te  
to a lm o s t  ro u n d e d ,  u p  to 8— 40 m m  long 
an d  2— 10 m m  w ide, ±  h i r su te  o r  g la ­
b ro u s ;  m a rg in  s l igh t ly  ca r t i lag inous ,  A 
u n d u la te -c re n a te  w ith  sm all  p ro je c t in g  
tee th . In f lo re scen c e  n o t  well dem arca ted ,  
lax. F lo w e rs  sessile o r  s h o r t ly  pedicella te ; 
pedicel e lon g a tin g  in  f ru i t  u p  to 10 m m . 
H y p a n th iu m  n a r r o w ly  obconical, 5— 10- 
nerved ,  g la b ro u s  o r  h irsu te .  Calyx lobes
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3— 5, o f te n  of v a ry in g  leng th , n a r ro w ly  
t r i a n g u la r  to o b la n ceo la te  o r  n a r ro w ly  
oblong, 1.5— 5 (— 10) m m  long, g lab ro u s  
o r  ±  h ir su te ,  s p a rs e ly  den ta te .  C oro lla  
w h ite  o r  blue, 2.4— 4 (— 5) m m  long; lobes 
3— 4 (— 5), u n i ted  a b o u t  h a lfw ay .  S tam ens  
3— 4 (— 5), 2— 3.2 m m  long; f i lam en t  bases 
n a r r o w ly  t r i a n g u la r  to  b ro a d ly  a n g u la r  
obovate , g la b ro u s  o r  c ilia te; a n th e rs  0.6—  
1.6 m m  long. Style g la b ro u s  o r  r a re ly  
h a i ry  b e lo w ; s ty le  lobes 2, 0.5— 1.6 m m  
long, o f te n  s ligh tly  u n e q u a l  in  leng th , 
w i th o u t  g lands  a t the  b ases ; po llen-  
co llec ting  h a i rs  on  s ty le  lobes only. C ap­
su les up to 10 m m  long, obovo id  to 
n a r ro w ly  o bcon ica l o r  cy lind rica l,  o ften  
s ligh tly  cu rv ed  u p w a rd s ,  p ro m in e n t ly  5—  
10-nerved , g la b ro u s  o r  h ir su te .  Seeds 
elliptic, o f ten  ±  ren ifo rm ,  s ligh tly  c o m ­
pressed , 0.5— 0.8 m m  long; te s ta  sulcate, 
r a re ly  w ith  h a i r- l ik e  p ro jec tio n s .

COLLECTIONS

ANGOLA. H u i l a ,  Lopollo—Lake Ivantala, 
NIL 1859, I. 1860, W e l w i t s c h  1161 (BM, BR, 
C, G, K, LISU, M, P); Empalanca, II. 1860, 
W e l w i t s c h  1160 (BM, G, LISU).

TANZANIA. U l a n g a ,  Taweta, XII. 1959, 
H a e r d i  403/0 (EA, K ) .

ZAIRE. K a t a n g a ,  Kasa, Lufila R., XL 
1964, Sy m o e n s  11124 (BR).

ZAMBIA. N o r t  h, Chambeshi flats, 50 
k m  SE of Ivasama, I. 1961, R o b in so n  4308 
(EA, K, M). — E a s t ,  Lundazi R., above 
dam, XL 1958, R o b s o n  & F a n s h a w e  667 
(BM, BR, K). — S o u t h ,  Mapanza, XI. 
1953, R o b in so n  361 (BR, K).

MALAWI. N o r t  h, Nyika Plateau, Lake 
Kaulime, XL 1958, R o b s o n  627 (K); Rumpi, 
XII. 1964, R o b in so n  6287 (M).

RHODESIA. N o r t  h, Urungwe, Mgunje,
XI. 1953, W il d  4151 (K); Urungwe, Sanyati 
R., near junction of Fulechi R., X. 1957, 
P h ip p s  752 (BM, BR, EA, K, P). —  C e n t r a  1, 
Salisbury, XI. 1919, E y l e s  1944 (K, Z ) ; Salis­
bury, Arthur’s Seat, Hunyani R., XI. 1945, 
Gr e a t r e a  393 (K).

MADAGASCAR. Em irna, 1839, B o j e r  s.n. 
(G-DC); sine loco, H il s e n b e r g  & B o j e r  s.n. 
(BM); sine loco, B a r o n  3615 (K, P); sine 
loco, 1898, Herb. E. D r a k e  751 (P ); Nani- 
same, VII. 1905, d ’Al l e i z e t t e  209 (P );
Tananarive, VI. 1906, d ’Al l e i z e t t e  534 (P); 
Bassin du Mangoro, VIII. 1912, P e r r ie r  d e  
LA B a t h ie  6972 (P ) ; Distr. de Moramanga,

Fig. 1. Gunillaea emirnensis. — Flowering 
and  fruiting specimen, X0.6. Drawn from 
W i l d  4151 (K), Rhodesia.

Mangoro, near Ankarefo, XL 1912, V i g u i e r  
& H u m b e r t  1158 (B, G, P ) ; Distr. de Betafo, 
Iantsifitra, XL 1912, V i g u i e r  & H u m b e r t  
1412 (P ); Manankazo, NE of Ankazobe, IX.
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1913, P e r r i e r  d e  l a  B a t h i e  6983 (P ) ;
Tananarive, X. 1914, P e r r i e r  d e  l a  B a t h i e  
6946 (P ) ; Andilamena, IX. 1922, P e r r i e r  d e  
l a  B a t h i e  14991 (P); Tananarive, Fenoarivo, 
X. 1927, D e c a r y  5956 (P ); Tananarive, X. 
1928, D e c a r y  6851 (P ); Lac Alaotra, IX. 1938, 
C o u r s  1289 (P ) ; sine loco, X. 1950, B e n o i s t  
192 (P); Mahazoarivo, VII. 1951, B e n o i s t  
s.n. (P ) ; Tananarive, VIII. 1951, B e n o i s t  s.n. 
(P ) ; Ambohimandroso, XII. 1955, B o s s e r  
8843 (P ) ; 14 km S of Fianarantsoa, X. 1970, 
K e r a u d r e n -A y m o n i n  & A y m o n i n  25091 (P).

D IS T R IB U T IO N  AND H A B IT A T

F a ir ly  w id e -sp read ;  v e ry  sca tte red  lo c a l­
ities th ro u g h o u t  s o u th e rn  t ro p ic a l  A fr ica  
a n d  M a d ag asca r  (Fig. 4 B).

G row s on  san d  o r  m u d  in  m o re  o r  less 
w et p laces  such  as r iv e r  b an k s ,  sh o res  of 
lakes,  sw am p s  o r  r ice fie lds  a t a l t i tu d es  of 
b e tw e e n  550 an d  2150 m.

V A R IA TIO N

G. em irn en s is  is m o re  v a r ia b le  th a n  the  
f a i r ly  h o m ogeneous  G. rhodesica .  V a r ia ­
tion  is cons iderab le  in  a n u m b e r  of c h a r ­
ac te rs  such  as n u m b e r  of f lo ra l  p a r ts ,  
pu b escen c e  of stem , capsu le ,  s ty le  a n d  
f i la m e n t  bases, sh a p e  of capsu le  a n d  n u m ­
b e r  of la te ra l  nerves  o n  the cap su le  (Fig. 
3 F — K). M ost c h a ra c te r s  seem  to v a ry  
in d e p en d en tly ,  a l th o u g h  som e s ligh t r e ­
g io n a l  co rre la t io n s  m a y  occur.  T h u s  sp ec i­
m e n s  w ith  ciliate f i la m e n t  bases  a n d  h a i ry  
s ty les  do no t  seem  to o c c u r  on M ad ag asca r .  
In c o n t in en ta l  A frica, how ever ,  these  
c h a ra c te r s  v a ry  m o re  o r  less in d e p e n d e n t ly  
a n d  do no t  s u p p o r t  in f ra sp ec if ic  d is t in c ­
tions.

2. G u n il laea  rh o d e s ic a  ( A d a m s .) T h u l i n , 

co m b . nov.

Basionym: Prismatocarpus rhodesicus
A d a m s o n  1951:123; R o e s s l e r  1966:4. — 
Orig. coll.: F l a n a g a n  3162, Rhodesia, Vic­
toria Falls (BOL holotype, PRE). Not seen.

ILLUSTR.: Fig. 2; 3 A—E ; 8 C; 10 A, B, E, 
H; 11 A, C—E).

A nnual, u su a l ly  e rec t  herb , u p  to 60 
cm tall, o f ten  m u c h -b ra n c h e d  f r o m  the  
base. S tem s ±  h irsu te ,  a t leas t  below . 
Leaves n a r ro w ly  ellip tic  to l in e a r  o r  
n a r ro w ly  ob lanceo la te ,  a t ten u a te ,  +  acu te ,  
up  to 12— 50 m m  long and  2— 6 m m  
wide, ±  h ir s u te ;  m a rg in  ca r t i la g in o u s ,  +  
u n d u la te -c re n a te  w ith  sm all p ro je c t in g  
teeth. In f lo rescen ce  u su a lly  w ell d e m a r ­
cated, lax. F lo w ers  sessile o r  s h o r t ly  
pedicella te ; ped icel e longating  in  f ru i t  up  
to 25 m m . H y p a n th iu m  n a r r o w ly  ob- 
conical,  c. 10-nerved, g lab rous  o r  g labres- 
cent. Calyx lobes (4— ) 5, n a r r o w ly  t r i a n ­
g u la r  to n a r ro w ly  ob lanceo la te ,  3— 6(— 9) 
m m  long, so m etim es  revo lu te ,  g la b ro u s  
o r  ciliate, u su a l ly  sp a rse ly  d en ta te .  Corolla  
b lue  o r  w hite ,  5— 12 m m  long, p u b e ru lo u s  
inside  to w a rd s  th e  base; lobes (4— )5, 
u n i ted  up  to  a b o u t  h a lfw ay . S tam en s  (4— ) 
5, 4— 5 m m  long, f i lam en t bases  d ila ted , 
a lm o s t c ru c ifo rm , ciliate; a n th e r s  2— 2.5 
m m  long. Style h a i r ly  beloiv; s ty le  lobes 
c. 0.8 m m  long, w ith  2 t iny  g la n d s  a t the  
base; po llen -co llec ting  h a i rs  p re s e n t  on  
style lobes a n d  im m ed ia te ly  be low  them . 
Capsules  u p  to  2 cm  long, c y l in d r ic a l  o r  
n a r ro w ly  obconica l,  o ften  s ligh tly  cu rv ed  
u p w a rd s ,  p ro m in e n t ly  c. 10-nerved  an d  
w ith  the  p e rs is te n t  style base fo rm in g  a 
h a r d  cone on  the  top . Seeds n a r ro w ly  
ellip tic  to elliptic, 0.5— 0.7 m m  long ; testa 
sulcate , u su a l ly  w ith  h a ir- l ik e  p ro je c t io n s

COLLECTIONS

ANGOLA. M o x i c o, Cameia, XII. 1954, 
M a c h a d o  57 (LISC).

ZAIRE. K a s a i, Luisa, Lulua R., XL 1921, 
A c h t e n  635 (BR).

NAMIBIA (SOUTH WEST AFRICA). O k a ­
v a n g o ,  Kapuko Camp, 24 km W  of Runtu,
XII. 1955, d e  W i n t e r  3798 (K, M); Diyona 
Camp, just beyond Nyangana Mission, I. 1956, 
d e  W i n t e r  4174 (M). —  C a p r  i v i-Z i p f e 1, 
Andara, Okavango R., III. 1958, M e r x m ÜLLER 
1957 (M); Kakumba I., I. 1959, K i l l i c k  & 
L e i s t n e r  3416 (K, M).

ZAMBIA. B a r o t s e l a n d ,  Sesheke Distr., 
G a i r d n e r  442 (K); Matabele Plain, Senanga 
Distr., XII. 1950, R e a  161 (K); Mongu Distr., 
Sandaula pontoon, XI. 1959, D r u m m o n d  & 
C o o k s o n  6367 (LISC); 8 km on Sandaula
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pon toon— Kalabo road, XI. 1959, D r u m m o n d  
& C o o k s o n  6386 (K); Mongu, XII. 1962, 
R o b i n s o n  5506 (K, M ); Namushakende—
Mongu, XI. 1964, L a w t o n  1146 (K); Mongu, 
XL 1965, R o b i n s o n  6704 (EA, K, M); Mongu 
Distr., Lealui, XII. 1965, R o b i n s o n  6751 (HR, 
EA, K. M). — W e s t ,  Lake Ishiku—Ndola, 
X. 1953, F a n s h a w e  430 (BR, K ); Lake Chi- 
rengwa, 24 km SE of Ndola, XII. 1960, 
W i l b e r f o r c e  36 (K). — S o u t h .  Mumbwa, 
VII. 1912, M a c a u l a y  1015 (K); Livingstone 
Distr., Zambesi R., I. 1929, Y o u n g  480 (BM); 
Victoria Falls, I. 1955, R o b i n s o n  1059 (K); 
Namwala, I. 1957, R o b i n s o n  2105 (BR, K ); 
Machili Distr., X. 1960, F a n s h a w e  5847 (BR, 
K); Machili R., XII. 1960, F a n s h a w e  5950 
(K); 3 km on Namwala—Kafue Nat. P ark  
road, XII. 1962, v a n  R e n s b u r g  1054 (K); 
Livingstone, Zambesi R., I. 1963, L a w t o n  
1022 (K); Namwala Distr., Kafue R. at
Kalala, XII. 1963, M i t c h e l l  24/11 (BR, K ); 
Livingstone, Zambesi R., I. 1972, K o r n a s  
826 (K).

ZAMBIA/RHODESIA. “Haut-Zambése”, K i e - 
n e r  s.n. ( P ) ; Victoria Falls, XII. 1904, A l l e n  
118 (K); ibid., V. 1905, J e h e b e r  s.n. (G); 
ibid., II. 1906, A l l e n  288 (K).

RHODESIA. N o r t h ,  Zambesi R., near 
Binga, XI. 1958, P h i p p s  1363 (K). — W e s t ,  
Victoria Falls, II. 1912, R o g e r s  5617 (K, Z).

MOZAMBIQUE, sine loco, X—XL 1911, 
Da w e  497 IK).

D IS T R IB U T IO N  AND H A B IT A T

S ca tte red  localities  in  t ro p ica l  Africa, 
espec ia lly  in the  Z am besi R. bas in  (Fig.
4 A).

G row s in h a b i ta ts  s im i la r  to  those  of 
G. emirnensis  a t a l t i tudes  of a b o u t  1000 
m. Both  species genera lly  a p p e a r  d u r in g  
the ra in y  season  and  a re  a p p a re n t ly  s h o r t ­
lived.

T h e  species  p ro b a b ly  also occu rs  in  
B o tsw an a .  A d a m s o n  (1951 p. 124) m e n ­
tions  a co llec tion , C u r s o n  710 (PRE) f ro m  
N gam  i land , w h ich  lie says re p re se n ts  a 
species a l lied  to Prismatocarpus  rhodesi-  
cus. It w as n o t  seen by  me, b u t  N gam i- 
la n d  is ve ry  close to the k n o w n  localities 
o f  G. rhodes ica  in  N am ib ia  a n d  A d a m s o n ’s 

d e sc r ip t io n  a f fo rd s  no reaso n  fo r  doub t.  
M oreover a sp ec im en  in K, H o l u b  s.n., 
w i th o u t  loca lity  h as  B o tsw an a  w r i t te n  on  
the  cover.

Fig. 2. Gunillaea rhodesica. — A: Somatic 
m etaphase plate, X1700. — B: Part of
flowering and fruiting specimen, X0.6. Drawn 
from R o b i n s o n  1059 (K), Zambia.

V A R IA TIO N

G. rhodesica  show s v a r ia t io n  m a in ly  in 
the size of the  f low ers  and  in the length  
an d  sh ap e  of th e  capsu les  (Fig. 3 A— C). 
T h e  la t te r  a re  u su a l ly  long  a n d  n a r ro w , 
b u t  som etim es  th e y  becom e s h o r te r  or 
th ic k e r  ( W i l b e r f o r c e  36, D a w e  497), 
th u s  a p p ro a c h in g  the  sh a p e  com m on in 
G. emirnensis .  T h e re fo re  sm all-f low ered  
sp ec im en s  can  be r a th e r  s im ila r  to G. 
emirnensis .  T h e  m ost re liab le  c h a ra c te r s  
fo r  s e p a ra t in g  th e m  a re  the  g lands a t the  
b ase  of the  style lobes a n d  the  pollen- 
co llec ting  h a i rs  also p re se n t  be low  the  
s ty le  lobes (Fig. 3 D), w h ic h  n ever  o ccu r
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m

1 cmC, F-H
1 mmD, E, l-K

Fig. 3. A—E: Gunillaea rhodesica. —  A— C: Capsules. — D: Style. — E : Stamen. — 
F — K: Gunillaea emirnensis. -—  F —H: Capsules. -— I: Style. — J, K: Stamens. The 
pollen-collecting hairs are drawn as cones in D and I. —  A, D, E: D a w e  497, Mozambique. 
—  B :  R o b i n s o n  6751, Zambia. —  C: W i l b e r f o r c e  36, Zambia. —  F ,  I, K :  R o b s o n  627, 

Malawi. — G, J: R o b i n s o n  6287, Malawi. — H: R o b i n s o n  4308, Zambia.
B ot. N o tise r, vol. 127,1974
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Fig. 4. Distribution of' A: Gunillaea rhodesica. — B: Gunillaea emirnensis.

in  G. em irnens is .  T h e  ha ir- l ik e  p ro jec tio n s  
on the  te s ta  (Fig. 10 A, B, E) th a t  a re  
a lm o s t  a lw ays  fo u n d  in G. rhodesica  a re  
on ly  r a re ly  a n d  less a b u n d a n t ly  p re s e n t  in 
G. em irnens is .

D ISC U SSIO N

P rev io u s  T a x o n o m ic  T re a tm e n t
W h e n  descr ib ing  th e  n ew  species P. 

rhodes icus  in  h is  rev is ion  of the  genus  
P rism a tocarpus ,  A d a m s o n  (1951  p .  123)

s ta te s  it to he “n o t  a t all n e a r ly  re la ted  
to a n y  of the  o th e r s ” , an d  p laces  it as a 
species of u n c e r ta in  a ff in ity .  In  the  in t r o ­
d u c t io n  to the  rev is ion  (op. cit. p. 9 3 ) ,  
he  says the  species “m a y  be fo u n d  to  be 
gen e r ica lly  d is t in c t .” H e also p o in ts  ou t 
its g e o g rap h ica l  iso la t ion  f ro m  th e  o th e r  
species of the  genus. H e obv ious ly  d id  not, 
h o w ev er ,  no tice  the  d iffe rence  in  the  
deh iscence  of th e  capsu les. In  a  la te r  
p a p e r  (A d a m s o n  1 9 5 5 ) ,  dealing  w i th  the 
p h y to g e o g ra p h y  of th e  genus  P rism a to -

Bot. Notiser, vol. 127, 1974
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carpus, P. rhodes icus  is n o t  even m e n ­
tioned.

W a h len b erg ia  em irn en s is  (usually  called  
W . hu il lana ,  h e re  reduced  to sy n o n y m y ),  
w h ich  h a s  been  k n o w n  since 1839, has  
a lw ays  been  re fe r re d  to W ahlenberg ia  
( =  C e rv ic in a = C a m p a n o p s is ) ,  desp ite  the 
fac t th a t  it lacks  ap ica l deh iscence  of the 
capsu le ,  i.e. by  valves b e tw een  the  calyx 
lobes, w h ic h  is c h a ra c te r i s t ic  of this 
genus.

M o rp h o lo g y

CA PSU LE. T h e  deh iscence  of the  f ru its  
takes  p lace  in m a n y  d if fe re n t  w ays  in 
C am p an u laceae ,  and  h as  been  an  im p o r ­
ta n t  c h a ra c te r  fo r  the  d e l im ita t io n  of 
g en era  a n d  su p ra -g en e r ic  ta x a  w ith in  the 
fam ily .  In  the  tr ibe  C am p an u lae ,  w h ich  
is the o n ly  one of co n ce rn  here , the  m a in  
d if fe ren ce  be tw een  the  su b tr ib e s  C a m p a ­
n u lin a e  a n d  W a h le n b e rg in a e  of S c h ö n ­
l a n d  (1889 p. 48) is the  la te ra l  deh iscence 
of the capsu le s  in  the  fo rm e r  versus  ap ical 
deh iscence  in the  la tte r .

W h e n  look ing  fo r  p a ra l le ls  to  the  type  
of deh iscence  fo u n d  in  Gunillaea, I b r ief ly  
checked  deh iscence  in  the  g enera  Pera-  
carpa  a n d  H eterocodon ,  b o th  re fe r re d  to 
C a m p a n u lin a e  b y  S c h ö n l a n d  (1889 p . 49).

P eracarpa  H o o k . f i l . & T h o m s ., a 
m o n o ty p ic  Asian genus close to C am pa­
nu la  h a s  a  very  th in  m e m b ra n e o u s  p e r i ­
carp . I n  the l i te ra tu re  it is o ften  s ta ted  to 
be indeh iscen t.  H ow ever,  in  the  spec im ens  
w ith  r ip e  f ru its  seen by  me, e.g. O h w i  
3843 f ro m  T a iw a n  in U PS th e re  a re  3 
basal p o re s  in  the  capsu le .  T h is  h a d  been 
p o in ted  ou t  bv D e  C a n d o l l e  w h o  p laced  
it in  th e  section  E u c o d o n  in C am panula ,
i.e. a m o n g  species w ith  b asa lly  deh iscen t 
f ru its  (D e  Ca n d o l l e  1839 p. 474). T h a t  
th e re  a re  basa l pores ,  a t least usua lly ,  is 
also a d m it te d  b y  F e e r  (1890 p. 619). 
H ow ever,  as th e re  is no  “b eso n d e re r  
D e h is c e n z a p p a ra t” , the  f ru i ts  a re  n e v e r th e ­
less ch a ra c te r iz e d  b y  h im  as being  in ­
deh iscen t.  A ccord ing  to  h im  th e  basa l 
po res  a re  m ere ly  th e  re s u l t  of tension  in
Bot. Notiser, vol. 127, 1974

the  p e r ic a rp ,  w h ich  w ou ld  n o t  w a r r a n t  
d esc r ib in g  th e  f ru i t  as deh iscen t.  In the 
m a te r ia l  s tu d ie d  by  me, how ever ,  th e  p o re s  
a re  fo rm e d  a long  c lea r ly  m a rk e d  l in e s  of 
deh iscence  a t the  base, an d  th e  acttual 
d eh iscence  tak es  p lace  by  the  o u tw a r d  
h y g ro sco p ic  m o v e m e n t  of th e  scleiren- 
ch y m o u s  p a r t s  of the  sep ta  n e a r  the  base ,
i.e. in th e  sam e  w ay  as in the  C a m p a n u la s  
h av in g  b asa l  pores .

H eterococlon  N u t t ., a genus co n s is t in g  
of tw o species in  Asia and  N o r th  A m er ic a  
respec tive ly ,  is ch a ra c te r iz e d  b y  Sc h ö n ­
l a n d  (1889 pp . 49, 52) as h a v in g  a c a p s u le  
w ith  “s e h r  d ü n n e r  W a n d u n g  d ie  sich s e i t ­
lich  in u n re g e lm ä ss ig e r  W eise  ö f fn e t ’’. It 
th u s  seem s to  o p en  in  a  w a y  v e ry  s im i la r  
to th a t  in Gunillaea. H ow ever ,  sp ec im en s  
of H. r a r i f lo r u m  N u t t , w ith  r ip e  f r u i t s  
p re sen t  in  U PS, e.g. H o w e l l  s.n. f ro m  
O regon, sh o w  a v e ry  th in  p e r ic a rp ,  b u t  
h av e  +  c learly  m a rk e d  lines of deh iscence  
la te ra l ly  n e a r  the  base  of th e  capsu le .  
D ehiscence  tak es  p la ce  b y  th e  u p w a r d  
cu rv in g  of the  s c le re n ch y m o u s  o u te r  p a r t  
of the  sep ta ,  i.e. in the  sam e w a y  as  in 
C am panu la .  T h is  is a lso  in d ica te d  by som e  
a u th o rs ,  e.g. H i t c h c o c k , C r o n q u i s t , O w n - 
b e y  & T h o m p s o n  (1959 p. 491), w ho  
descr ibe  the  cap su le  as “o p e n in g  ta rd i ly  
b y  in c o n sp icu o u s  i r r e g u la r  p o re s  n e a r  the  
b a s e .”

T h u s  the  Iwo g e n e ra  P eracarpa  an d  
H eterocodon ,  h e re  b r ie f ly  m e n tio n ed ,  b e ­
long  w i th o u t  d o u b t  to  C am p an u lin ae ,  and  
a re  closely re la te d  to  C am panu la .  By 
reaso n  of its lack  of ap ica l deh iscence  one 
could  believe th a t  Gunillaea  a lso  be longed  
there . I t  is, h o w ev er ,  h ig h ly  p ro b a b le  th a t  
Gunillaea  o u g h t  to  be p la ced  n e a re s t  to  
W a h len b erg ia  a n d  P rism a to ca rp u s  in 
W a h le n b e rg in a e .  T h e  G unillaea  ty p e  of 
cap su le  (Fig. 10 H) m ig h t  h av e  der ived  
f ro m  th e  W a h le n b e rg ia  ty p e  by  loss of 
the  ap ica l valves in  the  la t te r ,  w h ich  
w o u ld  fo rce  the  seeds to  be f reed  la te ra l ly .  
A tra n s v e rs e  section  of an  o v a ry  of G. 
rhodesica  is seen  in  Fig. 8 C a n d  a cap su le  
of the sam e species w ith  a p a r t l y  d e ­
co m p o sed  p e r ic a rp  is sh o w n  in  Fig. 10 H.
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On th e  o th e r  h a n d  the  P rism a to ca rp u s  
ty p e  of ca p su le  (Fig. 8 D) cou ld  well have  
d e r iv e d  f ro m  th e  Gunillaea  type  by  a 
th ic k e n in g  of th e  m e m b ra n e o u s  p o r t io n s  
b e tw ee n  th e  n e rv es  of the capsu le  a n d  the 
s u b se q u e n t  fo rm a t io n  of lo n g i tu d in a l  lines 
of d eh iscen ce  a long  them . (For f u r th e r  
d iscu ss io n  of the  capsu le  in P rism a to ­
ca rp u s  see p. 1 75).

STYLAR GLANDS. T h e  p resence  of the 
sm all s ty la r  g lands  fo u n d  in Gunillaea  
rhodes ica  (Fig. 3 D) is co m m o n  in  b o th  
W a h len b e rg ia  a n d  P rism a tocarpus ,  w h e re ­
as I do n o t  k n o w  of an y  cases w here  
s im ila r  g la n d s  o ccu r  in species of C am ­
p an u lin ae .

P O L L E N . P o llen  g ra in s  3-pora te ,  sub- 
ob la te— sp h e ro id a l ,  e q u a to r ia l  d ia m e te r  
4 2 — 52 p. E x in e  genera lly  1.5— 2.5 p th ick . 
Sexine th ic k e r  th a n  nexine, w h ich  is 
th ick en ed  a ro u n d  the  pores . Sexine w ith  
±  even ly  s p re a d  sp inu les  u p  to c. 0.8 p 

long, m ix ed  w ith  sm a lle r  w arts .  P o re  
m e m b ra n e s  sm ooth . Fig. 11 A, C— E.

T h e  po llen  g ra in s  of Gunillaea  a re  
s im ila r  to the  ones fo u n d  in  W a h le n ­
bergia  a n d  P rism a tocarpus ,  b u t  also to 
those  in  v a r io u s  genera  in C am p an u lin ae .

TESTA . T h e  “h a i r s ” u sua lly  p re sen t  on 
the  tes ta  o f  Gunillaea rhodes ica  (Fig. 10 
A, B, E) a n d  som etim es  also of G. e m ir ­
nensis  is a n  in te res t in g  fe a tu re  n o t  o b ­
served  b y  m e  in W ahlenberg ia  o r  P r ism a ­
tocarpus.  I t is n o t  easy to guess th e ir  
ad ap t iv e  s ign ificance , if an y .  T h e y  m a y  
p e rh a p s  ac t as a k ind  of a r re s t in g  m e c h a ­
n ism  fo r  the  seeds a f te r  the  o p en in g  of 
the  f ru it ,  o r  th ey  m ay  possib ly  fac ilita te  
d isp e rsa l  b y  w a te r  by in c reas in g  the  s u r ­
face of the  seed. T h e  “h a i r s ” a re  no t  
hygroscop ic ,  how ever.

Cytology

T h e  so m a t ic  ch ro m o so m e  n u m b e r  2n =  
18 was co u n ted  in tw o sp ec im en s  of 
Gunillaea rhodesica  (o ffspring  o f  the  co l­

lec tion  K o r n a s  8 2 6 ) .  T h e  c h ro m o so m e s  
a re  sm all (1.5— 2 u) a n d  of fa ir ly  u n i fo rm  
size (Fig. 2 A ).

2 n = 1 8  h a s  p rev io u s ly  been c o u n te d  in 
som e species of W ahlen b erg ia  (cf. F e d o ­
r o v  1969 p. 194; T h u l i n  u n p u b l . ) .  T h e  
bas ic  n u m b e r  x =  9 seem s to be  fa ir ly  
c o m m o n  in  th is  genus w h e reas  it is a lm o s t  
u n k n o w n  in  C am panu la .  O nly  one  co u n t  
h as  been  re p o r te d  f ro m  P rism a to ca rp u s ,  
viz. 2n =  34 in  P. campanuloides (L. f i l . )  
S o n d .  =  P. s tr ic tu s  A. DC. ( S u g i u r a  1942 
p. 424). T h e  re l iab il i ty  of m a n y  of 
S u g i u r a ’s c h ro m o so m e  coun ts  w as, h o w ­
ever, d o u b te d  by  G a d e l l a  (1964 pp . 42—- 
43).

Nam acodon T h u l i n ,  g e n .  n o v .

G enus n o v u m , Prismatocarpo  L ’H é r . a f f in e ,  
sed  a b  eo d i f fe ren s  g ynoec io  t r im e ro ,  c a p s u la  
p e r  f i s s u ra s  lo n g i tu d in a le s  tres  s ep t ic id a ,  
co n n ec t iv o  a n th e i 'a e  a p p e n d ic e  ap ica l i  m u n i to ,  
e t po ll in is  g ra n is  q u ae  p e r  te t ra d es  l ib e ra n tu r .

Suffrutex. Folia alterna, sessilia, plana, 
nervo medio infra protruso, nervis lateralibus 
indistinctis. Flores solitarii, terminales, regu­
läres, bisexuales, protcrandri. Calyx et corolla 
quinquelobi. Stamina 5, libera, connectivis 
appendice apicali inunitis, filamentis basi 
olalanceolatis, ciliato-pubescentibus. Pollinis 
grana tripora, spinulifera, quae per tetrades 
liberantur. Ovarium inferum, triloculare, 
ovulis numerosis. Stylus corolla brevior, tri- 
lobus, eglandulatus. Capsula per fissuras 
longitudinales tres septicida. Semina nume- 
rosa, late elliptica, complanata, fere laevia.

T y p e  s p e c ie s :  N. schinzianum ( M a r k g r . )  
T h u l i n .

M onotyp ic  genus  con fined  to N a m ib ia  
(South W est  A frica) .  F o r  f u r th e r  d e s c r ip ­
tions see u n d e r  species.

T h e  generic  n a m e  f ro m  G reat N am a- 
land , the  a re a  in N am ib ia  w h e re  the  genus  
is m a in ly  d is tr ib u ted ,  a n d  -codon, “b e l l” 
(Greek).

N a m a c o d o n  s c h in z ia n u m  (M a r k g r .) 
T h u l i n , c o m b .  n o v .

Basionvm: Prismatocarpus schinzianus
M a r k g r a f  1941:465, 1942:759 & 1950:208; 
R o e s s l e r  1966:4. — P. junceus  S c h i n z  1900:

Bot. Notiser, vol. 127, 1974
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35, nom. illegit. (non B u e k  in E c k l o n  & 
Z e y h e r  1837:383). — Orig, coll.: H i n t e r  806, 
Namibia, W indhoek, S side of the eastern 
Auas Mts., X. 1899 (Z holotype).

P. hildebrandtii auct. non V a t k e  1874: 
701; Ad a m s o n  1951: 107, p.p.

ILLUSTR.: Fig. 5; 6; 7; 8 A, B; 10 D, G; 
11 B, F— H.

E re c t  s h ru b le t ,  30— 40 cm  ta ll,  m u c h -  
b r a n c h e d  f ro m  th e  base, w i th  long, ±  
e rec t  b ra n c h e s .  S tem s r ib b ed ,  g la b ro u s  o r  
som etim es  p u b e ru lo u s  a t  th e  base . Leaves 
a l te rn a te ,  sessile, f lat, n a r r o w ly  lan ceo la te  
to lanceo la te ,  c u n e a te  to  t ru n c a te ,  acu te ,  
sp read in g ,  u p  to 15— 25 m m  long, 1.5— 6 
m m  w ide, r a p id ly  d im in ish in g  in  size u p ­
w ard s ,  g la b ro u s  o r  lo w er  leaves so m e ­
tim es p u b e ru lo u s ;  m a rg in  ca r t i lag in o u s ,  
s l igh tly  revo lu te ,  en t ire  o r  sp a rse ly  d en ta te  
w ith  tee th  o f ten  d ire c te d  s ligh tly  b a c k ­
w a rd s ;  m id v e in  v is ib le  b e n e a th ,  la te ra l  
veins obscu re .  F lo w e rs  te rm in a l ,  so lita ry ,  
s h o r t ly  ped ice lled  in  b u d ,  b u t  pedicel 
e longa ting  u p  to  3 cm  in  f ru it ,  regu la r ,  
b isexual,  p r o t r a n d ro u s .  H y p a n th iu m  l in ea r  
o r  s ligh tly  ta p e r in g  a t  each  end, 12— 25 
m m  long, d if fu se ly  n e rv e d ,  w i th  3 lo n g i tu ­
d in a l  f u r ro w s  c o r re s p o n d in g  to the  sep ta , 
g lab rous .  Calyx lobes 5, l inea r ,  8— 15 m m  
long, acute , en t ire ,  g la b ro u s ,  ±  erect. 
C oro lla  c a m p a n u la te ,  ep ig y n o u s ,  blue, 13 
— 22 m m  long; lobes 5, u n i te d  a lm o s t 
h a lfw ay .  S tam en s  5, free , c. 10 m m  long; 
f i la m e n t  bases  o b la n ceo la te ,  t ru n c a te ,  
c ilia te— p u b escen t ;  a n th e r s  c. 5 m m  long; 
connec tive  w i th  a  s h o r t  b u t  d is tinc t ap ica l 
ap p en d a g e .  O v a ry  in fe r io r ,  3-locular, 
ovules n u m e ro u s .  S tyle  s h o r te r  th a n  the 
co ro l la  w ith  po llen -co llec t ing  h a i rs  all 
over, excep t in  th e  b a s a l  p a r t ,  eg lan d u la r ;  
s ty le  lobes 3, 2— 3 m m  long. C apsule  
e longated , c y l in d r ic a l— fu s ifo rm , 2.5— 3.5 
cm  long, deh isc ing  sep tic id a l ly  by  3 lo n g i­
tu d in a l  splits. Seeds n u m e ro u s ,  b ro a d ly  
elliptic, s tro n g ly  co m p re sse d ,  c. 0.8 m m  
long, a lm o s t  sm o o th ,  b ro w n ,  glossy.

_ x, . . . .  f COLLECTIONSFig. 5. Namacodon schinzianum. Part or
flowering specimen, X0.6. D rawn from NAMIBIA (SOUTH W EST AFRICA). W i n  d-
v. W e t t s t e in  243 (ML h o e k, S side of the eastern  Auas Mts., X.
Bot. Notiser, vol. 127,1974
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1899. D i n t e r  806 (Z); Lichtenstein, II. 1923, 
D i n t e r  4478 (Z) & D i n t e r  4479 (S, Z ); 
Khomas Hochland, F arm  Friedenau, IV. 1939, 
Ga s s n e r  87 (M); Binsenheim, I. 1956, V o l k  
11184 (M); Farm  Lichtenstein, I. 1958, M e r x - 
m ü l l e r  1252 ( M) . — R e h o b o t h ,  Naukluft 
Mts., Kabiras, I. 1916, P e a r s o n  s.n. (K); 
Areb, 1929, v. W e t t s t e i n  243 (M); Guru- 
manas. I. 1935, D i n t e r  8296 (K, M); Naukluft, 
X. 1939. V o l k  820 (M); Claratal, 43 km S W  
of W indhoek, III. 1955, d e  W i n t e r  2573 
(K); Mica schist Mts., 40 km S of Windhoek, 
IV. 1958. d e  W i n t e r  6053 (M); Gamsberg 
Mt., IV. 1963, N o r d e n s t a m  2384 (S); Gams­
berg Mt.. V. 1963, K e r s  148 (M, S). — 
L ii d e r i t z -S ti d, Aus, VI. 1922, D i n t e r  
3595 (BM, C, G, Z).

D IS T R IB U T IO N  AND H A B IT A T

C onfined  to th e  m o u n ta in s  in  the  cen tra l  
p a r ts  of N am ib ia  a t  a l t i tudes  of ab o u t 
1800— 2000 m  (Fig. 9). G rows on  s tony  
m o u n ta in s ,  in  crevices o r  a m o n g  rocks  
an d  b ou lde rs .  T h e  species is very  u n ifo rm  
th ro u g h o u t  its a re a  of d is tr ibu tion .

D ISC U SSIO N

P rev io u s  T a x o n o m ic  T re a tm e n t

In  his rev is ion  of the genus P rism a to ­
carpus,  A d a m s o n  (1951 p. 128) excludes 
P. ju n c e u s  S c h i n z , nom . illegit. (nom en- 
c la tu ra l  s y n o n y m  of N a m a c o d o n  sch in ­
z ianum )  f r o m  th e  genus. Fie r e m a rk s :  “as 
it w as d esc r ibed  as hav ing  a t r i lo c u la r  
ovary ,  it p ro b a b ly  does no t be long  to the  
g e n u s” . N everthe less , am ong  th e  five co l­
lections cited  u n d e r  P. h i ld eh ra n d ti i  
V a t k e  (A d a m s o n  1951 p. 108), th ree  
doub tless  be long  to S c h i n z ’s species, the  
ty p e  of w h ich  A d a m s o n  a p p a re n t ly  did 
n o t  see. F r o m  the  deta iled  o r ig in a l  d esc r ip ­
tion  of P. h ild eb ra n d ti i  (Va t k e  1874 p. 
701) it is ev ident, th a t  it is d is t in c t  f ro m  
P. ju n c e u s  S c h i n z . A ccording  to V a t k e  
P. h ildeb ra n d ti i  is a t iny  a n n u a l  w ith  a 
2 - locu la r  ovary , a co ro lla  c. 2.5 m m  long 
a n d  calyx lobes 1.5 m m  long. T h e  type 
collection, M e y e r  1869 f ro m  H a n ta m s-  
berg  in  S ou th  Africa, w as  p ro b a b ly  
d es tro y ed  in  Berlin . A d a m s o n  (loc, cit.) 
s ta tes  il to be  p re se n t  “ in h e rb  V ie n n a ”, 
12

bu t acc o rd in g  to Dr. G. L e u t e , w ho  
k in d ly  checked  the  m a tte r ,  it  is not. T h e  
re m a in in g  sp ec im en  o f  P. h ildebrand ti i  
in  A d a m s o n ’s rev is ion  is E s t e r h u y s e n  
1422 (BOL) f ro m  V an R h y n s  Pass,  a 
spec im en  n o t  seen b y  me. T h e  species 
th u s  rem a in s  a  d u b io u s  one, b u t  is p r o b ­
ab ly  o local en d em ic  in  the  H a n ta m sb e rg  
— V an R h y n s d o rp  a re a  of the  Cape P r o ­
vince. In  a n y  case it has  n o th in g  to  do 
w ith  the  genus  N a m a co d o n .  T h e  new  
nam e  P. sch in z ia n u s  p ro p o se d  by  M a r k ­
g r a f  1941 p. 465) fo r  P. ju n c e u s  S c h i n z  
is th e re fo re  the  co rrec t  b as ionym , w h e n  
it is t r a n s f e r r e d  to  N am acodon .

M orpho logy

OVARY AND CA PSU LE. N a m a co d o n  is 
su p erf ic ia l ly  so m e w h a t  s im i la r  to severa l 
species of the  genus P rism a tocarpus .  
N everthe less  it d isp lays  a n u m b e r  of 
in te res t in g  fe a tu re s  th a t  m a k es  it  a  ve ry  
w ell-de f ined  genus. D ehiscence  of the  f ru i t  
occu rs  in  b o th  g en era  by  lo n g itu d in a l  
la te ra l  splits  in  the  w alls  of the  e longated  
capsu les. T h e re  are , how ever ,  m a rk e d  d i f ­
ferences.

P rism a to ca rp u s  h as  a 2 -locu lar  in fe r io r  
o v a ry  w ith  axile p lacen ta t io n .  W ith  age 
th e  sep ta  o f ten  (?) m o re  o r  less d is ­
a p p ea r ,  th u s  m a k in g  the  p la c e n ta t io n  a p ­
p e a r  a lm o s t f ree  cen tra l .  W h e n  the capsu le  
is m a tu re ,  the  lines of deh iscence  are  
fo rm ed  f ro m  the s inuses  of th e  calyx lobes 
do w n  to the base  of the capsule , sp li t t ing  
the now  h a r d  a n d  sc le re n ch y m o u s  p e r i ­
ca rp  in to  5 (or 4) segm ents , each  c o r r e ­
s p o n d in g  to a  ca lyx  lobe (Fig. 8 D). T h e  
base  of the  s ty le  pers is ts  on  top  of the  
capsu le  as a h a r d  o f ten  sp lit  cone, w h ich  
f in a l ly  d ro p s  off, as do the  calyx  lobes.

In N a m a c o d o n  th e  o v a ry  is 3-locular, 
w ith  th e  sep ta  pe rs is t ing  be tw een  the  
loculi. Along each  s e p tu m  a deep lo n g i tu ­
d ina l  f u r ro w  is fo rm ed  in  th e  capsu le  
(Fig. 8 A). T h e  lines of deh iscence  a re  
h e re  n o t  re la ted  to the  calyx lobes, b u t  
a re  fo rm e d  a long  th e  septa , th e  p e r ic a rp  
th u s  being  sp lit  in to  3 segm ents  each
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Fig. 0. Namacodon schinzianum. — A: 
Capsule after dehiscence, X3.5. — B: Top of 
capsule with calyx ancl wilted corolla, X5. 
Drawn from Vo lk  11184 (M).

c o r re s p o n d in g  to  a carpe l.  T h e  s u p e r f i ­
cia lly  very  s im ila r  types  of d eh iscence  
fo u n d  in  P rism a to ca rp u s  and  N a m a c o d o n  
a re  th u s  no t h o m o lo g o u s  as the  lines of 
deh iscence  in  the  f irs t  case a re  d e te rm in e d  
b y  th e  s t ru c tu re  of the calyx  a n d  in  the 
la t te r  by  the  carpe ls .  T h e  t ru ly  sep tic ida l 
deh iscence  in  N a m a c o d o n  seem s to  be 
u n iq u e  indeed  in  C am p an u laceae .  I have  
n o t  seen  it r e p o r te d  e lsew here.

Bot. Notiser, vol. 127, 1974

Fig. 7. Namacodon schinzianum. — A: Style. 
— B: Stamen. D rawn from Ga s s n e r  87 (M).

F u r th e r m o re ,  in N a m a c o d o n  th e  th ree  
segm en ts  of the  p e r ic a rp  a re  ac tu a lly  
ac t ive ly  p u sh e d  a p a r t  by  a  special m echa-
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Fig. 8. Transversal sections of a lm ost ripe capsules. -— A: Namacodon schinzianum, from 
the middle of the capsule. — B: ibid., from  the top of the capsule. — C: Gunillaea rhode­
sica. — D: Prismatocarpus sessilis E c k l . ex A. DC. var. macrocarpus  Ad a m s . — Dense 
dotting: placentas; sparse dotting: parenchym a; dense hatching: sclerenchyma; sparse 
hatching: epidermis. — A, B: V o l k  11184 (M). — C: F a n s h a w e  5950 (K). — D: E s t e r -

h u y s e n  13716 (UPS).
B ot. N o tise r, vo l. 127, 1974
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E - 1905

Fig. 9. Distribution of Gunillaea (broken line), Prismatocarpus  (hatched) and Namacodon
schinzianum  (dots).

n ism  no t observed  in P rism a to ca rp u s .  on  eac h  side of th em , a n d  d irec ted  dow n-
T h u s  in  the  m idd le  of th e  v e ry  to p  of th e  w a rd s  (Fig. 8 B, 6 B) .  W h e n  the f ru i t
ovary , six n a r ro w ,  ±  conical,  acu te  p ro -  r ip e n s  these  p rocesses  becom e scleren-
cesses a re  fo rm e d  o u t  of the  sep ta , one  ch y m o u s  a n d  f in a l ly  b en d  ou tw ards ,  usu-

Fig. 10. A: Gunillaea rhodesica, seed, X l l O .  — B: ibid., testa structure, X 550. — C: 
Gunillaea emirnensis, testa structure, X 430. — D: Namacodon schinzianum, seed, X*)5. —
E— G: cross-sections of testa, X 570. — E: Gunillaea rhodesica. — F: Gunillaea emirnensis. 
— G: Namacodon schinzianum. — H: Gunillaea rhodesica, capsule with the pericarp 
partly decomposed, X3.9. — A. B, E: F a n s h a w e  5950 (K) ,  Zambia. — C: P e r r i e r  d e  e a  
B a t h i e  0946 (P) ,  Madagascar. — D, G: K e r s  148 (M). — F :  R o b i n s o n  6287 (M), Milawi.

—  LI: Y o u n g  480 IBM), Zambia.
B ot. N o tise r, vol. 127, 1974
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Fig. 11. Pollen grains. — A: Gunillaea rhodesica, X 1600. — B: Namacodon schin- 
zianum, X 1050 (somewhat shrunken). — C— E : Gunillaea rhodesica, X 830. —  F— H: 
Namacodon schinzianum, X500. — A: R o b in so n  6751 (BR), Zambia. — B: Ga ssn er  

87 (M). —  C— E : R e a  161 (K), Z am bia .  —  F — I i :  v. W e t t s t e in  243 (M).

ally  pa irw ise , one  p a i r  b e n d in g  in to  each  fo rm in g  th re e  segm ents .  T h e  six p rocesses
locu lus  of the  cap su le  h e re b y  exe r t in g  a re  f i rm ly  a t ta c h e d  to  the  top  of the ovary ,
such  p re s su re  on  the  p e r ic a rp  th a t  it splits  w h ic h  is n o w  o n ly  f ixed  to the re s t  of

Bot. Notiser, vol. 127, 1974
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th e  o v a ry  b y  th e  th in  s t r in g  in  the  m idd le .  
T h is  soon b re a k s  a n d  the  top  of the  o v a ry  
w ith  the  p e rs is te n t  calyx lobes a n d  the  
w ilted  co ro l la  d ro p s  off.

A N T H E R S . T h e  o c c u r re n c e  of d is t inc t  
ap ica l  a p p e n d a g e s  on the  connec tive  (Fig. 
7 B) is a c h a r a c te r  n o t  k n o w n  f ro m  
P rism a to ca rp u s .  In d eed ,  as reg a rd s  C a m ­
p an u laceae ,  I h av e  o n ly  seen  th is  c h a r ­
ac te r  p rev io u s ly  re p o r te d  f ro m  the  sm all  
genus  M u ssc h ia  on  M adeira  (De C a n ­
d o l l e  1830 p. 14), w h ich  h a s  c o n n e c ­
tive a p p e n d a g e s  v e ry  s im ila r  to those  in 
N a m a co d o n .  T h e  tw o g e n e ra  a re  o th e r ­
wise n o t  c losely  re la ted .

P O L L E N . P o llen  g ra in s  3 -pora te ,  u n i te d  
in t e t r a h e d ra l  te t ra d s  (d iam ete r  70— 85 ix). 
E x in e  g en e ra l ly  2.5— 3.5 p th ick .  Sexine 
th ick e r  th a n  nexine , w h ic h  is th ick en ed  
a ro u n d  the  pores. Sexine v e ry  densely  
covered  w ith  sm a ll  w a r ts  m ix ed  w ith  
sp inu le s  u p  to 2 p long. Fig. 11 B, F — LI.

P o llen  g ra in s  th a t  a re  re leased  in  te t ra d s  
have  no t been  p re v io u s ly  re p o r te d  f ro m  
C am p an u laceae .

P O L L E N -C O L L E C T IN G  H A IRS. A n ­
o th e r  o b se rv a t io n  w o r th  m e n tio n in g  c o n ­
cerns  th e  po llen -co llec ting  h a i rs  of the  
style. In  C am p a n u la c e a e  (Sphenoc lea  ex ­
c luded  i these  hav e  b u lb o u s  bases  w h ich  
a re  ab sen t  in  the  n o rm a l  h a i r s  also p r e ­
sent in m a n y  species, e.g. Gunillaea rh o d e ­
sica, f u r th e r  do w n  on  the  style (Fig. 3 1)). 
The po llen -co llec ting  h a irs  co llapse  a f te r  
an thesis  a n d  often  d is a p p e a r  d u e  to in ­
vag ina tion  in to  the  b asa l  cavities (see 
C a r o l i n  1 9 6 0  p. 197, fig. 3 C). T his  is the 
case in C am panu la , W a h lenberg ia  a n d  
P rism a tocarpus ,  fo r  exam ple , w h e re  no 
po llen-co llecting  h a i rs  a re  v isib le  on old 
styles. In  N a m a c o d o n  a lm ost th e  w ho le  of 
the style is covered  w ith  po llen -co llec ting  
h a i rs  (Fig. 7 A) w h ic h  a re  also fu rn is h e d  
w ith  b asa l  cavities. A fter an th e s is  these  
h a i rs  co llapse, b u t  a p p a r e n t ly  nev er  
invaginate , re m a in in g  fu lly  v is ib le  on  the  
style even in old w ilted  flowers.

P h y to g e o g ra p h y

A fter  the  t r a n s f e r  of P rism a to ca rp u s  
rh o d es icu s  an d  P. sch in z ia n u s  to the new  
g e n e ra  h e re  p ro p o sed ,  Gunillaea  a n d  
N a m a c o d o n  re spec tive ly ,  the  genus P ris ­
m a tocarpus ,  w ith  a b o u t  25 rem a in in g  s p e ­
cies will be re s tr ic ted  to the  Cape F lo ra l  
Region a n d  be ing  an  endem ic  Cape ele­
m e n t  (Fig. 9) as it w as  also cons idered  to 
be by  W e i m a r c k  (1941 p. 96).
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A detailed biometrical study of 20 taxonomically im portant morphological 
characters  in South American Armeria  shows that all populations m ust be 
referred to A. maritima  L. Despite the considerable variation, much of which is 
genetically determined, it is not possible to delimit m ajor subspecific patterns 
w ithin South America. Some characters, such as scape- and leaf-indumentum, 
scape-length and  leaf-width, show a tendency towards topoclinal variation hut 
there is little correlation between them. The austral populations, like those from 
North America and one circumboreal taxon, show monom orphic self-compatibility 
but the variation in the characters analysed was comparable to that shown by 
the species in the Northern Hemisphere. Consequently, no consistent difference 
could be found to distinguish South American and Northern Hemisphere mate­
rial. Nevertheless, in view of the geographical separation and the apparently  
distinct, evolutionary potential of the variable homogamous populations in South 
America they have been recognized as a distinct subspecies for which the formal 
com bination A. maritima  subsp. andina  ( P o e p p . ex Boiss.) D. M. M o o r e  & Y a t e s  
is made.

D. M. Moore & Bronwen Yates, Department of Botany, University of Reading, 
W hiteknights, Reading RG6 2AS, England.

INTRODUCTION

A r m e r ia  L .  is a  p r e d o m in a n t ly  N o r th e rn  
H e m isp h e re  genus. Most species o ccu r  in 
te m p e ra te  E u ra s ia ,  w h e re  a lm o s t  all of 
th e m  ex h ib it  a d im o rp h ic  in c o m p a tib i l i ty  
sy stem  ( B a k e r  1954, 1961, 1966), the 
on ly  ex ce p tio n  b e in g  the  se lf -com patib le ,  
c i r c u m p o la r  A. m a r i t im a  L .  subsp .  sib irica  
( T u r c z . ex Boiss .)  N y m a n  ( B a k e r  1953). 
All N o r th  A m e r ic a n  re p re se n ta t iv e s  of the  
genus  h av e  m o n o m o rp h ic  po llen  an d  
s t ig m a  p a t te rn s  a n d  a re  se lf -com patib le  
( B a k e r  1954). T h e y  a re  u su a l ly  inc luded  
w ith in  A. m a r i t im a  (e.g. L a w r e n c e  1940), 
a l th o u g h  B a k e r  (1966) h in ts  th a t  he  w ou ld  
p re fe r  to recognize  som e of th e  ta x a  as 
d is t inc t  species.

In  the  S o u th e rn  H e m isp h e re  A rm e r ia  
is co n f in ed  to S o u th  A m erica , w h e re  it 
o ccu rs  in  Chile s o u th w a rd s  f r o m  c. lat. 
33°S  (prov. V a lp a ra iso )  a n d  in  w e s te rn  
A rg en tin a  s o u th w a rd s  f ro m  p rov . C ordoba  
(lat. 31 °S) to r e a c h  its s o u th e rn  an d

eas te rn  lim its  in T ie r ra  del Fuego , Is la  de 
los E s ta d o s  a n d  the  F a lk la n d  I s la n d s  
(Figs. 3— 4). It occu rs  in  b o th  co as ta l  and 
in la n d  localities  a n d  ran g es  f ro m  sea-level 
to a l t i tudes  a p p ro a c h in g  2,500 m. n e a r  its 
n o r th e r n  lim it in the Andes. As in  N o r th  
A m erica , all m a te r ia l  e x am in ed  h a s  sh o w n  
m o n o m o rp h ic  se lf -co m p a tib il i ty  ( B a k e r  
1954, 1966; M o o r e  1968).

T h e re  is a  co n s id e ra b le  a m o u n t  of 
v a r ia t io n  in  S o u th  A m erican  A rm er ia ,  as 
is a t tes ted  by  the n u m b e r  of ta x a  desc r ibed  
by  p re v io u s  a u th o rs .  T h u s ,  no  less th a n  
13 species hav e  been  recognized  a t  one 
tim e o r  a n o th e r ,  d is t in g u ish ed  b y  fea tu re s  
of the  in d u m e n tu m ,  leaf-shape , scape- 
leng th , sh ap e  of the  in v o lu c ra l  b ra c ts ,  etc. 
On the  o th e r  h a n d ,  L a w r e n c e  (1940) 
to o k  a r a th e r  conse rva t ive  view of th is  
v a r ia t io n  a n d  inc luded  all the  S ou th  
A m erican  m a te r ia l  w ith in  A. m a r i t im a ,  
ass ign ing  it  to  5 varie ties  w h ic h  w ere  
d is t in g u ish ab le  by  such  c h a ra c te r s  as  leaf-
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size and  -shape, sh a p e  of the  in v o lu c ra l  
b rac ts ,  cap itu lum -size ,  etc. H e n o te d  th a t  
the  S ou th  A m erican  p la n ts  cou ld  be 
d if fe re n tia ted  f ro m  th o se  p re s e n t  in  the 
N o r th e rn  H e m isp h e re  b y  th e  m in u te  
p u s tu la r  g lands  on the  scapes a n d  a n u m ­
b er  of less c o n s ta n t  c h a ra c te r s  of the  
calyx  a n d  in d u m e n tu m .

In  connec tion  w ith  o u r  s tud ies  on  the 
f lo ra  of T ie r r a  del F u eg o  we hav e  h ad  
occasion  to exam ine  m a n y  collections of 
A rm er ia  f ro m  s o u th e rn m o s t  S ou th  A m erica  
an d  hav e  n o t  fo u n d  a n y  of the  ava ilab le  
ta x o n o m ic  t re a tm e n ts  to be p a r t ic u la r ly  
useful. C onsequen tly  w e u n d e r to o k  a 
s tu d y  of the v a r ia t io n  sh o w n  th ro u g h o u t  
Sou th  A m erica  in  an  a t te m p t  to d e te rm in e  
w h e th e r  an y  p a t te rn  cou ld  be d iscerned  
a n d  to w h a t  ex ten t th is  m ig h t  p e rm i t  a 
sa t is fac to ry  ta x o n o m ic  tre a tm e n t .

MATERIAL AND METHODS

This study is prim arily  based on her­
barium material, which was available from 
most parts of the South American range of 
Armeria. Type material was included where- 
ever possible. Northern Hemisphere material 
referable to A. maritima  was examined for 
comparison; it included collections from 
Spain. France, Britain, Denmark, Sweden, 
Faroer Islands, Iceland and Canada. Detailed 
field observations to give a picture of local 
ecological and population patterns were made 
in Tierra del Fuego, while a num ber of the 
more distinctive morphological variants from 
southernmost South America have been in 
cultivation for periods of up to 7 years in 
order to assess the genotypic and environ­
mentally induced components of the varia­
tion.

The morphological characters examined in 
detail were selected on the basis of the 
diagnostic features emphasized by authors 
describing South American taxa and also 
those utilized to circumscribe taxa within 
European A. maritima. Twenty vegetative 
and floral characters were scored (characters 
1— 11) or measured (characters 12—20) as 
follows:

1. Leaf indumentum. The distribution and 
density of hairs was classified into 3 grades:
(a) glabrous; (b) ciliate margins; (c) sparsely 
ciliate margins and/or scattered hairs on 
upper surface.

2. Leaf-outline. (a) linear; (b) filiform.

3. Leaf-surface. (a) flat; (b) canaliculate; 
(c) convolute.

4. Leaf-apex. (a) acute; (b) obtuse.
5. Scape indum entum.  The density and 

length of hairs  was classified into 3 grades:
(a) glabrous; (b) villous, the hairs long and 
dense; (c) pubescent, the hairs short and 
often sparse.

6. Scape arcuate or not.
7. Apex of outer involucral bracts, (a) 

acuminate; (b) acute; (c) mucronate; (d) 
obtuse or muticous; (e) retuse or emarginate.

8. Calyx insertion-sear, (a) ovate and acute;
(b) orbicular; (c) ovate-oblong and truncate 
or obtuse.

9. Calyx indum entum ,  (a) calyx completely 
hairy  or pubescent; (b) indum entum  sparse 
or calyx with short hairs between the ribs;
(c) calyx glabrous between the ribs; (d) 
hairs only on the 5 intermediate ribs (‘sub­
costae’) .

10. Stigma type. ‘Papilla te’ or ‘cob’.
11. Pollen type. ‘A’ or ‘B’ as seen in genus 

Lim onium  (B a k e r  1948).
12. Leaf-length.
13. Leaf-width.
14. Scape-length.
15. Length of involucral sheath.
16. Diameter of capitulum.
17. Calyx-length.
18. Length of calyx-arm.
19. Length of outer: inner involucral bracts.
20. Length of spikelet-bract: length of

calyx.

The 20 characters listed above were scored 
in a total of 112 collections from  South 
America and 30 collections from  the Northern 
Hemisphere, principally western Europe.

RESULTS AND DISCUSSION

Correlation between Various Character- 
combinations

In  o r d e r  to d e te rm in e  to w h a t  ex ­
te n t  m o rp h o lo g ic a l ly  recogn izab le  entities, 
c i rc u m sc r ib e d  by c lu s te rs  of c h a ra c te rs ,  
cou ld  be de l im ited  w ith in  S ou th  A m erican  
A rm eria ,  the  d a ta  w e re  p lo t ted  on sca t te r  
d ia g ra m s  us ing  d i f fe re n t  co m b in a tio n s  of 
q u a n t i ta t iv e  a n d  q u a l i ta t iv e  c h a ra c te rs .  
T h e  o n ly  c o r re la t io n  in q u a n t i ta t iv e  c h a r ­
ac te rs  w as  sh o w n  b e tw e e n  the  len g th  of 
the in v o lu c ra l  s h e a th  a n d  the d ia m e te r  
of the  c a p i tu lu m ,  th e  p la n ts  w ith  longe r  
c ap i tu la  h a v in g  a  lo n g e r  sh ea th  (Fig. 1). 
F u r th e rm o re ,  th e  g rea te s t  sep a ra t io n  of
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Fig. 1. Scatter diagram  showing relation between capitulum-diameter and the length of
the involucral sheath in South American Armeria.

the spo ts  on  a sca t te r  d ia g ra m  w as  sh o w n  
b y  p lo t t in g  the  leng th  of the  in v o lu c ra l  
s h e a th  aga in st the  lea f-w id th .  T hese  tw o 
c h a ra c te r s  w ere  c o n seq u en t ly  used  to 
p ro v id e  the axes fo r  a p ic to r ia l ized  sca tte r  
d ia g ra m  in c o rp o ra t in g  the  scape-leng th , 
sh ap e  of the  ca ly x - in se r t io n -sca r  an d  an  
e s t im a te  of the  in d u m e n tu m  on  the  leaves, 
scape  a n d  calyx (Fig. 2).

F ro m  Fig. 2 it can  he seen th a t  th e re  
a re  no c lear  g ro u p s  of c o r re la te d  c h a r ­
ac te rs  w h ich  give any  basis  fo r  the reco g ­
nition  of ta x o n o m ic  categories . A fter 
v a r io u s  a t tem p ts  to sh o w  the  ch a ra c te r -  
g rad es  p ic to r ia l ly  it seem ed th a t  the 
in d u m e n tu m  of the  scape  w as m o s t  likely 
to provide- a su itab le  basis  fo r  ex am in in g  
such  m o rp h o lo g ica l  g roup ings .  Conse­
q u en t ly  th is  c h a ra c te r  w as m o s t  heavily  
w eigh ted  in  the  d ia g ra m , be ing  des ignated  
b y  the  sh ap e  of the  p o in ts  p lo tted .

P la n ts  w ith  th e  m o s t  villous scape  tend  
to  have  a s h o r t  in v o lu c ra l  s h e a th  and  
scape. T h ey  have  leaves of genera lly  
in te rm ed ia te  w id th  b u t  a re  still r a th e r

va r iab le  in this, w h ile  the  o th e r  c h a ra c te rs  
s p a n  the  w ho le  ra n g e  of possible  v a r ia ­
tion. A rm er ia  bella  A l b o f f , A. ch ilensis  
var. brevifo lia  B o iss .  an d  A. de l f in i i  
P h i l , be long  here.

T h e  g ro u p  of p la n ts  w ith  g lab ro u s  
scapes show s a w ide ra n g e  of var ia t io n .  
I t  inc ludes  the  m a te r ia l  w ith  th e  w idest 
leaves a n d  longest scapes  a n d  m u c h  also 
h a s  g la b ro u s  leaves. H ow ever ,  it o ver laps  
w ith  th e  p rece d in g  g ro u p  in all c h a ra c te r s  
an d  show s m o st  of the v a r ia t io n  possible  
by  the system  of sco ring  em ployed . A r­
m er ia  a n d ina  P o e p p . ex B oiss .,  A. brachy-  
p h y l la  Boiss .,  A. cu rv ifo l ia  B e r t , a n d  A. 
m a c lo v ia n a  d ’U r v . belong  in  th is  g roup .

T h e  p la n ts  in  w h ic h  the  scape-indu-  
m e n tu m  is m o re  o r  less in te rm e d ia te  in  
leng th  a n d  dens ity  be tw een  th a t  of the  
p rece d in g  two types  co n s ti tu te  a r a th e r  
c o m p a c t  g ro u p  w h ich  o verlaps  in m os t 
c h a ra c te r s  w ith  the  m a te r ia l  h av in g  g la ­
b ro u s  o r  v il lous  scapes. T h e y  do, h o w ­
ever, te n d  to h av e  longe r  scapes  th a n  the  
villous p la n ts  an d  they  also seem  m o re
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Fig. 2. Pictorialized scatter diagram showing correlation between 7 characters in samples 
of Armeria maritima  from South America and the N orthern Hemisphere. — Scape gla­
brous (O), pubescent (O) or villous (□). — Leaf-indumentum V (w hite=glabrous; 
dotted =  sparsely ciliate; black =  ciliate). •— Scape length <  (white =  10 cm or less; black =  
more than 10 cm). — Calyx-insertion A (white =  ovate; dotted =  truncate or obtuse; 
black =  orbicular). Calyx-indumentum >  (white =  glabrous or subglabrous; dotted =  with 
a few short hairs between ribs; b lack= completely hairy; white with black spot =  hairs 
only on intermediate ‘subcostae’). — Northern Hemisphere m ateria l designated by having 

the diagonal arms produced beyond the margin of the symbol.

likely  to hav e  in te rm e d ia te  nerves  (‘s u b ­
co s tae ’) p re s e n t  on th e  calyx. A. chilensis  
var .  m agellan ica  B oiss . seem s to belong 
in th is g roup.

T h e  re m a in in g  sm all  g ro u p  of p lan ts  
no t yet m e n tio n e d  a re  those  w h ich ,  h av in g  
no  scape, c a n n o t  be scored  on scape- 
in d u m e n tu m . T h e re  a re  so few  of these 
ava ilab le  th a t  it is n o t  possib le  to d e te r ­
m ine  the s ign if icance  of th e i r  r a th e r  
n a r ro w , g lab ro u s  leaves a n d  genera lly  g la ­
b ro u s  calyx. I t  seem s p robab le ,  how ever ,  
th a t  they  a re  m e re ly  occasional v a r ia n ts  
a r is ing  w ith in  the  gen era l  p a t te r n  of v a r i a ­
t ion  exh ib ited  fo r  all o th e r  cha ra c te rs .

A rm e r ia  androsacea  Boiss. belongs in th is 
g roup .

It seem s c le a r  f ro m  the  d a ta  p re sen te d  
th a t  th e re  is no  obvious co r re la t io n  of 
c h a ra c te r s  w h ic h  w o u ld  give g ro u p in g s  
recogn izab le  as d is t inc t  species. As seen 
above, th o se  species w h ich  h av e  been  
recogn ized  b y  e a r l ie r  a u th o rs  tend  to be 
n o  m o re  th a n  occasiona l nodes  in the 
g enera l p a t t e r n  of var ia tion .

In te re s t in g ly ,  the  N o r th e rn  H e m isp h e re  
m a te r ia l  in c lu d e d  in  these ana lyses  g e n e r ­
a lly  ten d ed  to  h a v e  a v illous scape and  it 
w as  w ith  th e  g ro u p  of S o u th e rn  H e m i­
sp h e re  p la n ts  h a v in g  th is  c h a ra c te r  th a t
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th e i r  p a t t e m  of v a r ia t io n  w as  m ost 
s im i la r .  T h e  N o r th e r n  H e m isp h e re  p lan ts  
te n d  to  h a v e  a longe r  scape  b u t  th e y  do 
n o t  f o rm  a  d is t inc t  g ro u p  w h ic h  is 
s e p a ra b le  f r o m  th e  a u s t r a l  p o p u la t io n s .

Geographical Distribution of Characters

In  v iew  of the  lack  of c lea r ly  co rre la ted  
g ro u p s  of c h a ra c te r s  w i th in  S o u th  A m eri­
can  A r m e r ia  an  a t te m p t  w as  m a d e  to p lo t 
on a  m a p  (Figs. 3— 4) all the  sam ples  
in v es t ig a ted ,  u s ing  th e  sam e sym bo ls  as 
in th e  sc a t te r  d ia g ra m  (Fig. 2).

F r o m  F igs. 3 a n d  4 it is c lear  th a t  som e 
of the  c h a ra c te r s  ex a m in e d  in  th is  s tudy  
s h o w  a  m a rk e d  g eo g rap h ica l  p a t te rn .  
T h u s ,  v i r tu a l ly  all m a te r ia l  f ro m  c o n t i­
n e n ta l  S o u th  A m erica  n o r th  of lat. c. 50°S., 
an d  all t h a t  f ro m  th e  F a lk la n d  Is lands, 
h as  a  g la b ro u s  scape. P la n ts  w ith  v illous 
scapes  p r e d o m in a te  on  Is la  de los E s tados  
an d  a lo n g  th e  C ana l Beagle, b eco m in g  less 
c o m m o n  n o r th w a r d s  to w a rd s  the  E s trec h o  
de M agallanes ,  an d  o c c u rr in g  o n ly  very  
r a r e ly  on  the  m a in la n d  n o r th  of the  
S tra i ts .  M a te r ia l  w ith  a n  in te rm e d ia te  
deg ree  o f  s c a p e - in d u m e n tu m  occup ies  a 
g en e ra l ly  in te rm e d ia te  g e o g rap h ica l  area , 
b e ing  m o s t  c o m m o n  in  ce n tra l  to n o r th e r n  
T ie r r a  del F u eg o  a n d  the  reg ion  im m e ­
d ia te ly  n o r th  of the  E s tre c h o  de M agalla ­
nes. T h ro u g h o u t  th is  sam e a re a  is also 
fo u n d  th e  m o s t  in te rm in g lin g  of p o p u la ­
tions w ith  v illous a n d  g lab ro u s  scape.

L E A F -IN D U M E N T U M . In  the  s o u th e rn  
p a r ts  of T ie r r a  del Fuego , Is la  de los 
E s ta d o s  a n d  th e  F a lk la n d  Is lan d s  m os t 
p la n ts  hav e  g la b ro u s  leaves. F u r t h e r  n o r th  
all ty p es  occu r ,  a l th o u g h  p u b e sc e n t  or 
cilia te  leaves p red o m in a te .

SC A PE -L E N G T H . In  s o u th e rn  T ie r ra  
del F u eg o  a n d  o n  Is la  de los E s ta d o s  the  
m a jo r i ty  of p la n ts  h av e  a scape  less th a n  
150 m m  long, w h ils t  in  the F a lk la n d  
Is lan d s  a n d  n o r th w a rd s  f ro m  n o r th e r n  
T ie r r a  del F uego  m o s t  have  a lo n g e r  scape.

L E A F -W ID T H . T h is  is a  consp icuous  
c h a ra c te r  in the  field, w h ic h  is m a in ta in e d  
in cu ltiva tion . T h e  w ides t leaves a re  fo u n d  
in  m a te r ia l  f ro m  C en tra l  a n d  N o r th  Chile 
(c. 0.9— 2.0 m m ) a n d  p a r t ic u la r ly  f ro m  
th e  F a lk la n d  Is lands  (2.0— 4.0 m m ), w hile  
the n a r ro w e s t  leaves (0.3— 1.0 (— 1-5)) 
m m  o ccu r  in P a ta g o n ia n  p o p u la t io n s  
f ro m  prov . C h u b u t  to prov . S an ta  Cruz. 
In  T ie r ra  del F u eg o  an d  the  reg ion  
im m ed ia te ly  n o r th  of the  E s trec h o  de 
M agallanes  th e re  is g rea t  v a r ia t io n  in leaf- 
w id th  (0.4— 2.5 m m ).  T h is  show s no  c lear  
p a t te rn ,  a l th o u g h  th e re  is som e te n d en cy  
fo r  p la n ts  f ro m  the  d r ie r  n o r th e r n  an d  
ea s te rn  a rea s  to have  genera lly  n a r r o w e r  
leaves.

T h e  d is tr ib u t io n  a n d  dens ity  of the  
ca lyx-ha irs ,  the  sh a p e  of the  calyx-inser- 
t io n -sc a r  a n d  the  leng th  of th e  in v o lu c ra l  
s h e a th  c a n n o t  be c o r re la ted  w ith  a n y  
f ea tu re s  of th e  g e o g rap h ica l  d is tr ibu tion ,  
a l th o u g h  the  longest sh ea th s  o ccu r  in F a l k ­
la n d  Is lan d s  m a te r ia l ,  w h ich  is also m o s t  
likely  to h av e  the  5 in te rm e d ia te  nerves  
(‘su b c o s ta e ’) on  the  calyx.

F ro m  th e  above  ob se rv a tio n s  it seems 
d iff icu lt  to  de tect a n y  conv inc ing  geo­
g ra p h ic a l  p a t te rn  to the  m o rp h o lo g ica l  
v a r ia t io n .  T h e re  a re  c e r ta in ly  genera l r e ­
g ional d iffe rences  in  the  degree of ex ­
p ress ion  of in d iv id u a l  c h a ra c te r s  bu t  
these  a re  n ever  c o n s ta n t ly  co rre la ted .  T h e  
genera l p a t te rn  is r a th e r  th a t  of u n ­
co r re la te d  c l ina l o r  sem i-c lina l var ia tion ,  
u su a l ly  giving n o r th — so u th  d if fe ren tia t io n ,  
in  som e in d iv id u a l  c h a ra c te rs ,  and  even  
m o re  ra n d o m  v a r ia t io n  in the  o th e r  c h a r ­
acters .

Taxonomic Status of South American 
Armeria

T h e  absence  of a n y  c o n s ta n t  co r re la t io n  
in  the  v a r ia t io n  sh o w n  by  the  var ious  
m o rp h o lo g ic a l  c h a ra c te r s  s tud ied  s u p p o r ts  
the  u n w ill ingness  of m a n y  w o rk e rs  (e.g. 
D u s é n  1900; S k o t t s b e r g  1916; L a w r e n c e  
1940) to  recognize  th e  v a r io u s  species
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72°W

Fig. 4. Occurrence of 5 morphological characters in samples of Armeria maritima  from  
Tierra del Fuego and southernm ost Patagonia. Symbols as in Fig. 2.

w h ic h  hav e  been  descr ibed  f ro m  South  
A m erica . I t  is equ a l ly  c lea r  f ro m  Fig. 2 
a n d  f ro m  a  co n s id e ra t io n  of th e  exp ress ion  
of the  c h a ra c te r s  s tud ied  th a t  South  
A m er ic an  A rm e r ia  fa lls  w ith in  the  ra n g e  
of v a r ia t io n  of A. m a r i t im a  L. In  conse­
quence , tw o  po in ts  m u s t  be considered : 
(a) the ex ten t to w h ich  in f ra -sp ec if ic  
ca tegories  can he recognized  w ith in  S ou th  
A m erican  A. m a r i t im a ;  (b) w h e th e r  the  
a u s t r a l  p o p u la t io n s  are  re fe ra b le  to the 
in fra -sp ec if ic  ta x a  recogn ized  in  the 
N o r th e rn  H em isp h ere .

IN F R A -S P E C IF IC  C A TEG O R IES IN 
SO U T H  A M ERICAN  A RM ERIA

D espite the w ide g e o g rap h ica l  a n d  eco­
logical range  sh o w n  b y  A rm e r ia  m a r i t im a

in  S ou th  A m erica , a n d  its ex tensive  m o r ­
pho log ica l v a r ia t io n ,  it h as  n o t  p ro v e d  
possib le  to de lim it in f ra -sp ec if ic  ta x a  in 
a s a t is fac to ry  m a n n e r .  T h e  in d e p e n d e n t  
v a r ia t io n  in  severa l c h a ra c te r s  p ro d u c e s  
a la rge  n u m b e r  of m o rp h o lo g ic a l ly  d is ­
tinc t entities, som e of w h ich  hav e  p ro v id ed  
the  basis  fo r  th e  ta x a  recogn ized  by  
ea r l ie r  w o rk e rs .  C learly, a l th o u g h  it 
m ig h t  be a p p ro p r ia te  to re fe r  these  taxa  
to  var ie ta l  o r  even  fo rm a  s ta tus ,  as h as  
been  done  b y  S k o t t s b e r g  (1916) a n d  
L a w r e n c e  (1940), it seem s im p ra c t ic a b le  
to  a t te m p t  to describe  the  la rge  n u m b e r  
of su ch  en tities  w h ic h  w o u ld  be n ece ssa ry  
to cover  the ra n g e  of m o rp h o lo g ic a l  
v a r ia n ts .  In  o u r  p re se n t  s ta te  of k n o w ­
ledge, su ch  a p ro c e d u re  w o u ld  be d iff icu lt,

Fig. 3. Geographical distribution of Armeria maritima  showing occurrence of 5 m orpho­
logical characters (Tierra del Fuego and ad jacent m ainland shown in Fig. 4). Symbols

as in Fig. 2.
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if n o t  im possib le ,  to c a r ry  o u t  sa t is fac to r i ly  
an d  we believe it w o u ld  o b scu re  w h a t ­
ever m o rp h o lo g ica l  p a t te rn s  a re  c u r re n t ly  
show n. W e  are  fo rced  to  th e  conclusion  
th a t  a t  p re sen t  s a t i s fa c to ry  ta x a  can n o t  
be de lim ited  w ith in  S o u th  A m eric an  m a te ­
r ia l  of A r m e r ia  m a r i t im a  a n d  th a t ,  conse­
q uen tly ,  it sh o u ld  be m a in ta in e d  as a 
single, v e ry  v a r ia b le  com p lex  w ith in  w h ich  
som e c lina l v a r ia t io n  in  c e r ta in  c h a ra c te rs  
can  be d iscerned . In tei 'esting ly , th is  is 
a lm o s t  exac tly  the  c o n c lu s io n  re a c h e d  by  
M a t h i a s  a n d  C o n s t a n c e  (1955) w h e n  
cons ider ing  the  v e ry  w ide ly  d is t r ib u ted  
A ndean  species O r e o m y r r h i s  and ico la  
( K u n t h ) H o o k , f i l ., w h ic h  show s a 
s im ila r ly  w ide v a r ia t io n .

A F F IN IT IE S  O F  S O U T H  A M ERICA N  
AND N O R T H  H E M IS P H E R E  
A R M E R IA  M ARITIM A

As m e n tio n ed  ea r l ie r  (p. 186) it can  be 
seen  f ro m  Fig. 2 th a t  th e re  is no consis ten t 
w a y  of sep a ra t in g  N o r th e rn  an d  S o u th e rn  
H e m isp h e re  m a te r ia l  of A r m e r ia  m a r i t im a  
on  the  basis  of th e  c h a ra c te r s  m e asu re d .  
B oth  g ro u p s  of p la n ts  sh o w  a c o m p a ra b le  
range  of v a r ia t io n  a n d  co n s id e ra b le  o v e r ­
lap  in  all ch a ra c te rs .

As no ted  ea r l ie r  L a w r e n c e  (1940) 
s e p a ra te d  the S ou th  A m erican  ta x a  f ro m  
th o se  in  the  N o r th e rn  H e m isp h e re  b y  the  
covering  of m in u te  p u s tu la r  g lands  on  
th e ir  scapes. H ow ever,  w e h av e  been  u n ­
able lo co n f irm  th is  c h a ra c te r  d u r in g  o u r  
e x am in a t io n  of a b u n d a n t  A rg en tin ian  and  
C hilean  m a te r ia l .  In  a n u m b e r  of cases 
we have  found  dense  coverings  of m in u te  
bodies bu t  on  close s tu d y  these p ro v e d  to 
be of fun g a l origin.

A r m er ia  m a r i t im a  in  th e  N o r th e rn  
H e m isp h e re  h a s  b een  v a r io u s ly  subd iv ided  
b u t  m ost recen t  t r e a tm e n ts  (e.g. H u l t é n  
1958; P i n t o  d a  S i l v a  1972) recogn ize  up  
to  a b o u t  7 subspecies  in  E u ra s ia ,  one  in 
N o r th  A m erica, a n d  one co m m o n  to b o th  
con tinen ts .

T h e  m a jo r  p ro b le m  a p p e a rs  to be  th a t  
the  c h a ra c te rs  n o rm a l ly  used to d i f fe re n ­
B ot. N o tise r, vo l. 127, 1974

t ia te  subspecies  in  N o r th e rn  H e m is p h e re  
m a te r ia l  of A r m e r ia  m a r i t i m a  s h o w  a 
so m e w h a t  c o n t in u o u s  p a t te rn  o f  v a r ia t io n  
in  S o u th  A m eric an  p la n ts  w h ic h  c a n n o t  
be  c learly  s e p a ra te d .  All the  S o u th  A m e r i ­
c an  m a te r ia l  is se lf-com patib le ,  w i th  m o n o -  
m o rp h ic  A /p ap i l la te  po llen  a n d  s t ig m a  
types, a n d  c o n seq u en t ly  can  b e  d is t in ­
g u ished  o n  th is  c h a ra c te r  f ro m  m o s t  
E u ra s ia t ic  taxa , resem bling  o n ly  th e  cir- 
c u m b o re a l  subsp .  sibirica,  an d  th e  N o r th  
A m er ic an  subsp .  p u r p u r e a  a n d  cal i fornica.

E ven  w ith in  these  lim its  it is n o t  p o s ­
sible to  p ro v id e  a sa t is fac to ry  s e p a ra t io n  
o f  the  S o u th e rn  H e m isp h e re  p o p u la t io n s ,  
w h ich  o v e r la p  w ith ,  and  show  a  g re a te r  
v a r ia t io n  th a n ,  the  se lf -com patib le  p o p u ­
la tions  f ro m  the  n o r th .

H ere , then ,  one  is faced  w ith  the  
p ro b le m  of h o w  to deal ta x o n o m ic a l ly  
w ith  th e  S o u th  A m erican  p o p u la t io n s  of 
Arm er ia .  T h e y  c lea r ly  be long  to  A. m a r i ­
t ima,  b u t  c a n n o t  be sa t is fac to r i ly  d is t in ­
gu ished  m o rp h o lo g ic a l ly  f ro m  th e  n o r t h ­
e rn  subspecies , n o r  can  th ey  be ass igned  
as varie ties  w i th in  an y  of the  la tte r .

I t  seem s c lea r  th a t  the  closest r e la t io n ­
sh ips  of th e  S o u th  A m eric an  p o p u la t io n s  
of A r m er ia  m a r i t i m a  a re  w ith  th e  rnono- 
m o rp h ic  N o r th  A m erican  a n d  c ircum - 
bo rea l  subspecies ,  w h ic h  w ere  in  th e i r  
tu r n  de r iv ed  f r o m  the  E u ra s ia t ic  di- 
m o rp h ic a l ly  se lf - in co m p a tib le  p o p u la t io n s  
( B a k e r  1953, etc.). H ow ever ,  w h ils t  the  
var iab il i ty  in  these  h a s  been  re s tr ic ted  by 
a co m b in a t io n  of severe  selection  p ressu re ,  
l im ited  ecological to le ran ces  an d  in b re e d ­
ing ( B a k e r  1953), the  S ou th  A m erican  
p o p u la t io n s  seem  to have  escaped  the  
l im ita t io n s  of th e  f i r s t  tw o  fac to rs  an d  
the  species is m u c h  m o re  v a r ia b le  in  
A rgen tina  a n d  Chile  th a n  m ig h t be ex ­
pec ted  f ro m  ex p e r ien ce  w ith  N o r th e rn  
H e m isp h e re  se lf -co m p a tib le  popu la tions .

A r m er ia  m a r i t i m a  in  S ou th  A m erica  
w o u ld  a p p e a r  to  h av e  a very  d if fe ren t  
ev o lu t io n a ry  p o te n t ia l  f ro m  the  N o r th e rn  
H e m isp h e re  se lf -co m p a tib le  taxa . D espite  
the  lack  of c lea r  m o rp h o lo g ic a l  d i f fe r ­
ences this, to g e th e r  w ith  the  c lear  geo­



ARMERIA L. IN SOUTH AMERICA 191

g ra p h ic a l  s e p a ra t io n  a n d  the  im poss ib ili ty  
of in c o rp o r a t in g  th e m  in to  th e  subspecif ic  
c la ss if ica t io n  in the  N o r th e rn  H em isphere ,  
leads  us to  believe th a t  the  on ly  possible 
so lu t io n  a t  p re se n t  is to inc lu d e  the  Sou th  
A m e r ic a n  p o p u la t io n s  in  A. m a r i t im a  as a 
d is t in c t  subspecies .  T h is  be ing  the  case, 
it is n e c e ssa ry  to select a  subspecif ic  
e p i th e t .  T h e  f irs t  n a m e s  to be a p p l ied  a t 
th is  level to  S o u th  A m erican  m a te r ia l  w ere  
A. ch i lens is  su b sp .  and ina  a n d  m aclov iana  
( R e i c h e  1911). Of these  tw o  w e select the 
f o r m e r  e p i th e t  a n d  th e  fo rm a l  c o m b in a ­
tion re q u i re d  is as fo llow s:

Armeria maritima s u b s p .  andina (P o e p p . 
e x  B o iss .) D .  M .  M o o r e  & Y a t e s  
com b. nov.

A. chilensis Boiss. subsp. andina  ( P o e p p . 
ex Boiss.) R e i c h e , FI. Chile 6: 104 (1911).

.4. andina P o e p p . ex B o iss .  in DC., P ro d r .  
1 2 :682  (1848).

A. macloviana  C h a m ., Linnaea 6:567 (1831).
A. curvifolia B e r t . ,  M erc. Chil.: 563 (1830).
A. chilensis B o iss .  in  DC., P ro d r .  12: 681 

(1848).
A. androsaceci Boiss. in DC., P r o d r .  12: 679 

(1848).
A. brachyphylla  B o iss .  in DC., P r o d r .  12: 

682 (1848).
A. delfini P h i l ., Anal. Univ. Chile. Stgo 91: 

246 (1895).
A. tenuifolia P h i l ., op. ci t .  245 (1895).
A. patagonicci P h i l ., op. cit. 244 (1895).
A. exaristata P h i l ., op. cit. 245 (1895).
A. aegialea P h i l ., op. cit. 246 (1895).
A.bella  Al b o f f , Rev. M as. L a  P la t a  7 :3 8 5  

(1896).
Statice pnnicea  R e n d l e , J. Bot. 42: 369

(1904).
Armeria chilensis Boiss. ssp. macloviana 

(Ch a m .) R e i c h e , FI. Chile 6: 104 (1911).

CONCLUSIONS

T he  v a r ia t io n  seen w ith in  S o u th  A m eri­
can  A rmer ia ,  in  w h ic h  som e ch a ra c te rs  
ten d  to ex h ib it  o f ten  u n c o r re la te d  clinal 
p a t te rn s  a n d  o th e rs  v a ry  in  a m o re  r a n d o m  
fash ion , is n o t  u n c o m m o n .  In d eed ,  such  
cases o f ten  p a ra l le l  th a t  in  A r m e r ia , w ith  
n u m e ro u s  ta x a  be ing  in i t ia l ly  described  
on  the  basis  of sca tte red  co llec tions  and  
la te r  s tud ies  o n  m o re  a b u n d a n t  m a te r ia l  
13

revea ling  a com plex  p a t te rn  of v a r ia t io n  
w ith in  w h ich  fo rm a l  in fra -sp ec if ic  c a te ­
gories  c a n n o t  u se fu lly  be  delim ited .

T h e  w o rk  described  in  th is  p a p e r  also 
d e m o n s tra te s  the o f ten  overlooked  l im i­
ta tions  of even  the  m a jo r  in fra -spec if ic  
categories . A lthough  th e re  is no  do u b t 
th a t  the S ou th  A m eric an  A rm er ia  be longs 
in  A. m a r i t im a ,  an d  th a t  its g eo g rap h ica l  
s e p a ra t io n  f ro m  the  r e s t  of the  species is 
a llied  to a d if fe re n t  p a t te rn  of va r ia t ion ,  
it c a n n o t  be c lea r ly  a n d  consis ten tly  d is t in ­
gu ished  m o rp h o lo g ic a l ly  f ro m  the ta x a  
w ide ly  recogn ized  in  the  N o r th e rn  H e m i­
sphere .  In  consequence , it is necessa ry  
e i th e r  to a d o p t  the  p ro c e d u re  fo llow ed  
h e re  in  o rd e r  to re fe r  read i ly  to th e  e v o lu ­
t io n a ry  d is t inc t  A. m a r i t im a  subsp . andina  
o r  to a b a n d o n  the c h a ra c te r s  of p ro v en  
ta x o n o m ic  va lue  th ro u g h o u t  m os t of the  
spec ies’ ra n g e  in the h o p e  th a t  n ew  fe a ­
tu re s  m ig h t a l low  the  u n ifo rm  a p p l ica t io n  
of a m o rp h o lo g ic a l  subspecies  concep t to 
the  species in  b o th  N o r th e rn  a n d  S o u th e rn  
H em isp h e re s .  In  the  p re se n t  s ta te  of k n o w ­
ledge we feel it m o s t  p ra c t ic a b le  to ad o p t 
the  f irs t  a l te rn a t iv e  a n d  d ra w  a t ten t io n  to 
the need  fo r  m u c h  m o re  in fo rm a t io n  b e ­
fo re  it can  be seen w h e th e r  the  second 
a l te rn a t iv e  is a t ta in a b le  in  th is  a n d  o th e r  
cases.
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The anthers  are tetrasporangiate. The anther wall develops according to the 
Dicotyledonous type. The tapetum is of the secretory type and its cells remain 
uninucleate. The microspore tetrads are of tetrahedral and decussate types. 
The pollen grains are dumb-bell-shaped and shed at the three-celled stage.

The ovules are anatropous with their micropyles facing the placenta. The 
development of the megagametophyte is according to the Polygonum type.

A tendency towards nucellar apospory  has been observed. The aposporic 
embryo sacs rarely reach maturity.

The endosperm is of an aberrant type and does not conform to any of the 
deviations reported earlier in this family. It has thus been named the Cyno­
glossum type. The proembrvonal tetrad is linear and the development of the 
embryo conforms to the Chenopodiad type. Rarely two embryos are seen. The 
pericarp shows glochidiate spinescent outgrowths. The seed coat is un ­
differentiated.

Tasneem Fathima Khaleel, Department of Biology, Immaculata College, I m m a ­
culata Pa 19345, U.S.A.

INTRODUCTION

G ü r k e  (1897) recogn ized  fo u r  su b ­
fam ilies  in  th e  B orag inaceae , viz. Cordioi- 
deae, E h re t io id e ae ,  H e lio tro p io id eae  an d  
B orag in o id eae .  T h e  B orag in o id eae  are  c o n ­
s idered  to be the  m o s t  h ig h ly  evolved, 
bo th  a n a to m ic a l ly  a n d  m o rp h o lo g ica l ly  
( L a w r e n c e  1937). A rev iew  of the  
e m b ry o lo g ica l  l i te ra tu re  on  th is  sub -fam ily  
revea ls  th a t  the  B orag in o id eae  a re  equally  
d ive rs if ied  a n d  h e te ro g en eo u s  ( F a t h i m a  
1969).

T h e  genus  C yn o g lo ss u m  b e long ing  to 
th is  sub -fam ily ,  w h ich  inc ludes  ab o u t 60 
species, is th e  m o s t  w id e -sp read  in t r o p i ­
cal, s u b tro p ic a l  a n d  te m p e ra te  a reas  
( G ü r k e  1897). In S o u th  In d ia ,  it is r e p re ­
sen ted  by  tw o  species, viz. C. f u r c a t u m  
a n d  C. d e n t i c u la tu m  (Ga m b l e  1928). T he  
p re se n t  in v e s t ig a t io n  deals w ith  the 
em b ry o lo g y  of C. d e n t i c u la tu m  DC. I t  is 
a  p a r t  of th e  thesis  a p p ro v e d  by the  
B anga lo re  U n iv e rs i ty  fo r  the a w a rd  of a 
P h . D. degree.

MATERIAL AND METHODS

Young flower buds, flowers and fruits at 
various stages of development were collected 
from round Bangalore and Bannerghatta, 
Mysore State, India, and fixed in formalin- 
acetic-alcohol. The material was infiltrated, 
embedded and microtomed at 5—20 p. The 
sections were stained with Heidenhein’s iron 
alum haematoxylin or Delafield’s haematoxy- 
lin with fast green, orange G or eosin as 
counter stains. Fresh ovules were dissected 
to study the endosperm. They were also 
treated with lactic acid or KOH at 50—60°C 
and stained with cotton blue to study the 
course of the vascular strand.

OBSERVATIONS

C y n o g lo s s u m  d e n t i c u la tu m  is a n  erec t 
b r a n c h e d  h e rb  reac h in g  a b o u t  tw o  feet 
in  h e ig h t  a n d  f low ering  f ro m  M arch  to 
June . T h e  s tem  is w oody  a n d  s lightly  
a n g u la r  w ith  s tr igose  villous ha irs ,  u s u ­
ally  w ith  b u lb o u s  bases. T h e  leaves a re  
a l te rn a te  a n d  lanceo la te  w ith  a th ick  coat 
of p r ic k ly  h a i rs  on  the  su rface . T h e  
te rm in a l  leaves a re  a lm os t sessile. T h e
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inflo rescence  sh o w s m a n y  b ra n c h e s  and  
the  f low ers  a re  a r r a n g e d  on  long  s lender  
racem es.

Flower

T h e  f low ers  a re  h y p o g y n o u s ,  h e r m a ­
p h ro d i te  a n d  a c t in o m o rp h ic .  T h e  calyx  
consists  of five lobes th a t  a re  pe rs is ten t  
an d  sp read  in the  f ru i t ;  th e i r  o u te r  s u r ­
faces a re  h a iry .  T h e  co ro l la  is pa le  b lue  
in  co lou r  an d  consists  of five im b rica te ly  
aes tiva ted  pe ta ls  th a t  u n i te  to  fo rm  a 
co ro lla  tube ; it show s five scales a t the  
th ro a t .  T h e  lobes are  ob tu se  a n d  free 
above. T h e  s tam en s  a re  five in  n u m b e r  
a n d  are  in se r ted  on  the  co ro lla  tube . T he  
f i lam en ts  a re  s h o r t  and  the  a n th e r s  a re  
ovate. T h e  g y n o ec iu m  consis ts  of a s u ­
perio r ,  b ic a rp e l la ry ,  b i lo c u la r  an d  syn- 
c a rp o u s  o v a ry  w h ich  becom es  q u ad r i-  
lo c u la r  due to  the  d ev e lo p m en t of a false 
s e p tu m  enclosing  a single ovule  in  each  
locule. T h e  s ty le  is g y n o b as ic  a n d  the  
s tigm a is s im ple . T h e  f ru i t  is a d ep ressed  
p y ra m id  of fo u r  nu tle ts  a d n a te  to the  
con ic-based  c a rp o p h o re ;  the  n u t le ts  a re  
covered  w ith  g loch id ia te  o u tg ro w th s .

T h e  f lo ra l  pa r ts ,  viz., th e  sepals, the  
petals , the s tam en s  a n d  the  ca rpe ls  
develop  in a c ro p e ta l  succession.

Mierosporogenesis and the Development 
of the Anther

C ynog lossum  d e n t i c u la tu m  is p ro t-  
an d ro u s .  A c ross-sec tion  of a y o u n g  
a n th e r  show s the  fo u r - lo b ed  cond it ion  
w ith  h o m ogeneous  cells th a t  a re  b o u n d  
by  an  ep iderm is .  A p la te  of fo u r  to  five 
a rc h e sp o r ia l  cells becom es recogn izab le  in  
each  lobe due to th e i r  dense  c o n ten ts  and  
p ro m in e n t  nucle i.  T h e  a rc h e sp o r ia l  in itia ls  
u n d e rg o  p e r ic l in a l  d iv isions  to fo rm  an  
o u te r  layer  of p a r ie ta l  cells an d  an  in n e r  
la y e r  of p r im a ry  sp o ro g en o u s  cells (Fig. 
1 A, B). T h e  cells of the  p r im a r y  p a r ie ta l  
la y e r  u ndergo  f u r th e r  divisions, b o th  p e r i ­
clinal an d  an tic lina l,  a n d  re su l t  in  th ree

la y e rs  of cells (Fig. 1 C). T h u s  the  a n t h e r  
w a ll  deve lops  acc o rd in g  to th e  D ic o ty le ­
d o n o u s  ty p e  (D a v is  1966) a n d  c o n s is ts  of 
f o u r  layers  of cells, viz. the  e p id e rm is ,  
th e  e n d o th ec iu m , the  m idd le  la y e r  a n d  the 
ta p e tu m  (Fig. 1 D). T h e  ta p e tu m  is o f  the  
sec re to ry  ty p e  an d  its cells a re  h ig h ly  
v acu o la te d  a n d  en larged . T h e y  r e m a in  
u n in u c le a te  th r o u g h o u t  (Fig. 1 D — F ,  H, 
I, M, N). T h e  ta p e tu m  is co m p le te ly  c o n ­
su m e d  d u r in g  th e  d ev e lo p m e n t  of the  
a n th e r .  A n u m b e r  of s ta rc h  g r a in s  a re  
fo u n d  l in ing  the  in n e r  w alls  of the  locn le  
a n d  also  in th e  ta p e ta l  cells (Fig. 1 M, N).

T h e  en d o th ec ia l  cells a re  ra d ia l ly  and  
ta n g en t ia l ly  e longated . T h e y  d eve lop  
f ib r i l la r  b a n d s  of th ick en in g s  ex te n d in g  
f ro m  th e i r  in n e r  ta n g en t ia l  w alls ,  a t  a b o u t  
th e  t im e w h e n  th e  m ic ro sp o re s  a re  fo rm e d  
(Fig. 1 M, N). T h e  single m id d le  laye r  
d is in teg ra te s  d u r in g  the  co u rse  of d e v e l­
o p m e n t  (Fig. 1 F , H, I, M ).

S im u ltan e o u s  w ith  these  ch a n g e s  the 
p r im a r y  sp o ro g en o u s  cells d iv ide  f u r th e r  
a n d  u l t im a te ly  fo rm  a g ro u p  of m ic ro -  
spo ro cy tes  (Fig. 1 B— E). T h e  m icro -  
spo ro cy tes  b eco m e  ro u n d e d  off  b e fo re  
they  d ivide m e io tica l ly  (Fig. 1 E — G). 
T h e  d iv isions a re  s im u l ta n e o u s  a n d  resu lt  
in  decu ssa te ly  a n d  te t r a h e d ra l ly  a r r a n g e d  
m ic ro sp o re  te t ra d s  (Fig. 1 LI, I ) . T h e y  
a re  enc losed  b y  the  m o th e r  w all w h ich  
d iso rgan izes  b e fo re  the  m ic ro sp o re  n u c leu s  
divides.

T h e  m ic ro sp o re s  s e p a ra te  a n d  develop  
th ic k  walls. T h e y  becom e s ligh tly  e lo n ­
gated  and  d u m b -b e l l - sh a p e d  w ith  a m e d ia n  
co n s tr ic t io n  (Fig. 1 J — L). T h e  tw o ge rm  
p o re s  a re  s i tu a te d  a t th e  reg ion  of c o n ­
s tr ic tion . T h e  m ic ro s p o re  n u c leu s  u su a lly  
lies to w a rd s  one  side of the  cons tr ic ted  
reg ion  a n d  som etim es  in  th e  reg ion  of 
co n s tr ic t io n  itself. A genera tive  cell and  
a vegeta tive  cell a re  fo rm e d  a f te r  its 
d iv is ion  (Fig. 1 K). T h e  genera tive  cell 
d iv ides a n d  fo rm s  the  tw o  m ale  cells. It 
is a t th is  s tage th a t  Ihe po llen  g ra ins  a re  
shed.

E a c h  po llen  g ra in  m e a su re s  a b o u t  7-̂ —8 
X 3— 4 p a n d  possesses  a  sm o o th  exine.
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Fig. 1. Microsporogenesis and the development of anthers in Cynoglossum denticulatum 
DC. — A— D: T.S. anther lobe showing successive stages in the development of anther wall 
and the sporogenous tissue. — E: T.S. anther lobe showing epidermis, endotliecium, middle 
layer, tapetal cells and microsporocytes. — F: T.S. an ther lobe showing meiosis I in 
mierosporocytes. — G: Meiosis 1. — H: Meiosis II. — I: Microspore tetrads. — J—L: 
One-, two- and  three-celled pollen grains. — M: T.S. portion of the an ther showing the 
region of dehiscence. — N: T.S. portion of the anther wall showing epidermis, fibrillar 
endothecium and degenerating tapetum. — D, region of dehiscence; DFG TAP, degenerating 

tapetum. — A— F, H, N X 310. G, I— L X620. M X250.

D ehiscence of the  a n th e r  o ccu rs  at the 
reg ion  b e tw ee n  the  tw o  a d ja c e n t  locales 
(Fig. 1 M) .  E a c h  locale  opens  ou t in ­
dependen tly .  T h e  en d o th ec ia l  cells at 
th is  reg ion  a re  w i th o u t  th e  f ib r i l la r  
th icken ings  a n d  the e p id e rm a l  cells are  
also  sm aller.

Megasporogenesis and the Development 
of the Megagametophyte

T h e  ovules a re  a n a t ro p o u s  and  due  to 
the p resen ce  of a gynobase , they  are  
deep ly  sea ted  in the  locules. T h e  fu n icu lu s  
is long  a n d  th e  ovules a re  b en t  in such
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a w a y  th a t  the  m ic ro p y le s  of all the  fo u r  
ovu les  face the  p lacen ta .  T h ey  a re  uni- 
te g m in a l  a n d  te n u in u c e l la r ,  the  in teg u m en t 
be ing  very  m assive . T h e  ovules a r ise  as 
sm a ll  g lo b u la r  p ro tu b e ra n c e s  f ro m  the  
p la cen ta .  A ro s t ru m - l ik e  p ro je c t io n  is 
fo u n d  n e a r  the  m ic ro p y le  a n d  it ex tends  
up  to  the  style. A single  v ascu la r  s t ra n d  
e n te rs  the  fu n icu lu s  an d  b ra n c h e s  in  the  
in teg u m en t ;  the  b ra n c h e s  r u n  close to the 
o u te r  ep iderm is  of th e  in te g u m e n t  (Fig. 
2 J) .

A single h y p o d e rm a l  a rc h e sp o r ia l  in itia l 
d if fe re n tia te s  in the  n u c e l la r  dom e m u c h  
e a r l ie r  th a n  the  in i t ia t io n  of the  in te g u ­
m en t.  I t  show s a  co n sp icu o u s  n u c leu s  and  
dense  cy to p la sm  (Fig. 2 A). O ccas iona lly  
the a rc h e sp o r iu m  is tw o-celled  b u t  only  
one  of the cells develops f u r th e r  (Fig. 
2 B ) .  T h e  fu n c t io n a l  a rc h e sp o r ia l  cell e n ­
la rges  and  becom es the  m e g asp o ro c y te  
(Fig. 2 D ) .  T h e  m e g asp o ro c y te  u n dergoes  
m e io tic  d iv isions fo rm in g  a l in ea r  m e g a ­
sp o re  te t ra d  (Fig. 2 E ) .  T h e  cha laza l 
m e g asp o re  is la rg e r  th a n  th e  o th e r  th ree  
a n d  develops f u r th e r  w hile  th e  th ree  
m ic ro p y la r  ones degene ra te  (Fig. 2 F ). 
T h e  fu n c t io n a l  m e g asp o re  en la rges  and  
its nucleus  u n d erg o es  m itos is  to fo rm  a 
tw o -n u c lea te  m e g a g a m e to p h y te  (Fig. 2G) .  
T h e  tw o nuclei a re  p u s h e d  to opposite  
poles by the a p p e a ra n c e  of a cen tra l  
vacuo le ; th e re  th e y  d ivide to  fo rm  a four- 
nu c lea te  gam etop liy te  (Fig. 2 H ) .  At abou t 
th is  time, the cells of the  n u c e l la r  ep i­
d e rm is  d iso rgan ize  a n d  the  s u r ro u n d in g  
n u c e l la r  cells also becom e c ru s h e d  and  
degenera te .  T h e  g a m e to p h y te  com es in to  
d irec t  con tac t w ith  the in n e rm o s t  laye r  
of the  in tegum en t .  T h e  fo u r -n u c le a te  
g am e to p h y te  fo rm s  the  e igh t-nuclea te  
g a m e to p h y te  by  one m o re  n u c le a r  d iv i­
sion. Of the eight nucle i fo rm ed ,  in the  
m ic ro p y la r  region, th re e  of th e m  organ ize  
them selves  in to  an  egg a p p a r a tu s  w h ich

consis ts  of a p a i r  of ro u n d e d  s y n e rg id s  
and  a  d ense ly  c y to p la sm ic  egg; likew ise , 
in  th e  c h a laza l  reg ion , th re e  a n t ip o d a l  cells 
a re  fo rm e d .  T h e  a n t ip o d a ls  d e g e n e ra te  
b e fo re  fe r t i l iz a tio n .  T h e  tw o p o la r  n u c le i  
lie n e a r  th e  egg a p p a ra tu s ,  a n d  fuse  e i th e r  
d u r in g  o r  a f te r  fe r ti l iza tion . T h e re fo re  
the d e v e lo p m e n t  of the  g a m e to p h y te  
c o r re s p o n d s  to  th e  P o ly g o n u m  type  
( M a h e s h w a r i  1950). A m a tu r e  m e g a ­
g a m e to p h y te  is lo n g i tu d in a l ly  s t re tc h e d ;  
it is b r o a d e r  a t th e  m ic ro p y la r  end  an d  
n a r r o w e r  a t  the  c h a laza l  end (Fig. 2 1).

A te n d e n c y  to w a rd s  n u c e l la r  a p o s p o ry  
has  b een  observed  in  th is  species. T h e  
a p o s p o r ic  e m b ry o  sac in i t ia ls  a re  f o u r  to 
five in n u m b e r  a n d  a re  d if fe re n t ia te d  ju s t  
below  th e  a rc h e sp o r ia l  cells. T h e y  s h o w  
p ro m in e n t  nuc le i a n d  h igh  v acu o la t io n .  
T hey  b eco m e  b in u c le a te  a n d  s im u la te  two- 
n u c lea te  m e g a g a m e to p h y te s  (Fig. 2 B, C). 
H ow ever ,  th e y  g en e ra lly  d e g e n e ra te  as 
the  n o rm a l  g a m e to p h y te  en larges .  R are ly ,  
one of th e  in i t ia ls  develops  f u r th e r  a long  
w ith  th e  fu n c t io n a l  m eg asp o re ,  so th a t  a 
n o rm a l  g a m e to p h y te  a n d  a n  a p o s p o r ic  
e m b ry o  sac  lie s u p e rp o se d  in  the  sam e 
ovule (Fig. 2 J, K). T h e  a p o s p o r ic  em b ry o  
sac deg en e ra te s  a f te r  r e a c h in g  the  eight- 
n u c lea te  cond ition .

Fertilization

F e r t i l iz a t io n  is p o ro g a m o u s .  T h e  in te g u ­
m e n ta ry  r o s t r u m  is h e lp fu l  in  guid ing  
the p o l len  tube  to  th e  m ic ro p y le  and  
s h o r te n in g  the  d is ta n ce  f o r  it. One syner-  
gid is d e s tro y ed  a n d  th e  o th e r  pers is ts  for 
som e tim e. T h e  r e m n a n ts  of the  pollen  
tube  a n d  the  d e g e n e ra t in g  synerg ids  a re  
seen till the ea r ly  stages of the en d o sp erm  
d ev e lo p m e n t  (Fig. 3 A, E ) .  A fter fe r ti l iza ­
tion th e  g a m e to p h y te  en la rges  considerab ly  
and  the  ch a laza l reg ion  becom es b ro a d e r  
a t  a b o u t  th e  t im e  the f i r s t  d iv ision of the

Fig. 2. Megasporogenesis and the development of the megagametophyte in Cynoglossum 
denticulatum  DC. — A: L.S. nucellus showing a single archesporial initial. — B— C: L.S. 
nucellus showing two archesporial cells and aposporic embryo sac initials. — D: L.S. 
nucellus showing megasporocyte. — E: L.S. nucellus showing a linear tetrad of mega­
spores. — F: L.S. nucellus showing the functional megaspore and  the three degenerating
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DEGMS

ones. — G—I: Two-, four- and eight-nucleate megagametophytes. — J: L.S. ovule showing 
a normal megagametophyte a n d  an aposporic embryo sac. — K: Portion m arked ‘x ’ in J  
enlarged. — APE IN, aposporic  embryo sac initials; DEG MS, degenerating megaspores; 
FMS, functional megaspore; E S i,  normal megagametophyte; ES2, aposporic embryo sac;

VS, vascu ila r  s t ra n d .  —  A— I, K X 310. J X 135.
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p r im a r y  en d o sp e rm  nuc leus  takes  p lace 
(Fig. 3 A). T h e  m ic ro p y la r  reg ion  of the 
g a m e to p h y te  re m a in s  n a r ro w .

A h y p o s ta se  is fo rm e d  by a few  cells 
u n d e r ly in g  the  ch a laza l  end  of the g a m e to ­
p h y te  a f te r  fer ti l iza tion . T h e y  show  dense 
c o n te n ts  a n d  th ic k e n e d  walls. T h e  h y p o ­
stase  is p e rs is ten t  till the  la te r  stage of 
e m b ry o g e n y  (Fig. 3 A— G), a n d  u lt im a te ly  
d iso rgan izes  a long  w ith  th e  cells of the 
in te g u m e n t .

Endosperm

T h e  d ev e lo p m en t of th e  en d o sp e rm  is 
of a n  a b e r r a n t  type. T h e  p r im a ry  e n d o ­
s p e rm  n u c leu s  is genera lly  fo u n d  n e a r  the 
egg a n d  its f irs t  d iv ision  is a cco m p an ied  
b y  a  t ra n sv e rse  w all (Fig. 3 B). Of th e  tw o 
c h a m b e rs  fo rm ed , th e  ch a laza l  c h a m b e r  
is a lm o s t  double  the  size of the  m ic ro p y la r  
one. O ccas iona lly  th e  p r im a r y  en d o sp e rm  
n u c le u s  divides b y  an  ob lique  w all  (Fig. 
3 B ) ; in- e i th e r  case, the  re s u l ta n t  cells are 
of u n e q u a l  size; the  m ic ro p y la r  one being 
in v a r ia b ly  sm alle r .  T h e  n ex t d iv ision  in  
th e  m ic ro p y la r  c h a m b e r  is a cc o m p an ied  
b y  a  v e r t ic a l  or a n  ob lique  w all (Fig. 3 C). 
T h e  cha laza l c h a m b e r  also d ivides v e r t i ­
cally , b u t  the  w all is in co m p le te  and  
re a c h e s  on ly  h a lf  the  len g th  of the  cavity  
a n d  ends  b lind ly , d iv id ing  th e  c h a m b e r  
in to  tw o  in co m p le te  cells w h ich  open  at 
the  base  a n d  p a r t ia l ly  co m m u n ic a te  w ith  
eac h  o th e r  (Fig. 3 C). T h is  w all d isap p ea rs  
d u r in g  the  e n la rg em en t  of th e  em bryo  
sac. F u r th e r  d iv isions in  th e  m ic ro p y la r  
c h a m b e r  a re  a lw ays  a c c o m p an ied  b y  wall 
fo rm a t io n  w h ile  in  th e  ch a laza l  ch a m b e r  
th e y  a re  on ly  f re e -n u c le a r  (Fig. 3 D— G; 
F ig . 4 A, B, D— F ).  T h e re  is a la rge  cen tra l  
v acu o le  in  the  ch a laza l  c h a m b e r  an d  the 
n u c le i  a re  re s tr ic ted  to the  p e r ip h e ry  of

the  vacuo le  (Fig. 3 G ) .  T h e  m i c r o p y la r  
c h a m b e r  ab u ts  u p o n  the  c h a laza l  c h a m b e r  
like a m a n t le  (Fig. 3 F, G; Fig. 4 A). T h e  
cells in the  m ic ro p y la r  reg ion  a re  d e n se ly  
cy to p la sm ic  a n d  show  c o n sp ic u o u s  d a r k ly  
s ta in in g  nuc le i (Fig. 3 H, I). T h e  «cells 
s u r ro u n d in g  the  zygote a re  e lo n g a ted  a n d  
s im u la te  th e  zygote a n d  the  tw o -ce l led  
p ro e m b ry o  (Fig. 3 F ) .  E ven  a f te r  a m a ss iv e  
e n d o sp e rm a l  t issue  h a s  fo rm e d  in the 
m ic ro p y la r  reg ion  the  c h a laza l  r e g io n  
show s v e ry  few  nucle i (Fig. 3 D ,  G). Cell 
o rg a n iz a t io n  in th is  reg ion  tak es  p la c e  
on ly  a t  the  d ico t stage of th e  e m b ry o  
(Fig. 4 C ) .

Embryogeny

T h e  zygote  en la rges  an d  div ides o n ly  
a f te r  a  g ro u p  of e n d o s p e rm a l  cells h a s  
b een  fo rm e d  (Fig. 5 A). T h e  f i r s t  d iv is ion  
of the zygote re su lts  in  a te rm in a l  cell 
ca an d  a b a sa l  cell cb. T h e  b a s a l  cell cb 
is la rg e r  th a n  th e  te rm in a l  cell ca a n d  
ta p e rs  to w a rd s  th e  m ic ro p y le  (Fig. 5 B ) .  
T h e  second  d iv ision  in  b o th  the  cells is 
t r a n sv e rse  a n d  a  l in ea r  p ro e m b ry o n a l  
te t r a d  re su lts  (Fig. 5 C), the  cells of w h ich  
a re  d es igna ted  /, / ’ f r o m  the  te rm in a l  cell 
ca a n d  m  a n d  ci as the de r iva tives  of the  
b asa l  cell cb.  T h e  cells I, / ’ a n d  m  u n d e rg o  
ver tica l d iv ision  (Fig. 5 E — J) .  The n e x t  
d iv is ion  in these  cells is a lso  vertica l hu t  
a t r ig h t  angles to  the  p rev io u s  one so th a t  
each  t ie r  consists  of f o u r  cells (Fig. 5 K). 
P e r ic l in a l  d iv isions  in  these  cells delim it 
th e  d e rm a to g e n  (Fig. 5 L ) .  P er ib lem  an d  
p le ro m e  a re  likew ise  fo rm ed  b y  one m o re  
p e r ic l in a l  d iv is ion  (Fig. 5 M— O). T he  
der iva tives  of t ie r  I fo rm  the  s tem  tip a n d  
th e  co ty ledons  a n d  those  of /' give rise to 
p a r t  of the  h y p o co ty l .  T he  deriva tives of 
m  c o n tr ib u te  to w a rd s  the  rem a in ing  p a r t

Fig. 3. Development of endosperm in Cynoglossum denticulatum  DC. — A: L.S. ovule 
showing the zygote, degenerating synergids and hypostase. — B: L.S. ovule showing the 
zygote, hypostase and two-celled endosperm. — C: L.S. ovule showing the four-celled 
endosperm with incomplete wall formation. -— D: L.S. ovule showing four-celled endo­
sperm in the m icropylar region and uninucleate chalazal chamber. —  E: L.S. ovule showing 
multicellular endosperm in the micropylar region and six nuclei in the chalazal chamber 
with the incomplete wall. — F: L.S. ovule showing two-celled proembryo, hypostase,
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multicellular endosperm in the micropylar region and multinucleate chalazal cham ber 
with the incomplete wall. — G: L.S. ovule showing the proembryonal tetrad, multinucellar 
endosperm in the micropylar region and free nuclear endosperm in the chalazal region. — 
H, I: T.S. ovule showing two-celled endosperm at the micropylar region. — CCH, chalazal 
chamber; END CLS, endosperm cells; DEG SYN, degenerating synergids; H, hypostase; 
MCH, micropylar chamber; PE, proembryo and proembryonal tetrad; ZY, zygote. —

A— C, H, I X310. D—G X 250.
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of the  hyp o co ty l ,  the in i t ia ls  of the  cen tra l  
cy l in d e r  of the roo t  a n d  the  s tem  (Fig. 
5 P, Q).

M eanw hile ,  the  cell ci  d iv ides by  a 
t r a n sv e rs e  w all  re su lt in g  in  n  a n d  n  (Fig. 
5 D ) . T h e  cell n  u n dergoes  a v er tica l d iv i­
s ion  to fo rm  th e  ro o t-ca p ;  th e  cell n 
fo rm s  o a n d  p  by  a t ra n s v e rs e  division. 
T h e  de r iva tives  of these cells fo rm  a sh o r t  
s n sp e n so r  of f o u r  to five cells (Fig. 5 O, 
P ). O ccas iona lly  the su sp e n so r  cells b e ­
com e b in u c lea te  (Fig. 5 O). T h e  su sp e n so r  
d eg en e ra tes  as the e m b ry o  reach es  m a tu ­
rity . T h u s  the  d ev e lo p m en t of the  em b ry o  
c o r re s p o n d s  to the C h en o p o d iad  type 
( J o h a n s e n  1950), w ith  the  em b ry o n ic  
fo rm u la :

1
ca =  pco +  pv t + — p hy  

c a = — p h y  +  icc +  iec +  co +  s.

O ccas iona lly  tw o  em b ry o s  a re  developed  
in  th e  sam e seed. T h e  pos ition  of the  
a d d i t io n a l  em b ry o  suggests  th a t  it can  
a rise  f ro m  the  p e rs is ten t  synerg id  (Fig. 
5 R, S ) .

Pericarp

T h e  ovary  wall is sm o o th  a n d  consists  
of u n d if fe re n t ia te d  cells be fo re  fe r t i l iz a ­
tion  (Fig. 6 A). L a te r  the  p e r ic a rp  
d if fe re n t ia te s  in to  th re e  zones, viz., the  
en d o ca rp ,  the m esoca rp  a n d  the  ep icarp .

T h e  ov ary  w all  consis ts  of a b o u t  eight 
to  n in e  layers  of p a re n c h y m a to u s  cells 
b e fo re  ferti liza tion . T h e  v a sc u la r  s t r a n d  
trav e rse s  in the  cen tre  of these  cells. A fter  
fe r t i l iz a t io n  the  cells of the in n e r  e p i­
d e rm is  becom e h igh ly  lign if ied  a long  th e ir  
in n e r  a n d  la te ra l  w alls  a n d  co n s ti tu te  the  
e n d o c a rp  (Fig. 7 D — F ).  T h e  m e so ca rp  
cons is ts  of p a re n c h y m a to u s  cells (Fig. 7 
C ). T h e  ep ica rp  consists  of the  ep iderm is  
on ly  w ith  the  g loch id ia te  o u tg ro w th s .  The 
cells of the  ep id e rm is  becom e h igh ly  
th ic k e n e d  an d  ra d ia l ly  elongated . Small 
sp inescen t  pap i l lae  a rise  on  the  th ick en ed  
p o r t io n s  (Fig. 7 A— C). Som e of the  ep i­
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d e rm a l  cells en la rg e  h e re  an d  th e re  and 
fo rm  the  in it ia ls  fo r  g loch id ia te  o u t ­
g ro w th s  w h ic h  a re  a lw ays  in  p a irs  (Fig. 
6 B ) .  T hese  in it ia ls  en large  f u r th e r  along 
w ith  the  n e ig h b o u r in g  ep id e rm a l  cells so 
th a t  they  a p p e a r  as sm all k n o b s  (Fig. 6 
C, D). T h e  cells of the  m e so ca rp  in trude  
in to  these k n o b s  a n d  e longate  tangen tia llv  
(Fig. 6 E ) . T h e  re s t  of the ep id e rm a l  cells 
becom e c o n t in u o u s  w ith  the  cells lining 
the  o u tg ro w th .  T h e  g loch id ia te  ou tg ro w th s  
a re  n o t  su p p lie d  w ith  v asc u la tu re  (Fig. 6 
F , G). T h e  tw o  te rm in a l  cells of the  g lo­
ch id ia te  o u tg ro w th s  becom e sp inescen t and  
the  ep id e rm a l  cells lin ing the  g lochid ia te  
o u tg ro w th  becom e h igh ly  th ick en ed  like 
th e  o th e r  cells of the ep ica rp  (Fig. 6 F ) .

Seed Coat

T h e  ovoid  seed h as  an  u n d if fe re n t ia te d  
seed coat d u r in g  the  early  stages of devel­
o p m en t.  In  a m a tu re  seed the seed coat is 
th in  an d  p ap e ry .

T h e  in te g u m e n t  consists  of ab o u t 18—  
19 layers  of cells a t  the  m a tu re  m e g a ­
g am e to p h y te  stage. T h e  cells of the in te g ­
u m e n t  s ta r t  b reak in g  dow n  im m ed ia te ly  
a f te r  fe r ti l iza tion  an d  con t inue  to do so 
till the la te r  stages of en d o sp e rm  an d  
e m b ry o  d ev e lo p m en t leaving  on ly  five to 
six layers  in  the m a tu re  seed (Fig. 4 G) .  
T h u s  the  te s ta  of a  m a tu re  seed consists  
of five to six layers  of cells w ith  the 
v a sc u la r  s t r a n d  w hich  ru n s  close to  the  
ep id e rm is  (Fig. 4 A, E ; Fig. 7 C). T h e
seeds are  n o t  released f ro m  the nu tle t ,
in s tead , the  n u tle ts  a re  d ispersed  as such .

DISCUSSION

T h e  o ccu rren c e  of a b n o rm a l  g ynoec ia  
is a co m m o n  fea tu re  in  B orag inaceae . In  
Cerin the  ( S v e n s s o n  1925), w h e re  the
o v a ry  is tw o-lobed , a false sep tum  n ev e r  
ap p ea rs ,  instead , th e re  is a fo lding o f  th e  
rach is  of the  ca rpe l w h ich  g row s a n d
gets s ep a ra ted  b y  a th in  spongy layer,  
m a k in g  each  lobe two-celled. A b n o rm a l  
gynoecia  consis ting  of th re e  ca rp e ls  w ith
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Fig. 4. Development of endosperm and seed coat in Cynoglossum denticulatum  DC. — 
A: L.S. seed showing the cellular endosperm in the micropylar region and free-nuclear 
divisions in the chalazal region. — B: Portion m arked ‘x ’ in A enlarged. — C: L.S. seed 
showing mature embryo and endosperm. — D: T.S. seed in the m icropylar region showing 
cellular endosperm. — E: T.S. seed in the chalazal region. — F: Portion marked ‘x’ in É 
enlarged to show the free nuclear endosperm. — G: L.S. portion of the seed showing the 
degenerating integument cells and endosperm. - -  END CLS, endosperm cells; DEG IC, 
degenerating integument cells; EMB, embryo; PE, proembryo; VS, vascular strand. —

A, C, E X 135. B, D, F, G X 310. ~ wBot. Notiser, vol. 127, 1974
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six ovules, in s tead  of th e  u s u a l  tw o 
carpe ls  w i th  fo u r  ovules have  been  r e ­
p o r te d  in  L in d e lo f ia  longif lora ,  C yn o ­
g los sum  o f f ic ina le  (Sv e n s s o n  1925) an d  
C. am abi le  (M i l l s a p s  1940). M i l l s a p s  
(1940) is of the  o p in io n  th a t  such  a c o n ­
d it ion  is ind ica tive  of a t r i fo l ia te  origin. 
Som etim es, tw o w ell-deve loped  ca rpe ls  
h av e  been  re p o r te d  in a c o m m o n  envelope  
in  S y m p h y t u m  t u b e r o s u m  (Sv e n s s o n  
1925). O ccas iona lly ,  p is ti ls  p ro d u c in g  five 
to six n u t le ts  have  been  o bserved  in  Mer-  
tensia pa n ic u la ta  ( K h a n n a  1964 b). H o w ­
ever, a b n o rm a l  gynoec ia  h av e  no t  been  
observed  in  C y n o g lo ss u m  den t icu la tu m .

Most of the  B o rag in o id eae  a re  c h a r a c ­
terized by  a gynobas ic  style. C yn o g lo ss u m  
exh ib its  th e  g ynobas ic  co n d i t io n  to the  
m a x im u m  extent. T h e  o c c u r re n c e  of a 
gynobas ic  co n d i t io n  d irec tly  a ffec ts  the  
n a tu re  a n d  lo c a tio n  of the  ovules in the 
ovary , as a  re su lt  of w h ic h  the  ovules a re  
sh if ted  to th e  base  of th e  cavity . C onse­
q u en t ly  th e  fu n icu lu s  b ecom es  longe r  an d  
the ovules m a k e  a  com ple te  tu r n  to face 
the  ver t ica l  axis of the  ca rpe l.  T h e  m ic ro ­
pyle  of the  f ou r  ovules is tu rn e d  u p w a rd s  
to w a rd s  the  p lacen ta .  T h is  sh if t in g  of the  
ovules to the  base  of th e  cav i ty  enables  
the  p o llen  tube  to reac h  the  ovules m o re  
easily. In  add ition  to this, the  ovules also 
develop  an  in te g u m e n ta ry  ro s t ru m  w h ich  
ex tends  over  the  t r a n s m i t t in g  tissue of the 
style a n d  sh o r te n s  th e  d is tance  fo r  the  
pollen  tube.

T h e  d ev e lo p m en t  o f  the  a n th e r  w all  
c o r re sp o n d s  to the D ico ty ledonous  ty p e  
(D a v i s  1966) in all the  m e m b e rs  in c lu d in g  
the  p re se n t  species. T h e  ta p e tu m  is of the 
sec re to ry  type. T h e  n u m b e r  of nucle i in 
th e  ta p e ta l  cells show s co n s id e rab le  v a r i a ­

tion. I n  m ost of m e m b e rs  th e y  a re  m ulti-  
nuc lea te .  H ow ever,  in C y n o g l o s s u m  a m a ­
bile ( M i l l s a p s  1940) a n d  A d e l o c a r y u m  
coe les t inum  ( N a g a r a j  & F a t h i m a  1968) 
the ta p e ta l  cells r e m a in  u n in u c le a te  
th ro u g h o u t .  In  Mertens ia  p la typhyl lci  
(K h a n n a  1964 b), th e  ta p e ta l  cells  are  
u n in u c le a te  a t  f i r s t  b u t  b ecom e m ulti-  
n u c lea te  in  the  la te r  stages. H o w e v e r ,  the  
u n in u c le a te  co n d i t io n  is r e s to re d  due  to 
the fu s io n  of th e  n u c le i  to fo rm  o n e  la rge  
po ly p lo id  n u c leu s  in  each  cell. T h e  ta p e ta l  
cells a re  u n in u c le a te  in  C. d e n t i c u la t u m  
as in  C. am abi le  ( M i l l s a p s  1940) and  
A d e l o c a r y u m  co e le s t in u m  ( N a g a r a j  & 
F a t h i m a  1968).

T h e  m ic ro sp o ro c y te s  r e m a in  in ta c t  and  
a re  n o t  s e p a ra te d  till th e  fo rm a t io n  of the 
te trads  in  C yn o g lo ss u m  am abi le  (M i l l s a p s  
1940). In  Mertens ia  p la typhyll c i  and  
T r ic h o d e s m a  am p lex ica u le  ( K h a n n a  1964 
a, b) also the  m ic ro sp o ro c y te s  re m a in  
in tac t  d u r in g  m eiosis  a n d  a spec ia l  m u c i ­
lag inous  w all is sec re ted  w ith in  th e  cy to ­
p la sm  of the  m ic ro sp o ro c y te .  U nlike  these, 
in the  p re sen t  s tu d y  the  m ic ro s p o ro c y te s  
beco m e  ro u n d e d  off d u r in g  m eiosis. The 
m ic ro sp o re  te tra d s  a re  of te t r a h e d ra l  an d  
d ecussa te  types  as in  A d e l o c a r y u m  coele­
s t i n u m  ( N a g a r a j  & F a t h i m a  1968). H o w ­
ever, on ly  decussa te  te t ra d s  hav e  been  
re p o r te d  in  C. am abi le  ( M i l l s a p s  1940).

T h e  po llen  g ra in s  a re  of d if fe re n t  sizes 
a n d  sh a p e s  in B orag in aceae .  T h e y  a re  
sph er ica l ,  t r ip o ra te  an d  sh o w  a sm oo th  
exine in  Coldenia  p r o c u m b e n s  (Ve n k a t e s - 
w a r l u  & A t c l i u t a r a m a m u r t i  1955), 
Cordici alba  ( F a t h i m a  1966), a n d  R otu la  
aquat ica  ( N a g a r a j  & F a t h i m a  1967). T he  
p c l le n  g ra in s  of E h r e t ia  laevis  ( J o h r i  & 
V a s i l  1956) sh o w  eight p ro m in e n t  r idges

Fig. 5. Development of embryo in Cynoglossum denticulatum  DC. — A: Zygote. — B: 
Two-celled proembryo. — C: Proem bryonal tetrad. — D—Q: Stages in the development 
of embryo. — R: L.S. portion of the ovule showing two two-celled proembryos. — S: L.S. 
portion of the ovule showing two embryos. — ca, cell apical; cb, cell basal; ci, lower 
daughter cell of cb; EMBi, embryo one and proembryo; EMBg, embryo two and p ro ­
embryo; END CLS, endosperm cells; iec, initials for root cortex; I, upper tier of octants; 
/’, lower tier of octants; m,  middle cell of the tetrad; n, upper daughter cell of ci; n \  lower 
daughter cell of ci; o, upper daughter cell of n ’; p, lower daughter cell of n’; s, suspensor.

— A— S X310.
B ot. N o tise r, vo l. 127, 1974
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Fig. 7. Development of pericarp in Cynoglossum denticulatum  DC. — A, B: L.S. pericarp 
showing the thickenings on (he inner and outer epidermal layers. — C: T.S. nutlet. — 
D: L.S. portion of the inner epidermis enlarged to show the thickenings on the outer 
tangential walls. — E: Surface view of the thickenings on the inner epidermis. — F: 
A portion of F enlarged. —  EMB, embryo; END, endosperm; EPI, epidermis; EPIP, 
epicarp; G, glochidiate outgrowth; IEPI, inner epidermis; SD, seed; VS, vascular strand. —

A, B, D, F X310. C, E X135.

Fig. 6. Development of pericarp in Cynoglossum denticulatum  DC. — A: L.S. pericarp 
before the initiation of the glochidiate outgrowths. — B— E: L.S. pericarp showing stages 
in the development of glochidiate outgrowths. — F: L.S. glochidiate outgrowth. — G: T.S. 
glochidiate outgrowth. — EPI, epidermis; G, glochidiate outgrowth; ING, initials for

glochidiate outgrowths. —- A—-G X310.
B ot. N o tise r, vol. 127, 1974
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a l te rn a t in g  w ith  fu r ro w s  th a t  lodge the  
g e rm  p o res  in  them . W h i le  e llip tica l po llen  
g ra in s  w ith  re t icu la te  ex ine a n d  th ree  
co lpae  a re  seen in H e l i o t r o p iu m  ind icum ,  
sp h e r ic a l  aco lpa te  p o llen  g ra in s  are  
c h a ra c te r i s t ic  of H. c u r u s s a v ic u m  a n d  H. 
p e r u v i a n u m ,  an d  m u l t ic o lp a te  ones of H. 
o v a l i fo l iu m  ( P a l  1963). D u m b -b e l l -sh a p ed  
po llen  g ra in s  w ith  a  s m o o th  ex ine an d  
tw o  g erm  pores  th a t  a re  s i tu a ted  a t the  
reg ion  of co n s tr ic t io n  a re  seen in  Myosoti s  
sp. (Sv e n s s o n  1925), C y n o g lo ss u m  a m a ­
bile (M i l l s a p s  1940), Mertens ia  pla ty-  
plxylla  (K h a n n a  1964 b) a n d  A d e l o c a r y u m  
coe les t inum  ( N a g a r a j  & F a t h i m a  1968). 
T h e  po llen  g ra ins  a re  also d u m b -b e l l ­
sh a p e d  in  C. den t icu la tum .  T h e  dum b-be ll  
sh a p e  of the  po llen  g ra in s  fac ilita tes  
d ispersa l acco rd in g  to G u é g u e n  (1902), 
a n d  he is of the  o p in io n  th a t  the c o n ­
s tr ic ted  po llen  g ra in s  hav e  b e t te r  chances  
of lodging be tw een  th e  ad jo in in g  s tigm atic  
pap illae .  H e f u r th e r  cons ide rs  th a t  the 
elongated , d u m b -b e l l - sh ap ed  po llen  g ra in s  
a re  c h a ra c te r is t ic  of all the  m e m b ers  of 
B orag ino ideae . K h a n n a  (1964) d isagrees 
w i th  G u L g u e n ’s views (1902) an d  accord ing  
to  her ,  the  d u m b -b e l l - sh ap ed  po llen  g ra in s  
ca n n o t  be ta k en  as a c h a ra c te r i s t ic  fe a tu re  
of a n y  of the  tr ibes  of B orag inaceae . T he  
po llen  g ra in s  a re  sp h e r ic a l  in  T r ic h o d e s m a  
am p lex ica u le  a n d  M ertens ia  pan icu la ta  
(K h a n n a  1964 a, b ), b o th  be long ing  to 
B orag ino ideae .

T h e  po llen  g ra in s  in  the  p re s e n t  inves t i­
g a t io n  a re  shed  at th e  th ree -ce lled  stage 
as in  C ynog lossum  am abi le  ( M i l l s a p s  
1940), Mertensia  pan icu la ta  ( K h a n n a  1964 
b) an d  A d e lo c a r y u m  c o e le s t in u m  ( N a g a r a j  
& F a t h i m a  1968).

V arious  types  of m e g a sp o re  te trad s  have  
been  re p o r te d  in  the  fa m i ly  B orag inaceae , 
a l in ea r  te t rad  being  m o re  co m m o n  in  
all the m em bers .  In  C yn o g lo s s u m  o f f i c i ­
nale  (Sv e n s s o n  1925) the  m e g asp o re  
te trad  is r a re ly  T -sh ap ed .  O ccas iona lly  
th e  u p p e r  dy ad  cell r e m a in s  un d iv id ed  
an d  co n seq u en tly  th e  te t r a d  consis ts  of 
th ree  m e g asp o re  in th is  species. In  C. 
am abi le  (M i l l s a p s  1940) a T -sh a p e d  te t ra d
R ot. N o tise r, vo l. 127, 1974

is of f r e q u e n t  o ccu rrence .  O ccasionally  
a n  ob liq u e  d iv ision  takes  p lace  in  the 
d y a d  cells w h ic h  re su lts  in  a  decussa te  
a r r a n g e m e n t  of m e g asp o re s  in  th is  spe­
cies. In  the  p re se n t  in v es t ig a t io n  only a 
l in e a r  te t ra d  has  been  observed .

T h e  ch a laza l  m e g asp o re  deve lops  into 
a P o ly g o n u m  ty p e  of em b ry o  sac in  all 
th e  m e m b e rs  th a t  fo llow  m o n o sp o r ic  
d e v e lo p m e n t  ( D a v i s  1966). H ow ever ,  in  
R o t u la  aquat ica  ( N a g a r a j  & F a t h i m a  
1967) a n y  one  of the  re m a in in g  m ega­
s p o re s  m a y  en la rg e  s im u l ta n e o u s ly  b u t  
o n ly  one of th e m  develops in to  a  m a tu re  
g a m e to p h y te .  A s im ila r  co n d it io n  h a s  been 
o b se rv e d  in  A d e l o c a r y u m  coe les t inum  
( N a g a r a j  & F a t h i m a  1968) w h e re  the  
t h i r d  o r  second  m e g asp o re  m a y  develop  
u p  to  the  tw o -n u c le a te  stage in  ad d i t io n  
to  the  ch a laza l  one. A b isp o r ic  type  of 
d e v e lo p m e n t  h as  also  been  observed  in 
c e r ta in  m e m b e rs  of B orag inaceae .  This 
in c lu d es  L y c o p s i s  a n d  A n c h u s a  sp. (Sv e n s ­
s o n  1925) an d  Ehre t ia  laevis  ( J o h r i  & 
V a s i l  1956).

A te n d e n c y  to w a rd s  n u c e l la r  a p o sp o ry  
h a s  been  ob se rv ed  in  the  p re s e n t  in v e s t i­
ga tion . T h e  a p o sp o r ic  e m b ry o  sac in it ia ls  
g en e ra l ly  develop  u p  to the  tw o -n u c le a te  
s tage b u t  r a re ly  re a c h  m a tu r i ty .  T hese  
a re  seen  be low  th e  n o rm a l  m eg asp o ro cy te ,  
m e g a sp o re  te t ra d  an d  the  m e g a g a m e to ­
p hy te .  T h e re  h av e  been  no p rev io u s  r e ­
p o r ts  on the  o c c u r re n c e  of th is p h e n o m e ­
n o n  in the  fam ily  B orag inaceae .

T h e  m e g a g a m e to p h y te  becom es b ro a d e r  
to w a rd s  the  c h a laza l  reg ion  a f te r  fe r t i l iz a ­
tion  in m o s t  of the  C ynoglosseae  in c lu d in g  
th e  p re sen t  one. M i l l s a p s  (1940) conc ludes  
t h a t  such  an  e n la rg e m e n t  is c h a ra c te r i s t ic  
o f  C ynoglosseae  w h ile  the  A n ch u seae  have  
a  p ro m in e n t  la te ra l  d iv e r t icu lu m .

T h e re  is g rea t  d ive rs i ty  in  the  d ev e lo p ­
m e n t  of the  e n d o s p e rm  in  B o rag inaceae .  
S v e n s s o n  (1925) h a s  c lass ified  the  e n d o ­
s p e rm  of th is  f a m i ly  in  five types, viz.: 
th e  B orago  type , L ycopsis  type, E c h iu m  
type , L a p p u la  ty p e  an d  M yosotis  type .

T h e  B orago  ty p e  a n d  the  M yosotis  type  
a re  the  tw o  ex tre m e  types  of d ev e lo p m en t



EMBRYOLOGY OF CYNOGLOSSUM 207

in b e in g  the  n u c le a r  a n d  ab ini t io  ce l lu la r  
ty p e s  re spec t ive ly  w h ile  the  o th e rs  are  
in te rm e d ia te  o r  a b e r r a n t  types.

S v e n s s o n  (1925) ch a ra c te r ize s  th e  B o­
rago  ty p e  as the  typ ica l free  n u c le a r  type  
of e n d o s p e rm  w h e re  w a ll  fo rm a t io n  sets 
in on ly  in  la te r  stages. Borago  o f f ic i ­
nalis,  O n o s m a  echioides  (Sv e n s s o n  1925), 
T r i c h o d e s m a  am plex icau le ,  a n d  Mertens ia  
p la t y p h y l l a  ( K h a n n a  1964 a, b) show  th is 
type  o f  deve lopm en t.

In  th e  L ycops is  ty p e  f o u r  free  nuclei 
a re  f i r s t  fo rm ed , a n d  su b se q u e n tly  a sm all 
la te ra l  cell is o rg an ized  enclosing  tw o  of 
them  the  o th e r  tw o  nucle i occu p y in g  the 
la rg e r  cell c o n ta in in g  the  zygote. F ree-  
n u c le a r  d iv isions  o c c u r  in  b o th  th e  cells 
an d  w all  fo rm a t io n  sets in o n ly  in  the 
la te r  stages. T h is  ty p e  of e n d o sp e rm a l  
d e v e lo p m en t  is seen in  L y c o p s i s  aroensis,  
species of N onnea ,  Pu lm onar ia ,  A n c h u s a  
an d  S y m p h y t u m  of A nchuseae , Cerinthe  
a n d  L i t h o s p e r m u m  of  L i th o sp e rm e a e  
(S v e n s s o n  1925). T h is  type  of d ev e lo p ­
m e n t  is n o t  seen in  an y  o th e r  m e m b e r  of 
B orag in io ideae  in c lu d in g  those  in  the  p r e ­
sent investiga tion .

S v e n s s o n  (1925) h as  c o m p a re d  the 
Lycopsis  type  w ith  th a t  of the H elob ia l 
en d o sp e rm . A ccord ing  to Sw a m y  & P a r a - 
m e s w a r a n  (1963) the  H elob ia l e n d o sp e rm  
is a ch a ra c te r is t ic  fe a tu re  of m o n o c o ty le ­
dons  only. T hey , how ever ,  agree  th a t  the 
loca tion  of the  p r im a r y  en d o sp e rm  
nucleus, p r io r  to the  d iv ision  a n d  the 
re la tive  size re la t io n sh ip  of the  two 
ch am b ers ,  a re  in acc o rd a n c e  w ith  the  
H elob ia l on togeny , b u t  the re sem b lan ce  
ceases w ith  th e  a p p e a ra n c e  of a w all b e ­
tw een the  tw o nuclei of the  ch a laza l 
ch am b er .  T h is  fea tu re  does n o t  o c c u r  a n y ­
w h ere  in  the m o n o c o ty le d o n o u s  H elob ia l 
en d o sp erm . H ence  S w a m y  & P a r a m e s - 
w a r a n  (1963) co n c lu d e  th a t  the L y c o p ­
sis type  a l th o u g h  show ing  s im ila r i t ies  to 
the  H elobia l e n d o sp e rm  in the  ea r ly  stages, 
ac tu a lly  belongs to the  N u e le a r -n o rm  b e ­
cause  of the absence  of w all  fo rm a t io n  
a f te r  the  f irs t  d iv ision  of the  p r im a ry  
e n d o sp e rm  nucleus.
14

T h e  th i rd  type, i.e. th e  E c h iu m  type  is 
c h a ra c te r iz e d  b y  the  fo rm a t io n  of an  
o b lique  w all a f te r  the  f irs t  d iv ision  of the  
p r im a r y  e n d o s p e rm  nuc leus.  T h e  sm all  
le n t ic u la r  cell cu t  off to w a rd s  the  m ic ro ­
p y la r  end  is la te ra l  in  p o s it io n  and  u n d e r ­
goes one  m o re  d iv ision  fo rm in g  tw o cells, 
in  each  of w h ic h  a few  free  n u c le a r  d iv i­
s ions take place. T h e  f i r s t  as well as th e  
su b se q u e n t  d iv isions in  th e  la rg e r  c h a m b e r  
a re  f ree  n u c le a r  d iv isions  a n d  the  nucle i 
are  e m b e d d e d  in the  p e r ip h e ra l  cy to ­
p la sm . T h is  ty p e  of e n d o sp e rm  h as  so f a r  
been  re c o rd e d  on ly  in  E c h i u m  plantcigi- 
n e u m  (Sv e n s s o n  1925) o f  Echieae . T h is  
type  of d e v e lo p m en t  h as  n o t  been  observed  
in the  p re s e n t  inves tiga tion  either.

A cco rd ing  to S v e n s s o n  (1925) th e  
E c h iu m  ty p e  of e n d o sp e rm  b ea rs  a c le a re r  
a n d  c lo ser  s im ila r i ty  to the  H elob ia l  e n d o ­
s p e rm  th a n  to the  L ycopsis  type. S c h n a r f  
(1929) a n d  M a h e s h w a r i  (1950) also c o n ­
s id e r  th is  ty p e  of d ev e lo p m en t to be a 
spec ia l  dev ia t ion  of th e  H e lob ia l-no rm . 
A cco rd ing  to S w a m y  & P a r a m e s w a r a n  
(1963), th e re  is n o t  even  a rem o te  r e s e m ­
b la n ce  b e tw een  th e  E c h i u m  o n togeny  and  
the  H e lob ia l  o n to g en y  of m onoco ty ledons .  
T h e  rev e rse  re la t io n sh ip  of the  m ic ro p y la r  
a n d  the ch a laza l  c h a m b e rs  is itself a 
fe a tu re  w h ich  s tro n g ly  negates  an y  a t ­
te m p t  to l in k  E c h iu m  ty p e  w ith  the  m o n o ­
co ty led o n o u s  H elob ia l en d o sp e rm . F u r th e r ,  
the f irs t  n u c le a r  d iv ision  in th e  la te ra l  
c h a m b e r  c o r re s p o n d in g  to  the  m ic ro p y la r  
c h a m b e r  is fo llow ed  by  w all  fo rm atio n ,  
w h ich  is c o n t r a ry  to the  s i tu a tio n  in the  
H e lo b ia l  e n d o sp e rm . Since S v e n s s o n

(1925) h im se lf  h as  reco rd ed  dev ia tions  in  
E c h i u m ,  S w a m y  & P a r a m e s w a r a n  (1963) 
co n s id e r  the  H elob ia l a f f in i ty  of the  
E c h iu m  ty p e  to  be p rec luded .

In  the  fo u r th  type  of e n d o s p e rm  deve l­
o p m en t,  i.e., the  L a p p u la  ty p e  the  f irs t  
d iv is ion  of the  e n d o sp e rm  nuc leus  is 
a c c o m p a n ie d  by  a v er tica l w all w h ich  ends  
b l in d ly  in  th e  ch a laza l  reg ion  due  to the  
p re sen ce  of a la rge  ce n tra l  vacuole. T h e  
n ex t d iv is ion  is also acc o m p a n ie d  by  the  
f o rm a t io n  of a n  incom ple te  vertica l w all
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at r igh t  angles to th e  p rev io u s  one  so tha t 
a fou r-ce lled  e n d o sp e rm  is fo rm e d  w ith  
all f ou r  cells open  a t th e  base  an d  p a r t ia l ly  
c o m m u n ica tin g .  F re e  n u c le a r  d iv isions 
w h ich  are  ev en tu a lly  a c c o m p a n ie d  b y  w all 
fo rm a t io n  ta k e  p lace  in  these  cells in  such  
a w ay  th a t  the  e n d o s p e rm  becom es 
ce l lu la r  in  the  m ic ro p y la r  reg ion  an d  
re m a in s  f re e -n u c le a r  in  th e  cha laza l r e ­
gion. L a p p u la  echinata ,  A sperugo  p r o c u m ­
bens  an d  K r y n i t z k y a  barbigera  of the  tr ib e  
E r i t r ic h e a e  a n d  C y n o g lo s s u m  off ic inale ,  
O m p h a lo d e s  lini fol ia,  O. verna,  L in d e lo f ia  
longi f lora,  S o le n a n th u s  a p e n n i n u s  of 
Cynoglosseae (Sv e n s s o n  1925) a re  i n ­
c luded  in  th is  type.

S v e n s s o n  (1925) inc ludes  C y nog lossum  
off ic inale  a n d  th e  o th e r  Cynoglosseae  
u n d e r  the  L a p p u la  ty p e  of e n d o sp e rm  
because  he fo u n d  ce l lu la r  e n d o s p e rm  at 
the  m ic ro p y la r  end  an d  f ree -n u c lea r  a t 
the  ch a laza l end. H e w as  u n a b le  to get 
th e  very  ea r ly  stages of a n y  of the  m e m ­
b ers  of Cynoglosseae a n d  th u s  conc ludes  
th a t  the  e n d o sp e rm  d ev e lo p m en t in th is  
t r ib e  belongs to the  L a p p u la  type. M i l l ­
s a p s  (1940) agrees w ith  S v e n s s o n  (1925) 
o n  the  basis  of h e r  o b se rv a tio n s  in C. 
amabile .

T h e  d ev e lo p m en t of the  e n d o sp e rm  in 
C. d e n t i c u la tu m  d if fe rs  c o n s id e ra b ly  f r c m  
the  L a p p u la  type. I n  th is  species the  f irs t  
d iv ision  of th e  p r im a r y  e n d o sp e rm  n u c leu s  
is a c c o m p an ied  by  e i th e r  an  ob lique  o r  a 
tran sv e rse  w all re su lt in g  in tw o  u n e q u a l  
c h a m b e rs  viz., the  m ic ro p y la r  a n d  the  
chalazal.  T h e  m ic ro p y la r  ch a m b e r ,  w h ich  
is sm alle r ,  a lw ays  co n ta in s  th e  zygote. 
F u r th e r  d iv isions a re  all a c c o m p a n ie d  by  
-wall fo rm a t io n  in  th is  c h a m b e r  w hile  in 
the  cha laza l c h a m b e r  th e  f irs t  d iv ision  is 
a c c o m p an ied  by  an  in c o m p le te  ver t ica l  
wall. T h is  w all  d is a p p e a rs  v ery  ea r ly  as 
the  chalaza l end of the  e m b ry o  sac e n ­
larges. T he  su b se q u en t  d iv is ions  in the  
ch a laza l  c h a m b e r  a re  all f ree  n u c lea r .  
T h is  ty p e  of e n d o s p e rm  m a y  be c o n ­
s id e red  to com b in e  the  c h a ra c te r s  of the  
E c h iu m  type  in  so f a r  as the  f irs t  d iv ision  
is concerned , a n d  the  L a p p u la  type  in  so 
Bot. Notiser, vol. 127, 1974

f a r  as  the  incom ple te  w a ll  is conce rned  
p ro v id ed  the  ch a laza l c h a m b e r  is c o n ­
s idered  to be equ iv a len t  to th e  en tire  
e m b ry o  sac cavity . Since th is  ty p e  o f  
e n d o sp e rm  dev e lo p m en t is new  to th is 
fa m ily  and  h as  been  re p o r te d  fo r  the  first 
t im e in C ynog lossum  it c an  be n a m e d  the 
C ynog lossum  type.

M yosotis  type  is the n o r m a l  ab ini tio  
ce l lu la r  type  an d  has  been  r e p o r te d  in  
M yoso t i s  sp. ( S v e n s s o n  1925), Coldenia  
p r o c u m b e n s  ( V e n k a t e s w a r l u  & A t c h u -  
t a r a m a m u r t i  1955), E h r e t ia  laevis  ( J o f i r i  
& V a s i l  1956), fo u r  species of Heliotro-  
p i u m  ( P a l ,  1963) and  R o tu la  aquatica  
( N a g a r a j  & F a t h i m a  1967).

T h e re  is g rea t  d ive rs i ty  in  e m b ry o  
d ev e lo p m en t in  B orag inaceae . T h e  first 
p ro e m b ry o n a l  te t ra d  is e i th e r  l in ea r  o r  
T -sh a p e d  a n d  belongs to  the  m eg arch e-  
types  III ,  IV a n d  V of the  C2 series, IV of 
A2 series a n d  II  of th e  B2 series. T h e  
deve lopm en t co n fo rm s  to e i th e r  the 
C henopod iad ,  Solanad, O n a g ra d  o r  A sterad  
ty p e  ( J o h a n s e n  1950). W h i le  Heliotro-  
p i u m  p e r u v i a n u m  ( S o u é g e s  1943), Eritri-  
c h i u m  s t r i c tu m  ( C r é t é  1953), Coldenia  
p r o c u m b e n s  ( V e n k a t e s w a r l u  & A t c h u -  
t  a r a m  a m u  r t  I 1955), H. i n d i c u m  ( P a l  
1963) an d  R otu la  aquat ica  ( N a g a r a j  & 
F a t h i m a  1967) fo llow  a  C h en o p o d iad  
sequence  w ith  l in ea r  p ro e m b ry o n a l  te t ra d s  
be long ing  to the  C2 series, H e l io t r o p iu m  
curasscivicum  a n d  H. ooa l i fo l ium  ( P a l  
1963) show  a S o lanad  ty p e  of d ev e lo p ­
m e n t  w ith  th e i r  l inea r  p ro e m b ry o n a l  
te t ra d s  in the  m e g a rc h e ty p e  IV of the  C2 
series. T h e  p ro e m b ry o n a l  te t r a d  is T- 
s h a p e d  an d  the  d ev e lo p m en t c o n fo rm s  to 
the  O n a g ra d  ty p e  in Ehre t ia  laevis  ( J o h r i  
& V a s i l  1956) u n lik e  C yn o g lo s s u m  of f i c i ­
nale  ( C r é t é  1955), O m p h a lo d e s  l ini fera  
( S o u é g e s  1958) a n d  T r ic h o d e s m a  am p lex i -  
caule  ( K h a n n a  1964 a) w h e re  it c o r r e ­
sp o n d s  to  the  A sterad  type .  T h e  d ev e lo p ­
m e n t  of th e  e m b ry o  in  the  p re s e n t  in ­
ves tiga tion  is of C h en o p o d iad  ty p e  w ith  
a  l in e a r  p ro e m b ry o n a l  te t ra d  be longing  
to  the C2 series of the  M eg a rch e ty p e  III
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u n l ik e  the  o th e r  species of C y n o g lo ss u m  
w h e re  it is T -sh a p e d  (Cr é t é  1955).

T h e  s t r u c tu re  a n d  d ev e lo p m e n t  of the 
p e r ic a rp  and  th e  seed coat in  the  p re s e n t  
s tu d y  a re  s im ila r  to th a t  of C yn o g lo ss u m  
am ab i le  (M i l l s a p s  1 9 40) .

T a x o n o m ic a l ly ,  the fa m i ly  B o rag in aceae  
h a s  been  t re a te d  in  v a r io u s  w ays, the  
co n s id e ra t io n s  be ing  b ased  on o v e r la p p in g  
c h a ra c te r s  r a th e r  th a n  c lea r-cu t  d i f f e r ­
ences. C l a r k e  (1885) d iv ides B o ra g in a ­
ceae  i nt o fo u r  tr ibes  w h ile  G ü r k e  (1897) 
recognises  f ou r  subfam ilies .  T h e  m a jo r i ty  
c f  sys tem a tis ts  accep t the  fam ily  in a 
b r o a d  sense  w h ile  o th e rs  believe in  the  
e lev a tio n  of each  of th e  su b fam ilie s  to 
fam ily  s tatus. A ccord ing  to J o h n s t o n  
(1932) B o rag in aceae  is a co m p o s i t io n  of 
seve ra l  su b fam ilie s  r a th e r  th a n  of sm all  
m icro -fam ilies .  L a w r e n c e  (1937) a f te r  a n  
ex h au s tiv e  an a to m ic a l  in v es t ig a t io n  on 
several m e m b e rs  of th is  fam ily  has  c o n ­
c lu d ed  th a t  the  sub fam ilies  w ere  best 
t re a te d  as co m p o n e n ts  of one single fam ily .  
E m b ry o lo g ica l  s tudies  on C y n o g lo ss u m  
d e n t i c u la tu m  a n d  severa l o th e r  m e m b e rs  
( F a t h i m a  1966, 1967, 1969; N a g a r a j  & 
F a t h i m a  1967, 1968, 1971) be long ing  to  
d if fe re n t  sub fam ilies  also  revea l B o ra g in a ­
ceae to be an  em b ry o lo g ica lly  d ivers ified  
a n d  h e te ro g en eo u s  g ro u p  best ju s t i f ied  as 
a  single fam ily  u n d e r  T u b if lo rae .
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Developmental Anatomy of Seedlings of Anchoté, Coccinia 
abyssinica (W. & A.) Cogn. (Cucurbitaceae)
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Ge t a h u n , A. 1974 09 13. Developmental anatom y of seedlings of anchoté, Coccinia 
abyssinica (W. & A.) Cogn. (Cucurbitaceae). — Bot. Notiser 127:211— 223. Lund. 
ISSN 0006-8195.

Anchoté is a tuberous perennial cucurbit with annual vines, unisexual flowers 
and small melon-like fruits cultivated in parts  of Ethiopia for its edible tubers.

The prim ary  root is te trarch with p rim ary  tissues traceable to a common 
group of initials in the apical meristem. The transition zone connecting the 
exarch root and the endarch shoot is short and terminates below the peg. The 
proloxylem of the root forks by radial division and is displaced laterally to 
join the phloem strands. Four collateral bundles alternate with the xylem points 
of the root above the transition zone. They become bicollateral above the peg.

The upper part of the thick hypocotyl has six bicollateral bundles arranged in 
two groups of three each. These coalesce to form two plates in the inter- 
cotyledonary plane. Two strands from the ends of the plates diverge into each 
cotyledon and two strands, one from the central region of each plate, branch 
twice and constitute the six epicotylar bundles.

Mature internodes have five small and five large bicollateral bundles alternating 
in a single cylinder. These are bounded externally by a fibrous sheath.
Amare Getahun, College of Agriculture, Haile Sellassie I University, P.O. Box 138, 
Dire Dawci, Ethiopia.

IN T R O D U C T IO N  

Seedling Anatomy

Except for the generalized work of Z i m m e r - 
m a n n  (1922) ori seedlings of the family, no 
research on the seedlings of Coccinia has 
been located. Z i m m e r m a n n ’s account was 
brief and did not contain specific in form a­
tion on Coccinia. This review of the seedling 
will therefore concentrate on Cucurbita and 
Citrullus, both of which have undergone 
intensive investigation.

THE PRIMARY ROOT. According to W h i t ­
i n g  (1938), J a n c z e w s k i  described histogens 
of Leguminosae and Cucurbitaceae as a type 
containing one generative zone from which 
all p rim ary  meristems of the root arose.

THE HYPOCOTYL. Hypocotyls in Cucur­
bita and Citrullus were highly elongated 
structures, and characteristically developed 
pegs (Ru t l e d g e  1930; H u f f o r d  1938; W h i t ­
i ng  1938). The transition zones were short 
and occurred at the lower p a r t  of the hypo­
cotyls.

D e s h p a n d e  and K asat  (1966) noted two 
types of transitions and described one type 
in which the transition zone connected the 
tetrarch root with six endarch bicollateral 
bundles that finally resolved into ten bundles 
in the hypocotyl. H u f f o r d  (1938) described 
a similar transition in Citrullus. W h it i ng  
(1938) found that the transition zone con­
nected the te trarch root of Cucurbita with 
eight endarch bundles in the lower hypo­
cotyl. F u rther  up in the hypocotyl, the two 
outerm ost bundles anastomosed reducing the 
num ber to six. Each of the fused bundles 
divided into three to result in ten bundles in 
the stem axis.

H u f f o r d  (1938) in Citrullus and W h i t i n g  
(1938) in Cucurbita reported that each hypo- 
cotylar bundle was bicollateral and included 
fascicular cambium, but interfascicular cam ­
bium was absent. W h i t i n g  reported isolated 
phloem cells in the ground parenchym a of 
the hypocotyl. According to H u f f o r d , the 
pericycle and endodermis were indistinguish­
able. He reported the cortex of the hypocotyl 
to be similar to that of the root and de­
scribed the epidermis as being composed of
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small, tabular, closely arranged cells. W h i t ­
i ng  (1938) found stomata in the hypocotyls 
of Cucurbita.

Other workers who have contributed to 
our knowledge of the hypocotyl in other spe­
cies of Cucurbitaceae are D a n g e a r d  (1889), 
ZlMMERMANN (1922), HOLROYD (1924), JEAN
(1926), R u t l e d g e  (1930), H a y w a r d  (1938), 
H a r t i g ,  v o n  M o h l ,  F i s c h e r ,  B r a e m e r ,  and 
d e  B a r y  according to W h i t i n g  (1938).

Peg formation and the anatom y of Cucur­
bita and Citrullus has been studied by 
W h i t i n g  (1938), H a yw ar d  (1938), H u f f o r d  
(1938) and L aR u e  (1939).

ORIGIN OF SECONDARY ROOT. Two 
radically divergent opinions have been ex­
pressed concerning the origin of secondary 
roots in Cucurbitaceae ( W h i t i n g  1938), where 
according to W h i t i n g , J a n c z e w s k i  found 
their origin involved the cortex, the pericycle 
and the endodermis. van T i e g h e m  and 
D o u l i o t  ( W h i t i n g  1938) noted instead that 
the secondary root originated from two peri- 
cyclic layers. H u f f o r d ’s (1938) work on 
Citrullus and W h i t i n g ’s (1938) on Cucurbita 
supported J a n c z e w s k i ’s interpretation. The 
secondary roots, like the prim ary roots, were 
tetrarch.

COTYLEDONS. W h it in g  (1938) d esc r ib ed  
th e  c o ty le d o n s  o f  Cucurbita a n d  fo u n d  th a t  
f o u r  t ra c e s  d iverged  f r o m  the  c o ty le d o n a ry  
p la te  into  the b r o a d  b ase s  o f  the co ty led o n s ,  
a n d  v a s c u la r  b u n d le s  o f  c o ty le d o n a ry  petio les  
w e re  s im ila r  to th o se  o f  the  h y p o co ty l .

TH E EPICOTYL. At germination, the epi- 
cotyl consisted of a small growing point 
overarched by a primordium of the first leaf 
in Cucurbita ( W h i t i n g  1938). The observa­
tion of embryos before germination revealed 
that the median trace to I lie first leaf was 
already  identifiable as a procambial strand.

In the epicotyl, at the level where the first 
leaf diverged, there were six bundles which 
were branches of the six bundles of the 
hypocotyl in Citrullus ( W h i t i n g  1938). They 
appeared as two sets of three bundles each 
and one set became traces to the first leaf 
and the other set to the second leaf. In 
Cucurbita, according to W h i t i n g  (1938), the 
num ber of bundles and their arrangem ent in 
the first internode were variable but the 
second and third internodes possessed a 
characteristic arrangem ent of ten bundles.

The Shoot

TH E STEM. Stem morphology of cucurbits 
has been studied by Gh o s h  (1932), B lyth  
(1958), M e t c a l f e  and Ch a l k  (1950), Z i m m e r - 
m a n n  (1922) and H o l r o y d  (1924).

Stem anatom y of cucurbits has been in ­
vestigated by B lytli  (1958), H o l r o y d  (1924), 
Gh o s h  (1932) and F a hn  (1967) using Cucur­
bita spp., Coccinia indica, and Trichosanihes  
colabrina.

THE VASCULAR BUNDLE, van  T i e ge e m  
(Bl y t h  1958 and W o r s d e l l  1915) described 
the stem of Cucurbitaceae as having ten foliar 
vascular strands near the exterior of the 
central cylinder and five strands near the 
centre of the cylinder. A complete vascular 
bundle consisted of outer phloem, outer cam­
bium, xylem, inner cambium, and inner 
phloem (Gh o s h  1932). Z i m m e r m a n n  recog­
nized three types of bundle arrangement: (1) 
ten bundles in two rings, (2) less than ten 
bundles, and (3) more than ten bundles due 
to accessory bundles which occurred both 
inside and outside the fibrous layer. Crafts  
(1932) has reviewed types of accessory 
bundles in the cucurbit stem. H olroyd  
(1924) reviewed the literature on the internal 
phloem in stems, which has been extensively 
studied. Internal phloem was considered a 
well-developed anatomical specialization in 
Cucurbitaceae and was considered to play 
a prominent role in conduction (E a me s  1961; 
F o s t e r  and Gi f f o r d  1959).

Stems of most species studied by Gh o s h  
(1932) had vascular bundles surrounded by 
thin-walled parenchym a and the pith fre­
quently contained cavities. The inter-bundle 
parenchym a enlarged centrifugally so that 
vascular bundles became spaced further apart 
and, according to F a h n  (1967), there was no 
sharp distinction between this area, the cortex 
and the pith.

LEAF. Leaves of Coccinia and their phyllo- 
taxv have been studied by Z i m m e r m a n n  
(1922) and H a g e r u p  (1930). Each  new leaf 
arose in accordance with the space-filling 
theory (Sn o w  1965). Each developing leaf 
had three leaf traces which were distinct 
below the node.

S i ngh  (1942) studied the antomy of the 
leaf and petiole of Zanonia indica and re­
ported that the petiole had an internal s truc­
ture much like that of the stem. Yasuda  
(1901), working on wild and cultivated 
Japanese cucurbits, studied the anatomy of 
the lamina and petioles.

MATERIAL AND METHODS

Seeds were obtained from plants grown at 
Debre-Zeit (Shoa) and Alemaya (Harar) 
Agricultural Experiment Stations, Ethiopia 
from seeds collected in the province of 
Wollega. Plants used in this study were 
grown in pots and flats in greenhouses at the 
University of Florida, Gainesville, Florida.
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Craf II and  III were employed as fixatives 
fo r  leaves, cotyledons and seedling stages. 
Mature stems were fixed in FAA. Other 
fixatives were used but with less success. 
Samples were dehydrated by the tertiary 
butyl alcohol (TBA) method, infiltrated, and 
em bedded in “Tissumat” (Sass 1951).

Sections were cut at five, eight, ten, twelve 
or fifteen p depending on the organ, its stage 
of development or the tissue being investi­
gated.

Three staining techniques were employed: 
tannic acid, iron chloride, and safranin 
( F o s t e r  1934); safranin  and fast green 
( J o h a n s e n  1940); and iron haematoxylin 
counter-stained with safranin  and fast green. 
T em porary  sections treated with phloro- 
glucinol, Sudan 111 or IKI were used to 
supplem ent the perm anent slide preparations.

Leaves and  hypocotyls were cleared with 
lacto-phenol, 5 per cent aqueous NaOH or 
lacto-chrom ic acid combination. Free-hand 
sections were also cleared with 5 %  NaOH.

Drawings were made mostly from cleared 
material. Kodak Panatomic-X film was used 
for the photomicrography.

OBSERVATIONS 

Gross Morphology

Som e aspects  of the  m o rp h o lo g y  of v e ry  
y o u n g  seedlings u p  to six days  old have  
been  re p o r te d  by G e t a h u n  (1973). T h e  
fo llow ing  o b se rv a tio n s  w ere  m a d e  on  seed ­
lings one  to  six w eeks old.

D esp ite  the  r a p id  g ro w th  of seedlings 
m a tu r a t io n  of tissues w as  slow, p a r t i c u ­
la r ly  in the- roots.- Seedlings, excep t f o r  
v a r ia t io n  in  leng th  of hypoco ty l,  sh o w ed  
a re la t iv e ly  h igh  degree of m o rp h o lo g ica l  
u n i fo rm i ty  w h e n  sub jec ted  to the  sam e  
g ro w th  conditions .

S e c o n d a ry  roo ts  w ere  in itia ted  ea r ly  in  
th e  d ev e lo p m en t of p r im a r y  roo ts  and  very  
c lose to the  roo t  apex. S eco n d ary  as w ell 
as  t e r t i a ry  roots  w ere  m o rp h o lo g ica l ly  
id e n t ica l  w ith  p r im a ry  roo ts  excep t th a t  
th e y  w ere  m u c h  s m a l le r  in d iam ete r .  
T a b le  1 sh o w s  the  effect of seed pos it ion  
w h e n  p la n te d  on th e  ro o t  sy stem  a f te r  
19 d a y s  o f  seedling deve lopm en t.  P r im a ry  
ro o ts  w e re  s t rong ly  lead ing  a n d  few er  
s e c o n d a ry  roo ts  deve loped  w h e n  seeds 
w ere  p la n te d  vertica l ly  w i th  the  m ic ro ­

p y la r  ends d o w n w a rd s .  W h e n  seeds w ere  
p la n te d  flat, p r im a r y  roo ts  w ere  w e a k ly  
leading, a n d  s e c o n d a ry  roo ts  w ere  a b u n ­
dan t.  T h e  o u tg ro w th  of ro o t  h a i r s  w as  
dense. T h e  ro o t-h a i r  zone o cc u rre d  2 m m  
f r om the  ro o t tip a n d  ex tended  fo r  5 m m .

T h e  t r a n s i t io n  zone  of the  h y p o c o ty l  
c h a ra c te r is t ic a l ly  p ro d u c e d  fo u r  a d v e n t i ­
tious ro o ts  th a t  w ere  s trong ly  d ev e lo p ed  
( G e t a h u n  1973 F,ig. 9 B). T h e  t r a n s i t io n  
zone a lw ays  m e a su re d  less th a n  2 m m  in 
length . T h e  u p p e r  end  of the  t r a n s i t io n  
zone w as m a rk e d  by  the  p resen ce  of the  
peg (G e t a h u n  1973 Fig. 9 B). E x c e p t  
fo r  its m o re  p ro n o u n c e d  oval o u tl in e  in  
tra n s v e rse  section, th e  t r a n s i t io n  zone 
re sem bled  the p r im a r y  roo t  in  e x te rn a l  
fea tu res .  T h e  co lou r  w as  dull due  to the  
lack  of cuticle  an d  it p ro d u c e d  h a i rs  like 
those  of th e  p r im a r y  roo t.

T h e  peg  w as v a r ia b le  in size an d  sh a p e  
b u t  w as a n a tu ra l  a n d  in teg ra l  p a r t  of 
the  hypoco ty l .  As sh o w n  in T ab le  1, the  
pos ition  of the  seed d u r in g  g e rm in a t io n  
a n d  th e re a f te r  g rea t ly  in f luenced  the  d ia ­
m e te r  a n d  sh ap e  of the  peg as well as the 
to tal leng th  of the  hypoco ty l .  M a x im u m  
peg d ev e lo p m en t  o c c u rre d  in  seeds p la n te d  
flat. T h is  position , w h ic h  the  seeds n o r m ­
ally  assu m ed  as th ey  them selves  w ere  fla t,  
also gave rise to a la rge  c u rv a tu re  of the  
hypoco ty ls .  In th is  in s tance , the  peg  w as 
fo rm e d  l ike a f lap  on  the  side o p p o s ite  
the  c u rv a tu re  a n d  s t ru c tu ra l ly  f i t ted the 
m ic ro p y la r  en d  of the  seed coat. M in im u m  
peg d ev e lo p m en t o c c u r re d  in seeds p la n te d  
w ith  the  m ic ro p y la r  ends d o w n w a rd s  a n d  
th is  pos ition  of seed p la n t in g  p ro d u c e d  
no h y p o c o ty la r  cu rv a tu re .  T h e  peg  w as  
fo rm e d  as a r ing. Peg d ev e lo p m en t w as  
in s ig n if ican t  w h e n  th e  seed coa t w as  r e ­
m oved. C on tac t of seed coats  w as  a p ­
p a re n t ly  in s t ru m e n ta l  in  cau s in g  th e  
cu rv a tu re .  T h e  peg  he ld  the  m ic ro p y la r  
end of the  seed coa t as the  co ty ledons  
w ere  being  p u l led  o u t  of the  seed b y  the  
ac t ion  of the e longa ting  hypoco ty l .  T h e  
fu n c t io n  of the  peg a n d  the  size of the 
h y p o co ty l  loop  w ere  b o th  m a x im ized  b y  
the  p resen ce  of the  seed coat an d  the  f la t
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Table 1. Effects of position of seed in the soil on the rate of germination, hypocotyl ard 
peg development and root system at the end of 19 days (hypocotyl length: number w ithn

brackets at the end of ten days).

Seed position
Hypocotyl

Length
cm

Thick­
ness Shape

Peg Root system
Rate

of
germi­
nation

Horizontal ........................ 3 (1.0) norm al curved large shield main root weakly
leading, profusely 
branched

Vertical with micropylar
end u p w a r d s ...................  0.5 (0.5) thick vertical not apparent much-branching
Vertical with micropylar
end downwards .............  3.7 (0.8) normal vertical ring main root leading

p o s i t io n  of the  seed w h e n  p lan ted .  T he  
h y p o c o ty l  b eca m e  s tra ig h t  w i th  s u b ­
se q u e n t  seedling  g ro w th  a f te r  the  co ty le ­
do n s  h a d  been  f reed  f r o m  the  seed coat.

T h e  p a r t  of th e  h y p o c o ty l  above the  
peg  (G e t a h o u n  1973 Fig. 9) w as  long 
a n d  s len d e r  w h e n  seeds w ere  p la n ted  flat, 
a n d  s h o r t  a n d  th ick  w h e n  seeds w ere  
p la n te d  ve r t ica l ly  w ith  th e  m ic ro p y la r  end  
d o w n w a rd s .  T h is  p o r t io n  of th e  h y p o ­
co ty l  w as  m o re  u n ifo rm  in  s t ru c tu re  an d  
fo r m  th a n  the  peg  a n d  t r a n s i t io n  areas. 
I t  r e ta in e d  its oval o u tl ine  in  the  p la n e  of 
th e  co ty ledons  excep t ju s t  be low  the 
c o ty le d o n a ry  n o d e  w h e re  it w as c o n ­
s t r ic te d  a n d  f la t ten e d  out. T h e  p o r t io n  of 
th e  h y p o c o ty l  above  soil level w as  g reen  
a n d  h a d  a few  s to m a ta  w hile  the  u n ­
ex p o sed  p o r t io n  w as devoid  of c h lo ro ­
p h y l l  a n d  la ck ed  s tom a ta .  T h e  h y p o co ty l  
ab o v e  th e  peg h a d  n u m e ro u s  h a i rs  and  
p ro d u c e d  ad v en t i t io u s  ro o ts  in freq u e n tly ,  
b u t  th e re  w as g rea t  v a r ia t io n  be tw een  
spec im ens .  T h is  p o r t io n  of the  hypoco ty l 
h a d  cu tic le  a n d  w as  sh in y  in  a p p e a ra n c e  
as o p p o sed  to  th e  p r im a r y  ro o t  a n d  the 
t r a n s i t io n  zone w h ic h  lacked  cutic le  and  
w e re  dull.

T h e  th ick  co ty ledons  w ere  green, th u s  
p r o b a b ly  p h o to sy n th e t ic a l ly  im p o r ta n t  to 
the  y o u n g  seedling in  th e  ligh t of the  slow 
g ro w th  of the shoot.  T h e re  w as  a five-fold 
in c re a se  in leng th  ( lam ina  p lus  petiole) 
a n d  a fo u r- fo ld  inc rease  in  b re a d th  of 
Bot. Notiser, vol. 127, 1974

the  co ty ledons  a t  m a tu r i ty  f ro m  th e  initial 
size in  the  d o rm a n t  em bryo .  Pe tio les  re ­
m a in ed  closely a p p re s se d  to the  grow ing 
ep ico ty l b u t  w ere  n o t  fused. T h e  cotyle­
d o n a ry  tube  th u s  fo rm e d  enclosed  the 
shoo t la te ra l ly ,  a n d  the f irs t  tw o  in te r ­
nodes  w ere  n o t  visible. T h e  f i r s t  and 
second  in te rn o d es  w ere  s h o r t  a n d  as a 
re su l t  the  f irs t  a n d  second  leaves ap p e a re d  
to  he  in se r ted  a t th e  co ty ledonary ' node. 
T h e  t ru e  in se r t io n  of these  leaves  was 
a p p a r e n t  on ty  u p o n  d issec tion  of the 
c o ty le d o n a ry  tube.

Coty ledons w ere  sm o o th  excep t a t m ain  
veins a n d  m arg in s .  T h e i r  lo w e r  su rfaces  
w ere  l igh t g reen  an d  d isp layed  five to 
seven p ro m in e n t  veins. T h e  lo w e r  ep i­
derm is  h a d  m u l t ic e l lu la r  t r ic h o m e s  often 
re s tr ic ted  to the  m id r ib  reg ion  a n d  to tlie 
m a rg in  a n d  s u b m a rg in a l  a re a  of the 
lam ina .  T h e re  w ere  a few  s to m a ta  in the 
u p p e r  a n d  low er  ep iderm is .

O nly the  f irs t  f o u r  in te rn o d e s  of the 
seedling rem a in ed  u p r ig h t .  T hese  in te r ­
nodes  w ere  s to u t  a n d  1 to 3 cm  long. T he  
in te rn o d es  beyond  these  ran g ed  f ro m  6 to 
19 cm  in length . T en d r i ls  a p p e a re d  a t the 
s ix th  node. T h e  shoo t beca m e  a  v ine  a f te r  
it p ro d u c e d  la te ra l  b ra n c h e s  f ro m  the  f irs t 
few  nodes.

Y oung  stem s to w a rd  the  shoo t apex  
w ere  i r re g u la r ly  r o u n d  as seen in t r a n s ­
verse section. As th e  s tem s m a tu re d ,  they  
becam e  r ib b ed  an d  i r re g u la r ly  p e n ta g o n a l
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Fig. 1. Coccinia abyssinica.  Diagrams of' 
sequence of transverse sections of a 30-day- 
old seedling showing vascnlation. Internal 
phloem in the hypocotyl and cotyledons not 
shown. Dotted area, phloem; solid lines, 
metaxylem; dark area, protoxylem. The outer 
double layer of A— G is endodermis; cortex 
and epidermis not included. A— H, 1.46 mm, 
1.30 mm, 1.16 mm, . 790,  p, 490 p, 290 p, 
100 u, and 60 p below the peg, respectively; 
I, at the peg; J—L, at 408 p, 2.23 mm and 
3.42 mm above the peg; M, at the cotyle­
donary node; N, O, 288 p and 568 p above 
the cotyledonary node, respectively. — A— 
H X4.75. I—O X1.00.

in  t ra n sv e rse  section. T h e  ep iderm is  h a d  
m u l t ic e l lu la r  tr ic h o m e s  th a t  w ere  a b u n ­
d a n t  to w a rd s  the  s tem  ap ex  an d  re la tive ly  
s p a rse  in m a tu re  in te rn o d es .  H a irs  on  
y o u n g e r  s tem s w ere  m o s t ly  g la n d u la r  
cap ita te .

T h re e  to five s tro n g  b ra n c h e s  w ere  
deve loped  at the  lo w er  nodes. T hese  as 
well as the p r im a ry  s tem  h a d  a zigzag 
p a t te rn  as they  w ere  b en t  a w a y  f ro m  the

Fig. 2. Coccinia abyssinica. Transverse sec­
tion of te trarch xylern of a prim ary root at 
a level just below the transition zone of a 
30-day-old seedling. Note pitting on end-walls 
of some of the metaxylem elements. Some 
xylary connections to the adventitious roots 
are visible outside the tetrarch xylem. — 
X100. px: protoxylem. mx: metaxylem.

lea f  a t  éach  node. T h e  m e r is tem a tic  a re a s  
in the  axils  of co ty ledons  la te r  se rv ed  to 
p ro d u c e  n e w  shoo ts  f ro m  the tu b e r  eac h  
g row ing  season.

T h e  leaves w ere  u sua lly  h e a r t - s h a p e d  
h u t  v a r ia b le  in  size an d  shape . T h e  f irs t  
leaf  above  the co ty ledons  w as  a lw ay s  
sm a lle r  th a n  s u b se q u e n t  leaves a t m a tu r i ty .  
S to m a ta  o c c u r re d  in  the  u p p e r  a n d  lo w e r  
ep iderm is ,  an d  w ere  level w ith  th e  s u r fa c e  
o r  s ligh tly  su nken .

Primary Root

T h e  ap ica l  m e r is te m  of the  p r im a r y  
ro o t  h a d  a c o m m o n  g ro u p  of in i t ia ls  f r o m  
w h ich  p r im a r y  m eris tem s  an d  th e  ro o t

Bot. Notiser, vol. 127, 1974



216 AMARE GETAHUN

Fig. 3. Coccinia abyssinica. Sequence of transverse sections of the transition zone of a 
30-day-old seedling. — A: 1.16 mm below peg, cortex and epidermis lost. — B: 790 ;u 

below peg. —  C: 100 p below peg. —  1): 60 u below peg. —  A X 3.2. B— D X 2.1 .

cap arose . T h e  solid  v a sc u la r  cy l in d e r  w as  
th e  f i r s t  to  m a tu r e  a n d  be recognizab le ,  
an d  the  co r tex  next. I n  t r a n sv e rse  section, 
the  v a s c u la r  cy l in d e r  a p p e a re d  as a ce n tra l  
m ass  of sm a ll  cells a n d  the  cortex  as  a 
u n i fo rm  tissue of la rg e r  cells.

T h e  p r im a r y  ro o t  'was te t ra rc h  (Figs. 
1 A, 2). Vessel m e m b e rs  w ere  s h o r t  a n d  
b ro a d  a n d  h a d  s c a la r i fo rm  p e r fo ra t io n s .  
T he  p r im a r y  p h lo e m  g ro u p s  w ere  la rg e r  
th a n  the  p r im a r y  xy lem  a n d  the  p e r icyc le  
w as  co m p o sed  of a few  lay e rs  of p a r e n ­
ch y m a .  T h e  en d o d e rm is  w as  co m p o sed  of 
a single  la y e r  of la rge  cells w ith  w ide 
d is t in c t  C a s p a r ia n  s tr ip s  on the  ra d ia l  
w a lls  (Fig. 3 A ) .
B ot. N o tise r, vo l. 127, 1974

Hypocotyl

T h e  h y p o co ty l  w as  c o m p o sed  of a 
t r a n s i t io n  zone, a peg  reg ion , a n d  an  
u p p e r  p a r t  above  th e  peg. T h e  hypoco ty l ,  
th o u g h  ex te rn a lly  s im ple, w as s t ru c tu ra l ly  
com plex .

T R A N S IT IO N  ZO N E. E v id en ce  of t r a n ­
s ition  f ro m  ro o t  s t ru c tu re  invo lved  a 
ch an g e  in  the  pos it ion  of th e  m e tax y le m  
e lem en ts  a t  the  ju n c t io n  of th e  p r im a r y  
ro o t  w ith  th e  h y p o co ty l .  T h e  cen tra l  
m e ta x y le m  e lem en ts  d ive rged  o u tw a rd s  
a n d  p a re n c h y m a  a p p e a re d  in  the  cen tre  
(Figs. 1 G, 4 B ) .  M ore p a re n c h y m a  a p ­
p e a re d  w ith  the  f u r t h e r  d ive rgence  of th e
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Fig. 4. Coccinia abyssinica. Schematic drawings showing the general p lan of vascular 
system in seedlings. — A: prim ary root. — B—E: hypocotyl, lower part including transi­
tion. — F: hypocotyl at peg region. — G: upper hypocotyl. — 14— I: cotyledonary petioles. 

— Dotted area: phloem. Dark area: protoxylem. Solid lines: metaxylem.

m e ta x y le m  e lem en ts  (Figs. 1 B, C; 3 A, B; 
4 C, D). P h lo e m  g ro u p s  re m a in e d  in ra d ia l  
p os it ions  a l te rn a te  w ith  p ro to x y lem  po in ts .

U p w a rd s  in the  t ra n s i t io n  zone the m e ta ­
xy lem  becam e s e p a ra te d  a t fo u r  p o in ts  
in w a rd s  f r o m th e  p ro to x y le m  (Fig. I D ) .  
At  this level the  p ith  w as s u r ro u n d e d  by  
fo u r  a rea s  of p ro to x y le m  a n d  f our  a rea s

b e ca m e  b i fu rc a te  a n d  b e n t  la te ra l ly  u p ­
w a rd s  in to  eight s t r a n d s  lo c a ted  a t  o p p o ­
site la te ra l  edges of th e  f o u r  m e tax y le m  
s t r a n d s  (Fig. 1 E ).  At th is  level fo u r  
v a sc u la r  b u n d le s  w ere  p r e s e n t  b u t  each  
h a d  tw o  p ro to x y le m  a re a s  n o t  in  an  
exac tly  e n d a rc h  position . T h r o u g h o u t  the  
t r a n s i t io n  zone, f o u r  s t r a n d s  o f  p h lo e m

B ot. N o tise r, vo l. 127, 1974
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m a in ta in e d  positions  ve r t ica l  an d  ex te rn a l  
to the  m e taxy lem . T h e  f in a l  t ra n s i t io n  in ­
volved  the  convergence  of tw o p ro to x y le m  
a rea s  a d ja c e n t  to each  m e tax y le m  a rea  
an d  the  fo rm a t io n  o f  fo u r  co l la te ra l  
bund les .  T ra n s i t io n  w as  co m p le ted  ju s t  
be low  the  peg  (Fig. 4 E ) . In te rn a l  ph loem  
w as  absen t  th ro u g h o u t  the  t r a n s i t io n  zone 
(Fig. 4 B— E ). F o u r  e n d a rc h  b u n d le s  at 
the  end  of the  t ra n s i t io n  zone a l te rn a ted  
in  pos ition  w ith  the  p ro to x y le m  po in ts  of 
th e  roo t  (Fig. 4 E ) .  T h e  leng th  of the 
t r a n s i t io n  zone w as ab o u t 1.5 m m .

T h e  co rtex  an d  the  ep id e rm is  in  the 
t ran s i t io n  zone w ere  s im i la r  to the cortex  
a n d  ep id e rm is  of the  p r im a r y  roo t.  The 
e n d o d e rm is  w as d is t inc t  b u t  th e  cells 
w ere  i r re g u la r  in  o u tl ine  as seen in  t r a n s ­
verse  section. C asp a r ia n  s tr ip s  w ere  well 
developed.

T h e  endoderm is ,  cortex , a n d  ep iderm is  
of the  tra n s i t io n  zone d is in teg ra te d  ear ly  
in  the  seedlings. T en -d a y -o ld  seedlings 
sh o w e d  a  d is in teg ra tion  of these  tissues. 
All tissues ou ts ide  the  e n d o d e rm is  w ere  
shed  befo re  the  fo rm a t io n  of the  p e r id e rm . 
T h e  endoderm is ,  because  of its well- 
developed  C asp a r ia n  s tr ips ,  a p p e a re d  
capab le  of re s tr ic ting  th e  r a d ia l  t r a n s p o r t  
of ino rgan ic  solutes a n d  p h o to sy n th e t ic  
p ro d u c ts  an d  th e re b y  possib ly  s ta rv in g  
the  tissues ex te rna l  to it. T h is  s lough ing  
exposed  the  en d o d e rm is  w h ic h  in tu r n  
w as  b ro k e n  u p  in p laces  due  to th e  in ­
crease  in d ia m e te r  of the  tissues of the  
stele. M eris tem atic  ac t ion  did n o t  seem 
to  be res tr ic ted  to a c a m b iu m  layer, b u t  
o c c u rre d  in som e cells of the  pericyc le  
a n d  in te r fa s c ic u la r  areas.  T h e  e n d o d e rm is  
w as the  o u te rm o s t  la y e r  of in tac t  cells of 
th is  zone in  a 30-day-o ld  seedling.

T H E  PEG  AND ASSO CIA TED  R EG IO N  
O F  T H E  HYPO COTYL. T h e  peg w as no t  
a n a to m ic a l ly  d isce rn ab le  in  th e  e m b ry o  
a n d  m a d e  its a p p e a ra n c e  d u r in g  g e rm in a ­
tion. It w as p ro d u c e d  b y  fo u r- to  five-fold  
rad ia l  e longation  b u t  re ta in e d  ab o u t  the  
sam e tangen tia l  d im ens ion  as the  a d ja c e n t  
Bot. Notiser, vol. 127, 1974

cortica l cells. T h e y  m e a su re d  5 X 2 0 — 2i p. 
in  t r a n sv e rse  section.

T h e  h y p o co ty l  reg ion  assoc ia ted  with 
the  peg h a d  a n  i r r e g u la r ly  an g led  central 
cavity . T h is  w as  due  to  the  sp li t t in g  of the 
p i th  reg ion  in  w h ich  on ly  the  la rge  central 
cells d is in teg ra ted .  T h e  f ou r  e n d a rc h  col­
la te ra l  b u n d le s  w^ere s u r ro u n d e d  by 
re la tive ly  h o m o g e n eo u s  p a re n c h y m a to u s  
tissue. T hese  b u n d le s  b eca m e  b ico lla tera l 
w ith  the  a p p e a ra n c e  of the  in te rn a l  phloem  
at th e  u p p e r  end  of the  peg  reg ion  (Fig. 
4 F ) .  H ere  th e  p h lo e m  co m ple te ly  enclosed 
the  c a m b iu m  a n d  th e  p r im a r y  xylem. 
D etails  of th e  o n to g en y  of the  in te rna l 
p h lo e m  w ere  no t  s tud ied , th e re fo re  it was 
no t  possib le  to d e te rm in e  w h e th e r  it 
re su lted  f ro m  a la te ra l  ex tension  of the 
o u te r  p h lo em  or  h a d  its o w n  p rocam bia l  
origin. T h e  in te rn a l  p h lo e m  w as  m uch  
less th a n  th e  ex te rna l .  T h e  cen tra l  cavity 
fo rm e d  b y  th e  d is in te g ra t io n  of the  central 
p i th  in the  lo w e r  h y p o c o ty l  w?as closed at 
the  level w h e re  the  in te rn a l  p h lo em  a p ­
p ea re d  low est dow n.

T h e  ep iderm is ,  cortex , a n d  p ith  of a 30- 
day -o ld  seedling w ere  in tac t.  N e ither  the  
e n d o d e rm is  n o r  the  pe r icy c le  cou ld  be 
recognized  in  th is  reg ion  of the h y p o ­
cotyl.

T H E  U P P E R  P A R T  O F  T H E  H Y PO ­
COTYL. T h e  p a r t  of the  h y p o co ty l  above 
the peg acco u n ted  fo r  m o re  th a n  3/5 of 
the  to ta l  leng th  of th e  h y p o c o ty l  an d  often  
a t ta in e d  a length  of 3 cm. As seen in Fig. 
4 G, th is  p a r t  of the h y p o co ty l  was s im ple  
e x te rn a l ly  b u t  its in te rn a l  s t ru c tu re ,  
p a r t i c u la r ly  the  v ascu la t io n ,  w as  re la tive ly  
com plex . T h is  f ig u re  show s three d is tinc t 
p a t te rn s  of vascu la tion .  F o u r  v a s c u la r  
b u n d le s  above  the  peg  w ere  a r ra n g e d  in 
p a i rs  an d  m a in ta in e d  the ir  size and  spa tia l  
re la t io n sh ip  h a lf  w-ay to th e  c o ty led o n a ry  
node. E a c h  b u n d le  w as  d iv ided  in to  tw o  
sm a lle r  b u t  u n e q u a l  b u n d le s  an d  the  
sp li t t ing  of each of the  fo u r  bund le s  in to  
fo u r  sm a lle r  b u n d le s  w as  n o t  s im u ltan eo u s  
so th a t  in  t ra n sv e rse  sec tion  one g ro u p  
w o u ld  a p p e a r  as tw o  o r  th ree  and  the
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o th e r  g ro u p  as th re e  o r  four.  Above the  
level w h e re  the  fo u r  b u n d le s  h a d  b ra n c h e d  
th e  h y p o c o ty l  h a d  a  to ta l  of e igh t b u n d le s  
fo r  a  v e r t ica l  d is tance  of 0.7 m m  (Fig. 
4 C). T w o  a d ja c e n t  sm a lle r  b u n d le s  a n a s ­
tom osed  a n d  fo rm ed  a n  inve rted  Y on  the 
op p o s ite  s ide of the  stele. T h is  re d u c e d  
th e  n u m b e r  of v a sc u la r  b u n d le s  to six an d  
es tab l ished  the  beg inn ing  of the second  
p a t te rn  of vascu la tion .  T h e  six b u n d le s  in 
I he second  p a t te rn  w ere  a r ra n g e d  in to  tw o 
g ro u p s  of th ree  each  (Figs. 1, 4 G) .  T h e  
tw o b und le s ,  each  f ro m  tw o of the  a n a s ­
tom osed  b u n d le s  described  above  w ere  
sm a lle r  a n d  lacked  p h lo e m  fibres. T h e  six 
v a sc u la r  b u n d le s  re ta in e d  th e ir  sp a t ia l  a n d  
size re la t io n sh ip s  up  to the  c o ty le d o n a ry  
node  w h e re  th e y  coalesced.

Origin of Secondary Roofs

T h e  o r ig in  a n d  d ev e lo p m en t  of seco n ­
d a ry  ro o ts  invo lved  the  pericyc le ,  e n d o ­
derm is ,  a n d  co rtex  of p r im a r y  roo ts .  T h e  
p r im o rd iu m  of the sec o n d a ry  roo ts  
developed  f ro m  the  pericyc le  p e rh a p s  
f ro m  in n e r  cells of the  co r tex  o f  the  
p r im a r y  roo t.  T h e  co r tex  of th e  p r im a r y  
roo t p ro v id e d  a  sm all digestive p o u c h  a n d  
the  cells im m ed ia te ly  b e h in d  the  p o u c h  
w ere  m eris tem a tic ,  b u t  d id  no t  c o n t r ib u te  
cells to the  seco n d a ry  root.

T h e  in te rn a l  s t ru c tu re  of m a tu re  secon- - 
d a ry  roo ts  w as s im ila r  to th a t  o f  the  
p r im a r y  root. T h e  n u m b e r  of xy lem  p o in ts  
w as m o re  variab le .  T h e  xylem  ran g ed  f ro m  
d ia rc h  to te ra rc h ,  th e  la t te r  be ing  the  
m o re  com m on .

Adventitious Roots

A dven ti t ious  roo ts  w ere  observed  on  all 
th re e  reg ions  of the  h y p o c o ty l  b u t  n o n e  
w ere  as s tro n g ly  developed  as  th o se  in 
th e  t r a n s i t io n  zone  of the  hyp o co ty l .  
A dven ti t ious  ro o ts  f ro m  o th e r  reg ions  of 
the  h y p o c o ty l  w ere  small.

A dven ti t ious  roo ts  c h a ra c te r is t ic a l ly  
w ere  in i t ia ted  a n d  developed  o p p o s ite  each

xy lem  p o in t  low  in the  t ra n s i t io n  zone of 
the  h y p o c o ty l  a n d  each  w as u lt im a te ly  
co n n ec ted  w ith  the  xylem  of the  h y p o ­
cotyl. T h e  fo u r  ad v en ti t io u s  roo ts  w ere  
in i t ia ted  a t  a p p ro x im a te ly  the sam e level 
a n d  w ere  visible in  th e  sam e  tran sv erse  
section  (Fig. 3 B ) . T h e i r  d ev e lo p m en t an d  
s t ru c tu re  w ere  s im ila r  to those  of seco n ­
d a ry  roots . A dven ti t ious  ro o ts  in  the  u p p e r  
p a r t  of the  h y p o c o ty l  a ro se  f ro m  the  
in te r fa sc ic u la r  p a re n c h y m a .  E ac h  was 
connec ted  to one of the  v a scu la r  b u n d le s  
of the  hypoco ty l.

Cotyledons

F r o m  th e  c o ty le d o n a ry  p la te  tw o v a s ­
c u la r  s t ra n d s  d ive rged  to w a rd s  each  c o ty ­
ledon a n d  c o r re sp o n d e d  in pos ition  to the  
fo u r  v a sc u la r  b u n d le s  of th e  lo w er  h y p o ­
coty l (Fig. 4 H ) .  E ac h  s t r a n d  w as d iv ided  
a t th e  base  of the  co ty led o n a ry  petio le  
so th a t  the  p ro x im a l  end  of the  petio le  
h a d  fo u r  v a sc u la r  s t ra n d s  (Fig. 4 H ) .  T o ­
w ard s  the  d is ta l  end  of the co ty led o n a ry  
petiole, the  tw o m e d ian  s tra n d s  a n a s ­
tom osed  a n d  c o n c u r re n t ly  th e  la te ra l  
s t ra n d s  b r a n c h e d  a n d  resu lted  in five 
v a s c u la r  s t ra n d s  a t the  d is ta l end  of the  
c o ty le d o n a ry  petiole. T h e  tw o an as to m o sed  
m e d ia n  s t ra n d s  becam e  a consp icuous  
p a r t  of the  m id r ib  of the  co ty ledon. 
A nas tom osis  w as o ften  g ra d u a l  so th a t  
in som e spec im ens  the m id r ib  co n ta in ed  
tw o p a ra l le l  s tran d s .  At the p ro x im a l  end 
of the  b lad e  of the co ty ledon  the  two m ost 
la te ra l  s t ra n d s  w ere  d ivided so th a t  seven 
s t ra n d s  co n s t i tu te d  the  m a in  v ascu la r  
system  of the  co ty ledon . T hese  m a in  veins 
w ere  in te rc o n n e c te d  b y  veinlets.

T h e  m eso p h y l l  tissue of m a tu re  co ty le ­
dons w as n o t  d isce rn ab le  as pa l isade  and  
spongy  layers ,  u n lik e  th a t  in  th e  d o rm a n t  
co ty ledons  in the  seed. Ins tead , it w as a 
loosely p a c k e d  tissue  w ith  m u c h  a i r  space. 
T h e re  a p p e a re d  to be no  in c rease  in  cell 
n u m b e r  o ver  ea r l ie r  stages as seen in  
t r a n sv e rse  section. E p id e rm a l  su rfaces  
w ere  sm ooth .

B ot. N o tise r, vol. 127, 1974
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Fig. 5. Coccinia abyssinica.  — A: Diagram of 
transverse section of stem showing spatial 
and size relationship of tissues at the tenth 
internode from first expanded leaf in Ihe 
shoot apex. — c: cortex (parenchyma, chloren- 
chyma). col: collenchyma. e: epidermis, exf: 
extra-xylary fibre cylinder, ip: internal
phloem, op: outer phloem, x: xylem. — B: 
Diagram of transverse section of stem show­
ing spatial and size relationship of tissues al 
the twenty-third internode from first ex­
panded leaf in the shoot apex. — fc: fascicular 
cambium, il'c: interfascicular cambium, pd: 
periderm.

The Shoot of the Seedling

T h e re  w ere  no s ign if ican t  m o rp h o lo g i ­
cal changes  f ro m  those  descr ibed  ea r l ie r  
fo r  th e  seedling  s tage excep t fo r  m o re  a 
rap id  g row th  in  the  shoo t of the  ad u l t  
p lan t.
Bot. N o tise r, vo l. 127, 1974

T H E  SITOOT A PE X . T h e  sh o o t apex 
w as  no t s tu d ie d  in  detail, b u t  th e  co rpus  
a p p e a re d  to be enc lo sed  by  a tw o-laye red  
tun ica .  T h e  a p ic a l  dom e w as sm all.  L eaf 
p r im o rd ia  w ere  in i t ia te d  h ig h  in th e  ap ica l 
dom e. T h e  g ro w th  of each  leaf  p r im o rd iu m  
over to o k  the  sh o o t apex  so th a t  the ap ex  
a n d  the  leaf p r im o r d iu m  a p p e a re d  nea r ly  
equal.

In  a y o u n g  seed ling  th e re  w ere  six pro-  
cam b ia l  s t r a n d s  a r r a n g e d  in  tw o  g roups  
of th ree  each  above  th e  co ty led o n ary  p la te  
(Fig. 4 H ) .  T h e  c e n t ra l  s t r a n d  in each 
g ro u p  d iv ided  tw ice  resu lt ing  in  a to ta l  
of six p ro c a m b ia l  s t ra n d s  (Fig. 4 H, I). 
A s im ila r  n u m b e r  of m o re  i r re g u la r ly  
d isposed  p ro c a m b ia l  s t ra n d s  w as observed  
in  the  y o ung  in te rn o d e s  of the  a d u l t  p la n t .

PR IM A R Y  T IS S U E S  O F T H E  IN T E R ­
NODES. T h e  fo llow ing  d esc r ip t io n  of the  
p r im a ry  tissues  is la rge ly  based  on the  
te n th  an d  tw e n ty - th i rd  in te rn o d e s  f r o m  
the  f irs t  e x p a n d e d  leaf  in  the  shoot a p e x  
in  m a tu re  p la n ts .  F ig u re  5 show s the lo c a ­
tion  a n d  size re la t io n s h ip  of th e  p r im a ry  
tissues a t these  in te rn o d es .

T h e  ep id e rm is  w as  un ise r ia te ,  m o re  o r  
less u n ifo rm  in  t ra n s v e rs e  sec tion  (Fig. 6) 
a n d  co m p o sed  of ver t ica l ly  elongated  cells. 
T h e  ep id e rm is  h a d  m u l t ic e l lu la r  t r ich o m es  
a n d  s tom a ta .  T h e  g u a rd  cells h a d  m a n y  
ch lo rop las ts .

T h e  cortex  w as co m p o sed  of the  fo l lo w ­
ing zones: (1) c o l le n c h y m a  in te r ru p te d
b y  c h lo re n c h y m a ;  (2) s ta rc h y  p a re n c h y m a ;  
(3) cy linder  of f ib re  cells; a n d  (4) p a r e n ­
c h y m a  tissue. T h e  c o l le n c h y m a  zone w as 
d isco n t in u o u s ,  f i r s t  fo rm e d  at the  r id g e s  
a n d  six to seven la y e rs  th ick . This z o n e  
becam e c o n t in u o u s  w ith  age a n d  en la rg ed  
p a r t i c u la r ly  b e n e a th  th e  ribs . Zone two 
of s ta rc h y  p a r e n c h y m a  consis ted  of one 
to th ree  layers. Zone th ree ,  a cylinde:r of 
f ibres, w as  u n i fo rm ly  th ick  and  ne:arly  
co n t in u o u s  in  y o u n g  stem s, b u t  b e c a m e  
d isco n t in u o u s  in o ld e r  s tem s and  lo c a te d  
as caps opposite  v a s c u la r  bund les .  I t  w as 
w eak ly  deve loped  in  th e  f i r s t  in term ode 
f ro m  the  c o ty le d o n a ry  n o d e  (Fig. (6B ).
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Fig. 6. Coccinia abyssinica.  — A: Transverse section of part  of a stem of an 83-day-old 
plant at the third internode from the cotyledonary node showing a vascular bundle and 
other adjacent tissues. — col: collenchyma. e: epidermis, exf: extra-xylary fibres, p: 
parenchyma, vb: vascular bundle. — B: Transverse section of part of a stem of a 70-day- 
old plant at the second internode from the cotyledonary node showing initiation of 
secondary tissues. — fc: fascicular cambium, ifc: interfascicular cambium. —- A—B X 350.

F ib re s  co n s ti tu t in g  the  c y l in d e r  w ere  
w e a k ly  developed  a n d  h a d  w ide  lu m in a  
a n d  u n ifo rm ly  th ick  w alls  in  t r a n s v e r s e  
section. Som e re ta in e d  th e i r  p ro to p la s m  
a n d  som e did  no t  hav e  s lop ing  end-w alls .  
Zone fo u r  consis ted  of th in -w a l le d  p a r e n ­
ch y m a  con tiguous  w i th  the  p h lo e m  and  
w ith  th e  in te r fa sc ic u la r  a rea s  (Fig. 6). 
T h is  w as  the  in n e rm o s t  zone  of the  
cortex .

T h e  p ith  co llapsed  in the  c e n tre  of the  
stem . T h e  ten p ro m in e n t  v a s c u la r  b u n d le s  
a p p e a re d  to be in  tw o series. T h e  o u te r  
five v a sc u la r  b u n d le s  w ere  sm a l le r  a n d  
o c c u rre d  opposite  the  r ibs  w h ile  the in n e r  
five v a sc u la r  b u n d le s  w ere  loca ted  o p p o ­
site the  fu rrow s .  T h e  f i r s t  a n d  second  
in te rn o d e s  f ro m  the  c o ty le d o n a ry  p la te  
h a d  e igh t o r  few er  v a s c u la r  b u n d le s  
i r re g u la r ly  d isposed  in one  ring . M ost 
v a sc u la r  bund le s  w ere  b ico lla te ra l ,  b u t  
som etim es  one o r  tw o  of the  in n e r  g ro u p

w ere  co lla te ra l .  O ne of the  five in n e r  
b u n d le s  w as dec ided ly  sm a lle r  th a n  the 
o th e rs .

D ISCUSSIO N...................................................

A lth o u g h  a n c h o té  seedlings a re  s im ila r  
in m o s t  fea tu re s  to th o se  of Cucurb i ta  
(R u t l e d g e  1930; W h it t n g  1938), they  
d i f fe r  in the  ea r ly  th ic k e n in g  a n d  h a ir in e s s  
of th e  h y p o co ty l .  T h e  s t ru c tu re  of the 
ap ica l  m e r is te m  of the  p r im a r y  ro o t  agrees 
w ith  th a t  r e p o r te d  b y  J a n c z e w s k i  ( W h i t ­
i n g  1938), w ho  o bserved  a  c o m m o n  g ro u p  
of in i t ia ls  f ro m  w h ic h  all p r im a r y  roo t 
tissues  arose.

T h e  t r a n s i t io n  f ro m  the e x a rc h  xy lem  
of th e  ro o t  to the  e n d a rc h  a r r a n g e m e n t  
of the  shoo t is n o t  un ique .  It tak es  p lace 
b y  changes  in  the  p o s it io n  of th e  p r o to ­
xy lem  a n d  m e ta x y le m  an d  by  th e  d i f fe r ­
e n t ia t io n  of a  c e n t ra l  m ass  of p a re n -
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ch v m a .  F o u r  co l la te ra l  b u n d le s  above  the 
t r a n s i t io n  zone a l te rn a te  w ith  the  xylem  
p o in ts  of the p r im a r y  roo t u n l ik e  the  
c o n d i t io n  fo u n d  in  C ucurb i ta  (R u t l e d g e  
1938) in  w h ich  a d o u b lin g  of the n u m b e r  
of b u n d le s  occurs . T ra n s i t io n  in  an c h o té  
is s im ila r  to th a t  in Citru llus  ( H u f f o r d  
1938). T h e  t r a n s i t io n  zone is u n u s u a l  in 
th a t  h e re  fo u r  a d v en t i t io u s  roo ts  a re  p r o ­
duced . T hese  ad v e n t i t io u s  roo ts  develop 
e a r ly  a n d  com plica te  the  s t ru c tu re  of the  
t r a n s i t io n  zone.

T h e  r u p tu r e d  c e n t r a l  p o r t io n  of the  
p i th  in  the  peg reg io n  is l im ited  to the  
la rg e r  cen tra l  cells. T h is  cav ity  is in te r ­
p re te d  as th e  re su lt  of th e  s tress  due  to 
in c re a se  in  d ia m e te r  in  th e  peg a n d  the 
u n b e n d in g  of the  h y p o c o ty l  cu rv a tu re .  
S tress  due  to the  re o r ie n ta t io n  of the  
v a s c u la r  s t ra n d s  can  n o t  be ru led  out.

T h e  in te rn a l  p h lo e m  s tra n d s  a p p e a r  firs t  
ju s t  above th e  peg, a n d  a p p e a r  to end 
b l in d ly  here. T h e  in te rn a l  a n d  ex te rn a l  
p h lo e m  a re  connec ted  a n d  encirc le  the 
p r im a r y  xy lem  in  each  b u n d le  above  the  
peg fo r  a very  s h o r t  d is tance. B eyond  th is  
level the  h y p o c o ty l  h as  b ic o l la te ra l  b u n d le s  
a n d  the  in te rn a l  p h lo e m  s tra n d s  re m a in  
w ith  the  h y p o c o ty la r  s t ra n d s  as th ey  
d iverge  in to  the co ty ledons . A s im ila r  
a r r a n g e m e n t  of v a s c u la r  tissues  is seen in 
Citrullus  (H u f f o r d  1938) a n d  in several 
o th e r  g enera  ( F u k u d a  1967).

U n like  Citrullus,  in  w h ic h  f o u r  bund le s  
in c re a se  to six b y  th e  d iv is ion  of bund le s  
a t the  ends of the  oval ( H u f f o r d  1938), 
in a n c h o té  all fo u r  b u n d le s  d iv ide above 
the  peg region. T h e  h y p o c o ty l  of an ch o té  
th u s  h a s  eight s t r a n d s  fo r  a s h o r t  d is tance  
in th e  u p p e r  h a l f  u n t i l  the  a d ja c e n t  
d a u g h te r  s t r a n d s  u n i te  a n d  red u ce  the 
n u m b e r  of s t ra n d s  to six.

D e s h p a n d e  a n d  Iv a s a t  (1966) re p o r te d  
th a t  six b u n d le s  in  the  u p p e r  h y p o c o ty l  in  
Coccinia  re so lved  in to  ten, of w h ich  fo u r  
e n te r  the  co ty ledons . In  ancho té ,  six 
b u n d le s  coalesce a t  th e  c o ty le d o n a ry  node 
w h e re  th e  o r ig in a l  fo u r  h y p o c o ty la r  
b u n d le s  o r  th e i r  p o s it io n a l  equ iva len ts  
each  b ra n c h  a n d  d iverge  in to  th e  co ty le­
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dons. C o n cu rren t ly ,  th e  cen tra l  b u n d le  in  
each  b u n d le  g ro u p  of th re e  de r iv ed  f ro m  
the  u n io n  of the d a u g h te r  b u n d le s  d iv ide  
twice, re su l t in g  in  six e p ic o ty la r  b u n d le s  
a r r a n g e d  in tw o  g ro u p s  of th re e  each  in  
the  in te rc o ty le d o n a ry  p lane . T h is  a r r a n g e ­
m e n t  is no t  in  a g ree m en t  w i th  H u f f o r d ’s 
(1938) o b se rv a t io n  o n  Citrullus  in  w h ic h  
all of th e  h y p o c o ty la r  b u n d le s  t e rm in a te d  
in the  co ty ledons.

D a n g e a r d  (1889) d esc r ibed  the  r e la ­
t io n sh ip  of fo l ia r  a n d  h y p o c o ty la r  b u n d le s  
in  the  fa m ily  and  s ta ted  th a t  the  h y p o -  
c o ty le d o n a ry  axis w as  m o d if ied  la te r  by  
the  d escen t of fo l ia r  traces .  In  a n c h o té ,  
all b u n d le s  of the  h y p o c o ty l  of a m a tu r e  
seedling a re  a l re a d y  e s tab l ish ed  as p r o ­
cam b ia l  s t r a n d s  in th e  d o rm a n t  e m b ry o  
p r io r  to g e rm in a t io n  a n d  long  b e fo re  the  
in i t ia t io n  of th e  leaves. T h e i r  n u m b e r  a n d  
a r r a n g e m e n t  as w ell as the  genera l o u t ­
line of the  h y p o c o ty l  does n o t  a l te r  d u r in g  
su b se q u e n t  stages of g row th .

T h e  f irs t  tw o  leaves of the  y o u n g  shioot 
of the  seedling  ea c h  h av e  th re e  t r a c e s  
w h ich  a re  co n n ec ted  w ith  the  six b u n d le s  
of the  in te rn o d es  above  th e  co ty led o n s .  
T h is  agrees  w ith  w h a t  w as  r e p o r te d  fo r  
Citrul lus  hy  W h i t i n g  (1938). T h e  i n t e r ­
nodes  be low  the  f irs t  tw o  leaves a re  i n ­
va r ia b ly  s h o r t  w h ile  th o se  above  a re  
lo n g e r  a n d  g en era lly  h av e  less th a n  ten  
v ascu la r  b und le s .  S im ilarly ,  the  y o u n g  
in te rn o d es  of the  s tem  n e a r  the  apex  slhow 
eight o r  fe w e r  p ro c a m b ia l  s t ra n d s  t h a t  
a re  v a r ia b le  in  size as seen in t r a n s v e r s e  
section. T h is  agrees  w ith  Z i m m e r m a t n n ’s 
obse rva tions  (1922) on  Coccinia engileri.

Y oung a n d  m a tu re  in te rn o d e s  of anclhoté  
c o n ta in  b ic o l la te ra l  v a sc u la r  buntdles 
w h ic h  v a ry  in size s im i la r  to th a t  iillu- 
s t ra ted  b y  Z i m m e r m a n n  (1922) fo r  Cwcci-  
nia  engleri.  T h e  i r r e g u la r  a r ra n g e m e m t of 
bund le s  in th e  in te rn o d e s  of the  y o u n g  
stem  m a y  be the re su l t  of d isp lacennen t 
caused  by  leaf  a n d  b r a n c h  traces. The; ten  
v ascu la r  b u n d le s  in  m a tu r e  in ternodes; a re  
in te rp re te d  as  fo rm in g  o n ly  one  ring. T h e  
te n d en cy  fo r  b u n d le s  to a p p e a r  in  tw o 
r ings is re s tr ic te d  to  the  a n g u la r  y o u n g



COCCINIA ABYSSINICA 223

stages. T h e  o b se rv a tio n  of s inuous  c a m ­
b ium  in  m a tu re  s tem s  fu r th e r  re in fo rc es  
the  con c lu s io n  th a t  th e  v ascu la r  b u n d le s  
in the  in te rn o d es  of a n c h o té  a re  in  one 
cy linder.  T h is  in te rp r e ta t io n  is in  a g re e ­
m e n t  w ith  P o t t e r ’s  ( H o l r o y d  1924) 
ea r l ie r  f ind ings  on Cephcilendra  (Coccin ia ) 
an d  H o l r o y d ’s  (1924) on  L u j fa ,  a n d  d is ­
agrees w i th  the g e n e ra l ly  accep ted  h y p o ­
thesis  th a t  the  fa m ily  is ch a ra c te r ized  
by  two c o n ce n tr ic  r in g s  of b ic o lla te ra l  
bund les .
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Some methods of handling and interpreting data on variation in non-identified 
leaf compounds separated by TLC were tested in a methodological stud}’. Senecio 
viscosus, Melandrium rubrum, Hieracium vulgatum, Gagea lutea, Cardamine 
bulbifera, Ranunculus ficaria, Viola mirabilis, Luzula pilosa, T hym us  serpyllum,  
Valeriana dioica, Circaea lutetiana, C. alpina and C. intermedia  were chosen to 
represent different habits and modes of reproduction. The plants were coded, 
randomized and grown under uniform  conditions. Variation in spot patterns was 
estimated by a modified hierarchical analysis of variance within extracts, be­
tween plants, between populations and, in Circaea, between taxa. An additional 
experiment with repeated sampling was performed in Hieracium vulgatum.  
Phenogram s were constructed from cluster analyses. Only characters that did 
not vary within plants were considered reliable as a base for classification of 
spot phenotypes. Variation in these characters revealed genotypic variation in 
most taxa. Population structures were considered in relation to habit and repro­
duction. Some methods used in numerical chemotaxonomy were discussed.
Gunnar Weimarck,  Department of Plant Taxonomy,  University of Lund,  Ö. Vall- 
gatan 18—20, S-223 61 Lund, Sweden.

IN T R O D U C T IO N

T a x o n o m is ts  s tu d y  genetic  v a r ia t io n  a t 
d if fe re n t  levels, viz. b e tw ee n  species o r  
ta x a  of h ig h e r  o rders ,  b e tw ee n  p o p u la ­
tions  w i th in  one  a n d  the  sam e  ta x o n  and  
b e tw ee n  in d iv id u a ls  w i th in  one a n d  th e  
sam e p o p u la t io n .  T h e  h e re d i ta ry  v a r ia t io n  
is m o re  o r  less o b scu red  by  n o n -h e re d i ta ry  
v a r ia t io n  (m od ifica t ion ) an d  b y  e x p e r i ­
m e n ta l  e r ro r .

I t  has  long  been  th e  p ra c t ic e  of ta x o ­
n o m is ts  to d r a w  conc lu s ions  co n ce rn in g  
gen o ty p ic  v a r ia t io n  f ro m  v a r ia t io n  in 
m o rp h o lo g ic a l  c h a ra c te rs .  D u r in g  the  last 
10— 15 y ears  the  s tu d y  of chem ica l c h a r ­
ac te rs  has  com e to p lay  a n  inc reas ing  
p a r t  a t  each of th e  ta x o n o m ic  levels m e n ­
tioned  above. I n  th e  f irs t  f lush  of o p tim ism  
e ffo r ts  w ere  m a d e  to a p p ly  to  chem ica l 
c h a ra c te r s  th e  ty p e  of n u m e r ic a l  ana lysis  
Bot. Notiser, vol. 127, 1974

ea r l ie r  used fo r  m o rp h o lo g ica l  c h a ra c te r s  
by  “n u m e r ic a l  ta x o n o m is ts ” . T h e  v a lue  of 
th is  “n u m e r ic a l  c h e m o ta x o n o m y ” , based  
m a in ly  on n o n - id en t if ie d  co m p o u n d s ,  w as 
so o n  p u t  to q u es tio n  as giving no  b e t te r  
re su l ts  th a n  n u m e r ic a l  ta x o n o m y  based  
u p o n  a n y  o th e r  ty p e  of ch a ra c te r .  Som e 
p o in ts  of v iew  have , fo r  exam ple ,  been  
fo rw a rd e d  by R u n e m a r k  (1968) a n d  W e i ­
m a r c k  (1972). Som e possib le  so u rces  of 
e r ro r s  have  been  an a ly sed  by  W e i m a r c k  
(1970) a n d  A d a m s  (1972).

T h e  p re s e n t  p a p e r  is co n ce rn ed  w ith  a 
m e thodo log ica l  s tu d y  in ten d ed  to e lu c id a te  
som e of the  possib ili ties  and  sh o r t-co m in g s  
in the use of n o n - id en t if ied  ch em ica l  c o m ­
p o u n d s  as c h a ra c te r s  fo r  a n  an a ly s is  of 
g en o ty p ic  v a r ia t io n  in  h ig h e r  p la n ts .  Som e 
conce ivab le  m e th o d s  of h a n d l in g  and  
in te rp re t in g  the  re su lts  have  been  tr ied  
a n d  will b e  d iscussed  here. T h e  s tu d y



POPULATION STRUCTURES 225

d ea ls  w ith  v a r ia t io n  be tw een  p o p u la t io n s  
a n d  b e tw e e n  ind iv idua ls .  K now ledge  of 
th e  p o p u la t io n  s t ru c tu re s  of a p la n t  g ro u p  
is o f te n  of essen tia l in te res t ,  p a r t i c u la r ly  
if th e  g ro u p  is “ c r i t ic a l” fo r  one reaso n  
o r  a n o th e r .  T h e  b a la n c e  betw een a m p h i ­
m ix is  a n d  apom ix is ,  a l logam y  a n d  a u to ­
gam y , an d  the  p re sen ce  o r  ab sen ce  of 
h y b r id iz a t io n  a re  som e of th e  fac to rs  
re f le c ted  in  p o p u la t io n  s t ru c tu re .  It is 
o f te n  d if f icu lt  o r  im poss ib le  to c la r ify  
p o p u la t io n  s t r u c tu re  f ro m  a s tu d y  of the 
v a r ia t io n  d isp la y ed  in  m o rp h o lo g ic a l  c h a r ­
ac te rs .  T h e  c h ro m a to g ra p h ic  te ch n iq u e  
h a s  p ro v e d  to be of va lue  in su ch  cases 
( W e i m a r c k  1970, 1972).

MATERIAL

Ten taxa were selected to represent dif­
ferent habits and modes of reproduction. An 
additional three taxa forming a hybrid 
complex were partly accounted for by W e i ­
m a rc k  (1974). The taxa are listed below and a 
list of localities appears in the Appendix.
Senecio viscosus L. (Asteraceae)
Melandrium rubrum  ( W e i g .) Ga r c k e  (Caryo- 

phyllaceae)
Hieracium vulgatum  (F r .) A l m q u . s . str.

(Asteraceae)
Gagea lutea (L.) Ker-G. (Liliaceae)
Cardamine bulbifera (L.) Cr. (Brassicaceae) 
Ranunculus ficaria L. (Ranunculaceae)
Viola mirabilis L. (Violaceae)
Luzula pilosa (L.) W i l l d . (Juncaceae)
T h y m u s  serpyllum  L. (Lamiaceae)
Valeriana dioica L. (Valerianaceae) - 
Circaea lutetiana L. (Onagraceae)
Circaea alpina L. (Onagraceae)
Circaea intermedia E h r h . ( O n a g r a c e a e )

For each taxon five collections were
studied. Collection sites were chosen so as 
to be fairly well spaced within Skåne,
southernm ost Sweden.

As regards Senecio and Melandrium,  
achenes and seeds were sampled from mother 
plants taken from the whole area occupied 
by the population concerned. The diaspores 
of each m other plant were sown in separate 
pots in the Botanical Gardens, Lund, and one 
seedling per pot was allowed to grow up. 
Whole plants of the other taxa were taken
from  the entire area occupied by the popu­
lation and transplanted to pots in the Gardens. 
In all cases not less than 10, usually about 
15 plants per collection, were cultivated. 
Voucher specimens collected in the field are

deposited at the Botanical Museum, Lund 
(LD).

After wintering in the Gardens, the plants 
were coded and randomized within each 
taxon. Non-random effects of possible varying 
environmental factors due to the position of 
a given collection or part of a collection in 
the frame were considered to have been 
mainly ruled out at the time of sampling.

Leaves were sampled when the plants of 
the taxon concerned were at flowering and 
early fruiting stage. The only exception was 
Melandrium,  of which first-year rosette 
leaves were sampled. All plants of the same 
taxon were sampled within approximately 
two hours. The samples were rapidly dried 
between paper at a temperature not exceeding 
40°C with the aid of a simplified heating fan 
device according to W i d d e r  (1970). The 
samples were then stored in the dark until 
extraction.

CHROMATOGRAPHIC METHOD

Samples for extraction were taken from 
10 plants from each collection. Plants grown 
at the very edge of the frame were avoided 
as far as possible due to the possible risk of 
modification. Extraction was made in 0.5 or
1.0 ml of a mixture of methanol and 1-M 
hydrochloric acid (100:1 v/v). The am ount 
of dry tissue used varied between taxa (25— 
100 mg) but was constant for all plants of 
the same taxon. The tissue was finely cut 
and left for extraction for at least 24 hours.

Separation was carried out two-dimen- 
sionally on glass plates 2 0 x 2 0  cm pre-coated 
with an  Avicel cellulose layer (Merck 5716). 
The starting-point was in one of the corners 
of the plate, 3 cm from cacti edge.. The 
running length was restricted in both direc­
tions to 15 cm by means of two grooves in 
the layer. The am ount of extract applied 
varied between 10 and 20 pi according to 
the taxon so that the chromatograms would 
give approximately the same intensity of 
spot patterns, subjectively estimated, and as 
few spots as possible with an intensity near 
the threshold of perception. The am ount was 
constant for each taxon. Two plates were 
processed from each extract. Identification 
of the plates was based on the code numbers 
only.

The “multiple sandwich cham ber” technique 
described by W e im a r c k  (1970) was used 
except tha t instead of using a frame padded 
with foam plastic the stack was sealed on 
three sides with broad pa in ter’s tape. Up to 
24 plates could be processed simultaneously 
in each stack. Duplicate plates were always 
placed in different stacks.
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Separation was made first in 200 ml 
distilled water: 4 ml formic acid, then in 
100 ml iso-am ylalcohol: 60 ml glacial acetic 
acid: 50 ml distilled water.

The plates were examined in UV light 
(Fluotest, 360 nm) after dipping them in 0.1 
°/o diphenylboric acid ethanolamine complex 
(Koch-Light 2287 h) in propanol. Each spot 
was characterized by Rf (the distance a spot 
had moved on the plate relative to the solvent 
front) in two directions and by colour in UV 
light. No compound was identified chemically. 
Spot intensity was expressed roughly as 
“faintly visible” or “clearly visible”.

The two plates from each extract were 
examined separately. This in combination 
with code numbering excluded the risk of 
subjective influence. Not until after all plates 
had been examined were the results decoded. 
The random ization had been maintained up 
to this point. The spots were num bered at a 
later stage. The numbering in each taxon 
was independent of that in other taxa with 
the exception of Circaea, where the spots of 
all three taxa were num bered collectively.

HANDLING OF DATA

Analysis of Variance of Variation 
in Patterns

A m od if ied  ana ly s is  of v a r ia n c e  of a 
h ie ra rc h ic a l  ty p e  w as m a d e  to c la r i fy  the  
a m o u n t  of in fo rm a t io n  rece ived  f ro m  the  
to ta l  n u m b e r  of spo ts  in re la t io n  to the 
inev itab le  e ffects  of v a r ia t io n  due  to ex­
p e r im e n ta l  e r ro r ,  in c o n s is ten t  e s t im a tio n  
of sp o t  in tens ity ,  etc. T h e  in ten s ity  scale 
“n o t  v is ib le” , “fa in t ly  v is ib le” a n d  “ clearly  
v is ib le” w as ex p ressed  as 0, 2 a n d  3. T h e  
m e ri ts  of th is  scale  h av e  been  d iscussed  
by W e i m a r c k  (1 9 7 0  p. 255). T h e  se p a ra te  
c o n t r ib u t io n s  to the  to ta l  v a r ia t io n  of d i f ­
fe rences  be tw een  p la tes  of the  sam e  p lan t,  
b e tw een  p la n ts  of the  sam e collection , 
b e tw een  co llec t ions  of the  sam e taxon , 
a n d  (in Circaea  only) b e tw een  tax a  w ere  
ca lcu la ted .

I f  a collec tion  is d es igna ted  i, p la n t  j, 
p la te  k ,  sp o t  I a n d  spo t in ten s i ty  X  the  
v a r ia t io n  b e tw ee n  the  tw o  p la te s  of the 
sam e  p la n t  w as  m e a su re d  b y  Q3, w h e re

Q 3 = ^ | ( V i i i ( / ) - W ?-2(/))2.
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T h e  v a r ia n c e  b e tw een  p la tes  fo r  a  taxon 
as a w ho le ,  032, w as  e s t im a ted  by the 
m ean , Q3, of all 50 Q3’s ob ta ined .

T h e  v a r ia t io n  be tw een  p la n ts  w ithin a 
co llec tion  w as  m e a su re d  by  Q2, w h e re

Q2= t |-^-(Viji(/) +Xij2[l)) — — .k X m I) j 2.

T h e  q u a n t i t ie s  Q2 in c lude  v a r ia t io n  arising 
b o th  f ro m  re a l  d iffe rences  b e tw e e n  plan ts  
a n d  f ro m  e x p e r im e n ta l  e r ro r .  L e t  a22 be 
th e  v a r ia n c e  b e tw een  p la n ts  w i th in  collec­
tion  fo r  a ta x o n  as a w hole .  T h e n  a22 does 
n o t  in c lu d e  e x p e r im e n ta l  e r ro r ,  a n d  to get 
a n  es tim ate  o f  a22 i t  is n e c e ssa ry  to sub­
t r a c t  f ro m  Q2 the  e r r o r  due  to  a 32. T h u s

! ( ) _  1 _
a22 w as  e s t im a ted  b y — Q2 Q3, w here

10 1 9 2
th e  fac to rs  —  a n d  — w ere  c h o sen  to m ake  

9 2
the  es tim ate  u n b ia se d  a n d  Q2 is the  m ean  
of the  50 Q2’s ob ta ined .

V ar ia t io n  b e tw ee n  co llections  w as m e a ­
su red  b y  Qj, w h e re

T h e  v a r ia n c e  be tw een  co llec t ions  fo r  a
5 ~

w ho le  ta x o n  w as e s t im a ted  b y  0 i2 =  —Q>
1 _  5 1 4

— — Q.?, w h e re  the  fac to rs  — a n d  — com- 
9 - 4 9

pe n sa te  fo r  p la n t  v a r ia t io n  a n d  v a r ia t io n  
d u e  to e x p e r im e n ta l  e r ro r ,  m a k in g  the  
es t im a te  un b ia sed ,  an d  Qt is the  m ean  of 
th e  5 Ch’s ob ta ined .

In Circaea  the th re e  d if fe re n t  ta x a  w ere  
co m p a re d ,  m a k in g  it n ece ssa ry  to  in t r o ­
duce  a new  index  h,  d es igna t ing  the  taxon .

V ar ia t io n  be tw een  ta x a  w as  m e a su re d  
b y  Q0, w h e re

« • - r n

T h e  v a r ia n c e  be tw een  ta x a  w as  es t im a ted  
3 _  1 —

b y  a02= - Q 0- - Q i -  I n  th is  u n b ia se d  es t i­

m a te  v a r ia t io n  w ith in  th e  ta x a  is c o m ­
p e n sa te d  fo r .  Q0 is the  m e a n  of th e  3 
Q0’s observed .
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T h e  s ta n d a r d  e r r o r  of the es t im a ted  
O32 w as  ca lcu la ted  f ro m  the  fo rm u la

So
S.E.g =  - r= = , s3 b e ing  the  s ta n d a rd  devia- 

1/50
tio n  of th e  50 Qg’s.

T h e  s ta n d a r d  e r r o r  of the  es t im a ted  
<J22 w as  c a lc u la te d  f ro m  the  fo rm u la

“ • - i / f f i W
s2 be ing  the  s ta n d a rd  dev ia tion  of the 
m e a n  of th e  Q2’s fo r  th e  5 collections.

T h e  s ta n d a rd  e r ro r s  of the  es t im a ted  
cq2 a n d  cr02 w ere  n o t  ca lcu la ted .

T h e  q u a n t i ty  cr32 can  be r e g a rd e d  as a 
m e a su re  of h o w  w ell the  T L C  m e th o d  
e s t im a tes  zero, s ince it re p re s e n ts  th e  ex ­
p e r im e n ta l  e r ro r  a f te r  the  e x tra c t io n  
p ro c e d u re .  I f  it is p re su m e d  th a t  the re  
w ere  n o  d iffe rences  be tw een  p la n ts  of a 
collection, th e  v a r ia t io n  fo u n d  w ill be due 
to e x p e r im e n ta l  e r r o r  only, a n d  022 w o u ld  
eq u a l  zero. W h e th e r  o r  n o t  a22 w as  s ign if i­
can t ly  d if fe re n t  f ro m  zero  w as checked  
by a t- test g iven by

T h e  t-test is va lid  due  to the  fac t th a t  the 
Q2 a n d  Q3 va lues  w ere  o b ta in ed  b y  add ing  
a la rge  n u m b e r  of m e a s u re m e n t s ,a n d  th u s  
h av e  an  a p p ro x im a te ly  n o rm a l  d is t r ib u ­

tion, a n d  f u r th e r  to the  fac t th a t  th e  Q2 
an d  Q3 va lues  a re  n o n -co r re la ted ,  r e g a r d ­
less of w h e th e r  the  spo ts  w ere  d e p e n d e n t  
on  each  o th e r  o r  not.

T h e  n u m b e r  of degrees  of f re e d o m  w as 
c hosen  as 4, w h ic h  m a k e s  the  te s t  so m e­
w h a t  conservative .

Cluster Analysis of Patterns

A ffinities b e tw een  c h ro m a to g ra p h ic  p a t ­
te rn s  w ere  i l lu s tra te d  by  a series  of 
c lu s te r  ana lyses  execu ted  b y  m e a n s  of a 
c en tro id  c lu s te r ing  p ro g ra m m e ,  B M D P 2 
M, f ro m  the  U n ivers ity  of C a l ifo rn ia  in  
L os Angeles.

T h e  m e a n  va lues  of th e  tw o p la te s  from  
each  p la n t  w ere  used. Spot in te n s i ty  w as 
w eigh ted  in  the  sam e  w ay  as fo r  the  
ana ly s is  of var iance .  C luster ana ly se s  
w i th in  each  in d iv id u a l  ta x o n  (som e of 
th e m  n o t  sh o w n  here) w ere  m a d e  from  
all 50 p lan ts ,  b u t  ana ly se s  invo lv ing  all 
th re e  Circaea  ta x a  s im u l tan e o u s ly  w ere  
m a d e  f ro m  20 p la n ts  o n ly  p e r  ta x o n  due 
to re s tr ic t io n s  in  the  n u m b e r  of var iab les  
accep ted  by  the  p ro g ra m m e .

T h e  c lu s te r ing  w as p e r fo rm e d  in  the 
fo llow ing  w ay  (no ta tions , see p. 226). T he 
d is tance  d  b e tw een  the  p la n t  y” in  co llec­
tion i a n d  the  p la n t  y” in  co llec t ion  i” 
w as  ca lcu la ted  fo r  each  p a i r  of p la n ts  

, am o n g  th e ,  50, p la n ts  of a  ta x o n  ,(o£ Cir­
caea,  60 p la n ts ) ,  w h e re

d = V f  (|(**Tl(0+*<T2(/)) -{ (* i”f”l(0 + *i”;”2(/)))*.

T h e  two p la n ts  fo u n d  to be s i tu a ted  at 
the  s h o r te s t  d is ta n ce  f ro m  eac h  o th e r  w ere  
l inked  u p  a t  th e  level d e te rm in e d  b y  the  
d is ta n ce  be tw een  them . (The scale  in  Figs. 
2 a n d  3 w as o b ta in e d  in th is  w ay.) T h e n  
th e  m e a n  values  of the  spo t in ten s it ie s  in 
the tw o  p la n ts  w ere  ca lcu la ted .  These  
m e a n  values  w ere  th e re a f te r  t r e a te d  as if 
th ey  co n s ti tu te d  va lues  of one  p la n t .  T he  
p ro c e d u re  w as  re p e a te d  fo r  th e  u n i ts  th u s  
ob ta in ed  u n ti l  the  w ho le  m a te r ia l  h a d  b e ­
com e l inked  u p  in  one single c luster .

A c lu s te r  an a ly s is  of in d iv id u a l  p la tes  
w as also  c a r r ie d  o u t  fo r  the  sam e 20 p la n ts  
p e r  ta x o n  of Circaea  as above.

Choice of Reliable Information

A class if ica t ion  of sp o t p h e n o ty p e s  in  
in d iv id u a l  p la n ts  w as  b ased  on th e  p re s ­
ence o r  ab sence  of spo ts  reg a rd less  of 
in tens ity .  T h e  spo ts  w ere  d iv ided  in to  
th re e  g ro u p s  of w h ich  tw o  w ere  accep ted  
fo r  f u r th e r  s tudy .
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(1) S po ts  th a t  o c c u r re d  in  all p la n ts  of 
a ta x o n  w e re  accep ted  fo r  f u r th e r  s tudy  
even in  cases  w h e re  th e  sp o t  w as  o cca ­
s iona lly  fo u n d  in  on ly  one  of the  tw o 
p la tes  of th e  sam e  p lan t .  T h e y  w ere  c o n ­
s idered  to  be of g enera l o c c u rre n c e  in the  
m a te r ia l  c o n c e rn e d  an d  th u s  did no t  c a r ry  
an y  in fo rm a t io n  on  v a r ia t io n  in  p o p u la ­
tion  s t ru c tu re .  T h e y  w ere  deno ted  invar i ­
able.

(2) S pots  th a t  o c c u rre d  in  som e b u t  not 
all of th e  p la n ts  s tud ied  in  a ta x o n  w ere  
also acc e p te d  p ro v id e d  th e re  w as  no  in ­
co n s is ten cy  a t  all b e tw een  pla tes. Such 
spots  w e re  d en o ted  consis tent .  T h e re  are  
good re a so n s  f o r  re g a rd in g  such  observed  
d iffe rences  in  con s is ten t  spo ts  as r e p re s e n t ­
ing a c tu a l  q u a l i ta t iv e  o r  q u a n t i ta t iv e  d i f ­
fe rences  b e tw e e n  ex tra c ts  (and, p ro v id ed  
the e x tra c t io n  te ch n iq u e  w as  cons is ten t 
and  m o d if ic a t io n  due  to e x te rn a l  fac to rs  
negligible, b e tw ee n  p la n ts  a l so ) .

If  f o r  exam ple ,  a given sp o t  w as  fo u n d  
in  all in  tw o  p la te s  on ly  of a taxon , the 
p ro b a b i l i ty  th a t  the  second  one  w ou ld  
o ccu r  in  the  o th e r  p la te  of the  sam e p la n t  

1
w ou ld  be — , p ro v id e d  th e  d iffe rence  be-

tw een  o b se rv a t io n s  w as  caused  b y  r a n d o m  
v a r ia t io n  a ro u n d  the  th re sh o ld  of p e rc e p ­
tion. (The n u m b e r  of p la tes  w as  100.) 
Th is  a lso  h o ld s  if  a g iven spo t is lack ing  
in  tw o  p la te s  on ly  of th e  sam e p lan t .  T h e  
p ro b a b i l i ty  of f ind ing  a t least one  such  
p a i r  in  a n y  sp o t  of a taxon  by  m e re

1 v
ch an c e  w o u ld  be 1 — (1------ )n, if  n is th e

v 99
n u m b e r  of spo ts  o c c u rr in g  (or lacking) 
in exac tly  tw o plates. If  a given spo t w as 
fo u n d  in fo u r  p la te s  of a taxon , the  p r o b ­
ab ility  th a t  th ey  w o u ld  be fo u n d  in tw o

3
p la n ts  o n ly  by m e re  c h an c e  is ----------- . T h e
1 J - 9 9 - 9 7
p ro b a b i l i ty  of f ind ing  in  one ta x o n  at
least once  in  a n y  sp o t  fo u r  p la te s  fo rm in g
tw o p a i r s  b y  m e re  ch an c e  w o u ld  be

3
1 — (1 -------------) n, if n is the  n u m b e r  of

v 9 9 - 9 7
spo ts  th a t  o c c u r re d  (or w ere  lacking) in
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exac tly  fo u r  p la te s  in  th e  ta x o n  con­
cerned . In  th e  sam e  w a y  it is p ass ib le  to 
ca lcu la te  the  p ro b a b i l i ty  of f in d in g  three, 
fo u r ,  etc. p a i rs  by chance . T h e  same 
fo rm u la e  w ere  used  fo r  b o th  observed 
a n d  lack ing  sp o t  pa irs ,  a l th o u g h  it could 
be a rg u ed  th a t  d e p a r tu r e  f ro m  ra n d o m ­
ness ex p ressed  as absence  of a  pa ir  is 
m o re  likely  to be  due  to e r ro r s  o f  ex trac­
tion  th a n  d e p a r tu r e  ex p ressed  as presence 
of a pa ir .

U sing a P o isso n  a p p ro x im a t io n  an  
a c c u m u la te d  p -v a lu e  w as  ca lcu la ted .  This 
value  is given in  T ab le  3 fo r  th e  actual 
f ind ings  in  each  taxon . T h e  d is tr ibu tion  
of co n s is ten t  spo ts  is obv ious ly  no t due 
to a n y  a p p re c ia b le  degree to  ran d o m  
e r ro r  in  observa tion .

(3) T h e  spo ts  re je c ted  w ere  th o se  tha t 
d id  no t  o c c u r  in  all p la n ts  a n d  t h a t  show ed 
in c o n s is ten t  v a r ia t io n  b e tw ee n  p la te s  of 
the  sam e  p la n t .  I t  w o u ld  obv ious ly  be 
easy  to o ver look  th e m  on a c c o u n t  of an  
in ten s ity  close to  the  th re s h o ld  o f  p e rc e p ­
tion  o r  the  d if f icu l ty  of recogn ition . Such 
a spo t could , w ith  a r a th e r  h ig h  degree  of 
p ro b ab il i ty ,  be  over lo o k ed  in  b o th  p la tes  
of a p lan t ,  th u s  giving in a d e q u a te  in fo r ­
m a tion .  Spots  of th is  ca tego ry  w ere  d e ­
no ted  incons i s ten t  in  th e  sequence .

RESULTS AND DISCUSSION

T h e  resu lts  of the  ana lyses  of v a r ian ce  
of en t ire  spo t p a t te rn s  a re  sh o w n  in T ab les  
1 an d  2 a n d  in Fig. 1. T h e  re su lts  of the 
c lu ste r  ana lyses  are  s h o w n  in Figs. 2 and 
3. T h e  re su lts  of the s tu d y  of v a r ia t io n  in 
c o n s is ten t  spo ts  w ere  used  to c h a ra c te r ize  
sp o t  p h e n o ty p e s  w i th in  the  ta x a  c o n ­
cerned . T hese  a re  su m m a r iz e d  in T ab le  1 
a n d  sh o w n  in g re a te r  de ta il  in  T ab les  3 
and  4.

Analysis of Variance

T h e  es t im a ted  v a r ia n ce  be tw een  p la tes ,  
a32, w as  h ig h e s t  in  R a n u n c u l u s  f icar ia  
b o th  in  abso lu te  te rm s  a n d  as ca lcu la ted  
p e r  spo t (Table 1). I n  th is  m a te r ia l  th e re
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Table 1. Analysis of variance of overall spot .patterns and  results from information from consistent spots. Total number of spots =  n.

Analysis of variance
C/3 

r*
cS

Plate Plant Collection «ei 'S, o ^
C4_, C/3

o ^
Taxon cr.

p-value of differ­ n
aj .S
"2 "cs ■Q O

032 =  Q3 S.E.3 032/ii Q2 022 S.E.2 ence between 022 Qi a t2 Ö ■> ~  0)
and zero ’CpU

Senecio viscosus ............... 11.07 0.73 0.23 14.86 10.97 1.71 0.001 <  p <  0.01 3.01 2.11 48 7 5
Melandrium rubrum  . . . . 13.03 1.10 -0.22 26.87 23.34 2.00 p <  0.001 3.30 1.14 60 11 5
Hieracium vulgatum . . . . 9.72 0.84 0.12 16.75 13.75 2.13 0.001 <  p <  0.01 1.78 0.36 82 3 4
Gagea lutea ........................ 11.30 0.71 0.16 29.77 27.43 1.92 p <  0.001 4.37 2.16 72 10 8
Cardamine bulbifera . . . . 12.70 0.71 '0.22 15.98 11.40 2.23 0.001 <  p <  0.01 5.71 5.37 59 23 4
Ranunculus ficaria ......... 17.90 1.18 0.30 20.16 13.45 2.16 0.001 <  p <  0.01 4.62 3.53 60 1 2
Viola mirabilis ................. 6.34 0.51 0.14 7.45 5.11 0.38 p <  0.001 2.14 1.85 45 0 1
Luzula pilosa ................... 9.99 0.59 0.16 16.26 13.08 0.98 p <  0.001 1.76 0.39 64 15 4
T hym us  serpyllum  ......... 15.59 0.96 .0.21 24.44 19.36 1.22 p <  0.001 2.22 0.06 73 4 5
Valeriana dioica ............. 7.18 0.52 0.18 8.76 6.14 0.50 p <  0.001 1.22 0.55 41 0 1
Circaea lutetiana ............. 11.83 0.96 0.22 14.25 9.92 2.01 0.001 <  p <  0.01 4.87 4.51 54 4 4
C. (dpina ............................ 13.93 1.17 -0.19 21.20 16.59 3.30 0.001 <  P <  0.01 2.09 0.26 74 2 3
C. intermedia  ................... 9.34 0.68 0.15 8.31 4.57 1.36 0.01 <  p <  0.05 1.11 0.46 62 4 4

Hieracium vulgatum  . . . . 14.98 1.05 0.18 24.43 19.66 1.83 p <  0.001 14.81 15.80 81 3 3
(additional experiment)
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w as som e  d if f icu lty  in ana ly s ing  the  
p a t te rn s  due  to a s tro n g  te n d en cy  to 
ta iling . T a i l ing  p resen ted  no p ro b lem s  in  
the  o th e r  taxa . In  these  ta x a  o32 is p ro b a b ly  
ju s t  a n  in d ic a t io n  th a t  th e  e ffo r t  to  avoid  
spots  w i th  an  in ten s i ty  close to th e  th r e s ­
h o ld  o f  p e rc e p t io n  w as  n o t  a lw ays  equa lly  
successfu l.  T h e  c o r re la t io n  be tw een  032 
a n d  th e  to ta l  n u m b e r  of spots  w as w eak ly  
positive , the co r re la t io n  be tw een  <J32/to ta l  
n u m b e r  o f  spo ts  a n d  the to ta l  n u m b e r  of 
spo ts  be ing  w eak ly  negative. It can  th u s  
h a rd ly  be a rg u ed  th a t  the  n u m b e r  of spots  
fo u n d  in  a ta x o n  su b s ta n t ia l ly  in f luences  
the  p re c is io n  of o b se rv a tio n  as reg a rd s  
each  s e p a ra te  spot.

T h e  es t im a ted  v a r ia n ce  be tw een  p la n ts  
w ith in  co llection , o22, w as h ighes t  in  Gageci 
lutea, M elandr ium  r u b ru m  and  T h y m u s  
s e rpy l lu m ,  a n d  low est in  Circaea inter ­
media ,  Viola mirab il is  and  Valeriana  
dioica.  T hese  resu lts  ob ta ined  f ro m  en t ire  
sp o t p a t te rn s  do n o t  conflic t w ith  those  
o b ta in e d  f ro m  the  ana lyses  of spo t p h e n o ­
ty p es  b ased  on  con s is ten t  spo ts  only . a22 
w as  s ta t is t ic a l ly  s ign if ican t  in  all tax a  
s tud ied .  T h e  h ig h e s t  p -va lue  was fo u n d  in  
Circaea intermedia .

T h e  in d iv id u a l  es tim ates  of v a r ia n ce  b e ­
tw een  p la n ts  w ith in  collection, Q2, are  
sh o w n  d ia g ra m m a tic a l ly  in  Fig. 1. T h ey  
c o r re s p o n d  r a th e r  closely to the E -values  
fo r  in d iv id u a l  p la n ts  re p o r te d  by  W e i -  
m å r c k  (1970). T h e  Q2 va lues  fo r  p la n ts  
w i th  a  dev ia t ing  sp o t  p h e n o ty p e  acc o rd in g  
to  co n s is ten t  spo ts  a re  in  genera l s o m e ­
w h a t  above  the  m e a n  for the  taxon  as  a 
w hole ,  bu t  m a n y  excep tions  occur. A p la n t  
c o n s is te n tly  dev ia t ing  in one o r  a few  
spo ts  does n o t  necessa r i ly  d isp lay  a n y  
gen e ra l  t r e n d  in  the  en tire  p a t te rn .  
E x t re m e ly  h igh  Q2 values as fo u n d  in  
Hieracium vu lga tum  an d  Circaea alpina

w ere  fo u n d  in single p lan ts  dev ia ting  
f ro m  all th e  res t of the  taxon  in a  g rea t 
n u m b e r  of spots. B u t Q2 ca n n o t  d is t in ­
gu ish  p la n ts  w h e n  they  a re  p h en o ty p ica l ly  
dev ia ting  in  one o r  a few  spots  only , o r  
w h e n  several p la n ts  dev ia te  in s tead  of 
single ones. In  such  cases, v a r ia t io n  in 
consis ten t spo ts  w h e re  ad e q u a te  in f o r m a ­
tio n  is likely  to be fo u n d ,  is m a sk e d  by 
v a r ia t io n  in  in c o n s is ten t  spots, m a n y  o f  
w h ich  p ro b a b ly  a f fo rd  no ad eq u a te  in ­
fo rm a t io n  a t  all a t in d iv id u a l  level (cf. 
W e i m a r c k  1972). In  Cardamine bulbi-  
fera,  fo r  exam ple , w h e re  the  tw o m o st  
f re q u e n t  spo t p h e n o ty p e s ,  1 a n d  2, a re  
rep re se n te d  in  the  m a te r ia l  by 27 an d  21 
p la n ts  respec tive ly , the  p ro p e r ty  of the  
fo rm u la  fo r  ca lcu la t in g  Q2 m a k es  the  
in d iv id u a l  Q2’s u n u sa b le  fo r  d isc r im in a t in g  
b e tw een  th e m  a n d  gives all p la n ts  m o d ­
era te  values  in  spite  of th e  d is tinc t d i f f e r ­
ences in  sp o t  p h e n o ty p e  obv iously  p re s e n t  
in  the  m a te r ia l .

M uch of th e  v a r ia n ce  es tim ated  b y  in d i­
v id u a l  Q2 va lues  in  th e  d if fe ren t  ta x a  
derives  f ro m  in c o n s is ten t  spots  a n d  th e re ­
fo re  reflects  e r ro rs  in ex trac tion . T hese  
e r ro rs  a re  p ro b a b ly  la rg e ly  re sponsib le  fo r  
th e  fac t th a t  o22 d iffe rs  s ign if ican tly  f ro m  
zero.

P la n ts  cu l t iva ted  a t th e  edges of the  
f ra m e  could  n o t  be co m ple te ly  avo ided  in  
all ta x a  due  to  sh o r tag e  o f  m a te r ia l .  N one 
of these  p la n ts  p ro v e d  to be p h en o ty p ica l ly  
dev ia ting  ju d g e d  f ro m  consis ten t spots, 
n o r  w ere  th e y  re p re se n te d  by  h ig h e r  Q2 
values  in gen era l  (Fig. 1). M odification  
due  to pos ition  in  th e  f ra m e  thus  d id  no t  
seem  to in f lu en ce  th e  resu lts .

T h e  es t im a ted  v a r ia n ce  be tw een  co llec­
tions, oq2, w as  h ig h es t  in Cardamine bulbi-  
fera,  w h ere  the  f r e q u e n c y  of spo t p h e n o ­
types  1 a n d  2 w as  very  d if fe ren t  in  the

Fig. 1. Diagrams of variation in the overall chromatographic pattern  between plants. — 
Horizontal axis: individual Q2 values. Vertical axis: number of plants. Solid squares: plants 
showing spot phenotypes differing from the one most frequent in the taxon (see Table 3). 
Dots: plants cultivated at the edge of the frame. — Unlike the Q2 values used to calculate
0 2 2 , the Q 2 ’ s  shown here were not calculated within each individual collection, but for

2 /1  1 2  \each taxon as a whole according to the form ula Q2=  — [Xijl(l) + X i j 2 ( l))--------- ... Xijk(l) 2
/ \ 2 100 i]tc I '

B ot. N o tise r, vo l. 127, 1974
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Table 2. Contributions made by different spot categories to variation found in Circaea. 
The values have been extracted from calculations of Qo- — Category 1: invariable spots. 
2: consistent spots. 3: diagnostic spots. 4: diagnostic consistent spots. 5: partly  diagnostic 
consistent spots. 6: partly invariable spots. 7: partly consistent spots. 8: inconsistent spots. 
The categories are defined in the text. — n: number of spots per category. A: contribution 
to Qo- B: Contribution to Qo, °/o of total Qo. C: Contribution to Qo per_spot in the category. 
D: Contribution to Qo, °/o of total Qo per spot in the category. — Qo =  49.62; ao2 =  73.75.

Spot
category n

Circaea lutetiana C. alpina C. intermedia

A B C D A B C D A B C D

1 ........... 7 0.38 0.66 0.05 0.09 0.27 0.44 0.04 0.06 0.15 0.51 0.02 0.07
2 6 0.02 0.03 0.00 0.00 0.09 0.15 0.02 0.03 0.04 0.12 0.01 0.02
3 ............. 9 29.82 51.50 3.31 5.72 10.78 17.44 1.20 1.94 6.44 22.09 0.72 2.45
4 ........... 4 4.12 7.12 1.03 1.78 5.07 8.20 1.27 2.05 2.56 8.80 0.64 2.20
5 ............. 2 0.60 1.04 0.30 0.52 4.62 7.48 2.31 3.74 4.00 13.73 2.00 6.87
6 . . . . . . 18 9.13 15.77 0.51 0.88 18.93 30.61 1.05 1.70 6.26 21.50 0.35 1.19
7 ........... 4 2.52 4.36 0.63 1.09 6.09 9.85 1.52 2.46 2.14 7.35 0.54 1.84
8 ........... 35 11.31 19.53 0.32 0.56 15.96 25.82 0.46 0.74 7.55 25.91 0.22 0.74
Total . . 85 57.90 100.01 61.81 99.99 29.14 100.01

d if fe re n t  collec tions. I t  w as also h ig h  in  
Circaea lu te t iana  a n d  R a n u n c u l u s  f icaria.  
o j2 w as  v e ry  low  in  T h y m u s  se r p y l lu m ,  
Circaea alpinci, H ie r a c iu m  v u lg a tu m ,  Lu-  
zu la  pilosci a n d  Circaea in termedia .  T h e  
sign if icance  of the  ax2 v a lue  cou ld  n o t  be 
te s ted  s ta tis tica lly .

T h e  0O2 v a lue  e s t im a ted  fo r  the  th re e  
Circaea  taxa  w as  ca lcu la ted  a t a v ery  h igh  
h ie ra rc h ic a l  level a n d  th u s  h as  a very  
co m p lex  basis . T h e  ca lcu la t io n s  of Q0 
w ere  chosen  fo r  a  de ta iled  ana ly s is  th a t  
e luc ida ted  the c o n t r ib u t io n s  o f  d if fe re n t  
spo ts  to  v a r ia t io n  at d i f fe re n t  levels.

In  T ab le  2, th e  spots  a re  g ro u p e d  in to  
categories  1— 8 a c c o rd in g  to m o d e  of 
v a r ia t io n .  T h e  c o n tr ib u t io n s  of (1), in ­
v a r ia b le  spo ts  (1— 7), to  th e  Q0 v a lue  w as 
of co u rse  ex tre m e ly  sm all. T h e  c o n t r ib u ­
tion  f ro m  (2), c o n s is te n t  spo ts  (18, 21—  
24, 30), w as of th e  sam e order .  T h e  c o n t r i ­
b u t io n  f ro m  (3), d iagnostic  spo ts  (8— 16, 
w h o se  p resen ce  o r  absence  d is tingu ishes  
a ta x o n  f ro m  th e  o th e r  tw o),  w h ich  w ere  
in v a r ia b le  in  each  ta x o n  w as  a b o u t  40—  
80 tim es as h igh . T h e  (4) d iagnostic ,  
cons is ten t spo ts  (17, 20, 25, 26, co n s id e red  
to ind ica te  in t ro g re s s io n  w h e n  fo u n d  in  
p la n ts  of a ta x o n  w h ich  in g en e ra l  la ck ed  
th e  sp o t co n ce rn ed  in  th e  m a te r ia l  s tud ied)
B ot. N o tise r, vol. 127, 1974

c o n t r ib u te d  to a  m in o r  ex ten t, as d id  (5), 
spo ts  27 a n d  28, w h ich  w ere  in c o n s is ten t  
in  lutet iana,  con s is ten t  in a lp ina  a n d  i n ­
v a r ia b le  in  in termedia .  T h e  spots  th a t  d is ­
p la y ed  in co n s is ten cy  in  e i th e r  one o r  tw o  
ta x a  a n d  w ere  in v a r iab le  in  the  re s t  fo rm  
a  h e te ro g en eo u s  ca tego ry  (6). T h e y  a re  
n o t  s h o w n  in  T ab le  3. M ost of th e m  a re  
very  w eak  spo ts  p ro b a b ly  of m o re  o r  less 
genera l o c c u rre n c e  in  the  m a te r ia l ,  b u t  
w h ich  h av e  e scap e d  de tec tion  in  som e  
p la n t  of one o r  tw o taxa. Som e are, h o w ­
ever, likely  to  be long  m o re  n a tu ra l ly  to 
the  d iagnost ic  ca tegory , b u t  hav e  b een  
e l im in a ted  due  to inconsis tency . T h e re  are  
a su ff ic ien t  n u m b e r  of these  to c o n t r ib u te  
su b s ta n t ia l ly  to the  Q0 value . T h e  sp o ts  
of ca tego ry  (7), viz. (19, 29, 31, 32) a re  
co n s is ten t  in  one taxon , m iss ing  o r  i n ­
con s is ten t  in th e  o thers .  T h e y  are  of v a r i ­
able  in ten s i ty  a n d  w eak  in  tax a  w h e re  
th ey  a re  inconsis ten t.  E a c h  of th e m  m a k e s  
a co n s id e ra b le  c o n t r ib u t io n  to the  Q0 va lue . 
T h e  la s t  ca tego ry  (8) is m o re  o r  less 
w h o lly  inconsis ten t .  One cou ld  h av e  ex­
pec ted  th a t  it c a n n o t  r e a s o n a b ly  y ie ld  
def in ite  in fo rm a t io n  b u t  p r e d o m in a n t ly  
p ro d u c e s  “n o ise ” . Still, th e  c o n t r ib u t io n  
to the  Q0 va lue  is considerab le .

F r o m  T ab le  2 an d  th e  above a n a ly s is
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i t  is e v id en t  th a t  less th a n  40 °/o of Q0 in  
Circaea  s tem s f ro m  d iagnost ic  spo ts  a n d  
d iag n o st ic  con s is ten t  spots, m o re  th a n  35 
Vo f ro m  spo ts  w h e re  it w as  d o u b tfu l  if 
a n y  in fo rm a t io n  cou ld  be  e x tra c ted  a n d  
a b o u t  25 %  f ro m  spo ts  w h ic h  a p p a re n t ly  
c o n ta in e d  no ana ly sab le ,  a d e q u a te  i n f o r ­
m a tio n  a t  in d iv id u a l  level. At least som e 
of the  in c o n s is ten t  spo ts  w h ich  cou ld  no t  
be used  to  d is tingu ish  in d iv id u a l  p la n ts  o r  
p o p u la t io n s  d isp layed  e n o u g h  d if fe re n t  
m e a n  v a lu es  to m a k e  it possib le  to d is t in ­
gu ish  b e tw e e n  taxa. H ow ever ,  I s tick  to 
the  o p in io n  ea r l ie r  s ta ted  ( W e i m a r c k  
1972) th a t  en tities  d is t in g u ish ab le  on  a n y  
d iag n o st ic  c h a ra c te r  w h a ts o e v e r  a re  in  
g en e ra l  bes t s e p a ra te d  w i th o u t  ca lcu la t ing  
a n y  n u m e r ic a l  index. Besides, we do n o t  
k n o w  w h e th e r  the th ir teen  d iagnostic  
spots  f o u n d  in the  Circaea  m a te r ia l  a re  
the  re su l t  of the ex istence  of the  sam e 
n u m b e r  of d iffe rences  in  b io sy n th e tic  
p a th w ay s .  I t  c a n n o t  be ta k e n  fo r  g ran te d  
th a t  th e  w eigh ting  of the  d if fe ren ce  b e ­
tw een ta x a  is p ro p o r t io n a l  to  the  n u m b e r  
a n d  in te n s i ty  of d iagnostic  spots .

T h e  an a ly s is  of v a r ia n c e  w o u ld  hav e  
been  f a r  m o re  d iff icu lt  o r  indeed  im ­
possib le  to c a r ry  ou t  if  th e  m a te r ia l  h a d  
n o t  been  ra n d o m iz e d  o r  if th e  n u m b e r  of 
p la n ts  a n d  co llections  p e r  ta x o n  h a d  no t  
been  k e p t  co n s tan t .  T h e  la t te r  is of less 
im p o r ta n c e  w h e n  h a n d l in g  co n s is ten t  spots  
only,' p ro v id e d  th e re  is su ff ic ien t  m a te r ia l  
to keep  the  effects  of c h a n c e  w ith in  
rea so n ab le  bounds .

T h e  m e th o d  used in  this s tu d y  req u ire s  
a f ixed n u m b e r  of p o p u la t io n s  a n d  p la n ts  
p e r  taxon ,  w h ich  co n s ti tu te s  a serious  
d ra w b a c k ,  as th is  is se ldom  possib le  in 
p ra c t ic a l  ta x o n o m ic  w ork .

An Additional Experiment Using 
Hieracium vulgatum

An a d d i t io n a l  e x p e r im e n t  w as  p e r fo rm e d  
using  co llec tion  4 of H ie r a c iu m  v u lg a tu m  
(Tables 1, 4). T h e  sam e ten  p la n ts  of the  
co llec tion  as w ere  u sed  in  th e  m a in  s tu d y  
(1) w ere  s tu d ied  in  a f u r th e r  f o u r  sam ples.

S am ples  w ere  ta k en :  (2) f ro m  a d if fe re n t  
leaf on the sam e shoo t as th a t  used in 
th e  m a in  s tudy , sam p led  on J u ly  24, 1972; 
(3) f ro m  a leaf of the v o u c h e r  sp ec im en  
collected  on  Ju ly  20, 1971; (4) f ro m  a 
leaf  sam p led  on  J u n e  18, 1973; a n d  (5) 
f ro m  a leaf sam p led  o n  S ep te m b e r  12, 
1973. T hese  five d if fe re n t  sam p les  f ro m  
the  sam e  co llection  w ere  trea ted  n u m e r i ­
cally  in the  sam e w a y  as the  sam p les  
f ro m  each  ta x o n  used  in  the  m a in  s tudy . 
T h e  Oj2 value, how ever ,  e s t im a ted  v a r ia ­
tion  due  to s am p lin g  f ro m  the  sam e co l­
lec tion  at d if fe re n t  times.

T h e  overall v a r ia t io n  of p a t te rn s  as 
e s t im a ted  b y  o22 w as  g rea tes t  in (3), the  
sam p le  ta k e n  on  the o rig inal site. T he  
sm alles t  c o n t r ib u t io n  to cr22 cam e f ro m  the 
sam p le  used  in the  m a in  s tudy . E v e n  in 
p la n ts  g ro w n  u n d e r  “u n i f o r m ” cond itions  
the  te n d e n c y  to in d iv id u a l  m o d if ica t io n  
m a y  be g re a te r  at the  beg inn ing  a n d  end  
of the  p e r io d  of vegeta tion , w h e n  m in o r  
d iffe rences  in ex te rn a l  fac to rs  m ig h t  
a ffec t the r h y th m  of d ev e lo p m en t m o re  
th a n  d u r in g  the t im e of m a x im u m  vege­
ta tive  activ ity . I t  is, how ever ,  no t  ce r ta in  
th a t  the  d iffe rences  in  Q2 c o n t r ib u te d  by 
the  five sam ples  a re  significant.

T h e  g rea tes t  c o n t r ib u t io n  to  a , 2 was 
also given b y  (3). T h e  o x2 va lue  w as  a l­
m ost 45 tim es th a t  of H ierac ium  v u l g a tu m  
in  the  m a in  s tu d y  a n d .a b p u t ,  3 .t im es, th a t  
of the  h ig h es t  one fo u n d  in  the  en tire  
m a in  s tu d y  (in Cardamine  bu lb i fera) .  T he  
effect of m od if ica t ion  in  the  v e ry  sam e 
p la n ts  s a m p le d  on d if fe re n t  occasions  is 
th u s  im pressive  (cf. also the  f in d in g s  by 
W e i m a r c k  1970 a n d  A d a m s  1972). T he 
w isd o m  of d ra w in g  conc lu sions  as reg a rd s  
g eno typ ic  v a r ia t io n  f ro m  overa ll  p a t te rn s  
o b ta in ed  f ro m  p la n t  m a te r ia l  th a t  h a s  no t  
been  g ro w n  u n d e r  u n i fo rm  cond it ions  an d  
ran d o m ized ,  can  th u s  be doubted .

T h e  re su lts  of a s tu d y  of p h e n o t ) fpic 
v a r ia t io n  in  con s is ten t  spo ts  did n o t  d if fe r  
d ra s t ica l ly  f ro m  those  of the  m a in  s tudy. 
W eak ,  in c o n s is ten t  spots  w ere  p ro b a b ly  
m os t severely  a ffec ted  by  sam p lin g  on 
d if fe re n t  occasions, a n d  the  overa ll p a t te rn
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Table 3. Spot phenotypes based on in form a­
tion obtained from  invariable and  consistent 
spots. — Six spots in Circaea lutetiana, 6 in 
C. alpina and  14 in C. intermedia are not 
accounted for since they were invariably p re ­
sent in the taxon concerned and inconsistent 
in the others. Nor were they included in 
W e i m a r c k  1974 p. 289. — -  indicates in­
consistency. — The probability that the varia ­
tion in spot phenotype is random  is given
for each taxon. 
Senecio viscosus 

Population 1 2 3

p <  1x10-«

4 5
Phenotype 1 2 1 1 3 1 3 4 1 4 5
No. of plants 8 2 10 9 1 8 1 1 8 1 1
Spot 

1— 12 ............. X X X X X X X X X X

13— 14 ............. X

15 ...................... , . • • • • X • x • • • X

16 ...................... * • • • • X • x •

Melandrium rubrum  
Population 1 2 3

p <  lxlO-6 
4 5

Phenotype 1 2 3 1 2 1 3 1 2 4 5 1
No. of plants 7 2 1 6 4 9 1 7 1 1 1 10
Spot
1—4 ............... X X X X X X X X X X X X

5 ...................... x  • X x • X X X • X X X

6 ...................... • • X • • • X . . . •
7—8 ...................  • • x •
9 .......................... x

Hieracium vulgatum p <  1x10 -6

Population 1 2 3 4 5
Phenotype 1 1 1 2 1 3 1 4
No. of plants 10 10 9 1 9 1 9 1
Spot

1—31 X X X X X X X X

32—34 X X x • X X X X

35 ........... X X x • X X X

36 ........... X X x • X X X
37 ........... X X x • X X
38—39 • • X • ■ •

Gagea lutea p <  1x10 -6

Popu­
lation 1 2 3 4 5
Pheno­
type 1 2 1 3 1 3 4 5 6 1 5 7 8 1 7
No. of
plants 9 1 9 1 6 1 1 1 1 7 1 1 1 9 1
Spot

1— 12 . X X X X X X X X X X X X X X X

13 ......... X X X X X X X x • X X X X X X

14 X X X X X X X • X X • X X X X

15 X X X • X X X X X X X X X

16 X X • X X X X X X X X X

17 X X X • X

18 ......... • • • • • • X •

Cardamine bulbifera p <  1x10 8

Population  1 2 3 4 5
Phenotype 1 2 3 1 1 2 4 1 2 1 2
No. of plants 5 4 1  10 5 4 1  6 4  1 9
Spot

1— 10 ...............  x x x  x x x x  x x  x x
11— 12 ...............  - x -  • - x x  - x - x
13— 14 ...............  • • x .....................................
15 ............................  x • • • •

Ranunculus ficaria p c ^ 2 x l0 -2
Population  2 3 4 5 6
Phenotype 1 1 1 1 2  1
No. of plants 10 10 10 9 1 10
Spot
1—6 ...................................  x x x x x  x
7 ........    • • • - x

Viola mirabilis
Population  2 4 5 6 7
Phenotype 1 1 1 1 1
Spot
1—24 ..........................  x x x x x

Luzula pilosci p ~  2xl0~s
Population  1 3 4 5 6
Phenotype 1 2 3  1 2  1 2 4  1 2  1 2
No. of plants 5 1 4 9 1 7 2 1 6 4 8 2
Spot

1—23 .............  x x x  x x  x x x  x x  x x
24 ......................  x x x  x x  x ^ x -  x x  x x
25 ......................  x - x  x - x - x  x - x •
26 ......................  • • x .........................................

T h y m u s  serpyllum  p  <  1x10 6
Population  1 2 3 4 5
Phenotype 1 2 3  1 4  1 1 1 5
No. of plants 8 1 1  9 1 10 10 9 1
Spot
1— 18 ......................  x x x  x x  x x x x

19 ............................... x x x  x x  x x x ■
20 ............................... x x x  x -  x x x x
21 ............................... x - x  x x  x x x x
22 ............................... • • x .................................

Valeriana dioica
Population 1 2 3 4 5
Phenotype 1 1 1 1 1
Spot
1— 17 ..........................  x x x x x
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Table 3 (continued).

Cir caea lutetiana 5xl0-4 c. alpina p < 1x10-6 c. intermedia p oo X © 1

Population 1 2 4 5 6 1 2 4 5 6 1 2 3 5 7
Phenotype 1 1 2 1 3 4 1 1 5 5 5 5 6 7 5 8 9 8 8 8 8 10 11
No of plants 10 8 2 8 1 1 10 10 10 10 10 8 1 1 10 9 1 10 10 10 7 2 1
Spot

1- -7  .................... X X X X X X X X X X X X X X X X X X X X X X X
8--14  ................. • • • X X X X X X X X X X X X X X X

15 X X X X X X X X • • • • X X X X X X X X
16 x X X X X X X X • • • • • • •
17 • X • • X X X X X X X X X X X X X X X
18 X X X X X X X X X X X X X X X X X X X X X X
19 • X X • - - - - - - - - - — — — — — —
20 • • X X X X • X X X X X X X X X X
21--24  ................. • • • • • X • • • • • • .
25--26  ................. X X X X X X X X • • X • X X X X X X X X
27--28  ................. - - - - - - - - • • • • • X • X X X X X X X X
29 - - - - - - - - X X X X X X
30 X X X X X X X X X X X X X X X X X X X X X X
31 • • • - - - - - - - • • X •
32 - - - - - - — - X X X X X X X

of con s is ten t  spo ts  w as  fa ir ly  cons tan t .  
Still, the  in ten s ity  of som e of th e  spo ts  
(17— 31) fo u n d  to be in v a r ia b ly  p re se n t  
in the m a in  s tu d y  w as  so a f fec ted  in  one 
o r  m ore  o f  the  o th e r  sam p les  as to m a k e  
th e  spots  inconsis ten t ,  a n d  th ey  w ere  
th e re fo re  d isca rd e d  in  th is  exp erim en t .  
O ne spot d isca rd e d  in  the  m a in  s tu d y  w as  
c o n s is te n tly  p re se n t  in  the  a d d i t io n a l  e x ­
p e r im en t  w h e re  it w as  n u m b e re d  42. T h e  
w a y  of t re a t in g  the d a ta  im plies  th a t  the  
p re d o m in a n t  spo t p h e n o ty p e  w ill  be d e ­
f ined in  a n o th e r  w a y  th a n  th a t  in the  
m a in  s tudy . T h e  conc lu s ions  th a t  m a y  be 
d r a w n  f ro m  V aria t ion  in  spo t p h e n o ty p e  
are , how ever ,  very  s im ila r  to those  in the  
m a in  s tudy .

In  the  m a in  s tu d y  one  p la n t  in  the c o l­
lection  dev ia ted  p h e n o ty p ic a l ly  in  lack ing  
spo ts  36 a n d  37 (spot p h e n o ty p e  3, T ab le  
3). T h is  p la n t  a lso  c o n s is te n tly  lacked  
th e  tw o spo ts  in  th e  a d d i t io n a l  ex p er im en t ,  
bu t  in som e of th e  sam p les  the  overa ll  
in ten s ity  w as  a ffec ted  to a n  ex ten t  s u f f i ­
c ien t to m a k e  v a r ia t io n  inconsis ten t.  T h e  
tw o  spots  w ere  th e re fo re  no t  co n s id e red  
in th is  ex p er im en t .  In  sam p le  (5), spo t 40 
c h a ra c te r iz e d  the  sam e  p la n t  (spot p h e n o ­
ty p e  7, T ab le  4). T h is  spo t h a d  no t  
p rev ious ly  been  ob se rv ed  in th e  m a te r ia l .  
A n o th e r  sp o t no t  e a r l ie r  observed , 41,

ch a ra c te r iz e d  tw o  o th e r  p la n ts  in  sam p le
(3). T hese  p la n ts  h a d  n o t  been  fo u n d  to 
dev ia te  in  the  m a in  ex p e r im en t .  Spo t 40 
p ro b a b ly  exem plif ies  a case w h e re  a 
dev ia ting  geno type  w as  n o t  ex p ressed  
p h e n o ty p ic a l ly  u n d e r  th e  co n d it io n s  p r e ­
vailing  in  the  m a in  ex p e r im en t .  In  the  
case of spo t 41 in f lu en ce  f ro m  possib le  
h e te ro g en e ity  in  the e n v i ro n m e n t  ca n n o t  
be excluded.

C lu s te r  A nalys is

T h e  resu lts  of the  c lu s te r  an a ly se s  p f  
Circaea  sp o t  p a t te rn s  a re  g iven in  the  
fo rm  of p h e n o g ra m s  (Fig. 2). T h e y  w ere  
m a in ly  used  to inves t iga te  the  a m o u n t  of

Table 4. Phenotypes based on inform ation 
obtained from invariable and  consistent spots 
in the additional experiment involving collec­
tion 4 of Hieracium vulgatum.  Information 
on samples are given in the text. The p rob­
ability that the phenotypic variation observed 
is random is p 8xlCU4.

Sample 1 2 3 4 5
Phenotype 5 5 5 6 5 5 7
No. of plants 10 10 8 2 10 9 1
Spot

1— 16,42   x x x x  x  x x
40 ........................................... x
41   • • - x  • • •
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re le v a n t  in fo rm a t io n  to  be  fo u n d  a t  d i f ­
fe re n t  levels in  th e  sp o t  ca tegories  def ined  
in  T ab le  2.

T h e  20 p la n ts  of ea c h  ta x o n  w ere  
selec ted  to in c lu d e  those  su spec ted  of 
be ing  p ro d u c ts  of in t ro g re s s io n  on  the  
ev idence  of sp o t  p h e n o ty p e  an d  po llen  
s ta in ab il i ty  ( W e i m a r c k  1974). In  a d d i ­
tion so m e  p la n ts  sh o w in g  no  p h e n o ty p ic  
d e v ia t io n  in  co n s is ten t  spo ts  b u t  w ith  d e ­
c rea sed  po llen  s ta in a b i l i ty  w ere  inc luded , 
as w ell as som e “n o r m a l” p la n ts  ( judged  
b y  th e  c r i te r ia  u sed) .

Fig. 2 A is based  o n  all spots , B on  
ca tegories  1— 4 (see T a b le  2), C on c a te ­
gories  5— 7, a n d  D o n  ca teg o ry  8.

In  Fig. 2 A, one of th e  fo u r  dev ia ting  
lu te t iana  p la n ts  w as  l in k e d  u p  w ith  the  
o th e rs  a t  a very  h ig h  level of d iss im ila r i ty .  
T h e  o th e r  th re e  d id  n o t  s e p a ra te  ou t  
c learly , n o r  d id  th e  o th e r  p la n ts  w ith  low  
po llen  s ta inab il i ty .

O ne of the tw o  d ev ia t in g  alp ina  p la n ts  
w as l in k ed  u p  to  in t e r m e d ia  a n d  the  o th e r  
to  the  re s t  of alp ina  a t  a  ve ry  h igh  level 
of d is s im ila r i ty  (it h a v in g  fo u r  in tense  
spots  n o t  fo u n d  e lsew h ere ) .  N one  of the 
o th e r  p la n ts  s e p a ra te d  o u t  c learly .

On the  w ho le  th e  sp o t  p a t te rn s  of in ter ­
m e d ia  w ere  m o re  u n i f o r m  th a n  those  of 
the  o th e r  taxa. T h re e  of th e  fo u r  dev ia ting  
p la n ts  fo rm e d  c lu s te rs  a t a re la tive ly  h igh  
level of d iss im ila r i ty .

In  Fig. 2 B m o s t  p la n ts  of course  
fo rm e d  c lusters  a t  a lo w e r  level of d is ­
s im ila r i ty .  O ne of th e  tw o  alpina  p la n ts  
m e n t io n e d  above l in k ed  u p  to in t e rm ed ia  
as in  Fig. 2 A, the  o th e r  one qu ite  s e p a ­
ra te ly .

In  Fig. 2 C th e  m o s t  dev ia t ing  p lan ts  
cou ld  still be observed . T axa  w ere  to  som e 
ex ten t  in te rm in g led  in  th e  clusters.

In  Fig. 2 D the  c lustering  w a s  r a th e r  
s im ila r  to  th a t  in  C.

T h u s ,  the  resu lts  f ro m  the  an a ly s is  of 
so u rces  of Q0 (Table 2) cou ld  be  co n ­
f i rm e d  in  p a r t  a t  least. At species  level, 
sp o t  ca tegories  5— 8 obviously  co n ta in ed  
a good dea l of re le v an t  in fo rm a tio n ,  p a r t  
o f  w h ich  w as  lost w h e n  ca tegories  6 and  
8 w ere  d isca rd e d  in  the  s tu d y  of spot 
p h e n o ty p e s .

In  the  c lu s te r  analysis  of in d iv id u a l  
p la te s  (not i l lu s tra te d  here) 22 p la n ts  only  
of the  60 chosen  h a d  the ir  p la te s  linked  
u p  to each  o th e r  b e fo re  p la tes  f r o m  o th e r  
p la n ts  w ere  in c lu d ed  in  the c luste rs .  T he 
a f f in i ty  b e tw ee n  p a t te rn s  of in d iv id u a l  
p la n ts  in  th e  ta x a  s tud ied  w as  ev iden tly  
o f ten  of the  sam e o rd e r  as the  a ff in i ty  
b e tw een  p la tes  of th e  sam e p lan t.

In  the  c lu s te r  ana lyses  of t a x a  o th e r  
th a n  Circaea  m e an s  fo r  all 50 p la n ts  of 
each  ta x o n  w ere  considered . S po ts  of d i f ­
fe re n t  ca tegories  w ere  no t s tu d ie d  s e p a ­
ra te ly .  P h e n o g ra m s  fo r  fo u r  species a re  
sh o w n  in  Fig. 3.

In Cardamine  bu lb i fera  all p la n ts  of 
spo t p h e n o ty p e  1 w ere  l inked  u p  in  one 
single c luster .  All b u t  tw o p la n ts  of sp o t  
p h e n o ty p e  2 w ere  l inked  u p  in  a n o th e r  
c lu s te r  to g e th e r  w ith  the  p la n t  re p re se n t in g  
sp o t p h e n o ty p e  4. T h e  p la n t  r e p re se n t in g  
spo t p h e n o ty p e  3 w as l inked  u p  a t a  h ig h e r  
level of d iss im ila r i ty ,  a n d  tw o re m a in in g  
sp o t  p h e n o ty p e  2 p la n ts  fo rm e d  a p a i r  of 
th e i r  ow n. T h is  fac t suggests the  p o ss i­
b il i ty  th a t  the  two la s t-m en tio n ed  p la n ts

Fig. 2. Phenogram s showing affinities between chromatographic patterns of 20 selected 
plants each of Circaea lutetiana (circles), C. alpina (triangles) and C. intermedia (squares). 
— A: All 85 spots considered. — B: The 26 spots of categories 1— 4 considered. ■— C: 
The 24 spots of categories 5— 7 considered. —- D: The 35 spots of category 8 considered. — 
Spot phenotypes o ther than 1, 5 and 8 are shown for the plants concerned. Solid symbols: 
plants in which pollen stainability was below 65 %>. The pollen stainability of some 
plants, including the alpina  p lant with spot phenotype 7, could not be checked. The scale 
units are explained in the text (p. 227). — The “reversals” occurring here and there in 
Figs. 2 and 3 are typical for the centroid method. They occur when the distance between 
centroids decreases as the groups link up. The vertical arrangem ent of individual p lan ts

is to some extent arbitrary.
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w ere a c tu a l ly  d if fe re n t  f ro m  the  o th e r  
ones c lass ified  as  be long ing  to spo t p h e n o ­
type  2, b u t  th a t  som e in fo rm a t io n  had  
been  los t  w h e n  d isca rd in g  non -co n s is ten t  
spots. T h e  g ro u p in g  sh o w n  b y  the  pheno -  
g ram  is o b v io u s ly  n o t  r a n d o m  b u t  could 
no t  h a v e  been  in te rp re te d  w ith  an y  
a c c u ra c y  w i th o u t  a p rev io u s  know ledge  of 
spo t p h e n o ty p e s .

T h e  p h e n o g r a m  of Gcigea lutea  does no t  
m a k e  m u c h  sense. T h e  p h en o ty p es  based  
on  co n s is ten t  spo ts  w ere  m ix ed  in  a w ay  
th a t  c a n n o t  r e a s o n a b ly  be in te rp re ted .  
A lthough  v a r ia t io n  in  con s is ten t  spo ts  h ad  
sh o w n  th a t  r e a l  p h e n o ty p ic  d iss im ilari t ies  
a re  v e ry  l ike ly  to exist in  the  m a te r ia l ,  
th is  in fo rm a t io n  w as o bv ious ly  u n a b le  to 
p e n e t ra te  th e  scatter .

T h e  th re e  dev ia ting  sp o t  p h en o ty p es  
fo u n d  in  H ie r a c iu m  v u l g a tu m  in the m ain  
s tu d y  w ere  v e ry  c lea r ly  s e p a ra te d  ou t by 
the c lu s te r  ana lysis .  T h e  five d if fe ren t  
sam p les  of the  a d d i t io n a l  e x p e r im e n t  were 
no t  s e p a ra te d  ou t  c lea r ly  in  sp ite  of the 
fac t th a t  th e  a , 2 va lue  o b ta in ed  in  the 
ana lysis  of v a r ia n c e  w as ex trem ely  high. 
Seven p la n ts  of sam p le  (3) (voucher  speci­
m ens  f ro m  th e  o r ig in a l  locality) w ere 
l inked  u p  sep a ra te ly ,  th e  re m a in in g  three 
w ere  p la c e d  in  var io u s  o th e r  c lusters. T h is  
sam p le  h a d  o b ta in ed  the  h ighest Ch value. 
T h e  h ig h  d is s im ila r i ty  b e tw ee n  p lan ts  
w ith in  sa m p le  (3) w as  also c lea r ly  d e m o n ­
s tra ted  in  th e  p h e n o g ra m .  T h e  fo u r  o th e r  
sam p les  w ere  still m o re  in te rm in g led  w ith  
each o the r .  T h e  d if fe r in g  spo t p h e n o ty p e s  
w ere  n o t  s e p a ra te d  out. T h e  five sam ples  
of each  single  p la n t  w ere  n o t  in  an y  case 
l inked  u p  toge ther .

A c lu s te r  ana ly s is  d e m a n d s  a reaso n ab ly  
h ie ra rc h ic a l  s t ru c tu re  of the m a te r ia l  c o n ­
ce rn ed  to p ro d u c e  a  m e a n in g fu l  p h e n o ­
g ram . In  th e  a d d i t io n a l  e x p e r im e n t  w ith  
H ier a c iu m  v u l g a tu m  th e re  is no  such  
h ie ra rc h ic a l  s t ru c tu re .  In s tead ,  we have  
one g ro u p in g  due  to s im ila r i t ies  be tw een  
p la n ts  s a m p le d  o n  the  sam e occasion  an d  
a n o th e r  due  to s im ilari t ies  b e tw ee n  sam ples  
of the  sam e  p lan t .  S u p e r im p o se d  u p o n  
these  tw o  con flic ting  p a t te rn s  is a  r a n d o m
Bot. N o tise r, vo l. 127, 1974

v a r ia t io n .  Such  a re t icu la te  p a t te rn  of 
p h e n o ty p ic  v a r ia t io n  is p ro b a b ly  very  
c o m m o n  in  b io log ical m a te r ia l ,  fo r  in ­
s tance  w h e n  s tu d y in g  p a ra l le l  series of 
races  in  a n u m b e r  of re la ted  species. It 
sh o u ld  be b o rn e  in  m in d  th a t  a c luster  
an a ly s is  does n o t  ad eq u a te ly  i l lu s tra te  
v a r ia t io n  in su ch  cases.

S n e a t h  & J o h n s o n  (1972) show ed  th a t  
it is of ad v a n ta g e  to in c lu d e  a  g rea t  n u m ­
b e r  of var iab les  w h e n  s tu d y in g  ta x a  of 
lo w er  o rg an ism s  even if a t the sam e time 
the  in ex ac tn ess  of the  in fo rm a t io n  w ou ld  
also be  in c re a sed  w ith in  ce r ta in  limits. 
T h e  p re s e n t  ev idence ind ica te s  th a t  th is 
a lso  h o ld s  fo r  h ig h e r  p la n ts .  H ow ever,  it 
is also ev id en t  th a t  i t  does no t a p p ly  at o r  
be low  th e  p o p u la t io n  level.

G en o ty p ic  V a r ia t io n

Up to  th is  p o in t  p h e n o ty p ic  v a r ia t io n  
on ly  h a s  been  d iscussed. E v idence  ob ta ined  
fro m  the  ana ly ses  of m o d if ica t io n  an d  
e r ro r  in  e x tra c t io n  a n d  o b se rv a tio n  in d i­
cates th a t  the  effects  can  be e l im inated  
to a g rea t  ex ten t by d isca rd in g  inconsisten t 
spots. T h e  ro le  of m ere  c h an c e  is p ro b a b ly  
ex trem ely  small. T hus ,  a t leas t  m o s t  of the  
d iffe rences  in  consis ten t spo ts  re f lec t t ru e  
d iffe rences  be tw een  ex trac tions .  In  Hiera­
c ium  v u l g a tu m  the  p la n ts  dev ia ting  f ro m  
the  m o s t f r e q u e n t  spo t p h e n o ty p e  in  the  
m a in  s tu d y  dev ia ted  also  in one of the  
sam p les  of th e  a d d i t io n a l  exp e r im en t ,  a l ­
though  no t in  the  sam e  spot. R a n d o m  
v a r ia t io n  is no t very  l ike ly  in th is  case. 
In  Circaea,  good a g re e m e n t  w as  sh o w n  
be tw een  c h ro m a to g ra p h ic  evidence, po llen  
s ta inab il i ty ,  an d  leaf  pubescence , all in d i­
ca ting  in trog ress ive  t r a i t s  ( W e i m a r c k  
1974 a n d  be low ). At leas t  m o s t  d i f f e r ­
ences be tw een  ex tra c tio n s  in o th e r  ta x a  
a re  in  all l ike lihood  also  caused  b y  di f ­
fe re n t  genotypes.

T h e  m e th o d  of d isca rd in g  in fo rm a tio n  
der ived  f ro m  spots  sh o w in g  inconsis ten t  
v a r ia t io n  p ro b a b ly ,  h o w ev er ,  involves a 
ce r ta in  loss of re le v a n t  in fo rm a t io n  (see 
d iscuss ion  on spo t ca tegories  (6) an d  (8)
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Fig. 3. A—C: Phenograms showing affinities between chrom atographic patterns of 50 
plants each of A: Cardamine bulbifera,  B: Gagea lutea and C: Hieracium vulgatum.  
Collections 1—5 are designated hy 1: circles; 2: hexagons; 3: squares; 4: triangles, one 
corner to the left; and  5: triangles, one corner to the right. — D: Phenogram  showing 
affinities between chrom atographic patterns of 5 samples each of 10 plants of Hieracium  
vulgatum  (collection 4). Samples 1— 5 are designated as collections in A— C. — Spot 
phenotypes o ther than 1 are  shown for the plants concerned in A— C and spot pheno­

types other than  5 in D. — See also text accompanying Fig. 2.
* B ot. N o tise r, vo l. 127, 1974
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in the  tex t co n c e rn in g  T ab le  2 a n d  Figs. 
2 a n d  3). In  th is  co n n ec tio n  c h an c e  m a y  
p la y  a  m o re  im p o r ta n t  p a r t ,  s ince a  single 
fa i lu re  in s e p a ra t io n  o r  o b se rv a t io n  w ou ld  
exc lude  a spo t f ro m  the  ex p e r im en t .  It is 
th e re fo re  h a r d ly  wise to p lace  too  m u c h  
s ign if icance  o n  fa i lu re  to d e m o n s tra te  
v a r ia t io n  in a taxon . M oreover, v a r ia t io n  
fo u n d  in c h a ra c te r s  o th e r  th a n  those 
o b ta in ed  c h ro m a to g ra p h ic a l ly  w ere  no t  
ta k e n  in to  co n s id e ra t io n  in th is  s tudy . T h e  
m o s t  co n sp icu o u s  exam ples  w ere  f lo w er  
a n d  in f lo rescen ce  c h a ra c te r s  in  T h y m u s  
s e r p y l l u m  an d  leaf d en ta t io n  in  H ierac ium  
vu lga tum .  D is tr ib u t io n  acc o rd in g  to sex 
of p la n ts  w as, how ever ,  d o c u m e n te d  in 
Melanclr ium r u b r u m  a n d  Valer iana  dioica.

I n fo rm a t io n  d er ived  f ro m  o vera l l  spo t 
p a t te rn s  c a n n o t  be used  to an a ly se  gen o ­
types  of single ind iv iduals .  One can n o t  
a ssu m e  a one-to -one  co rre sp o n d e n c e  b e ­
tw een  a gene a n d  a c h ro m a to g ra p h ic a l ly  
d is t in g u ish ab le  “s e c o n d a ry ” substance . 
T h e re  a re  m a n y  s teps  in  th e  p ro d u c t io n  
of a  single su b stan ce ,  an d  a single sh if t  
in  the  b io sy n th e t ic  p a th w a y  m a y  give rise 
to  a g ro u p  o f  new  substances .  E s tim a tes  
o b ta in ed  f ro m  ana ly s is  of v a r iance ,  based  
on th e  overall spo t p a t te rn ,  a re  th e re fo re  
n o t  v e ry  su itab le  fo r  ch a ra c te r iz in g  single 
ind iv id u a ls  a l th o u g h  they  give va luab le  
in fo rm a t io n  o n  sources  of v a r ia t io n  in the  
m a te r ia l  ta k e n  as a w hole . F o r  exam ple , 
the  E -values  fo r  single p la n ts  p re se n te d  
b y  W e i m a r c k  (1970) cou ld  be  u sed  on ly  
a f te r  it h a d  been  sh o w n  th a t  few  v a ry in g  
spo ts  w ere  s t ro n g ly  co r re la te d  w ith  one 
a n o th e r ;  still they  es t im a ted  a  c o m b in a ­
t ion  of ex p e r im e n ta l  e r ro r  a n d  re le v an t  
in fo rm a t io n  (discussed in  W e i m a r c k  1970 
pp . 259— 261). T h e  te ch n iq u e  used  in  th a t  
c o n tex t  im plied  th a t  a t  least  tw o p la tes  
m a d e  f ro m  each  ex tra c t  w ere  exam ined  
a n d  the  m a x im u m  value  of each  spo t w as 
ta k e n  in to  acco u n t.  T h a t  m e th o d  of 
c o m b in in g  v a lues  f ro m  m o re  th a n  one 
o b se rv a t io n  d im in ish e d  the  ex p e r im en ta l  
e r r o r  a t th is  level, b u t  at th e  sam e tim e 
m a d e  it im poss ib le  to  es tim ate  the  size 
of th e  erro r .

T h e  d is tu rb in g  effects of b iochem ically  
c o r re la te d  spo ts  is all the  m o re  serious if  
the  e ffec t of sq u a r in g  in  som e fo rm u lae  is 
n o t  ta k en  in to  acc o u n t  ( W e i m a r c k  1970 
p. 255).

In  the  p re s e n t  s tudy , th e  in d iv id u a l  Q2 
values  a re  obv ious ly  of lim ited  in terest 
in the  an a ly se s  of geno types. O th e r  types 
of ca lcu la t io n s  based  on  overa ll  spot 
p a t te rn s ,  such  as those  p ro v id in g  indices 
of b io c h em ic a l  d is tance, m a tc h in g  co ­
effic ien ts, coeff ic ien ts  of s im ila r i ty  and  
those  used  fo r  m a k in g  is a r i th m  m aps  
w o u ld  p ro b a b ly  hav e  p ro d u c e d  pa r t ly  
i r r e le v a n t  g ro u p in g s  w i th in  the  m a te r ia l  
a t in d iv id u a l  level as d id  those  used  fo r  
m a k in g  p h e n o g ra m s  (cf. above). M any 
spots  con ta in  p r e d o m in a n t ly  n onsense  in ­
fo rm atio n .

In  m y  o p in io n  v a r ia t io n  in n o n ­
iden tif ied  p h en o l ic  spots , even if they  a re  
consis ten t,  does n o t  p ro v id e  a  su itab le  
basis  fo r  a  p rec ise  gene analysis  such  as 
th a t  descr ibed  in  a  n u m b e r  of repo rts  
based  on  in fo rm a t io n  f ro m  allozym es. 
Still th is  ty p e  of cons is ten t spo t can  
obv iously  s u p p ly  fa ir ly  easily  accessible 
ad d i t io n a l  in fo rm a t io n  on  p o p u la t io n  
s t ru c tu re s  in  p lan ts .

A p rec ise  ana lysis  of th e  geno typ ica l 
co n s t i tu t io n  b ased  on  “s e c o n d a ry ” c o m ­
p o u n d s  w o u ld  d e m a n d  id e n tif ica t io n  of 
the  su b s tan ces  conce rned ,  ana lysis  of b io ­
sy n th e t ic  p a th w a y s  a n d  a su rvey  of the 
m ode  of in h e r i ta n c e  by  m e an s  of c ross ing  
ex p er im en ts .  T hese  ta sk s  a re  very  la b o ­
r ious  to c a r ry  ou t on  the  vast scale 
n ecessa ry  to give b io log ica lly  m e a n in g fu l  
resu lts ,  a n d  they  are  u su a l ly  n o t  v e ry  
a t t ra c t iv e  f ro m  the  c h e m is t ’s p o in t  of 
view. M uch  va luab le  in fo rm a t io n  could , 
how ever ,  be o b ta in ed  f ro m  such  chem ica l  
id en tif ica tion ,  an d  investiga tions  o f  th is  
type  a re  a  d e s id e ra tu m  in  an y  ta x o n o m ic  
o r  genetic  p ro jec t.

Mode of Reproduction and Variation

I n fo rm a t io n  on  m o d e  of re p ro d u c t io n  
and  h a b i t  has, in  genera l,  been o b ta in e d

B ot. N o tise r, vol. 127, 1974



P O P  U LA T I  O N STRUCTURES 241

f ro m  F r y x e l l  (1957) a n d  H. W e i m a r c k  
(1953) a n d  f ro m  p e r so n a l  experience .

Senec io  v i scosus  is a n  a n n u a l  h e rb  he ld  
to be m o s t ly  a l logam ous .  Som e of the 
m a te r ia l  s tud ied  fa iled  to set f ru i t .  Al­
th o u g h  th is  is r e m a rk a b le  in  an  an n u a l  
p lan t ,  the  r e a s o n  h a s  n o t  yet b een  in v e s t i­
gated. All p o p u la t io n s  b u t  one  w ere  
h e te ro g en eo u s .

In  M e la n d r i u m  r u b r u m ,  a b ie n n ia l  o r  
p a u c ie n n ia l  d ioecious  p lan t,  the  m a te r ia l  
w as too  l im ited  to p e rm i t  of d ra w in g  
co n c lu s io n s  as to  a possib le  co n n ec t io n  
be tw een  sex an d  th e  geno types  d iscerned . 
All p o p u la t io n s  b u t  one  w ere  h e te r o ­
geneous, w i th  u p  to  fo u r  geno types  in one 
collection.

All H ie r a c iu m  p la n ts  w ere  d e te rm in e d  
to the  m ic ro sp ec ie s  v u lg a tu m  s .str. b y  an 
o u ts ta n d in g  specia lis t,  P ro fe s so r  E. A lm - 
q u i s t . All ta x a  w ith in  the  g ro u p  Vulgciti- 
f o r m ia  D a i i l s t . a re  re g a rd e d  as ob ligate  
a p o m ic ts  w ith  the  c h ro m o so m e  n u m b e r  
2n =  27 in all cases ex am ined .  T h e  evi­
dence to  h a n d  ind ica te s  th a t  a tax o n o m i-  
cally  d e f in a b le  m icrospecies  does no t  
n ecessa r i ly  cons is t  of one b io ty p e  only. 
T u r e s s o n  (1943, 1956), w h o  s tud ied
v a r ia t io n  in m o rp h o lo g y  a n d  res is tan ce  to 
d isease  in m icrospec ies  of A lch em i l la  v u l ­
garis,  a r r iv e d  at a s im ila r  conc lusion . 
S o r e n s e n  & G u d j ö n s s o n  (1946) fo u n d  
a sm all p ro p o r t io n  of m o rp h o lo g ic a l ly  
déviåtirig  p lan ts  in inicrospecie 's of T a r a x a ­
cum .  T h e y  fo u n d  th a t  v a r ia t io n  w as 
a ssocia ted  w ith  h y p o p lo id y .  In  H ie r a c iu m  
v u lg a tu m  no  cy to log ica l an a ly s is  w as 
u n d e r ta k e n .

Gagea lu tea  p ro p a g a te s  exclusive ly  o r  
a lm o s t exclusive ly  by m e a n s  of bu lb i l  
fo rm a t io n .  To  m y  know ledge  it h a s  no t  
been  o bserved  to set fu n c t io n a l  seed in 
the  region co n ce rn ed .  In  sp ite  of th is  g en o ­
typic  v a r ia t io n  is obv ious ly  cons ide rab le .  
T h e  g rea t  n u m b e r  of geno types  observed  
m a k e s  the  o ccu rre n c e  of d i f fe re n t  in ­
d e p e n d e n t  m u ta t io n s  seem  p ro b ab le ,  each 
of them  giving r ise  to s e p a ra te  clones 
Avithin the  s tands . A s im ila r  ex p la n a t io n  
Avas given by  S u o m a l a i n e n  a n d  S a u r a

(1973) to acc o u n t  fo r  the v a r ia t io n  in  
a llozym es  fo u n d  b y  th e m  in p a r th e n o -  
genetic  weevils.

C ardam ine  bu lb i fe ra  is a p e re n n ia l  h e rb  
p ro p a g a t in g  b y  m e a n s  of bu lb ils  a n d  r h i ­
zomes. F u n c t io n a l  seed has  se ld o m  or 
n e v e r  been  ob se rv ed  in  th e  reg ion  s tud ied . 
T h e  a b e r r a n t  type  (2) is v e ry  f r e q u e n t  
in the  m a te r ia l  a l th o u g h  no t fo u n d  in  
p o p u la t io n  2. I t  is h ig h ly  p ro b a b le  th a t  a 
feAv g eno types  p ro p a g a te  vegeta tive lv  side 
by side on the  sam e sites.

R a n u n c u l u s  ficciria s h o w i n g  a l m o s t  n o  
v a r i a t i o n  p r o p a g a t e s  t o  a  g r e a t  e x t e n t  b y  
m e a n s  o f  b u l b i l s .

Viola  mirab il i s  h a s  c h a s m o g a m o u s  

f lo A v e r s  e a r l y  i n  s p r i n g ,  b u t  t h e s e  f lo A v e r s  

genera lly  s e t  s e e d  p o o r l y .  In  l a t e  s p r i n g  

a n d  e a r l y  s u m m e r  c l e i s t o g a m o u s  f lo A v e r s  
d e v e l o p  a n d  s e e d - s e t t i n g  i s  g o o d .  T h e  l a c k  

o f  v a r i a t i o n  i s  n o t  u n e x p e c t e d .

L u z u la  pi losa  is a p e re n n ia l  c h a s m o ­
g am o u s  p la n t  fo rm in g  sm all tu fts . All 
p o p u la t io n s  a re  h e te ro g en eo u s  b u t  th e  
n u m b e r  of de f inab le  geno types  is m o d ­
erate .

T h y m u s  s e r p y l l u m  f o r m s  s m a l l  p a t c h e s  
Avh ich  o f t e n  d i f f e r  c o n s p i c u o u s l y  i n  t h e  
d e n s i t y  o f  i n f l o r e s c e n c e s ,  i n  f l o w e r i n g  
t i m e ,  f r e q u e n c y  o f  a b n o r m a l l y  d e v e l o p e d  
i n f l o r e s c e n c e s ,  c o l o u r  o f  t h e  f loA vers  
a n d  l e a v e s ,  h a b i t ,  e t c .  I t  i s  p o l y g a m o u s  
a n d  h e l d  t o  b e  c a p a b l e  o f  b o t h  a u t o ­
g a m y  a n d  a l l o g a m y .  H e t e r o g e n e i t y  a s  t o  
s p o t  p h e n o t y p e  c o u l d  b e  d e m o n s t r a t e d  
i n  t h r e e  p o p u l a t i o n s .  T h e  p l a n t s  Avere a l s o  
s c o r e d  a s  t o  t h r e e  e a s i l y  o b s e r v a b l e  c h a r ­
a c t e r s ,  v iz .  d e n s i t y  o f  i n f l o r e s c e n c e ,  
f l o A v e r i n g  t i m e  a n d  o c c u r r e n c e  o f  a b ­
n o r m a l  i n f l o r e s c e n c e s .  T h e  h e t e r o g e n e i t y  
i n  m o r p h o l o g i c a l  c h a r a c t e r s  Avas m u c h  
g r e a t e r  t h a n  t h a t  i n  s p o t  p h e n o t y p e  b u t  
a l s o  v a g u e r  a n d  m o r e  d i f f i c u l t  t o  d e f i n e  
i n  t e r m s  o f  g e n o t y p e .  N o  c o r r e l a t i o n s  w i t h  
s p o t  p h e n o t y p e s  c o u l d  b e  f o u n d  w i t h  
c e r t a i n t y .

Valer iana dioica  is a p e re n n ia l  d ioec ious  
herb .  If  gen o ty p ic  h e te ro g en e i ty  exists, as 
cou ld  be expected , th e  m e th o d  used  Avas  

n o t  cap ab le  of rev ea lin g  it. A lthough
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Valer iana  dioica,  to g e th e r  w ith  Viola mira-  
bilis,  h a d  th e  low est to ta l  n u m b e r  of spots  
in  th e  s tu d y  the  n u m b e r  of spo ts  accep ted  
fo r  a n a ly s is  of p h e n o ty p e s  w as n o t  ex cep ­
t io n a lly  low  in  e i th e r  of the  tw o  taxa.

Circaea lu te t iana  fo rm s  r a th e r  ex tensive  
s tan d s  b y  vegeta tive  p ro p a g a t io n  and  is 
l ike ly  to be  p re d o m in a n t ly  a l logam ous  
( R a v e n  1963). C. alp ina  fo rm s  sm all  
p a tc h e s  b y  vegeta tive  p ro p a g a t io n  a n d  is 
l ike ly  to be p re d o m in a n t ly  au to g a m o u s  
( R a v e n  1963). T h e  a b e r r a n t  alp ina  an d  
lu te t iana  p la n ts  fo u n d  a re  p ro b a b ly  p r o ­
duc ts  of in t ro g re ss io n  v ia  C. in te rm ed ia  
w h ic h  is th e  a lm o s t  co m ple te ly  sterile  
h y b r id  b e tw ee n  a lp ina  a n d  lutet iana  ev i­
d en t ly  cap a b le  of a ce r ta in  degree  of 
b ac k -c ro s s in g  ( W e i m a r c k  1974). Of the  
alp ina  p la n ts  s tu d ied  one  on ly  h a d  sp a rse ly  
p u b e sc e n t  leaves, viz. the  p la n t  show ing  
sp o t p h e n o ty p e  7. T h is  fac t gives a f u r th e r  
in d ic a t io n  of in t ro g re ss io n  since alp ina  
n o rm a l ly  h a s  g la b ro u s  leaves b u t  in ter ­
m e d ia  a n d  lu te t iana  p u b escen t  ones.

O bvious ly , v a r ia t io n  in m o rp h o lo g ica l  
c h a ra c te r s  a n d  in  spo t p a t te rn s  do n o t  
n ece ssa r i ly  c o r re s p o n d  to each  o the r .  A 
s im ila r  c o n c lu s io n  w as  a r r iv e d  a t  by  
S e l a n d e r  & al. (1970), w h o  sh o w e d  th a t  
ex tre m e  s tab i li ty  over long  p e r io d s  o f  
t im e  in  m o rp h o lo g ic a l  c h a ra c te r s  of the  
c lass ical p h y lo g e n e tic  “re l ic ” , L i m u l u s  
p o l y p h e m u s ,  d id  n o t  im p ly  a c o r r e s p o n d ­
ing lack  o f  e n z y m a tic  d iversity .

T h e  o c c u r re n c e  of one  rep re sen ta t iv e  
on ly  of a d ev ia t in g  sp o t  p h e n o ty p e  in  a 
p o p u la t io n  w as  r e m a rk a b ly  f r e q u e n t  in 
the  ta x a  s tud ied .  I t  is a t  p re se n t  im ­
possib le  to  ju d g e  w h e th e r  th is  is a s ta t is t i ­
ca lly  s ig n if ican t  p h e n o m e n o n .  One m ig h t  
a rg u e  th a t  d if fe r in g  geno types  th a t  h av e  
a r isen  f ro m  m u ta t io n s  u su a l ly  te n d  to 
f ind  d if f icu l ty  in  es tab l ish in g  them selves  
in g rea t  n u m b e rs  due  to the  effects  of 
c h a n c e  a n d  selection.

CONCLUSIONS

(1) T h e  p re c is io n  of the  c h r o m a to ­
g ra p h ic  s e p a ra t io n  te c h n iq u e  a n d  the
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m o d e  of o b se rv a t io n  used  is n o t  very  
h igh . Spots  w ith  a n  in ten s ity  close to  the 
th re sh o ld  of p e rc e p t io n  give r ise  to  a  non- 
co ns is ten t v a r ia t io n  w h ich  one h a s  to  be 
a w a re  of.

R a n d o m iz a t io n  o f  th e  m a te r ia l  is very  
v a lu ab le  fo r  f u r th e r  t r e a tm e n t  a n d  nece s ­
s a ry  fo r  a n  e s t im a te  of the  p ro b a b il i ty  
th a t  re su lts  o b ta in e d  are  due  to  chance  
o r  to rea l  d if fe ren ces  in  the  m a te r ia l .

(2) A nalysis of v a r ia n ce  m a k es  i t  p o s ­
sible to es t im a te  w h ic h  p a r ts  of th e  to ta l 
v a r ia t io n  in  the p a t te rn s  h av e  derived  
f ro m  d if fe re n t  sources .  T h e  sam e p la n ts  
th a t  show  the  g rea te s t  a m o u n t  o f  dev i­
a t io n  in overa ll  p a t te rn  do n o t  necessa r i ly  
dev ia te  acc o rd in g  to  cons is ten t spots , an d  
vice versa . T h e  a c c u ra c y  of ca lcu la tions  
based  on  o vera l l  p a t te rn s  is red u c e d  on 
acc o u n t  of e r ro rs  in  ex trac tion , s e p a ra t io n  
a n d  observa tion . P h e n o g ra m s  co n s tru c te d  
f ro m  overa ll  spo t p a t te rn s  f ro m  th e  p r e ­
sen t m a te r ia l  th e re fo re  tu rn e d  o u t  to  be 
to som e ex ten t in a d e q u a te  an d  m is lead in g  
a t  in d iv id u a l  and  p o p u la t io n  levels. T h e  
fa i lu re  of the  c lu s te r in g  p ro g ra m m e  to 
sep a ra te  o u t  th e  five  H ierac ium  sam p les  
in  the  a d d i t io n a l  e x p e r im e n t  w as  espec ia lly  
in te res t in g  w ith  a v iew  to th e  g rea t d i f f e r ­
ences d e m o n s t ra te d  b y  th e  ana ly s is  of 
v ar iance .  T h e  sam e  sh o r tco m in g s  w o u ld  
in  all l ike lihood  be fo u n d  as re g a rd s  o th e r  
types  of d ia g ra m s  o r  d if fe re n t  indices.

V ar ia t io n  fo u n d  a t in f ra sp ec if ic  level 
m a k es  co m p a r iso n s  b e tw ee n  ta x a  b ased  on 
single spec im ens  d angerous .

W ith  th e  re a so n a b le  p re c a u tio n s  ta k en  
in  ex p e r im e n ta l  cu l tu re ,  m o d if ica t io n  of 
p la n ts  due  to ex te rn a l  fac to rs  is l ike ly  to 
p la y  a m in o r  p a r t  c o m p a re d  w ith  te c h n ic a l  
e r ro r .  Unless ex te rn a l  fac to rs  a re  k e p t  
cons tan t ,  how ever ,  m o d if ica t io n  can  be 
cons iderab le .

P ro b le m s  of re p ro d u c ib i l i ty  a n d  the  
d iff icu lty  of d ra w in g  conc lu sions  c o n c e rn ­
ing  t ru e  g eno typ ic  v a r ia t io n  f ro m  p h e n o ­
ty p ic  v a r ia t io n  a re  also m e t  w ith  w h e n  
s tu d y in g  v a r ia t io n  in  co n v en tio n a l  m o r ­
pho log ica l c h a ra c te rs ,  b u t  a re  u s u a l ly
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m o re  easily  c o m p e n sa te d  fo r  since w e 
h av e  m u c h  m o re  ex p e r ien ce  of such  c h a r ­
ac ters .  T h e  need  fo r  a c r it ica l a s se ssm en t 
of th e  re l iab il i ty  o f  c o n v en t io n a l  c h a r ­
ac te rs  sh o u ld  also be s tressed .

(3) V a r ia t io n  in  the  c h ro m a to g ra p h ic a l ly  
o b ta in e d  sp o t  p a t te rn s  can  p ro b a b ly  be 
bes t i l lu s t r a te d  b y  th e  d if fe re n t  p h e n o ­
ty p es  fo rm e d  b y  c o m b in a t io n s  of cons is ­
te n t  spo ts .  Som e in fo rm a t io n  is no  d o u b t  
lost w h e n  in c o n s is ten t  spo ts  a re  d isca rd e d  
b u t  th e  r e m a in in g  in fo rm a t io n  can  be  
r e g a rd e d  as fa ir ly  ad eq u a te .  M ost of the  
p h e n o ty p ic  v a r ia t io n  in  spo ts  fo u n d  in  
th is  s tu d y  can be  c o n s id e re d  to re f lec t  
t ru e  g en o ty p ic  h e te ro g en e ity .  I t  is no t  
possib le  to  reac h  a n y  re l iab le  conc lu sions  
in  cases w h e n  th e  m e th o d  fails  to  revea l 
a n y  v a r ia t io n  in a g iven  taxon.

(4) P h e n o ty p ic  v a r ia t io n  in  spo ts  m o s t  
l ike ly  to  re f lec t  t r u e  g en o ty p ic  d iffe rences  
cou ld  be  d e m o n s t r a te d  in  all b u t  tw o  of 
th e  13 ta x a  r e p re s e n te d  in  th is  s tudy . O ne 
of th e  tw o, Valer iana  dioica,  is r e m a rk a b le  
in  th is  re sp ec t  s ince  it is d ioecious. On 
th e  o th e r  h a n d ,  H ie r a c iu m  v u lg a tu m ,  
C ardam ine  bu lb i fe ra  a n d  Gagea lutea  sh o w  
u n e x p e c te d  v a r ia t io n ,  w h ic h  in  Cardamine  
a n d  Gagea is cons ide rab le ,  a l th o u g h  n o n e  
of th e m  as f a r  as  is k n o w n  re p ro d u c e  
sexualljr  in  the  g eo g rap h ic  reg ion  c o n ­
cerned . T h ese  o b se rv a t io n s  in d ica te  th a t  a 
f u r th e r  study- of v a r ia t io n  a n d  repi'odlic- ' 
Hon w o u ld  he w o r th  while . F o r  Circaea,  
f u r th e r  s u p p o r t  h a s  b een  o b ta in e d  fo r  the  
o c c u r re n c e  of h y b r id i s m  a n d  in tro g ress io n .

I a m  conv inced  th a t  c h r o m a to g r a p h i ­
cally  o b ta in ed  d a ta  of the ty p e  p resen ted  
h e re  w ill p ro v e  to  be of g rea t  v a lue  as one 
possib le  sou rce  of in fo rm a t io n  w h e n  
s tu d y in g  v a r ia t io n  a t  in f ra sp e c if ic  level, 
especia lly  in  ta x o n o m ic a l ly  c r i t ic a l  g ro u p s  
w h e re  c o n v e n t io n a l  m e th o d s  of ana ly sis  
o f ten  fa il  to  give resu lts .  Such  d a ta  shou ld , 
ho w ev er ,  be t r e a te d  w ith  re se rv e  an d  th e ir  
re l iab il i ty  ca re fu l ly  checked . T h e y  sh o u ld  
p r e fe ra b ly  be  c o m b in ed  w ith  o th e r  types  
of evidence.

ACKNOWLEDGEMENTS

Much of the labora tory  work has been per­
formed by Miss D. P e r s s o n . Mr H. R o o t z é n , 
Institute of Mathematical Statistics, Lund, 
has given indispensible advice regarding 
statistical methods. He and Mr S. N o r é n , 
the Lund University Computing Centre, 
carried out the computer programming. P ro ­
fessor E. A l m q u i s t , Uppsala, kindly deter­
mined the material of Hieracium.  Professor 
H. R u n e m a r k  and Mr Th. K a r l s s o n , Lund, 
have given valuable criticism. Mrs M. Gr e e n - 
w o o d - P e t e r s s o n  checked the manuscript.

The w ork has been supported by grants 
from the NilsSon-Ehle Fund  of the Kungl. 
Fysiografiska Sällskapet, Lund. Statistical aid 
and computer facilities were put at my 
disposal by the Swedish Natural Science 
Research Council and by the University of 
Lund.

LITERATURE CITED

A d a m s , R. P. 1972. Numerical analyses of
some common errors in chemosystematics.
— Brittonia 24: 9—21.

F r y x e l l , P. A. 1957. Mode of reproduction 
of higher plants. —- Bot. Rev. 23: 135— 
233.

R a v e n , P. H. 1963. Circaea in the British
Isles. — W atsonia 5: 262—272.

R u n e m a r k , H. 1968. Critical comments on
the use of statistical methods in chemo- 
taxonomy. — Bot. Notiser 121:29—43.

S e l a n d e r , R. K., Y a n g , S. Y., L e w o n t i n , R. 
C. & J o h n s o n , W. E. 1970. Genetic varia­
tion in the horseshoe crab (Limulus poly- 
phemus), a phylogenetic “relic”. — Evo-

. Jution,24; 402—4 1 4 . .....................................
S n e a t h , P. H. A. & J o h n s o n , R. 1972. The 

influence on numerical taxonomic simi­
larities of errors in microbiological tests.
— J. Gen. Microbiol. 72: 377—392.

S o r e n s e n , Th. & Gu d j ö n s s o n , G. 1946. Spon­
taneous chrom osom e-aberrants in apo- 
mictic Taraxaca. Morphological and cyto­
genetical investigations. — Biol. Skr. 4:2. 
Kobenhavn.

S u o m ALAINEN, E. & S a u r a , S. 1973. Genetic 
polym orphism and evolution in partheno- 
genetic animals. I. Polyploid curculioni- 
dae. — Genetics 74: 489—508.

T u r e s s o n , G. 1943. Variation in the apo- 
mictic microspecies of Alchemilla vulgaris 
L. —  Bot. Notiser for 1943:413— 427.

— 1956. Variation in the apomictic micro­
species of Alchemilla vulgaris L. II. P ro ­
geny tests in agamotypes with regard to 
morphological characters. — Ibid. 109: 
400—404.

B ot. N o tise r, vol. 127, 1974



244 GUNNAR WEIMARCK

W e im a r c k , G. 1970. Spontaneous and  in ­
duced variation in some chemical leaf 
constituents in Hierochloe (Gramineae). 
— Bot. Notiser 123: 231—268.

— 1972. On “numerical chem otaxonom y”. — 
Taxon 21:615—619.

— 1974. Population structure in Circaea lute­
tiana, C. alpina and C. X intermedia (Ona- 
graceae) as revealed by thin-layer ch rom a­
tographic patterns. — In G. B e n d z , J. 
S a n t e s s o n  & V. R u n n s t r ö m -Re i o  (eds.): 
Chemistry in botanical classification. Nobel 
Symp. 25: 287—292. — Stockholm, New 
York and London.

W e im a r c k , H. 1963. Skånes flora. — Lund.
W i d d e r . F. J. 1970. Herbartechnik ( I I ) : Die 

Thermostatpresse. — Phyton 14: 175— 180.

APPENDIX

List of collection sites, all within the p ro ­
vince of Skåne, southernm ost Sweden.

Senecio viscosus.  1: Båstad, Kattvik, the 
harbou r  c. 500 m ESE, rubble. — 2: Vinslöv, 
the station c. 200 m  W, railway embankment.
— 3: Åhus, Ö. Täppet, refuse area by the 
harbour. — 4: Simris, gravelly shore by the 
waste-water outlet. — Vittsjö, the station c. 
300 m S, railway embankment.

Melcindrium rubrum.  1: Bosjökloster, the 
form er Youth Hostel c. 50 m N, open forest.
—  2: Vitaby, the built-up area c. 1,000 m N, 
ravine of Mölleån. — 3: Ramsåsa, the church 
c. 600 m SW, grove. — 4: Skepparslöv, B järn- 
hult c. 500 m WSW, road-side. — 5: Bald- 
ringe, Fvledalen’s brickyard c. 500 m WNW, 
road-side.

Hieracium vulgatum.  1: Ramsåsa, the
church c. 1.000 m WSW, grove. — 2: Vittsjö, 
along the drive to Brahetorp, edge of forest.
— 3: Röddinge, the built-up area c. 500 m 
SE, grove. — 4: Sibbhult, Ebbarp, edge of 
forest. — 5: V. Vram, Tallåsen c. 500 m SW, 
grove.

Gagea lutea. 1: Dalby, the built-up area c.
3,000 m NW, edge of forest. — 2: Benestad, 
ö ru p  castle c. 200 m N, grove. — 3: Ramsåsa, 
the church c. 600 m SW, grove. —- 4: Gud- 
m untorp, Mariannelund c. 400 m NE, edge 
of forest. — 5: Gudmuntorp, between Truls- 
torp and Lillarp, edge of forest.

Cardamine bulbifera. 1: Röddinge, Slagarp, 
grove. — 2: Andrarum, Breabäck, grove. — 
3: Ravlunda, D am m åkra  c. 1,000 m NW, 
grove. — 4: Kivik, the Dolmen, grove. — 
5: Djurröd, H arastorp  c. 600 m NE, grove.

Ranunculus jicaria. 2: Dalby, the built-up 
area c. 3,000 m NW, edge of forest. — 3: 
Benestad, Örup castle c. 200 m N, grove. — 
4: Ramsåsa, the church c. 600 m SW, grove.
— 5: Gudmuntorp, Mariannelund c. 400 m 
NE, edge of forest. — 6: Röddinge, Slagarp, 
grove.

Viola mirabilis.  2: N. Strö, Ekenäs, grove.
— 4: Ramsåsa, the church c. 1,000 m WSW, 
grove. — 5: Ramsåsa, • 72 c. 300 m NW, 
forest. — 6: Gärdslöv, Tärnö, near  Hjort- 
holmshuset, grove. — 7: Smedstorp, Lista- 
rum, southerly esker slope, grove.

Luzula pilosa. 1: Gudmuntorp, Marianne- 
lund c. 500 m NE, open forest. — 3: Veberöd, 
Kvarnbrodda c. 200 m W, edge of forest. — 
4: Ravlunda, D am m åkra  c. 1.000 m NW, edge 
of forest. — 5: Vittsjö, along the drive to 
Brahetorp, edge of forest. — 6: Fågeltofta, 
Kronovall castle c. 700 m E, open forest.

Thym us  serpyllum.  1: Önnestad, Ullstorp 
limestone quarry  c. 150 m NE, dry  grass­
land. — 2: Åhus, ö. Täppet, field by the 
harbour. —  3: Yngsjö, Gropahålet, sand dune.
— 4: Gladsax, Vårhallarna, sandy beach. — 
5: Tomelilla, Adelsberg, abandoned gravel- 
pit.

Valeriana dioica. 1: Stehag, the w ater­
works c. 500 m S, damp forest. — 2: Djurröd, 
Harastorp c. 300 m NE, fen. — 3: Vittsjö, 
Brahetorp c. 200 m N, fen. — 4: Simris, 
Simrislund, fen. - -  5: Tomelilla, Adelsberg, 
fen.

Circaea lutetiana.  1: Ramsåsa, the church 
c. 900 m ESE, grove. — 2: Röddinge, Slagarp 
c. 900 m SW, grove. — 4: Brunnby, Kocken- 
lius c. 300 m WNW, damp forest. — 5: 
V. Vram, Eriksdal c. 500 m N, damp forest.
— 6: Genarp, Olstorp c. 700 m ENE, edge of 
forest along ditch.

Circaea alpina. 1: Strövelstorp, Segalius c. 
500 m S, pine forest. — 2: V. Vram, Frigge- 
stad c. 800 m SE, alder swamp. -— 4: Ö. Sön- 
narslöv, S tudabackarna c. 600 m SW, damp 
alder forest. — 5: Ö. Sönnarslöv, southern 
part of the lake Sönnarslövsjön c. 150 m S, 
damp alder forest. — 6: Genarp, St. Perstorp 
c. 400 m SE, edge of brook.

Circaea intermedia.  1: Genarp, Olstorp c. 
700 in ENE, edge of forest along ditch. — 
2: Genarp, Olstorp c. 300 m NNE, edge of 
forest along ditch. -— 3: V. Vram, Skogsliden 
c. 500 in ESE, damp forest. — 5: Bläntarp, 
Elsagården c. 200 m W, damp edge of forest.
— 7: Genarp, Olstorp c. 800 m ENE, edge of 
forest.
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Cercitophyllum llerenae F a s s e t t  (Ceratophyllaceae), Antiyonon leptopns  H o o k . 
& A r n . (Polygonaceae), Pothomorphe peltata (L.) M i q . (Piperaceae) and Cre- 
scentici cujete L. (Bignoniaceae) are reported as new to the Galåpagos. Ipomoea  
batatas  (L.) L a m . (Convolvulaceae) has become naturalized in the archipelago. 
The presence of Histiopteris incisa (T h u n b .) J .  S m i t h  (Polypodiaceae) is con­
firmed. The distribution and habitat of Psilotum nudum  (L.) P a l i s o t  (Psilota- 
ceae) in the archipelago are discussed.

Ole Hamann,  Institute of Systematic Botany,  University of Copenhagen, 140 
Gothersgade, DK-1123 Copenhagen K, Denmark.

INTRODUCTION

F r o m  D e c e m b e r  1971 to O c to b e r  1972 
I w o rk e d  in  th e  G alåpagos as U N ESCO  
A ssociate E x p e r t  in  P la n t  E co logy  A pplied  
to W ild li fe  C onse rva tion .  T h e  m a in  o b jec t 
w as to  s ta r t  m a p p in g  the  vege ta tion  an d  
to investiga te  th e  in f lu en ce  of in t ro d u c e d  
lp a ip m p ls ,  on  the .n a tu r a l  .vege ta t ion . .  As 
the  f i r s t  of a series  of p u b lic a t io n s  on  the  
f lo ra  a n d  v eg e ta t io n  of the  G alapagos I s ­
lands, th is  p a p e r  co n ta in s  seven new  
b o ta n ic a l  re c o rd s  es tab l ished  b y  m y  w ife  
an d  m yself .  T h e  co llections  a re  deposited  
at the B o tan ica l  M useum  of the  U n ivers ity  
of C o p en h ag en  (C).

Since the species re c o rd e d  as new  to 
th e  is lands  a re  n o t  in c lu d ed  in  W i g g i n s  & 
P o r t e r ’s n e w  F lo ra  of th e  G alapagos 
Is lands  (1971), s h o r t  d e sc r ip t io n s  b ased  
on the  sp ec im en s  collected a re  given here .  
T h is  p a p e r  will th u s  serve as  a s u p p le ­
m en t to the  F lo ra .

1 The Charles Darwin Foundation  Contri­
bution no. 165.

Ceratophyllum llerenae F a s s e t t  —
Fig. 1

F a s s e t t  1953 p. 29.

P e re n n ia l ,  s u b m erg ed  h e rb .  Shoots  i r ­
r e g u la r ly  b ra n c h in g ,  w ith  long in te rn o d es  
a n d  m u l t ip le  lea f-w horls .  Leaves d icho t-  
o m o u s ly  fo rk ed  2— 3 times, exs tipu la te ,
2— 3 (— 4) cm  long; b asa l  leaf segm ents  
(1— 2 fork ings)  o f ten  in fla ted , 0.5— 1 o r  
a t t im es  u p  to 2 m m  b ro a d ;  te rm in a l  seg­
m e n ts  f i l i fo rm ; leaves w ith  10— 20 o r  
m o re  m a rg in a l  te e th ;  tee th  ab o u t  0.1 m m  
long, w ith  little  o r  no  g reen  tissue a t  the 
base. F lo w e rs  un isexua l ,  w ith  a  single, 
g reen  p e r ia n th ,  so lita ry  in  the  axils  of 
leaves. T ep a ls  (6— )9— 12, ab o u t  0.6— 1 
m m  long, l inea r .  F r u i t  oblong, s ligh tly  
co m p ressed ,  a b o u t  3 .5 X 1 .8  m m ; style 
pers is ten t ,  u p  to 4 m m  long ; f r u i t  m a r ­
g in a lly  w inged ; w ing  a b o u t  0.1— 0.3 m m  
b ro a d  a t m a tu r i ty ,  w ith  10— 20 i r re g u la r ly  
d is tr ib u te d  m a rg in a l  te e th  (often lack ing  
in im m a tu re  f r u i t s ) ; teeth  0.5— 1 o r  ra re ly  
up  to 2.5 m m  long; m a tu re  f ru i t  a n  achene ,
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fa in t ly  a n d  i r re g u la r ly  tu b e rc u la te ,  d a rk  
b ro w n  (Fig. 1).

C era toph y l lu m  llerenae  is d is t in g u ish ed  
f ro m  o th e r  A m eric an  species of Cerato­
p h y l l u m  by  th e  w ing  a n d  m u lt ip le  tee th  
of the  m a tu re  f ru it ,  a n d  b y  the  size of 
the  leaves. T h e  G alåpagos spec im en  (O. H. 
no. 1941) m a tc h e s  Cera tophy l lum  crista-  
tu m  S p r u c e  ex K. S c h u m .  ( S p r u c e  no. 
1583, J u n e  1851, Brazil) in  th e  Kew H e r ­
b a r iu m  (K).  C. cr i s ta tum  S p r u c e  ex K. 
S c h u m .  w as red u c e d  to  a sy n o n y m  u n d e r  
C. l lerenae b y  F a s s e t t  (1953). T h e  p r e ­
v ious ly  desc r ibed  C. cr is ta tum  G u i l l .  & 
P e r r .  is an  A fr ican  species, d if fe r in g  f ro m  
C. llerenae  in  h a v in g  sm o o th  leaves w ith  
v e ry  few  m a rg in a l  teeth and  a f ru i t  w ith  
tw o  p ro m in e n t  b a sa l  h o rn s ,  one  d escen d ­
ing, th e  o th e r  ascen d in g  ( G u i l l e m i n  & 
P e r r o t t e t  1833 p. 296). H ence  C. l lerenae  
is the  co rrec t  n a m e  fo r  the  A m erican  
species.

T h is  is the f irs t  r e c o rd  of a n u m b e r  of 
the  C era to p h y lla ceae  in  the  G alapagos. I t 
w as  co llected  on  S an ta  Cruz b y  a res iden t ,  
Mr. A n d r é  D e R o y ,  in  a  sm all  te m p o ra ry  
pool n e a r  the  o ld  tra i l  f ro m  P u e r to  A yora  
to “L a  C ase ta” in  th e  to r to ise  reserve. 
T h e  pool w as  covered  w ith  Azolla micro-  
ph y l la  K a u l f .  T h e  vege ta tion  in the  
s u r ro u n d in g  a re a  w as  of the  “tran s i t io n -  
fo re s t” type, d o m in a te d  by Pisonia  flori-  
bunda  H o o k ,  f i t . ,  P s id iu m  galapageium  
H o o k ,  f i l . ,  Z a n th o x y lu m  j  agar a (L.) 
S a r g ,  and  Pisc id ia  carthagenensis  J a c q .  
T h e  h a b i ta t  c o r re s p o n d s  well w ith  the  
h a b i ta t  of th e  ty p e  co llection  f ro m  El 
S a lv a d o r  ( F a s s e t t  no. 28553), w h ic h  is 
desc r ibed  as a sm all  poo l less th a n  1 m  
deep  w ith  v a ry in g  w ate r- leve l ( F a s s e t t  
1953). A lth o u g h  a la rge  n u m b e r  of sm all 
f re sh -w a te r  poo ls  on  th e  b igger is lands 
in  the  G alåpagos w ere  sea rch ed  in tens ive ly  
fo r  a q u a t ic  p la n ts  d u r in g  o u r  s tay, no  
o th e r  loca lity  fo r  Cera tophy l lum  w as 
found . As th e  co llected  m a te r ia l  w as 
f ru i t in g  a b u n d a n t ly  th e  species h a s  th e  
p o te n t ia l i ty  fo r  f u r th e r  d isp e rsa l  w i th in  
th e  is lands. I t  a p p e a rs  to  be e i th e r  a rece n t  
n a t u r a l  in t ro d u c t io n ,  o r  a species w h ich , 
Bot. Notiser, vol. 127, 1974

ow ing  to its h a b i ta t ,  h a s  been  overlooked  
b y  ea r l ie r  b o ta n is ts .

C era toph y l lu m  llerenae is a lso  know n 
f ro m  G u a tam a la ,  E l S a lvado r,  Colum bia, 
T r in id a d ,  D u tc h  G u y an a  a n d  Brazil 
( F a s s e t t  1953).

COLLECTION STUDIED. S a n t a  C r u z .  
A. D e R oy & M. & 0. H a m a n n  no. 1941, pond 
near “La Caseta”, along the old trail, about 
halfway from the harranco, alt. appr. 150 m, 
spring 1972.

Antigonon leptopus H o o k .  & A r n .

H o o k e r  & Ar n o t t  1839—40 p. 308, pi. 69.

A m o re  o r  less p u b e sc e n t  v ine  w ith  
a n g u la te  b ra n c h e s .  L eaves  a l te rn a te ,  5'—  
10 cm long, o v a te -co rd a te  o r  b ro ad ly  
de lto id -co rd a te ,  deep ly  c o rd a te  at the 
base, acu te  o r  a c u m in a te ,  s h o r t ly  p u b es ­
cent, espec ia lly  a long  the  veins  a n d  the 
m a rg in .  O ch reae  sm all  o r  re d u c e d  to a 
t ra n s v e rse  line. F asc ic les  racem ose ,  the 
ra c h is  densely  ru s ty -p u b e s c e n t ,  ex tended  
in to  a tend ri l .  S epals  5, u n e q u a l ,  the  th ree  
o u te r  ones co rd a te ,  th e  tw o  in n e r  ones 
n a r ro w e r ;  o u te r  sepals  b r ig h t  rose-p ink , 
a t  f irs t  8— 10 m m  long, en la rg in g  in fru it  
a n d  f ina lly  a b o u t  15 m m  long, w ith  
re t icu la te  veins, s l igh tly  pu b escen t .  S ta ­
m e n s  8, c o n n a te  a t  the  b ase ; f i lam en ts  
g la n d u la r -p u b e sc e n t .  O v a ry  3 -angula te , 
sty les  3. F r u i t  an  achene ,  in c lu d ed  in the 
calyx, 3 -angula te .

T h e  c o m b in a t io n  of c o rd a te  o u te r  sepals  
a n d  n o n -d e c u r re n t  leaf  b lades  sep a ra te s  
Antigonon le p topus  f ro m  o th e r  species of 
th e  genus.

T h is  is the  f i r s t  r e c o rd  of th e  genus in 
the  G alåpagos. I t  w as  co llected  in the 
c e n t ra l  p a r t  of th e  in h a b i te d  is land  of 
S a n ta  M aria . T h e  vege ta t ion  in  the  a re a  
w as  d o m in a te d  by  P s id iu m  guajava  L., 
w h ic h  h a s  becom e co m p le te ly  n a tu ra l iz ed  
in  m a n y  p laces  in  th e  a rch ip e lag o .  Anti ­
gonon le p topus  is p ro b a b ly  a  rece n t  in t r o ­
duc tion , b u t  a p p e a r s  to  be  es tab lished  as 
a n  escape  on  S a n ta  M aria .  O th e r  c o m m o n  
p la n ts  in  th e  a r e a  in c lu d e d  the  vine 
Cissus s icyoides  L. a n d  Salvia occidentalis
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Fig. 1. Ceratophyllum llerenae F a s s e t t . P art  
of shoot with m ature fruit; note also the 
inflated leaves (scale in mm). Specimen from 
Santa Cruz (A. D e R oy  & M. & 0 .  H amann  no. 
1941). —  Photo: F. S a r u p .

Sw., b o th  n a tu ra l  m e m b ers  o f  the  m esic  
fo re s t  of the  G alåpagos.

A n t ig o n o n  lep topus  is a n a t iv e  of 
M e x ic o ' an d  ’ C en tra l  A m erica , b u t  is 
w ide ly  cu l tiva ted  as  a d eco ra tiv e  v ine  in 
Sou th  A m erica  a n d  o th e r  t ro p ic a l  reg ions  
(S t a n d l e y  & S t e y e r m a r k  1946).

COLLECTION STUDIED. S a n t a  M a r i a .  
M. & 0 .  H a m ann  no. 1413, Cerro Wittmer, 
south-west slope, all. appr. 280 m, June 8, 
1972.

P o th o m o r p h e  p e l ta ta  (L.) Miq. —  Fig. 2 

M i q u e l  1840 p. 45, pi. 4 E.

S h ru b  or su b sh ru b ,  1— 2 m  h igh ; all 
vegeta tive  p a r ts  covered  w ith  sm a l l  yellow - 
b ro w n ish ,  pe lluc id  glands. L eaves  a l t e r ­
nate , ro u n d ed -co rd a te ,  up  to 18 cm  long 
a n d  16 cm w ide o r  ra re ly  la rg e r ;  ap ex

Fig. 2. Pothomorphe peltata (L.) M i q . Flower­
ing specimen from Santa Cruz (M. & 0. H a ­
mann  no. 74). —  Photo: F. Sa r u p .

acute , pe l ta te  a t o n e - fo u r th  to o n e - th ird  
of the len g th  above  the  base ; leaves long- 
petio la te , petio le  fla t a n d  sh ea th in g  a t the 
base. F lo w e r in g  sp ikes  u m b e lla te  a t the 
end  of a 4— 7 cm  long, ax i l la ry  stalk. 
U m bel w ith  l in ea r- la n ceo la te  b ra c ts  a t the 
base of the  ped u n c les ;  pedunc les  s lender, 
10— 15 m m  long, g lab rous .  Spikes several, 
2— 5 m m  th ick , 50— 100 m m  long, w ith  
t r i a n g u la r  pe lta te ,  m a rg in a l ly  f im b r ia te  
b rac ts .  F lo w e rs  sessile, perfec t .  S tam ens  2. 
S tigm as 3, sm all, sessile. F r u i t  d ru p aceo u s ,  
small, t r iq u e tro u s .

T his  is the  f irs t  reco rd  of the  genus in 
the  G alapagos. P o t h o m o r p h e  pel tata  w as  
collected  on  the in h a b i te d  is lands of S an ta  
Cruz a n d  Isabela .  W e  fo u n d  it in th ree  
localities, all in a rea s  d is tu rb e d  by  fa rm in g  
a n d  cattle -ra is ing . P o t h o m o r p h e  pel ta ta  
w as g ro w in g  in hedges  of J a t ropha  curcas

B ot. N o tise r, vol. 127, 1974
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L., a n d  at the  b o r d e r  of p a s tu re s  of Penni-  
se tum p u r p u r e u m  L. w h ich  is w ide ly  
cu l t iva ted  in  th e  is lands. P o th o m o r p h e  
pel ta ta  is a re c e n t  in t ro d u c t io n ,  b u t  a p ­
p e a rs  to be n a tu ra l iz e d  a n d  sp re a d in g  
rap id ly .

P o th o m o r p h e  pel ta ta  is d is t r ib u ted  
th ro u g h o u t  th e  W e s t  Ind ies  a n d  t ro p ica l  
A m erica  ( T r e l e a s e  & Y u n c k e r  1950).

COLLECTIONS STUDIED. S a n t a  C r u z .  
M. & 0. H a m a nn  nos. 74 & 1939, at path  
below Media Luna, south slope, alt. appr. 
380 m, December 23, 1971 & July 30, 1972. 
— I s a b e l a .  M. H aro  & M. & 0 . H amann  
no. 2575, Volcån Sierra Negra, south slope, 
near the village of Santo Tomås, alt. appr. 
180 m, September 28, 1972.

C rescen tia  cu je te  L.

L inn a eu s  1753 p. 626.

A w ell-know n , sm all  tree , easily  re c o g ­
nized  by  th e  f lo w ers  w h ic h  h av e  a  4— 7 
cm long co ro lla  w ith  re d  o r  p u rp le  veins, 
a n d  by  the la rge  globose o r  ovoid  f ru i ts  
w h ic h  h av e  a c o rk y  p e r ic a rp ,  a re  p u lp y  
w ith in  an d  h a v e  sm all,  f la t ten e d  seeds.

T h is  is th e  f irs t  defin i te  r e c o rd  of a 
m e m b e r  of the  B ignon iaceae  in  the  G a lå ­
pagos (for f u r t h e r  d iscuss ion  see W i g g i n s  
& P o r t e r  1971). Crescentia cujete  w as 
fo u n d  on  I sab e la  in  the fa rm in g  a re a  on  
th e  sou th  s lope  o f  V olcån  S ie r ra  N egra . 
T h e  m ost c o m m o n  p lan ts  in  th is  a re a  a re  
Sapindus  saponaria  L., Coffea arabica  L., 
Citrus spp. a n d  Psid ium  gua java  to g e th e r  
w ith  the in d ig en o u s  Z a n th o x y lu m  fagcira. 
I sab e la  h a s  b e e n  in h a b i te d  since 1893 
( S l e v i n  1959), a n d  th e  ab o v e-m en tio n ed  
cu l tiva ted  trees  have  b ecom e n a tu ra l iz ed .  
Crescentia cujete  th o u g h ,  w as  on ly  seen 
in  a single loca li ty  w h e re  a few  trees  b o re  
m a tu re  fru its .

Crescentia cu je te  (ca labash -tree ,  loca l 
n a m e  “m a te ” ) is a  n a t ive  of t ro p ic a l  
A m erica  a n d  is w ide ly  cu ltiva ted . T h e  
h a r d  shells o f  th e  f ru i ts  a re  used  fo r  
o rn a m e n ta l  w o rk ,  d r in k in g  cups, etc. 
( S a n d w i t h  1938).
B ot. N o tise r, v o l. 127, 1974

COLLECTION STUDIED. I s a b e l a .  M. 
& O. H a m ann  no. 2474, south slope of 
Volcån Sierra Negra, a t Corazön Verde, alt. 
appr. 400 m, September 30, 1972.

Ip o m o ea  b a ta ta s  (L.) L a m .

L a m arck  1791 p. 465.

I pom oea  batatas  is easily  d is t in g u ish ed  
f ro m  o th e r  species  of I p o m o e a  in  the 
a rch ip e lag o  b y  th e  fo llo w in g  c o m b in a ­
t io n  of c h a ra c te r s :  T u b e ro u s  roo ts ,  long, 
t ra i l in g  s tem s w h ich  ro o t  a t  th e  nodes, 
a n d  n o n -su c c u le n t  leaves.

Ipom oea  batatas  (sweet p o ta to ,  local 
n a m e  “c a m o te ” ) is a c o m m o n  cu l t iv a ted  
p la n t  in  the  G alåpagos. W e  co llec ted  it 
in tw o localit ies  on  S a n ta  Cruz, w h e re  it 
w as  c o m p le te ly  n a tu ra l iz e d .  T h e  f irs t  
loca lity  w as  in  a fo re s t  in  th e  to r to ise  
re se rv e  in  the  so u th -w es t  p a r t  of the  
is land . T h e  d o m in a n t  p la n ts  in  th is  a re a  
w ere  Caescdpinia bonduc  (L.) R o x b . ,  
Z a n th o x y lu m  fagara,  Sccilesia peduncula ta  
H o o k .  f i l .  var. peduncula ta  a n d  Pter i-  
d iu m  aqu i l inum  (L.) K u h n  v ar .  arachnoi-  
d u m  ( K a u l f . )  H e r t e r .  T h e  second  lo c a ­
li ty  w as  a t C erro  B a n d e ra  in  th e  w e s te rn  
h ig h lan d s ,  w h e re  the  la n d sc a p e  is c h a r a c ­
te rized  b y  sca tte red  tree s  of Z a n th o x y lu m  
fagara,  Acnistus el l ip t icus  H o o k .  f i l .  a n d  
Sccdesia peduncu la ta  var.  peduncula ta .  
Ip o m o ea  batatas  g rew  in  o p e n  a rea s  b e ­
tw een  fe rn s  a n d  h e rb s  su c h  as P ter id iu m  
aqui l inum  var. arachn o idu m ,  Jaegeria  
crassa  T o r r e s  a n d  Habenar ia  m o n o r r h i za  
(Sw.) R c h b .  f i l . ,  all n a t iv e  G alåpagos  
p lan ts .

Ipom oea  batatas  is cu l t iv a ted  in  the  
trop ics  all over th e  w o r ld .  I t  p ro b a b ly  
o r ig in a te d  in  the  A m e r ic a n  t ro p ic s  ( M a c -  
BRIDE 1959).

COLLECTIONS STUDIED. S a n t a  C r u z .  
M. & O. H amann  no. 1051, between El C’hato 
and “La Caseta” , south-west p a r t  of the 
island, alt. appr. 200 m, April 13, 1972. -—- 
M. & O. H amann  no. 2197, Cerro Bandera, 
western highlands, alt. appr. 600 m, September 
12, 1972.
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Histiopteris incisa ( T i i u n b . )  J .  S m i t h

S m i t h  1875 p. 294.

R h iz o m e  long, c reep ing , w oody , b ea r in g  
l in e a r  scales. Stipes ro u g h  a n d  m u r ic a te d  
a t  the  base, deep b r o w n  o r  s t ra m in e o u s  
glossy. F ro n d s  d is tan t,  long  s tip ita te ,  very  
v a r ia b le  in  size, 10— 110 cm  long, m e m ­
b ra n a c e o u s  w h en  young , becom ing  sub- 
co r iaceo u s  a n d  p a le r  w ith  age, ob long  
delto id , t r ip in n a te  o r  t r ip in n a t i f id .  R h ach is  
±  in tens ive ly  s tra m in e o u s  glossy. P in n a e  
up  to 21 cm long, opposite ,  de lto id -ob long ; 
p in n u le s  up to 5 cm  long, sessile, opposite ,  
a p ic a l ly  a c u m in a te ;  segm en ts  d ivarica te ,  
ob long , obtuse , low est ones o f ten  rem o te ,  
these ab o u t  1 cm  long; veins  f ree  o r  fo rk e d  
o r  i r re g u la r ly  anas tom osing .  Sori l in ea r  
a long  the  m a rg in s  of th e  segm ents ;  in d u s ia  
m e m b ra n a c e o u s ,  co n t in u o u s  o r  in t e r ­
ru p te d ,  a b o u t  0 .3 — 0.5 m m  b ro a d .  S pores  
a b o u t  51 pm  long a n d  34 pm  b ro a d ,  
ro u g h ly  verrucose .

A p o ly m o rp h ic  species, w h o se  p resen ce  
in the  G alåpagos w as  c o n f irm e d  by  
W i g g i n s  & P o r t e r  (1971) on the  basis  of 
a 19 7 0  co llec tion  by  I t o w , b u t  no  d e s c r ip ­
tion  of the  species w as given as the p a g i ­
n a t io n  h a d  a l re a d y  been  set.

W e  collected Histiopteris  incisa on  S an ta  
C ruz a n d  P in ta .  On S a n ta  Cruz it w as  
fo u n d  in  tw o  localities n e a r  M oun t 
Ctoc'kei* ( I t Ow 's specim en  is f ro m  the  
sam e  a rea ) .  I t w as g row ing  in  S phagnu m  
bogs a n d  at the  m a rg in s  of these. T h e  
bogs a re  m o s tly  s i tua ted  at the  bo ttom  of 
sm all,  old and  e roded  c ra te rs  in the  “fe rn -  
sed g e” vege ta tion  zone. On the  in n e r  
s lope of the  c ra te rs  the  v ege ta tion  is 
m a in ly  d o m in a te d  by  Cyathea weather-  
hyana  ( M o r t o n ) M o r t o n , P ern e t tya  ho-  
wel l i i  S l e u m e r , P ter id iu m  aquil inum  v ar.  
arachnoiclum  a n d  B lechnum  occidentale  
L. var .  pu b  er uhim  S o d i r o . On th e  m a rg in s  
of the  bogs a re  also fo u n d  Lu dw ig ia  lepto-  
carpa  ( N u t t .) H a r a , R h y n c h o s p o ra  corym -  
bosa  (L.) B r i t t , an d  P o ly g o n u m  opelousa-  
n um  R i d d e l  ex S m a l l . I n  th e  S ph agnum  
bogs, w h ich  consis t of S ph a g n u m  cuspi-

da tu m  E h r h .  var.  serra tulum  S c i i l e i p h .  
a n d  S. ery th roca lyx  H a m p e ,  the  fo llow ing  
species a re  co m m o n : N ephrolep is  cordi-  
folia (L.) P r e s l ,  Elaphog lossum  glosso- 
p h y l l u m  H i e r o n . ,  E. engellii ( K a r s t . )  
C h r i s t ,  L y c o p o d iu m  c lava tum  L., Dicra-  
nopter is  f lexuosa  ( S c h r a d . )  U n d e r w . ,  an d  
also Hist iopte r is  incisa.

On P in ta  Histiopteris  incisa w as fo u n d  
in a d r ie r  h a b i ta t  a t  the  su m m it  of the  
is land. J u s t  be low  the  su m m it  th e  vege ta ­
tion  is forest-like , d o m in a te d  by  Zantho­
x y lu m  fagara,  So lanum er ian thum  D. D o n  
an d  Tournefor t ia  rufo-sericea  H o o k .  f i l .  
Above th is  a rea  th e re  a re  dense s tands  of 
P ter id iu m  aquil inum  var.  cirachnoidum 
a n d  sca tte red  spec im ens  of Lipp ia  ros-  
marinifo l ia  A n d e r s s .  var.  rosmarinifol ia.  
In  op en  p laces  in  th is  a re a  Histiopteris  
incisa w as fo u n d  g ro w in g  to g e th e r  w ith  
Polypoclium tridens  L., P i ty r o g r a m m a  
calomelanos  (L.) L i n k  var. calomelanos  
a n d  var. aurof lava  ( H o o k . )  W e a t h e r b y  
ex B a i l e y ,  L y c o p o d iu m  cernuum  L. an d  
N ephrolep is  biserrata  (Sw.) S c h o t t .

D is tr ib u t io n  w ith in  th e  a rch ipe lago , see 
Fig. 3.

Hist iopteri s  incisa  occu rs  in tro p ica l  
a n d  su b tro p ic a l  reg ions  of the  w o r ld  
( V a r e s c l i i  1968).

COLLECTIONS STUDIED. S a n t a  C r u z .  
M. & O. H a m a n n  no. 493, in old crater with 
“ Sphagnum-bog 2”, south part of Mount 
Crocker, alt. appr. 780 m, March 2, 1972. — 
M. & O. H a m a n n  nos. 512 & 513, in
“Spliagnum-hog  1” , south part of Mount 
Crocker, alt. appr. 800 m, March 3, 1972. — 
P i n t a .  M. & O. H a m a n n  no. 741, at the 
summit, central part  of the island, alt. 645 m, 
March 22, 1972.

Psilotum nudum (L.) P a l i s o t

P a l i s o t  1805 pp. 106, 112.

Psi lo tum n u d u m  w as collected  on  F e r-  
n a n d in a ,  I sab e la  a n d  S an ta  M aria . Very 
recen tly  W e b e r  (1973) p u b lish e d  a  new  
f in d  of the  species on  Cerro  Azul, Is la  
Isabela . H ow ever,  m a n y  u n p u b lish e d  co l­
lec tions of Psi lo tum  n u d u m  h av e  been

B ot. N o tise r, vol. 127, 1974
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M a r c h e n a Q  Ge noye s

S a n  S a l v a d o r

o S ey mo urö  Rabid a

F e r na n d i n a
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Fig. 3. Distribution of H is t iop te r is  incisa  (T hunb .)  J .  S m i t h  and P s i l o t u m  n u d u m  (L.) 
P a l i s o t  within the Galåpagos Islands. — • :  His t iop te r is  incisa  recorded by me in 1971— 
1972. O; His t iop te r is  inc isa  recorded by I t o w  in  1970. A : P s i l o t u m  n u d u m  recorded in 

the present paper (various collectors in 1969— 1972).

m a d e  in  the  la s t  few  y ea rs :  O ffic ia ls  of 
th e  N a tio n a l  P a r k  Serv ice  of G alapagos, 
J. B l a c k , J. V i l l a  a n d  G. T o r r e s  h av e  
re p o r te d  P s i lo tu m  f ro m  M a rch en a  a n d  
San  S a lv a d o r  (pe rsona l  c o m m u n ic a t io n ) .  
W e b e r  also  co llected  the  species on  F e r ­
n a n d in a ,  M arch en a  a n d  V olcån  D arw in ,  
Is la  Isabela ,  a n d  f ina l ly  DE V r i e s  fo u n d  
it  on V olcån  Alcedo, Is la  I sab e la  (personal 
c o m m u n ic a t io n  f ro m  W e b e r ).  T hese  last, 
h i th e r to  u n p u b lish e d ,  r e c o rd s  a re  in c lu d ed  
in  the  m a p ,  Fig. 3.

W i g g i n s  & P o r t e r  (1971 p. 175) c o m ­
m e n t  on  the  h a b i ta t  of P s i lo tu m  n u d u m :

“In  m o is t  h a b i ta ts  in  fo res ts  o r  am o n g  
dense  s h ru b s ,  a long  b a n k s  of w a te r  courses, 
on  d r ip p in g  cliffs, a n d  a b o u t  bases  of 
trees  in  h u m u s  a n d  dense  s h a d e ” a n d  “ It 
p ro b a b ly  occu rs  on Is la  S an ta  Cruz, and  
sh o u ld  be  so u g h t  th e re  in  the  m ois te r ,  
deep ly  sh a d e d  a r e a s ” . As fa r  as th e  G alå­
pagos  m a te r ia l  is c o n ce rn ed  th is  i n f o r m a ­
tion  is m is lead ing . A p a r t  f ro m  the  S an ta  
M aria  co llection , all k n o w n  h a b i ta ts  of 
P s i lo tu m  n u d u m  in  th e  is lands  d if fe r  
f ro m  the  g iven  desc r ip t ion .  On F e r n a n ­
dina , Isabela ,  M a rc h e n a  a n d  San S a lv a d o r  
P s i lo tu m  n u d u m  is fo u n d  in  the  lo w er
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a r id  reg io n s .  O n F e r n a n d in a  a n d  Isab e la  
we co llec ted  P s i lo tu m  n u d u m  in  sm all  
c ra c k s  in  th e  lava, w h e re  on ly  little  h u m u s  
h a s  a c c u m u la te d  an d  v i r tu a l ly  no  sh ad e  is 
fo u n d .  It w as  fo u n d  g ro w in g  to g e th e r  w ith  
D a r w in io th a m m is  tenuifo l ius  ( H o o k ,  f i l . )  
H a r l i n g ,  Mcicraea Iciricifolia H o o k ,  f i l . ,  
Borrer ia  ericaefolia  H o o k .  f i l .  a n d  P o l y ­
p o d iu m  tridens.  T h e  vege ta t ion  on  the  
lav a  fields, w h e re  Ps i lo tum  n u d u m  is 
found , co n s is ts  m a in ly  of these  species 
p lu s  Jasminocereus  thouarsi i  ( W e b e r )  
B a c k b g . ,  Sccdesia aff ini s  H o o k ,  f i l . ,  Cor- 
dia  revo lu ta  H o o k ,  f i l . ,  Castela galapa-  
geia H o o k .  f i l .  an d  L ip p ia  rosmarini fol ia,  
all r e g u la r  m e m b e rs  of the a r id  ty p e  of 
vege ta tion  in  th e  G alapagos. T h e  N a tio n a l  
P a rk  O ffic ia ls  have  re p o r te d  th e  sam e 
so r t  of h a b i ta t  fo r  Ps i lo tu m  n u d u m  f ro m  
M a rc h e n a  a n d  San S a lv ad o r.  T h is  c o r r e ­
sp o n d s  w i th  R i l e y ,  w h o  co llected  Psilo ­
tu m  n u d u m  on  San S a lv a d o r;  he  no tes  on  
th e  h a b i ta t :  “I n  f is su res  of la v a  r o c k ” . 
( R i l e y  1925 p. 231).

O n ly  o n  S a n ta  M aria  w as  Psi lo tum nu­
d u m  fo u n d  in  a  m o is t  a n d  s h a d y  h ab i ta t .  
W e  co llected  it on  th e  so u th -w es t  s lope 
of C erro  W it tm e r ,  a m o n g  m osses  an d  
fe rn s  in  a  fo res t- l ike  v e g e ta t io n  d o m in a te d  
by  P s id iu m  guajava ,  Tournefort ici  rufo-  
sericea,  Z a n th o x y lu m  fagara,  Croton scou-  
leri H o o k .  f i l .  a n d  Ctenit is  s loanei  
( P o e p p i g )  M o r t o n .

W h e th e r  P s i lo tu m  n u d u m  in  th e  G alå­
pagos  is rep re se n te d  h v  d if fe re n t  ecologi­
cal race s  is to be cons idered . D is tr ib u t io n  
w ith in  th e  a rch ip e lag o ,  see F ig . 3.

Ps i lo tu m  n u d u m  o c c u r s  i n  t h e  t r o p i c s  
a n d  s u b t r o p i c s  o f  t h e  w o r l d  ( V a r e s c h i  
1968).

COLLECTIONS STUDIED. F e r n a n d i n a .  
M. & O. H a m a n n  no. 198, south-east slope, 
between P un ta  Mangle and the rim of the 
caldera, alt. 270 m, Jan u ary  20, 1972. — 
S a n t a  M a r i a .  M. & 0. H a m a n n  no. 1406, 
by the spring near the W ittm er farm, sou th­
west slope of Cerro Wittmer, alt. 260 m, June 
8, 1972. — I s a b e l a .  M. & O. H a m a n n  no. 
2457, lava flow “El Quemado”, between Cerro 
Azul and Volcån Sierra Negra, alt. appr. 240 
—350 m, September 29, 1972.
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Lycopodium setaceum L a m . ssp. galapagense 0 . H a m . ssp. nov. is described. 
It deviates from L. setaceum s. str. mainly by its broad sporophylls and larger 
spores. It is only known from Isla San Salvador, Galåpagos Islands, Ecuador.
Ole Hamann,  Institute of Systematic Botany,  University of Copenhagen. LW 
Gothersgade, DK-1123 Copenhagen K, Denmark.

IN T R O D U C T IO N

W h ile  w o rk in g  th ro u g h  th e  m a te r ia l  
collected  in  the  G alapagos Is la n d s  d u r in g  
1971— 1972, d ifficu lties  w ere  en co u n te re d  
in  d e te rm in in g  3 spec im ens  of L y c o p o ­
dium.  n o t  p rev io u s ly  rec o rd e d  f ro m  the  
a rch ip e lag o .  A s tu d y  of the  l i te ra tu re  an d  
of th e  co llections  of L y c o p o d i u m  in  the  
B o tan ica l  M useum  of the  U n ivers ity  of 
C o p en h ag en  (C) an d  in the Kew H e r ­
b a r iu m ,  L o n d o n ,  (K), h as  led to the  c o n ­
c lu s ion  th a t  the  G alapagos sp ec im en s  r e ­
p re s e n t  an  u n d e sc r ib e d  subspec ies  of L y c o ­
p o d i u m  se taceum  L a m .

L y c o p o d iu m  se ta c e u m  L a m . s sp .  g a la p a ­
g en se  O. H a m . s sp .  nov. —  (F ig s .  1 A, 2 A)

Planta  epiphytica, pendula. Rami tenues, 
laxi, ad decies dichotomi, ad 36 cm longi, 
absque foliis plerumque 0.3— 1.0 mm crassi, 
basibus foliorum decurrentibus carinati. Folia 
vegetativa alterna, dense congesta, plus minus 
adpressa, laete vel flavide viridia, plerumque 
4— 7 mm longa, 0.3—0.6 mm lata, plus minus 
recta, linearia, acuminata, margine integer-

1 The Charles Darwin Foundation  Contri­
bution no. 166.
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rimo paululum revoluto. Rami ultimi per 
circiter octo partes decimas sporophyllophori, 
strobilis nullis formatis. Sporophylla foliis 
vegetativis textura et colore similia, forma 
breviora, manifesto latiora, 2.4— 3(—4) mm 
longa, (0.5— )0.9— 1.2 mm lata, maximam 
latitudinem in parte lertia basali attingentia, 
sporangia paulum amplectentia, adpressa, 
decurrentia, acuminata. Sporangia pallide 
mellea, reniformia sinu manifesto, 0.7— 1.2 mm 
lata, 0.5— 1.1 mm longa, pedunculata. Sporae 
subflavide albae, in luce transm issa colore 
paene nullo, plerumque 35—47 um diam., in 
faciebus extrorsis convexis fossulato-foveola- 
lae, in introrsis laeves, laesuris carinas satis 
manifestas efficientibus.

Holotypus die 17 mensis Augusti anni 1972 
720 m supra mare in monte Cerro Espino 
insulae galapaganae San Salvador sub nu- 
mero 2045 a M. et O. H a m a n n  lectus, in 
Museo Botanico Hauniensi (C) depositus.

E p ip h y tic ,  p e n d a n t .  B ran ch e s  s lender ,  
lax, u p  to  10 tim es d ic h o to m o u s ly  fo rk ed ,  
u p  to 36 cm  long, m o s tly  0.3— 1.0 m m  
th ic k  (exclusive leaves), r idged  b y  the 
d e c u r re n t  bases  of leaves. V egeta tive  
leaves a l te rn a te ,  c losely  set, ±  ad p ressed ,  
ligh t g reen  to  ye llow -green , m o s t ly  4— 7 
m m  long, 0.3— 0.6 m m  b ro a d ,  +  s t ra ig h t ,  
l inear ,  a c u m in a te ;  m a rg in  en tire ,  s l ig h t ly  
revo lu te .  S p o ran g ia  n o t  in  s t ro b i l i ;  shoo t
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Fig. 1. A: Lycopodium setaceum L a m . ssp. gatapagense O. H a m . Sporophyllous part  of 
shoot. Holotype. — B: Lycopodium setaceum s. str. Sporophyllous part of shoot. Speci­
men from Cuba, E g g e r s  po., 5 1 7 3 „ 1899 , Herb. C a u l  .C h r i s t e n s e n  (C ) .-  — Photos:

F .  S a r u p . S c a l e  in  m m .

sp o ro p h y l lo u s  fo r  a b o u t  8/10 of the 
leng th . S p o ro p h y lls  s im i la r  in tex tu re  an d  
c o lo u r  to  vegeta tive  leaves, b u t  s h o r te r  
a n d  d is tinc tly  b ro a d e r ,  2.4— 3(— 4) m m  
long, (0.5— )0.9— 1.2 m m  b ro ad ,  b ro a d e s t  
in  th e  lo w er  th ird ,  so m e w h a t  c lasp ing  the 
s p o ran g ia ,  ad p ressed ,  d ecu rren t ,  a c u m i­
n a te  (Fig. 1A) .  S p o ra n g ia  pale  yellow, 
ren ifo rm ,  s ta lked , 0.7— 1.2 m m  b ro ad ,  0.5 
— 1.1 m m  long, s inus  d is tinct.  Spores  pale  
ye llow -w hite ,  n e a r ly  co lourless  in  t r a n s ­
m it te d  light, m o s tly  35— 47 pm  in d ia ­
m eter ,  fo ssu la te -foveo la te  on  o u te r  (distal) 
cu rv ed  surfaces ,  s m o o th  on p ro x im a l  s u r ­

faces, la e su ra e  re la tive ly  p ro m in e n t  as 
r idges  (Fig. 2 A).

T y p e  spec im en : Is la  San  S a lvado r.  M. & 
O. H a m a n n  no. 2045, Cerro  E sp in o ,  alt. 
720 m, A ugust 17, 1972 (C h o lo ty p u s ) .

K now n o n ly  f ro m  Is la  San  Salvador,  
G alapagos Is lands ,  E cu a d o r .

L y c o p o d i u m  se tace um  L a m . ( L a m a r c k  
1789 p. 653) belongs  to the  subgenus  
Urostachyci  P r i t z e l  (1900 p. 592), w h ich  
l a te r  w as ra ised  to generic  r a n k  by 
H e r t e r  (1922 p. 249) as U ros tachys  
H e r t e r  a n d  acc ep ted  as such  b y  N e s s e l
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(1939) in  his m o n o g ra p h .  A ccord ing  to 
B o i v i n  (1950 pp . 32— 41) how ever ,  the 
seg rega tion  of U ros tachys  H e r t e r  f ro m  
L y c o p o d i u m  L. is n o t  ju s tif ied .  Also 
W i l c e  (1972 pp. 65— 79) reac h es  the  
conclusion , th a t  the  a rg u m e n ts  fo r  d iv id ing  
L y c o p o d i u m  L. in to  s e p a ra te  g e n e ra  are  
no t  s tro n g  enough . At p re se n t  it is th e r e ­
fo re  cons idered  best to re fe r  th e  p ro p o se d  
n ew  subspecies  f ro m  G alapagos to the  
genus L y c o p o d i u m  L.

L y c o p o d i u m  se tace um  L a m . h as  been  
trea ted  as a  sy n o n y m  of U ros tachys  verti-  
cil latus  (L. f i l .) H e r t e r  b y  v a r io u s  
a u th o rs ,  in c lu d in g  N e s s e l  (1939). T he  
o r ig ina l d e sc r ip t io n  of L y c o p o d i u m  verti- 
c i l la tum  L. f i l . w as b ased  on  m a te r ia l  
f ro m  B o u rb o n  (B éunion) (L i n n a e u s  f i l i u s  
1781 p. 448). H ow ever ,  as F é e  (1866 p. 
130) h a s  a l re a d y  po in ted  out, th e  spec i­
m e n s  f ro m  the  Antilles r e fe r r e d  to  th is  
ta x o n  a re  so m e w h a t  d if fe ren t .  L a te r  
U n d e r w o o d  & L l o y d  (1906 p. 108) 
em p h as ized  th e  fac t th a t  the  A m erican  
p lan ts ,  w h ich  d iffe r  f ro m  the  O ld -W o rld  
specim ens, a re  co rrec t ly  p la ced  in  L y c o ­
p o d i u m  se tace um  L a m . T his  h a s  rece n tly  
been  fo llow ed  b y  K r a m e r  (1962 p. 78), 
to w h o m  the  re a d e r  is r e fe r r e d  fo r  an  
ex tensive list of sy nonym s. U n til  the  s u b ­
genus U ros tachya  P r i t z e l  h a s  been  s u b ­
jec ted  to a  m o d e rn  ta x o n o m ic  tre a tm e n t ,  
I p re fe r  to fo llow  the  ab o v e-m en tio n ed  
a u th o rs  in the  ques tion  of n o m e n c la tu re  
a n d  re la t io n sh ip  be tw een  L. ver t ic i l la tum  
L. f i l . an d  L. se taceum  L a m .

T h e  subspecies  galapagense  d if fe rs  f ro m  
L y c o p o d i u m  s e ta ce u m  L a m . sensu  K r a m e r

(1962) in the  c h a ra c te r s  listed in  T ab le  1. 
T h e  o rn a m e n ta t io n  of the  spores  is e ssen ­
tia l ly  s im ila r  in  the tw o  taxa . In  ssp. 
galapagense,  th e  d is ta l su r faces  a re  n e a r ly  
com ple te ly  fo ssu la te  (grooved) (Fig. 2 A), 
w h e reas  spo res  of L. s e ta ce u m  ran g e  f ro m  
foveo la te  (pitted) on ly  (Fig. 2 B) to in t e r ­
m e d ia te  foveo la te-fossu la te ,  a n d  to n e a r ly  
co m ple te ly  fossu la te ,  a n d  th u s  in d is t in ­
gu ishab le  f ro m  those  of ssp. galapagense.  
T h e  v a r ia t io n  of o rn a m e n ta t io n  in  L. seta­
c e u m  does n o t  seem  to be co rre la ted  w ith

T a b le  1. Comparison between Lycopodium  
setaceum L a m . and L. setaceum L a m . ssp. 
galapagense.  — The diameter of spores has 
been measured on samples (100 spores/speci­
men) taken from the 3 Galåpagos specimens 
and  from 5 representative specimens of L. 
setaceum from the Herbarium of the Botani­
cal Museum of the University of Copenhagen 
(C). The spores were acetylated, mounted in 
glycerol jelly and measured immediately 
after, in order to avoid errors caused by the 
gradual swelling which takes place in this 
medium. Value within brackets according to 
K r a m e r  (1962).

L. setaceum ssp. galapagense L. setaceum

Shoot sporophyllous for 
about 8/10 of the length.

Sporophylls 2.4—3.0, or 
rarely 4 mm long, 0.9— 1.2, 
or rarely only 0.5 mm broad 
(Fig. 1 A)

Spore diameter 35—47 pm

Distribution: Isla San Sal­
vador, Galåpagos.

Only half or less 
of the shoot 
sporophyllous.
Sporophylls 2.6 
—5.5 mm long, 
0.3— 0.7, or ra re ­
ly 0.9 mm broad 
(Fig. 1 B)
Spore diameter 
27—38 urn (33— 
36 pm)
Distribution: 
W est Indies & 
tropical 
America.

o th e r  m o rp h o lo g ic a l  c h a ra c te rs .  T h e  
p ro x im a l  su rfaces  a re  u n o rn a m e n te d  in 
b o th  taxa.

T h e  spores  all fa l l  w i th in  the Phleg-  
m a ria  ty p e  of the  foveo la te -fo ssu la te  g ro u p  
of L y c o p o d i u m  spo res  d esc r ib e d  by W i l c e  
(1972 p. 67). In  th is  g ro u p  spores  of 
m a n y  species a re  a lm o s t  in d is t in g u is h a b le  
( W i l c e  I .e .) .

L y c o p o d i u m  s e ta ce u m  L a m . ssp. g a la ­
pagense  w as  collected in  th re e  loca lit ies  
on  the  u p p e r  so u th -w es t  s lopes  of th e  u n ­
in h a b i te d  is land  of S an  Salvador.  I t  w as  
fo u n d  g row ing  on  old trees  o f  Z a n t h o x y ­
l u m  fagara  (L.) S a r g , a m o n g  o th e r  e p i­
p h y te s  su ch  as H y m e n o p h y l l u m  p o l y a n -  
thos  (Sw.) Sw., P o l y p o d i u m  la n c e o la iu m  
L . an d  m osses. T h e  v eg e ta t io n  in th e  a r e a  
is fo res t- l ike  o r  scrub-like , dom inated) b y  
Z a n t h o x y l u m  fagara,  A c n i s tu s  e l l ip t icus

Bot. Notiser, vol. 127, 1974



THE GALÅPAGOS ISLANDS II 255

Fig. 2. SEM photographs of spores. — A: Lycopodium setaceum L a m . ssp. galapagense 
0 .  H a m ., fossulate type (M. & O. H. no. 2021). —  B: Lycopodium setaceum s. str., 
foveolate type (H a t s c h b a c h  no. 19829, Rio Iguacu, Paranå, Brasil. Sept. 29, 1968). — 
Note also difference in size. The spore samples were mounted on SEM stubs with a 
little nail-polish and coated with a thin layer of carbon followed by gold. Specimens 
were examined with the Cambridge Stereoscan 600 at the Zoological Museum, the

University of Copenhagen. — X 1,275.

H o o k , f i l ., Cordici scouler i  H o o k , f i l ., 
T o u r n e fo r t ia  ru fo -ser icea  H o o k , f i l ., 
P s y c h o t r ia  r u f ip e s  H o o k . f i l . a n d  m a n y  
species  of fe rns .

As the  in te r io r  o f  S an  S a lv ad o r  h as  
p rev io u s ly  been  r a th e r  p o o r ly  inves t iga ted  
bo tan ica l ly ,  a w eek  w as  sp en t  in  the  
c e n t ra l  p a r t  of the  is land ,  b u t  L y c o p o d i u m  
s e ta ce u m  L a m . ssp. galapagense  w as  fo u n d  
in- th re e  loca li t ie s ' on ly : T h is  re s tr ic ted ' 
o ccu r re n c e  m ig h t  e x p la in  w h y  it has  r e ­
m a in ed  u n d isco v e re d  u n ti l  now.

COLLECTIONS STUDIED. S a n  S a l v a d o r .  
M. & O. H a m ann  no. 2021, east of “El Campa- 
mento Central”, south of the central h igh­
lands, alt. 600 m, August 16, 1972. — No. 
2045, holotype (I.e.). — No. 2107, “El Campa- 
mento Central”, south of the central h igh­
lands, alt. 570 m, August 20, 1972.
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Studies on cuticular structures in six species each of Eranthemum  and 
Pseuderanthemum  (Aeanthaceae) have been carried out. The two genera were 
formerly treated under one genus i.e. Eranthemum.  The most im portant differ­
ences in the epidermal characters of Eranthemum  and Pseuderanthemum  are: 
the presence of glandular hairs with 4-celled heads in Eranthemum  and 4—8- 
(generally 8-) celled heads in Pseuderanthemum-,  the non-glandular hairs are 
common in Eranthemum,  sparse and inconspicuous in Pseuderanthemum-,  double 
cystoliths are sparse in Eranthemum,  but common in Pseuderanthemum.  There 
are otherwise significant differences in the epidermal characters of the two 
genera. The present study suggests that the two genera, while showing some 
similarities in epidermal characters are quite distinct from each other. Eranthe­
m u m  albo-marginata  shows more similarities with the species of Pseuderanthe­
m u m  than with Eranthemum.  The epidermal characters support treating the 
genus Daedalacanthus  as a synonym of Eranthemum.
Iihwaja J. Ahmad, National Botanic Gardens, Lucknow-1,  India.

INTRODUCTION

N e e s  (1847) classified  the  species of 
E r a n t h e m u m  h av ing  su b -eq u a l  coro lla  
lobes in to  tw o g roups : (1) G ran d ib rac tea ta ,  
O ld -W o rld  species w ith  large , co n sp icu o u s  
b ra c ts ;  (2) P a rv ib ra c te a ta ,  p a r t ly  New- 
W o r ld  a n d  p a r t ly  O ld -W o rld  species w ith  
sm all, in co n sp icu o u s  b rac ts .  To  the  la t te r  
g ro u p  R a d l k o f e r  (1883) a p p l ied  the  
generic  n am e  P s e u d e r a n th e m u m .  L i n d a u  
(1895), w ho  inc ludes  E r a n t h e m u m  u n d e r  
the  tr ib e  Ruellieae, h a s  c rea ted  a sep a ra te  
t r ib e  P s e u d e ra n th e m e a e  fo r  th e  species 
in c lu d ed  u n d e r  P s e u d e r a n th e m u m .  B r e m e - 
k a m p  (1965) inc luded  E r a n t h e m u m  in  the  
su b - tr ib e  R ue lli inae  u n d e r  the  tr ibe

R uellieae  a n d  P s e u d e r a n t h e m u m  in the 
su b - tr ib e  O d o n to n e m in a e  ( tr ibe  Just ic ieae) .

A ccord ing  to W i l l i s  (1966) th e re  a re  
30 species of E r a n t h e m u m  L. a n d  120 
of P s e u d e r a n t h e m u m  R a d l k . d is tr ib u ted  
th ro u g h o u t  the  trop ics .  T h e  p re se n t  in ­
ves tiga tion  w h ic h  deals  w ith  the fo lia r  
cuticle  and  ep id e rm is  of six species each 
of E r a n t h e m u m  an d  P s e u d e r a n th e m u m ,  
h a s  been  u n d e r ta k e n  w ith  a  v iew  to 
e luc ida t ing  th e  possib le  ta x o n o m ic  a f f in i ­
ties be tw een  the  tw o  genera , an d  also  to 
f in d in g  ou t th e  ex ten t  to w h ic h  e p id e rm a l  
c h a ra c te r s  can  be used  in  m a k in g  in t e r ­
g eneric  a n d  in t ra -g en e r ic  d is t inc tions  b e ­
tw een  E r a n t h e m u m  a n d  P s e u d e r a n th e ­
m u m .

Fig. 1. Lower and upper epidermides (lower epidermides on the left and upper on  the
right). — A, B: E r a n t h e m u m  a lbo-m arginata .  — C, D: E. capense .  —- E, F:  E. n e rvo su m .  —

G, H: E. purpurasce ns .  -— Scale: 100 p.
B ot. N o tise r, vo l. 127, 1974



ERANTHEMUM AND PSEUDERANTHEMUM 257

B ot. N o tise r, vo l. 127, 1974



258 KHWAJA J. AHMAD

MATERIAL

The foliar material of the species listed 
below was either collected fresh from the 
living collection of the National Botanic 
Gardens, Lucknow (NBG) or procured as 
dried herbarium specimens from  Dr An ima  
D e , Calcutta, India (DE); Dr K. H. K r i s h n a - 
m u r t h y , Pondicherry, India (POND); Re­
gional Botanist, Botanical Survey of India, 
Southern Circle, Coimbatore, India (BSI- 
COIMB); Dr A. N. R a o , University of Singa­
pore (SING); and  Dr K. C. Ch e a n g , W ater­
falls Gardens, Penang, Malaysia (MALAY).

Eranthemum albo-marginata M a r t . (POND); 
E. capense L. fBSI-COIMB); E. nervosum  R. 
B r . ex R o e m . & Sc h u l t . (NBG); E. pur- 
purascens  N e e s  (NBG); E. roseum  (Va h l ) 
R. B r . (POND); E. wattii St a p f . (SING); 
Pseuderanthemum atropurpureum  (Bu l l .) 
B a i le y  (POND); P. bicolor (Sc h r a n k ) 
R a d l k . (DE); P. grandif lorum D o m i n  (SING); 
P. kewense  Ba i l e y  (NBG); P. malaccense 
L i n d e n  (MALAY); P. variabile (R. B r .) 
R a d l k . (NBG).

METHODS

The cuticles were peeled from leaves or 
scraped off with a safety razor blade. Chemi­
cal maceration with 10— 30 °/o nitric acid 
was, however, carried out on the majority  
of leaves, especially in cases where no fresh 
material was available. After removal cuticles 
were thoroughly washed, cleaned, and stained 
with 1 °/o aqueous safranin and  mounted in 
pure glycerine and  the coverslip was sealed 
with Canada balsam. In the case of dried 
herbarium specimens the leaf pieces were 
soaked and heated in water before the acid 
treatment. The technique is described in 
detail by the au thor elsewhere (Ah m a d  1972).

The epidermal characters of six species 
each of Eranthemum  and Pseuderanthemum  
are described separately under generic de­
scriptions which embrace the characters of 
the species investigated. Each generic descrip­
tion is supplemented by the data on m easure­
ments of various epidermal characters, viz., 
size of intercostal epidermal cells, stomatal 
frequency stomatal size, glandular hair d ia­
meter and length of the non-glandular hairs, 
presented in Tables 1 and 2. The stomatal 
frequency represents the average number of 
stomata per square millimeter of the inter­
costal areas of the lower epidermis. About

50 readings of each measurement have been 
taken. The length of the non-glandular hair 
is expressed in the tables (from left to right) 
as the minimum, m ean and m axim um  length 
observed.

O B SE R V A T IO N S

E r a n t h e m u m  L.

L O W E R  E P ID E R M IS .  In te rc o s ta l  cells 
i r re g u la r ,  w ith  s l igh t ly  s inuous  o r  s in u o u s  
w alls,  in  E. capense,  E.  n e r v o s u m ,  E.  pur-  
purascens ,  E. r o s e u m  an d  E. watt i i  (Figs.
1 C, E, G, 2 A, C ) ; po lygona l,  w ith  s tra ig h t  
o r  a rc u a te  w alls  in  E. a lbo-m arg ina ta  (Fig. 
1 A). Costal cells s tra ig h t-w a lled ,  e longate , 
a r r a n g e d  in  ro w s  (Fig. 4 A). M arg inal 
cells po lygona l,  s tra ig h t-w a lled ,  isodia- 
m e tr ic  (Fig. 4 B).

S to m a ta  d iacy tic , re s tr ic ted  to  in t e r ­
costal areas.  S to m a ta  w ith  single g u a rd  
cell a n d  s to m a ta  w i th  b o th  the  g u a rd  cells 
a b o r te d  c o m m o n  in  E. a lbo-m arg ina ta  
(Fig. 4 C, D).

G la n d u la r  h a i r s  (Fig. 4 E — K) c o m m o n ,  
sub-sessile, h e a d  g lobu la r ,  gen era lly  4- 
celled (8- o r  m ore-ce lled  in  E. a lb o -m a r g i ­
nata,  Fig. 4 I, J).

N o n -g la n d u la r  h a i r s  (Fig. 4 L — V) 
co m m o n , g en e ra lly  re s tr ic te d  to th e  ve in s  
a n d  the  m a rg in  (absen t in  E. a lb o -m a r g i ­
nata) ,  1-celled, gen era lly  con ica l (Fig. 4 
N, P) o r  several-celled  (usually  2— 4- 
celled), f r e q u e n t ly  s to u t  (Fig. 4 L, M ) ; 
w all o rn a m e n te d  w ith  ro u n d  to e l l ip t ic  
tu b e rc les  (Fig. 4 W — Y ) ; p o re  r im  c i rc u la r  
o r  po lygona l;  h a i r -b a se  1- to severa l-  
celled.

C ysto liths  (Fig. 4 Z— II) c o m m o n ,  
s im ple, v a r io u s ly  s h a p e d ;  doub le  c y s to l i th s  
a lso  p resen t.

U P P E R  E P ID E R M IS .  In te rc o s ta l  ce lls  
i r reg u la r ,  s l igh tly  s in u o u s  o r  s in u o u s -  
w alled , in  E. capense,  E. p u r p u r a s c e n s ,  
E. r o s e u m  arid E. watt i i  (Figs. 1 D, H,

Fig. 2. Lower and upper epidermides (lower epidermides on the left and upper on the
right). — A, B: E r a n t h e m u m  roseum.  — C, D: E. wat ti i .  — E, F : P s e u d e r a n t h e m u m

a tro p urp u reu m .  — G, H: P. bicolor . — Scale: 100 p.
B ot. N otiser, vo l. 127, 1974
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Table 1. Measurements of epidermal characters in Eranthemum.  ■— A: Epiderm al cell 
size (p). — B: Stomatal frequency per m m 2. — C: Stomatal size (p). —■ D: Diameter of 
glandular head (p). — E: Length of non-glandular hairs (p). — L: Lower epidermis. —

U: Upper epidermis.

Species A B C Ü E

E. albo-marginata  ............. L: 35X23 
U: 38X29

L: 120 21X15 30 —

E. capense ............................ L: 75X39 
U: 69X43

L: 64 22X15 25 27— 70— 170

E. nervosum  ........................ L: 64X31 
U: 60X34

L: 106 23X13 26 22— 100—235

E. p u r p u r a s c e n s .................. L: 68X27 
U: 79X42

L: 108 30X18 34 53—87— 162

E. roseum  ............................ L: 62x41  
U: 72X45

L: 83 22X15 26 57— 102— 195

E. w a t t i i ................................. L: 67x 2 9  
U: 56X35

L: 107 26X16 25 22— 57— 127

2 B, D ) ; po lygona l,  w i th  s tra igh t ,  a rc u a te  p u r p u r e u m ,  P. bicolor  a n d  P. kew ense
o r  s ligh tly  s in u o u s  walls, in  E. albo-  (Fig. 5 B) .  M arg in a l  cells s tra igh t-w a lled ,
m a r g in a ta  and  E. n e r v o s u m  (Fig. 1 B, F ) .  iso d ia m e tr ic  (Fig. 5 C).
Costal a n d  m a rg in a l  cells s im ila r  to those  S to m a ta  d iacytic , r e s tr ic te d  to  in ter-
of the  lo w er  ep id e rm is .  S to m a ta  p resen t,  costa l areas. A b n o rm a l  s to m a ta  w i th  single
s p a rse  in E. n e r v o s u m ,  E.  p u r p u ra s c e n s  g u a rd  cell a n d  w ith  a b o r te d  g u a rd  cells
a n d  E. watt i i ;  s to m a ta  a b sen t  in  E. albo-  p re sen t  in  P. bicolor  a n d  P. k e w e n s e  (Fig.
m arg ina ta ,  E. capense  a n d  E. roseum.  5 D, E).
G la n d u la r  ha irs ,  n o n -g la n d u la r  h a i r s  an d  G lan d u la r  h a i r s  (Fig. 5 F — L) com m on,
cys to l i th s  s im ila r  to th o se  of the  lo w er  sub-sessile, h e a d  g lobu la r ,  4— 8-celled
e p id e rm is ;  n o n -g la n d u la r  h a i r s  o ccu r  in (generali}? 8 -ce l led ) .
in te rc o s ta l  a rea s  also. N o n -g la n d u la r  h a i rs  (Fig. 5 M— S) a b ­

sen t in  P. a t r o p u r p u r e u m ,  P. k e w e n s e  an d

Pseuderanthemum R a d i  k. P - sp a rs e  in c o m m o n
in P. m a laccense  a n d  P. g r a n d i f lo ru m ;

L O W E R  E P ID E R M IS .  In te rc o s ta l  cells o c c u rr in g  ch ie f ly  on th e  veins and  the
p o ly g o n a l ,  w ith  s t ra ig h t  walls, in P. citro- m a rg in ;  1- to several-celled  (up to 12-
p a r p u r e u m  a n d  P. k e w e n s e  (Figs. 2 E, celled, s lender,  r a re ly  b r a n c h e d  in  P. bi-
3 C ) ; po lygona l,  w ith  a rc u a te  o r  s lightly  color,  Fig. 5 M— P ), u n ise r ia te ;  f re q u e n t ly
s in u o u s  walls, in P. bicolor  (Fig. 2 G ) ; sm all, u n ic e llu la r ,  con ica l; w all  o rn a -
ir re g u la r ,  w ith  s in u o u s  walls, in  P. grandi-  m e n ted  w ith  r o u n d  o r  oval tu b e rc le s  (Fig.
f l o r u m ,  P. m alaccense  a n d  P. variabile  5 S ) ; p o re  r im  c i rc u la r  o r  p o ly g o n a l;  h a i r-
(Fig. 3 A, E, G). Costal cells s tra igh t-  base  1 - to several-celled .
w alled , p o ly g o n a l  o r  e longa te  (Fig. 5 A), C ysto liths  (Fig. 5 T — II) c o m m o n  in
a r r a n g e d  in ro w s ;  costa l cells genera lly  cos ta l  a n d  in te rco s ta l  a reas ,  s im ple  o r
p o ly g o n a l  a n d  isod iam etric ,  in  P. atro-  doub le , v a r io u s ly  sh ap ed .

Fig. 3. Lower and upper epidermides (lower epidermides on the left and upper on the
right). — A, B: P s e u d e r a n t h e m u m  gran di f lo rum.  — C, D: P. kew en se.  —  E, F:  P. m a l a c ­

cense.  — G, H: P. variabi le.  — Scale: 100 p.
B ot. N o tise r, vo l. 127, 1974
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Table 2. Measurements of epidermal characters in Pseuderanthemum.  — A: Epidermal 
cell size (p). — B: Stomatal frequency per m m 2. — C: Stomatal size (p). — D: Diameter 
of g landular head (p). — E: Length of non-glandular hairs (p). — L: Lower epidermis. —

U: Upper epidermis.

Species A B C D E

P. atropurpureum  . . . . L: 29X24 
U: 38X31

L: 99 20X12 29 —

P. bicolor ...................... L: 39X22 
U: 41X32

L: 126 20X13 28 118— 228—354

P. grancliflorum ........... L: 61X36 
U: 58X38

L: 96 23X15 32 27—62— 130

P. kewense  .................... L: 34X21 
U: 43X32

L: 124 24X14 28 —

P. malccense  . . . . . . . . L: 90X35 
U: 50X30

L: 73 25X16 32 37— 64— 115

P. variabile .................... L: 42X27 
U: 45X32

L: 104 20X12 27 —

U P P E R  E P ID E R M IS .  In te rc o s ta l  cells 
po lygona l,  isod iam etric ,  w ith  s tra ig h t  w alls  
in P. a t r o p u r p u r e u m ,  P. k e w e n s e  (Figs. 
2 F , 3 D ) ;  po lygona l,  w i th  s t ra ig h t  o r  
a rc u a te  w a lls  in  P. bicolor  (Fig. 2 H ) ; 
i r re g u la r ,  w ith  s in u o u s  w alls  in P. grandi-  
f l o r u m ,  P. m a laccense  a n d  P. variabile  
(Fig. 3 B, F ,  H ).  Costal cells s im ila r  to 
those of the  lo w e r  ep iderm is .  S tom a ta  
absen t.  G la n d u la r  ha irs ,  n o n -g la n d u la r  
h a i rs  a n d  cy s to l i th s  s im ila r  to those  of the 
lo w er  ep id e rm is .

DISCUSSION

Of the  six species of E r a n t h e m u m  in ­
vestigated , all excep t E. albo-marginatci  
show  m o re  o r  less u n i fo rm  ep id e rm a l  
c h a ra c te rs ,  viz., i r re g u la r ,  s ligh tly  s inuous  
or s in u o u s-w a lled  e p id e rm a l  cells, low 
s to m a ta l  f req u e n c y ,  g la n d u la r  h a i rs  w ith

4-celled h e a d s  a n d  p re d o m in a n t ly  sim ple 
cysto liths . In  E. a lbo-m arg ina ta  how ever ,  
th e  ep id e rm a l  cells a re  v e ry  sm a l l  (Table 
1), p o ly g o n a l in  sh a p e  a n d  s tra igh t-  
w alled ; g la n d u la r  h a i r s  h av e  8-celled 
heads , a n d  n o n -g la n d u la r  h a i r s  a re  absent. 
T h is  species a p p e a r s  to  be  c loser  to 
P s e u d e r a n t h e m u m  th a n  to  E r a n t h e m u m  
as several species of P s e u d e r a n t h e m u m  
s h a re  these  c h a ra c te rs .

E. n e r v o s u m  a n d  E. p u r p u r a s c e n s  w ere  
fo rm e r ly  in c lu d e d  in  the  genus  Daedala-  
ca n th u s  (see S a n t a p a u  1951). T h e  e p i­
d e rm a l  c h a ra c te r s  of these  tw o  species a re  
s im ila r  to those  of the  o th e r  species of 
E r a n t h e m u m  excep t E. albo-marginata .  
E p id e rm a l  c h a ra c te r s  th u s  s u p p o r t  R a d l - 
k o f e r ’s (1883) t r e a tm e n t  of the genus 
D aeda lacan thus  as a s y n o n y m  of E r a n th e ­
m u m .

T h e  species of P s e u d e r a n t h e m u m  in-

Fig. 4. A: Costal cells of Eranthemum roseum.  — B: Marginal cells of E. capense. — 
C: Single guard cell of E. albo-marginata. — D: Stoma with aborted guard  cells in 
E. albo-marginata.  — E— J: Sub-sessile glandular hairs of E: E. roseum;  F: E. capense; 
G: E. wattii; H: E. nervosum;  I ,  J: E. albo-marginata. — K: Sectional view of glandular 
ha ir  in E. nervosum.  — L— V: Non-glandular hairs of L— N: E. roseum;  O— R: E. capense; 
S: E. nervosum ; T, U: E. wattii; V: E. purpurascens.  — W —Y: Portions of non-glandular 
hairs  magnified to show wall ornam entation of W: E. purpurascens;  X: E. nervosum;  
Y: E. roseum.  — Z—II: Cystoliths of Z, AA: E. wattii; BB: E. capense; CC: E. roseum;  
DD— HH: E. albo-marginata; II: Sectional view of cystolith in E. purpurascens.  •— Left 

scale: 100 p (A, B, L—V, Z—HH). Right scale: 50 p (C— K, W—Y, II).
B ot. N o tise r, vo l. 127, 1974
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Fig. 5. A, B: Costal cells of A: P. variabile; B: P. kewense.  — C: Marginal cells in 
P. bicolor. — D: Stoma with single guard cell in P. kewense.  — E: Stoma with aborted  
guard cells in P. bicolor. — F —L: Sub-sessile glandular hairs of F: P. variabile; G, H: 
P. bicolor; I: P. malaccense; J: P. grandiflorum;  K: P. kewense;  L: P. atropurpureum.  —  
M— S: Non-glandular hairs of M—P: P. bicolor; Q, R: P. grandiflorum;  S: P. grandi­
florum,  portion of a non-glandular hair showing wall ornamentation. — T— II: Cystoliths 
of T— Z: P. kewense;  AA: P. atropurpureum;  BB—DD: P. grandiflorum;  EE: P. bicolor; 
FF: P. wattii; GG: P. malaccense; II: P. variabile; HH: Sectional view of cystolith in 
P. variabile. — Left scale: 100 p (A— C, M—R, T—GG, II). Right scale: 50 a (D L, S, HH).

B ot. N o tise r, vol. 127, 1974
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Table 3. Comparison of epidermal characters of Eranthemum  and Pseuderanthemum.

Epiderm al characters Eranthemum Pseuderanthemum

Intercostal cells ......... Irregular (polygonal in E. albo-
marginata)

Costal c e l l s .................... Polygonal, elongate

Stomata ..........................  Common in the lower epidermis,
sparse or absent in the upper

Glandular hairs ...........  Sub-sessile, head globular, 4-celled
(8-celled in E. albo-marginata)

N on-glandular hairs

Cystoliths

Common (absent in E. albo- 
marginata)  1- to several-celled

Common, generally simple; 
sometimes double

Irregular in some species, poly­
gonal in others

Polygonal, sometimes ±  iso- 
diametric

Common in the lower epidermis, 
absent in the upper

Sub-sessile, head globular, 4—8- 
celled, generally 8-celled

Common in two species, sparse or 
absent in the others; 1- to several- 
celled

Common, both simple and double

vestigated  also  revea l b ro a d ly  u n i fo rm  e p i ­
d e rm a l  c h a ra c te r s  (Table  2) such  as 
h y p o s to m a t ic  leaves, low  s to m a ta l  f r e ­
qu en cy ,  subsessile  g la n d u la r  h a i r s  w ith  
4— 8- (genera lly  8-) celled  g la n d u la r  heads ,  
an d  s im p le  a n d  d o u b le  cysto liths .  T h e y  
c a n  be d is t in g u ish ed  by  the sh a p e  of th e i r  
e p id e rm a l  cells an d  th e  p re se n c e  o r  a b ­
sence of n o n -g la n d u la r  ha irs .  P. bicolor  
is c h a ra c te r iz e d  by  its s lender,  so m etim es  
b r a n c h e d  n o n -g la n d u la r  ha irs .  P. g r a n d i ­
f l o r u m  a n d  P. m alaccense  h a v e  c o m p a r a ­
tively  la rge  ep iderm al,  cells., P .  m alaccense  
also h a s  the low est s to m a ta l  f re q u e n c y  
a m o n g  th e  species inves tiga ted  (Table  2).

A c o m p a r is o n  of the  e p id e rm a l  c h a r ­
ac te rs  of E r a n t h e m u m  a n d  P s e u d e r a n th e ­
m u m  is given in T ab le  3. T h e  m o s t  im ­
p o r ta n t  d iffe rences  in  th e  ep id e rm a l  c h a r ­
ac te rs  of E r a n t h e m u m  a n d  P s e u d e r a n th e ­
m u m  a re  as fo llow s: the s to m a ta  are
p re se n t  sp a rse ly  on th e  u p p e r  ep id e rm is  
of som e species  of E r a n t h e m u m ,  b u t  a b ­
sen t in P s e u d e r a n t h e m u m ;  th e  g la n d u la r  
h a i r s  hav e  4-celled h ead s  in  E r a n t h e m u m ,  
a n d  4— 8- (generally  8-) celled  h ead s  in 
P s e u d e r a n t h e m u m ;  th e  n o n -g la n d u la r  h a i rs  
a re  co m m o n  in  E r a n t h e m u m ,  s p a r s e  and  in ­
co n sp icu o u s  in P s e u d e r a n t h e m u m ;  doub le

cys to l i th s  a re  sp a rse  in  E r a n t h e m u m ,  b u t  
c o m m o n  in  P s e u d e r a n th e m u m .  T h e re  a re  
no  o th e r  d iffe rences  b e tw een  the tw o 
g en e ra  as reg a rd s  e p id e rm a l  ch a ra c te rs .  
E. a lbo-m arg ina ta  show s m o re  s im ilarities  
to the species o f  P s e u d e r a n t h e m u m  th a n  
E r a n t h e m u m .  V i s h n u - M i t t r e  a n d  S h a r m a
(1963) w h o  s tud ied  the  po llen  m o rp h o lo g y  
of eight species o f  E r a n t h e m u m  an d  th ree  
of P s e u d e r a n t h e m u m  conc luded  th a t  the  
tw o g en e ra  a re  qu ite  d is t in c t  f ro m  each  
o th e r .  E v idence  f ro m  th e  p re se n t  s tudies  
ind ica tes  d iffe rences  b e tw ee n  the, ge.neya, 
b u t  the pos ition  of E. a lbo-marg ina ta  an d  
the  v a r ia t io n  fo u n d  w ith in  E r a n t h e m u m  
r e q u ire s  to be recons ide red .
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M egasporogenesis and M egagam etogenesis in  Paspalum  

com m erson ii and P. lo n g ifo liu m  at 

Two P o lyp lo id  Levels

Chuan-ying Chao

Ch a o , C. Y. 1974 09 13. Megasporogenesis and megagametogenesis in Paspalum 
commersonii and  P. longifolium at two polyploid levels. — Bot. Notiser 127: 
267—275. Lund. ISSN 0006-8195.

Megasporogenesis and megagametogenesis were studied at two polyploid levels 
in three polyploids of Paspalum commersonii  and  two of P. longifolium. Meiosis 
is restitutional in the hexaploid biotype (2n =  60) and induced dodecaploid 
(2n=120) of P. commersonii  and tetraploid biotype (2n =  40) of P. longifolium,  
bu t norm al in the dodecaploid biotype (2n=120) of P. commersonii  and induced 
octoploid (2n =  80) of P. longifolium.  As a result, the embryo sac (ES) develops 
m ainly from an unreduced megaspore in the first three biotypes and from a 
reduced megaspore in the last two. Aposporic development of ES from a nucellar 
cell was observed in all three biotypes of P. commersonii,  regardless of whether 
meiosis is restitutional or normal, to a low degree, but was not traced in the 
two biotypes of P. longifolium.  In every case, the ES is 8-nucleate, of the same 
appearance as in the Polygonum type with the three antipodals dividing 2—3 
times to form  12 or 24 binucleate or multinucleate cells in the m ature ES. These 
results indicate that in each biotype the meiotic sequence in megasporogenesis 
is similar to that in microsporogenesis reported elsewhere, and that the pattern 
of megasporogenesis can be different at different polyploid levels of the same 
species, yet the type of ES is no t altered by the change in the number of 
chromosom e sets. W hether somatic apospory occurs or not in these two species 
seems to be species specific and  will not be altered after chromosome doubling.
Chuan-ying Chao, Department of Biology , The Chinese University of Plonq Kong, 
Hong Kong.

INTRODUCTION

M icrospo rogenes is  a t  tw o d if fe re n t  p o ly ­
ploid levels in  th r e e  p o ly p lo id s  of Paspa-  
l u m  c o m m e r s o n i i  a n d  two of P. longi-  
f o l i u m  has  b een  re p o r te d  by  P i  a n d  Ch a o  
(in p ress ) .  In  P. c o m m e rs o n i i ,  th e  h e x a ­
p lo id  (2n =  60) a n d  dod ecap lo id  (2 n = 1 2 0 )  
b io ty p es  co llected  f ro m  the sam e  loca lity  
a re  a s y n a p t ic  a n d  s jm ap tic  respec tive ly ; 
w h e re a s  the dod ecap lo id  ( 2 n = 1 2 0 )  in ­
d u ced  f ro m  th e  a s y n a p t ic  h ex a p lo id  b io ­
type  b y  co lch ic ine  t r e a tm e n t  is co m ple te ly  
a sy n ap tic .  In  P. lo ng i fo l ium ,  th e  t e t r a ­
p lo id  b io ty p e  (2n =  40) is d esynap tic ,  w hile  
the  oc top lo id  (2n =  80) in d u c ed  f ro m  the  
d e sy n a p t ic  te t ra p lo id  b io ty p e  also by

colchic ine  t r e a tm e n t  is synap tic .  In  the  
a s y n a p t ic  a n d  d e sy n a p t ic  b io types ,  the 
f i r s t  d iv ision  in  m ic ro sp o ro g en es is  resu lts  
in the  fo rm a t io n  of a re s t i tu t io n  nucleus.  
H ence  each  pollen  m o th e r  cell (PMC) 
u su a l ly  p ro d u c e s  tw o u n re d u c e d  m ic ro ­
spores  a f te r  m eiosis. In  the  sy n a p t ic  b io ­
types, m ic ro sp o ro g e n es is  fo llow s the  n o r ­
m a l  m e io tic  sequence  an d  p ro d u ces  fo u r  
red u c e d  m ic ro s p o re s  f ro m  each PMC, b u t  
is u su a l ly  a c c o m p a n ie d  b y  som e i r r e g u ­
larities . T hese  re su lts  ind ica te  th a t  th e  
m e io tic  p a t te r n  d u r in g  m ic ro spo rogenes is  
can  be d if fe re n t  a t d if fe re n t  po lyp lo id  
levels of th e  sam e species.

In  o rd e r  to com ple te  the  s tu d y  of the
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process  of re p ro d u c t io n ,  the  p re s e n t  p a p e r  
deals  w ith  the  m eg asp o ro g en es is  an d  
m egagam etogenes is  in  th e  sam e five p o ly ­
ploids.

MATERIALS AND METHODS

The origin of the material used was re­
ported previously (Pi & Ch a o  in press). The 
plants were grown in the greenhouse of New 
Asia College, the Chinese University of Hong 
Kong. Spikes at stages of megasporogenesis 
and megagametogenesis were fixed in fo rm a­
lin acetic-alcohol for 24 hours. After washing 
in 70 °/o ethanol the individual ovaries were 
dissected out for dehydration and paraffin 
infiltration. Paraffin  sections were cut 15 p 
thick and stained with iron hematoxylin.

R E S U L T S

P a s p a lu m  c o m m e rs o n i i  L a m k . 

H E X A P L O ID  B IO T Y P E  (2n =  60)

Sections of 110 ovaries  o f  th is  b io type  
w ere  investiga ted  fo r  the  d ev e lo p m en t of 
m eg asp o re  m o th e r  cell (MMC) a n d  m eio tic  
division. I t  w as  fo u n d  th a t  th e  MMC in itia l 
e longates  r a p id ly  a f te r  it d if fe re n tia te s  
b en ea th  the  n u c e l la r  ep iderm is .  W h e n  it 
h a s  becom e a b o u t  tw ice  as long  as b ro ad ,  
it u n de rgoes  m egasp o ro g en es is .  At dia- 
k inesis  a p p ro x im a te ly  60 u n iv a le n ts  could  
be observed  in  th e  n u c leu s  (Fig. 1A) .  At 
m e ta p h a s e  I (MI) the  u n iv a len ts  m ove to 
th e  e q u a to r ia l  p la n e  w h e re  a re s t i tu t io n  
n u c leu s  is la te r  fo rm e d  (Fig. 1 B, C). T h e  
second  m eio tic  d iv ision  re su lts  in  th e  f o r ­
m a tio n  of tw o u n re d u c e d  d a u g h te r  nucle i 
(Fig. 1 D). T w o  types  of dev e lo p m en t 
w ere  observed  d u r in g  cy tok ines is .  In  the

one, cy tok ines is  resu lts  in  the  fo rm a t io n  
of tw o  m egaspo re s ,  the  m ic r o p y la r  one 
be ing  s ligh tly  sm alle r  th a n  the  chalazal 
one. T h e  fo rm e r  d egenera tes  w h e n  the 
la t te r  s ta r ts  to  e longate  (Fig. 1 E ) .  In  the 
o the r ,  w a ll  fo rm a t io n  d ivides th e  cell into 
tw o  u n e q u a l  m egaspo res ,  th e  m ic ro p y la r  
one  be ing  less th a n  one h a l f  of th e  chalazal 
one  in  size (Fig. 1 F ) .  T h e  f o r m e r  m ay 
p e rs is t  u n t i l  the  la t te r  h a s  e x ten d ed  to its 
m a x im u m  size fo r  in i t ia t in g  th e  first 
m ito t ic  d iv is ion  (Fig. 1 G, H ). I n  a  few 
cases the  n ew  cell w all is o b liq u e  (Fig.
1 I, J).

T h e  s tu d y  of the  sections  of 200 ovaries  
a t  d if fe re n t  stages of m egagam etogenes is  
show s th a t  the  e m b ry o  sac (ES) tha t 
o r ig in a ted  f ro m  the  u n re d u c e d  m e g asp o re  
fo llow s the n o rm a l  sequence  of deve lop ­
m e n t  of m o s t  p lan ts  (Fig. 1 K— M). The 
m a tu r in g  ES is 8 -nucleate ,  of th e  same 
a p p e a ra n c e  as in  the  P o ly g o n u m  ty p e  (Fig. 
1 N). T h e  th re e  a n t ip o d a ls  u su a l ly  divide 
2— 3 tim es to fo rm  12 o r  24 b in u c lea te  
a n t ip o d a ls  in  the  m a tu re  ES.

In  a few  ovarie s  the  d iv ision  of the  
m e g asp o ro c y te  a n d  the  d e v e lo p m en t  of 
th e  ES fo llow  th e  p a t te rn  d esc r ibed  above, 
b u t  a t  the  sam e tim e a n u c e l la r  cell e n ­
la rges  a n d  develops in to  a n o th e r  ES (Fig. 
1 O, P ). T h e  nucle i in  such  ES a re  r e la ­
tively la rge  in size.

IN D U C E D  D O D E C A P L O ID  (2n =  120)

F o r  th is  taxon ,  w h ich  w as  in d u c e d  f ro m  
the h ex ap lo id  b io type , sections of 135 
ovaries  ran g in g  f ro m  MMC in itia ls  to 
m a tu re  ES w ere  exam ined .  T h e  resu lts

Fig. 1. Paspalum commersonii,  hexaploid biotype. — A: Megasporocyte at diakinesis, 
showing a num ber of univalents in the nucleus. — B: Telophase I, showing the form ation 
of a restitution nucleus, chromosomes appearing to be stuck together. -— C: A restitution 
nucleus. — D: Telophase II. — E: Two unreduced megaspores, the micropylar one 
degenerating. — F, G: Form ation  of two megaspores, the micropylar one being much 
smaller in size. — H: Uninucleate embryo sac, the micropylar megaspore still persistent. 
— I: Two megaspores separated by an oblique cell wall. — J: Uninucleate embryo sac 
and the degenerating m icropylar megaspore. — K—M: Binucleate, 4-nucleate and 8- 
nucleate embryo sacs. — N: Maturing embryo sac of Polygonum  type in appearance. — 
O: Megasporocyte at telophase II together with one binucleate embryo sac from a nucellar 
cell. — P: One maturing embryo sac probably from the chalazal megaspore, and one 

binucleate embryo sac of nucellar origin. — A— II X750. I— P X570.
B ot. N o tise r, vo l. 127, 1974



PASPALUM 269

B ot. N o tise r, vol. 127, 1974



270 CHUAN-YING CHAO

ind ica te  th a t  a f te r  c h ro m o so m e  doubling , 
the  bas ic  p a t te rn  of m eg asp o ro g en es is  an d  
m egagam etogenes is  w as  n o t  a l te red  as 
c o m p a re d  w ith  its p a re n ta l  h e x ap lo id  b io ­
ty p e  described  in  the  p rev io u s  section. 
C hrom osom es  a re  n o t  p a i re d  a t  d iak ines is  
a n d  MI (Fig. 2 A). T w o u n re d u c e d  m e g a ­
spores  a re  fo rm e d  f ro m  each  MMC at the 
end  of m eiosis  (Fig. 2 B, C). T h e  ES is 
also 8 -nucleate , of the  sam e a p p e a ra n c e  
as in the  P o ly g o n u m  ty p e  (Fig. 2 D — F ). 
In  som e ovaries, s im u l ta n e o u s  d ev e lo p ­
m e n t  of a n u c e l la r  cell in to  ES a n d  the  
d iv ision  of th e  m e g a sp o ro c y te  w as  also 
observed  (Fig. 2 G, H) as in  the  p a re n ta l  
hex ap lo id  b io type.

D O D E C A PL O ID  B IO T Y P E  (2 n = 1 2 0 )

T h e  MMC of th is  b io ty p e  is s im ila r  in 
d ev e lo p m en t to  th a t  of the  h ex a p lo id  b io ­
type  an d  the in d u c e d  dodecap lo id .  H o w ­
ever, it d iffers  f r o m  th e m  in  m e io tic  d iv i­
s ion  as revea led  in  th e  sections  of 65 
ovaries  a t th is  stage. In  gen era l  m e g a ­
sporogenesis  of th is  b io ty p e  fo llow s the 
n o rm a l  sequence  of m o s t  p lan ts .  C h ro m o ­
som e p a ir in g  is n o rm a l .  All the  b iva len ts  
m ove to the  e q u a to r ia l  p la n e  a t  MI (Fig. 
3 A). T w o  d y ad  cells a re  th e n  fo rm e d  a t 
the end  of th e  f i r s t  d iv is ion  (Fig. 3 B, C), 
the  m ic ro p y la r  one  being  sm a lle r  th a n  Ihe 
ch a laza l  one. T h e  second  m e io tic  d ivision 
m ay  take p lace  in  the  m ic ro p y la r  d y ad  
cell as u s u a l  o r  fa il  a t  a c e r ta in  stage of 
the d iv ision  (Fig. 3 D ) ,  b u t  it is n o rm a l  
in the  ch a laza l one  in  m o s t cases, fo rm in g  
tw o  red u ce d  m e g a sp o re s  (Fig. 3 D, E). 
T h u s  e i the r  t e t r a d  o r  t r i a d  is fo rm e d  in  
th e  ovule a f te r  m eiosis  (Fig. 3 E — G). 
N o rm a lly  the  in n e rm o s t  m e g asp o re  de ­
velops in to  ES (Fig. 3 E — G). T h e re  is, 
how ever ,  one en la rg ed  n u c e l la r  cell s i tu ­
a ted  ju s t  be low  th e  sp o ro g en o u s  cell or 
cells (Fig. 3 E, F ) in  a  n u m b e r  of ovaries. 
I t Avas observed  in  som e su ch  ovaries  th a t  
w h e n  all the  sp o ro g en o u s  cells degenera te  
th is  en la rged  n u c e l la r  cell show s a  t e n ­
d ency  to develop  (Fig. 3 H ) .  B u t it is 
d o u b tfu l  w h e th e r  it cou ld  rea l ly  fo rm
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fu n c t io n a l  ES s ince  a t th is  stage th e  p lan ts  
h av e  a l re a d y  re a c h e d  an thesis .

S ix ty-e ight ovarie s  a t stages o f  m ega­
gam etogenesis  w e re  s tud ied . T h e  resu lts  
show  th a t  the  E S  of th is  b io ty p e  (Fig. 3 
I— L) agrees  w ith  th e  P o ly g o n u m  type, 
a n d  th e  s t ru c tu re  of its m a tu r e  ES is 
qu ite  s im ila r  to th a t  of the  h e x a p lo id  b io ­
ty p e  a l th o u g h  these  tw o  b io ty p es  are  d if­
fe re n t  in the  p a t te rn  of m egasporogenes is .

F r o m  the  above  o b se rv a t io n s  w e m ay  
conc lude  th a t  in  P. co m m ers o n i i ,  the 
h ex a p lo id  b io ty p e  a n d  th e  in d u c ed  dodeca­
p lo id  exh ib it m eiosis  c h a ra c te r iz e d  by  the 
fo rm a t io n  of a  re s t i tu t io n a l  n u c leu s  a t 
f i r s t  m e io tic  d iv is ion  (re s t i tu t io n a l  meiosis 
acc o rd in g  to B a t t a g l i a  1963) a n d  ending  
in the  fo rm a t io n  of tw o  u n re d u c e d  m ega­
spores ,  a n d  the  d o d ecap lo id  b io ty p e  has  
a  n o rm a l  sequence  of m egaspo rogenes is  
a n d  p ro d u ces  re d u c e d  m e g asp o re s .  As a 
resu lt ,  the  ES d e v e lo p m e n t  in th e  fo rm e r  
tw o  b io types  is d ip lo spo ric ,  b u t  n o rm a l  
in the  la t te r  one. T h e  a p o s p o r ic  d eve lop ­
m e n t  of ES f ro m  a n u c e l la r  cell w as  ob ­
se rved  in  all th re e  b io types ,  b u t  to  a very  
low  degree. T h e  m a tu r in g  ES, how ever,  
a re  all 8 -nuclea te ,  a n d  all the  m a tu r e  ES 
c o n ta in  12 o r  24 b in u c lea te  a n t ip o d a ls .

P a s p a l u m  l o n g i f o l i u m  R o x b .

T E T R A P L O ID  B IO T Y P E  (2n =  40)

R esu lts  f ro m  th e  e x a m in a t io n  of the  
sections of 73 ovaries  of th is  b io ty p e  
ind ica te  th a t  its MMC d ev e lo p m e n t  an d  
m eiosis  a re  s im ila r  to  those  of th e  h e x a ­
p loid  b io ty p e  of P. c o m m e rs o n i i .  A p p ro x i­
m a te ly  40 u n iv a le n ts  cou ld  be ob se rv ed  at 
d iak ines is  (Fig. 4 A ) . A re s t i tu t io n  n u c leu s  
is fo rm e d  a t the  en d  of the  f irs t  m e io tic  
division. I t  th e n  d ivides to  fo rm  tw o  m e g a ­
spo res  (Fig. 4 B) w ith  a n  u n re d u c e d  
ch ro m o so m e  n u m b e r .

T h e  ch a laza l  m e g a sp o re  deve lops  in to  
the  ES (Fig. 4 C ) . T h is  w as  in v a r ia b ly  so 
in 78 ovaries  s tu d ie d  a t  d i f fe re n t  s tages  of 
ES deve lopm ent.  T h e  f o rm a t io n  an d  
s t ru c tu re  of th e  ES in  th is ta x o n  (Fig. 4
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Fig. 2. Paspalum commersonii,  induced dodecaploid. — A: Megasporocyte at prometaphase 
I, showing a num ber of univalents. — B: Telophase II. —- C: Two unreduced megaspores, 
the chalazal one developing. — D, E: Binucleate and 4-nucleate embryo sacs. — F: 
Maturing embryo sac. — G: The developing and the degenerating megaspores. Notice the 
enlarged nuc'ellär cell 'just below the developing mega s p o r e .— H: Two megaspores divided 
f rom one megasporocyte and a binucleate embryo sac developed from a nucellar cell. —

A—D X750. E— H X570.

D — F) a re  also c o m p a ra b le  to  those  of 
the  h ex ap lo id  b io ty p e  of P. c o m m e rs o n i i  
w ith  the excep tion  th a t  the  an t ip o d a ls  of 
th is  b io type  a re  m u l t in u c le a te  in s tead  of 
b in u c lea te  in th e  m a tu re  ES.

IN D U C E D  O C T O P L O ID  (2n =  80)

T h is  oc top lo id  w as in d u c ed  f ro m  the  
te tra p lo id  b io ty p e  b y  co lch ic ine  tre a tm e n t .  
A lthough  its MMC d ev e lo p m en t is no t  
ch an g ed  a f te r  c h ro m o so m e  doubling , th e  
18

sequence  of m eio tic  d iv ision  has  been  
a l te red  f ro m  d e sy n a p tic  to  s y n a p t ic  an d  
show s som e s im ilari t ies  to those  of the  
d o d eca p lo id  b io ty p e  of P. c o m m e rs o n i i  
as revea led  f ro m  sections of 85 ovaries. 
C h ro m o so m e  p a ir in g  is qu ite  re g u la r  an d  
the  b iv a len ts  m ove to the  eq u a to r ia l  p lane  
a t MI (Fig. 5 A). T w o dy ad  cells a re  
fo rm e d  a f te r  the  f irs t  m eio tic  d iv ision  
(Fig. 5 B, C). T h e  cha laza l d y ad  cell 
d iv ides n o rm a l ly  to fo rm  tw o m eg asp o re s  
w ith  the  c h ro m o so m e  n u m b e r  red u ced

B ot. N o tise r, vol. 127, 1974
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Fig. 4. Paspalum longifolium,  tetraploid biotype. 
— A: Megasporocyte at diakinesis, indicating a 
number of univalents in the nucleus. —- B: Two 
unreduced megaspores. — C: The developing 
chalazal megaspore and the degenerated micro­
pylar one. -— D, E: Binucleate and 4-nucleate 
embryo sacs. — F : Maturing embryo sac. — 
A—C X 750. D—F X 570.

to half.  T h e  second  d iv ision  of the  m ic r o ­
p y la r  one is u su a l ly  de layed  an d  in ­
com ple te  (Fig. 5 D ) ,  o r  the  sp ind le  m a y  
not o r ien t  p ro p e r ly  (Fig. 5 C, D). E v en  if  
two d a ü g h te r  nucle i a re  fo rm e d  a f te r  d iv i­
s ion, cy tokinesis  m a y  fa il  to  ta k e  p lace  
(Fig. 5 E ) .  As a re su lt  a t r ia d  in s tead  of 
a te t r a d  w as ob se rv ed  in m a n y  ovu les  a t  
the end  of meiosis.

E igh ty - tw o  ovaries  a t v a r io u s  stages of 
ES fo rm a t io n  w ere  ex am in ed .  T h e  in n e r ­
m ost m egaspo re  in v a r ia b ly  deve lops  in to  
ES (Fig. 5 E— El) a n d  the  m a tu r e  ES is

s im ila r  to th a t  of its p a r e n ta l  te trap lo id  
b io type  in s t r u c tu re  (Fig. 5 I).

F r o m  the above studies, it is conc luded  
th a t  in  P. lo n g i fo l i u m  m eiosis  in  the t e t r a ­
p lo id  b io ty p e  is re s t i tu t io n a l  w hile  m e g a ­
spo rogenes is  in th e  oc to p lo id  induced  
f ro m  the  te trap lo id  b io ty p e  fo llow s the  
n o rm a l  m e io tic  sequence . T h e  d ev e lo p ­
m e n t  of the em b ry o  sac is d ip lo sp o r ic  in  
the te tra p lo id  b io ty p e  b u t  n o rm a l  in  the  
in d u c ed  oc top lo id .  T h e  s t ru c tu re  of the  
em b ry o  sac is the  sam e as in the  Polygo-

Fig. 3. Paspalum commersonii,  dodecaploid biotype. — A: Megasporocyte at m etaphase I, 
showing a number of bivalents on the equatorial plane. — B: Telophase I. — C: Two 
dyad cells. — D: Chalazal dyad cell at telophase II, the m icropylar one failing to divide. — 
E: Triad, the chalazal megaspore developing. Note an  enlarged nucellar cell just below the 
developing megaspore. — F: Tetrad  (or triad?), the chalazal megaspore developing, with 
an enlarged nucellar cell just below it. — G: Same as F, but no enlarged nucellar cell. — 
H: All the sporogenous cells degenerated, an  enlarged nucellar cell starting to develop. —
I—K: Binucleate, 4-nucleate, and 8-nucleate embryo sacs. — L: Maturing embryo sac. —

A—E X 750. F—L X570.
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Fig. 5. Paspalum longifolium,  induced octoploid. — A: Mega­
sporocyte a t m etaphase I, showing a number of bivalents on the 
equatorial plane. — B: Telophase I. — C: Two dyad cells both  
at m etaphase II. — D: The chalazal dyad cell divided into two 
reduced megaspores, the micropylar one at metaphase II. —  E: 
The chalazal megaspore developing, the binucleate m icropylar 
dyad cell still persistent. — F — H: Uninucleate, 2-nucleate, and  
4-nucleate embryo sacs. — I: Mature embryo sac. -— A—E X750. 
F —I X570.
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num. ty p e  in  b o th  b io types .  At m a tu r i ty ,  
each  e m b ry o  sac c o n ta in s  12 o r  24 m ulti-  
n u c le a te  a n t ip o d a ls .  No a p o sp o ro u s  d ev e l­
o p m e n t  of ES w as o b se rv ed  in e i th e r  b io ­
ty p e  s tud ied .

DISCUSSION

P re s e n t  an d  p rev ious  (Pi & C h a o  in  
p ress)  re su lts  on  the  s tu d y  of m ega- a n d  
m ic ro sp o ro g e n es is  re spec t ive ly  in d ica te  
th a t  m eiosis  in  each  of the  five p o lyp lo id s  
of the  tw o  species, P a s p a lu m  c o m m e r ­
soni i  a n d  P. long i fo l ium,  a re  s im i la r  in  
b o th  m ega- a n d  m ic ro sp o ro c y te s .  At the  
end  of m eiosis, each of the  d e sy n ap t ic  o r  
a sy n a p t ic  p o lyp lo id s  p ro d u c e s  u n re d u c e d  
m ega-  a n d  m ic ro sp o re s ,  w hile  each  of the 
s y n a p t ic  ones fo rm s  re d u c e d  m ega- a n d  
m ic ro sp o re s .  T h e  m eio tic  p a t te rn ,  h o w ­
ever, can  be d if fe re n t  a t  d if fe re n t  p o ly ­
p lo id  levels in  the  sam e species. P i  a n d  
C h a o  (in press) p ro p o sed  a m e c h a n is m  
of m e io tic  m o d if ica t io n  a f te r  c h ro m o so m e  
d o u b lin g  as due  to the dosage effect of 
the  d e sy n a p tic  o r  a s y n a p t ic  gene and  its 
m o d if ie r  (s). S im ila r  re su lts  in  m eiosis  in  
b o th  m ega- a n d  m ic ro sp o ro c y te s  in  each  
taxon  m a y  ind ica te  th a t  th is  m e c h a n is m  
w o u ld  o p e ra te  in  b o th  sporocy tes .

In  th is  s tu d y  s im ila r  sequences  of ES 
fo rm a t io n  a n d  ES s t ru c tu re  w ere  observed  
in the  five po lyp lo id s  reg a rd less  of 
w h e th e r  they, were- a sy n ap t ic  o r  -synaptic.- 
In  all cases the ES com es  m a in ly  f ro m  
the ch a laza l  m egaspore ,  e i th e r  red u ce d  o r  
u n re d u c e d ,  a n d  is 8-nucleate , of the  sam e  
a p p e a ra n c e  as in the P o ly g o n u m  type . 
T h u s ,  the ac t ions  of genes fo r  the  ES 
fo rm a t io n  a n d  s tru c tu re  a re  no t  a ffec ted  
by  ch ro m o so m e  doub ling  in  genera l.

A fter  s tu d y in g  the ES s t ru c tu re  of m a n y  
species of the  G ram ineae , B r o w n  and  
E m e r y  (1958) conc luded  tha t,  w ith  few  
excep tions ,  d ip lo sp o r ic  e m b ry o  sacs in 
P an ic o id eae  a re  4-nucleate . T h is  m a y  no t  
be t ru e  in the  genus  P a s p a lu m  since the  
p re s e n t  s tu d y  an d  p rev io u s  re p o r ts  
( S n y d e r  1957; C h a o  1964) sh o w e d  th a t  in 
th is genus, the  m a tu r in g  ES of all the 
d ip lo sp o r ic  ta x a  a re  8 -nucleate .

In  the  species P. co m m erso n i i ,  P r i t ­
c h a r d  (1970) r e p o r te d  one sy n ap tic  t e t r a ­
p loid  b io type  (2n =  40) f ro m  R hodes ia .  
O u r  s tud ies  on m ic ro sp o ro g e n es is  a n d  
m egasp o ro g en es is  on  m a te r ia l  of th is s p e ­
cies co llected  in  T a iw a n  show  th a t  the  
hex ap lo id  b io ty p e  a n d  in d u c ed  d o d e c a ­
p lo id  a re  asynap tic ,  a n d  th a t  the  d o d e c a ­
ploid b io ty p e  is synap tic .  T hese  re su l ts  
p o in t  to  the  fac t th a t  w ith in  the  sam e  
species, the  p a t te rn  of m eiosis can  be 
d if fe re n t  a t d if fe re n t  p o lyp lo id  levels. T h is  
is also t ru e  in  the species P. long i fo l ium.  
Since p o ly p lo id y  is v ery  co m m o n  in m a n y  
species of the  genus P aspa lum ,  d if fe re n t  
re p ro d u c t iv e  m odes  a t d i f fe re n t  p o lyp lo id  
levels of the sam e  species m a y  be c o m m o n  
in th is genus. H ow ever,  in  P. c o m m e r s o n i i  
th e  a p o sp o r ic  d ev e lo p m en t of ES w as o b ­
served  in all th re e  p o lyp lo id s  s tudied , 
regard less  of w h e th e r  th e y  w ere  a s y n a p t ic  
o r  sy n a p tic  a l th o u g h  to a  low  degree. T h is  
is c e r ta in ly  n o t  the case in  the  tw o p o ly ­
p lo ids  of P. lo n g i fo l iu m  s tud ied . T hese  
f ind ings m a y  im p ly  th a t  in these  tw o s p e ­
cies the  d if fe ren ce  in som atic  a p o s p o ry  is 
species specific  an d  w o u ld  n o t  be a l te red  
by  change  in the  n u m b e r  of c h ro m o so m e  
sets.
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Tulipa kurdica sp. no v, from  Iraq

Per Wendelbo

W e n d e l b o , P. 1974 09 13. Tulipa kurdica sp. nov. from Iraq. — Bot. Kotiser 
127: 276— 277. Lund. ISSN 0006-8195.

Tulipa kurdica  sp. nov. is described from the high m ountains of NE Laq. It 
belongs to a group of closely related species around  T. humilis  H e r b .

Per Wendelbo,  Department of Plant  Geography, University of Göteborg, Carl 
Skottsbergs Gata 22, S-A13 19 Göteborg, Sweden.

T u l i p a  k u r d i c a  W e n d e l b o , sp. nov.

Bulbus  c. 1.5 cm longus, 1 cm latus, in 
tunicas brunneas inclusus, in collum distinc- 
tum productus; tunicae intus in parte supe- 
riore pilis rectis appressis antrorsis obsitae. 
Caulis 6— 15 cm longus, glaber, in parte 
superiore brunnescenti-purpureus. Folia 3— 4 
(—5), in medio caule approxim ata vel per 
dimidium inferiorem caulis dispersa, erecta 
vel fortasse subfalcata, canaliculata, apice 
cucullata, glabra, atroviridia; folium infimum 
latissimum, 6— 15.5 cm longum, 0.5— 1.5 cm 
latum; folia superiora infimo circiter aequi- 
longa sed multo angustiora. Flos unicus. Te- 
pala inaequalia, aurantiaco-rubra, intus prope 
basin atro-viridimaculata, extus prope basin 
saepe virescenti-flavescentia; tepala exteriora 
30—45 mm longa, 7— 12 mm lata, anguste 
elliptica, basin versus attenuata, apice acum i­
nata, glabra; tepala interiora quam exteriora 
breviora et latiora, 28—43 mm longa, 11—20 
mm lata, elliptica, basi attenuata, eiliata, 
apice acuminata, subacuta. Filamenta  sub- 
inaequalia, 7— 10 mm longa, in parte supe­
riore conica, coeruleo-violacea, pubescentia; 
antherae 13— 14 mm  longae, verisimiliter 
virescentes; pollen flavum. Capsula ignota.

Iraq. MRO: Ad nives tabescentes supra 
locum Sarcal dictum ad montem Helgurd 
(Algurd Dagh), 2420—2700 m, 5. VI. 1960, 
Ag n e w  et IlADAC leg. 2232 holotypus PRAG! 
isotypus E! — Algurd Dagh, 2400—3000 m, 
21.V. 1951, T h e s i g e r  leg. 997 BM! — Rost, 
2400—3000 m, 19.V. 1951, T h e s i g e r  948!, 
974 BM!

It is w ith  som e h es i ta t io n  th a t  th is  
ta x o n  is descr ibed  as a n e w  species. It 
ce r ta in ly  belongs to th e  T u l ip a  h u m i l i s

Fig. 1. Tulipa kurdica,  sp. nov. — A: Habit, 
X0.65. — B— C: Outer and inner tepal, 
X 1.30. — M a r i a nn e  E r l a n d s s o n  del.
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com p lex  a n d  m a y  be d is t in g u ish ed  f ro m  
the o th e r  ta x a  of th a t  g ro u p  m a in ly  by 
th e  c o lo u r  w h ic h  is ve ry  d is t in c t  (a p h o to ­
g ra p h  ta k e n  a t  the  ty p e  locality  b y  Dr 
A g n e w  a c c o m p a n ie s  the  iso ty p e  at E d in ­
b u rg h ) .  T h e  c o lo u r  m a y  be ch a ra c te r ized  
as b r ig h t  b r ick -re d  o r  o ran g e -red ;  the 
tep a ls  h av e  a g reen ish -b lack  b lo tch  n e a r  
base  w h ich  is n o t  m a rg in e d  by yellow  or 
w hite . Species such  as T. h u m il i s  H e r b ., 
T. vio lacea  B oiss . & B u h s e , T. pu lche lla  
F e n z l  a n d  the  l i t t le -k n o w n  J \  aucherianct 
B a k e r , a re  all closely re la te d  an d  com e 
f ro m  the  sam e g enera l g e o g rap h ica l  area , 
E  T u rk e y  a n d  N W  I ra n .  T h e y  seem to 
be d is t in g u ish ed  m a in ly  on  th e  co lou rs  of 
th e  p e r ia n th  a n d  sh o u ld  p ro b a b ly  r a th e r

KURDICA 277

be t re a te d  as g e o g ra p h ic a l  races  at s u b ­
specific  level w ith in  th e  sam e species. 
T h is  p ro b le m  w ill be  s tud ied  m o re  closely 
in the  r a th e r  ex tensive  m a te r ia l  n o w  
ava i lab le  fo r  the  “F lo r a  I r a n ic a ” t r e a t ­
m ent.
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Notes on Alpine and Nival Flora of the 
Hindu Kush, East Afghanistan1

Siegmar-W. Breckle

B r e c k l e , S.-W. 1974 09 13. Notes on alpine and  nival flora of the Hindu Kush, 
East Afghanistan. — Bot. Notiser 127: 278—284. Lund. ISSN 0006-8195.

The phytogeographical pattern  of the lower regions is not the same as in the 
alpine or nival belt. The floristic relationships show close connections with 
Central Asia, even in eastern m ountain  parts. The degree of endemism deceases 
with increasing elevation. Plants which occur at the highest elevations have the 
widest geographical distribution.
S i e g m a r - W .  B reck le ,  In s t i tu t  f ü r  P h a r m a z e u t i s c h e  Biologie ,  Fr iede .  Wi lhelms-  
Univers i tä t ,  D-5300 B o n n ,  Nuss -A l l ee  6, B u n d e s r e p u b l i k  D e u t s c h la n d .

INTRODUCTION

A fg h an is tan  is a  v e ry  m o u n ta in o u s  
co u n try .  M ost of the  a re a  (60 °/o) is above 
1,500 m. One q u a r te r  of the  A fghan  sta te  
is above  3,000 m  ( B r e c k l e  1973). In  m o s t  
p a r ts  the  vegeta tion  exh ib its  d is tinc tly  
sem i-dese r t  c h a ra c te r  ( F r e i t a g  1971). T h e  
low lands  n o r th  a n d  s o u th  of the  h ig h ­
la n d s  of C en tra l  A fg h an is tan  a re  deserts  
a n d  sem i-deserts .  T h e  h ig h la n d s  a re  s u r ­
ro u n d e d  by  f r a g m e n ta ry  o p en  dec iduous  
w o o d lan d s  w ith  A m y g d a lu s  a n d  Pistacia. 
Som e n o r th e rn  slopes a re  covered  w ith  
open  ju n ip e r  w o od lands .  T h e  h ig h la n d  i t ­
self is covered  m o s tly  w ith  sp in y  cush ions. 
T h e  c l im ate  is of m e d i te r ra n e a n  type, b u t  
co n s id e ra b ly  c o n t in en ta l  w ith  dry , ho t a n d  
long su m m ers ,  a n d  w ith  cold, icy a n d  
som etim es  snow y  w in te rs .  O n ly  in a v ery  
sm all reg ion  n e a r  the  P a k is ta n  b o rd e r ,  
on  the  so u th  s lopes of th e  H in d u  K ush, 
do we hav e  the  in f luence  of th e  In d ian  
su m m e r  m onsoon .  H e re  g row  the  on ly  
rea l fo res ts  in  the w ho le  c o u n t ry  ( F i s c h e r  
1970), cons is ting  of ev erg reen  sclero- 
p h y l lo u s  fo res ts  in the  lo w er  p a r ts  a n d  
co n ife ro u s  fo res ts  in  the  u p p e r .  Above

1 Presented at the ICSEB Congress, Boulder, 
Colorado; Aug., 11th, 1973.

the  t im b e r  line a be lt  of subsh rubs  a n d  
“k r u m m h o lz ” m ix ed  w ith  s p in y  cushions 
is fo u n d . T hus ,  th is  s u b a lp in e  belt w i th  
h e m ie ry o p h y t ic  vege ta tion  sh o w s tin s a m e  
g e o g ra p h ic a l  p a t te r n  as do the  lo w e r  
vege ta tion  reg ions. H ow ever ,  the  a lp in e  
be lt w ith  its e u c ry o p h y t ic  v eg e ta t io i  d u es  
not, it ex tends  f ro m  the  W e s te rn  H in d u  
K ush  in  C en tra l  A fg h a n is ta n  to th e  E as te rn  
H in d u  K ush , as f a r  as we hav e  seer. T h i s  
m ig h t  p a r t ly  be ex p la in ed  b y  the  fa d  tihat 
a t th is  elevation  the  m o n s o o n  his no 
longer  a n y  in fluence . T h e  w a te r  supp ly  
d u r in g  th e  a r id  s u m m e r  is der ived  naiin ly  
f ro m  th e  m elting  cover of w in te r  srnow. 
T h is  is t ru e  fo r  all H in d u  K u sh  regbnss in 
the  sam e  way. As in  the low er  bels ,  the  
w a te r- reg im e  is th e  m a in  fa c to r  in d e v e l ­
o p m e n t  o f  the  vege ta tion  m osaic . Oily nvet 
s tands ,  w ith  e.g. Carex  an d  C<briesia 
m eadow s,  show  closed vege ta tion  ty p e s ,  
caused  b y  a l lo c h th o n o u s  w ate r-su p jly .

T h e  t im b e r  l ine  is o bserved  bdwseen 
3,100 m  an d  3,500 m, th e  cushbn-Jline 
be tw een  3,900 m  a n d  4,300 m, the siuow- 
line a t  ab o u t  5,000 m. In  the  hig,*her 
C en tra l,  N o r th e rn  a n d  E a s te rn  H iindu 
K ush  r e m a rk a b le  g lac ia t io n  is to b e foum d . 
T h e  a l t i tu d in a l  lines a re  g iven in  Pig;'. 1.
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( W estern  and N o rth e rn  Hindu K ush| I S o u th -e a s te rn  Hindu K ush!

o  I  a lp in e  s e o i i -d e s e r t  b e l t

sp in y  cu sh io n  b e l t

J snou - I n iv a l  b e l t
l i n e  T— ► _______________

J  c u s h io n - l  
^ / l l i a f i - — l \ * s .

^ y d O — 1

a lo in e  s e m i- d e s e r t  b e l t

ju n ip e r  woodland (N ), 
Open dPCidunuS wnridi?"'

s te p p e ,  s e m i- d e s e r t ,  d e s e r t

krurnmholz b e l t

c o n ife ro u s  f o r e s t  b e l t

s c le r o p h y l lo u s  f o r e s t  
b e l t

s u b t r o p ic a l  th o rn y  sh ru b  
re g io n

C-Asia

F ig .  1. A l t i t u d in a l  l ines  o f  ve g e ta t io n  be lts  o f  
the H in d u  K u sh .

PHYTOGEOGRAPHICAL
RELATIONSHIPS

W ith  r e g a rd  to the  p la n t  species w h ic h  
a re  so f a r  k n o w n  f ro m  a l t i tudes  of 4,000 
m  an d  h ig h e r  (acc. to R e c h i n g e r , G i l l i , 
K i t a m u r a  etc., cf. B r e c k l e  et al. (1969); 
an d  ow n  h e rb a r iu m  spec im ens) ,  we hav e  
the  fo llow ing  f lo ris t ic  re la t io n sh ip s  (see 
Fig. 2). It is in d ica te d  h o w  m a n y  p e r  cen t 
of species the m a in  H in d u  K ush  reg ions  
have  in co m m o n  w ith  a d ja c e n t  areas.  As 
can  easily be seen, m o s t  p a r t s  of the  
H in d u  K ush  hav e  the s tro n g es t  l inks  w ith  
the C entra l A siatic M oun ta in s  a n d  second ly  
w ith  the  W es te rn  H im a lay as .  T h e  c loser  
the c o r re sp o n d in g  a reas ,  the  s t ro n g e r  a re  
the  f lo ris t ic  links. So o n ly  C h itra l  a n d  
Safed Koh hav e  a h ig h e r  pe rce n tag e  of 
species in c o m m o n  w ith  the W es te rn  
H im a lay as  th a n  w ith  C en tra l  Asia, b u t  
the  d iffe rence  is only  slight. In  th is  d ia ­
gram  (Fig. 2) ou t  of 377 species 80 °/o 
are  inc luded . T h e  re m a in in g  20.2 %  are  
endem ics  of the  H in d u  K ush , en d em ic  to 
the  above-m en tio n ed  five m o u n ta in  r e ­
g ions (see Fig. 2), to w h ich  w e l im ited  
th is  s tudy. T h o se  76 ta x a  (20 °/o), w h ich  
a re  a t least k n o w n  f ro m  one locality  
h ig h e r  th a n  4,000 m, a re  p a r t ly  species 
f ro m  the  s u b a lp in e  belt, w h ich  o c c a ­
s ionally  reac h  h ig h e r  reg io n s  (see T ab le  
1). So we h av e  9 C ousinia  and  11 Astra-  
19

Fig. 2. The relationships of the flora of 
m ountain  parts  of the Hindu Kush to the 
Flora of adjacent m ountain regions. Included 
are only plant species which are known from 
localities at 4,000 m or higher. W ithin the 
Hindu Kush the following five m ountain  re ­
gions are distinguished: B: Koli-e-Baba range 
in Central Afghanistan; H: Western, Northern 
and Central Hindu Kush, main ranges; W: 
W akhan  range (Little Pamir) within the 
Afghan border; C: Chitral and Eastern  Hindu 
Kush, on Afghan and  Pakistan  side; S: Safed 
Koh range, south of Kabul valley. — The 
figures indicate percentages of species in 
common with the following adjacent regions: 
Persia: Iran ian  highlands, Turkey, Eastern 
M editerranean mountains; Arctic: Arctic and 
boreal elements, Siberian elements, mostly 
widely distributed over the Northern Hemi­
sphere; C-Asia: Central Asiatic mountains: 
Pamir, Alai, Tien Shan, Tarbagatai; Tibet: 
Inner Asiatic mountains and highlands: Tibet, 
E astern  Altai; Kashmir: W estern Himalayas, 
Karakorum.

gains  species, the  m a jo r i ty  of w h ich  a re  
re la ted  to the  sp in y  cu sh io n  belt. I t  can  
th e re fo re  be  sa id  th a t  in  rea l i ty  these  h igh 
H in d u  K u sh  reg ions  have  even  less th a n  
20 °/o o f  endem ics .  On the o th e r  h an d ,  
this list is w ith in  som e p la n t  fam ilies  
v ery  in c o m p le te  a n d  p ro v is io n a l  and , of 
course , ve ry  m u c h  d e p e n d e n t  u p o n  the  
a p p l ied  species concep t.  In  T ab le  2 we 
give the  n u m b e r  of p la n t  species of the  
d if fe re n t  p la n t  fam ilies  an d  th e ir  o c c u r ­
ren ce  above  4,000 m, c o m p a re d  w ith  
f igu res  f ro m  the  E a s te rn  Alps (E u rope) .

In  the  sp in y  cu sh io n  be lt  th e re  a re  
m a n y  en d em ic  species, in  som e p la n t  
fam ilies  (e.g. P lu m b a g in ace ae )  o r  g enera
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Table 1. Endemic species of alpine Hindu Kush regions (incl. Chitral; Afghan-W aktiani).

ALLIACEAE
Allium nuristanicum  K i t a m .

APIACEAE
Platytaenia lasiocarpa (Bss.) R e c h . f i l . & 

R i e d l  ssp. lasiocarpa
ssp. incana R e c h . f i l . & R i e d l

ASTERACEAE 
Cousinia ariana B o r n m .
C. blepharobasis R e c h . f i l . & Gi l l i  
C. chionophila  R e c h . f i l . & K o e i e  
C. carthamoides  A i t c h . & H e m s l .
C. kotandarica  R e c h . f i l . & G i l l i  
C. pohjneura  R e c h . f i l .
C. scheibeana  B o r n m .
C. takharensis  R e c h . f i l .
C. trollii B o r n m .
Erigeron petroiketes  R e c h . f i l .
Saussurea chthonocephala  B o r n m .
S. kerstanii (B o r n m .) R e c h . f i l .

BORAGINACEAE
Arnebia speciosa A i t c h . & H e m s l .
A. rechingeri R i e d l  
Eritrichium afghanicum  R e c h . f i l . 
Lepichiniella albiflora R i e d l  
Matthiastrum dielsii B o r n m .
Omphalodes heterophylla  R e c h . f i l . & R i e d l  
Pseudomertensia lindelofioides  (R e c h . f i l . & 

R i e d l ) R i e d l  
Solenanthus strictissimus  B r a n d
S. micranthus  R i e d l  
Tianshaniella wakhanica  R i e d l

BRASSICACEAE 
Chorispora pectinata  H adac .
Draba affghanica  Bss.
E rysim um  griffithii ( H o o k . f i l . & T h o m s .) 

J a f r i
Fibigia membranacea  R e c h . fhl.
Graellsia chitralensis O. E. S c h u l z  
Gynophorea weileri G i l l i  
Stroganowia puberula  K i t a m .

CARYOPHYLLACEAE 
Silene danielii H a d a c

CYPERACEAE
Carex chitralensis N e l m e s
C. griffithii B o o t t .

ERICACEAE
Rhododendron collettianum  A i t c h . & H e m s l . 

FABACEAE
Astragalus ajfreidii A i t c h . & B a k e r  

ssp. ajfreidii
ssp. breviuexillatus D e m l  

A. aloisii D e m l  
A. confertissimus  K i t a m .
A. gregarius D e m l

A. hasarorum  G i l l i  
A. h indukushense  Wdb.
A. macrostegius  R e c h . f i l .
A. minuti-foliolatus  W d b .
A. miseriflorus  SlRJ.  & R e c h . f i l .
A. peltatus  P o d l . & D e m l  
A. rassoulii R i e d l  
Cicer nuristanicum  K i t a m .
C. pungens  Bss.
H edysarum  minjanense  R e c h . f i l .
Oxytropis afghanica  R e c h . f i l . & K o e i e  
Trigonella afghanica  V a s s .

FUMARIACEAE
Coryclalis fedtschenkoana  S c h r e n k  ssp. me- 

tallica ( W d b .) W d b .

GENTIANACEAE
Gentiana micrantha  A i t c h . & H e m s l . 

JUNCACEAE
Juncus triglumis L. ssp. wakhaniensis  S n o g . 

LAMIACEAE
Dracocephalum glechomifolium  D u n n  
Erem ostachys calophyta  H d g .
T h ym u s  afghanicus  R o n n .

LILIACEAE
Gageci setifolia  B a k e r

PLUMB AGINACEAE 
Acantholimon auganum  B g e .
A. calocephalum  A i t c h . & H e m s l .
A. diapensioides  Bss.
A. hariabense  R e c h . f i l . & K o e i e  
A. peculiare R e c h . f i l .

POACEAE
Agrostis interjacens  M e l d e r i s  
Colpodium afghanicum  B o r  
Festuca afghanica  B o r  
Oryzopsis barbellata (M e z .) B o r
O. wendelboi B o r  
Poa roemeri B o r
Psatyrostachys caduca (Bss.) M e l d e r i s  

POLYGONACEAE
Polygonum  chitralicum  R e c h . f i l . & S c h . -Cz . 

RANUNCULACEAE
Ranunculus shaftoanus  (Ai t c h . & H e m s l .) 

Bss.
Thalictrum  afghanicum  Gi l l i  
Tli. parvulum  R e c h . f i l .

ROSACEAE
Potentilla coelestis Gi l l i  
P. collettiana A i t c h . & H e m s l .
P. kurramensis  T h . W o l f

SCROPHULARIACEAE 
Pedicularis afghanica  W d b .
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T ab le  2. Number of plant species, reaching high elevations in the Hindu Kush, and for
com parison in the E uropean  Alps.

P lan t family
Hindu Kush European Alps (E)

4,000
above 

4,500 5,000 5,500 m 3,000
above
3,500 4,000 m

Alliaceae ................................. 7 2
Apiaceae ................................ 10 4 1 — — — —

Asteraceae .............................. 37 15 5 — 11 5 —

Boraginaceae ........................ 14 4 — — — — —
Brassicaceae .......................... 38 25 8 2 9 5 1
Campanulaceae .................... 3 1 — — 4 2 1
Caprifoliaceae ...................... 6 3 1 — — — —
Caryophyllaceae ................. 7 4 1 — 12 3 —
Chenopodiaceae ................... 2 — — —• — -— —
Cichoriaceae .......................... 7 4 — — 4 — —
Crassulaceae .......................... 7 4 3 ■— 2 1 —
Cupressaceae ........................ 1 — — — 1 1 —
Cuscutaceae .......................... 1 — — — — — —
Cyperaceae ............................ 14 4 2 —. 3 1 — -
Em petraceae .......................... — — — •— 1 — —
Ephedraceae .......................... 1 1 — •— — — —
Ericaceae ................................ 1 — — — 3 — —-
Euphorbiaceae ...................... 3 1 — — — —-
Fabaceae ................................ 36 10 1 — 1 — —•
Fum ariaceae .......................... 4 3 1 — — — ---
Gentianaceae ........................ 9 3 —- ■— 6 1 ---
Geraniaceae .......................... 3 2 — — — — ---
Grossulariaceae ................... 3 — — — — — ---
Juncaceae .............................. 4 3 — — 5 2 ---
Lamiaceae .............................. 23 9 1 — 1 — ---
Liliaceae ................................ 8 3 — .— 1 .— ---
Onagraceae ............................ 3 2 — — — ■— ---
Papaveraceae ........................ 1 1 — •— — — ---
Parnassiaceae ........................ 1 —■ — — — — ---
Plantaginaceae ...................... 1 — — — — — -—
Plumbaginaceae ................... 8 3 — -— — -— ---
Poaceae ................................... 44 10 1 -— 12 5 1
Polygonacea-e . . 12 • ■ 6 ■ 2- —— • ’ ’ 1 ' - _i_ - ' _L
Primulaceae .......................... 9 5 2 — 4 2 1
Ranunculaceae ...................... 10 5 2 .— 2 1 1
Rhamnaceae .......................... 1 — — — — — ---
Rosaceae ................................ 16 13 2 — 6 3 ---
Rubiaceae .............................. 2 --- — — — --- ---
Salicaceae .............................. 1 --- — — 2 _____ _____

Saxifragaceae ........................ 5 5 2 — 7 4 2
Scrophulariaceae ................. 6 3 — -— 5 3 1
Tamaricaceae ........................ 2 — — — — .— --------

Valerianaceae ........................ 1 1 — — 1 __ __
Violaceae ................................ 2 1 — — — — ---
Total ....................................... 374 160 35 .— 104 39 8
Plant families ...................... 43 32 16 — 24 15 7
Pteridophytes ........................ 3 2 1 - 1 — —

Total ....................................... 377 162 36 — 105 39 8

Bryophytes ............................ 12 8 1 . — ? 9 ?
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(such  as Cousinia, A c a n th o p h y l lu m ,  Mat- 
th ia s t r u m ,  A l l iu m , Feru la , Scrophu lar ia ,  
E r y s im u m ,  A straga lus ,  O n o b ry ch is  etc.) 
n e a r ly  h a l f  o r  m o re  of the  species a re  
endem ics .  At p re s e n t  i t  is no t possib le  to 
c la ss ify  these  en d em ics ;  even in  E u ro p e  
F a v a r g e r  (1972) w as  u n ab le  to  deal 
sa t is fac to r i ly  w ith  m o n ta n e  taxa , because  
of too  f r a g m e n ta ry  know ledge . F o r  
A fg h a n is ta n  W e n d e l b o  (1966) an d  H e d g e  

& W e n d e l b o  (1970) give a su rvey .
W i th  re g a rd  to th o se  ta x a  w h ich  reach  

5,000 m  and  above  (nival f lo ra  a n d  h y p e r-  
c ry o p h v t ic  vege ta t ion ) ,  we f in d  less th a n  
10 °/o endem ics .  By co n tra s t ,  qu ite  a 
r e m a rk a b le  n u m b e r  of these  n iv a l  species 
a re  d is t r ib u te d  all over the  E u ra s ia n  
m o u n ta in s  a n d  the  Arctic. As  c a n  be seen 
in  F ig . 3, th o se  p la n ts  w h ich  o ccu r  a t  the  
h ig h e s t  e leva tions  h av e  the w ides t geo­
g ra p h ic a l  d is t r ib u t io n .  To  exp la in  th is  
p h e n o m e n o n ,  one m u s t  keep  in  m in d  the 
ecologica l co n d it io n s :  th e  e n v i ro n m e n t  on 
those  localities  of h ig h  e leva tion  is very  
s im ila r  on  all m o u n ta in s .  T h e  decisive 
fa c to r  is th e  m ic roc lim a te ,  m o re  th a n  in  
lo w er  regions, w h e re  the  reg iona l c l im ate  
h a s  a n  im p o r ta n t  ro le . T h e  m ic ro c lim a te  
in  the a lp ine  H in d u  K ush  a re a  is c h a r a c ­
te rized  by  a  lo n g -p e rs is ten t  snow -cover  
a n d  a sh o r t  v ege ta tion  p e r io d  w h ich  is 
u su a l ly  very  sunny .  On the  o th e r  h a n d  
m o s t  a lp ine  species exh ib it  an  in tensive  
seed p ro p a g a t io n  a n d  p ro p a g a t io n  by 
vegetative p a r ts ,  m os tly  an e m o c h o ro u s .

DISCUSSION

T h e  resu lt  of the  evo lu tion  of th is  high- 
a lp ine  f lo ra  can  be exp la in ed  on ly  by  the 
m a jo r  changes  w h ich  took  p lace  d u r in g  
the  g lacial pe r iods . D u r in g  the  P le is tocene  
the  C en tra l  Asiatic M o u n ta in s  an d  the 
H im a lay as  w ere  l inked  w ith  the  m o re  ex­
tended  Arctic girdle. M ig ra tion  of species

num ber 
of spec. 

500
O N 29*N

400

300 v J  33°N

20 0 -

■ H 36*1

100

n

3000 5000 6000
m NN

Fig. 4. The decreasing number of plant spe­
cies with increasing elevation. A: East E u ro ­
pean Alps ( R e i s s i g l  & P i s c h m a n n  1958); H: 
Hindu Kush; P: Pam ir ( I k o n n i k o v  1964); 
T: Tibet; N: Nepal (Himalayas). At 4,500 m 
the increasing number of species with de­
creasing latitude.

cou ld  easily  occur.  T h e  stock of species 
d u r in g  the T e r t ia ry ,  w h en  h ig h  m o u n ta in s  
a l re a d y  existed  in  th is  reg ion  a n d  new  
ones h a d  been  fo lded  up, m u s t  be r e ­
g a rd e d  on  the  one h a n d  as the  an ces to rs  
of all the  x e ro p h y t ic  d iverse  ta x a  and 
sch izo-endem ics.  T hese  a re  now  d ev e lo p ­
ing  as m e m b e rs  of the  sp in y  cu sh io n  be lt  
vege ta tion  and  give rise  to g rea t ta x o n o m ic  
p ro b le m s  [Cousinia  w ith  ab o u t  354 s p e ­
cies in  th e  F lo r a  I r a n ic a  region , ( R e c h i n - 

g e r  1 9 7 2 ) ,  o r  A straga lus  w ith  ap p ro x .  
6 0 0  species (cf. D e m l  1972, w ho  trea ts  
tw o  sec tions  of the  big genus)] .  On the  
o th e r  h an d ,  s im i la r  T e r t i a ry  an ces to rs  
m u s t  also exist fo r  th e  a lp ine  flora , and  
there  are, as h a s  been  k n o w n  fo r  som e 
tim e, f lo ris t ic  l inks  ac ross  the E u ra s ia n  
co n t in en t  f ro m  the  P yrenees , the  Alps, 
the C a rp a th ian s ,  th e  C aucasus  to the 
C en tra l  A siatic M oun ta in s ,  Altai a n d  to 
th e  H im a lay as .  T h e  a lp in e  an d  n iva l f lo ra ,  
how ever ,  g row ing  to d a y  in m ore  res tr ic ted

Fig. 3. A: Percentages of p lan t species of the Hindu Kush in common with adjacent 
regions, concerning plants growing at altitudes above 4,000 m in the Hindu Kush (alpine 
plant species). — B: As in A, but concerning plants growing at altitudes above 5,000 m 
in the Hindu Kush (nival plant species). — In both cases the num ber of plant species is

taken as 100 /̂o (alpine 377; nival 36).
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alp ine  s tands ,  h a s  p a r t ly  o r  to ta lly  lost 
the ab i li ty  to, o r  h as  h a d  too  little  tim e 
to d if fe ren tia te .  In  a few  exam ples ,  as fo r  
exam ple  in N ep e ta  p a m iren se ,  d i f fe re n t i ­
a t ion  to m icrospecies  (N. leucocycm ea  
R e c h . f i l ., N. p s e u d o k o k a n ic a  P o j a r k ., 

N. k o k a n ic a  R e g e l , etc.) seem s to take  
place.

T h e  exchange  of f lo ra s  b e tw ee n  m o u n ­
ta in  ranges ,  w h ich  o c c u r re d  d u r in g  the 
glacial periods ,  in  f lu c tu a tio n s ,  is one  of 
the m a in  reasons  fo r  the  g rea t  s im ila r i ty  
of the  a lp in e  a n d  n iva l f lo ras  of the 
Asiatic m o u n ta in s .

T h e  n u m b e r  of species inc reases  g rea tly  
w ith  decreasing  e leva tion  (Fig. 4), possib ly  
b ecau se  of the  v ery  g rea t  d iv e rs i ty  of the  
m o n ta n e  f lo ra  an d  the  fac t  th a t  the  a lp ine  
a n d  n iva l belts  a re  less w ell k n o w n  th a n  
those  of the  E u ro p e a n  Alps. N a tu ra l ly  
w ith  decreasing  la t i tu d e  th e  n u m b e r  of 
species a t  the  sam e e leva tion  (e.g. a t 4,500 
m, in  Fig. 4) increases , c o r re s p o n d in g  to 
the  h ig h e r  level of the  v ege ta tiona l belts  
n e a r  the  sub trop ics .
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H u b b a r d , C .  E.: G r ä s e r .  B e s c h r e i ­
b u n g ,  V e r b r e i t u n g ,  V e r w e n d u  n g. 
T r a n s la t io n  a n d  rev is io n  b y  P. B o e k e r . 

—  E u g e n  U lm er,  S tu t tg a r t .  ISBN  3-8001- 
2430-0. 461 pp., 163 figs. P r ice  DM 19,80.

T h e  f i r s t  ed ition  of C. E. H u b b a r d ’s 

b o o k  “ Grasses. A G uide to th e i r  S tru c tu re ,  
Id e n t i f ic a t io n ,  Uses, a n d  D is tr ib u t io n  in 
th e  B r i t ish  Is le s” a p p e a re d  in  1954 an d  
w a s  r e p r in te d  in  1959. A second  ed ition  
a p p e a r e d  in  1968. H u b b a r d ’s b o o k  is too 
w e ll -k n o w n  to w a r r a n t  s c ru t in y  h e re  b u t  
a  few  p o in ts  of in te re s t  as to the  G erm an  
ed ition  w ill be to u c h e d  u p o n .

T o  beg in  w ith  it is m o s t  sa t is fac to ry  
th a t  the  b o o k  is n o w  accessib le  b ey o n d  
th e  E n g l ish  l ingu is tic  area .  H ow ever ,  the 
G e rm a n  ed i tion  keeps  so close to the  
E ng lish  tex t th a t  one  m u s t  a sk  oneself  
w h a t  the  a im  of th e  p u b l ish e rs  c o u ld  have  
been . T h e  p a r a g r a p h s  on  d is t r ib u t io n  have  
b e e n  on ly  s ligh tly  a d ju s te d  to a p p ly  to 
C en tra l  E u ro p e .  I hav e  fo u n d  no  species 
a d d e d  to  o r  re m o v e d  f ro m  th e  E ng lish  
edition , w h ic h  specia lizes exp lic it ly  in  the 
B r it ish  g rass  f lo ra .  T h is  p o in t  is n o t  s ta ted  
in  the  G erm an  title. T h e  se lec tion  of taxa  
is r a th e r  p o o r ly  r e p re s e n ta t iv e  of the 
G erm an  f lo ra . '  T h e  S p a r t in a  taxa , fo r  
exam ple ,  a re  of co u rse  h ig h ly  in te res ting ,  
no t the le a s t  f ro m  a  th e o re t ic a l  p o in t  of 
view, b u t  c a n  h a r d ly  be co n s id e re d  in ­
d isp en sab le  to a  G erm an  g rass  f lo ra .  T he  
sam e  is va l id  f o r  P oa  f lexu o sa ,  Poci bal- 
fo u r i  a n d  som e o th e r  ta x a  n o t  o ccu rr in g  
on the C on tinen t.  A n u m b e r  of co n t in en ta l ,  
m o n ta n e  a n d  a lp in e  ta x a  of C en tra l  E u ro p e  
a re  lack ing . T h e  d if f icu l ty  m a y  h av e  been  
to change  the  i l lu s tra t io n s ,  w h ic h  a re  very  
in fo rm a tiv e  a n d  d eco ra tiv e  (besides, they  
a re  of a m u c h  b e t te r  q u a l i ty  in  th e  G erm an  
ed ition  th a n  in  m y  E n g lish  c o p y  a t  least).  
H ow ever,  ad d i t io n s  to keys  a n d  te x t  w ou ld  
no t have  been  im poss ib le  to c a r r y  out. 
F ra n k ly ,  I c a n n o t  u n d e r s ta n d  w h y  such

a n  a d a p ta t io n  h as  n o t  been  m a d e  w h en  
such  an  exce llen t basis  a l re a d y  existed.

In  th e  E n g lish  ed i t io n  the keys a re  of 
the  in d e n ted  ty p e  a n d  w o rk  fa ir ly  well, 
a l th o u g h  I a m  p e rso n a l ly  no  f r ien d  of th is  
ty p e  of key. In  the  G erm an  edition the  
keys a re  no t  in d e n te d  (for ty p o g ra p h ic a l  
reasons? )  b u t  the d isp o s it io n  has  n o t  been  
ch an g e d  accord ing ly . T h is  m ak es  th e m  
ex trem ely  d if f icu lt  to  w o rk  w ith  in  spite  
of som e page  re fe ren c es  given fo r  the  
m o s t  d if f icu lt  d ich o to m ies  (a system  in ­
h e r i te d  f ro m  the  E n g l ish  o rig ina l) .  N o n ­
in d e n ted  keys m u s t  be b u il t  u p  in  qu ite  a 
d if fe re n t  w a y  if th e y  a re  to be easily  
su rveyab le .

To  su m  up, B o e k e r ’s edition  h as  on  
the  w ho le  th e  sam e  m e ri ts  as H u b b a r d ’s 

orig ina l  a n d  is th u s  w i th o u t  ques tion  to 
be reco m m en d ed .  I ho p e  th a t  E u g en  
U lm er  will soon  hav e  rea so n  to p u b lish  a 
second  edition , b e t te r  a d a p te d  to the  r e ­
q u ire m e n ts  of C en tra l  E u ro p e a n  bo tan is ts .

G u n n a r  W e i m a r c k

B id a u l t , M.: V a r i a t i o n  e t s p é c i a- 
t i o n  c h e z  l e s  v é g é t a u x  s u p e ­
r i  e u r  s. N o t i o n s  f o n d a m e n t a l e s  
d e  s y s t é m a t i q u e  m o d e r n e .  —  
Doin, P a r is  1971. 145 pp., 47 figs.

D u r in g  th e  la s t  few  decades  a n u m b e r  
of te x t-books  on  the  theo rie s  a n d  m e th o d s  
of m o d e rn  p la n t  sy s tem a tics  hav e  a p ­
peared . A m ong th e  m o re  co m p re h en s iv e  
ones  can  be m e n t io n e d  those  by  S t e b b i n s  

(1950), D a v i s  a n d  H e y w o o d  (1963) an d  
G r a n t  (1971). M ore e le m e n ta ry  are, fo r  
exam ple , tex t-books  by  B r i g g s  a n d  W a l ­

t e r s  (1969), S o l b r i g  (1970) a n d  the  book  
by  M i c h e l  B i d a u l t  to be rev iew ed  here .

In  the  f i r s t  p a r t  d if fe re n t  types  of c h a r ­
ac te rs  a re  p re sen te d  a n d  in  the  second 
p a r t  the  causes a n d  p a t te rn s  of va r ia t ion .
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T h e  th i rd  p a r t  is c o n ce rn ed  w ith  specia- 
tion , ta x o n o m ic  un its  a n d  m ethodo logy .

T h e  lim ited  space  is u sed  fo r  b r ie f  
su rveys  of m o s t  of the  im p o r ta n t  d isc i­
p lines  w ith in  “m o d e rn ” system atics .  T he  
p ro p o r t io n s  a re  on  th e  w h o le  r a th e r  
re a so n ab le  a l th o u g h  I w o u ld  hav e  p r e ­
fe r re d  m o re  space  to be g iven  to “c lass ­
ic a l” taxonom y , an d  f ind  the  p a r t  on  
n u m e ric a l  ta x o n o m y  in  p a r t i c u la r  too 
co m p re h en s iv e  in  re la t io n  to  its p re se n t  
im p o r tan ce .

M oreover, I f ind  it  u n fo r tu n a te  to 
d is t ingu ish  b e tw een  the  m e th o d s  of c lass­
ical ta x o n o m y  a n d  b io sy s tem atic s  as 
s h a rp ly  as is done  in  th e  m e th o d o lo g ica l  
p a r t .  W e  have  a l re ad y  h a d  too m u c h  u n ­
fo r tu n a te  experience  of th is  so r t  of s eg re ­
gation, w h ich  o ften  leads to neglect of 
one o r  the  o th e r  of the  d isciplines. A 
syn thes is  is a lw ays  p re fe rab le .  In  h is ow n  
tex t-book  the a u th o r  p re se n ts  exam ples  
of ig n o ran ce  of n o m e n c la tu ra l  rules. Most 
of th e  c h a p te r  on c lassical ta x o n o m y  (2 1/2 
pages in  all) is co n ce rn ed  w ith  the  I n te r ­
n a t io n a l  Code of B o tan ica l N om en c la tu re .  
Still a m o n g  the exam ples  chosen  ep ithe ts  
such  as “ssp. eu-glciuca” , “ssp. g e n u in a ”, 
“ssp. ty p ic a ” a n d  “ssp. eu-Iaev is” are  
fo u n d  h e re  and  th e re  in  th e  tex t a n d  even 
in the  d eco ra tio n  on  the  f ro n t  cover. In  
som e cases p re -L in n e a n  a u th o rs  a re  cited 
w h ich  is also a v io la t ion  of the  rules. 
One exam ple  is H iera c iu m  ( T o u r n .) L. 
in s tead  of H iera c iu m  L. (or possib ly  
H ierac ium  T o u r n . ex L.), an  u n fo r tu n a te  
m ish a p  in a tex t-book  th a t  sh o u ld  serve 
as a m ode l fo r  s tuden ts .

“P h e n o ty p e ” is de f ined  in  the  u sua l  
w ay  in the  g lossary , b u t  in the  text on 
p h e n o ty p ic  v a r ia t io n  the  a u th o r  t rea ts  it 
as sy n o n y m o u s  w ith  “m o d if ic a t io n ” . F o r  
exam ple , he w rite s  th a t  it is n o t  a lw ays  
easy to k n o w  “w h e th e r  v a r ia t io n  in  a 
given c h a ra c te r  is p u re ly  gen o ty p ic  o r  
p h e n o ty p ic  or b o th  a t  the  sam e  t im e .” . . . 
“In  L y s im a c h ia  vulgaris,  ev idence f ro m  
t r a n s p la n ta t io n  to u n i fo rm  cond itions  
show  th a t  sh ad e  an d  su n sh in e  fo rm s ,  
m o rp h o lo g ic a l^  w ell d is tinct,  have  a 
Bot Notiser,  vol. 127, 1974

p u re ly  p h e n o ty p ic  o r ig in  . . .” ( trans la ted  
f ro m  th e  F r e n c h ) .  To say th a t  this is 
o b scu re ly  ex p ressed  is an  u n d e rs ta te m e n t .  
—  In  a n o th e r  co n n ec tio n  “p h e n o ty p e ” is 
aga in  co r re c t ly  u n d e rs to o d .

T h e  n a m e s  of O. B j ö r k m a n , G. E r d t - 

m a n , A. H å k a n s s o n , J. H e s l o p - H a r r i s o n ,

A. M ü n t z i n g , H. N o r d e n s k i ö l d , A. R u t i s - 
h a u s e r , M. S k a l i n s k a  a n d  N .  S y l v é n  

a re  m is-spe l t  in  th e  text, som e b u t  no t all 
of th e m  in  the  b ib l io g rap h y ,  too. M ore­
over, Fig. 22 is u p s id e -d o w n . I ad m it  th a t  
these  e r ro r s  a re  ju s t  m in o r  deta ils  bu t 
th e re  a re  too m a n y  of th e m  a n d  they  
cou ld  easily  hav e  been  avoided.

1 f ind  it  v e ry  reg re t tab le  th a t  this 
c r i t ic ism  w as  necessary . O th e rw ise  the 
b o o k  p re se n ts  a s t im u la t in g  se lec tion  from  
the  vast field of p la n t  system atics .  It is a 
p ity  th a t  th e  q u a l i ty  is so u n ev en  th a t  it 
h a rd ly  can  be re c o m m e n d e d  w i th o u t  
reserve.

G u n n a r  W e i m a r c k

E n c k e , F. & B u c k h e i m , G. (ed s .) : Z a n d e r, 
H a n d w ö r t e r b u c h  d e r  P f l a n z e  n- 
n  a  m  e n. 10th  ed. V erlag  E u g e n  U lm er, 
S tu t tg a r t  1972. 744 pp. P r ice  DM 42: —  
(c lo th b o u n d ) .

Since 1927 the  “ Z a n d e r ” h a s  been 
k n o w n  as a u se fu l  an d  co m p re h en s iv e  
d ic t io n a ry  of fam ilies, g en era  a n d  species 
of v a sc u la r  p lan ts .  As the  p rev io u s  ed ition  
(1964) has  been  o u t  of p r in t  fo r  severa l 
years  th e  p re sen t ,  m u c h  en la rg ed  issue  is 
p a r t i c u la r ly  w elcom e. No less th a n  c. 480 
g en e ra  a n d  c. 1100 species h av e  been  
a d d ed  to those  listed  in  ed. 9.

T h e  title  of the  b o o k  is n o t  qu ite  a d e ­
quate . T h e  book , in fact, deals  m a in ly  
w ith  cu l t iv a ted  p la n ts  o r  p la n ts  of som e 
im p o r ta n c e  to  a p p lied  bo tan y .  A cho ice  of 
ind igenous  p la n ts  w i th o u t  a n y  obv ious  
p rac t ica l  o r  eco n o m ic  use  h av e  also been  
inc luded .

An in t ro d u c to ry  c h a p te r  gives an  a b ­
s t ra c t  of the  in te rn a t io n a l  ru le s  of b o t a n ­
ical n o m e n c la tu re ,  especia lly  of th o se  c o n ­
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c e rn in g  cu l tiva ted  p la n ts  (cf. R e g n u m  
vege tab ile  64, 1969). F u r th e r m o re ,  w e f ind  
a su rv e y  of the  p la n t  k in g d o m , in c lu d in g  
m a jo r  d iv isions  a n d  fam ilie s  (fo llow ing  
E n g l e r ’s  S y llabus) ,  a n d  a  list of th e  
fam ilie s  an d  of m o s t  g e n e ra  u n d e r  each  
fam ily ,  all in a lp h a b e t ic a l  o rd e r .

T h e  m a in  p a r t  of th is  w o rk  is an  
a lp h a b e t ic a l  list of the  g en e ra  (each w ith  
a re fe ren c e  to  its fam ily)  a n d  of a fa ir ly  
la rg e  n u m b e r  of species w ith  fu ll  a u t h o r s ’ 
n am es .  T h e re  a re  no d esc r ip t io n s ,  b u t  
som e  fac ts  —  e.g. a n n u a l ,  tree , c l im ber,  
h y b r id ,  g reen h o u se  p lan t ,  p o iso n o u s  p la n t  
—  a re  in d ic a te d  b y  m e an s  o f  sym bols .  
A r ich  choice of s y n o n y m s  is qu o ted  w ith  
c ro ss  references .

M uch a t te n t io n  h a s  been  p a id  to  m a k in g  
th e  b o ta n ica l  n o m e n c la tu re  as c o r re c t  as 
possib le .  A list o f  all specif ic  e p i th e ts  u sed  
a n d  th e ir  m e an in g  in  G erm an  is p a r t i c u ­
la r ly  usefu l.  T h e  s tress  in  all gen e r ic  a n d  
spec if ic  n am es  h a s  been  ind ica ted .  In  som e 
cases the  s tress  d if fe rs  f ro m  w h a t  is m o re  
o r  less c o m m o n  p rac tice ,  e.g. A g éra tu m ,  
Airci, B a lsam ina , Barbcirea, C yc lam en ,  
H ydrangéa ,  sem p é rv ire n s ,  Z ing iber .  T hese  
ex am p les  a re  ev iden tly  qu ite  c o r re c t  f ro m  
a p h ilo log ica l p o in t  of view.

T h e  rev iew er  w o u ld  ques tion , ho w ev er ,  
the p ro n u n c ia t io n  H éuchera ,  K érnera ,  (but 
G unnéra , L a va té ra  a n d  Lonicé ,ra{), .pär- 
ker i ,  sprénger i  etc. of generic  n a m e s  a n d  
specific  ep i the ts  in the  gen itive  case d e ­
r ived  f ro m  fam ily  n am es  en d in g  in  -er. 
At least in  Sw eden  they h av e  in gen era l  
b een  p ro n o u n c e d  -era  a n d  -éri; cf. W i k é n , 

L a t in  fö r  b o ta n is te r  och zoo loger (1951) 
p. 55. T h is  p ra c t ic e  is also s u p p o r te d  b y  
old G erm an  au th o ri t ie s ,  e.g. L e u n i s , 

Synopsis  de r  P f la n z e n -K u n d e ,  ed. 3 (1886).
A b io g rap h ica l  list of th e  a u th o rs  

fo llow ing  the a u t h o r s ’ n am es  gives a g rea t  
deal of in fo rm a t io n  no t eas ily  o b ta in e d  
f ro m  o th e r  sources.

T h is  w ell-o rgan ized  v o lu m e  is in d is ­
pen sab le  no t  o n ly  to  g a rd en e rs ,  fo re s te rs ,  
p h a rm a ceu t is ts ,  etc. b u t  to b o ta n is ts  in

genera l,  n o t  the least on  the  b o o k sh e lf  of 
a n  h e rb a r iu m  taxonom is t .

O v e  A l m b o r n

E h r e n d o r f e r , F .: L i s t e  d e r  G e f ä  s s- 
P f l a n z e n  M i t t e l e u r o p a s .  2 nd  ed. 
G ustav  F is c h e r  V erlag. S tu t tg a r t  1973. 
X II +  318 pp. 1 m a p .  P r ice  DM 18: —  
(w ra p p e r s ) .

T h e  f irs t  ed ition  of E h r e n d o r f e r ’s 

check-lis t  of C en tra l  E u ro p e a n  v ascu la r  
p la n ts  w as p u b l ish e d  as recen tly  as 1967. 
As em p h as ized  in  the  p re face  its m a in  
p u rp o s e  is to serve as a ca ta logue  of the  
co r re c t  b o ta n ica l  n am es  in the m a p p in g  
of th e  C en tra l  E u r o p e a n  flora . T h is  
p ro jec t,  in i t ia ted  by P ro fe s so r  E h r e n ­
d o r f e r  (p rev ious ly  a t  Graz, now  in 
V ienna), w as  p re sen te d  in g rea t  deta il by  
D r H. N i k f e l d , one  of h is co l lab o ra to rs ,  
in an  artic le  in T a x o n  20 (1971) p. 545.

T h e  m a in  p a r t  of th is  w o rk  is an  
a lp h a b e t ic a l  ca ta logue  of g en era  (w ith  
re fe ren ce  to fam ily ) ,  species an d  su b sp e ­
cies w ith  a u th o r s ’ n am es  an d  sym bols  
(A, G, H, etc.) fo r  the d is tr ib u t io n  in  the 
co u n tr ie s  dea lt  w ith .  E a c h  ta x o n  h a s  a 
n u m b e r  (e.g. Achillea  m i l le fo l iu m  ssp. 
m il le fo l iu m  — 00613-1) an d  a  code n am e  
(Achill m ill (m ill)) .  T h is  w ill  ce r ta in ly  
fac i l i ta te  the  t r e a tm e n t  of the  m a te r ia l  by  
d a ta  p ro cess in g  m ethods .

As a ru le , the n o m e n c la tu re  used is in 
a c c o rd an ce  w ith  F lo ra  E u ro p a e a  as fa r  
as th is  s ta n d a rd  w o rk  h as  been  p u b lish e d  
to date . A good cho ice  of sy n o n y m s  is 
given. In  m a n y  cases, c r it ica l g ro u p s  have  
been  t re a te d  as, e.g. A g ro p y ro n  ju n c e u m  
agg., in c lu d in g  tw o  o r  m o re  “ K le in a r te n ” . 
T h is  is a p rac t ica l  a r r a n g e m e n t  pen d in g  
f u r th e r  re sea rch .  I t  sh o u ld  be em phasized , 
how ever ,  th a t  these  “m a c ro sp e c ie s” a n d  
“m ic ro sp e c ie s” h a v e  no  ta x o n o m ic  r a n k  
u n d e r  th e  Code of N om en c la tu re .  Cf. 
Article 33, last p a r a g ra p h .

“ M it te le u ro p a ” s tan d s  fo r  A ustria , G er­
m a n y  (incl. A lsace), Sw itzerland , w es te rn  
C zechoslovak ia , w e s te rn  H u n g a ry ,  n o r t h ­
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e rn  I ta ly  and  n o r th w e s te rn  Jugoslav ia .  
I t  is evident, how ever,  th a t  th is  is a  h igh ly  
u se fu l  book  even fo r  b o ta n is ts  in  o th e r  
p a r t s  of E u ro p e .

T h e  p resen t  v o lu m e  sh o u ld  be a 
cha llenge  to  S c a n d in av ian  bo tan is ts  to 
p r e p a re  a s im i la r  check-lis t  fo r  th e ir  
co u n tr ie s .  H y l a n d e r , F ö r te c k n in g  över 
N o rd en s  v äx te r  (4th ed., 1955), still f r e ­
q u e n t ly  used, is now  v e ry  ou t-o f-da te ,  n o t  
the  least ow ing  to the fa c t  th a t  the  a u th o r  
d id  no t  accep t  the  p re se n t  ru les  of b o ta n ­
ical n o m e n c la tu re .

O v e  A l m b o r n

J a l a s , J .  & S u o m i n e n , J .  (ed s .) : A t l a s  
F l o r a e  E u r o p a e a e .  1 .P te r id o p h y ta  
(Psilo taceae  to A zollaceae), 1972. 121 pp., 
150 +  3 m a p s  an d  a fo ld ed  b asem a p . —  
2. G y m n o sp e rm ae  (P inaceae  to E p h e d ra -  
ceae) ,  1973. 40 pp., 50 m aps .  T h e  A cadem ic 
B ooks to re ,  H elsinki. P r ice  n o t  ind ica ted  
(w ra p p e r s ) .

T hese  tw o  vo lum es  c o n ta in  th e  firs t  
r e su l ts  of a la rge-scale  m a p p in g  p ro je c t  
of th e  a rea s  of d is tr ib u t io n  of all v a scu la r  
p la n ts  k n o w n  f ro m  E u ro p e .  T h e  need  fo r  
a  com ple te  a t las  of th is  type  w as d is ­
cussed  a t an  ea r ly  stage of the  p re p a ra t io n  
of the  F lo r a  E u ro p a e a ,  b u t  w h e re a s  the 
F lo r a  has  been  p u b lish e d  a t  a  good pace 
(3 vo lum es issued  1964— 1972, Vol. 4 in 
p re s s  a n d  the  f ina l  Vol. 5 in  p re p a ra t io n ) ,  
the  Atlas h as  p ro g re ssed  fa ir ly  slowly.

T h e  p io n ee r  w o rk  of m a p p in g  the 
h ig h e r  p la n ts  in p a r t  of E u ro p e  was 
c a r r ie d  o u t  by  H u l t é n  (Atlas of the  
d is t r ib u t io n  of v a sc u la r  p la n ts  in N W  
E u ro p e ,  1950, 2nd  ed. 1971). H u l t é n  s 

im p o r ta n t  w o rk s  on  the  am p h i-A tlan t ic  
p la n ts  (1958) a n d  the c i rc u m p o la r  p lan ts
(1964) shou ld  also be m e n tio n e d  in  th is  
con tex t.  Basic  w o rk  of th is  k in d  h as  been  
c a r r ie d  ou t  in  C en tra l  E u ro p e  by  M e u s e l  

et al. (V ergleichende C horologie  de r  
z e n t r a le u ro p ä is c h e n  F lo ra ,  1965) and  
E h r e n d o r f e r  et al. (cf. above).  In  
B r i ta in  the  ra p id  d ev e lo p m en t of data-
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process ing  m e th o d s  h as  re su l ted  in  the  
firs t b o ta n ic a l  m a p -w o rk  b a s e d  o n  a 
s ta n d a rd  g rid  sy s tem  a n d  m a c h in e -p lo t t in g  
of the  re c o rd s  ( P e r r i n g  & W a l t e r s , 

Atlas of the  B r i t ish  Flora* 1962).
A C om m ittee  fo r  the  M ap p in g  of the  

F lo ra  of E u ro p e  w as fo u n d e d  in  1965 as 
a  s e p a ra te  o rg an iz a t io n  in  close c o o p e r a ­
t ion  w ith  the  s ta f f  of F lo r a  E u ro p a e a .  
A sec re ta r ia t  w as fo rm e d  in  H e ls in k i  u n d e r  
the  le a d e rsh ip  of D r J. S u o m i n e n . T h e  
b o ta n ic a l  m e m b e rs  o f  the  s e c re ta r ia t  have, 
to a g rea t  ex ten t,  p e r fo rm e d  th is  task  
side bv  side w ith  th e ir  m a in  du tie s  of

J

te ach in g  a n d  o th e r  re se a rc h  w o rk .  A 
m o d e s t  c o n t r ib u t io n  f ro m  th e  F in n is h  
G o v ern m en t h a s  covered  p a r t  of the  a d ­
m in is t ra t io n  costs of the  C om m ittee .

T h is  sm all  te am  in H e ls in k i h a s  been  
s u p p o r te d  by  a  n e tw o rk  of c o l la b o ra to rs  
a n d  adv isers  all over E u ro p e .  In  fact,  the 
m a p s  of the  tw o  p re sen t  v o lu m es  have  
been  sc ru tin ized  by  m o re  th a n  one 
h u n d re d  specia lists .

T hese  m a p s  h av e  been  p ro d u c e d  w ith  
o th e r  te ch n iq u es  th a n  in  ea r l ie r  w orks ,  
e.g. in  H u l t é n ’s Atlas. F o l lo w in g  the  
m e th o d s  deve loped  especia lly  by B rit ish  
bo tan is ts ,  all E u ro p e  h as  been  covered  by 
c. 4,400 50-krn squares .  T h e  o c c u rre n c e  
of a species o r  subspecies  (one o r  severa l 
localities) w ith in  su ch  a s q u a re  h a s  been  
in d ica te d  b y  a do t in  its cen tre .  T h e  do ts  
s ta n d  fo r  n a t ive  o ccu rrences .  O th e r  s y m ­
bols a re  used fo r  in t ro d u ced ,  ex t in c t  o r  
p ro b a b ly  ex tinc t species. U n c e r ta in  r e ­
co rds  hav e  been  in d ic a te d  b y  a  “ ? ” in the  
sq u a re  in ques tion . T h e  age of reco rd s  
fo r  in t ro d u c e d  species, espec ia lly  those  
w i th  e x p an d in g  tendencies, h av e  so m e ­
tim es been  ind ica ted  by spec ia l  sym bols ,  
e.g. befo re  1900, 1900— 1939 a n d  1940 
on w ard s .

T ax o n o m ic  concep ts  a n d  n o m e n c la tu re  
a re  la rge ly  th e  sam e  as in  F lo r a  E u ro p a e a .  
Som e a d d e n d a  a n d  c o r r ig e n d a  h av e  been  
inc luded . A choice  of re c e n t  l i te ra tu re ,  
m a in ly  on  cy to logy  a n d  d is tr ib u t io n ,  h a s  
also been  added  u n d e r  eac h  species.

M any  nam es  m a y  seem  to be alien , a t
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le as t  to  S can d in av ian  b o ta n is ts  fam il ia r  
w ith  th e  n o m e n c la tu re  of H y l a n d e r ’s 
F lo ra  (1953— 66) a n d  his C heck-lis t 
(1955). I t  is to be h o p ed  th a t  the n o m e n ­
c la tu re  o f  the  F lo ra  E u ro p a e a  w il l  im ply  
a n  im p o r ta n t  s tep  to w a rd s  s tab iliza tion , 
though , in m a n y  cases, it w ill n o t  r e ­
p re se n t  the  defin ite  t ru th .

In  genera l,  the species concep t used  
does no t  devia te  too m u c h  f ro m  c o m m o n  
p rac tice .  In  som e cases d if fe re n t  cyto- 
types  hav e  been in d ica te d  by  d if fe ren t  
sym bols  on  the  sam e m a p .  “P ro g re s s iv e ” 
b o ta n is ts  w ho w ould  co n s id e r  such  taxa  
as  species will p ro b a b ly  f ind  a w ide  field

fo r  cr it ic ism . Cf. a rev iew  b y  A. L o v e  in 
T ax o n  22 (1973) p. 140.

T h e  200 species m a p p e d  so f a r  are  
those  trea ted  in  pp. 3— 40 in F lo r a  E u r o ­
paea . I f  the  en t ire  n u m b e r  of species to 
be t re a te d  in the  F lo r a  is ab o u t  17,000, 
it w ill ev iden tly  tak e  a very  long tim e  to 
com ple te  the Atlas. H ow ever,  it shou ld  
be em p h as ized  th a t  th is  p ro jec t ,  w h ich  
no d o u b t  will becom e one of the  g rea t 
m iles tones  in  p h y to g e o g ra p h y ,  will ob ta in  
m u c h  m o re  su p p o r t ,  f in an c ia l  as w ell  as 
p e rso n a l  an d  techn ica l,  in  o rd e r  to e n su re  
its d ev e lo p m en t  a t an  acce le ra ted  pace.

O v e  A i.m b o r n
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