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A B S T R A C T  

A? illustrated account of the pollen grains of 32 species of enus Clmtatis (Dill. ex) Linn., B mutly Indian, hxs been presented and their systematic signi cance evaluated. The ollen 
is u3uJly 3-~0-1o.c~lpaa, hut some have 4-rona-colpatc pollen as well. In C. r a h i o  &h.- 
Hlm. ex Hk.f. & Thorns., the pollen is panporate. The pollen features in Clematis, exhibit 
a prrtd.>nlina?tly negatively reticulate sexine pattern and are of little phylogefietic signiiicacce. 

T h e  present investigation has been under- 
taken to evaluate systematic significance of 
pollen features in Indian Clematis Linn. 
Some other Clewzatis species have also been 
included in. the study for having bearing on 
taxonomy or phytogeography of Indian taxa 
(Kapoor, 1962, 1966, 1983, 1987). 

The pollen morphological studies of the 
family Ranunculaceae date back, according to 
Wodehouse (1935), to an English artist F. 
Bauer who between 1790-1840 sketched the 
pdlen of a number of species including 
Anemone hortensis and Caltha palustris. 
However, the detailed account on its pollen 
morphology w k  published much later by 
Wodehouse in 1936. He described the pollen 
of Clematis as 3-colpate. Kumazava (1937) 
put forth an illustrated account of pollen 
morphology of the Ranunculaceae including 
Clematis. Erdtman (I 952) reported rugate 
pollen grains in Clematis uiorna and forate in 
C. patms, besides the 3-colpate ones. Ikuse 
(1956) investigated pollen morphology of 
Japanese Ranunculaceae including 8 species of 
'Clematis and reported polyforate grains in 
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C. stans and C.  patens and 3-colporoidate in 
C. japonica. Chaubal and Deodikar (1963) 
observed gcolpate and 3-colp(or)ate condition 
in C. gouriana and C .  wightkna pollen grains 
respectively, collected from Western Ghats. 
Erdtman et al. (1963) reported 3-colpate pollen 
in Scandinavian Clematis. Vishnu-Mittre 
and Sharma (1963) observed 3-colpate pollen 
in several species of Indian Clematis. Nair 
(1965) also studied many Clematis species and 
found 3-colpate pollen except in C. grata 
where the pollen grains are panporate (pores 
6 in number). 

Ting-su (194g), Bakker (1956), Hyde and 
Adams (1958), Huang (1970, 197 I), Rao and 
Tian (1976) Pctrov & ~orisovaivanova (I 976) 
are some of the other workers who have also 
contributed to the study of Clematis pollen. 

Taxonomic studies on Clematis by Kapoor 
(1962, 1965, 1966, 1969, 1983) brought to light 
that Indian taxa have been subjected to 
merging, splitting or change of status from 
time to time. In several cases what has been 
regarded as a species actually represented a 
complex of distinct entities, each claiming a 
separate status, specific or infraspecific. In 
cases of this kind, if no voucher specimen 
was cited in the earlier study-and this is so 
in most of the cases-it is now impossible to 
precisely correlate the available descri~tidn 
with the concerned taxon. This has necessi- 
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tated investigation of pollen in Clematis C. pfbh@ula Hk. f. et Thorns. (figs. 303%) 
afresh correlating each description to the Spheroidal (30 pm in diameter), rarely pro- 
source of material. late-spheroidal (30 x 28 p m) ; colpi long, run- 

MATERIAL AND METHOD ning from pole to pole, colpi membrane m a -  

The polliniferous material was obtained merited. Exine about 2 p n~ thick. Sexine 
from the herbarhm specimens, and its details as thick as nexine. Se~ ine  tegillate, negati- 

are cited in Table I .  The acronyms used for vely reticulate. 

different herbaria are after Stafleu (1981). C. andersolla (Cl. ex Ktze.) Hj. Eichler (figs, 
The pollen slides, were prepared by aceto- 3p40) 

lysis method as outlined by Erdtman (1952)- Subprolate (28 x 2 4 ~  m) ; colpi long, thin, 
A part of the unacetolysed pollen material running from pole to pole, colpi membrane 
was stained with safranin and mounted in ornamented. Exine z ~ r n  thick. Sexine 
glycerine to compare with the size of aceto- slightly thicker than nexine. Sexine tegil- 
lysed pollen. The unacetolysed pollen grains late, finely negatively reticulate. 
were found to be smaller than the acetolysed 
ones ; however, all measurements were taken 

C. apkulata Hk. f .  et Thoms. (figs. 52-53) 

on random selection of 40-50 acetolysed pollen Prolate-spheroidal (26.0 x 25.5 p m) ; colpi 

grains only per species. The observations long, thin, running from pole to pole, colpi 

were recorded with the help of light micro- 
membrane ornamented. Exine 2 p m  thick. 

scopy (Olympus microscope with highest 
Sexine as thick as nexine, Sexine tegillate, 

magnification of I oo x I 5). negatively reticulate. 

DESCRIPTION C. barbellatlu Edgew. (fig. 16) 

Pollen grains : 3-zono-colpate : Subprolate (30 x 25  pm) ; colpi long, thin, 

clmtb DC. subspa sco*ta running from pole to pole, colpi membrane 

(figs. 65-67) 
ornamented. Exine about 1.5 p m  thick. 

Prolate (30 x 20 pm) ; colpi long, thin, run- Sexine as thick as nexine. Sexine tegillate, 

ning from pole to pole, colpi membrane orna- finely negatively reticulate. 

mented. Exine 2 pm thick. Sexine as thick C. buc-ana DC. var. b~chansda~6 
as nexine. Sexine tegillate, negatively reti- (figs. 68-69) 
culate. Subprolate (38 x 32 pm) ; prolate-spheroidal 
C. acumi- DC, suhsp. d d i  (Briihl) (33-5 X33.o pm) or oblate-spheroidal (25.0 x 

Kapoor (figs. 7071) 26.5 pn)  ; colpi long, thin, running from pole 
Oblate-spheroidal (25 x 30 pm) ; colpi long, to pole, colpi membrane ornamented. ~ x i n e  

thin, running from pole to pole, colpi mem- 2 r m thick. Sexine as thick as nexine. 
brane ornamented. Exine 1.5 pm thick. Sexine, tegillate, negatively reticulate. 
Sexine as thick as nexine. Sexine tegillate, C. comata DC. (fip. 72-73) 
negatively reticulate. Subprolate (40 x 35 p m) ; colpi long, thin, 
C. scuminah DC. subsp. silrldmewis (Hk. f .  running from pole to pole, colpi membrane 

et Thoms.) Briihl var. ailckimasb (figs. 77- ornamented. Exine 2 p m  thick. Sexine as 
7*) thick as nexine. Sexine tegillatc, negatively 
Prolate spheroidal (30 x 28 pm) ; colpi long, reticulare. 

thin, running from pole to pole, colpi mem- C. facifaliBora Franchet (figs. 27-29) 
b r a e  ornamented. Exine 2 pm thick. Sexine Prolate (30 x zopm); subprolate (30 x 22 p dr) 
as thick as nexine. Sexine tegillate, negati- or prolate-spheroidal (28 x 26pm) ; =olpi long, 
vely reticulate, thin, running from pole to pole, colpi mem- 



52 BULLETIN OF THE BOTANICAL SURVEY OF INDIA po l .  31 

brane ornamented. Exine 2 p m thick. 
Sexine thicker than nexine. Sexine tegillate, 
.negatively reticulate. 

W d  fdvk-om Rehd. et Wils. (figs'. 22-24) 
Prolate-spheroidal (2 I x 2op m) ; colpi long, 

thin, running from pole to pole, colpi mem- 
brane ornamented. Exine I .5 ,U m thick. 
Sexine as thick as nexine. Sexine tegillate, 
faintly negatively reticulate. 

C. gcmhm Roxb. ex DC. 
Subprvlate (25 x 20 pm) ; colpi long, thin, 

running from pole to pole, colpi membrane 
ornamented. Exine 2 pm thick. Sexine as 
thick as nexine. Sexine tegillate, negatively 
reticulate. 

C. grata Wall. (figs. 35-36) 
Prolate (30 x 2 2 p  m) ; colpi long, thin, run- 

ning from pole to pole, colpi membrane orna- 
mented. Exine 2 ' ~  m thick. Sexine slightly 
thicker than nexine. Sexine tegillate, negati- 
vely reticulate. 

C. g r a x ~ e c k ~  Lindl. 
Subprolate (28 x 22 p m) ; colpi long, thin, 

running from pole to pole, colpi membrane 
ornamented. Exine 2 pm thick. Sexine as 
thick as nexine. Sexine tegillate, negatively 
reticulate. 

CI j a j d a  Thunb. (figs. 6-7) 
Prolate (32 x 2opm) ; colpi long, thin, run- 

ning from pole to pole, colpi membrane orna- 
mented. Exine about z pm thick. Sexine as 
thick as nexine. Sexine tegillate, negatively 
reticulate. 

C. Was Drumm. et Craib (figs. 43-44) 
Prolate-spheroidal (25 x 22p m) ; subprolate 

(30 x 24 pm) or prolate (28 x 20 pm) ; colpi 
long, thin, running from pole to pole, colpi 
membrane ornamented. Exine 2 pm thick. 
Sexine as thick as nexine. Sexine tegillate, 
faintly negatively reticulate. 

C. m e y h  Walp. (figs. 79-80) 
Subprolate (35.0 x 30.5 p m) ; rarely prolate- 

spheroidal (30.5 x 30.0 p m) ; colpi long, thin, 

running from pole to pole, colpi membrane 
ornamented. Exine 2 pm thick. Sexine as 
thick as nexine. Sexine tegillate, negatively 
reticulate. 

C. montma Buch.-Ham. ex DC. subsp. mod- 
var. manipuremia Briihl Fgs. 8-9) 
Prolate-spheroidal (29.0 x 28.5 m) ; colpi 

long, thin, running from pole to pole, with 
acute apices, colpi membrane ornamented. 
Exine about 2 ~ r n  thick. Sexine slightly 
thicker than nexine. Sexine tegillate, nega- 
tively reticulate. 

C. mumi- Wight (figs. 19-21) 
Subprolate (24 x 20 Fm) ; colpi long, thin, 

running from pole to pole, colpi membrane 
ornamented. Exine 1.5 m thick. Sexine 
as thick as nexine. Sexine tegillate, faintly 
negatively reticulate. 

C. orhtalis Linn. var. obtusifolia Hk. f. et 
Thoms. (figs. 59-60) 
Prolatespheroidal (30.5 x 30.0 Pm) ; colpi 

long, thin, running from pole to pole, colpi 
membrane ornamented. Exine I .5 pm thick. 
Sexine slightly thicker than nexine. Sexine 
tegillate, negatively reticulate. 

C. pubemla Hk. f. et Tho~ms. (figs. 33-34) 
Prolate (28 x 20 p m) ; colpi long, thin, run- 

ning from pole to pole, colpi membrane orna- 
mented. Exine I .5 pm thick. Sexine as thick 
as nexine. Sexine tegillate, faintly and finely 
negatively reticulate. 

C. roylei Rehd. var. patens (Haines) Kapoor 
Sub-prolate (38 x 30 p m) ; colpi long, thin, 

running from pole to pole, colpi membrane 
ornamented. Exine I.S pm thick. Sexine 
slightly thinner than nexine. Sexine tegillate, 
negatively reticulate. 

C. roylei Rehd. var. roylei 
Spheroidal (25.5 x 25.0 m) ; colpi long, 

thin, running from pole to pole, colpi mem- 
brane ornamented. Exine 2 p m thick. Sexine 
as thick as nexine. Sexine tegillate, negati- 
vely reticulate. 



Figs. 1-21 : 1, 10-13. C h t i r  tmg!tmuis (Rri~hl) lamura Var. lm! .$ f~r i r ,  1 % 12. polar view showing negatively 
reticulate pattern, 10. polar view ahowing ltexinc/nminc ratio, 1 I .  p l a s  v i w  showing 4 enlpi, 13. equatorial vim 
showing 3 colpi., 2-3.C. cod& &uch.-Ham. ex Hk. f. et Thomg., Panprate pollen., 4-5.C. niankna Rt~ch.-I.Tam. cx DC. 
subp. n w n h  rar. mnnbna, 4. polar view &owing ~cxinelnexinc ratio, 5, cquatosial view showing Ycolpi. 6-7. C. jaflnina 
Thu~~b. ,  6. pIar v i w  showing sexintlntxin~ ratio, 7. equatorial view showing 3 cdpi. 8-9. C. m t a n a  1Cuch.-Ham. cn 
DC. sub. - f a  vm. m i p u - s  Brilhl, 8. polar view slrowing stxine/ncxinc ratio, 9. equatorial view shown% 3 colpi. 
14-15. C. monralra Burh.-Ham. cx Yc. slzlssp. cox K1ze.l 4-polar V ~ W  s h ~ i n g  4 colpi ; 15quatoiial v i m  showing 
3 colpi. 16. C. LatbrIlafo Fdgew. var. bar k" slluta, 5-colpatt pllm (~olzu view). 17-18. C. smikrc~dia MTs13F. subsp. 
smisM'fi1ia var, rmilari/dirr, 17. polar view showing stxinclocxinc ratio, E 8. equatorial view thowing 3 rolpi and faintly 
negatively rcticulatcpattcrn. 19-21. c. m r r n r o i n ~  Wight, 19 & 20. polar view ahowing faintly ntgatively reticdate 
pattern and sexinc/nexinc ratio, 21. equatorial vim. 
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Figs. 22-44 : 22-24. Rchd. et Wils., 22. polar view, 23 & 24. qlu*dd view sho~ ing  mlpi and faintly negativclv 
reticulate pattun. Wall. nlbsp, d m ' m  Kapwr, 25.pular vitw showing sexinelnexine ratio. 26. 
equatorial view. nn'sul~florn Franchet, 27. Iar view showing lor;ne/ncxinc ntlo, 28 & 29. quatorial view ahovinlt 

27-29. c.( : . prolate and sub?rolatc pol en, rnpect~vel . 30-32. rmWanp& Hk. f. n Thnmr., 30-31. polar view thowing sexinelnocine 
ratio and negattvcly reticulate pattern, 31: uatorial view showing3 colpi. 33-34. C. ,hhr ln  Hk. f. et. Thorn,., 53. 
vicw, 34. cqu3to:ie.l view showing 3 colpi. 3%. C.pw& Wall., 35. polar view, 36. quatorial view rhowing 3 mlpi. 37-g.!E 
hi!& Hevne, 37. polar vicw showing scxine/nexine ratio, 38. quatorial view. 39-10. C. mdnronii (CI. ex Ktzc.) Hj. Eichler, 
39-polar view, 40-cquuorial view rho~ inu  3 col i. 41-42. C. lhrobmn~ina Dunn. polar view showing 4 mlpi and nqatively 
reticulate plttein. 43-4b C. krrrimz ~~i~rnn?nc!et ~ r a i h ,  43, polar view rhowing ~exinclnexine ratio, 44. equatorial view 
rhowing 3 mlpi. 
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Clematis d r r i f d i a  Wall. subsp. rdamonica thick as nexine. Sexine tegillate, negatively 
Kapoor (figs. 25-26) reticulate. 
Prolate-spheroidal (28.6 x 26.0 pm) ; colpi C. aplffoli. m. (fig. 81) 

long, thin1 running from pole to pole, colpl Prolate-spheroidal (28.0 x 26.5 pm) ; colpi 
nmnbrane ornamented- Exine 2.5 pm thick. long, thin, running from pole to pole, colpi 
Sexine as thick as nexine and slightly undu- membrane ornamented. Exine 2 p m  thick. 
lated. Sexine tegillate, negatively reticulate. as thick as nexine, Sexine tegillate, 

negatively reticulate. 
C. darif~plia Wall. subsp. smilaciblia var. 

sailacifolia (figs. 17-18) C. asplmifolia Schrenk (figs. 54-56) 
Subprolate (25 x 20 p m) ; colpi long, thin, Prolate-spheroidal (20.5 x 20.0 m) ; colpi 

running from pole to pole, colpi membrane long, thin, running from pole to pole, colpi 
ornamented. Exine I .s pm thick. Sexine as membrane ornamented. Exine I .g pm thick.. 
thick as nexine. Sexine tegillate, obscure- Sexine as thick as nexine. Sexine tegillate, 
faintly negatively reticulate. negatively reticulate. 

C. emilaicifolia Wall. subsp, smilacifolia var. C. glruca Willd. (figs. 63-64) 
rmbpltata (Wall.) Ktze. Prolate-spheroidal (30.5 x 30.0 p m) ; colpi 
Subprolate (26 x 20 ,urn) ; colpi long, thin, long, running from pole to pole, colpi mem- 

running from pole to pole, colpi membrane brane ornamented. Exine 1.5 pm thick. 
ornamented. Exine I , ~ p  m thick. Sexine as Sexine as thick as nexine. Sexine tegillate, 
thick as nexine. Sexine- tegillate, negatively negatively reticulate. 
reticulate. C. hedysdfdjp DC. (figs. 49-51) 
C. triloba Heyne (figs. 37-38) Prolate-spheroidal (22 x 2 I pm) ; colpi long, 

Prolate-spheroidal (25.5 x 25.0 pm) or sub- thin, running from pole to pole, colpi mem- 
prolate (25 x 2.1 pm) ; colpi long, thin, run- brane ornamented. Exine 2 p m  thick. Sexine 
ning from pole to pole, colpi membrane as thick as nexine. Sexine tegillate, negati- 
ornamented. ~ x i n e  2 p m thick. Sexine as vely reticulate. 
thick as nexine. ~ex ine  tegillate, negatively 
reticulate. 

C. m t i a n a  Wall. ex Wight et Am. 
Prolate-spheroidal (30.5 x 30.0 pm) 0' sub- 

prolate (30 x 25 rm) ; colpi long, thin, running 
from pole to pole, colpi membrane orna- 
mented. Exine 2 pm thick. Sexine as thick 
as nexine. Exine slightly thicker at the 
poles. Sexine tegillate, negatively reticulate. 

PoUen grains commonly 3-zono-colpate, 
rarely 4-zono-colpate : 

C. t e a o m  DC. (figs. 84-85) 
Subprolate (30 x 25 pm) or oblate-spheroidal 

(26 x 28 p m) ; colpi long, thin, running from 
pole to pole, colpi membrane ornamented. 
Exine 2 pm thick. Sexine as thick as nexine. 
Sexine tegillate, negatively reticulate. 
C. toagluemis (Briihl) Tamura (figs. I ,  I 0- I 3) 

Prolate-spheroidal (30.5 x 30.0 pm) ; colpi 
long, thin, running from pole to pole, colpi 
membrane ornamented. Exine about 2 p m 
thick. Sexine as thick as nexine. Sexine tegil- - 

C. .cumfa DC, subsp. a i w d  ( ~ k .  f.  late, negatively reticulate. 
et Thorns,) ~ f i h l  var. clprkei (Ktze.) Pollen grains 3- and p~ono-Col@aafe in ul- 

Briihl (figs. 74-76) most equal proportion : 
Subprolate (32 x 28 p m) ; colpi long, thin, C. fiammula Linn. (figs. 45-48) 

running from pole to pole, colpi membrane Prolate-spheroidal (28.5 x 28.0 pm) or pro- 
ornamented. Exine 2 p m  thick. Sexine as late (30 x 2 0  p m) ; colpi Ion& thin, running 
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from pole to pole, colpi membrane ornamen- 
ted. Exine 2 p m thick. Sexine as thick as 
nexine. Sexine tegiuate, negatively reticu- q 

late. 

C h W b  nm4am Buch.-Ham. ex DC. subsp. 
~ ~ W C O X  Ktze. (figs. 14-15) 
Subprolate (25 x 20 pm) or prolate (30 x 

2 2 ~  m) ; colpi long, thin, running from pole 
to pole, colpi membrane ornamented. Exine 
2 p m thick. Sexine as thick as nexine. 
Sexine tegillate, negatively reticulate. 

C. &&MO&U Dunn (figs. 4 I -42) 
Oblate-spberoidal (28 x 30 m) ; colpi long, 

thin (thickness uneven), running from pole 
to pole, colpi membrane ornamented. Exine 
2p m thick. Sexine slightly thinner than 
nexine. Sexine tegillate, negatively reticulate. 

Pollen grains 4-zono-colpate more common 
than 3-zono-colpate : 

C. orhtdb L i n .  var. l-- (Ledeb.) 
Boiss. (figs. 57-58, 61-62) 
Prolate-spheroidal (35.5 x 35.0 p m) ; colpi 

long, thin, running from pole to pole, colpi 
membrane ornamented. Exine 2 p m thick. 
Sexine slightly thicker than nexine. Sexine 
tegillate, negatively reticulate. 

Pollen grains Pataporate : 

C. Buch.-Ham. ex Hk. f. et Thoms. 
(figs. 2-3) 
Spheroidal (30 pm in diameter) ; pores ca 

circular, about 2 pm in diameter, membrane 
psilate, tenuimarginate. Exine 2 p m  thick. 
Sexine as thick .as nexine. Sexine regillate, 
finely negatively reticulate. 

Nw~vdh zeyIam$ca (Linn.) DC. (figs. 82-83) 
Spheroidal (20 pm in diameter) ; pores 

circular, about 2 m in diameter. Exine 
"5 pm thick. Sexine as thick as nexine. 
Saine tegillate, negatively reticulate. 

DISCUSSION 

In the present investigation, as could be 
made out from a perusal of the pollen fea- 
tures, nearly all the species and inhaspecific 
S 

taxa o$ genus Clenaatis exhibit a more or less 
similar pattern. 

The grains in most of the species are 3- 
zono-colpate. Interspersed wi th  these, 4-zone- 
colpate ones have also been observed in a 
number of tam. In C, t p n g l ~ m i s  Priihl) 
Tamura, C. hedysarifoliu DC., C .  as~len~joliu 
Schrenk, C .  acuminGa DC. subsp. sikkiknt- 
sk Hk .  f. et Thorns. var. clarkei (Ktze.) 
Briihl among the Indian species, and in C. 
gkr uca Willd. (= C.  arientalzs Linn. var. 
obtusifpldo Hk. f. et Thoms.), C. apSifolia 
DC. and C. terniflora DC. among the exotic 
species, the 4-zonk-~olpate ones are rare. In 
C. flammula Linn., another exotiq species, 
and the Indian species C. monbna Buch.- 
Ham. ex DC. subsp. praecox Ktze. and C 
theo bromina Dunn, both 3-zonocolpate and 
4-zono-colpate pollen gains are observed in 
almost equal proportion. C. orimtalis Linn. 
var. ~ongtmuduta (Ledeb.) Boiss. has 4-zono- 
colpate grains relatively more abundant. 

Incidentally, 4-zono-colpate grains are po*, 
sibly being recorded in Clematis for the first 
time. 

Among the species of Clematis investigated 
here, C. cadmia Buch.-Ham. ex Hk. f. et 
Thorns. is the only one which has panporate 
pollen grains,* differing from all the rest. This 
species, placed in a separate section v k . ,  Sect. 
Viticella, is characterised by beaked achenes, 
unlike the ones having long feathery tails, 
the latter being the most common condition 
in Ckmoth. Panporate pollen grains have 
also been found in Naravelia zeylanica (Linn.) 
DC. which was at one time recognised under 
Clematis. These two species are regarded as 
the most advanced, and may have branched 
off from the same stock* 

The panporate has, nevertheless, 
been described iri specie which belong to sec- 
tions other than VViceNa, e.g., C .  patens 
Morren et Done. (Erdtman, 1952 ; Ikuse, 
1956), C. stans Sieb. ct Zucc. (Ikuse, 1956), 
and C. grata Wall (Nair, 1965 p, lo). Inci- 
dentally, in the present study only 3-zono- 
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. .31$ a : 5 . .c;.;;:~$;, . , 'fir;, .;. 

Figs. 65-85 : 6567. C. m n i n a l a  DC. r o l q .  acrm'naIrr. 65. view rhmrirag rexinclnrxii~c ratio,,66 k 67. q u r  
torid view 'having neptivrly retiallate yattcrn. 68-69. C. DC. 68. polar view thmrinp rcxlne/nuine ratio, 
69.~qupt~ri.1 v i m  .howin# negatively reticulate pat!ern. 70-71 C. :.norminam 1% sub. andnronii (Rruhl) Kapoq,  70. 
polar v i w  showingrolinelnainc ratio. 71. cquaorial v tw.  72-73. C. cm~ah DC. 72. polar view shwinq  3-folpi, 73. e q l u t o  
rial virw .h0winq n ativrly rrt ir~latc:  pattoin. 74-76. C. eominda IK:. ru*. rikki~mrir 1Hk. f. et Thorns.) BrUhl var. 
rlsrkei (Knc) ~r i ih1 .X.  polar v i w  shwinp  3 d p i .  75. pular v i w  qhowin~ .I celpi. 16. quator is l  view showing ru ine l  
nrxine ratio. 77-78. (,'. arminotn l K . a ~ ~ l n p .  rikkinrmrir (Hk. T. ct Thorns.) Flrllhl var. r ik l ir~n>ic ,  77. p l u  viwahowing 
vxine/ncxinc ratio, 78. quator ia l  viov showing 3 colpi. 7940. C. nn)niand Walp. vnr. n ~ h n a :  polar v i w  showing acxinel 
ncxine ratio md rctic~tlate pattern rapectivrly. 81. C. apiiJdio DC. (polar v i w ) .  82-83, fiaracdio i&ni~a (I.inn.) 
Dc. ponpornte pollen. 84-85. C. urrlifhra I K .  polar v i m  shaving suinei  n u i n e  ratio and negatively reticulate pattern. 
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colpte grains are observed in C.  grata Wall., 
and not panporate grains as reported by Nair 
(1'~'). 

The porate form has been observed in other 
genera of Ranunculaceae, though exceptional, 
in Coptis, Syndesmon, Thalictrum, Xantho r- 
rhiza apiifokz-the latter genus regarded as 
a representative of some ancestral stock, and 
Anemone coronaria-but not in sonle other 
Anemone species. Wodehouse (1936 p. 498), 
therefore, concluded that the porate form in 
the Ranunculaceae appears to have originated 
'more than once independently at widely 
different times' and seems to have at times 
correlated with anemophily . 

Ikuse (1956) reported 3-zon~olporoidate 
pollen in C. japonica Thunb. but in the pre- 
sent investigation only 3-zoncrcolpate grains 
are found. However, C. japnica Thunb. is 
regarded to represent a complex composed of 
distinct entities, and Ikuse (1.c.) might have 
possibly studied one of these. 

The pollen shape, as found in Clemtis is 
variable being spheroidal, prolate-spheroidal, 
oblate-spheroidal, prolate and subprolate. 
Occasionally ~rolate, subprolate and prolate- 
spheroidal grains have .all been found in the 
same species (in C. kerriana Drumm,. et Craib 
and C. fasiculiflora Franchet). Similarly, C. 
buchananiana DC. has been found to possess 
subprolate, prolate-spheroidal and oblate- 
spheroidal gains. The prolate-spheroidal 
and subprolate forms have, in the same 
species, been found in C. wightiana Wall. ex 
Wt. et Am., C. triloba Heyne, and C. meye- 
niana Walp. (rarely prolate-spheroidal in the 
latter). The character of shape obviously 
cannot be attributed to any dependable syste- 
matic significance. In C. cadmia Buch .-Ham. 
ex Hk. f. et Thorns. and Nar(4velia zeylanicn 
(Linn.) DC. only spheroidal pollen grains 
have been seen. These two get linked up in 
this feature, as well as, in having panparate 
pollen grains as lnentioned eadier. 

The size of the pollen grains is variable 
from 2 I -40 p m x 20-35 pm . The largest is 

that of C. connata DC. (40 x 35 p m), followed 
by that of C. buchananiana M=. (38 x 32 pm) 
and C. mylei Rehd. var. @tens (Haines) 
Kapoor (38 x 30 rm), all of which belong to 
sect. Viorna subsect. Connatae ; incidentaIly, 
C. connata DC. is regarded as one of the 
most primitive among Clematis species. 
However, other species of this group have 
smaller pollen grains. Naravelia zeylanica 
(Linn.) DC. is characterised by the smallest 
grain (20 x 20 C(m) and to match with this 
are those of C. fulvicomu Rehd. et Wils. 
(2 I x 20  pm) and C. hed~sarifolia DC. (22,~ 
2 I pm), the lattet. two belonging to Sect. 
Naraveliopsis, considered to be one of the 
advanced groups among Cbrrarrtis. 

The colpate pollen grains in Clematis are 
all with colpi long, thin, running from pole 
to pole and colpi membrane ornamented. In 
C. montana Buch.-Ham. ex DC. subsp. 
montanu var. manipurensis Briihl colpi are 
with acute apices, whereas in C. montana 
subsp. praecox Ktze. the apices are like any 
other species. In C. theobromina D'unn colpi 
are thin but of uneven thiccness. Exine 
thickness varies from J .5-2.5 p m. Sexine is, 
as a rule, as thick as nexine and tegillate. -In 
C. fasiculiflora Franchet sexine is noticeably 
thicker than nexine ; in C. montam Buch.- 
Ham. ex DC. subsp montana var. r n a n i ~ r -  
ensis Briihl, C. grata Wall., C. andersonii 
(Cl. ex Ktze.) Hj. Eichler and C. orimtalis 
Linn. var. l ~ n @ ~ a ~ d a t a  (Ledeb.) Boiss., 
sexine is only slightly thicker. than nexine. 
The other subspecies of C. montanu uiz., 
subsp, praecox Ktze. has, however, sexine as 
thick as nexine. Contrarily in C. roylei 
Rehd. var. patens (Haines) Kapoor and C. 
the0 bromina Dunn, sexine is slightly th inn5  
than nexine. Again in C, roylei var. roylei 
and all those taxa related to C. theobromina 
j'sucl-! as C. sn~ilacifolia Wall., C. andersonii 
(CI. ex Ktze.) Hj. Eichler, C. fulvicoma 
Rehd. et Wils. and C. munroians Wt.] sexine 
is as thick as nexine. h C. grmolens Lindl. 
exine is slightly thicker a t  the poles and in 
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1. ClaaEs connuto DC. 

2. C. actmitanfa DC. subsp. anminata 

3. C. dnata DC. subsp. sikkimmris (I*. f. et Thorns.) 
BrShl var. s&kimris 

4. C. ucunrinata DC. subsp. sikkitmds (Hk. f. et Thorns,) 
Briihl var. clarkei (Ktzc.) Bruhl 

5. C. acuminufa DC. subp. andcrsonii (Br ahl) Kapoor 

6. C. ryld Rehd. vzr, roykci 

7. C. rqyl4' Rehd. wr. flahs (Haines) Kapoor 

8. C. buchanuniana X. ('buchaniana') 

9. C. oribnkrlis Linn. var. longicaudata (Lcdeb.) Boiss. 

10. C. mimtdis Linn. var. obtusifolia Hk. f. & Thoma. 

11. C. gkruco Willd. 

12. C. gruveoh Lindl. 

13. C. wightiana Wall. ex Wight & Arn. 
14. C. (~cutmguIn Hk. f. et Thorns. - 

17. C. montuna Buch.-Ham. ex IX. ssp. montcma var. 
ltlbntrno 

18. C. nrofltmM Buch.-Ham. ex DC. subsp. rnontana var. 
m a n i p u d c  Rriihl. 

19. C. montMcr Buch.-Ham. ex W. subsp. praccox Ktze, 

20. C. fmicutQlora Franchet 

21. C. tagl~msis (Br~hl) Tamura 

22. c. flcwnmula L i i ,  

23. C. srmifZom DC, 

24. C. trirosa Heyne 

25. C. pubemfa Hk. f. & Thorn, 

26. C. grata Wall. 

27. C. gw+ Roh.  ex DC. 

- - - - - - - - 
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Simla, 1831, Lady Dalhousid, S. n. acc. no. 62628, MH. 

Gamble 274131, acc. no. 454, CAI,. 

Tukdah, Distt., 1900 m, 2.12.1876, Gamble 2039A, acc. 
no. 62624, MH. 

R~rrkih! 36172, acc. no. 447, GAL. 

Anderson 181 1, acc. no. 470. CAT,. 

Massoorie, Raipllr, 10.12.1956, C. 5'. Pun' 10151, acc. 
no. 30975, BSI. 

Sundi Bwu, Singhb-, 750m, 27.1 1.1902, H. H. H&s, 
s. n., acc. no. 86707, BIH. 
'Khasia', 1200-1800 m, DH & TT, s. n., acc. no. 62636, 

BSI. 
T MH; Mussmrie, 17. 2.1966, S. .D. M&& 10779, 

Tibet, 3000-4000 my T. Tbnrson s. n., acc. no. 62615, MH. 

Chamba, J.  H. Z,act? 530, acc. no. 58, BSIS. 

Lippa, Bashahar, 17. 8. 1890, J.  H. I&c~ ? 530, acc. no. 
392, GAL. 
Sides of the raviens, Mashobra, EXazara, 29.9.1888, 
J. F. Dtlfhie 7423, acc. no. 1471, B9I. 

Nilgiri, 1860, H. F, C. Claghorn, s. n., acc. no. 58, MH. 
Ku a and surroundings, 30.9.1964, 3. 30ssph 40385, 
AS~AM.  
Honshu, Kyoto, Japan, 5.6.1972, A~ta .Nit& 13751, LWG. 

Deoban, 2400 my 30.5.1893 ; Chas A. Wsb6 2, acc. no. 
17, BSIS. 

Simla, May 1917, H. G. Car& 307, RSN. 

Arunachal Pradesh ('NEFA'). Senge Dzong, 3050 m 
21.5.1957, R. S. Rao 7651, ASSAM. 
On way to Phalut, Distt. Darjeeling, 29.5.1962, S. P. 
Bhntnagar 73614, LWG. 

Yunnan, China, George Forest 471, CAL. 

Ibnglu, Darjeeling, 3000 m, July, 1881, Gamble 9442, 
acc. no. 62601, MH. 

National Botanic Gardens, 1,ucknow (cultivated), 6.6.1957, 
A. L. Cupto 7313, LWG. 

Honshu, Kyoto pref,, Kyoto, Kibune, Japan, 9.9.1978, 
Kana JVatpi, s. n., acc. no. 68430, LWG. 

G. B. Patrunrdhan, s. n., acc. no. 5280, RSI. 

Clarke 40560 By acc, no. 329, GAL. 

SimIn, 20.4.183 1, IA& I)alhousie, s.n., acc. no. 626 10, MH. 
Sirnvani, Tamil Nadu, 18.12.1%0, 4. .N. H q  
948, BLAT ; C~onoor to B~irlyar, 30.0.12.1902, &r* 
539, acc. no. 31, MH. 
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28. C. ktrrimra Drumm. et Craib 0. Riley 1887, acc. no. 324, CAL. 

29. C. apicuktn Hk-f. & Tnonu. 'Khasia', 1200 m, J. D. H. & T. T., s.n., acc. no. 
349, C.4L. 

3 1. C, meyeniam Walp. var. mqmiann 

Honshu, Kyoto pref., Kyoto, Japan 9.9.1978, Kana 
Naggni, s.n., acc. no. 68434, 1.WG. 

Isls. Amami ; roadside between Shimokushi and Inokawa, 
Isl. Tokunoshirna, Japan, 28.8.1978, H. Kakr E. 
Miki 353, LWG. 

32. C. usplent'folia Schrenk Gilgit, 1855, C.  M. Ciles, s. n,, acc. no. 610, GAL. 

33. C. hedysar$dia DC. Londa, Nov. 1891, acc. no. 5255, BSI. 

34. C. sniilazlfolia Wall. kubyp. smilaclfdia var . sntilacifolia. Kyanskoi, Burma, I. H. Burkill 22 158, acc. no. 25, BSIS. 

35. C. smilncifolia Will. subsp. smilaclfolia var, srrbpcltata A. Mccbold 16928, arc. no. 140, CAL. 
(Wall.) Ktze. 

36. C. srnihilia Wall. subsp. andamanica Kapoor Saddie peak, North Andamavs, .N. P. Balakhhmn & 
N. G. .hiair 4784, PBL. 

37. C. fUEVicottia Rehd. et Wils. I a e  5955, acc. no. 169, CAL. 

38. C. dtrsonii (CI. ex Ktze.) fij. Acc. no. 624, GAL. 

40; C. theobromina Dunn 

Akkmalai, Coimbatore Diatt. 1595m, 23.1.1962, J. Jwth 
13759 acc. no. 27019, MH. 

Korakundha, Nilgiri Dt., Tamil Nadu, 5.1.1971, B. Y. 
Set9 37713, hlH. 

41. C cadmrh Buch. -Ham. ex Hk. f, et Thorns. Katha, Burmah, I. R. Burkill 22632, acc. no. 1, BSIS. 
42. Ahrmelia uylMca (Linn.) DC. Devala-Nadugani Forest, Nilgiri Dt., Tamil Nadu, E. 

Vajraiwlu 42856, acc. no. 67962, I.WG. 

C. smilacifolia Wall. subsp. undamanica similar features, these are of little phylogene- 
Kapoor, sexine is slightly wavy. Sexine tic significance. 
pattern is negatively reticulate, faintly so in 
C. fulvicoma Rehd. et Wils., C. smibcifolia ACKNOWLEDGEMENTS 

Wall. subsp. smiZacifoZ& var. smilacifoZin, C. First author is thankful to the ~ i rec tor ,  
munroiam wt. (all belonging to Sect. National Botanical Research Institute, Luck- 
Naroveliopsis and taxa of C. now for laboratory facilities, authoritieg of 
smilacifOZia complex), and C. puberula Hk. f. various herbaria for pollen material and 
et Thorns. ; it is finely negatively reticulate Dr. Aya-Nitta Yoshida, Faculty of Pharma- 
in C. Cadmia Buch.-Ham. ex Hk, f.  et ceutical Sciences, Kyoto University, Japan, for 
Thorns. Japanese material. 

It is obvious that the above variations ex- 
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