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"POLLEN characters are subject to parallelism,
convergence and possible reversal and the study of
fine structural derails of fossil pollen opens up
possibilities of new sources of phylogenetiC
evidence" (Davis & Heywood, 1963). This paper is a
follow-up of our recent contributions (Pocock &
Vasanthy, 1988; Pocock, Vasanthy & Venkatachala,
1988; Vasanthy, Venkatachala & Pocock, 1988;
Pocock, Vasanthy & Venkatachala, 1990) which

emphasise the need for detailed palynological
descriprions and critical analyses of exine
characteristics of pre-Cretaceous palynofossils.

Light microscopic studies and SEM observations
of various spore-pollen types have already amply
discussed and hypothesised the evolution of
germinal apertural types through ages. The objective
of our present study was to trace the phylogenetiC
relationships with the aid of published
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ultrastructural details of palynofossils from
Palaeozoic through Cretaceous. For easy reference
and comprehension we have included in this paper
the semidiagrammatic illustrations of 56 TEM
pictures of exine types. Legends of these Text
figures Include our comments, conjectures and
queries chIefly pertaining to basic palynology, which
may aid palynologists to appreciate the new
dimensions of palyno-phylogeny.

From an analysis of ultrastructural data of
palynofossll and pollen types we infer that: (i) the
polyplicate pollen morphotypes of Equisetosporites,
Ephedrzpites, Ephedra and Spathiphyllum (Aractae)
are infrastructurally different, thus negating any
phylogenetic relationship among them; (ii) pre
Cretaceous Equisetosporites chinLeanus and
Cornetipollis relicuLata are columellate, like
Cretaceous angiosperms (cf. Pocock & Vasanthy,
1988); (iii) prevalence of saccus in many non
angiospermous plant groups and in primitive
angiosperm Lactoridaceae is not a good character to
link angiosperms with gymnosperms; (iv)
columellar complexity might have risen
independently in extant Coniferae, Circumpolles,
some Eocene fossils and many taxa of angiosperms;
(v) the tripartite nexine of Equisetosporites
chinLeanus with lamellate inter-bedded, mid-zone
may be representative of a transitional evolutionary
stage, intermediate between lamellate
gymnospermous and non-Iamellate angiospermous
nexine; and (vi) as myriads of exine-types have been
imprecisely described as "granular" and "spongy",
one ought to be very discreet while grouping these
types to draw phylogenetiC inferences.

GRANULAR INFRATECTUM : FACTS AND
FALLACIES

In pollen morphological descriptions, the term
granular is used in its broadest sense: to describe
the sexinal or tecta I surface sculpture (cf. Kremp,
1965, p. 61); the infra-tectal interstitial structure and
sometimes even the nexine. Van Campo and
Lugardon (1973) defined granular structure as
sporopollenin organised into spherical grains, more
or less densely distributed under the tectum and
generally discernible under the electron
microscope. The "synonyms" of granular
infratectum-a network of rods of various size,
poorly developed columellae, columellae formed of
small granules, granular layer of endosexine and
others-have been discussed in their informative
review on granular exine.

"Granular" exines that occur both in
gymnosperms and angiosperms, have been

hypothetically derived from "atectate" exines
(Doyle, Van Campo & Lugardon, 1975; Walker &
Skvarla, 1975). Crane (1985; table 9) while
reviewing the occurrence of granular exine in
various plant groups (e.g. Archaeopteris,
CorystOspermales, Bennettitales, Gnetales and many
angiosperms) accepted the hypothesis that granular
pollen wall stratification is primitive within
angiosperms (cf Doyle, 1978).

Ultrastructure of "granular" types of exines in
fossil and extant gymnospermous pollen has been
the subject of many palynological papers. Foster and
Price (1981) described the Permian palynofossil
Praecolpatites sinuosus (Text-fig. 3 A) as "incipiently
alveolate" and even compared its "cavitate" or
"granular" exoexine to the "granular" exine of
certain Magnoliaceae. Zavada (1984) considered the
exine of Praecolpatites as a granular form. Should we
then infer that the terms "granular" and "inCipiently
alveolate" are synonyms or equivalents? If so, the
exine of Middle Jurassic Corystosperm Pteruchus
dubius (Zavada & Crepet, 1985; Text-fig 5 C) could
be described as either granular or incipiently
alveolate. The ultrastructure of another
gymnospenTIid Mesozoic palynofossil Eucommiidites
(Doyle et aI, 1975; Text-fig. 1 A) reveals an
anastomosing granular infratectum (prelude to

columellar evolutionl) Although Zavada (1984)
described the infratectum of bisaccate pollen of
Triassic, Jurassic and Cretaceous as granular, the
Cenomanian Granabivesiculites sp. cf. G. inchoatus
and the Albian vestigial saccate pollen (Text-fig. 3 B,
C) look complexly columelliform (anastomosing
rods) rather than granular. Likewise the dispersed
monosulcate pollen from the Cenomanian Dakota
Formation (Zavada & Dilcher, 1988) are apparently
columellar or distinctly columelloid (e.g Text-fig. 5
D· F) but not granular.

Amongst the extant gymnosperms, the exines of
Agathis aLba (Araucariaceae) and Cupressus
arizonica (Cupressaceae) have granular
ultrastructure (Van Campo & Lugardon, 1973). But in
the latter (Text-fig. 3 D) the granular infratectum
tends to be columelloid. Granular pollen
development in Cunninghamia LanceoLata
(Taxodiaceae) has been investigated (Kurmann,
1988) The pollen wall of Gnetales is generally
classified under granular type (Text-fig. 1 B, C, D).
The inter·crestal infratectum of Ephedra navadensis
(Cornet, 1985) and E. distachya (Van Campo &
Lugardon, 1973) is columelloid unlike the
granuliform infra-tectum of arched summit of the
ridges. In WeLwitschia mirabiLis (Gullvag, 1966;
Hesse, 1984), the interstitium is granulo-reticuloid
(tending to be columelloidl) The infratectum of the
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inter-spinular areas in Gnetum spp. (Gullvag, 1966;
Zavada, 1984) tends to be columelloid unlike the
crowded granules of the domed infra-spinular
interstitium. Some of the aforementioned examples
may be possibly or probably indicative of granulo
columellar transitional stages of infratectum in non·
angiosperms.

The prevalence of granular exine in
angiosperms (e.g. ]uglandaceae, Betulaceae,
Amborellaceae, Annonaceae, Canellaceae,
Magnoliaceae) has been discussed by Crane (985)
Granulo-columellar layer is characteristic of the
Lower Eocene Normapolles (Kedves & Stanley,
1976) and of the Eocene Granotricolporites
miniverrucatus (Kedves, 1986). Superimposition of
granules in columellae of Mischogyne elliotianum,
Annonaceae (Le Thomas, 1980), secondarily
granulate columellae in Calliandra viscidula,

Mimosoideae (Guinet & Barth, 1967), anastomosed
granules orienting into columellae in Vigna
longifolia, Papilinoideae (Horvat & Stainier, 1980)
and the columellae secondarily reversing to

granuliform infratectum accompanied by ross of
footlayer in the Orchidaceae (Burns-Baloch & Hesse,
1988) are a few examples (Text-fig. 2) supportive of
the hypothesis that granulo-columellar transition is a
reversible and/or an atavistic trend.

In sum, the so-called granular infratecrum is
composed not only of spherical bodies (sensu
stricto) but also of variously anastomosed patterns
(sensu lata): incipiently alveolate, granulo
reticuloid, columelloid, imperfectly columellate,
complexly columelliform and other transitional
forms. In other words, the vague term "granular" has
been commonly used to describe the exine types
which differ from the typical alveolate columellate

Nores concerning Texr·figure,: All rhe figures are semi·diagra·
I11l11aric rransmissillil elecrron l11icrogr:lphs, published
(except a few) in '·ariou, works. Author,· names and years of
publicarion are gi'·en against rhe r:L,(~1 of all figures.
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Text-figure I-A, Eucommlidites sp, Gymnosperm us. Angio
sperm affinity. Aprian or Lower Albian' (Doyle et al., 197'»)
Infra·teeral layer granular, spheroidal granules appear to be
surficially apposed to rhe adjacem ones (prelude ro rhe
evolution of columella)), endexine laminated; B, f:jJbedra
nauadensis, Gnetales (Corner, 1985): In rhe inter·cresral
pans the rhick reerum is not curved (eL SEM by Ueno, 1978;
pI. 46), it is linked with the lamellare nexine by columelli·
form structures (whire arrows) Beneath rhe arched/domed/
coniform recrum (cL TEM pollen·seerions of f:jJhed1'a mono·
sperma by Gullvag, 1966, of E dislacbya by Van Campo &
Lugardon 1973 and of E cahjomica in Zavada, 1984) rhere is
concenrrarion of granules few imerlinked, rhe upper ones
·'hanging" from rhe reeral imerior, lower ones dissociaring
from the nexinal boundary, and many crowded ""ithin the
"cavus" (formed of reeral curvarure during ontogeny?); C,
l'<Ielwitscbia mirahills, Gnetales (Hesse, 1984) Benearh rhe
rhick tectum of ridges occurs the granulo·rericuloid imersti·
rium; nexine lamellare (cf. TEM of \V mirahilis pollen by
Gullvag, 1966); D, Cne/llm gnemon, Gnetales (Hesse, 1980):
Infra-tectum granulo·rericuloid; nexine lamellate (cL TEM
pollen·secrions of Cnelilln gnernon, C momanum and C. ula
by Gullvag. 1966, of Cnetllmsp. by Zavada, 1984-wherein rhe
·'domed" infra-rectum of the medially·cw·spinules is infilled
with imerconnecred granuloid srrucrure and rhe inrer-spinu
lar area is narrow as rhe recrum is almosr linked wirh rhe
nexine by a row or twO of granules); E, Spathiphyllum cletJe·

landii, Araceae (Corner. 198'5): The anastomosing granulo·
columellar infra-teeral srrucrure is obviously complex.

"Granular" is an imprecise term. Is there any
correlation between "granulo-reticuloid" and
"granulo-columellar" structures and tectal curva
ture and ridging?

Ahhrel'ialiulls. T : tectum, faint rectum (Ueno, 1978) or the
delimiting sexinal layer

N· footlayer (nexine·]) and endexine (nexine-2)
either lamellate or non-Iamellare.

C : columellae;
S : spine or spinules.

Scale lines : represeming 1.0 micron unless orherwise
specified.
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A. Mischof}yne eillotlonum

B Colliondro VISCldulo

LE THOMAS (1980)

GUINET a BARTH (1967)

N1

C Vlgno lonf}ifollO

D. Cypopedlum colceolus

HORVAT a STAINIER (19801

BURNS-BALOGH a HESSE (1988)

Tex't-figure 2-A. ,l!isc!JoRYl1e t!lliolitll/lIlN, Anonaceae (I.e Thollla~, 19HOL Infrarectulll ",ith numerou~ free or agglomeratcd
"granules" (short arrows) and coar~e "columellar" elcmelll' (white ,urn"') formed of superimpo,-;ition(') of "granules";
B, Callial/dra I'lscidlila, Mimosoideae (Gu iIlet I'< Ban h. 196"'): SCct illl1 of distal face of a Il11Jl1acl 111e inner face of thick tectum is
irregularly l1l1dulatcd. wa''Y ()l" Sil1UOUS al1d lhe (granuliform'l columellae of unequal si~e 1.,11llrl :lrrows) are basally fused with
the nexine: C, l'If!,l/a IOllp,i(olw. Papilionoideae (Honat I'< Stainler. 19HO) The "granulated·orientated" ("grenu·oriente'-') and
anastomosed iI1fra·tl'etaJ type·imermediate between "grt!1I1i IIOI/Ot"lt!I1l(;' type and "grenu-coI1i111ellairt!" type. i,e" the "granules"
upon fu,-;ion arc oriemed more perpendicularly to the pullen surt~lce and less ill other directions; D, CypnjJt!dilim calct!ollis,

Orchidaceae (BuTnsBaloch I'< Hesse. 19HHl: Beneath the rectum arc the hanging columelliform "stalactite glohules," ie" the
C!ossseetillned remnants Llf culunlellae arc sunken in the eximine (I I. nexllle absent (step towarc! fragmentation of columellae),

Granules -- __ Columellae (e.g. Annonaceae; Papilionoideae)
Columellae ---- Granules (e.g. Mimosoideae; Orchidaceae)
Is granulo-columellar transition a reversible trend? (cf. Doyle, 1978).

exines (Text-figs 3, 4, S, 9), In general, alveolar
exines characterize the gymnosperm and columellar
exines the angiosperms, but granular exines have
been reported to occur in primitive and ad\anced
taxa of both extant gymnosperms and angiosperms
(Doyle et al. 197'»)

We thus conclude that knowledge of
developmental patterns (comparati\'e analysis of
ontogeny) of all knmvn granular exine types may
throw light on their phylogenetiC relationship and
the evolutionary stages of angiospermid exine
characters in the pre-Cretaceous palynofossils.

ARE COMPLEXLY ALVEOLATE AND
COLUMELLATE EXINES ONTOGENETICALLY

DIFFERENT?

Alveolar structure betvveen the tectum and
nexine consists of a more or less complex spongy or

honeycomb-like system of alveolae (L alveolus -a
hollow) delimited by partitions attached at oblique
or right angles to the inner surface of the tectum
(Doyle et at, 1975 J The alveolar structures of
gymnosperms are fundamentally different from the
reticulate simple exine and the pseudoreticulate
complex exines of angiosperms (Text-figs 3, 4, 7, 9)
although some of these angiospermous and
gymnospermous exines look "spongy" (another
imprecise term like "granular"). Various alveolar
types are broadly divided into cycad rype in
Cycadales, Medullosaceae and pinaceous type in
Podocarpaceae and Pinaceae, Cordaites and saccate
seed ferns.

The ultrastructure of multichambered or
multitiered exines of pteridospermous pollen have
been well-illustrated by Taylor (1971, 1973, 1978,
1980, 1982) and Kurmann and Taylor (1984) while
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discussing rheir funcrional significance and
adaprarions These "alveolar" exine rypes are
considered precursors ro rubulady alveolare
Cycadales According ro Zavada (1983) pollen \evall
de\'elopmenr of cycads is idenrical wirh rhar 6f Pin liS

(Dickinson & Bell, 1970: \V'i1lemse, 1971) and
Podocalpus (Vasil & Aldrich, 197 3). Taylor (1982)
even arrempred ro compare cerrain srages of pollen
\-vall development of .\I()i/o/elcs wirh rhose of
Cvcadales. Absence or scanry derosirion of a
primexine and lim ired secrerory phase of rapetum
during rhe free spore period differenriares rhe
gymnospermous pollen onrogeny exemplified by
Zamia (Zavada, 1983) from rhe angiosperm pollen
onrogeny Whereas in rhe larrer rhe gametophyrically
deri\'ed primexine or exine-remplare and an
exrremely acrive raperum of free spore phase are rhe
disringuishing characrerisrics.

Alrhough ir is rempring ro compare rhe
morphological peculiarities of complexly alveolare
exines of BOlilaya fertilis (Kurmann & Taylor, 1984)
and Codollotbeca caduca (Taylor, 1978; Texr-fig 4
E, F) wirh rhose of complexly columellare
dicoryledonous iVlorina nepalel7sis, Morinaceae
(Verlaque, 1983) and Fucbsia garlappiana,
Onagraceae (Nowicke ef aI., 1984; Text-fig. 4 D, G),
ir is now clear rhar some onrogeneric or
lievelopmenral differences have played imporranr
roles tn rhe formarion of complex sexine types
Hence we may infer rhar pollen onrogeneric
dissimilariries are nOl supportive of any
phylogeneric relarionship among rhe morpholo
gically "similar" forms.

COLUMELLAR COMPLEXITIES IN UNRELATED
TAXA: ATTRIBUTABLE TO INDEPENDENT

EVOLUTION?
~

E.FlDTIo1AN '196~)

••
rOSTER 8; Pl'het: II!HIII

~,

E. Picea abIes

B. Gron001vesiCulires mchOOfus

A. Proecolpaflles smuosus

Text-figure 3-A, Praeco!palili>S sinuusus, Gymnospermid?
Permian (Foster & Price, 198]) I\n inner weakly laminated

darker "imexine" (N) and an ourer incipienliv-alveolate
"exoexine" enclosing cavities, B, Cranabil'i>siclili/i>s

incboallls, Gymnospermid? Cenomanian (Z-1vada, 1984),
Bisaccate pollen with "granular" (or complexh' columelli
form or alveolate?) infra·tectal structure; saccus (') resulting
from a build-up of exinal material; C, Vestigial saccate
pollen, Albian (Zavada, 1984): "Granular" (or complexly
columelliform or alveolate?) infra-tectal Structure; D, Cupri>s,
sus arizonica, Cupressaceae (Van Campo & Lugardon,
1973): TIle infra·tectum is granulo-columellarU) or tending
to be columelliform (arrows)', nexine lamellate; E, Picm

abii>s, Pinaceae-Abietoideae (Erdtnlan, 196~): Complexly
alveolate 'infra-tectum appearing like branched columellae;
nexine lamellate.

Incipiently-alveolate (A), complexly-alveolate
(E), "granular" or complexly alveolate/columelli
form (B&C), complexly-alveolate (E) and granulo
columelliform (D). Of these which is akin to the colu
mellate exine?

Ekrexine in mosr angiosperms comprises radial,
rod-like columnar "columellae" which are
sandwiched ber'i.veen rhe ourer recral layer and rhe
basal foorlayer nexine-1 (Faegri & Iversen, 197'»)
The disrally and basally branched columellar
complex forms are believed ro have been derived
from simple columellae (Text-fig. 9) Columellar
infrarecral organizarion in angiosrermous pollen is
supposed ro be rhe culminarion of adaprive rrends
facilirating the conveyance of sporophyric
subsrances (Heslop-Harrison, 1979) and rhe
equalised disrriburion of bending srresses over rhe
exine surface (Muller, 1979).

Ir is a widely accepred hYrorhesis rhar rhe
occurrence of columellae is an exclusively
angiospermous characrer. The reversible granular
columellar rransirion (d Doyle, 1978) and
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A. Dioon edu/e

8. Zamia flscheri

N

Till. !'AIJ\IOI\OT.-\\.'IST

o.

E Bouloyo ferti/is KURMANN 8 TAYLOR (198q)

C. Cycas reva/uta A-C. AuDRAN 8 MASURE (1977) F Cadanotheca caduca
TA'r'LOR (1978)

G. Fuchsia gorlapplona
NOWIC""E ., oL (1984)

Text-figure 4-A, IJiooll eelille. Cycadinae (Auckm & ~lasl1l"e, 19-~): Exine "eCtion of lateral side, bralKhed columellae like nvo

dimensi"nal \'ie\\' "I' septa or partitions "I' "aheolae", B, 7.alllia fischeri, Cycadinae (Audran & ~'lasure, 19~71: Exine section of

lateral side, H'rv much branched columell;rc likc two dimcnsional \'ic\, of seCticlilcd anastomosing scpta of "ah'eolae", C, C:l'cas
rei 'ollila, Cycadinae (Audran & :--,Iasure, 19~~): Basalh' l'o1l1plexified "aheol~r" infra,tectal structurc of exine elf prothallial pole,

D, ,l/orilla lIe/lalells/s, Morinaceae (\'cri:lque, 19H,'): SeCtioned portion of polar exine, infutectum "spongy" or complexly

coluillellate resembling complex ah-eolar exinc", E, BOlllaya Jerlilis, Medullosales-Pteridosperms (Kurillann & Taylor, 19H-j):

An inner h01l10gencou, nexine and all ower snilptured sexine complbed of a scries <,I' anaslOmosillg net \\'OI'k of llll1l"i of the
imercolln<xteclchamhers (apparemh- "Sp<)ll).;""), sexine diminishing (weI' rhe proximal >;(lture (arro\\'1: F, Coc!ollolbeca cadllca,

Monoletes-Pteridosperms (Ta\'!or \erHl. ~\ulticJu1l1hered sexillt: and 11On-!alllellate nexine, G, Fllcb"ia garlappialla,
Onagraceae (\imYicke el al" 19H4)' The ektexillc i,' 110t differentiated illto teCtulll, coluillellae and foot la\'er units but consisting

"I a "spong\" or para,crystalline lan::r ,-,'hich is united "'ith the endexinc at numerous points along the ektexille-endexine surface

(or complexh- ,'olu1l1cllil'orm beneath the grallulo rugul:llek sculptlll'ed teCtum'),

Various grades of the alveolar complexity of Cycadinae pollen (e.g. A,B,C). The apparent similarity of the
multichambered sexine of the Pteridosperms (e.g. E,F) with some complex sexine types of the Dicotyledons
(e.g. D,G) i!' striking.

complexly anastOmosing granulo-columellar
structures in angiosperm exines have already been
discussed Before considering the columellar
complexity of angiosperms, it is necessary to discuss
the columelloid structures and sexinal complexity in
non-angiospermous palynofossils

Althcough "granular" and alveolate types of
exine are prevalent in living gymnosperms we may
discern a small degree of granulo-columellar
transition in Clip ress 11 s arizonica. Cupressaceae
(Van Campo & Lugardon, 1973, Text-fig, 3 E)
Columelloid structures of infratectum are apparent

in the Cretaceous bisaccate Cranabiuesic/lliles
incboat/ls, rllgulo-saccate Cranamultiuesiculites sp,
(Zavada & Dilcher, 1988) as well as in Carboniferous
LasiostrohllS polysacci (Taylor, 1970; TeX1-fig, 5).
Sexinal complexity ("granular") is discernible in
Cenomanian bisaccate Cranahivesiculites incboatus
and a \'estigial]y saccate pollen (Zavada, 1984; Text
fig 3 B, C) The sexinal complexity of Classopollis
and other Circllmpol!es bears some resemblance or
analogous to the columellar complexity in some
advanced taxa of dicotyledons (Pettitt & Chaloner,
1964, Burger, 1965, Pocock, Vasanthy &
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A Coytononthus orberi ZAVADA e CREPET(1986)

0, Gronobiveslcu/ites ct, mcllootus

;'-- N·>~·-

TAYLOR (1970)

E Gronomultl vesicu/ifes sp

F Gronomonocolplt8S osymmetricus

D-f,_ ZAVADA II DILCHER tl988)

ZAVADA II CREPET (I9~)C Pteruchus dubws

"~~~2i~~~~-
.-':·C;f •

Text-figure 5 -A, C'c/)'/OI/CIlIiIJl/s arb"ri, Caytoniales-Pteridosperms_ Clrhon i (eruus ,\Iiddlc I'cnns\'h an Ian (la\'ad'i &. Creper, l\>H(l)

~10110sulc:l[e, bisaccate: in the ,"'L'nL' reg"1I1 (*) ilw,ardk dirccred ,tout p:Lrlirions and rue!;, heneath thc tcclllm are scpar:llcd frulll

tI,C basal lan'r. 1I1 thc cappus reg""1 ,)1 corpus thc i'lfra,tc"tllll1 (\\'Ilite :II'!'O\') IS al\'Cular (:Ipparcml\-culuillellar ill Se','l!llll:tl \'it'\\'),
ill the sulcus regioll (CUf\ cd an,,,, 1 Ihere is nu lectulll nllr 1I1fra,r<'nal la\'cr' B, I asioslro!JlIs po/l'sacci, Gymnospermid', Carhonl
t'enn",L'pper l)enIlSd\'~lIli:1Il (Ta\'lor, 19-0) All exine llt- three distillCt I.l\ers, thin tC,'tLlIl1, ,md unir'llrlllh' thick 11<",i,le are linked

b\' \ erticalk urrenred "culuillellac" I nun ah eO!:lr and saccate'), C, l'l"rl/c!ll/S ell/In 1/," Corystospermales-Pteridosperms,
\liddlc .!ur:lssi,' (la\'aeLt &. erL'pel, IIJ~,) I',ine structure in tl,C saccu, reglllll h:1S t\\'O !:t\cr,s, the upper light\< ,wining 1:1\'er

encillses irregular\< shaped prllccsse,s ,scparated Iw I:IlUllae (1l01l al\'clliate or IIlCipil'llt\< a\<ell!Jte ~ranul:IlL") and the I'l\\er rhill
darker sraining la\'er ("il, D, Gral1abi,'"slcl/lil"S d iI/C!>oc/liiS, ~lllnJlsulcare, his;ICClle,l'"ine ,"'ucrllfe llf the pro,imal l'll'e: rectum
thick illlperfnr:lIc: infrateeral 1:l\er thill "gr:lIlLlLLI'" (U)ILllllell;le') :tIlL! ha-;al !:J\er thiel-:, E, c;r(lllalilltlli,'('Slcl,ll/es -;p,: ~lllnolett',

\\ ilh nUlllerou-; small ruguloid -;acci, e"inl' 'truCiure ofrhe pro"imal hemisphere, [l'l'llim thick, miL'ru perforatc, iilfra,tel'lallJ\er of
irregubr rod" Jild Cll!Ulllcllifllrlll S1rrll'llIre,' and 'grailule,"' [);I-;;t! I;l\er thil-k, F, GrClIICIIIIIJI/Ucol/1ilJ!S (lSI'llIllIdriCI/S \)llnosulcalc,
asaccate, te,'Will thilk, uccasionally Ir:l\l'1'sc'd h\' -;mall perfmatioil-;: illtra le,'[al laH"r L'()mprJSII1~~ .'imall ,>pherical or Irregular
shaped "grailules" :rnd "columellae" and :r hasal !:r\'er' D-F, -\Iliilir\') Cenolllaili:rn Cret:rceous (i'~I\ad:r &. I)ilcher, 19HR)

Alveolate exine in Carboniferous Pteridosperms (A-bisaccate) non-alveolate (granuliform?); in Middle
Jurassic Pteridosperms (C-Asaccate) and columellate (!) in Carboniferous gymnospennid palynomorph (B-poly
saccate), D-F: Distinctly "columelloid" infrateetum in Cenomanian pollen!

Venkarachala, 1990), Pocock ef at. (1988) even
surmised rhar if rhe evolurion of complex feature is
an inrricare process resulting from simple forms,
rhen could rhe sexine complexus. of Circumpolles be
regarded as culmination of structural evolution of
Mesozoic Cheirolepidiaceae prior to their extinction
during rhe Upper Creraceous, This type of sexinal
complexity in Circumpolles is not expressed in

modern gvmnosperm pollen (no regaining of losr
character')

Sexinal compleXity, usually in\'oh'ing columellar
or granulo-colllmellar complexification, at rimes
accompanied by rectal complexiry (Vasanrhy, 1978,
[98')) has been encollnrered in unrelated taxa of
angiosperms, for example, Alismaraceae (Argue,
(976), Araceae (Trevisan, 1980; Corner, 1985),



13H Til F I'A.LAIOI30TANl:--T

C C/ossopo//is Sf}
TAYLOR 6 ALVIN (1984)

B . C/ossopO//iS harriSli

ME DUS (unl>ubl.)

O. C/ossoidites q/ondis
MEDUS (1977)

A C/osSOpO//IS c/ossoldes

ROWLEY 6 SRIVASTAVA (1986)

Text-figure 6-A, Clas$upuilis c!assoldes. Oxfmdi;lIl-l 'PI)cr ,Jl1l'assic (I\,m'lel' 8< Sril';lstJI'a, 19:-16): Tcctum th ick (complex ,). infra-tectal
rod~ or complexly columellalc strul'tures("') manifesting lateral adnation (;lfro""s). ncxine iJmellate. B, C_ barrisii, RhJeto-l.iassic;
Triassic-,Jurassic (Medus. unpubl.) C, Cla.'supollis sp" Harrcm;Jn·Lmyer CretacclluS (Tal'lor & Allin. 19H-i): Teuum echinulate.
complex ellClosillg illter-teclal rods (shor! arrm'\'s. infra-Ieual co!umelloid elements shmving small degree of adnation (arrows);
neX;lle lamellate; D, Classoicille.1 glalldis, Turoni;Jn-l~l)perCrctaceou~ (l\tedus. 19'" l: TIle "columellae" beneath the teetal com
plex are distally ramified; nexine lamelbte.

Are the infra-tectal complex structures of the extinct Circumpolles similar to the angiosperm columellae
(Chaloner, 1976) or were these derived from the reduced muri of a subtectate alveolar system of Triadtspora
spp.? (Scheuring, 1976).

Juglandaceae (Stone et aI., 1979), Haloragaceae
(Praglowski, 1970), Morinaceae (Verlaque, 1983),
Asteraceae (Skvarla & Larson, 1965), Dipsacaceae
(Text-fig 9) and many Others. Even some Eocene
pollen manifest sexinal or rather columellar
complexity: CaryopoLLenites triangliLus and
SubtriporopoLLenites constans subsp. constans

(Kedves & Stanley, 1976; text-fig G, I) and
[ntelporopoLLenites endotrianguLlis (Kedves, 1986).
Detailed pollen developmental studies, for example
Artemisia vuLgaris, Asteraceae by Rowley and Dah I,
1977, are required to draw conclusions on the
evolution, distinctiveness and inter-relationship of
complex sexines in various taxa. Wanting
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ontogenetic data we l1U\' surmise that culuJl1ellar
complexity might have evoked independent1\' ill
different plant groups and taxa.

DO THE "SACCI" IN PROGYMNOSPERMS,
GYMNOSPERi\1S AND ANGIOSPERi\1S SIGNIFY

ANY PHYLOGENETIC RELATIONSHIP?

A saccus is an exoexinal expression, often
shoWing a separation of sexine from nexine
("eusaccate") and seldom with the attachment of
the infrareticulum of saccus to the nexine of corpus
("protosaccate") Prorosaccate type (Triadispora
bolchii, Protodisaccilrilele, Scheuring. 1974) and
various types of "eusaccate" forms (l1lonosaccate
Felexipollenites and S/lllisucciles (t'vlillay & Tavlor,

1974, bisaccatC' Pill liS Sl'/n'slris and I) baUuliriniana,
Willemse, 19"'" I. Ting ':>:1\Cllg. 1':)65 respectively)
have been illustrated in Te\:lfigure 7 Numerous
forms of mono- ur perisaccate, pseudo-saccate
(RbabdusporiLes) , and bisaccate palynofossirs have
been elaborately illustrated and discussed by Millay
and Tavlor, 1970, 197-i. 1976), Pant (1987) and
Tiwari and Tripathi (1 ':)88) Crane (1985) tabulated
the saccale spore-pollen hearing groups:
Aneurophytalean prugymnosperms, Carboniferous
lycopods, iV1eduilosan Paraspurites, Callistophyton,
Glossopterids, Caytor/ia, corystosperms and exunt
coniferae. The polysaccate condition in non
a I ve 0 I ale" (c 0 I u Jl1 e I I 0 i eli) p a Iy n 0 f0 s s i I 0 f
Pennsylvanian Carboniferous Lasiostrobus polysacci
is a unique phenomenon (Taylor, 1970), Zavada and

c

WILLEMSE (1971)Pinus sylV6stris

/
/

~
E

"-

, ~--""", ..,,- -·'-1""~·---.J
/' N, ;'

f("/

(

MILLAY 8 TAYLOR {1i74}

B

PInus bolfournlono TlNG 8 T SENG {l915~l

Text-figure 7-A, TrwdispurC/ brilcl)i/. Protodisaccitrileti. Triassic (Scheuring, 197 6)' The infrasaccare "alveolar" system is divided
into le"els of differcnl chamb"r slze-Ihe ,;malle~1 underneath Ihe teclum; all the elements of radlall;' arranged infrastrucrure of
the protosaccuo reach the cel-tral hody on the ,ame ,eCl ilJi1a I plane (i.e. apophysis-like ,truetures near the celHral body); B,
FelixipulleJliles, Monosaccites. Ll)wer l'ennsyh'anian Carboniferous (l\lillay & Taylor, ll)-'~): Lateral!\' bulged infrasaccate aheolar
wstem seemed to ha,·c bmken awav from the "apophvses" ''''hich are arising from the nexine; C, SIIllisacciles, Monosaccites,
Lower to lower-middle \)enns"h'allian-Carboniferous (Milia" & Taylor, 19:4): Saccus illtrareticuluTTl is finer near region of distal
saccus-corpus :1tlachmenl (arrow) and saccus ~1\'e()lae are dissociated from the saccus-floor withill [he lateral bulging,: D, PiJlus

Sl'lf!eSlris. Pinaceae l\X'illel11se, J97 1): In the saccus, rhe nexine is dissociated frornthe ah'eolar reticulation as in the lateral bulges
of saccus in SIIllisC/coles: A few "aflophyses" remnants (short armws )': E, PiJllls baljUl/rlll{/Jla, Pinaceae (Ti ng & Tseng, 196:;):
Beneath the tectum are hanging Ihe ah-eolar reticulation of the bladder, unlike in PillllS s)'ll'eslris there is a separarion of nexine
into rwo layers (N-l Jnd N 2)

lrrespetive of the differences (mono-or disaccate; proto-or eusaccate), the saccus infra-tectum both in the fossil
and extant taxa is alveolate.
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Dilcher (1988) have reported the ruguJoid sacci on
the distal surface of bisaccate Cenomanian
Clavabivesiculites sp. (AfP) The epithet"
subsaccate" (cavate, pouched, ruguJosaccate,
vesiculate, winged, cf. Kremp, 1965, p. 161) has been
used by Erdtman (1952, fig. 208) to describe the
separation of "stalactiform" columellae from nexine
in pollen of Grevillea pinnatzjida, Proteaceae. The
"polysacci" of Lasiostrobus bear a small degree of
resemblance to the verrucae of Dorstenia
erythrandra, Moraceae and the sections of its

verrucae (Hoell & Punt, 1988) are partly comparable
with radial sections of ridge·summits of Ephedra
navadensis rather than that of Lasiostrobus polysacci
(Text· figs 1 B, 8 E, F) Monosulcate pollen from the
Albian·Cenomanian (e.g. Granabivesiculites sp. d.
G. inchoatus, Clavabivesiculites sp., Zavada &
Dilcher, 1988) although flanged by two small sacci
(non-alveolate but columell iform infratectum
differing from proto and eusaccate intra· reticulate
alveolar infratectum) are considered akin to the
"saccate" tetrads of the Turonian Lactoripollenites

A. GranablVes/cuiltes cf /nctlootus

ZAVADA 6. OILCHER (1988)

/--:,'

E Las/ostrabus palysacci
TAYLOR (1970)

N-<>

\....~,\';.':.,.~
'" ~~'~*'+'"..

C LactGripallllmtliS africanus D.Lactoris fernandez/ana
ZAVADA 8' BENSON (lia7)

F. Oarstema eryttlrandra !"40EN 8 pUNT {19881

Text-figure 8-A, Granahiuesiculites cf incboallls, AfC', Cenomanian·Cretaceuus (zavada & Dilcher, 1988): I'vlonosulcate, bisaccate;
the sulcus is flanged by [\Vo flange·like sacci: the sacci are formed hy a separatiun of the tectum. infrastrucrural layer and parr of
the footlayer (arrows) from the rest of the nexine(N); B, Clauahiuesicllliles sr., AfP, Cenomanian Cretaceous (7..avada & Dilcher,
1988) Two sacci and many small rugulOid sacci on the distal surface, in the flange like sacci on either side of the sulcus (white
arrow) there is a separation of "gran 1OIes" /culu me Iloid structures (cu r"ed arrows) from the nexine: C, Laetonpol!eniles ajricanus,
Turonian·Cretaceous (Zavada & Benson. 1987): Anasulcate. in tetrads, the "saccus" is formed by a separation of the sexine frum
the nexine (arrows); D, Lacloris jemand(!ziana, lactoridaceae (zavada & Benson. 19871· Tectum thiCk microperfurate, nexine
relatively thin and infra·teerum with columelliform structures; the conspiCUOUS ridge ur saccus adjacent to the apenure is formed
by a Separation uf the sexine from the nexine (arrow); E, Lasioslrohus polysacci, Gymnospermidl Pennsylvanian·Carboniferous
(Taylor. 1970): Exine stratification and distal thickened area of a "saccus", the tectum extends out from the body to form "sacci"
often from the equatorial region, absence of columellae (I) in the sacca! infra·structure; F, DorSlenia erylhrandra, Moraceae
(Hoen & Pum, 1989): Medial (left) and sub·medial sections of verrucae (panly "polysacci".like?), note the crowded "granules"
(shon arrows) in the "caveate" infra·[ectum of medially·cut verruca (cf. TEM of epbedra nau'-:ld(!nsis in Texdig. IB)

Non-alveolate infratectal structure of "saccus"-typesl
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Artemisia annua
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5KVARL A. a LARSON (196~) Eline stratification (Diagrammatic) Sancl'Iello decora
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VAN CAMPO 8. LUGAR DON (1976) 2
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Juqlans regia
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;-' Vernonia antl'lelm",tlco .' N 2

VASANTHV(1981l

Dipsacus lescl'lenaulfii
"OWL E Y 8. VA$ANTHY (Unpubl )

Caryapollenites ffJemqulus

KEovES 8 STANLEY(1976)

SubffJporopaJlenlles conslans subsp conslans

KEDVES a STANLEY (1976)

Text-figure 9-A, Exine stratification-Diagrammatic A "typical" and simple exine form is composed of a tectal layer. an infra·tectal
layer of unbranched simple columellae (columellae simplicea) which is supported by Nexine·] (foorlayer). 111e fOOllayer differs in
stainability from the basal layer, Nexine-2, (endexine). Tectum may be perforate or imperforate and may bear sculptural elements
(spines, verrucae, bacula, etc); B, Sancbezia decora, Trichanthereae-Acanthaceae (Rowley & Vasanthy, unpuhl ): The colu
mellae (C) appear in radial section, basally branched (coillmellaf' conjl111 clae , ): C, Arlemisia annua, Anthemideae-Asteraceae
(Skvarla & l2rson, 1965): The columellae in radial section appear distally bifurcated (arrows) or branched ("Columellae dlgi
latae"). The distal columellar "off-shoots" seem to intrude into the complex network of tectum; 0, Vernonia ambelmiYilica,

Vernonieae-Asteraceae (Vasanthy, 1985): Note the distally digitating columellar complex and the 'off-shoots" intruding Into the
downwardly descending tectal net; supratectaJ spines (S) are many; E, Dipsacus If'scbenaIlllii, Dipsacaceae (Rowley & Vasanthy,
unpubI.): Note the distal complexity of infratectal columellar layer, micro-channelled tectum and the sunken base of tectal spine;
F, juglans regia, Juglandaceae (Van Campo & Lugardon, 1973): Tectum micro-channelled, spinulate; the "granulo-columellar"
infra-tectum ("anastomosing rods") manifests distal complexity (arrows); G, Caryopolleniles lrianglllus, Lower Eocene (Kedves &

Stanley, 1976): A "granular"·columellar layer (or complexly anastomosing rods) resembles [hat of Juglandaceous pollen (TeXT-fig.
F); H, Sel-picula indica & r Laurf'mbergia repens, Haloragaceae (Praglowski, 1970): Note the distal and proximal complexi
ficalion of columellar layer; J, SubtnjJoropolleniles COnslans subsp. conSlans, Lower Eocene (Kedves & Stanley, 1976)·cf. Inler·

poropolleniles endolriangulus (Kedves, 1986; pIV1:l)' 1ntergerminal exine; vel)' rough tectum, a relatively [hick granular·colu·
mellar layer (complexly anastomosed) and a thinner foot layer.

Old columellar complexity evolve independently in different groups and taxa?

ajricanus (Zavada & Taylor, 1986). The latter
palynofossil is shown (0 bear some resemblance to
the pollen tetrads of the primitive angiosperm
Lac/oris jernandeziana Phil. of Lactoridaceae. The
conspicuous ridge adjacent to the aperture is formed
by the separation of the footlayer (nexine) and the

outer portion of the ektexine (sexine), forming a
saccus (figs 2-6 in Zavada & Benson, 1987).
However, the wavy tecta I granular surface, and
spheroidal stalactiform granular infratectum of
"sacci" in Lac/oris jernandeziana differ from tectal
surface and columelloid saccus infratectum of
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Lactoripollenites africanus (Text-fig. 8 C, D).
It may be inferred from these data that the

exinal structural dissimilarity does not support the
hypothetical evolution of sacci in the pollen tetrads
of the Lactoridaceae from the sacci of
gymnospermous monads.

THE ROLE OF WHITE-LINES IN THE
EVOLUTION

OF SPORE-POLLEN EXINES

White-lines of the nexine layer have been
primarily recognised as electron lucent ribbons of
unit membrane dimension (SO-60A) bound laterally
by two dark zones. Reviews on various aspects of
white-line-centered lamellations, by Rowley & Dahl
(1977), Stone et at. (1979) and Guedes (1982) are
pertinent to this discussion. While analysing the
funCtional aspects of Epitobium endexine, Rowley

(1988) hypothesised that a single form of white-line
was an image produced by a tubule not a lamella at
all and these are visible during the fundamentally
active state of endexine development (in
dicorylendons/); white-lines are the junction planes
between groups of tuft-units within the endexine
and also between units of ectexinal processes and
tuft-units of endexine. Published information
relative to the occasional occurrence of erect or
convolute lamellae rather than periclinal, in the
developing ectexine is discussed by Guedes (1982).
Linear orientation of ectexinal infratectal granules
preceding columellar organization is attributable to
the presence of radially oriented lamellae (Le
Thomas & Lugardon, 1976).

The omnipresence of white-lines in bryophyric
and pteridophyric spores as well as in pollen of
gymnosperms, monocotyledons and dicotyledons
(Text-fig. 10) is of both ontogenetic and

A Gmkr:;o bilobo AUORAN II MASURE (19"78) B -Gerbero jomesonl/ SOUTHWORTH (1986)

o· EqUIS8fosporlf1Js ehinleonus pOCOC~ II VASANTHY (1988) C. He/leonio Mons STONE .,,1/. (1979)

Text-figure lO-A, Ginkgo bl/oba, Ginkgoales (Audran & Masure, 1978): Axial section of the edge of the furrow showing the large
lamellated nexine, sexine tripartite enclOSing a middle zone of irregular pits (columelloid layer'); B, Gerbera jamesonii, Mud
sieae-Asteraceae (Southworth, ]966)- Lamellated Nexlne (endexine) In a young stage (microspore period) of pollen grain; C,
Helico'nza nulans, Hellconiaceae (Stone el aI., 1979)' White·line formation prior to disappearance of the callose wall, segments
of the initial white-lines probably develop beneath the spinule-precursors, the prolOsporopollenin from microspore layer down on
a template of 4-) white-lines ('); D, Equlselosponles chm/eanus, Proto-angiospermid' Late Carnian-Triassic (Pocock & Vasanthy,
1988; pi IV)· Polyplicate or ridged pollen, tectum discontinuous in furrows; columellae simple, of variable orientation, nexine
three layered with an Intermediate lamellate, transitional lay?t' of interstratified nexine-l and nexine·2 (n.

Are the "white-lines" indispensable for (n)exine formation?
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phylogenetic significance in exine evolution
(Guedes, 1982; Kedves, 1986; Gabaraeva, 1987;
Pocock, Vasanthy & Venkatachala, 1990). Stainabiliry,
chemical make-up and persistence vs disappearance
of lamellae are some of the criteria generally used to
differentiate the gymnospermous nexine from the
angiospermous endexjne.

The statement of Guedes (1982) that the
primitive condition in angiosperm pollen is
characterised by an exine with an endexine,
probably laminated and continuous with an
overlying ectexine sounds logical and helps in our
interpretation of the tripartite nexine of the tectate,
columellate pollen of Equisetosporites chinleanus
Daugherty (Triassic). Although we have already
discussed the peculiariry of its nexine (Pocock &
Vasanthy, 1988; Pocock, Vasanthy & Venkatachala,
1988), we outline it again briefly, here its nexine
peculiariry (Text-fig. 10 D): the unique nexine of E.
chinleanus possesses a distinct, continuous but
undulate, lamellate zone, apparently sandwiched
between the non-lamellate parts of nexine-1
(footlayer) and nexine-2 (endexine). The lamellae
(endexinal) and inrerlamellae (ectexinaP) of
varying thickness (grading into "white-lines" and
eventually becoming indistinguishable from the
underlying endexine), are interstratified
(transitional zone?). We may therefore infer that this
tripartite nexine construction in a columellate
tectate exine could be representative of one stage in
the eXIne evolution of proto-angiosperms.

CONCLUDING REMARKS

As greater importance had already been given to
the apertural characters in the context of phylogeny
and evolution, we are dealing with some of the
extra-apertural pollen characteristics, in our present
analysis of evolution of exines. Let us first consider
the infra-tectal features which are generally believed
to be of phylogenetic significance. The hypothetical
precursors of incipiently columellate/alveolate
exines are supposed to be the granular exines that
should have resulted from the formation of cavities
and their interlinkage (Walker & Skvarla, 1975;
Walker & Walker, 1984) in primeval solid sporoderm
or pollen-wall. According to Walker (1976) the
columellar structure of cycads and saccate conifers
represent divergent specializations via granular
intermediates from homogeneous structure in the
first gymnosperms. But his assumption on
gymnosperm pollen evolution is wanting fossil
evidence (d. Doyle, 1976). It is relevant to quote
Ehrendorfer (1976) here: "The prominent
differences in chromosome patterns between various

gymnosperm and angiosperm groups are clear
expressions of different cytogenetic potentials and
different phases of the evolutionary development of
these groups. '" ... '" it appears that gymnosperms
and angiosperms have followed different
evol utionalY strategies".

We have already discussed in this work the use
of vague or ambiguous term "granular" in its
broadest sense. Truly granular form (sensu stricto
does it exist?) ought to be a transitory or evolVing
character and progressive evolution of gran uloid
structure should have resulted in the formation of
columellOid structure, Simple to composite
columellar infra-tectum and their derivatives. On the
other hand, retrogressive evolution or secondaly
simplification of columellae has been supposed to
have thrown back the granular infra-tectal character.
A5 the granulo-columellar types occur in both
gymnosperms and angiosperms (Zavada, 1984;
Pocock & Vasanthy, 1988 and examples discussed in
this work) the origin of angiospermid pollen
characteristics cannot be easily elucidated from
palynological data alone (Zavada, 1984). A
hypothesis contradictory to the above view is that
the "granular" exines in Magnoliidae represents
survivals of a pre-columellar state linking
angiosperm pollen with gymnosperm pollen (e.g.
Foster & Price, 1981).

Stress-tensibiliry (Muller, 1979) and efficient
conveyance of sporophytic substance (Heslop
Harrison, 1979) of columellar organization, an
exclUSively angiospermous character (Van Campo,
1971) and the evolution of angiospermy during the
Cretaceous (e.g. Hughes, 1976; Doyle & Hickey,
1976) are points of great interest in palynology and
palaeo-palynology. The significant lower Cretaceous
pollen types Clavatipollenites hughesii Couper,
Asteropollis asteroides Hedlund & Norris,
Stephanocolpites Jredericksburgensis Hedlund &
Norris, Retimonocolpites dividuus Pierce and
Stellatopollis barghoornii Doyle have well-developed
columellae (Walker & Walker, 1984). Cornet (1979)
first reported the angiosperm-like pollen with
tectate, columellate wall structure from the Upper
'Friassic and jurassic of the Newark Super Group
(U.S.A.). His subsequent unpublished report (1985)
on the Triassic pollen with angiosperm affinities is
adequately illustrative (lM, SEM & TEM) of
columellate exine rypes. Cornet's recent work
(1989) on the Late Triassic angiosperm-like pollen
from the Richmond rift basin of Virginia describes
only the Crinopolles group consisting of six genera
and eleven species of angiospermid sulcate pollen.
Of these, Dicropollis operculatus, Monocrinopollis
doylei, M. microreticulatus, M. mulleri,
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Polycolpopollis magniJicus, Tricrinopollis minutus
and T. olsenii have dimorphic reticulum supported
by columellae. Despite their close resemblance or
morphological similarity to lower Cretaceous
Liliacidites (Walker & Walker, 1984), Cornet (1989)
was partly reluctant to attribute their affinity either
to monocotyledons or to any angiosperms. This
nebulous conclusion from Cornet, one of the
staunch proponents of pre-Cretaceous angiosperm
origin directs us to a logical analysis of views on
angiospermid-pollen-characteristics: What do these
three words mean? Could we equate the similarities
or correspondences berween angiosperm pollen and
pre-Cretaceous pollen fossils to homologies or
analogous convergences? Is not the combination of
tectal reticulum and columellate infra-tectum a
typical angiospermous character (d. Van Campo,
1971)? However, Doyle (1978) remarked that the
Triassic reticulate columellate monosulcate pollen
reported by Cornet like the conifer Classopollis was
indicative of the remarkable complexity of exine
structure attained by the early MesozoiC seed plants,
thus ruling out the conventional belief that earliest
pollen should have the Simplest structure. This
statement is well-supported by the occurrence of
columellar compleXities in unrelated taxa (e.g. Text
figs 6, 9) and even in primitive families like
Magnoliaceae (Manglietia insignis and Magnolia
acuminata, Praglowski, 1973; fig. 1 b, c; fig. 7 g) and
Annonaceae (Uvariostrum pynaertii, Le Thomas,
1980; PI. 12, 3, 4) possess complexly granulo
columellate exine ultrastructure. Pocock and
Vasanthy (1988) have inferred the angiospermic
affinity on the basis of exine ultrastructure of rwo
columellate upper Triassic palynomorphs: psilately
banded Equisetosporites chinleana Daugherty and
reticulately banded Cornetzpollis reliculata Pocock &
Vasanrhy, 1988. Lacking data to bridge the gap
berween the Triassic "angiospermid" pollen and the
Cretaceous angiosperm pollen types, may we
conclude in accordance with Muller (1984) that the
"angiospermid" pollen characters of Triassic were
lost (due to extinction?) and reappeared in lower
Cretaceous?

Alveolar complexity of Cycadinae and
Pteridosperms in rwo dimensional view bear some
resemblance to complex sexine types of
dicotyledons (Text-fig. 4). It is intriguing to note the
Simplification of "alveolate" layer in Boulaya Jertilis,
Pteridosperms (Kurmann & Taylor, 1984, pI. 1, fig. 5)
and that of columellate layer in Artemisia vulgaris,
Asteraceae (Rowley & DaDl, 1977, pI. 23, fig. 3) over
the apertural regions. Could we account for any
exine substrUClural (e.g. Rowley et al., 1981)
si milari ty berween these complexly alveolar and
columellar sexine types?

Endexine evolution has been variously
hypotheSised by many palynologists (e.g. Guedes,
1982; Crane, 1985; Zavada & Dilcher, 1988; Cornet,
1989). Ubiquity of white-lines in exines of all plants
either during development or their persistence after
maturation is probably indicative of their significant
role in (n)exine formation. The exine of
Equisetosporites chinleana (Pocock & Vasanrhy,
1988; pI. 4) distinguishes itself from most of the
known types of exines by its tripartite nexine (Text·
fig. 10 D) and inter-stratification or inter-bedding of
nexine-1 and nexine-2 layers. According to Cornet
(1989) the intermediate stage of nexinal
development in E. chinleana is suggestive of
progenesis: early or accelerated maturity of
endexine.

Exinal inflation as an adaptation to pollen
dispersal may have led to the formation of different
types of sacci (e.g. Text-figs 7, 8). In other words,
occurrence of sacci in spore-pollen bearing groups
could be accounted rather for their functional
significance (harmomegathic or pollen-export) than
phylogenetic.

Having discussed some of the basic conjectures
and queries relative to angiosperm ontogeny in the
context of exine structural evolution, may we
conclude our present work with the follOWing
quotation:

"We never stop investigating. We are never
satisfied that we know enough to get by. Every
question we answer leads on to another."

-Desmond Morris
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