
PI//I/CO/;oloilisl -JR (1999) 111-12.\
O().\I-0J7-J/99/lll-l23 ~2.(JO

Dominant gymnosperms of the
Glossopteris flora

D.O. PANT

106. Tagore TOWIl, Allahabad, India.

(Received 12 April 1999: revised version accepted 23 June 1999)

ABSTRACT

Panl DD 1999. Dominant gymnosperms of the Glossopteris Ilora Palaeobolanist 48(2) : 1//-123.

The paper presem, new ideas about the Lower Gondwana forests which the author believes were
dominat~d by d~ciduous gymnospermous trees of Glossupterls and its allied gener'1. II is suggested that the
larger Ir~~s of glossopterids may have be~n 30 to 40 m or more in height and below them grew shorter trees
and shrubs of Glossoptl'ris and its allies. The large size of glossopterid trees is suggested by that of tree
trunks assigned to Dwloxvlun sp. from the Raniganj Stage where Glossopteris is the commonest fossil and
the genus Noeggemthiopsis. to which they had been assigned earlier. is a rarity. Such trees could have been
supported by horizomally spreading axes or roots at the base of the trunks as suggested by fossil axes or
roOls around missing trunks reported from the bed of V.lal River in South Africa which too had been as
signed to Noeggerathiopsis.

The deciduous glossopterid trees :Ire compared with those of modem Ginkgo biloba. It is suggested
lhat the gradate series of glossopterid leaves with Glossupteris having a midrib and anastomosing laterals at
one end of the series followed by leaves of GangllJllopteris with anastomosing 1'11erals :lnd no midrib.
Rl/IIbl!olOenia with a midrib and dichotomising non-anastomosing later:lls Paloeo\'il/oria with a midrib in
the lower half and nOlhlnastomosing spreading laterals, in the distal part. Rlibil!gea withou( :I midrib and
spreading arched laterals and NoeggerOlhiupsis with dicholOmising spreading stmight veins at the other end
may form a series of leaves which may be related 10 each other. It is considered that Nueggemthiupsis may
not be a cordaite_

The morphological nature of the fertiligers of glossopterids are discussed and compared with certain
abnormal peduncles of Ginkgo bilobll and it is pointed out that 10 per cem of the leaves of this genus show
anastomoses and this genus may be allied to Glossopteris.

in addition, indubitable evidence in support of the in .Ii/II or autochthonous mode of formation of
Lower Gondwana coal is also discussed.

Key-words - Deciduous trees. Ginkgo bilo!Jo, leaf-borne axillary fructifications, :llItochthonous coal.
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INTRODUCTION

T HE dominant constituents of the Lower Gondwana

Glossopteris flora seem to have been the gymnosperms

of the Glossopteridales which appear to have formed rich for
ests allover Gondwanaland. In 1ndia the coal deposits of Bihar,

West Bengal. Madhya Pradesh and Malwrashtra have thick

coal-seams where a single seam may be as thick as 31 m, e.g.,

in Kargali and Korba of Bokaro and Hasdo valleys, respec

tively (Krishnan, 1949. p. 253) and about 46 m at Singrauli.

In many coal basins there are mUltiple coal-seams placed one

over the other interbedded with shale. The commonest fossils

or the flora are leaves of Glossopteris. Some allies of

Glossopteris e.g., GOl/g{//I1opteris. Rhavdo/{/enia. R/lvidgea,

Polaeovil/oria. Pterollilssollia. Belel1l1/0lJteris and

SagillolJ/n11/1/11 along with NoeggerothiofJsis also occur. 1n

the earlier swges or the flora, leaves of Gallgml/opteris and
Noeggerothiopsis are predominant. Axes of Vertevraria and

petrified Ivoods showing well marked growth rings are quite

common throughout the Lower Gondwanas. Among less fre

quent gymnospermous fossils of the Glossopteris flora there
are a few narrow-leaved conifer-like remains as well but these

are not discussed in the present article.

ATTACHED LEAVES OF GLOSSOPTERIDS

Although the leaves of Glossopteris and its allies gener
ally occur in detached state. rarely some of them have been

round attached to Vertevrorio axes (Zeiller, 1896: Oldham,
1897: Arber. 1902: Dolianiti. 1954; Pant, 1977). In other cases

glossopterid leaves have been found attached to axes which

lack Vertevmria characters (Bun bury. 1861; Feistmantel. J881:

Etheridge, 1894; Seward, 1910; Walton & Wilson, 1932:

Plumstead, 1956: Pant, 1967: Pant & Singh. 1974: Pant &
Chauhan, 1995). Etheridge (1994) found leaves of

Glossopteris attached in apical clusters to small axes which

show rhomboidal leaf base scars below the clusters. Seward

(1910) has illustrated a whorl or Noeggerathiopsis hislofJii

leaves from India which shows a stem in the centre. Bunbury

(1861) and Feistmantel (1881) also found them attached

around twigs which they mistook for raches of compound

leaves and called them Filicites and Sagenopteris. respec

tively. Besides such clusters laterally attached single alternate

leaves of Glossopteris have also been described by Panl. 1967.

Accordingly. a reconstruction of the tree of Glossopteris made

by Pant & Singh (1974) and Pant (1977) shows lateral spi

rally attached leaves around apical parts of the stem and api

cal clusters of leaves in shon spur shoots as depicted in a

reconstructed twig of Glossopteris in Text-figure 1. Attach

ment of leaves like that mentioned above for Glossopteris and

allies actually occurs in modern Ginkgo vilovo which has api

cal clusters of deciduous leaves in shon spur shoots with

rhomboidal leaf base scars below. Towards the tips or long

shoots one can also see alternately attached deciduous leaves

in whose axils arise the short shoots (see Text-figures 2 & ))
or the long shoot apices may themselves give rise to spurs (as

seen in Text-figure 3). The manner in which this transforma

tion takes place has been analysed by Gunkel & Wetmore,

1946 and Gunkel et al.. 1949.
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MODIFIED RECONSTRUCTION OF
TREES OF GLOSSOPTERIDS

Text-Iigure I-C/ossopreri.\. reeonslrucled twig wilh spirally arranged le~ves

and axillary spurs. Two of the spurs be~r ferliligers with Ol/okaria
fruel ificalions.

~\.f'(:':,

~ 'I/i,

Text-figure 2-Cillkgo /}i/o/}a, a twig from female Iree with spirally ar
ranged leaves: some of them have developed spurs in their axils lafter
Kacmpfer. 1712).

1\~1~

The above mentioned si milarities between the attach
ments of leaves of glossopterids and those of modern Ginkgo
prompt me to review earlier reconstructions of trees of
Glossopteris (see Pant, 1977) and I can hereby suggest a few
additions and modifications. Firstly, the trees seem to have
been deciduous as first envisaged by Plumstead (1958) and as
the abundance of fallen leaves and paucity of attached ones in
LowerGondwana beds also indicates. Secondly, the presence
of well marked growth rings in Lower Gondwana woods sug
gests that the glossopterid trees were producing and living in
a cold or warm temperate climate with marked changes of
seasons. They were bearing green foliage leaves during sum
mers followed by their autumnal yellowing and fall during
cold winters as they do in modern Ginkgo vilova (see Text
figures 4, 5 and 6). While growing in Lower Gondwana for
ests the larger trees of Glossopteris may have reached diam
eters of nearly a metre or more at their bases. Spreading
brJnched roots or rhizomes and their usually upright, some
times bifurcated trunks may have been about 30 to 40 In or
more in height. The above ideas about the size of trees of
Glossopteris are based on the dimensions of large tree trunks

first discovered in 1923 by WW, Whitney of the East Indian
Railway at a place about 3 km from Asansol in an area which
Bradshaw in Bradshaw & Sahni (1925) attributed to the
Panchet Series of the Lower Gondwanas but which actually
belongs to the coal beds of Raniganj Swge in the Damuda
Series. The dimensions of one of these tree trunks (see Text
figure 7) which is bifurcated in its lower part (a major part of
this tree is placed in G.S.1. Museum at Calcutta) are men
tioned as being about 93 feet (= 28.6 m) and a maximum di
ameter of on Iy the cen tral preserved col umn of wood as 2 feet
7 inches (= 78.76 cm) by Bradshaw in Bradshaw & Sahni
(1925). Making an allowance for the possible missing top and
bottom parts of the tree, I estimate its length to have been at
least 30 m or more. Its maximum diameter with surrounding
soft wood and bark which are not preserved may have been
about a metre or more.

Soon after the discovery of the trunks, Sahni (in Bradshaw
& Sahni, 1925) assigned one of them to Dodoxvlon sp. and
thought that it may have belonged to Noeggerathiopsis. a
Cordoites-like leaf genus which occurred in the Glossopteris
flora and which had been assigned earlier to the genus
Cor(/oites itself by Seward & Sahni (1920). Later, Salmi (1931)
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Text-figure J-Clllkgo 1,,!o!)(1 I. painting 01' a [wig from a lemale trec showing a nUlllbcr 01 SpUi shoots With scars of lallcn leaves and apical clU',ter, of

Icavcs wllh ovulate peduncles III their axils The lowcr spur shoal 11<1, broken on Note that the long shoot apex has also bccome a spur. II. a spur from a Illale

tree shOWing peduncles With stalked paired sporangia. III. fall1tly drawn outl,nc of a tWig shOWing thc long shoot apex; 1,2, pairs of pollen sacs below a

hump. J, 4, dctail, 01' apical 1'000tlon, of two ovulatc peduncles With collars below two oniles: 5-8, dil"l'el'ent views of seeds: 9. a developing Ical (all lroln

Siebold & Zuccannl. 18~5-1842)
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Text-figure 4-Cillkgtl bi/u!>l!, <I pan of a Irce showing leafy br'lJ1ches during summcr (from Michel. 1(86).

reported several more trunks of the s:une kind and reaffirmed
his e~rlier altribution of such Dadox,",oll trunks to the

Cord~itales. It is possible th~t he did not consider the eligibil
ity of G/ussopleris to be the leaf of such large gymnospermous
trunks because Feistm~ntel (1886) had described structures
which he believed to be sori in G!ossopleris leaves and 81so
due to a gencr~1 belief ~t th~t time ~bout the le~ves of
G!ossop/eris being those of a fern (as indicated by the inclu
sion of G!ossoplf!ris in the second volume of Seward's Foni!
P!UIIlS 1910 ~nd by thc finding of sori of sporangia on the
sc~les of G!ossopleris (Arber, 1905b)

However. the situation h;1s now completely changed and

lately sOllle leaves of G!ossopleris ~nd allies have emerged
out as fertiligcrs producing sceds and pollen organs ;1nd their

allached or detached stems, rhizomes or roots were first shown

to have ;1 good deal of second;1ry xylem with ar;1ucarioid or

other types of gymnosperm-like pittings in the tracheids

(Walton & Wilson, 1932). Grouped pilling like that of
Verfebraria is also found in Crllen;oxy!on, P({raCalen1o.n'!on.

AlIslra!oxy!on, Torduxy!oll. M\'('!ontordoxv!oll and

Prll'{llordoxy!ol1 as pointed out by Pant & Singh (1987) and
these could be the woody trunk fragments of G!ossopleris.

Grouped pilling of this kind had been noticed earlier by Holden
(1916) and Sahni (193\) who called it "somewhat Ca!lixv!oll

like grouping of radial pits on the tracheids". However Sal1l1i

regarded it as a possible Cordaitalean character. The second

ary xylem of the above mentioned wood genera show abun
dant narrow medullary rays and well marked growth rings
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Text-figure S-Cillkljo !JiIoo". (rees with goldcn leaves during aulumn (from Michel. 1986).

which nre lypicnl of gyillnospennous wood (Walton & Wilson,
1932; Pant. 1956; Pant & Singh. 1987; Pigg & Tnylor, 1993;
Pigg & Trivett. 1994). Moreover, the leaves themselves show
thick cuticles with sunken stomata surrounded by papillnte
subsidiaries nround sunken gunrd cells showing gymnosperm
type of lignin Inmellae (Pant, 1958). The midrib xylem of the
leaves of Glossopteris often shows bordered pits (Pant, 1958;
Surnnge & Maheshwari. 1962) nnd none of their well pre
served lenves shows any sori. In contrast the cuticles of fern
leaves are delicate and their stomata lack lignin lamellne. Fur
ther the fructification bearing leaves or feniligers of
Glossopteris bear seeds pollinmed by disaccate Striatites type
of pollen which nre produced by Arveriella type of pollen
sacs borne on mnle feniligers called Eretlllonia. GlossOlheca
or Nesoll'alesia (see Pan!. 1977. 1987; Pant & Nautiynl, 1984;
Pigg & Trivett. 1994: Chandra & Singh, 1995). Further the
internal structure of nxes of Vertevraria and leaves of
Glossopteris and its nllies as well as (hm of the uttached or

detnched fructifications (fertiligers) attributed to them, as re
vealed by enrlier studies of compressions. hns been vividly
confirmed by subsequent studies of their permineralized fos
sils (see Pant, 1997 und references cited therein). In addition
to the above fucts Glossopteris should be more eligible to be
the leaf of the numerous Inrge tree trunks called Dadoxylon
sp. by Sahni (J 925, 193 J) instead of Noeggl!mthiopsis, since

Glossopteris is the commonest leaf form occurring in the
Raniganj Stage wherefrom the large tree trunks have been
described, and Noeggerathiopsis, m this stnge, had become
quite n rarity.

Unlike the short. only 4 metres high, trees envisaged by
Gould nnd Delevoryns (1977) dense forests of such high de
ciduous trees of glossoplerids showing well marked growth
rings in their secondary xylem would seemingly go well with
the rich deopsits of coal in the Lower Gondwann beds and
also with the frequent occurrences of petrified woods in asso
ciation with remains of Glossopteris (Pant & Singh, 1987). I
think thnt the thinner branches of u number of these diverse
woods may have borne leaves of Glossopteris and its allies.
However, leaves of some of the species of Glossopteris or ilS

nllies mny have been borne on branches of small trees like the
one reconstructed by Gould and Delevoryns (1977) and sti II
others could hnve been borne by shrubs nnd lianas, e.g.,
Belllllloopteris (Pnnt & Choudhury, 1977). All the same. the
rather unnilturul rosettes of lenves around the trees of
Glossopteris depicted by Gould and Delevoryas (1977) may
have been less regular with smaller and larger leaves in the
appilrent whorls.

As n mntter of bct the coal and shales of the Lower
Gondwnnas appear to have been formed by thick lilyers of
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Text-figure 6-Cillkgo bitova, basal pari> of tree trunks with fallen leaves around Ihcm forllling a thick carpel in Toji Park. Tokyo during laic autullln
(photo by Random from Michel. 1986).

fallen leaves strewn heletr skelter and these may have accu
mulated repeatedly in thick annual carpets on the forest floor,
as they do under the trees of modern Ginkgo (see Text-figure
6) whose size of 30 to 40 m, as mentioned by Pilger (1926)
and Chamberlain (1935), seemingly corresponds with that of
the fossil trees from Asansol. I therefore, imagine that during
the Lower Gondwana times India was having rather dense
deciduous forests of Glossopteris and its allies whose taller
trees (see Text-figures 8, 9) were towering over shorter trees
and shrubs so that in the words of Humboldt in these primeval
woods "forest was piled upon forest" and dense humid shade
of trees and shrubs provided ideal habitat for blattoid insects.
The shrubs possibly had undergrowth of ferns. other
pteridophytes and lower plants below them, The carpet of
leaves on the undisturbed forest floor (Text-figure 10), with
no records of any voracious consumers of fallen leaves, ex
cept some blatttoids (see Pant & Srivastava, 1995), in the
course of time. must have piled up and become mixed up with
broken twigs (rarely with attached leaves) and branches, as
well as broken or fallen tree trunks as seen at the locality near
Asansol.

The underground or overground dead roots or root bear
ing axes of glossopterid trees and shrubs may also have ulti-

mately become palt of the dead organic material covering them
in the forest floor. This is indicated by the greater frequency
of Vertebraria axes at the bottom of coal seams. Wetting by
rain water and fine silt displaced by rain or its drops between
leaves and other plant material may have compacted the litter
of leaves on the forest floor. New trees would have been com
ing up from germinating seeds on such a rising forest tloor
(Text-figure 10). In the course of millions of years the fallen
leaves and other plant material became buried so that with
arrested bacterial action due to lack of oxygen. it became fur
ther compacted and thereafter it was gradually converted by
pressure and chemical processes of condensation and polym
erisation under the influence of temperature, high pressure
and time into the alternating dull and bright layered bands of
the seams of coal. Occasional floods or advances of water
bodies may have given rise te' the intervening thin or thick
layers of shale in between the coal seams.

Contrary to the in silU or autochthonous mode of forma
tion of Lower Gondwana coal envisaged above and also sug
gested earlier by me (see Pant. 1989), some geologists like
Fox. 1931 (sye Krishnan. 1949) have earlier assumed that the
Lower Gondwana coal is allochthonous or dri ft coal formed
by plant material drifted into water bodies from unknown other
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localities. However. the presence of Vertebra ria axes with
thin roots spreading around them (Bunbury, 1861; Pant,
J956), broken tree stumps with horizontally spreading
branched roots or rhizom<ltous axes around them as seen in

a Permo-Carboniferous, sandstone bed of Vaal River at
Vereeniging South Africa (Seward, 1917, p. 240, fig. 478),
show that glossopterid trees were supported by such roots or
axes. In situ vertically preserved Vertebraria <lxes called

Vertebraria radioto by Royle (1840), vertically compressed

seedlings of Glossopteris called Diphyllopteris (Pant &
Nautiy<ll, 1987), occurrence of rootlet beds in the floor of
coal se<lms reported by Chowdhury. 1985 and Manjrekar et

01.,1986 as mentioned by Banerjee et 01. (1991), <lnd hori
zont<ll roots and upright stems and Vertebra ria axes later
reponed by Banerjee et al. (1991) and Singh and Chandra
(1995) and Srivastava (1995) also vividly confirm tllUl Lower

Gondwana coal is autochthonous.

The paucity of genera of gymnospermous leaves <lnd the
multiplicity of species of Glossopteris has been noticed by
Pant (1967) and Pant and Singh (197 J) as a striking feature of
the Glossopteris flora and this is particularly true about

Glossopteris but the present day genus Pinus having over one

hundred species spread over the entire north temperate zone
from Japan in the East to western United States and western
Canada in the West, with three species spreading northwards
beyond the Arctic Circle in Eurasia and one species reach
ing or slightly overstepping the Equator in Sumatra (see
Mirov, 1967: Little & Critchfield, 1969) presents a living
parallel among the present day gymnosperms. Another par
allel is provided by GnetulIl which is distributed allover the
tropical <lnd humid regions of the world from Pacific Islands
like New Guinea, Philippines and the East Indies, Siam,
Malaysia, Indo-China, India, Tropic<ll Africa, Guiana, North
ern Brazil, Surinam <lnd Amazon. Its diverse species are
climbers, trees, shrubs and one of them, Gnetllllltrinerve, is
a parasite (see Maheshwari & Vasil. 1961). Pant & Singh
(1987) have alre<ldy suggested thM some Lower Gondw<lna
woods showing excentric xylem cylinders could have be
longed to lianas thereby implying that some glossopterids
could have been woody climbers. Alternatively, the multi
plicity of associated wood genera and leaf attached
fructifications of Glossopteris and its allies may ultim<ltely
prove that they are divisible into a number of more natural
genera, subgenera and sections on the basis of their stems
and attached fructi fications.

Text-figure 7-FoSSII tree trunk discovered near Asansol by W. W. Whitney ill 1923 (rrol1l Bradshaw & Sahni, 1925).



PANT-DOMINANT GYMNOSPERMS OF THE GI.OSSOPTERIS FLORA 119

j

!jV/
r
·

I,!{!
]\\\1'1:4.1 ;,"
11'

n /
" .1'

[

Texl-ligure l}-G/o.l'.wpleris. reconstructed tree wilh leaves during summer
showing spreading axes or 1'001, around lhe II·ce.

FERTILIGERS OF GLOSSOPTERIDS AND
THEIR MORPHOLOGICAL NATURE

Plumstead (1952) described a number of leaf attached
fructifications of Glossopteris and called them by sepJrate

Texl-figure 9-G/ossopleris, rceonSlruCled crown of leaness tree during
winlel'.

adjectivJI generic names although JS pointed out by Edwards,
Krausel and Lakhanpal in the discussion of the paper by
Plumstead (J 952) and also as pointed out by me in 1977 the
nomenclature is violative of two articles of the International
Code of Botanical Nomenclature. The case of Ottokaria was
different because Zeiller (1902) believed that the fructi fication
was lying over a Glossopteris indica leaf. Subsequently after
the discoveries of a number of leaf attached fructifications by
Plulllstead (1952). many other authors have also given sepa
rate generic names to such fructifications. So much so thaI the
names of such fertile leaves or fertiligers have become legiti
mate by wide practice and accordingly I propose that such
names may be treated as nomina generica coservanda and no
longer violative of the code.

However, the topic which I wish to discuss at this point
is the morphological nature of the leaf attached fructifications.
A search for comparable leaf attached fructifications among
present day vascular plants leads me to (I) the fertile spikes
of Ophioglossaceae. (2) the abnormal female "flowers" of
Ginkgo described by Fujii (1896). which could be taken to be
reversions, (3) the flowers of Ruscus, Danae and Semele at-
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Text-figure IO-Reconslructed basal pan 01' the trunk 01' a Glossupleri.\
lree Wilh Callen leaves I'orming ;1 thick carpet around it. Note a I'ew seedlings
of DipiIyllopleris verlicillw(l.

tached to their prophylls and (4) the bract attached inflores
cences of Tilia. All these structures occurring in such diverse
plants may be regarded as examples of the incorporation of
the axillary fertile shoots in the sublending prophylls or bracts
as suggested by Arber (1950). Indeed the widespread occur
rence of such structures suggests that they are not pecul iar to
Glossopteris but they have arisen repeatedly in pteridophytes,
gymnosperms, monocots and dicots. The latest interpretation
of the fertile spikes ofOphioglossaceae regards the frond as a
modified, reduced, dichotomous branch system (Zimmermann.
1942; Chrysler, 1945). In fact Now (1950, 1955) and Nishida
(1957) regard the sterile and fertile segments as
phylogenetically equivalent to fronds and therefore homolo
gous. However, if we compare the two segments with the ax
illary ferti Ie shoots of Rusceae and Tilia which become adnate
to the subtending prophylls and bracts. they could be regarded
as fertile axes adnate to phyllomes. The leaf attached
fructifications of Glossopteris would thus appear to be quite
comparable with those of the above living forms.

The axillary fructifications of Glossopteris taenioides
described by Pant and Singh (1974) seemingly support the
axillary nature of the fructifications of Glossopteris even when
they seem to be coming out of their midribs. The abnormal
female fructifications or "flowers" of Ginkgo described by
Fujii, 1896 (see Text-figure 11 A, B) could likewise be inter
preted as fused to the leaves in whose axils they were pro
duced. Some of the abnormal fructifications of Ginkgo de
scribed by Sprecher (1908) are branched (see Text-figure I IC)
and in this connection it is important to point out that such
branched fructifications of Ginkgo and the multiple fertile
spikes of Ophioglosslll11 palllla/lll1l too have their parallels in
Ercll11iJnia, Glossotheca, Partlla, Denkania, Lidgellonia and
these would perhaps require to be explained as being branched
and the branches being adnate to the lamina.

The position of the fertile leaves on the plants of
Glossopteris is, however, unknown and we do not even know

whether they are similar to or different from ordinary leaves
of their plants (cf "bracts" of Tilia). Accordingly the term
fertiliger used by Schopf (1974) seems to be quire appropri
ate. Further, we are completely ignorant about the plants of
glossoprerids being monoecious or dioecious. A method of
determining this could be the occurrence of male and female
fertiligers in close proximity or far away but this too is pres
ently unknown.

RELATIONSHIPS OF GLOSSOPTERIDS

The similarity of the size of trees. deciduous habit and
abnormal female fructifications of Ginkgo (Text-figure II A.
B) with the envisaged size of the deciduous trees and the leaf
attached fructifications (fertiligers) of Glossopteris could even
prompt us to look for relationships between the Ginkgoales
and the Glossopteridales. Both the groups appear to be hav
ing deciduous leaves borne on short as well as long shoots.

c

Text-figure II-Ginkgo bitoba, A. spur shoot with a number 01' abnormal
ovulate peduncles I'used to leal' stalks. some 01' them showing seeds borne on
laminae and single almosl normal peduncle. B. a single abnormal peduncle
with a seed showing longiludinal striation along Ileshy pan 01' seed and the
lamina below lhe seed. C, an abnormal peduncle with seven stalked single
ovules and their collars (A. B. I'rom Fujii. 1896: C. I'rom Sprecher. 19(7).
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Text-figure 12-Gillkgo iJilobo, cleared leaf showing dichotomous vena
lion wilh a few anaSlomoses of veins marked by arrows (redrawn after Arnoll,
1959)

and both kinds of shoots showing secondary xylem with well
marked growth rings. The haplocheilic stomata of Ginkgo
(Pant & Mehra, 1964) and glossopterids have similar rings of
papillate subsidiaries overarching sunken guard cells. How
ever, the net veined leaves of Glossopteris having well de
fined midribs would, appear to be quite different from the
dichotomously veined leaves of Ginkgo and the Ginkgoales.
All the same Amott (1959) has reported various kinds of cross
connections in 10% leaves of Ginkgo biloba (Text-figure 12)
and there are other glossopterids which seemingly bridge the
gap between acostate leaves with fan like spreading furcate
veined leaves of Ginkgoales and net veined costate leaves of
Glossopteris. These are Gangamopteris which is netveined
but it has no midrib, Rhabdotaenia which is costate but its
lateral veins are usually non-anastomosing, and there are spe
cies like Glossopteris angustijolia val'. taeniopteroides with
almost complete absence of anastomoses between lateral veins
(see Seward, 1910) which are quite like Rhabdotaenia. Next
comes Palaeovillaria which has an ill-defined midrib in the
basal half of the leaf and only furcate non anastomosing par
allel or sub parallel veins in the lamina and there is Rubidgea
which has no midrib and only furcate veins in the distal part
of the lamina which are, however, arched and not straight like
those of Ginkgo. At the end of the series is Noeggerathiopsis
which is acost:.lte with furcate and spreading parallel veins.
This genus is believed to be a cordaite, so much so thut Seward
& Sahni (1920) had actually merged it with the genus
Cordaites. However, it appears to me that Noeggeratlziopsis
may not only be different from Cordaites, as already suggested
by Pant & Verma (1964a) on the basis of (I) prevalent di ffer
ences in structural features of its leaves from those of
Cordaites, (2) the usual absence of stems with discoid pith or
Artisia pith casts and (3) the absence of Cordaital/tlzus-like
fructifications in the Lower Gondwana beds. Indeed, it oc-

curs to me now that it may belong to an alliance appro;lching
the Glossopteridales which I have earlier cliled
Noeggerathiopsidales (Pant, 1882).

Another resemblance between Gil/kgo, Cordai'tales ~lOd

Glossopteridales (Arberiales of Meyen, 1987) lies in their
platyspermic seeds which, ;lccording to Meyen ( 1987). is a
character of fundamental importance and he actually includes
his Arberiales in his Ginkgopsida. Although he regards Gil/kgo
as having evolved from some pteridospermous ancestors which
were rather different from cordaites and conifers. On the con
trary Crane (1985), Doyle and Donoghue (1986) and Hart
(1987) regard Ginkgo, conifers and Cordaites as having
evolved from ;l common ancestor. Another point which may
favour the relationships of glossopteridales ;lnd ginkogoales
is the early appearance of ginkgophytic leaves in the ]ur;lssic
(Archanelsky, 1965) and Lower Permian (Cuneo, 1987) of
Argentina and also those of Ginkgophyl/lII1/ dia::Ji in the car
boniferous of Rioja Province of the same country as men
tioned by Taylor & Taylor (1993) after S. Archangelsky. These
finds may suggest the dispersal of the group from the south
ern latitudes as also envisaged by StewaI1 & Rothwell (1993).
My conclusions about the habit of the deciduous plants of
Glossopteris and its allies and the series of leaves of the
glossopterids with Palaeovillaria and Rubidgea placed be
tween them and Noeggerathiopsis also seemingly support the
relationships of Glossopteridales Ginkgoales and Cordaitales.
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