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ABSTRACT

Tewari R 2008. Morphological Evolution of Indian Gondwana Megaspores. The Palaeobotanist 57(1-2) : 89-98.

The occurrence of abundant dispersed fossil megaspores in the Indian Gondwana sediments indicates the presence of
heterosporous early lycopsid plants which are themselves uncommon. Study of megaspores is, hence, significant since it
reflects on the evolution of early land plants. A variety of megaspores are recorded from various Gondwana basins of India.
They are categorised on the basis of their shape, presence and absence of tri-radiate ridges and nature of exosporium and
mesosporium. On the basis of their structural diversity, Permian megaspores show a distinct evolutionary trend. However,
in the Mesozoic, no such trend is observed, probably because of paucity of megaspore records and also lack of complete
information on mesosporium characters. A careful, detailed and comprehensive study is, therefore, required for a better
understanding of the evolutionary trend of Mesozoic megaspores..
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INTRODUCTION Microspores are male reproductive units which on germination
give rise to male gametophytes; whereas, megaspores are the
EGASPORES and microspores or the larger and smalfemale reproductive units and give rise to female
spores, respectively, are the reproductive units gfametophytes. The presence of megaspores indicates the
heterosporous early land plants. Heterospory-the phenomempoesence of cryptogams. In fossil conditions, where the nature
of production of two types of spores (micro- and mega-) is aif the gametophyte produced by spores is not known, micro-
important step in the evolutionary history of early land plantend megaspores are differentiated on the basis of their
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respective sizes. Generally, spores larger than 200 microns are Other Gondwana countries from where the megaspores
considered as megaspores. Study of fossil megaspores isaretreported include Brazil (Carruthers, 1869; Zeiller, 1895;
only significant in deciphering the evolutionary history of_undquist, 1919; Sommer, 1953; Trindade, 1954, 1959a, b,1960,
land plants but also useful in biostratigraphy and interpretatid®61, 1962, 1964, 1966, 1967; Pant & Srivastava, 1962; Dijkstra,
of source vegetation. The origin of heterospory lies in the la1®55, 1957, 1959, 1971, 1972; Piérart & Dijkstra,1961; Trindade
Early Devonian (Scott & Hemsley, 1996). & Sommer, 1966; Arai & Rosler, 1980, 1984, Fatial.,2007),
Permian Gondwana megaspores from India have beSnuth Africa (Hge@t al.1955; Hgeg & Bose, 1960; Pierart,
reported by many workers (Mehta, 1943; Surasige, 1953; 1959, 1975, 1978a, b; Piérart & Dijkstra,1961; Glasspool, 2003b)
Pant & Srivastava, 1961, 1964; Kar, 1968; Bharadwaj & Tiwamgnd Australia (Dettmann, 1961; Helby, 1967; Helby & Martin,
1970; Agashe, 1979; Lele & Chandra, 1974; Lele & Srivastavi965; Scott & Playford, 1985; Wood & Beeston, 1986; Hemsley
1983; Pant & Mishra, 1986; Jha & Srivastava, 1984; Jha & Scott, 1989; McLoughlin, 2000; Glasspool, 2000, 2003a, b).
Tewari, 2003, 2006; Jietal, 2006, 2007; Maheshwari & Tewari,
1988, 1989; Tewari, 1991; Tewari & Maheshwari, 1992; Tewari CATEGORISATION OF MEGASPORES
etal, 2004, 2007; Tripathi, 1997, 1998a, 1998b, 1999; Tripathi &
Mishra, 1997, 2001, Srivastava & Tewari, 2001, 2002, 2004). Gondwana megaspores have been classified on the basis
Indian Mesozoic Gondwana megaspores are reporteddify shape, distribution pattern of ornamentation on the
Sukhdev (1961), Singét al, (1964), Maheshwari & Banerji exosporium (outer wall layer), type of ornamentation and nature
(1975), Banerjet al.(1978), Pant & Basu (1979), Baneatjial.  of mesosporium (inner wall layer). Shape of the megaspores in
(1984), Jana & Ghosh (1997), B&hl.(1997), Patil & Premchand polar view is mainly circular, triangular or, sometimes, oval.
(2001) and Jana (2004). Forty five genera are reported from Three kinds of megaspores have been categorised on
Indian Gondwana of which thirty two genera are reported frothe basis of distribution pattern of ornamentation, viz. (a)
Permian and thirteen from Mesozoic. Previously, Loweaizonate, (b) zonate and (c) gulate. In azonate megaspores the
Gondwana megaspores were recorded from the Damodar andamental processes are distributed uniformly on the
South Rewa basins mainly (Early Permian). However, durirexosporium. In zonate megaspores the ornamental processes
the last five years comprehensive work has been done in thre reduced and rare in the vicinity of contact area and are
area and megaspores have been studied from the Satpdemser and more pronounced beyond the contact area forming
Wardha (Barakar) and Godavari (Barakar and Raniganj) basiaszone and in gulate megaspores a cone-like structure also
The megaspores are now known from all the major Gondwaki@own as gula, is formed due to elevation of tri-radiate mark
basins of India (Fig. 1) from Early and Late Permian. and contact area into a neck like projection (Bharadwaj &
Tiwari, 1970). The polar diameter is usually larger than the
- a2 equatorial diameter in these megaspores. According to Jha
S (. N and Tewari (2006), gula is not a taxonomic character but a germ
I s T tube and gulate megaspores were probably preserved during
~, O germination.
p . LT Parameters adopted for circumscription of Indian
= o === megaspore taxa include study in both dry and macerated
AL ¢ o conditions, involving shape, extension of tri-radiate ridges,
‘ . . ~N exosporium and mesosporium characters which appropriately

! BN

.
I R categorise the megapores in an organised way. However,
o 2a¢ )
-

South Rews pamadar %8\' — recently,_ Glasspool (2003b) classified megaspores on
Satpura SsemeEY ;L ~ exosporium characters only, on the grounds of rapid
= £ “@TAHle M7 identification. He ignored the mesosporium characters since

its study involves maceration, is time consuming and there is
a possibility of loss of exosporium characters during
maceration. However, none of the wall characters, i.e.
BAY OF BENGAL exosporium and mesosporium can be ignored since they
constitute an integral part of the megaspore taxonomy.
Therefore, work done on Indian megapores is more complete
and reliable, whereas, purely exosporium based classification
has its own limitations and demerits.
Earlier workers circumscribed megaspores on the basis
of nature, viz. unequal, sinuous or straight tri-radiate ridges.
Fig. 1—Map of India showing Indian Gondwana basins. Circumscription was also based on width of the ridges.
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Taxa

Early Permian

Late

Permian

Early Triassic

Late
Triassi

Early Cretaceous

DuosporitesHgeget al, 1955
Talchirella Pant & Srivastava, 1961
emend. Bharadwaj & Tiwari, 1970
BanksisporitesDettmann 1961;
Banerjiet al, 1978
SaccarisporitesSukhdev, 1961
ShahdoliaPant & Mishra, 1986
AncorisporitesPant & Mishra, 1986
BarakarellaLele & Srivastava, 1983
Jhariatriletes Bharadwaj & Tiwari, 1970
SurangeaesporiteBharadwaj &
Tiwari, 1970
BiharisporitesPotonié 1956 emend.
Bharadwaj & Tiwari, 1970
BokarosporitesBharadwaj & Tiwari, 1970
AneuletesPant & Mishra, 1986
CanaliculitesPant & Mishra, 1986
CystosporitesSchopf, 1938
GundalasporaJha et al, 2007
Pantiella Maheshwari & Banerji, 1975
HughesisporitePotonié, 1956
Lagenicula(Bennie & Kidston, 1886)
Potonié & Kremp, 1954
LagenoisporitesPotonié & Kremp, 1955
emend. Dybova-Jachowicet al., 1979
ManumisporitesBharadwaj & Tiwari, 1970
PenchiellaSrivastava & Tewari, 2001
Pilatriletes Pant & Mishra, 1986
Ramispinatispora Pant & Mishra, 1986
Saksenasporite3ripathi, 1999
SatpurasporaSrivastava & Tewari, 2002
SethiasporaSrivastava & Tewari, 2001
Setosisporitesbrahim, 1933 emend.
Potonié & Kremp, 1955
SinghisporitesPotonié, 1956
emend. Bharadwaj & Tiwari, 1970
SingraulisporaTripathi & Mishra, 1997
Sporites(Potonié, 1956) Schopf, 1938
KamthisporaJha & Tewari, 2003
NoniasporitesMaheshwari & Bajpai, 1984
Maiturisporites Maheshwari & Banerji,
1975
Verrutriletesvan der Hammen, 1954
emend. Potonié, 1956
UmiasporaSinghet al, 1964
GrambastisporitesPant & Basu, 1979
Trikonia Pant & Basu, 1979
NathorstisporitesJung, 1958
ErlansonisporitesPotonié, 1956
HorstisporitesPotonié, 1956
MinerisporitesPotonié, 1956
DijkstraisporitesPotonié, 1956
Valvisisporiteslbrahim, 1933 emend.
Potonié & Kremp, 1954
Bacutriletesvan der Hammen, 1954
emend. Potonié, 1956
Paxillitriletes Hall & Nicolson, 1973
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Fig. 2—Distribution of megaspore genera in Indian Gondwana (1-Talchir, 2-Karharbari, 3-Barakar, 4-Barren Measures, 5-Ravatanj,

7-Panchet, 8-Lower Tiki, 9-Late Triassic, 10-Jabalpur, 11-Bhuj, 12-Umia, 13-Athgarh).
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Age Megaspore taxa Morphological
characteristics

LR Tri-radiate ridges indistinct,
,;’»f}s'ﬁﬂ?;&ﬁ\ associated with a number of
rﬂﬂﬁ.,& W",‘@
Early C It 4’;;‘"1‘} % branched or unbranched ap-
arly Cretaceous S \\i}:ﬁw pendages which are joined
\:‘33:;;;’*’:9 at bases or along whole
fCHEE length; exosporium spinose

. . . . I N ) . L forming reticulum, meso-

Horstisporites biswasii Paxilitriletes battenii  Hughesisporites Horstiporites aero'%tb'érium indistinct or absent
Banerjiet al. 1984 Banerjet al. 1984 singhii (Harris 1935)
Bapégi. 1984 Potonie 1956

Shape circular, exosporium
verrucate, granulate, tri-ra-
diate and arcuate ridges dis-
tinct, mesosporium indis-
tinct, subcircular

Late Triassic

Jhariatriletes obscurus Horstisporites aerolatus
Banesgt al. 1978 (Harris 1935) Potonie 1956

Shape subtriangular, tri-ra-
diate ridges and arcuate
ridges either indistinct or
distinct, in Trikonia tri-ra-

diate ridges notched at an-
gles, exosporium smooth
to finely granulate, conate,

Early Triassic

mammillate cavate,
Maiturisporites distinctus ~ Trikonia emarginataPantiella bharadwajii ~ Talchirella dubia  verrucate, spinose, meso-
Maheshwari & Pant & Basu 1979 Maheshwari & Maheshwari &porium usually triangular
Banerji 1975 Banerji 1975  Banerji 1975 with cushions either absent

or arranged in one row
along tri-radiate mark

Alete, trilete zonate, shape
circular, oval, exosporium
smooth granulate,

. S . . - - . ... verrucate, baculate spinose,
Surangeaesporites raniganjensis Noniasporites harrisii Singhisporites radialis

Late Permian Bharadwaj & Tiwari 1970 Maheshwari & Bajpai 1984 Bharadwaj & Tiwari 197g°P'Nes simple, blfurcate_ or
multifurcate, rarely showing

rill like structures,
mesosporium with or with-
out cushions, cushions ei-
ther arranged in one row or
in multiple rows along tri-
radiate mark

Raniganj

e
Kamthispora ramanamurtyi Singhisporites baculatus Ramispinatispora nautiyalii
Jha & Tewari 2003 (Kar 1968) Pant & Mishra 1986

Bharadwaj & Tiwari 1970
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Age

Megaspore taxa

Morphological
characteristics

Late Permian

Barren Measures

Singhisporites radialis
Bharadwaj & Tiwari 1970

Jhariatriletes baculosus
Bharadwaj & Tiwari 1970

Alete, trilete, zonate, shape
circular, subcircular, trian-

gular or subtriangular ex-
osporium verrucate,

baculate; bacula massive,
sparsely or uniformly dis-

tributed; tapering, dome
shaped or blunt, sometimes
with elongate, ribbose, sim-
ple or bifurcate filamentous
or fleshy processes, spheri-
cal, subspherical, triangular,
mesosporium thin or trans-
lucent or with dark con-

tents; either without cush-
ions or with one row of cush-
ions arranged biseriately
along tri-radiate mark or

with few irregularly arranged

cushions

Early Permian

Barakar

Manumisporites distinctus
Bharadwaj & Tiwari 1970

Ramispinatispora
nautiyalii
Pant & Mishra 1986

Gundalasparasus
Jhaet al.2006

Bokarosporitesotundus
Bharadwaj & Tiwari 1970

Bokarosporitesp.
(in Tewaet al. 2007)

Talchirella trivedii
Pant & Srivastava 1961,
emend. Bharadwaj &
Tiwari 1970

Azonate, alete, trilete, cir-
cular, triangular or oval, tri-

radiate and arcuate ridges
distinct, former sometimes
extending beyond contact
area, exosporium psilate,
granulate, verrucate, finely
verrucate, mixed verrucate,
baculate - bacula may be thin,
slender, small, massive ta-
pering or flattened at tip or
dome shaped; spinose,
conate; numerous varia-
tions, mesosporium spheri-
cal or  subspherical,

subtriangular, triangular,

globular, membraneous,
thin, hyaline, translucent or
with dark contents, smooth
or granulate; (a) either de-
void of cushions; (b) with

one row of cushions ar-
ranged along trilete mark;
(c) numerous cushions ar-
ranged trigonally along tri-

radiate mark; (d) with irregu-

larly arranged cushions
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Age Megaspore taxa Morphological
characteristics

Azonate, alete, trilete, cir-
cular, triangular or oval, tri-

radiate and arcuate ridges
distinct, former sometimes
extending beyond contact
area, exosporium smooth,
granulate, verrucate, reticu-

Bokarosporites rotundugSingh)  Ancorisporites venkatachalae  Banksisporites utkaled&: baculate, conate,
Bharadwaj & Tiwari 1970 Maheshwari & Tewari 1989  (Pant & Srivastava) SPinose, setate, covered

Early Permian Tewari & Maheshwal{/{iggyfurcate appendages
apices of which are either

pointed, tapering or

Karharbari ) recurved hook like;
: mesosporium  spherical,
subspherical, subtriangular,
triangular; thin or thick
walled, devoid or with one
row of cushions arranged
biseriately along tri-radiate

Barakarella pantii Banksisporites utkalensis Barakarella prakashffiark or @ number of cush-
Lele & Srivastava 1983 (Pant & Srivastava) Tewari & Maheshwaril@@32rranged trigonally or
Tewari & Maheshwari 1992 irregularly along triradiate

mark

Azonate, trilete, circular or
triangular, tri-radiate and
arcuate ridges distinct, ex-
osporium granulate-
verrucate, mesosporium

Early Permian (,.'. o with numerous cushions ar-
\’ . .;,. ranged trigonally along tri-
e radiate mark or without
Talchir er s - e cushions
Duosporits congoensis Duosporits congoensis Banksisporites indicus
Hoeget al. 1955 Hoeg al. 1955 (Singh 1953)

Tewari & Maheshwari 1992

Fig. 3—Diagrammatic representation of megaspores showing evolutionary trends through Indian Gondwana.

Accordingly, taxa were differentiated on the basis of uniformifunctional megaspore in a tetrahedral tetrad, while other three
wide tri-radiate ridges or tri-radiate ridges that were narrow disintegrate. These megaspores assume an elongate, oval
tri-junction and broad at ends or else, tri-radiate ridges thsttape and are without a trilete mark, i.e. they are alete, e.g.
were broad at trijunction and narrow at ends. However, theSgstosporite¢Trivedi, 1953) SaccarisporitesSukhdev 1961
features are preservational in nature. The tri-radiate ridgasd KamthisporaJha & Tewari, 2003. Alete megaspores
usually end at contact ridges. However, in the genusdicate advance stage of heterospory, a step further towards
DuosporitesHgeget al., 1955 they reach beyond contactseed habit. Homospory, heterospory and seed habit are
ridges. Except for some seed megaspores or alete megaspsuesessive evolutionary stages (Chaloner & Hemsley, 1991).
all the heterosporous plants show trilete megaspores, i.e. The specific circumscription of megaspore taxa was
presence of a tri-radiate mark, through which the megaspoesglier also based on the nature of contact ridges and contact
of a tetrahedral tetrad are attached with each other. Sesda, e.g. less curved contact ridges with circular contact area
megaspores are formed due to maturation of only omes in Surangeaesporitesnoderately curved contact ridges
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with trilobed contact area asTalchirella trivediiand highly  Pilatriletes which are restricted t®arakar Formation;
curved contact ridges with deeply trilobed contact area asNoniasporitesand Kamthisporaare restricted té&Ranigan]
Biharisporites spinosu®8haradwaj & Tewari, 1970). Formation;GrambastisporitegndTrikoniaare restricted to
The exosporium or the outer wall of megaspores is eitheower Tiki (Early Triassic) Formation, am¢hathorstisporites
(a) smooth, i.e. laevigate or (b) ornamented. Ornamentatimrestricted téJpper Tiki (Late Triassic) Formation.
ranges from granulate Banksisporite} verrucate
(Talchirella), baculate Barakarellg), conate Biharisporiteg, AFFINITIES OF DISPERSED FOSSIL MEGASPORES
spinose Kamthispora, pilate, mammilateNlammilaespora
Sometimes, the ornamentation include ribbon-like, fleshy Heterospory is known in diverse groups of extant
simple or bifurcate processerfghisporite} apically lobed vascular plants. In the fossil plant groups megaspores occur
mammilate appendagesSihgraulisporg, elongate in the Lycopsida (Lepidodendrales), Filicopsida
filamentous simple processes with rounded tipka(riletes  (Coenopteridales), Sphenopsida and Noeggerathiopsida.
and appendages with two to many apical branches wigfinity of dispersed fossil megaspores with lycopsids is now
pointed tips Ramispinatispora Additionally, reticulate well established on the basis of widespread prevalence of
exosporium is observed in Mesozoic megaspordgterospory in the group. Besides, dispersed fossil megaspores
(Horstisporites Maiturisporitesg. are also comparable with situ megaspores of lycopsids in
The mesosporium or inner wall of megaspores is usualyyesence of pronounced ornamentation like spines, etc.
a hyaline, sac-like structure. Its shape in polar view may hdegaspores ofsoetesare similar to the genu3uosporites
circular or triangular. The presence or absence of cushionghizeget al.1955). A number of dispersed megaspores from
an important generic feature. Cushions are knob/pit likéretaceous, vizRPaxillitriletes vittatusKovach & Dilcher, P.
structures present along tri-radiate mark and exosporiumdakotaensis(Hall) Hall & Nicolson, P. cutchensi§Singhet
attached to the mesosporium through these structures. B¢ Banerjiet al, P. batteniiBanerjiet al, Minerisporites
arrangement of cushions may vary in different species ofsasserassuigschudy andV. mirabilis (Miner) Potonie,
genus, e.g. (&) numerous cushions may be present and arrang@turisporites rewaensigVood & Beeston are apparently
in multiseriate rows, trigonally along tri-radiate mark, e.gclosely related to megasporesladetes(Srivastava, 2000).
Talchirella trivedii, Barakarella pantii(b) few cushions Similarly, megaspores of extant genks®etes dixitei
which may either be arranged irregularly, elglichirella possessing well developed auriculae resemble megaspores of
flavata or (c) in a single row along tri-radiate mark, e.gValvisisporites auritus (Zerndt) Potonié & Kremp and

Duosporitescongoensis. Valvisisporites appendiculaty&owaleska-Mslankiewicz)
Potonié & Kremp, and; megasporedsiietes janaianuare
DISTRIBUTION OF GONDWANA MEGASPORES comparable with/alvisisporites.
A review of the distribution of Gondwana megaspores CONCLUSIONS

indicates that there are about 45 megaspore genera (Fig. 2), of
which twenty two are distributed exclusively in Permian,  An analysis of Fig. 2 suggests that during deposition of
thirteen exclusively in Mesozoic and nine megaspore genahe sediments of Talchir Formation (Early Permian), the number
are found both in Permian and Mesozoic. Some of them ard variety of megaspores are few but increase during
restricted to a particular horizon while others show a wid€arharbari and Barakar time. In the Late Permian (Ranigan;
vertical distribution. Formation) though the number is less, structural diversity is
Megaspore genera showing wide vertical distribution atgaffected. Therefore, during Permian, a distinct evolutionary
BanksisporitesBokarosporitesBiharisporites, Talchirella trend is observed (Fig. 3). However, in Mesozoic time, the
DuosporitesHughesisporiteandJhariatriletes The genera exosporium is highly diversified but mesosporium characters
BanksisporitesBiharisporitesand Hughesisporitegextend are not so well known. This may be due to the fact that either
from Early Permian to Early Cretaceous Banksisporitess  they were not preserved because of harsh climatic conditions
absent in Barren Measures Formation Bittarisporitesis  or else their detailed studies were avoided due to lengthy and
absent in Late TriassitalchirellaandSinghisporitesextend time consuming procedure (Glasspool, 2003b). The latter seems
from Early Permian to Early TriassiBokarosporitess found to be more relevant because had the climatic conditions been
in Early Permian and Late Triassic but is absent in Early Triassiesponsible for non-preservation, the exosporium should have
Duosporites and Jhariatriletes are found only in Permian been affected more than the mesosporium, which is not the

and extend from Early to Late Permian. case. An endeavour has to be made in this direction for better
Megaspore genera with restricted distribution areomprehension of evolution of the early land plants.
Shahdoliawhich is restricted td&arharbari Formation; A comparison of lycopsid megafossils and megaspore

Cystosporites, Gundalaspora, Manumisporitaed distribution in India exemplifies discrepancy in their
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preservation potential. The quantitative and qualitative spores pattern of diversification. Systematics Assoc. spec. publ. 44
superiority of megaspores over megafossils is probably dBeC""lrendon Press, Oxford pp 151-161.

. . ...Dettmann ME 1961. Lower Mesozoic megaspores from Tasmania and
to their stupendous production and structural adaptability. 5,in Australia. Micropaleontology 7: 71-86.

The diversity in exosporium ornamentation frizavigate to  Dijkstra SJ 1955. Some Brazilian megaspores, Lower Permian in age
verrucate, baculate to conate/spinose and the nature of spine@nd their comparison with Lower Gondwana spores from India.
(viz. simple, bifurcate and multifurcate) indicates structural Mededelingen van de Geolgische Stichting, Netherlands. Series 9: 5-

. . . . . 10.
dlverSIty and CompIeXIty thus reﬂeCtmg on the richness artqkstra SJ 1957. Lower Carboniferous megaspores. Mededelingen van

variety of the megaspore assemblage. The prolific and de Geolgische Stichting, Netherlands. Series 10: 5-17.
diversified megaspore assemblage throughout the Permian &figstra SJ 1959. On megaspores, charophyta fruits, and some other
Mesozoic indicates that lycopsids persisted throughoBII small fossils from the Cretaceous. Palaeobotanist 8: 8-18.

d h h thei f i d ékstra SJ 1971. The megaspores of boring Tchad. Mededelingen van
Gondwana though their megafossil records are scarc ‘de Geolgische Stichting, Netherlands. Series 22: 1-10.

Probably, the fragility of the plants was the limitingpijkstra SJ 1972. Some megaspores from South Africa and Australia.
preservational factor. Palaeontologia Africana 14: 1-13.

Future Prospects-Recently, study on megaspores havgaria RS, Ricardi-Branco F & Rohn R 2007. Assogiac_éo paleofloristica
P Y y gasp de um afloramento da Formagdo Corumbatai, PiracicabalnSP.

been extended in most of the Indian Gondwana basins, bulcanalno Is, Cassab RST , Schwanke C, Carvalho MA, Fernandes
there is scope for study, especially of Permian sediments ofacs, Rodrigues MAC, Carvalho MSS, Mitusuru A & Oliveira MEQ
the Mahanadi Basin. Mesozoic, megaspores are reportedEditors)—Paleontologia.Cenarios de Vida Volume 1. Rio de

rimarily from Kutch and South Rewa Gondwana Basin. There Janiero:Interciéncia 2007: 61-70. .
.p dy dv th f her basi Il f b ansspool 1J 2000. Megaspores from the Late Permian, Lower Whybrow
IS need to study them from other basins as well for a ettercoal seam, Sydney Basin, Australia. Review of Palaeobotany and

understanding of evolution of various heterosporous groupspalynology 110: 209-227.
of cryptogams. Further, for a complete morphotaxonomiglasspool 1J 2003a. A short communication validating the species
understanding of dispersed fossil megaspores, details of alSinghisporites tubbuglasspool. Review of Palaeobotany and

. . " .~ Palynology 123:271.
the morphologlcal characters, viz. shape, nature o eXOSpor"érIHsspool 1J 2003b. A review of Permian Gondwana megaspores, with

and inner wall layer/mesosporium, should carefully be studied. particular emphasis on material collected from coals of the Witbank
There is a pressing need to study the details of mesosporiun®asin of South Africa and the Sydney. Review of Palaeobotany and

ially i i , since such informat rfa'yno'og_y 124:227-296. .
_espeC|aIIy inthe Me(SjOZOIC megaspores, sin l?al JW & Nicolson DH 1973Paxillitriletes a new name for fossil
is largely unreported. megaspore hitherto invalidly naméithomsonia Taxon 22: 319-
320.
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