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Bryophytic fossil remains in the Permian Gondwana formal ions are extremely rare. The rarity of fossil bryophytes is generally
altributed to their delicale nature and small size of the plants. Fossil bryophyte.~ so far reponed are few as compared to vascular
planls but they have been adequately recorded to indicale early exiSlence ofmosses and liverwons. It is also likely that bryophytes
have just not been recognized in ancient sediments by pahleobotanists and they may nOl be so rare as are believed loday. Mosl
of the fossil specimens reponed from India as bryophytes are either doublful records or unidentifiable up to generic level. Indian
Permian repons are conSidered doublful while Triassic and younger records are not so meagre and are reasonably well reponed.

It is for the first lime a good assemblage of bryophytes has been recovered from the Early Permian sediments of India as
impressions alongwilh the typical Glossopleris 1101'.1. Both the groups Hepaticae and Musci are represented by newly designated
form genera and species. The assemblage is represented by an indeterminate genus - Bryothallites talchirensis, hepalic genus _
Hepatlcires umarlaensts, and three moss geneI'd - Tal<:hirophyllites i1ldic:us, .'iaksI!.1UIphyliites saksenae ,lOd Umarlaphylliles
acutus. Remarks on the naming of the fossil bryophytes, lheir probable pOSSibility of preservation, spore distribution, probable
habitat and evolutionary aspects also have b.een given and discussed.
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THE existence of undoubted bryophytic remains
during Palaeozoic time was first brought forth by Wal
ton (925) who discovered structurally preserved mem
bers of the group in Carboniferous rocks. Since then a

large number of bryophytic fossil remains have been
reported from various ages from all parts ofthe world.

The reports of fossil bryophytes from the
Gondwana countries include Lundqvist (919),
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Dolianiti (948), Saksena 0947, 1958), Clifford and
Cookson (953), Medwell (954), Gupta (956),
Townrow (959), Mehta and Goswami (960), Jain
and Delevoryas (967), Singhai (973), Anderson
(976), Pant and Basu 0978, 1981), Webb and Hol
mes (982), Bose and Banerji (984), Anderson and
Anderson (985) and Banerji (988) (see Table 1).

The first two reports on thallus-like fossil remains
identified as Marchantites from the Lower
Gondwana beds by Lundqvist (919) and Dolianiti
(948) are suspected to be the roots of Lithorhiza
tenuirama (Pant, 1958). Capsulites gondwanensis
was described as a moss capsule (Saksena, 1958),
later to be considered as macerated seed of Platycar
diaor Pterygospermum(Pant & Nautiyal, 1960). Pant
and Basu 0978, 1981) reported Hepaticites nid
purensis, H. riccardioides, H. foliata, H. metz
gerioides Walton and Sphagnophyllites triassicus
from the Triassic beds of India recovered from a
maceral residue. Bose and Pal (982) instituted a new
species Hepaticites pantii having a row of ventral
scales on either side of the midvein from the Early
Jurassic beds of Rajmahal Hills, Bihar. Banerji (988)
instituted a genus Trambauathallites sukhpurensis
from the Early Cretaceous beds in the Kutch District,
the same plant earlier described as Hepaticites
sukhpurensisBose & Banerji 1984. Plumstead (966)
reported for the first time an unnamed moss from the
Late Permian of South Africa. Buthelezia, a new
genus by Lacey, van Dijk and Gordon-Gray 1975 from
the Late Permian beds of Natal, South Africa, is doubt
fully placed under the bryophytes. Another new
genus, Dwykea goedehoopensis Anderson & Ander
son 1985 is reported from the Early Permian beds
from North Karoo Basin.

Triassic Gondwanian bryophytes from South
Africa were described by Townrow (959) and
Anderson (976). Townrow reported a thallose fossil,
Hepaticites cyathodioides and foliage remains as
Muscites guescelini. Anderson (1976) tra nsferred H.
cyathodioidesto Marchantitesand also reported two
species, Thallites sp. and Marchantites tennantii
from the Molteno Formation.

Jain and Delevoryas (967) reported Thallites sp.
from the Triassic of Argentina. Miller (979) noted an
extremely well preserved moss from Antarctic beds
confirming the presence of mosses in the Glossop
teris flora. Smoot and Taylor (986) instituted a genus
Merceria angustica from the Late Permian beds of
Antarctica.

Some of the other fossil bryophytic reports from
Gondwana are of Tertiary and post Tertiary age.

These include three sporophytic fossils called Mus
cites yallournensis Clifford & Cooksof<l 1953, a
Notothylas lype of sporogonium reported by Gupta
(956), Shuklanites deccanii Singhai 1964 and thal
lose remains-Hepaticites kashmirensis Mehta & Gos
wami 1960. Medwell (954) reported gametophytic
remains of a thallose form from the Jurassic.

Contrast to the Gondwanian bryophytic reports,
mosses are recorded in great abundance from the
Permian of Angaraland. In all, there are at least 20
genera founded on very minor differences. The
pioneer discoverer of mosses in the region, Neuberg
0956, 1958a, 1958b, 1960), instituted nine genera
with 13 species from the Pechora, Tunkusska and
Kuznetsky basins. Later, Fefilova (978) and Ignatov
(990) instituted 10 more genera and revised some
species previously described by Neuberg (see
above), Meyen and Tverdokhlebov (966) and Go
mankov and Meyen (986). All the hitherto reported
bryophytes from the Russian platform obtained by
bulk maceration process are structurally preserved.

Besides Angaraland, there are a few Palaeozoic
mosses known from France (Renault & Zeiller, 1988;
Lignier, 1914), Great Britain (Walton, 1925, 1928;
Schuster, 1966), Germany (Krausel, 1958; Schuster,
1969), Sweden (Lundblad, 1959) and several minor
reports from the Lower and Upper Devonian strata
from all over the world.

The most complete fossil bryophyte is Naiadita
lanceolata (Harris, 1937, 1939) from the English
Rhaetic. Harris found leaves, stems, rhizoids, gemma
cups, gemmae, archegonia, sporophytes and spores
making Naiadita the best known of any almost com
plete fossil bryophyte.

In particular six valuable and exhaustive reviews
and papers have appeared in the last three decades
covering all the aspects of fossil bryophytes. Lund
blad (954) reviewed the progress in work on fossil
liverworts up to that time. Afterwards Savicz-Lubitz
kaja and Abramov (959) provided a summary of the
whole field of bryophytic palaeobotany. Jovet-Ast
(967) has given an extensive, detailed and up to date
account of all the known fossil bryophytes. Lacey
(969) presented a geological history of bryophytes
in the light of research done up to 1969. Bharadwaj
(982) gave a cOQ.prehensive account of all fossil
bryophytes known up to that time. In 1982, Miller
gave a detailed account of all aspects of bryophytes
from the evolutionary and geographical distribution
point of view.
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MATERIAL AND METIiODS

The fossil specimens reported in the present
paper are all in the form of impressions and no
carbonized crust is retained. The impressions are
slightly darker in colour on greenish pale yellow
muddy silty shales. The shales are full of impressions
of organic material, generally with numerous small
leaves of mosses. It is difficult to recognize small sized
bryophytic remains on the shale. Because of the
smallness of size and lack of contrast they are difficult
to photograph. Therefore, to clearly show the mor
phographical structures, text~figures have been
drawn.

In addition to the bryophytes, small leaves of
Gangamopteris (PI. 7, fig. 5), Glossopteris (PI. 5, fig.
5), Noeggerathiopsis (PI. 7, fig. 3) and equisetalean
stems, alongwith numerous Cordaicarpus seeds (PI.

7, fig. 4) are also noticed in the assemblage. Some
unidentifiable plant and organic objects are also
recognized.

The present fossil remains of bryophytes,
alongwith typical Glossopteris flora, have been col
lected from an 8 cm thick shale bed. This shale bed
is exposed in a nala near]walamukhi temple, situated
about 2 km south-west of Umaria town in the Shahdol
District of South Rewa Gondwana Basin (Map 1). The
fossiliferous bed is virtually at water level and is
overlain by thick (2 meters) shales of the same type
but devoid of any fossils. The bryophytic fossil-bear
ing beds are exposed for 2-3 meters. The shales,
being underwater, are difficult to collect as they are
very soft and easily broken. The exact spot of the
fossiliferous bed in the Umrar nala is marked on the
locality map. The other exposed areas in the nala do
not yield identifiable fossils.
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Map I--Geological map of Umaria, Shahdol District, Madhya Pradesh (after Hughes, lH84; Chandra & Srivastava.
1982) .

PlATE 1

1.

2.

3.

Bryorhall/les ra/chlrensis gen. er sp. nov., a complete thallus of
indeterminate shape. Specimen no. BSIP 37306A x 4.
Bryorhall/lesra/chlrensisgen. ersp. nov., thallus enlarged 10 show 4.
irregular outlines of cells. Specimen no. BSIP 37322 x 10.
Heparlciresumarlaenslssp. nov., flal, dorsivemral, dichotomous-

Iy branched thallus, also nOle circular markingonthe first left hand
branch. Specimen no. BSIP 37307B x 10
Hepariciles umarlaensis sp. nov., linear wedge .,haped
dichotomous, smooth margined Ihallus, each branch wilh mid·
vein. Specimen no. BSIP 37307A x 10.
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Text-figure 2 -HepalicileS umariaens~, sp. nov., dorsiventral thallus
showing dichotomy, circular marking helow and 'gametangia.
Specimen no. BSIP 3730713 x R.
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SYSTEMATIC DESCRIPTION

Indeterminate genus --BryotbaUites gen. nov.

Text-figure 1 -Hepaliciles umariaensis sp. nov., a flat, dorsiventral
dichowmously branched thallus with smooth outer margins, each
branch with a definite midvein. Specimen no flSIP 37306A x R.

Comparison - Thalloid fossils have been clas
sified under many genera but their exact affinity is not
known. One such genus is Thallites proposed by
Walton (925) for thalloid fossils with characters
which cannot be identified as blyophyte, algae,
gametophyte of ferns or equisetales. The generally
accepted type species of Thallites is T erectus, pro

Type species -Bryothallites talchirensis gen. et sp. posed informally by Walton. Its morphology was
nov. (PI. 1, figs 1, 2; PI. 2, fig. 6). poorly known. This species was later transferred to

Diagnosis-Thalloid forms, indeterminate Hepaticites arcuatus by Harris (942) considering it
shape, cellular structures lacking details. as a definite liverwort, automatically nullifying the

Holotype-Specimen no. BSIP 37306A. use of the genus Thallites. Later, many authors
Locality-Umrar Nala section, near Jwalamukhi referred their specimens to Thallites without con

Temple, Umaria, Shahdol District, Madhya Pradesh, sidering its validity. Webb and Holmes (I 982), there
India. fore proposed an informal name "indeterminate thal

Horizon & Age-Talchir Formation, Early Per- loid fossil" for possible algal or liverwort fossils
mian. reported from the MiddleTriassic of Eastern Australia.

Description -There are several thalli of 1. 5-3 cm They designated their specimens as Indeterminate
in diameter in the collection. Sometimes hair like thalloid fossil sp. A, sp. Band sp. C considering sp. A
rhizoids are also seen but details are not clearly as an alga and sp. Band sp. C as liverworts. I think
visible. The thallus is made up of definite cells and that this practice will serve no purpose and may cause
can be seen under higher magnification. The rectan- problems for future workers in designating their
gular cells are arranged longitudinally (PI. 1, fig. 2). specimens without any proper name. Therefore,

PLATE 2

Hepaliciles umariaen:;is sp. nov., slah showing numher of
dichot~mously branched thalli with midveins. Specimen nos 5.
I3SIP 37307A and 3730713 x 6.

2 Hepaficile:; umariaensi:; sp. nov., circular definite marking, '
gametangia near the forking of the thallus. Specimen no. I3SIP 6.

373158 x 20.
3, 4 Circular, definite markings supposed to he ' gametangia

Specimen no. BSIP 37324 x 40.
Sak.,enaphyilile:;:;aksenaegen. elsp. nov., detached sporogonium
showing long set<l <lnd spathulate capsule. Specimen no. BSIP
37311 x 5
Bryofhallires ralchiren:;isgen. et sp. nov., another irregular thallus
with Hepaficiles umarienstl' sp. nov. Specimen no. BSIP .37322 x
2.
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24 THE PALAE0130TANIST

those thalli which are more akin to alga should be
referred to as Algathallites and those to bryophytes
as Bryothallites.

Class - Hepaticopsida (Hepaticae) Rothmaler

Genus -Hepaticites Walton 1925

Hepaticites umariaensis sp. nov

PI. 1, figs 3, 4; PI. 2, figs 1-4; Text-figures 1-3

Diagnosis-Gametophyte plant thalloid impres.
sions, prostrate, flat, dorsiventral, somewhat fleshy,
dichotomously branched, dichotomy regular, each
branch linear to wedge shaped with midvein, mar
gins smooth; rhizoids, internal structures, reproduc
tive structures unknown.

Holotype-Specimen no. BSIP 37307A.
Locality-Umrar Nala section, near Jwalamukhi

Temple, Umaria, Shahdol District, Madhya Pradesh,
India.

Horizon & Age-Talchir Formation, Early Per
mian.

Descnption -Three distinct specimens are ob
served in the assemblage, though they can also be
seen as ill-preserved specimens elsewhere in the
shales. The thallus appears to have been made up of
uniform tissue with midveins showing definite
dichotomy along its length. Very thin, hair-like struc
tures which could be rhizoids can be observed under
dim light.

A circular definite marking (PI. 2, fig. 2; Text-fig
ure 3) is also observed near the forking region of a
dichotomy. Could this be a gametangia bearingstruc
lure? Under higher magnification cellular structures
can be seen, but without any definite outline.

Comparison -Walton (925) instituted a form
genus Hepaticites to include such fossils which
resemble Hepaticopsida but cannot be assigned to
any true genus, family or order. In the absence of
observable internal structures, detailed comparison
with other species of the genus is not possible.

Text-figure 3 -Hepaliciles umariaensis sp. nov .. ' gametangia in the
dichotomy oflhe thallus. Specimen no. I3SIP 3731S x 20.

All the Late Carboniferous species, namely H
kidstonii Walton 1925, H lobatus Walton 1925, H
langiiWalton 1925 and H metzgerioidesWalton 1925
and the Triassic species, viz., Hepaticites cyatho
dioidesTownrow 1959, H oishiiTakahashi 1960, H
nidpurensis Pant & Basu 1978, H riccardioides Pant
& Basu 1981, Hfoliata Pant & Basu 1981 are based
on internal structures. A detailed comparison of
known species with Hepaticites talchirensis is thus
not possible. Therefore, a new name is designated for
this Early Permian species from India. Trambaua
thallites sukhpurensis Banerji 1988 from the Early
Cretaceous beds shows some superficial
resemblance with Hepaticites talchirensis, but differs
in having undulated or wavy margins of thallus.

Class-Bryopsida (Musci) Rothmaler

Genus - Talcbiropbyllites gen. nov.

Type species - Talchirophyllites indicus gen. et
sp. nov.

PI. 3, figs 2-5; PI. 4, fig. 1; PI. 5, fig. 1;

PI. 6, figs 4,5; Text-figures 4-6

I.

2.

PLATE 3

Saksenaphyllites saksenae gen. el sp. nov., two vegetative ~xes 3.
with simple, spathulate kaves. Specimen no. BSIP 37311-\ x 5. 4, S.
Talchirophylliles indic/.l.s gen.el sp. no\' .. small. slenuer, erect
game[ophyte (overed with simple leaves. lower smaller leaves anu
upper lea-)es on the axis larger. S~cimen no. BSIP 37301'\ x <'i.

Talchirophyli::es indicusgen et sp. nov., counterpart of 37301-\ x S
Delacheu simpk. smaller. lanceolate leaves of Talchirophylliles
indicusgen. elsp. nov. from lower siue of the axis. faint outlines
of cells visible with uistinct midvein. Specimen nos. BSI!' 3731 'jc
x lOanu37312Bx 1'j.
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Diagnosis--Gametophyte small, 1-3 cm in
length, consisting of slender, erect, radial axis,
covered with small simple leaves, axis branching;
leaves spirally arranged, lower leaves on the axis
smaller, upper leaves larger, leaves crowding at apex,
sessile, lanceolate, smooth margin, anached ro axis
by broad base, apex pointed, each leaf with a distinct
midvein.

Holotype-Specimen No. BSIP 37308.
Locality-Umrar Nala section, near Jwalamukhi

Temple, Umaria, Shahdol District, Madhya Pradesh,
India.

Horizon & Age-Talchir Formation, Early Per
mian.

Derivation of name-The genus Talchirophyl
lites is named after the Indian peninsular Gondwana
Formation-Talchir.

Description -There is one distinct specimen,
one ill preserved specimen (PI. 6, fig. 4) and several
other detached leaves of this plant in the collection.
The size of mostly complete specimen is 1.2 cm in
length. Under high magnification the leaves show
distinct midveins and the laminar part made up of
simple cells. The size of a detached leaf is up to 8 mm

Text-figure 4 -Talchirophy/llles Indicusgen. el sp. nov., small gamelO
phyte covered with simple leaves, lower older leaves smaller and
upper younger leaves larger with midveins. Specimen no. BSIP
37308·x 6.

in length and 1 mm in width. The leaf is anached ro
the axis by its complete base. Leaf-bearing axis is very
thin and bears a crown of larger leaves at the tip. The
shape of detached leaf is broadly lanceolate with an
obtusely pointed apical end (PI. 5, fig. 1; PI. 6, fig. 3)
The leaves appear to be one celled thick, made up of
simple rectangular cells (PI. 3, figs 4, 5). The cells
along the midvein portion have thicker cell walls.

Comparison -There are at least twelve fossil
moss genera reported from the Late and Early Per
mian beds of Russian Platform by Neuberg 0956,
1958a, 1958b, 1960) and Ignatov (990). All the Rus
sian fossil mosses were obtained from the macerals
and are known by structural and cellular details. The
major difference between Talchirophyllitesand Rus
sian fossil moss genera are in the manner of leaf
anachment to the axis. In all the Russian fossil moss
genera, the leaves are anached to the axis with their
costa only and sometimes they are truly petiolated.
These Russian genera are instituted on minor dif
ferences in leaf structures as is the general practice in
classifying present day moss genera. Apparently Tal
chirophyllites comes closest to lntia Neuberg 1960
and UskatiaNeuberg 1960 but their finer details make
them distinct forms. A close comparison between
Indian and Russian forms is not possible as the cel
lular details are not available for Talchirophyllites

Dwykea goedehoopensis Anderson & Anderson
1985, from the Early Permian beds of North Karoo
Basin, is a bryophyte with midrib-less leaves. Tal
chirophyllites has distinct midveins in the leaves.

Buthelezia mooiensis Lacey et at. 1975 from the
Late Permian beds of Natal is a complete plant placed
in bryophytes with hesitation. Talchirophyllites in
dicus has smaller leaves on the lower side of the axis
and the larger leaves on the upper side. Such distinc
tion of leaves is absent in Buthelezia, moreover the
leaves here are attached to the stem by an ensheath
ing broad base, ascending steeply for short distance
then spreading at a wide angle, generally reflexed.

Merceria angustica Smoot & Taylor 1986 from
the Late Permian beds of Antarctica is found as a
petrifaction, therefore the external morphology is not
known for further comparison. Sphagnophyllites tri
assicus Pant & Basu 1978, a moss from the Triassic

1.

PlATE 4

TalchirophyUlles indlcus gen. et sp. nov., enlarged to show
upper sessile leaves with distinct midveins and painted apex.

Specimen no. 5SIP 37308 x 10.
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Text-figure 6

Text-figures 5. 6 -Talchimphylliles i/Ulicus gen. el sp. nov., showing upper larger and lower smaUer leaves. Specimen nos. BSIP 37315C and

37312B x 15

beds of Nidpuri, South Rewa Gondwana Basin is also
distinct and based on the structural details.

Talchirophyllites indicus shows some superficial
resemblance with the living moss species Atrichum
pallidum Ren et Ca rd and Poganatum aloidesCHelw)
P. Beauv where lower smaller leaves are older and
upper larger leaves are younger.

~~;~/D//(/; /-~, \ .t:
i!-/ \... .. \ ,...--...ce-",./
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Text·figure 7 -Sah"'1aphyllitessaksenae gen. et sp. nov. kafy game

lophy1ic shoO! with hranching. Spe<:imen no. BSIP 37317 x 5

In view of almost no definite record of mosses in
the Early Permian beds of Gondwana, the report of
Talchirophyllites indicus moss from the Early Per
mian beds of India is significant

Genus -SaksenapbyUites gen, nov,

Type species - Saksenaphyllites saksenae gen. et
sp. nov.

PI. 2, fig. 5; PI. 3, fig. 1; PI. 5, figs 2, 3;

PI. 6, figs 1, 2; PI. 7, fig. 1; PI. 8, fig. 1; Text-figures
8-10

Diagnosis-Gametophyte erect leafy stems, 1-3
cm in length; leaves spirally arranged on the axis,
leaves narrow linear, obtuse tips, sessile, leaves with
faint mid- veins; sporogonium consisting of capsule
and seta, seta thin, long, capsule simple, spathulate
broad at the tip.

Holotype-Specimen No. BSIP 37309.
Locality-Umrar Nala section, near Jwalamukhi

Temple, Umaria, Shahdol District, Madhya Pradesh,
India.

PlATE 5

Detached leaf of Talchirophy/liles indicus gen. et sp. nov, show·
ing painted ~pex. hroad hase. lanceolate shape Spe<:imen no. 4.

GSIP 3730H x 20.
2.3 Detached ledves of Sak.senaphy/liles sakserwe gen el sp nov.. 5.

showl/lg narrow line"r shape With fllint midveins an obtuse apex

in fig. 3. Specimen no. GSIP 37322 x 15
iPrO!onema showl/lg simple hranched t1laments. Specimen no.

BSIP 37319 x 2
An incomplete specimen of Glossopteris leaf with distinct midrib.

Specimen no. BSIP 37313 x 2.
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Text-figure 8 -Saksenqphyl/ilessaksenaegen. elsp. nov.,gamelophyte
with seta and capsule. Specimen no. BSIP 37309 x H,

Horizon & Age-Talchir Formation, Early Per
mian.

Derivation o/name-The genus is named after
Professor S.D. Saksena, an eminent Indian
palaeobotanist, who made significant contributions
towards palaeobotanical knowledge of South Rewa
Gondwana Basin.

Description -There are quite a few specimens in
the collection, in which one is an almost complete
plant. This specimen is 2.0 cm in length. The narrow
linear leaves are spirally arranged on the axis,
measuring up to 5 mm in length and less than 1 mm
width. A faint midvein comprising thicker cells can
be noticed in each leaf (PI. 5, figs 2,3). The leaf lamina
is made up of simple cells. The capsule measures 2
mm in length and 1 mm width and thin seta is 5 mm
in length. The other details of ca psule are not seen.

.Iff)
~.

---~ .~

Text-figure 9 -Sak.senuphy/lilessek.senuegen. elsp.nov.. seta Wilh cap
sule Specimen no BSIP 37311 x 4.

Comparison -Saksenaphyllites saksenae gen. et
sp. nov. is a distinct moss plant bearing a capsule on
a long seta. This is the first report of a capsule bearing
moss from the Gondwana and other contemporary
noras.

Saksenaphyllites saksenae differs from Tal
chirophyllites indicus in having a distinct type of leaf.
As is the general practice in living mosses the generic
assignment of two distinct forms has been made on
leaf shape. Saksenaphyllites has a superficial
resemblance with the living moss genus Anoectan
gium bicolor Len et Card.

-
~v

Text-figure 10 -SuRsenuphyllilessuRsenuegen. el sp .nov . a uelached
leaf with midvein. Specimen no. nslP 37322 x H.

Genus - Umarlapbyllttes gen. nov.

Type species - Umariaphyllites acul'us gen. et
sp. nov.

2.

3

PlATE 6

Saksenaphyllites sak.senae gen. el sp. nov, gamelophyte wilh
leafy shoms. Specimen no. BSI P 37317 x 5 4.
Saksenaphyl/ilessaksenae gen. elsp. nov, leafyoranches wilhout
sparogonium. Specimen no. 13SIP 37316 x S. S.
Detached leaf of Urnariaphylliles um/us gen <:/sp. nov. to

show poinltU apex. Specimen no BSIP .37312C x 20
Tulchirophylliles imli<:us gen. el sp. nov., anothtr ill-prtstrved
specimen. Sptcimtn no. nSIP .37320 x IS.
Detached leaf of Tul<:himphylliles I1Idicus gen. el sp nov
Specimen no. HSII' 37312l\ x I')
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PI. 7, fig. 2; PI. 9, figs 1-5; PI. 10, fig. 1;
Text-figures 11- 14

Diagnosis-~ametophyte upright radial leafy
shoots, leaves arranged in close spirals; near apex
leaves clustered together to form a conspicuous head,
leaves entire, narrow, pointed apex, broad base, in
distinct midvein; sporogonium ovalish round at tips,
immersed in leaves, without distinct seta.

Text-figure 11 -Umariaphylliles aculw; gen. el sp. nov., spirally ar
ranged leaves with acute apex and apical conspicuous head.
Specimen no. BSIP 37312A x 5

Holotype-Specimen No. BSIP 37306B.
Locality-Umrar Nala section, near Jwalamukhi

Temple, Umaria, Shahdol District, Madhya Pradesh,
India.

Horizon & Age-Talchir Formation, Early Per
mian.

Derivation ofname -The genus Umariaphyl
lites is named after the town Umaria, where the fossil
locality is situated.

r

/.
.~
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Text-figure 12 -Umarlaphyllilesaculusgen. el sp. nov., upright radial
leafy shoot, leaves at the top clustered to form conspicuous head.
Specimen no. BSIP 3730() x 8

Description -There are four specimens in the
collection. Average length of gametophyte is 1.5 cm.
The leaves are crowded on the axis forming a con
spicuous crown at the tip, covering small ovalish,
round capsule. The leaves are acutely pointed, 2-4
mm in length and up to 1 mm in width. The leaves
are smooth margined having a faint, indistinct mid
vein.

Comparison - Umariaphyllites acutus gen. et
sp. nov. is distinct from Saksenaphyllites saksenae in
two characters. There is no long, thin seta with the
caps'Jle and the leaves are different and distinct in
two genera. There is no distinction in smaller and
bigger leaves in Umariaphyllites as is found in Tal
chirophyllites indicus. The leaves of Umariaphyllites
acutus show some resemblance with the Russian
Permian moss genus Uskatia Neuberg 1960, but the
finer details are distinctive.

2.

PlATE 7

sal!senaphylliles saksenae gen. el sp. nov, gametophyte with 3
capsule and seta. Specimen no. 13SIP 37309 x 10.
Detached leaf of Umariaphyllilesaculus gen. el sp. nov. showing 4.
entire margin, narrow shape, pointed apex and broad base. 5.
Specimen no. BSI!' 37307C x 10

A small incomplete leaf of Noe!!J!.eralhiopsis. Specimen no. 13SIP
37310Bx4.
Cordaicarpus seeds. Specimen no. BSIP 37321 x 10
Gangamopleris sp., an incomplete leaf showing typical anas
tomosing of secondary veins. Specimen no. 5Sl!' 37314 x 3.
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Text-figure 13 -Umariaphylliles aCUIUS gen. el sp, nov., another speci
men with outline of apical capsule. Specimen no. BSIP 37310A x 8.

Umariaphyllites acutus superficially resembles
the living moss genus Micromitrium tenerum
(B,S,G.) Crosby which is characterised by an im
mersed capsule with a very ShOl1 sera or without
setae,

PossmLE VEGETATIVE PROPAGATION

The vegetative propagation in bryophytes takes
place in a variety of ways such as decay of old
branches, formation of adventitious shoots, tubers
and gemma or gemma cups, Formation of gemmae
is a prolific and specialized mode of vegetative
asexual propagation in hepatics, These gemmae at
the beginning of development appear to be some
what circular, at a short distance behind the apical
cells, but on account of the upward growth of adjoin
ing vegetative tissue, they soon become the caVities,
as in some thalloid hepaticae.

In one of the specimen of Hepaticites umariaen
sis (PI. 1, fig. 3) a circular definite marking is seen just
below the dichotomy of the thallus, Such simple
types of gemmae as circular bodies are noted
elswhere in the sediments (PI. 2, figs 2-4). Could this
be a developing gemma cup or a gemma? Gemma
cups and gemmae are reported as fossils from the
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Text-figure 14 -Umariaphyllilesaculusgen elsp nov, a detached leaf
to show midvein and acute apex. Specimen no. BSIP 37312C x 10.

English Rhaetic by Harris 0937-39) while reporting
the most complete fossil bryophyte, Naiadita lan
ceolata. These reports of gemmae in the Early Per
mian and Triassic sediments indicate that bryophytes
during ancient times were perhaps propagating
vegetatively in the same manner as they are today.

Protonema -In most of the living mosses,
protonema formation is a common feature which is
considered as an intermediate stage between the
spore and the adult gametophyte. The spore settles
in a place where sufficient moisture and other
suitable conditions exist, then begins to germinate.
The endospore protrudes as one or two germ tubes
which become partitioned by cross walls. The cell or
cells thus cut off and form a branched filamentous,
multicellular structure - the protonema. The
protonema generally vanishes once the leafy shoots
are formed but in some species they are persistent
and continue to grow and branch as a green carpet
beneath the leafy gametophore as in Polytrichum,
Schistostega and Ephemerum.

In the Talchir sediments one can see many
filamentous branches (PI. 5, fig, 4) alongwith other
leafy mosses. Could these be protonema branches'
The structural details of these branches are not
preserved, but they look to be the simplest branched
filaments. The leafy moss shoots are not in organic

1.

PlATE 8

Saksenaphyll/lessaksenaegen. elsp. nov., gametophyte enlarged
to show spirally arranged leaves, sporogonium consisting of cap-

sule ancllhin seta. Specimen no. 13SIP 37309 x 15
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connections with these filamentous branches. It is
likely that these branches do represent the earliest
protonema fossils. It is also considered that the
protonema stage is a hybernating phase in the life
cycle of a moss. During Talchir times the climatic
conditions were not always conducive for proper
plant growth, more so for delicate moss plants. It is
likely that this protonema phase was helpful for the
survival of the mosses during Early Permian.

DISCUSSION

The fossil remains described in this paper are the
first authentic reports of Hepaticae and mossy
bryophytes from the Early Permian Gondwana of
India occurring alongwith Glossopteris floral re
mains.

The bryophytes are the simplest and small forms
of terrestrial plants and differ from others as the
gametophyte generation is the dominant phase in
their life cycle. Absence of vascular tissue system and
demonstrable cuticle in the majority of them have
imposed certain restrictions on the size, and preser
vation of bryophytes. In spite of these restrictions
they have been adequately reported as fossils from
various geological formations (Table 2). Irrespective
of their small size, the bryophytes today are repre
sented by more than 25,000 species, forming
reasonably dominant elements of the present day
vegetation under varying ecological conditions. This
is considered to be due to their remarkable protoplas
mic organization which enables them to endure a
wide range of ecological tolerances and to occupy
niches and crevises befitting for their small size
(Miller, 1980).

During Talchir sedimentation when the climatic
and ecological conditions were not very hospitable
even for hardy gymnospermous plants, the presence
of such a large number of bryophytes and their
remains is remarkable. As can be expected from their
fragile nature the bryophytes cannot be transported
for great distances. Therefore, it is likely that the
present assemblage of bryophytes at Umaria became
preserved in the fine Talchir sediments at the same

place where they were growing. Small fragments of
Glossopteris floral elements in the same assemblage
indicate that they were transported from other site
and might not have been necessarily growing with
the bryophytes.

Bryophytes, in general, are considered as
temperate plants (with a few tropical families) best
suited for cool, wet high mountain forests or other
sites where evaporation sJress is low during the grow
ing phase. The most significant underlying factor is
the necessity of moisture during the reproductive
stages. It can be taken as an additional supporting
evidence that during the Talchir times there was
enough moisture, shade and low temperature for the
bryophytes to grow and reproduce. Another impor
tant factor is that the bryophytes cannot tolerate
salinity so the sea must not have been in near
proximity to the bryophytic site and that they were
growing in and around a fresh water pool, or a stream
from melting ice. The Umaria marine beds are not
very far from the bryophytic locality.

CONCLUSION AND REMARKS

Inspite of the long history of research on
bryophytic fossil remains, the evidence is too meagre
to give support to any theory on the origin and
evolution of Bryophyta. The geological history of
bryophytes only indicates that they belong to an
ancient group (Table 2). This state of affairs to recog
nise them alongwith other fossil remains of higher
plants, is due to lack of a proper scheme for classifica
tion of fossil bryophytes, proper sediments for their
preservation, our ability to recognize fossil
bryophytic spores and their dispersal mechanism,
and in general their origin and evolution. All these
aspects are necessary to understand this diverse and
important group of plants in fossil state.

Preservation ofbryophytes as fossils -The bryo
phytes are devoid of true vascular tissue, lacking
extensive resistant mechanica I tissue with little or
almost no cuticle, covering their exposed surfaces. It
is therefore, difficult to expect that such diminutive
plants would lend themselves to fossilization. Their

PLATE 9

Umariaphylliresacurus gen. ersp. nov .. upright radial leafy ShOOI, 3.
leaves at the tip clustered 10 form conspicuous head. Specimen
no BSIP 3730613 x 5

2,4. Umariaphylllresacutus gen etsp, nov, another specimen show- 5,
ing spirally arranged leaves with acute apex and conspicuous
head, Specimen no, I1SIP 37312A x 5

Umarit/phyllilest/cutus gen. ef sp. nov" a small leafy shoot with
conspicuous head allhe tip, sporogonium without seta. Specimen
no. 13SIP 37310A x 5,
Umarit/phyllites acutus gen, eI sp. nov, an ill preserved leafy
shoot ~;pecimen no. I3SIP 37323 x 5,
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delicate nature has often been quoted as the possible
reason and explanation for the apparent scarcity of
fossil remains of this group of plants.

Contrary to this belief, patient palaeobotanical
studies during the last forty years have proved that
fossil bryophytes are in fact widely distributed both
geographically and geologically (Table 2) and their
remains are often very well preserved, even in the
oldest deposits (Table 2).

It is, therefore, clear that the chances of preserva
tion of fossils do not always depend necessarily on
the presence of resistant structures, but on the occur
rence of the appropriate kind of sedimentation in the
right situation andat the right time. Except for the
special case of preservation in Baltic Amber all ex
amples of well preserved bryophytes have one fea
ture in common and this is their effective preservation
in fine freshwater sediments under anaerobic condi
tions.

It is rather strange that bryophytes have not been
recognized in the extensive studies of shales, coal
balls and petrifactions barring a few exceptions. A
pOSSible explanation could be that the shale flora
mainly consist of accumulated and sometimes drifted
debris of large and small vascular plants, while the
bryophytes found in the shales may represent mud
or soil dwelling species preserved in the original
place of growth.

The most suitable lithologies for finding further
fossil bryophytes probably are very fine grained
deposits like clays, siltstones and shales of known
freshwater origin.

Classification and naming offossil bryophytes
Bryophytes have usually been recognized as com
prising a single division Bryophyta, containing the
two classes - Musci and Hepaticae and with the
Anthocerotae, sometimes as a third class (Miller,
1982). Now with the advancement of knowledge this
simplest, monophyletic view is considered as un
tenable. Most bryologists agree that at least thee
divisions are correctly recognized amongst the
bryophytes and the bryophytic concept represents a
level of evolution paralleling roughly to the concept

as undertood for algae or fungi. Further classification
of these three divisions into order, family and genera
depends largely on the features derived from the
gametophytic and sporophytic phase.

The fossil bryophytes by and large can be clas
sified as hepatics or musci depending on their exter
nal morphological characters and further clssification
depends on the characters available in the fossil state
which mayor may not be preserved. Gametangia,
anatomical features of leaf and stem and spores
within the capsule are rare occurrence in bryophytic
fossils and dealing with leaf and vegetaive shoot
fragments, it is not always possible to identify euraxa
and to trace their geological history. he identification
of fossil bryophytes within the system is usually based
on comparison with living taxa according to the sets
of subordinate characters. This has led to a common
practice of instituting the form genera for fossil
bryophytes as is followed for other fossil remains of
vascular plants.

Fossil bryophytic spores and their dispersal
The small spores of present day blyophytes seem
well suited for long distance dispersal by wind. Some
mosses produce enormous spores of 10-25 11m
diameter size and become airborne in light wind.
Transport by sea must by ruled out because both the
mature plants and spores are intolerant to sea water.
Contrary to earlier belief, according to modern re
searches, it has been shown that bryophytic spores
lacked obvious adaptation for long distance carriage
due to lack of Wings, etc., sparse food reserve, limited
or unknown viability and questionable resistance to
extreme temperatures or ultra-violet radiation (Miller,
] 982). Some species are known to have water borne
spores also. Gemmae, propagula, tubers, bulbi Is,
deciduous branch lets and vaiously derived fragments
are clearly of high importance for localized dissemi
nation and spores are the only propagules with
medium to long distance dispersal.

Fossilized spores having bryophytic affinity are
reponed from varios geological formations, but their
exact affinity cannot be traced out due to their
simplicity and our inperfect knowledge. Pant and

PlATE 10

Umariaphyltiles aculus gen. el sp. nov .. enlarged to show con
spicuous head and leaves arranged spirally on (he axis. Specimen

no. /lSI" 3730(i/l x ]0.
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Singh (991) have tried to find the characters which
can distinguish the spores of Hepaticae and An
thocerotales for identification of probable sporae dis
persae ofbryophytes reported from different geologi
cal horizons. Some of the rilete spores and cuticle
fragments found in Silurian deposits are believed to
belong to some of the bryophytic or bryophyte like
plants. Ambitisporites, a trilete spore, is known from
the Early Silurian deposits of Virginia (Pratt, Phillips
& Dennison, 1978). Sphaerocmpos, or Riccia-like
spore tetrad Tetrapterides, is known from a thalloid
plant from the Lower Carboniferous of Wales and
Gloucestershire (Sullivan & Hibbert, 1964; Hibbert,
1967). The Permian Gondwana spore genera, viz.,
IndotriraditesTiwari 1964, DentatisporaTiwari 1965,
Jayantisporites Lele & Makada 1972 are believed to
be of bryophytic origin.

Spores, presumed to be sphagnopsid, were
described from the Rhaetic strata of Germany as
Sphagnumsporites and later were found from the
Jurassic and Lower Cretaceous deposits of
Queensland and Perth basins. Filatoff (975)
reported several bryophytic spore genera fromJuras
sic well cores in Perth Basin, Australia. In addition to
Sphagnumsporites, the spore types, viz.,
Rogalskaisporites, Polycingulatisporites, An-
tulsporites and Foveosporites, generally belonging to
Sphagnaceae types, were also reported.

Definite bryophytic spore genera Aequitriradites
(Delcourt & Sprumont) Dettmann 1963 and Cop
tosporareported by Dettmann (963) from the Upper
Mesozoic beds of south eastern Australia and
Rouseisporites Pocock are believed to belong to some
hepatics. Kar (990) reported three species of a su p
posedly bryophytic spore genus Operculosculptites
from the Miocene sediments of Tripura, Assam.
Riccisporites Lundblad and Ricciaesporites Nagy are
some other hepatiC tetrad spore genera from the
Tertiary formations.

There are a number of simple, triradiate spore
genera with a distal germinal pore distributed in
various geological formations. These are generally
believed to be pteridophytic in nature but it can be
contemptated that many of them may turn out to be
bryophytic in the course of future researches.

Various maceration techniques were used to ob
tain cticles and spores from the Umaria material. The

results were not encouraging though some organic
unidentifiable pieces were obtained.

Origin and evolution of bryophytes

On the basis of modern research in biochemistry,
ultrastructure and morphogenesis of present day
bryophytes, it is believed that each group had a
separate origin. The fossil history, though imperfect,
provides ample evidence that the bryophytes repre
sent a level of evolution correlated with transmigra
tion to terrestrial environments. The origin of sterile
jacketed gametangia, retention of an embryo within
the archegonium, absorbing and anchoring struc
tures, adaptation to evaporative stess and perhaps
most important the formation of trilete, sporopollenin
spores are the major critical points to ponder.

In general, there are two classical views on the
origin of bryophytes. One view considers that they
have been derived from green algae, thus alien to
vascular plants. The other view considers them as
degenerate rhyniophytes. Evidences exist for both
the points of view (Meeuse, 1967; Mehra, 1967, 1969)
but generally it is expected that they have more points
in common with other land plants. Photosynthetic
pigments are the same, the gametangia have a com
mon plan, the same biosynthetic pathways seem to
exist in their phenolic and flavonoid chemistry (Suire
& Asakawa, 1979). These authors proved that the
possiblity of a direct line from algae to bryophytes is
not supported by any of the chemical data. On the
contrary, bryophytes seem more closely related to
higher plants than to algae. Steere (969) considered
bryophytes a "dead end" group derived from the
archegoniates while others (Zerov, 1966) hold to a
direct algal origin. Miller (977) considered the
bryophytes as non-generate vascular plants of
diverse origin. Hepatics probably derived from the
same early rhyniophytic stock that lead to Cooksonia,
while mosses seem to have originated later from early
ancestors of the zosterophyllophytes (Mehra, 1969;
Miller, 1982).

It is difficult to understand at present as to which
group amongst the bryophytes is more primitive
hepatics or mosses, as the supposed fossil reIl1ains of
both groups arose almost simultaneously in the
geological past (Table 2).
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46 THE PALAEOBOTANIST

No one has yet found unquestionable mosses or
liverworts among Silurian fossils, though trilete
spores and cuticle fragments are found in the shore
line deposits of Silurian age laid down some 30 mil
lion years before Cooksonia appeared, te oldest vas
cular plant presently known. Some believe that these
spores do belong to some of the primitive
bryophytes.

Longfengshania is an unusual fossil that was ini
tially described as an alga, but is now taken as the
earliest evidence of a hepatic bryophyte (Zhang,
1988). Although, the Precambrian age of this plant
from China makes it doubtful but the specimens do
share a number of characters in common with
bryophytes. Sporogonites and Horneophyton both
from the Early Devonian, are also considered as
having bryophytic characters and designated as
problematic bryophytes in several text-books of Pala
eobotany.

It seems reasonable to accept that bryophytes had
emerged alongwith other vascular plants by Silurian
time and some of the questionable remains are in
deed bryophytes. The oldest kown definite liverwort
is Pallavicinites devonicus (= Hepaticites devonicus
Hueber) from the Lower-Upper Devonian strata of
U.S.A. The earliest possible fossil moss is recognised
as Muscites plumatus from the Early Carboniferous
of Gloucestershire (Thomas, 1972). It is uncertain
when the first fossil hornwort occurs. Some Devonian
spores are also believed to be bryophytic (Table 2).

During Permian, the bryophytes were widely dis
tributed all over the world, Hepatics have not been
strongly represented in the Permian deposits though
few reports are available, Permian records of true
mosses from the Russian platform by Neuburg and
Ignatov and now from India are ample examples
while those from the Triassic and Jurassic are well
known from several places. Thallose hepatics con
tinue to dominate the fossil records of bryophytes in
the Middle and Late Mesozoic, but mosses have been
reported with increasing frequency as maeration
techniques improved. Krassilov (973) reported a
rich and diversified bryophyte flora in the Upper
Jurassic and Lower Cretaceous, richer than in any
previous period as several probable leafy liverworts
and thalloid forms have been' reported. Reports of

fossil moss are few in the Cretaceous as compared to
hepatics (Table 2).

The Palaeocene-Eocene epoch moss and liver
wort fossils so far known are from North America,
Russia, China, Poland, Germany and France. These
confirm the presence of several species from most
majr groups. Post-Pliocene fossil bryophytes can be
recognized having definite affinities, with modern
bryophytic plants (Table 2).

Gondwana records (Table 1) are still not suffi
ciently adequate and complete to throw light on the
evolutionary aspects but are generally considered as
primitive. Several examples from Permian, Triassic
andJurassic assemblages (Anderson, 1976; Anderson
& Anderson, 1985; Townrow, 1959; Pant & Basu,
1978, 1981; Banerji, 1988; Douglas, 1973; Smoot &

Taylor, 1986) from Australia, India, South Africa and
Antarctica confirm that the bryophytes were well
represented by major groups (Table 1). The present
assemblage of Early Permian bryophytic plants
alongwith the Glossopteris flora confirms that the
bryophytes were well established during the early
phase of the Indian Permian Gondwana. We can
expect that another few years of research in this field
will bring to light numerous Silurian and Devonian
plants of bryophytic habit, and Carboniferous and
Permian discoveries will confirm the integrity of at
least major extant groups.
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