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Bryophytic fossil remains inthe Permian Gondwana formations are extremely rare. The rarity of fossil bryophytes is generally
attributed to their delicate nature and small size of the plants. Fossil bryophytes so far reported are few as compared to vascular
plants butthey have been adequately recorded to indicate early existence of mosses and liverworts. It is also likely that bryophytes
have just not been recognized in ancient sediments by palaeobotanists and they may not be so rare as are believed today. Most
of the fossil specimens reported from India as bryophytes are either doubtful records or unidentifiable up to generic level. Indian
Permian reports are considered doubtful while Triassic and younger records are not so meagre and are reasonably well reported.

It is for the first time a good assemblage of bryophytes has been recovered from the Early Permian sediments of India as
impressions alongwith the typical Glossopteris flora. 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, hepatic genus —
Hepaticites umariaensis, and three moss genera — Talchirophbyllites indicus, Saksenaphyllites saksendae and Umariaphyllites
acutus. Remarks on the naming of the fossil bryophytes, their probable possibility of preservation, spore distribution, probable
habitat and evolutionary aspects atso have been given and discussed.
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THE existence of undoubted bryophytic remains large number of bryophytic fossil remains have been
during Palaeozoic time was first brought forth by Wal- reported from various ages fromall parts of the world.
ton (1925) who discovered structurally preserved mem- The reports of fossil bryophytes from the
bers of the group in Carboniferous rocks. Since thena COndwana countries include Lundqvist (1919),
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Dolianiti (1948), Saksena (1947, 1958), Clifford and
Cookson (1953), Medwell (1954), Gupta (1956),
Townrow (1959), Mehta and Goswami (1960), Jain
and Delevoryas (1967), Singhai (1973), Anderson
(1976), Pant and Basu (1978, 1981), Webb and Hol-
mes (1982), Bose and Banerji (1984), Anderson and
Anderson (1985) and Banerji (1988) (see Table 1).

The first two reports on thallus-like fossil remains
identified as Marchantites from the Lower
Gondwana beds by Lundqvist (1919) and Dolianiti
(1948) are suspected to be the roots of Lithorbiza
tenuirama (Pant, 1958). Capsulites gondwanensis
was described as a moss capsule (Saksena, 1958),
later to be considered as macerated seed of Platycar-
dia or Pterygospermum (Pant & Nautiyal, 1960). Pant
and Basu (1978, 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 (1982) 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 . Baner;ji (1988)
instituted a genus Trambauathallites sukbpurensis
from the Early Cretaceous beds in the Kutch District,
the same plant earlier described as Hepaticites
sukbpurensis Bose & Banerji 1984. Plumstead (1966)
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 goedeboopensis 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 (1959) and
Anderson (1976). Townrow reported a thallose fossil,
Hepaticites cyathodioides and foliage remains as
Muscites guescelini. Anderson (19706) transferred H.
cyathodioidesto Marchantites and also reported two
species, Thallites sp. and Marchantites tennantii
from the Molteno Formation.

Jain and Delevoryas (1967) reported Thallites sp.
from the Triassic of Argentina. Miller (1979) noted an
extremely well preserved moss from Antarctic beds
confirming the presence of mosses in the Glossop-
teris flora. Smoot and Taylor (1986) 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 & Cooksom 1953, a
Notothylas type of sporogonium reported by Gupta
(1956), Shuklanites deccanii Singhai 1964 and thal-
lose remains—Hepaticites kashmirensis Mehta & Gos-
wami 1960. Medwell (1954) 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
(1956, 1958a, 1958b, 1960), instituted nine genera
with 13 species from the Pechora, Tunkusska and
Kuznetsky basins. Later, Fefilova (1978) and Ignatov
(1990) instituted 10 more genera and revised some
species previously described by Neuberg (see
above), Meyen and Tverdokhlebov (1966) and Go-
mankov and Meyen (1986). 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 Naiaditathe 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 (1954) reviewed the progress in work on fossil
liverworts up to that time. Afterwards Savicz-Lubitz-
kaja and Abramov (1959) provided a summary of the
whole field of bryophytic palaeobotany. Jovet-Ast
(1967) has given an extensive, detailed and up to date
account of all the known fossil bryophytes. Lacey
(1969) presented a geological history of bryophytes
in the light of research done up to 1969. Bharadwaj
(1982) gave a comprehensive 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 METHODS

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. Itis 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, textfigures have been
drawn.

In addition to the bryophytes, small leaves of
Gangamopteris (Pl. 7, fig. 5), Glossopteris (Pl. 5, fig.
5), Noeggerathiopsis (Pl. 7, fig. 3) and equisetalean
stems, alongwith numerous Cordaicarpus seeds (P.
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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
isexposed ina nala nearJwalamukhitemple, 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 1—Geological map of Umaria, Shahdol District, Madhya Pradesh (after Hughes, 1884; Chandra & Srivastava,

1982).
R PIATE 1 —_—
1. Bryothallites talchirensis gen. et sp. nov., a complete thallus of ly branched thallus, also note circular marking onthe firstlefthand
indeterminate shape. Specimen no. BSIP 37300A x 4. branch. Specimen no. BSIP 37307B x 10.
2. Bryothallitestalchirensisgen. etsp. nov., thallusenlargedtoshow 4. Hepaticites wumariaensis sp. nov., linear wedge shaped

irregular outlines of cells. Specimen no. BSIP 37322 x 10.
3. Hepaticiles umariaensissp. nov., flat, dorsiventral, dichotomous-

dichotomous, smooth margined thallus, each branch with mid-
vein. Specimen no. BSIP 37307A x 10.
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Text-figure 1 —Hepaticites umariagensis sp. nov., a flat, dorsiventral
dichotomously branched thallus with smooth outer margins, each
branch with a definite midvein. Specimen no. BSIP 37300A x 8.

SYSTEMATIC DESCRIPTION

Indeterminate genus —Bryotballites gen. nov.

Type species —Bryothallites talchirensis gen. et sp.
nov. (Pl. 1, figs 1, 2; PL. 2, fig. 0).

Diagnosis—Thalloid  forms, indeterminate
shape, cellular structures lacking details.

Holotype —Specimen no. BSIP 37300A.

Locality—Umrar Nala section, near Jwalamukhi
Temple, Umaria, Shahdol District, Madhya Pradesh,
India.

Horizon & Age—Talchir Formation, Early Per-
mian.

Description —There are several thalli of 1.5-3 cm
in diameter in the collection. Sometimes hair like
rhizoids are also seen but details are not clearly
visible. The thallus is made up of definite cells and
can be seen under higher magnification. The rectan-
gular cells are arranged longitudinally (Pl. 1, fig. 2).

Text-figure 2 —Hepaticites umarigensis sp. nov., dorsiventral thallus
showing dichotomy, circular marking below and ?gametangia.
Specimen no. BSIP 373078 x 8.

Comparison —Thalloid fossils have been clas-
sified under many genera buttheir exact affinity is not
known. One such genus is Thallites proposed by
Walton (1925) for thalloid fossils with characters
which cannot be identified as bryophyte, algae,
gametophyte of ferns or equisetales. The generally
accepted type species of Thallitesis T. erectus, pro-
posed informally by Walton. Its morphology was
poorly known. This species was later transferred to
Hepaticites arcuatus by Harris (1942) considering it
as a definite liverwort, automatically nullifying the
use of the genus Thallites. Later, many authors
referred their specimens to Thallites without con-
sidering its validity. Webb and Holmes (1982), there-
fore proposed an informal name "indeterminate thal-
loid fossil" for possible algal or liverwort fossils
reported fromthe Middle Triassic of Eastern Australia.
They designated their specimens as Indeterminate
thalloid fossil sp. A, sp. B and sp. C considering sp. A
as an alga and sp. B and sp. C as liverworts. I think
that this practice will serve no purpose and may cause
problems for future workers in designating their
specimens without any proper name. Therefore,

PLATE 2

—_

1. Hepaticites umariaensis sp. nov., slab showing number of Specimen no. BSIP 37324 x 40.

dichotdmously branched thalli with midveins. Specimen nos. 5. Saksenaphyllitessaksenaegen. etsp. nov., detached sporogonium

BSIP 37307A and 3730783 x 6. showing long seta and spathulate capsule. Specimen no. BSIP
2. Hepaticites umariaensts sp. nov., circular definite marking, ? 37311 x 5.

gametangia near the forking of the thatlus. Specimen no. BSIP 6. Bryothallites talchirensis gen. etsp. nov_, another irregular thallus

373158 x 20. with Hepaticites umariensis sp. nov. Specimen no. BSIP 37322 x
3,4. Circular, definite markings supposed to be ? gametangia. 2.
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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
Pl. 1, figs 3, 4; Pl. 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.

Description —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 (Pl. 2, fig. 2; Text-fig-
ure 3) is also observed near the forking region of a
dichotomy. Could this be a gametangia bearing struc-
wure? Under higher magnification cellular structures
can be seen, but without any definite outline.

Comparison —Walton (1925) 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 —Hepaticites umariaensis sp. nov., ? gametangia in the
dichotomy of the thallus. Specimen no. BSIP 37315 x 20.

All the Late Carboniferous species, namely H.
kidstonii Walton 1925, H. lobatus Walton 1925, H
langitWalton 1925 and H. metzgerioides Walton 1925
and the Triassic species, viz., Hepaticites cyatho-
dioides Townrow 1959, H. oishii Takahashi 1960, H.
nidpurensis Pant & Basu 1978, H. riccardioides Pant
& Basu 1981, H. foliata 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 sukbpurensis 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 — Talcbirophyllites gen. nov.

Type species — Talchirophyllites indicus gen. et
Sp. Nov.

PlL. 3, figs 2-5; Pl. 4, fig. 1; PI. 5, fig. 1;
Pl. 6, figs 4, 5; Text-figures 4-6

PLATE 3

—
>
1. Saksenaphyllites saksende gen. et sp. nov., two vegetative axes 3. Talchirophylizies indicus gen. et sp. nov., counterpart of 37308 x 5.
with simple, spathulate leaves. Specimen no. BSIP 37318 x 5. 4,5.  Detached simple, smaller, lanceolate leaves of Tulchirophyllites
2. Talchirophyllites indicus gen.et sp. nov.. small. slender, erect indicus gen. etsp. nov. from lower side of the axis, faint outlines

gametophyte covered with simple leaves. lower smaller leaves and
upper leaves on the axis larger. Specimen no. BSIP 37308 x 6.

of cells visible with distinct midvein. Specimen nos. BSIP 37315C
x 10and 373128 x 1.
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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, upperleaves larger, leaves crowding at apex,
sessile, lanceolate, smooth margin, attached to 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 (Pl. 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 —7Talchirophyllites indicusgen. et sp. nov., small gameto-
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 attached to
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 (Pl. 5, fig. 1; P1. 6, fig. 3).
The leaves appear to be one celled thick, made up of
simple rectangular cells (Pl. 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 (1956,
1958a, 1958b, 1960) and Ignatov (1990). All the Rus-
sian fossil mosses were obtained from the macerals
and are known by structural and cellular details. The
major difference between Talchirophyllites and Rus-
sian fossil moss genera are in the manner of leaf
attachment to the axis. In all the Russian fossil moss
genera, the leaves are attached 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 7al-
chirophyllites comes closest to Intia 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 goedeboopensis 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 al. 1975 from the
Late Permian beds of Natal isa complete plant placed
in bryophytes with hesitation. Talchirophyllites in-
dicushas 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

PLATE 4

1. Talchirophyllites indicus gen. et sp. nov., enlarged to show
upper sessile leaves with distinct midveins and pointed apex.

R —

Specimen no. BSIP 37308 x 10.
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Text-figure 5 Text-figure 6
Text-figures 5, 6 —Talchirophyllites incdicus gen. et sp. nov., showing upper larger and lower smaller leaves. Specimen nos. BSIP 37315C and
37312Bx 15
beds of Nidpuri, South Rewa Gondwana Basin isalso In view of almost no definite record of mosses in
distinct and based on the structural details. the Early Permian beds of Gondwana, the report of

Talchirophyllites indicus shows some superficial ~ Talchirophyllites indicus moss from the Early Per-
resemblance with the living moss species Atrichum mian beds of India is significant.
pallidumRen et Card and Poganatum aloides (Helw)
P. Beauv where lower smaller leaves are older and
upper larger leaves are younger.

Genus — Saksenaphyllites gen. nov.

Type species — Saksenaphyllites saksenae gen. et
Sp. NOv.

Pl 2, fig. 5; PL. 3, tig. 1; P1. 5, figs 2, 3;

Pl. 6, figs 1, 2; PL. 7, fig. 1, PL 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,
LT Locality—Umrar Nala section, near Jwalamukhi
Temple, Umaria, Shahdol District, Madhya Pradesh,

Text-figure 7 —Saksenaphyllites saksenae gen. et sp. nov., leafy game-

tophytic shoot with branching. Specimen no. BSIP 37317 x 5. India.
PLATE 5 -
1 Detached leaf of Talchirophyllites indicus gen. et sp. nov., show- in fig. 3. Specimen no. BSIP 37322 x 15.
ing pointed apex. broad bhase. lanceolate shape. Specimen no. 4. ?Protonema showing simple branched filaments. Specimen no.
BSIP 37308 x 20. BSIP 37319 x 2.
23 Detached leaves of Suksenaphyllites saksenae gen. et sp. nov., 5. An incomplete specimen of Glossopteris leaf with distinct midrib.

showing narrow linear shape with faint midveins an obtuse apex Specimen no. BSIP 37313 x 2.
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Text-figure 8 —Saksenaphyllitessaksenaegen. etsp.nov., gametophyte
with seta and capsule. Specimen no. BSIP 37309 x 8.

Horizon & Age—Talchir Formation, Early Per-
mian.

Derivation of 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 (P1. 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

Text-figure 9 —Saksenaphyllitesseksenae gen. et sp.nov.. seta with cap-
sule. Specimen no. BSIP 37311 x 4.

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

Saksenaphyllites saksenae differs from Tal-
chirophyllites indicusin 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.

Text-figure 10 —Saksenaphyllites saksenaegen. et sp .nov.. a detached
leaf with midvein. Specimen no. BSIP 37322 x 8.

Genus — Umariaphyllites gen. nov.

Type species — Umariaphyllites acutus gen. et

in length. The other details of capsule are not seen. Sp. nov.
_, PLATE 6 -
1. Saksenaphyllites saksenae gen. el sp. nov., gametophyte with show pointed apex. Specimen no BSIP 37312C x 20.
leafy shoots. Specimen no. BSIP 37317 x 5. 4. Tulchirophyllites indicus gen. et sp. nov., another ill-preserved
2. Saksenaphyllites saksenae gen. etsp. nov., leafy branches without specimen. Specimen no. BSIP 37320 x 15,
sporogonium. Specimen no. BSIP 37316 x 5. 5. Detached leaf of Talchirophyllites wndicus  gen. el sp nov

3. Detached leaf of Umadriaphyllites acutus gen. et sp. nov. to

Specimen no. BSIP 373128 x 15
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Pl. 7, fig. 2; PL. 9, figs-1-5; P1. 10, fig. 1,
Text-figures 11- 14

Diagnosis-——Gametophyte upright radial leafy
shoots, leaves arranged in close spirals; near apex
leaves clustered together to forma 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 —Umariaphyllites acutus gen. et 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 of name—The genus Umariaphyl-
lites is named after the town Umaria, where the fossil
locality is situated.

Text-figure 12 —Umariaphyllitesdcutus gen. ! sp. nov., upright radial
leafy shoot, leaves at the top clustered to form conspicuous head.
Specimen no. BSIP 37306 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
capsule 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.

PLATE 7

—_—
1. Saksenaphyilites saksenae gen. el sp. nov., gametophyte with 3. A small incomplete leaf of Noeggerathiopsis Specimen no. BSIP
capsule and seta. Specimen no. BSIP 37309 x 10. 373108 x 4.
2. Detached leaf of Umariaphyilites acutus gen. etsp. nov. showing 4. Cordaicarpus seeds. Specimen no. BSIP 37321 x 10.
entire margin, narrow shape, pointed apex and broad base. 5. Gangamopteris sp., an incomplete leaf showing typical anas-

Specimen no. BSIP 37307C x 10.

tomosing of secondary veins. Specimen no. BSIP 37314 x 3.
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Text-figure 13 —Umariapbyllitesacutus gen. etsp. nov., another speci-
men with outline of apical capsule. Specimen no. BSIP 37310A x 8.
Umariapbyllites acutus superficially resembles

the living moss genus Micromitrium tenerum

(B.S.G.) Crosby which is characterised by an im-

mersed capsule with a very short seta or without

setae.

POSSIBLE 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(Pl. 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 (Pl. 2, figs 2-4). Could this
be a deyeloping gemma cup or a gemma? Gemma
cups and gemmae are reported as fossils from the

Text-figure 14 —Umariaphyllitesacutusgen. etsp.nov., adetached leaf
to show midvein and acute apex. Specimen no. BSIP 37312C x 10.

English Rhaetic by Harris (1937-39) 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,
Schistostegaand Ephemerum.

In the Talchir sediments one can see many
filamentous branches (Pl. 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

PLATE 8

1. Saksenaphyllites saksende gen. elsp. nov., gametophyte enlarged
to show spirally arranged leaves, sporogonium consisting of cap-

sule and thin seta. Specimen no. BSIP 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 stress 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 duetolack 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 of bryophytes as fossils —The bryo-
phytes are devoid of true vascular tissue, lacking
extensive resistant mechanical 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

1. Umariaphyllites acutus gen. etsp. nov., upright radial leafy shoot,
leaves at the tip clustered to form conspicuous head. Specimen
no. BSIP 373068 x 5.

Umariaphyllites acutus gen. ¢fsp. nov.. another specimen show-
ing spiratly arranged leaves with acute apex and conspicuous
head. Specimen no. BSIP 37312A x 5.

—_

3. Umariaphyllites acutus gen. et sp. nov., a smalf leafy shoot with
conspicuous head atthe tip, sporogonium without seta. Specimen
no. BSIP 37310A x 5.

S. Umariaphyllites acutus gen. et sp. nov., an ill preserved leafy
shoot. Specimen no. BSIP 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 of fossil 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 may or 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 eutaxa
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.

Fosstl bryophytic spores and their dispersal —
The small spores of present day bryophytes seem
well suited for long distance dispersal by wind. Some
mosses produce enormous spores of 10-25 pm
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
dueto lack of wings, etc., sparse food reserve, limited
or unknown viability and questionable resistance to
extreme temperatures or ultra-violet radiation (Miller,
1982). Some species are known to have water borne
spores also. Gemmae, propagula, tubers, bulbils,
deciduous branchlets and vaiously derived fragments
are clearly of high importance for localized dissemi-
nation and spores are the only propagules with
medium to tong distance dispersal.

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

>

PLATE 10

1. Umariaphyllites acutus gen. et sp. nov.. enlarged to show con-
spicuous head and leaves arranged spirally on the axis. Specimen

_

no. BSIP 373068 x 10.
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Singh (1991) have tried to find the characters which
can distinguish the spores of Hepaticae and An-
thocerotales for identification of probable sporae dis-
persae of bryophytes 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). Sphaerocarpos, or Riccialike
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.,
Indotriradites Tiwari 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 (1975%)
reported several bryophytic spore genera from Juras-
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 (1963) from the Upper
Mesozoic beds of south eastern Australia and
RouseisporitesPocock are believed to belong to some
hepatics. Kar (1990) reported three species of a sup-
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
contemptlated 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 itis expected thatthey 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 (1969) considered
bryophytes a "dead end" group derived from the
archegoniates while others (Zerov, 1966) hold to a
direct algal origin. Miller (1977) 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 remains of
both groups arose almost simultaneously in the
geological past (Table 2).



41

CHANDRA—DBRYOPHYTIC REMAINS FROM THE EARLY PERMIAN SEDIMENTS OF INDIA

VLG USUDIIUYSE( smpui i Sanuune]

'6S61 BUISYDYS 11y UOPOInUSS(T L
‘BLGT A28 Sisdosowaydy
‘Ob6 1 213218 1uoymouy d
‘9161 219318 suaivd 4
‘Op61 21931 uUmoLq o
'Ob61 919218 2DUONLG o
‘'OV61 219318 wnupipjousy wnudiyoanipd
‘Ob61 219§ nuvssuol W
‘€061 AU Stsuaopsunol sanisnpy:
‘L961 1SY-129A0[ asuadunqziougos wm8a1sjquy N
‘L961 18V-13A0[ "ds wumiuupg |
L961 18V-19A0[ wrnundadorp wnium vy
‘L961 18V-12A0[ “ds pvIdvd ;
‘OpG 1 213218 AVI]12499000 o
‘SI61 MONIOH % uong Lappnos s1sqopodo1dvid
'£961 15V-12A0( “ds uospuapoudiyy
'L96] ISV-12A0[ NSO vnbs w nipp1rosdiaL]
‘6961 18V-19A0[ "ds wnipodov;d
‘6¥G61 uelyezs pafvzs | Ob61 219315 k|
‘2481 peIqpUN Supjadvyf ssAsAqova CIPIIoH
'QTOL INSEAISUBIYOID 'd | B IMOH)  HJj4dy200  sapuupugadunf
‘9661 UOKMOUY S1SUaupyods sanyoridjod ‘6931 Jadunyog vuvrodys pj1goot8vid
‘CLOT NN wnupuo)fv uodiayIvDd |'0¢61 UONMOUY SISUIOPDLOI0D DIIUDYIIDIN
(1L61) "69R1 vuodes st pnuIs SanIUpYIL v
SINH ® ony A saads ssow zi % ds prraad (8961) AeN
‘saads wexs jo ersuad 1ysia pue soadg ¢1 ‘(9961)
©9L61) $961 IYonig ‘1L61 12NOY DIvI0aIUD] SOOI | pieny % 18y-1940[ (8/61) odwe)d uep
undeis Aq sasods 2dAy wnudpqds| gdiopru suodsigdiopny ‘bL61 UBUdIUYSe[ smpui s sanumpy ] Aq $a1UNOD [B12A3S W1y sa50ds dhieday ANTDOAN L
A
Y
SERT WN( () PIv2nf muadzIoW \%
‘€5L1 1 pydeowdjod prUDYIUDW N
‘(GG T TWEMSOD) SaNOUDJaL] |
‘LL61 ‘suassue( A viauad ueIxg 3
'9/61 'ejAued Aq soneday suiN L
LL61 suassue[ Aq s3103ds [r13A3¢ ‘0861 PN ANIDOTOH| V
Q.61 ewreys “dswnudvgds ‘9461 BYAUER A( $9SSOW GET Aq saads 01 Gutudisse inoym eIausd ANV n
‘(9L61) eqhued Aq ddswnudpyds 9z ‘0861 I3{IIN Aq B1aua8 Zg U1 $a10ads 71 | [eUONIpPE OA puE BI5USE 1N0OJ Ul $3103ds ¢ ANIDOISITTd fe)
SATYNDVHIS AVLOYIDOHLNYV IOSOW dVDOLLVddH

surewas >pAydodiq yo uopnqnsip [e51301028 1eqo[D —7 J[qeL




THE PALAEBOTANIST

42

q
6661 PUNAOLN O stuaofiyppad
6561 BUIIAOY[OY wnapdoina  § n
6561 p6R1 PUOARS padv1aLonsfur mindig
BUNIAOYN|OY]  wnapyfns  wnudngds ‘GGG PRIUPUNT 1]y S2111U DYDY @)
€661 Jadnony smppisd s CLGL AONISSEY BI11snd pla1Ya404 BCEL PEUPUNT (ALAQ ) SISUALOWI ]G [
(SNOqS124218= ) BT UOSUIGOY X UMOIE SISUAUDILOW PHANDIT "RIGT YdaojorysAryy joquetl g | 3
saraodsonbuup sanaodsunudnyds ‘BTG 1 AdIag) j1xnauanbsal sanosnpy | peG T PRIQPUNT (ALISY) 11240Mas Sajifingf , ATV
(£L61) Aojissery , o]
Aq SO[eYY 3NI[ PIODIY PUEB pIp4pIdLy |
‘€LGT AO[ISSEIY SNDIUOIIUPD SUJIDYIOIDLAIS , v
‘6161 ALag snarmadn [
1SY-19A0[ 401$1190 Sajtuunuadun/ L
‘¢L61 sednod Aq e D "dssanpqy
‘g dssanpogy v dssangoyy q
‘961 uosuqoy
X UMOI( SISUALOWALDIq SANJONUDYIADW N
‘2961 epeuiid Stsuapoing W
2L61 BAOIDE] % AlawsN ‘961 D
stuofipfsanovAqiolon 313215 OPWOH) stsudoynd SajiuvysavpW qLV1
A
L961 15V-12A0[ vubsuvyy I €L61 1eYBUIS 11upI0ap SaluUpyngs
‘€681 uasneysduilg 'ObG1 213318 (UONMOUN) Hpapm "W
snumiBuapy sapudily sisdosawagdy ‘9b61 219318 (UOAOUY) 1afpad W
'6L61 v 12 ‘2261 Au1ag 1uosuaydals ‘W
SUISSUB[ SapIOGD1ISOLAIaq W 0001y | ‘681 UeIuduolg SISUaUUDZas SaIUDGIADW
‘bL61 O ISsaIAS sangoung ‘'$311UNOD
‘BE61 PUBIASX aSU3NI04 W je32A3s woyy soneday pisdonueydiew
‘2961 UMOI(] BSUIUDIUOW WRIULY ‘2961 umouig vonusy W |
‘2961 UMOIH SIDAISND SAIUDAINT ‘LOGT IINBIA Latunw W
‘LB61 [1emY10y ¥ Jadulseq 1a1goru W '8981 euodes sy1o048 priupy24vp
‘LH61 [[2r10y % 133uiseq yyordvw ‘1€61 lied Saprosaidoduq [
"BI61 B[N X\ SISUIX0INIM "W ‘961
‘Z€61 UOXI(J SAPIOIP NG SANISNIY | 21931S ([[219X20D) S1j1¢dod sanuvwiaBunf
‘9L61 BNAUR] Wnawunis D ‘2861 21eddey » yNays sn[eyq) p1oo1y
961 1SV-19A0[ Sap10124215 5211400502421 ‘9L61 eNAVRJ wWnuBfia; uodiaiv) ‘viuvzzpg ‘vjja1zojpgdad
‘9L61 ‘'9L61 BAAVRJ LBUIPUIS ")Je SNpYIOUDfaLd ‘vruuvwiddun/ ‘vajoroqdoy v
ejAued Aq wnudpgds jo sardads xig £261 uoX1q wruadiuangns wnjpuodod | vimppy ((D)ja404 =) praqiopoyy ‘vaunala]
‘LLGT WUSBUENB] SISUIUOINGIIU0D 'S ‘€61 UOSHOOD 3 PIOIID SISUALNO) A SANISNY ‘DUOIIUTDIG] ‘DIUDIINA] JO
‘9661 U004 (Bnyq) saprosarspdow s ‘S311051py uteUAdUN | BI2UAS JUBIXD Sonuuvadun/ jo sa1dads ¢
‘1961 1preyuIay suvjode °s OM) 'DIUMID WNISDYS ‘WNUW0ISOqIM ] ‘9L61 BNANR] STULOfDIOILUNS Y
‘9661 1UOl0d Saruodsombiiup s WNPUOPOYINT ‘SANUDLINT ‘Wnupioig ‘9,61 BAAUEJ SIIDSIOPOIa] SAINIDINY -
‘9661 U010 ('SHOOD) SDAISNY °S 9,61 ‘bL61 ONN 242315 'd ‘0L61 eAVRd peoudl Y
£661 Tieey ('USA | BYAURY ‘COGT UdSZIOUY ‘b6 OO ssp-1aaof d ‘9L61 BHAVUR STULIOfifja0I0N Y
B 10d) Saproa4als saiuodsunudvgds |Aq saiods  saua20qiuy ‘7L61 232318 MIYd8g wnudlqoavivd ‘9L61 eYAued vuvu p1oo1y ANTOOIVIVd |

P1u40d 7 3|YEL



43

CHANDRA—BRYOPHYTIC REMAINS FROM THE EARLY PERMIAN SEDIMENTS OF INDIA

9L61
UOSIAPUY  (MOIUMOL) SapLopogindd
'GLG L UOSIBPUY HIUDUUA] SOIUDYILDIY
P61
- SUIEH  (UBWNONG) mIp[0adun] piipPioN S
‘0261 uosiapuy “dssuyng]
‘961 seh10a3)a( ® ute[ dssaiyoy] v
‘€€G1 BPRUAL] R YDIAOJOWSATY SISUaIDAT ]
‘QLOT AOPSSEIY HASULIDISOL SAIIDYL I
‘$CGT PRIQPUNT ST IN043G 1] SA11L0GSINNNY
0961 A3s13[ supjodp sonuodsunudpyds 'BS61 PRIAPUNT POIUDIS Y i
‘6961 A28 A( $aaE3| W unudpyds ‘BCG1 peIgPUNT Huoy Y
‘1861 nseg] ‘LLOT IYNES Dotunat S1sGo1any 1
¥ Wed snoisspuy  sanjdgdoudogds 6S6T MOIUMO] 11UIAISIND SaJISnpY | ‘ObGT 21A31S (SLIEH) SS0Qa8 Sanuadziop
1961 SAB[SIURIS S110011d So110110dE] ATuvd A
CLGT SBBNO(] STHIUA SAIIUDYIADWY
‘THGL IR (H ® 1) Snipnoup 'H
‘1961 steH puajdousdy | 1
1961 SLIBH sisud.nqing Ef
‘TH61 SIIBY 1102pUUOM SANOUPTIH ATdAIN
SL6T S
JJOYE[1  SISUAUOIALOW  SAJOGS0AN0]
'SLGT JJONeNId snanns Y
'CLGT JOwNd snappd y
'CL6T S
JOEN STpInuUpSUDQ SajuOdsyniuy
'SLOT JoreNd srupLys g
'CLOY Jowend
SHIINUaLD sajuodsypmduiddjog
SLOT HOWN Syndynupd "y 861 [Pd % asod 1und saionpdag v
'GL6T ‘61 eprUAL] snwojogpdiod 1
JJOw[Id SHSOILI VD SANLOFSIDYSInT0Y ‘TG SIIEH (UIA0JoysAI) tagrd’ |
"CL61 JjoeNd Saruodsombiiun s BS61
G161 PO Smyopsd sajodsiaals pelgpunt (euodes) suaofoiupyspu | d
SL6T THG1 SLUEY (PIPMIS) LJNIAZ |
Lcﬁ.:ﬁ:n— >£ sa1ods adAy CNUUNC&NSQ% GZ61 UONBA\ ("§IDT) ST1100.40 Sa11]jvy |
‘€261 AONSSEIN wnsoyidpduniisoon BGG L (IPMPIW TUOTLDG I
‘6561 L8R YD STIIGIIOO SAITUDYIADIY | n
1asnoy  sapuodsepipund  wnudngds ‘8L61
‘0961 Ads1a[ (Puipesl) snappd § AO[ISSeIN  anlpysnayzdpn;  snypgioiody
‘0961 AISIA[SINUAI 'S 061 "RLGL AO|ISSEIN DDILIG DZIGL0IAYD {
Aasid( smpupp ,S\.:meg::uiE €161 AOYISSBIN SAPIONBUIIUOS SajIdsTy ‘€161 2|IeH S12048 pjjap1dajozigos a1Vl
LG UIZIR[ padpIaL) SAIAASIDIY
‘0L61
1»amg R sunydoH snapp saiopumsuld
‘1461 ,
X124 % sdiyiyd saods sy nuidng |
4% Id il qds ]

PHon 7 dqe]



THE PALAEBOTANIST

44

N
O
9261 sdiiyd R 2PYNWIA stunadogotp | N
BGO1 prIqpUNy $aprouagdly L g
‘6TGT VOB 1]t sanjipy L (Sninqof El
H=) 9961 I12S0Yd§ smnqo) saisvig I
'RGG1 [psnery ds sanonndap N
‘IuoIspry " H=) O
9961 I21SNYDS HUOISPIY SAIGNaL] <l
Y961 UAYIH R URALINS SyLa1dp41a) ‘BTG UONTA Sap101adzIaws H q
‘9961 PESISWN| ] SSOW 3| BYOIJ ‘G761 uoNem U] H \%
‘B G1 INUSTY HPpUDALLAG SIS GTG1 UO B SHIDGO] H o)
‘Q8RI 13[[13Z 2 YNEUIY S IAIOF APy ‘CTGT UOHRA HHUOISPIY SANINIDTIE] 4LV
G861 UOSIApUY
3@ UosIapuy sisuadooyapand nagling
‘0961 3134naN vi0f18u0] pLINIDS N
‘0961 B13qnaN pioflisndun |
0961 ‘9661 B1aynaN stuuofiomf v
BI3YnaN  mIpoNd  PLUBIMUUDINDLOA ‘9661 BIBYNIN SyIqpva [
‘0961 31aynaN vitydonvd vidvlunf ‘9SG 1 BISYNAIN SMBINOIIULIAN DITU] LEGT ANSSIBZ 1ad0] SAIIUDYIIDI ATIVE i
0961 B13YnaN suvauly vaatvplvg W
‘096 1 3I3YNIN AUULOfiun SIS
‘0961 3134naN mvao viyovg o
‘0961 13YnaN vxalap ‘o
‘9661 1aqnaN pyofitnuds viaainssijod k|
0961 ‘0961 3134naN pLafund PIDYS
J1aqnaN  wnipsu  wnudpggsol0id ‘0861 I0JAEL ¥9 100WS PIJISHIUY DI d
‘0061 U243 ds wnudpqdsorosq ‘LG U 18 AQDET SISUII0O0W VIZajaqing ALV
8661 |asnery dssanovdoy
‘0961 1yseyexe] @ eNOIZNHY 1gsIso ‘H o)
‘BGGT MOIUMO | Sap1opoyindd "1
‘1861 nseq 9 wed vivnof H
‘1861 Nseq ¥ WUed Saprojpavrout '
‘8L61 nseqd X 1ued stsudndpiu H
‘L6 SIMBH Sounpusp "H [
‘LEGT SLUBH 121UbIquasod "H
‘1§61 SuIeH S1aa0] H
(8€61) SUIBH Sn10UI]0S Sa1121DTIH .
‘(Z861) S2WIOH ¥ 992/ )
Aq D pue g ‘v "ds piojjpyg1 aipuruaiapuy S
‘BGGT PEIQPUNT S1S040d SaNONUDYIADIW

P02 7 3|qeL




45

8861 Sueyz (nQ) vruvgsduafduoy; NVIddWVYD3dd

1961 $SNB310 xaduls uolqdavovdapy ;
‘1961 SSNBIID wnsow s UCIAGJIISnIY; NVIDIAOQJYO

(6L61) 131N Aq sued ued
S[qeuonsanb awos pue salods penal Ajieg

ATdv3

0861 v 19 Away "dsuoilydoppios
‘6461 SPIesp3 SISUNIDMSUDL] SRPIAO]

0861
Away ¥ Away sisuatufiqs uoilgdouody LV1

Yo D € Z

CHANDRA—BRYOPHYTIC REMAINS FROM THE EARLY PERMIAN SEDIMENTS OF INDIA

0€61 uosyooD » ueT juvudpvyd saiu0go.ods
0061 SMIIPUY SUDLIGNXD SANUOTOUOJS b/ 61 anxBuxi sisuaruSuvi! sanyoq A"
‘0961 oud1oway uoilydoauior ; ‘6L61 BYOYapZ uoilydorduods; ATV

[ZA N i N
Iauopeyd Aq saads omiuodgdoduods; JTAJIN

PRE1 UOSMEB( DILIDSOI0dd |
'Q/8T UOSWENN M\ Lodur2040dS 3
LY DSH stsuaupuund g ‘1961 124ANY (Snojuoaap 3LV
‘0161 3j|eH "ds sanundoinds; SANDNIPGAL =) SNOTHOAP SAHUIIADIINT d

) | ]
TLGT SEWOUL Srppunyd sapdsnpy Q ATV B

PpIuod 7 31qeL




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.

Longfengshaniais 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 (1973) 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
and Jurassic 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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