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ABSTRACT

Singh KJ 2008. Early land plant developments: Global progress and Indian priorities. The Palaeobotanist 57(1-2) :
69-88.

This review paper is primarily aimed to furnish a general account on the origin, evolution, radiation and the
proliferation of early land plants on the earth. The story of the emergence of the plant life on the land and its subsequent
development during Silurian and Devonian times has been narrated as per Edwards and Selden’s (1993) theory of gradual
colonization, which shows that the land plants established themselves involving four stages of continuous growth and the
diversification. The paper demonstrates how the simplest land fa@@mskéonia rhyniophytes) in the middle Silurian
have given risen to much evolved progymnosperArsh@aeopteriy during the late Devonian within a span of 48 million
years of time (from 423-375 ma). An account of the records of land plants from their earliest occurrences in the
Ordovician to the end of Lochkovian in the Lower Devonian has been provided to show the current status of such studies
on the global platform. The palaeo-phytogeography concerning spores and megafossils from Llanvirn (middle Ordovician)
to Lochkovian (Lower Devonian) has also been depicted on the base maps of the globe.

Key-words—Early land plants, Ordovician, Silurian, Devonian, Cryptospof@soksonia Rhyniophytes,
Zosterophylls, Trimerophytes.
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INTRODUCTION produced by the cyanobacteria was used up as quickly as it
was produced in oxidizing the soluble ferrous salts that were
HE Earth came into existence about 4,600 million yeaebundant in the primitive oceans forming banded iron
ago by the consolidation of the accretion disc of debrfermations. About 2,300 million years ago the supply of ferrous
orbiting the Sun. Nitrogen, hydrogen and carbon dioxidgalts began to become depleted causing the ceasing of banded
dominated the earliest atmosphere. The earliest bacteria religoh formations in the sea. The oxygen being produced by the
on hydrogen and some carbon dioxide while extracting energyanobacteria therefore started to accumulate in the oceans
from inorganic compounds and this had a marked impactamd then in the atmosphere. This coincided with the
reducing the atmospheric levels particularly of hydrogen. Thea@pearance of eukaryotes that ultimately gave rise to all
are no fossils of these early life forms. The oldest known fossitsulticellular organisms. At the beginning of Palaeozoic era
date from about 3,500 million years ago, with the remains @70 million years ago) the chemical composition of the oceans
small filamentous organisms looking like cyanobacteria. Alsand atmosphere was broadly similar to that of present (Fig. 1).
dating from this time are structures known as stromatoliteRelatively high levels of atmospheric oxygen were therefore,
which are carbonaceous mounds, formed by cyanobacteafready available for life outside the oceans. It was not until
Cyanobacteria initially used hydrogen and carbon dioxide fabout 430 million years ago that life, led by plants slowly started
their metabolism, but as molecular hydrogen became depletedake hold on the land. The geography of the world at that
from atmosphere they adapted to use hydrogen present intihee was different from present. In the middle Silurian, there
water. A major by-product of photosynthesis is oxygen, whicliere two main land areas, separated by the Rheic Ocean, the
was absent in the early atmosphere. Most of the oxygen belrayrentia, which includes much of Europe and North America,

:: i | 1] FOnEst 1]
b |
Pl
1 =i L D mdnt o Dl y Nl d i |
[ &5 |f 5
[ !|
In
uy LA
[ ]
wrs
adll
TN = |
5 |
III
I
wl | f
= |
] |
' I. I. - Eoriegwt guRarvons
‘-.,-.
o
",
n
» :n'
r )
| B
- Forlsesl bl el
il
n
¥
Fig. 2—Reconstruction o€ooksonia showing slender, naked stems
Fig. 1—Figure showing evolution of atmosphere and the main biotic with terminal sporangia (S). They are thought to be the most
changes that influenced it (after Thomas and Cleal, 2000). primitive type of land vascular plants (after Thomas and Cleal,

2000).
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Fig. 3—Photograph of Capcl Horcb Quarry, mid-Wales. The middle Silurian strata here have yiclded the oldest known cxamples of stem with
vascular tissuc preserved su-situ. They are the oldest known uncquivocal cxamples of the land vascular plants. Prof. Diannc Edwards,
E.R.S., (in black Jacket) of United Kingdom is also scen in the picture.

and the Gondwana including South America, Africa, central
and east Asia and Australia. The best known early land plant
fossils come from Laurentia but they have also been recorded
from other parts of the world coming under Gondwana
realm.

The gradual process of colonization of the land by the
plants has been summarized herewith taking into consideration
the views of a number of eminent workers in this field. Edwards
and Selden (1993) suggested four stages of colonization. The
first stage begins in the Precambrian and extends into Early
Phanerozoic and later. It involved prokaryotes and
photosynthesizing protists (algae) but there is no direct fossil
evidence of this stage. The second stage, based on
microfossils (spores and cuticles) possibly from bryophyte
origin started in the Ordovician and ended in the Lower
Devonian. The third one beginning early in the Silurian,
consisted of small plants of axial organization with terminal
sporangia, belonging to ?tracheophytes. The fourth and the
final pioneering stage, responsible for the advent of taller
vascular plants of varied organizations, begins around Silurian-
Devonian boundary and it gave rise to the highest evolved
plant groups including the extant ones.

The present paper covers the initial radiation of the
embryophyes in the Ordovician; the emergence of
tracheophytes, including the lycophytes in the Silurian; the
proliferation of axial plants with terminal sporangia around the
Silurian-Devonian boundary; the first major radiation of
Zosterophylls at the end of Lochkovian and lastly the
diversification and development of the trimerophytes during
middle—upper Devonian. The records of early land plants (from
Ordovician-Lower Devonian) including spores and
megafossils have been compiled to show their age wise
occurrences in different localities located across the earth (Figs
21-23). These records have also been depicted on the global
maps (Figs 16, 17, 18, 19) to show the palaeo-phytogeography
and the phytoprovincialism during Ordovician, Silurian and
the Lower Devonian times. Sketches of a number of early land
plants (Figs 2, 4-5, 7-15) have been included to strengthen the
base of the paper. Similarly the photograph of a very famous
plant locality (Capel Horeb, Fig. 3) and the reconstruction of
the early Devonian volcanic landscape at Rhynie, Scotland
(Fig. 6, commonly known as Rhynie Chert) are also given to
have an 1dea of such important localities. Fig. 20 gives a quick
glance to the geological time scale.
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THE EMBRYOPHYTES AND THE DEVELOPMENT OF structures that can be related to sediment binding in these
EARLY TERRESTRIAL ECOSYSTEM palaeosoils, but also based on the distribution of organic
carbon and profiles of minerals (Phosphate) cycled by
Four stages of colonization of the land by the plants acgganisms in these soils. Another example of such vegetated
recognized (Edwards & Selden, 1993): palaeosols is one of the horizons in the 1,200 Ma Mescal
Limestone of central Arizona, based on depleié@ and
Stage 1 (? Pecambrian extending into Early Phaneozoic & *®O values (Beeunas & Knauth, 1985). Such surface mats
and later) might not be having good sediment binding capabilities but
As per the current research findings, there existedtlaey could have anchored different kinds of substrates. This
terrestrial ground cover in the Precambrian around 2,200 Maght have resulted in the development of thin humus layers,
ago (Edwards & Selden, 1993). Although the sub aeriftiereby creating microenvironments for the development of
surfaces in the Precambrian rocks were found to be carbmabitats for multicellular terrestrial green algae during early

rich, yet no direct fossil evidence for such a covering iBalaeozoic.
available with certainty (Wright, 1985; Retallack, 1990). The
widespread occurrence of Cyanobacteria in the Precambrian Stage 2 (Llanvirn (middle-Ordovician) into Lower
could be a circumstantial evidence favouring the existence of Devonian)
such early land cover. Thus it is possible that during early The evidences for this stage are based not on megafossils
phases of terrestrialization, the Cyanobacteria and othHart on the sporomorphs (cryptospores) and the cuticles
prokaryotes used to grow on the land surfaces and afterwaresovered from bulk maceration of fine grained clastic
photosynthesizing Protists (algae) came into existencgediments belonging to a variety of Ordovician and Early
According to Retallack (1990) the 3,000 Ma Jerico Dam arfsilurian environments, both continental and marine. These
the 2,200 Ma Waterval Onder palaeosols could be exampleafliest dispersed spores are called cryptospores that comprise
Precambrian soils which are produced by the interaction wfonads, dyads and tetrads lacking any trilete mark on their
organisms and sediments. These findings are based not auyface. The cryptospores are either naked or enclosed within
on the presence of the wispy trace fossils and some fabric anthin, laevigate or variously ornamented envelope and also
impregnated with sporopollenin or sporopollenin type
) macromolecules as has been suggested by their preservations
i in the ancient deposits. Cryptospores are neither algal (having
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Fig. 4—A reconstruction of a plant éthynia-gwynnvaughanr{idston
and Lang. The sporangia (S) were produced at the ends of sofig. 5—A reconstruction of a plant @&glaophyton majgr showing

of the axes (after Thomas and Cleal, 2000). terminal sporangia (S) (after Thomas and Cleal, 2000).
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Fig. 6—Reconstruction of the early Devonian volcanic landscape at Rhynie, near Huntley, Scotland, United Kingdom. The hydrothermal fluids
produced by the volcanic activity preserved the anatomy of the plants. The rhyniophytes are seen growing in the front and the active
volcanoes can be seen in the back of the reconstruction (after Thomas and Cleal, 2000).

sporopollenin) nor belonging to a higher plant group (trilete
mark absent). Gray (1985, 1991) was of the opinion that the
cryptospore tetrads were derived most probably from the
hepatic group of bryophytes. She noted that among free
sporing extant embryophytes, only hepatics, regularly produce
permanent tetrads, some of which are contained within an
envelope, similar to certain enclosed cryptospores tetrads.
Cryptospores thus present an indirect evidence for a land
vegetation for which there is a little or no megafossil record.
This suggests that the vast majority of plants during
Ordovician and until Late Silunian lacked the appropriate
recalcitrant biopolymers (such as lignin) in the tissues that
enhance fossilization potential (Gray, 1985; Edwards ef a/,
1999).

The earliest dyads and tetrads have been described as
‘permanent’, because of their inability to get separated into
individual units, as a resilient membranous sac frequently
surrounds them. The basis for the beginning of second stage
for colonization is the records of tetrads reported from the
mid-Ordovician (Llanvirn) of Saudi Arabia (Gray, 1991). The
low diversity tetrads and dyads have been described from

Caradoc sediments in Welsh Border land (Richardson, 1988)
and in Murzuk Basin, Libya (Gray ef a/, 1982). In the Upper
Ordovician (Ashgill Formation) they have been reported from
in central Bohemia (Vavrdova, 1984), and the Appalachian
region, Kentucky and Quebec in North America and possibly
South Africa. The sporomorphs with bigger size and high
diversity are found to occur in the early Silurian of South
America (Parana Basin, Brazil; Gray era/, 1985), Ghana (Bar &
Riegel, 1980), North Africa (Tunisia, Morocco) as well as North
America and Britain. It is presumed that this second stage of
colonization was well established over a wide geographical
area by the end of Ordovician. Although the diversity of the
cryptospores was low as compared to the trilete spores in the
Late Silurian (Pridoli), yet they were more in number than the
trilete spores, suggesting that the cryptospores producing

. parent plants were still growing along with trilete spores

producing plants (Fanning ef af., 1991).

Gray ef al. (1982) described a fragment of cuticle in the
Late Ordovician (Caradoc) in Libya. The cellular structures
preserved In this fragment resemble very closely with the
cuticles attributed to imprints similar to examples which are
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attributed toNematothallus.ang described in the Silurian Stage-3 (Llandovey (Upper Aeronian, early Silurian) to

(Lang, 1937; Edwards, 1982). Such type of cuticles certainly Gedinnian (Lower Devonian)

belong to land plants, although the nature of their internal The evidences for this stage are based on the spores in
tissues is not known. According to Lang (1937) such cuticléise earliest part, while the megafossils provided the basis in
might be covering a plant, probably consisted of tubuldhe late Wenlock and upto Lower Devonian. The miospores
structures including internally ornamented tubes. There gmonads) having well-defined, discrete trilete marks were the
many records of smooth tubes in the Ordovician, but the earliesaracteristic entities of this stage that appeared for the first
ornamented tubes have been reported in the early Siluriime in Rhuddanian of Libya, North America and Ireland. From
Late Llandovery (Pratet al, 1978). These cuticles do notslightly younger strata, these miospores have been reported
have any kind of perforation, similar to either stomata drom Aeronian (Llandovery type area - Burgess, 1991; Tuscarora
liverwort pores. This suggests that these might not be involvEdrmation, Pennsylvania - Strother and Traverse, 1979;
in checking or reducing water evaporation as has been seekMastern Libya-Hoffmeister. The existencefohbitisporites

the extant plants. According to Edwards and Selden 1993, swetvrdovii and A. avitusmay be evidence of evolutionary

a superficial resilient covering (so called cuticle) could havgrogression from a separating ‘Permanent’ tetrad to trilete
been helpful in the absorption of ultraviolet light and in thepore with discrete trilete mark (Richardson, 1988). In the late
deterring of pathogens in the pioneering land plants. Since Wenlock (Homerian) there has been a great diversification in
evidence is available regarding the vegetative parts of ttiee sculpture and structure of the sporomorphs as is evidenced
spore producers, it is suggested that these plants had lmpthe presence of sculptured spores and this trend continued
evolved the homoiohydric characters of vascular planisto the Lower Devonian.

(Raven, 1984). Gray 1985 opined that the Poikilohydric plants These evolved sculptured spores have been recorded
(Algal plants, they have little or no capacity to restrict watérom Southern Britain, Libya and Spain. The fertile megafossils
loss) radiated on to the land with a non-vascular grade with pteridophytic affinities also began to appear in the
organization comparable with that of bryophytes. Irrespective

of their affinities, it is postulated that the terrestrial vegetatic -"*i;
comprised a low ground cover with maintenance of hig s 5‘:
humidity just above the ground. 52— '-‘Q.::’ﬁi
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Fig. 7—Reconstruction oZosterophyllum showing vertical shoots _. . ) ) ) )
arising from the tangled mass of axes at the base of the plaﬁf.g' 8—Reconstruction oBawdonia showing prominent spines cover-

The sporangia (S) were attached to the terminal parts of the ing most of the aerial stems.. Sporangia (S) are laterally at-
stems (after Thomas and Cleal, 2000). tached to the stems and consisted of two valves (after Thomas

and Cleal, 2000).
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Wenlock along with sculptured spores. The axes found in tAeronian and the end of Silurian, but the presence of more or
Llandovery age were sterile (Schogff al., 1966). The less similar type of megaplant remains during this period rules
megafossils recorded from the Wenlock of Ireland are devoadit any major change in vegetation in the present northern
of any anatomical details but they look very similar tdhemisphere.
Cooksoniaplant of late Silurian and early Devonian ages. Rhyniophytes-The group Rhyniophyta includes the
Cooksonidgound in the Ludlow and Pridoli (Late Silurian) ofsimplest and the oldest known forms of vascular plants,
North America, Britain, Bohemia, Libya and Podoliaconsisting of dichotomously branched, leafless aerial stems
(Richardson & Edwards, 1989; Edwards, 1990) has smodthving terminal sporangia that contain homosporous spores.
isotomously branching axes having terminal globular ok number of simple plants have been included in this group
discoidal sporangia. Although no complete plants have bemtluding the oldest known vascular plant, v@ooksonia
found in the fossil record, but the small diameter and lengtiadose remains are known from the Silurian and the Lower
of the Silurian axes suggest that these plants were of shbdvonian. It was first discovered and collected from several
stature (a few centimetres tall). Edwards (1990) is of the opinitotalities of the Downton Series (Pridolian, Late Silurian) in
that vegetation in Late Silurian Laurentia was dominated MWales, United Kingdom, in the year 1930. This was described
small statured plants (Rhyniophytoids) having sporangia by WH Lang in 1937 as a small, erect plant with naked, simple
different shapes and this vegetation continued into the eadichotomously branching axes and globular, terminal
Devonian.

Recently Edwardst al 1992 reported tracheids in Lower
DevonianCooksonigpertoni,confirming its vascular status,
but the tracheids have never been reported in other Devonian
rhyniophytoids as well as in Silurian fertile axes (Edwards &
Rogerson, 1976). The recent discovery of spores, similar to
dispersed taxAmbitisporitesrom a late Silurian sporangia
demonstrate that rhyniophytoids would have produced some
of these dispersed spores including the oldesbitisporites
(Fanninget al, 1991). Although Richardson and MacGreger
1986 have established five spore assemblage zones between
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Fig. 10—A reconstruction of a shoot Bfilophyton forbessirom the
Devonian of North America, showing sporangial clusters (S)
at the ends of ultimate branches. It shows the more complex
branching pattern of the stem compared with the more primi-
tive rhyniophytes (after Thomas and Cleal, 2000).

Fig. 9—A reconstruction of part dfoniora, the most sophisticated of
the known zosterophylls. The sporangia (S) were attached just
below the last fork of the stems (after Thomas and Cleal,
2000).
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sporangia. The sporangia appear to have been simple ssmrse of the other examples of rhyniophytoids that also existed
with no mechanism of opening and shedding their spordsom Upper Silurian to Middle Devoniarsteganotheca,
The oldest known example @fooksonia(Fig. 2) are from (Edwards, 1970) is reported from the Upper Silurian of Wales.
Ireland and are about 425 Million years old (Homerian, MiddIg is similar toCooksoniaapproximately 5 cm tall arfthving
Silurian). The fossils show that the plants were only a felarger terminal sporangia (2.5 mm) with truncated apices.
centimeters tallgooksonidnemisphaericaupto 6.5 cm long Uskiellais reported from the Siegenian (Lower Devonian) of
and 1.5 mm wide). The middle Silurian strata of Capel Horedmuthern Wales as a petrified specimen that has naked, simple
Quarry in Wales (Fig. 3) have yielded the oldest knowisotomous branching and ellipsoidal sporanDiatoitia, that
examples of dichotomizing plant axes with vascular tissuesemble€ooksonisandUskiella,has been described from
(tracheids) preserved situ(Edwards & Davies, 1976). In this the Lower Devonian (Gedinnian) of Cape Province, South
way they are the oldest known unequivocal examples of laAdrica. Hslia,from the Middle Devonian of Yunnan, China,
vascular plants. The specimens@doksoniahave been consists of main axes, about 1.0 cm wide that divide to produce
described from various localities, including United Statesateral branches, some of which terminate in reniform
Canada, Scotland, Libya, Wales, Czech Republic, SibergporangiumHedeia corymbosalso from Lower Devonian,
Bolivia, Kazakhstan, Ireland, England, Russia and Brazil. consists of dichotomizing axes, each terminated by a long
SteganothecaUskiella, Dutoitia, Hslia Hedeia sporangium. Similarlyyarravia,a Devonian plant, consisting
Yarravia, SalopellaandEogaspesiegAfter Banks, 1968) are of the distal ends of dichotomizing branches and has the

s L

Fig. 11—A reconstruction oPertica from the Lower Devonian of Fig. 12—A reconstruction of thArchaeopterigCallixylon tree, the

North America. This was the largest of the known best known of the Devonian progymnosperms. The tree had
trimerophytes, growing up to 3 metres tall, and had highly a trunk that was upto 1.5 metres in diameter and could grow
complex branching in the side shoots (after Thomas and to 20 metres tall (after Thomas and Cleal, 2000).

Cleal, 2000).
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individual sporangia aggregated to form a simple synangiatanching at wide angles of over 60° and arose from curiously
cluster. Another plant described under cooksonioids &ching rhizoid-bearing horizontal axégjlaophytordiffered
Salopella which consists of compressed, nakedfrom Rhyniain having a central conducting strand that has
dichotomously branched axes upto 2 mm wide, having termimaimerous elongate thin-walled cells but no thick-walled
sporangia. Unfortunately, there is no report regarding tle®nducting tracheids. In this way it is more similar to leptoids
anchoring processes in all these cooksonioid taxa. How thes® hydroids found in certain bryophytes than to sieve cells
aerial stems were interconnected? It is presumed that thend tracheids of vascular plants. The terminal sporangia were
were borne on some kind of basal structure like thallus borne above the dichotomy and produced trilete spores.
network of horizontal stems. Another member of Rhynie Chert (Fig. 6) flora is known
Kidston and Lang, 1917 described four taxa of vasculars Horneophytonwhich is quite different from other
plants belonging to rhyniophytes from the early Devoniarhyniophytes. The aerial axes of this taxa are naked and
strata known as Rhynie Chert in Scotland. These taxa aiehotomously branched but the basal portion consists of a
slightly different and more evolved than the earlier oneseries of bulbous, corm-like structures that bear numerous
(rhyniophytoides) as they are taller and have better anchoririgzoids. The sporangia bforneophytorare borne terminally
mechanismsRhynia gwynne-vaughan{Fig. 4) was the at the tips of some of the aerial branches and had a central
commonest of these simple plants that was about 20 cm tatlumn of sterile tissue around which the spores developed.
Its vertical photosynthesizing axes arose from creepinihe sporangia dehisce through an apical pore librating
rhizomes, and branched both laterally and dichotomously. Themosporous trilete spores. It is branched and consists of
stem anatomy was very simple, with central steel, surroundeb to four lobes which are ellipsoidal—cylindrical in shape.
by a two layered cortex and a thin epidermis with stomat@he sporangial organs Bibrneophytorhave been interpreted
Sporangia were produced at the ends of some of the ax@sbeing intermediate between an undivided sporangia with a
producing homosporous spores produced in tetrahedsahgle sporogenous cell and a synangial organization.
tetrads. The sporangia had stomata in their walls. Characteristierneophytorpossesses some of the bryophytic characters
rounded protuberances, suggestive of underdeveloped latevhich include a vascular underground corm like organ and a
branches, asexual reproductive organs or hydathodes carctkemellate sporangia comparable with the spore producing
seen on most axes. According to Edwards (1%8®nia organ of hornworAnthoceros
gwynne-vaughanivas more monopodial in appearance. Based mainly on life cycles of modern pteridophytes and
Aglaophyton majo(Fig. 5, Edwards, 1986) another taxaon the preservation of the rhyniophytes in marine and fluvial
of Rhynie Chert flora, is reconstructed to be about 18.0 cm takdiments, it has been postulated that these simple land plants
and has different branching pattern than thos®lofnia colonized moist habitats in coastal areas (Edwards, 1990).
gwynne-vaughaniilts vertical axes undergo dichotomousThese rhyniophytes were probably ancestors of all the
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Fig. 13—Reconstruction of the fertile heads of three different types of gametophytes found at Rhyyyiengghyton rhyniensié) Kidstonophyton
discoidesand (c)Langiophyton mackei(after Thomas and Cleal, 2000).
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Fig. 14—Reconstruction of the gametophydelstonophyton discoides
showing fertile heads (FH) attached to vascularised stems (¢
ter Thomas and Cleal, 2000).

vascular plant groups, including the flowering plants and tt
gymnosperms (Thomas & Cleal, 2000). By the end of the Ea
Devonian there were no true rhyniophytes left.

Stage 4 (Late Ludlow (Australia)/ Early Gedinnian
(Laurentia) into Frasnian (Late Devonian)

During the fourth and the final S.tage’ the plants h Ig, 15—A reconstruction oElkinsia polymorpheRothwell et al., the
undergone enormous changes. The simpler forms of seco best documented early pteridosperm from the upper Devonian
and third stages began to evolve higher plant architecture of West Virginia (after Thomas and Cleal, 2000).
and due to this, the stunted growth patterns as seen in the
rhyniophytes have been significantly changed and the platite present southern hemisphere and in the present northern
(Zosterophylls and Trimerophytes) grew quite taller. The spohemisphere respectively. These two taxa demonstrate the two
producing capacity of the plants also increased due to timajor kinds of gross morphology in the early land plants, viz.
development of strobili and trusses. Two major groups akial systems and the leafy stems. The vascular land plants
tracheophyte appeared, i.e. the Zosterophyllophytina and that appeared and diversified soon afteoksoniaare called
Drepanophycopsida (Lycophytina). The diversification of théosterophylls and were the important part of the Early
vascular plants continued to occur throughout the Low&evonian vegetation. Zosterophylls share many features with
Devonian, firstly it was seen in Zosterophylls, and then frotihe Lycophyta and believed to have given rises to the
Siegenian onwards in Trimerophytes (Edwards & Davieyjcopods.
1990). The fourth stage ended with the extinction of Zosterophylls—Fhe Zosterophyllum(Fig. 7) was the
Zosterophyllophytina in the Frasnian, and similarly theimplest among these Zosterophylls, which had naked, erect
Drepanophycopsida became extinct, although some of ttiehotomizing stems arising from a basal tangled mass of
lycophytes continue to persist even today (Edwards & Berngrostrate axes, presumed to be rhizomatous system. Unlike
1991). The Emsian-Eifelian boundary has seen drastic chandgespksoniahat had delicate axes, this plant was more robust
when the trimerophytes vanished and the evolutionahaving a length upto 0.5 m and width of 1.5 mm. The circular to
processes along with innovations have changed theniform sporangia were not simple and terminal, but attached
vegetation structure and the reproductive strategies. A néaterally on short delicate stalks near the distal ends of the
era began in the Eifelian when Progymnosperms appeared ateins and released the spores by splitting apart along a well-
the plants grew taller with the acquisition of vascular cambiurdefined line. This lateral placement of sporangia in the
Heterospory also evolved in many groups, the earliest ovuléssterophylls distinguishes this group with other early
being recorded in the Famennian. vascular plants. All the Zosterophylls were homosporous.

The reports of the generBaragwanathiaand Some Zosterophylls were leafy with the best known
Zosterophyllummarked the beginning of this fourth stage irbeingSawdonigrom the middle Lower Devonian, having its
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Fig. 16—Distribution of spore assemblages from the Ordovician and
Llandovery on base map for Late Ordovician, 450 myr (based
and redrawn from Edwards and Wellman, 2001). The figure
gives a general idea of the geographical distribution of locali-
ties in the Ordovician southern Hemisphere. Numbers refer
to Fig. 21. Australia (no. 13) and the Chinese Xingjian local-
ity (no. 14) have not been shown due to positional uncer-
tainty.

stems densely covered with leaf like spines. Sawdonia ornata
(Fig. 8) was approximately 30 cm tall and constructed of
pseudomonopodial axes that arose from a rhizome. Lateral axes
branched dichotomously and were characterized by circinate
tips. The sporangia were confined to the distal ends of
branches and laterally attached to the stems. They are bivalved
and reniform in shape producing round to sub-triangular trilete
spores. Another Zosterophyll, Discalis longistipa, described
from the Lower Devonian of Yunnan, China possesses H-and
K-shaped branching, with fertile axes bearing large sporangia
organized in loose spikes. All the axes and the sporangia are
covered with multicellular spines. This taxon is again a
homosporous.

Gosslingia breconensis from Lower Devonian of Wales
was approximately 50 cm tall, consisting of dichotomizing axes
up to 4.0 mm wide. The aerial stems are leafless and the tips are
circinately coiled. The globose to reniform sporangia are
attached to the stems by slender stalks and are mostly confined
to the distal regions of the plant. Koniora andrychoviensis
(Fig. 9) believed to be the most complex Zostertophyll, is known
from the Lower Devonian of Poland. The stems were covered
with a number of conspicuous spines. The largest of these
spines bore delicate teeth. The wing like outgrowths can be
seen running along the length of the stems. The bivalved
sporangia in Koniora are laterally attached to the stem but its
mode of attachment is very exceptional. Unlike any of the
other Zosterophylls, the sporangia were attached just below

Fig. 17—Distribution of Silurian spore and megafossil agsemblages (excluding Pridoli), 425 myr, (based and redrawn from Edwards & Wellman,
2001). Numbers refer to Fig. 22. Solid circles plus numbers refer to megafossil localities in Fig. 22. Stars indicate Wenlock/Ludlow

microfossils; Triangles indicate Pridoli microfossiis.
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Fig. 18—Distribution of Pridoli megafossil assemblages on a base map, 408 myr (based and redrawn from Edwards & Wellman, 2001). Numbers

refer to Fig. 22.

the last fork of the stems. The two ultimate branches produced
by the forked stem, make a hook like structure that wraps
around the sporangia to protect it. In this way these sporangia
can be compared with some of the more complex sporophylls
of the lycophytes and Koniora may be regarded as the
evolutionary link between the Zosterophylls and the
lycophyta.
Zosterophylls were believed to be the ancestors to the
«lycophytes (club mosses) as is evidenced by the fact that
both groups possess exarch protosteles and the laterally
produced reniform sporangia. Similarly various types of
protuberances (spines and multicellular teeth), present on the
stems of the Zosterophylls, would have given rise to the true
leaves of Lycophytes. Zosterophylls also demonstrate various
stages in the evolution and organization of the sporangia, like
helically arranged sporangia over the stem surface (in
Kaulangiophyton) and the sporangia aggregated into definite
spikes, etc. They were the important component in the Early
Devonian floras, but they started declining in the Middle
Devonian, and became extinct during the Late Devonian.
Trimerophytes—Most early land plants had the tendency
for dichotomous branching and this restricted the plants to
acquire varied shapes and complex growth pattemns. The first
group to develop more diverse branching pattern was the
trimerophytes. The plants in this group have monopodial
branching of the main axes. They produced thinner lateral
branches, which in turn underwent a series of dichotomies or
even trichotomies. The sporangia in these plants were borne

in clusters at the ends of the stems. As far as their vascular
tissue is concerned, they possessed a relatively large centrarch
stele having scalariform—bordered to circular-bordered pitting.
Superficially many trimerophytes would have looked like
rhyniophytes or Zosterophylls. Some had naked stems
(Psilophyton dawsonii) while others had short spines on their
stems (2 princeps).

Psilophyton dawsonii-is most completely known taxon
of this group which is reconstructed to be a highly branched
plant. Its fertile lateral branches are borne alternately and
distichously along the main axes. Vegetative branches are
smooth and dichotomize at right angles to terminate as blunt
tips. Fertile branches dichotomize up to six times before
terminating in clusters of approximately 32 sporangia. The
vascular tissue of P dawsonii consists of a centrarch
protostele. Psilophyton princeps(Hueber & Banks, 1967) had
stem surfaces covered with short spines and its sporangia
were bigger than the sporangia in £ dawsonir. Its axes consists
of a solid strand of xylem that is either mesarch or centrarch. P,
forbesri(Andrews ef al, 1968, Fig. 10) was one of the largest
species of Psilophyton (Hueber, 1968), known from the
Devonian of North America, with a length of about 60 cm. Its
growth habit was either monopodial or pseudomonopodial. It
shows the more complex branching pattern of the stem.
Ellipsoidal sporangia were produced in clusters on the fertile
lateral branches.

Another Trimerophyte plant, i.e. Pertica (Fig. 11) from
the Lower Devonian of North America was the largest of the
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Fig. 19—Distribution of Lochkovian mega and microfossil assemblages on a base map, 408 myr (based and redrawn from Edwards & Wellman,

2001). Numbers refer to Fig. 23.

known trimerophytes, growing up to 3 metres tall, and had
highly complex branching in the side shoots. Numerous,
dichotomously branched laterals were borne on the main axis
in an alternate, tetrastichous manner. Like all trimerophytes
the lateral branches were either completely sterile or completely
fertile. All branches are covered by crowded epidermal papilla.
In Trimerophyton robustius, the type species of the division,
the main stem consists of numerous helically arranged,
trifurcate lateral branches. The primary and secondary
branching patterns of the laterals are trichotomous. All the
ultimate branches bear erect sporangia in clusters of three.
The Trimerophytes demonstrate a more complex plant
body than that of rhyniophytes, having monopodial or
pseudomonopodial primary axes. Lateral branches came out
in a variety of patterns like helical (Psilophyton sterile
branches), alternately and distichous (Psilophyton fertile
branches), tristichous ( 7rimerophyton) and tetrastichous
(Pertica). In Pertica the laterals tend to be produced in fours
along the stem, with the ultimate branchlets consisting of
slender, three dimensional dichotomizing structures. It has been
suggested that the planation of these lateral branches would
have developed some kind of tissue that ultimately produced
recognizable leaves. Thus the taxon Pertica may represent an
intermediate step in the evolution of a frond or leaf. This group
also demonstrates how the single or paired terminal sporangia
of the rhyniophytes have been modified through different
stages, thereby giving way to the much evolved sporangia
that grew in massive clusters (i.e., Psilophyton depsile and

Pertica). Some evolutionary trends can be seen in this group
that include stages in the evolution of a particular type of leaf,
modification of tracheid pitting towards the circular-bordered
type, and possibly the early stages in the evolution of saccate
potlen.

According to Gensel and Andrews (1984), Pertica and
Trimerophyton in Emsian might be of 2-3 metres high. This
increase in size was due to primary growth. It is practically not
possible for a narrow and much branched plant to sustain
such heights unless until it is well supported by some kind of
a vertical or oblique underground rhizomatous system that
anchored these plants. Such kind of /n-sstu vertical “rooting”
structures are found preserved in the Siegenian-Emsian fluvial
sediments of Rhenish Schiefergebirge (Schultka & Remy,
1990), although the original plants were not preserved.

Horizontal leafy stems of Drepanophycus spinaeformis
produced irregularly branched smooth axes (? adventitious
roots) that penetrated fluvial sediments (Schweitzer, 1983;
Rayner, 1984). Such kind of vegetation, comprising herbaceous
lycophytes, was widespread globally in the Middle and early
Upper Devonian. Evidence for stratification in the palacoflora
is seen in the Emsian of north-eastern America, where Gensel
and Andrews (1984) suggested that many Zosterophylls,
Drepanophycus and Kaulangiophyton, all with rhizomes and
aerial shoots, grew in dense, low mats, while trimerophytes
such as Pertica and Trimerophyton formed a second taller
layer. The advent of secondary thickening (xylem) in Eifelian
progymnosperms (Rellimia and Aneurophyton) and the
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Fig. 20—A part of Geologic Time Scale 2004 (Ordovician-Carboniferous), edited by Graelst@irCambridge University Press.

probable forerunners of the arborescent lycophytes (e.g., The remains of secondary wood have been known from
LepidosigillariaandLepidodendrops)sn the Givetian further Middle and Upper Devonian localities since the 19th Century.
increased the capacity for upward growth. The earlieEarlier workers thought it to be primitive conifer wood, however

progymnosperms (e.gAneurophytohpwere bushes. no conifer cones or foliage were ever found in the rocks of this
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Locator* Age Authors Geographic area
1. Llanvirn Vavrdova (1984, 1990), Corna (1970 Bohemia
2. Llanvirn McClure(1988), Strothetral. (1996) Saudi Arabia
3. Caradoc Richardson (1988), Wellman (1996) Southern Britain
4 Caradoc Gray al (1982) Libya
Gray and Boucot (1972), Gray al Kentucky, USA
(1982), Gray (1985, 1988)
. Gray (1988 Tennessee, USA
2 Ashaill Gra§ E1988; Georgia, USA
Strother (1991) lllinois, USA
Gray (1988) Ontario, Canada
6. Ashgill Burgess (1991) Southern Britain
7. Ashgill Vavrdova (1982, 1984, 1988, 1989) Bohemia
8. Ashgill Reitz and Heuse (1994) Germany
9. Ashgill Steemaes al (1996) Turkey
10. Ashgill Richardson (1988) Libya
11. Ashgill Gragt al. (1986) South Africa
12. ? Ashgill Lakovat al. (1992) Bulgaria
13. ? Ashgill Foster and Williams (1991) Australia
14. Ashgill Wanet al. (1997) Xinjiang, China
15. Rhuddanian Burgess (1991) Southern Britain
16. Rhuddanian Richardson (1988) Libya
17. Rhuddanian Miller and Eames (1982) New York State, USA
Rhuddanian, ?Aeronian Johnson (1985) Pennsylvania, USA
?Llandovery Strother and Traverse (1979) Pennsylvania, USA
18. Llandovery Bar and Riegel (1980) Ghana
19. Llandovery Gragt al (1985) Brazil
20. Late Llandovery Gray al. (1992) Paraguay
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*Locations are noted by numbers on figure- 16

Fig. 21—Showing records of Ordovician and basal Silurian spore assemblages (after Edwards & Wellman, 2001).

age. This discrepancy was resolved in 1970s when Charteggans borne in terminal cup-shaped organs (gametangia) at
Beck, an American palaeobotanist showed that this fossil wotite tips of vertical axes (gametangiophores). The three
belong to trees that were not seed plants. They bore wedganetophytes are calléggonophyton rhyniensié-ig. 13a)
shaped leaves that were different from the leaves of conifewshich is the gametophyte oAglaophyton major
More significantly, the shoots bore clusters of sporangia thiaangiophyton mackeiFig. 13c) which was probably the
were similar in appearance to those of the trimerophytes. §ametophyte oHorneophyton lignierandKidstonophyton
this group of plants was unique to the Palaeozoic where tthiscoidegFigs. 13b, 14), the gametophyteNiithia aphylla
stems/trunks were made up of secondary woods like in tlibese Rhynie gametophytes were almost equivalent in size to
seeds plants (gymnosperms) but the reproduction wte much more widely known sporophyte plants from the same
pteridophytic, i.e. through clusters of sporangia and nddcality.
through seeds. These plants commonly known as After this primitive reproductive system, i.e. the
progymnosperms with its representative tafocthaeopteris  homospory, various plant groups developed a little advanced
are believed to be ancestors of all seed-plants. Theproductive system, i.e. the heterospory, wherein two sizes
reconstruction of th&rchaeopterig¢Fig. 12, Beck, 1960, 1962) of spores were produced (mega and microspores). Throughout
shows that its trunkQallixylon) was upto 1.5 metres in diameterDevonian times there is evidence for heterospory in dispersed
and the length could be up to 20 metres. spores (Chaloner & Sheerin, 1979). The plant taxon
The advent of heterospory and the origin and evolutidBarinophytonprovides some evidence about the shift from
of the seed habit is one of the most significant events in ttiee isospores of homosporous plants to the microspores and
evolution of land flora. The first vascular plants had the mostegaspores of free—sporing heterosporous plants. Spores of
primitive reproductive system wherein the plants borevo different sizes have been reported in the same sporangia
sporangia that contained morphologically identical spored Archaeopteris.
(homospores) that might have given rise to free — living  The heterospory gradually gave rise to the formation of
gametophytes. The nature of the sexual stages, tbeules and ultimately the formation of seeds. The first ovules
gametophytes, in early vascular plants was, until recentlye recorded from the United States and Belgium in the
unknown. Recent discovery from the Rhynie Chert (Remy &amennian. To date, the oldest known seed pldgikiasia
Remy, 1980a, b) has at least revealed three differegmlymorphg[Fig. 15) a seed fern about one metre tall, described
gametophyte plants. They were large and had their sextraim the Late Devonian (Famennian) of West Virginia (Rothwell
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Locator* Age/Strata Authors Geographic area Composition

1. Llandovery (?Telychian) Schophal (1966) Maine, USA Eohostimella heathana

2. Homerian Edwardst al. (1983) Tipperary, Ireland Cooksoniasp.

3. Late Wenlock / Ludlow Toret al (1997) Southern Bolivia Sterile rhyniophytes

Gorstian (Pterinea Beds) Edwaetsl. (1979) Cwm Graig Ddu, Cooksonia pertonicf. C. cambrensis, Csp.
Powys, Wales

Ludfordian (Upper Roman Edwards & Davies 1976) Capel Horeb, Cooksoniasp.,

Camp Fm.) Edwards & Rogerson (1979) | Powys, Wales Steganotheca striata

5. ? Late Ludlow Tims & Chambers (1984) Victoria, Australia Baragvyanathla_IonglfollaSanpeIIa

australis, Hedeiasp., zosterophylls

6.  Ludlow/ ?Ludfordian Edwards (work in progress) North Greenland Salopellasp.

. Bathurst Island, Arctic .
7.  Ludlow Basinger et al. (1996) Canada Cooksonioid types
8.  ?Ludlow/Pridoli Morel et al. (1995) Tarjia, Bolivia Cooksoniecf. caledonica
P . Obrhel (1962), Bohemia, Cooksonia
il
9. Pridoli (ultimus) Schweitzer (1983) Czechoslovakia Cooksonigbohemica
10. Basal Pridoli . )
. Edwardset al. (1995b) Ludford Corner, Ludlow, | Cooksonia pertoni, Hollandophyton
(Platyschsima Shale Rogersoret al.(2002) England colliculum
Member) 9 g
Lang (1937); Fanning, Caia langii

10. Pridoli (?ultimus) Edwards & Richardson (1990,| Perton Lane, Cooksonia pertoniC. cambrensisSalopella

(Rushall Beds) 1991); Fanning, Richardson & Hereford, England sp, Pertonelladactylethra
Edwards (1990, 1991)

10. Pridoli (early) Cooksonia pertoniC. cambrensisC.
(Freshwater East Ié?&?a%gﬂém) E';ee;g\:\éakt:;hlziiStWales caledonicaC. hemisphaericalortilicaulis
Formation.) ' transwalliensisPsilophytitessp.

10. Pridoli (early) (Long Heard (1939) .

Quarry Formation) Edwards (1970a) g(a)peIsH\?vrglbe,s gtoeoisr?ciﬁgla striata
Edwards & Rogerson (1979) WYS, 9

10.  Pridoli (?early) Little Wallop Hall, . .
(Temeside Mudstone Rogersoret al. (1993) Long Mountain, Cooksonia pertoni
Formation) Shropshire,England

11.  Pridoli (bouceki) N. Petrosyan (pers. comm.) Kazakhstan, USSR | Cooksoniasp.Zosterophyllunsp.

P . Balkhash area, Cooksonellasp., PBaragwanathiasp., ?

12. Pridoli (late) Senkevitch (1975) Kazakhstan Taeniocradasp.,Jugumellaburubaensis

. - Cooksonellasp.,Junggaria spinosa?

12.  Pridoli (late) Cat al.(1993) \(]:uhrilrgl]gar Basin, Xinjiang, Lycopodolica Salopellaxinjiangensis

Zosterophyllunsp.
Cooksonia pertoniC. hemisphaerica

13.  Pridoli (late) Ishchenko (1975) Podolia, USSR Eorhynia(Salopellg, ?Zosterophyllunsp.,

Lycopodolica

14.  Pridoli (late) Banks (1973) New York State, USA | Cooksoniasp.

15.  Pridoli Daber (1971) Libya Cdoksoniasp.

*Locations are noted by numbers on figures 17 and 18

Fig. 22—Showing Silurian localities with plant megafossils (after Edwards & Wellman, 2001; Edwards & Richardson, 2004).

et al, 1989). The foliage consisted of large, segmented leavéisyas. Plants could now live in all but the most inhospitable

looking like little fern fronds. This explains why these earljabitats, allowing the earth truly to turn green.
gymnosperms are often called seed-ferns (or the

pteridosperms). The first seed plants were gymnosperms, a

group in which the ovules are borne directly on the plant.

THE CHANGING SCENARIO

Pteridosperms formed only a small part of the Late Devonian During the Silurian and Devonian, there was a drastic
vegetation. However, the competitive edge that seathange in the landscape, as plants developed a number of
reproduction gave them, soon started to have an effect. Duropgplities for adaptation to the drier conditions. The plants
the early Carboniferous, they came to dominate many lamere not merely invading the land, but they were altering it
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Locator*

Age

Authors

Geographic area

Composition

1.

Uniformiszone

Obrhel (1968)

Bohemia,
Czechoslovakia

Cooksonia downtonensis

2. Micrornatus- newportensis Lang (1937), Edwards (1975) Forfar, Scotland Zosterophyllum myretonianum., Cooksonig
(lower- middle) caledonica

2. Micrornatus-newportensis Edwards (1972) Arbilot, Scotland Zosterophyllunfertile
(lower-middle)

3. Micrornatus-newportensis Lang (1937), Targrove, Shropshire, Tortilicaulis transwalliensisResilitheca

(lower) (Ditton Formation) Edwards and Fanning (1985) | England Uskiella reticulata Tarrantia salopensis
Fanning (1987) Cooksonia hemisphaeric&. pertonj C.
Fanninget al. (1988, 1992) cambrensiscf. C. caledonicdRenalia
Salopella marcensis

3. Micrornatus-newportensis Fanning (1987) Brown Clee Hill, Salopellacf. marcensisTortilicaulis

(middle) (Ditton Formation) | Fanninget al.(1988) Shropshire, England offaeus Resilitheca salopensi€ooksonia
Edwardset al. (1992, 1994) banksii, C. pertoniGriselatheca salopensis
Edwardset al (1995b, d) cf. SporogonitesPertonellasp.,Fusitheca
Edwards. (1996) fanningiae Culullitheca richardsonii
Wellmanet al (1998a) Tarrantia salopensis;f. Hornerophytorsp.,
Edwardset al (1999) Sporathylacium salopence
Habgood (2000a)
Edwards & Richardson (2000},
Edwardset al (2001)
Habgoodet al (2002)

3. Micrornatus-newportensis Wellmanet al (2000) Brynglas Tunnels, M4 | Cooksonia hemisphaerica, Tarrantia
(middle) (Ditton Formation) motorway, Newport, salopensis, Tortilicaulis transwalliensis,

Wales Zosterophyllunef. fertile

3. Micrornatus-newportensis Fanning (1987) Cwm Mill, Zosterophylluncf. fertile, Cooksoniasp.,
(Ditton Formation) Kenrick (1988) Monmouthshire, Wales | cf. Renalig Salopellacf. marcensis

3. Upper Gedinnian Edwards & Richardson (1974), Newton Dingle, Zosterophyllursp.,Salopella allenii
(Ditton Formation) Fanning (1987) Shropshire, England

3. Breconensis-zavallatus Kenrick (1988) Allt Ddu, Brecon cf. Salopellasp. cf.Cooksonia,
Lochkovian, (Senni Edwardset al. (1989) Beacons, Powys, Wales | Deheubarthia splenden&osslingia
Formation) breconensiscf. Zosterophyllunfertile,

Uskiellaspargens,

3. Breconensis-zavallatus Kenrick (1988) Mascle Bridge Quarry, | Deheubarthia splendens, Dawsonisgs
Lochkovian, (Cosheston Edwardset al (1989) Pembroke- Zosterophyllum llanoveranum
Formation) Wellmanet al (1998) shire, Wales

3. Breconensis-zavallatus Habgood (2000a) Rhiw Wen, Black Cooksonig?cambrensisSalopella allenii,
?Lochkovian, Mountains, Powys, Tortilicaulis sp.

(Senni Formation) Wales

3. ?Upper Gedinnian/lower Kenrick & Edwards (1988b) Craig Ddu, Thrinkophyton formosum
Siegenian, (Senni Carmarthenshire, Wales
Formation)

3. Polygonalisemsiensis Kenrick (1988) Mill Bay, Gosslingia breconensis,

Siegenian, (Cosheston Kenricket al (1991a) Pembrokeshire, Wales | Sennicaulis hippopcrepiformis
Formation) Thomas (1978)

3. Polygonalisemsiensis Heard (1927, 1939); Edwards| Brecon Beacons Quarry,| Gosslingia breconensis, Drepanophycus
Lower Siegenian, (Senni (1968, 1969a, b, 1970b, 1981); Brecon Beacons, Powys| spinaeformis, Sennicaulis hippopcrepifomis
Formation) Edwards & Kenrick (1986); Wales Uskiellaspargens,

Kenrick (1988); Kenrick & Zosterophyllunef. fertile, Zosterophyllum
Edwards (1988a); Shute & llanoveranum, Dawsonitesp,

Edwards (1989); Edward Deheubarthia splendens, Krithodeophyton
al. (1989); Kenriclet al. croftii, Tarella trowenii

(1991a)

3. Polygonalisemsiensis Croft & Lang (1942); Llanover Quarry, Deheubarthia splendens, Gosslingia
Siegenian, (Senni Edwards (1969a, b, 1970b, Monmouthshire, Wales | breconensis, Sennicaulis hippopcrepifomig
Formation) 1981); Edwardst al (1989); Uskiellaspargens, Zosterophyllum

Shute & Edwards (1989) llanoveranum, Zosterophylluof. fertile, Z.
?australianum, Drepanophycus
spinaeformis, Dawsonites.,, Sporogonites
exuberans, Sciadophyton steinmanii

3. Polygonalisemsiensis Kenrick (1988), Edwardst al. | Burton Cliff, Deheubarthia splendens, Gosslingia
Middle-upper Siegenian, (1989), Wellmaret al.(1998c) | Williamston Mountain, breconensis, Uskiellspargenscf.
(Cosheston Formation) Pembrokeshire, Wales | Zosterophyllunfertile, cf. Zosterophyllum

4. Breconensis-zavallatus Steemans & Gerrienne (1984 Gileppe, la Vesdre, Gosslingia breconensasnd other abundant

Belgium remains (work in progress)

4.  Micrornatus-newportensis Leclercq (1942) Nonceveux, Belgium Zosterophyllunfertile

(upper)
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5.  Upper Gedinnian Schweitzer (1983) Rhineland, Germany| Drepanophycus spinaeformiBaeniocrada
sp.,Zosterophyllum rhenanum

6. ?Basal Gedinnian (Ainasu) Senkevitch (1978) Balkhash, KazakhstarCooksonella sphaericdaeniocrada pilosa
Jugumellaburubaensis

7. Upper Gedinnian Senkevitch (1978) Balkhash, Kazakhstan | Tastaephyton bulaky$aeniocrada pilosa

(Kokbaital) Mointina quadripartila Jugumella jugatal.

burubaensisBalchaschella tenera

7. Gedinnian undet. Stepanov (1975) Kuzbass, Siberia ZosterophyllumCooksonia pertoni

Stolophytoracyclicus Juliphyton glazkini
Uksunaiphytorananievj Pseudosajania
pimula Salairia bicostata,

8. Gedinnian Li & Cai (1978) E. Yunan, S.W. China | Zosterophyllunsp.
9. ?Lochkovian undet. J. Tims (pers. comm.) Tyers, Victoria, Austfabaragwanathia longifoliaZosterophyllum
n. sp.,Baragwanathian. sp.
10. Gedinnian undet. Haeg (1942) Spitsbergen Sterile remaindoshinella
TaeniocradaZosterophyllum
11. Pragian-pre-pragian ? Janvieret al. (1987) Viet Nam Undet. terminal sporangia
Gedinnian
12. Gedinnian Alvarez-Remis (unpublished| Badajoz, Spain Sciadophyton steinmanni
abstract), (1988)
13. ?Lochkovian Edwaras al. (work in Precordillera, Argentina 2 new rhyniophytoids, 1 plant with enatigns
progress)
14. Uppermost Lochkovian Basingsral (1996) Bathurst Island, Ar. Not specified
Canada
15. ?Uppermost Silurian, Mussaet al. (1996), Gerrienne | Parana Basin, Brazil Cooksoniecf. pertonj cf. C. cambrensis
Lochkovian (1999) Pertonellasp.,Salopellasp.,Sporogonites
Sp. hov.,

*Locations are noted by numbers on figure 19

Fig. 23—Showing Lower Devonian (Lochkovian/Gedinnian-Pragian/Siegenian) localities with plant megafossils after Edwardsad, \®e0h
and Edwards & Richardson, 2004).

also. Erosion of the land became reduced as the plants covesesice, they have been found in both the northern and the
the land surfaces and also the upland areas became more stablehern hemisphere.
In the lowlands, rivers became more sinuous as their flood After the evolutionary changes that took place in the
plains were stabilized through plant cover. IncreasinDevonian, the subsequent Carboniferous Period was mainly a
guantities of sediments became entrapped in the lower reactiege of consolidation for the plant kingdom. Lycophytes
of river systems, causing extensive coastal plains to develgpntinued to dominate many terrestrial habitats in the Early
These plains often supported dense Swamp forests tizsrboniferous. They expanded in both physical size and
produced large quantities of peat, ultimately forming the firstumbers, and by the Late Carboniferous giant clubmosses
significant coal deposits. dominated vast areas of lowland swamps in the tropical areas.
The increasing plant cover also had a significant impaStome of the Devonian sphenophytes (horsetails) which
on local and global climates. The massive loss of water vapguobably arose from the trimerophytes, rapidly proliferated in
through transpiration and evaporation altered rainfall patterriee Carboniferous and by the Late Carboniferous there were
When plants became large and formed forests, they midatge tree-like forms growing in the tropical wetlands. True
have absorbed plenty of carbon thereby reducing the Carlfemns also started to proliferate and diversify in the
dioxide levels in the atmosphere. This resulted in the coolifigarboniferous. The earliest recognizable fern frond occurs in
of the global climate. The development of land vegetatidgarly Carboniferous flora and by the Late Carboniferous there
also helped the animals to invade the land. The pre-Siluriaristed the representatives of marattialean ferns. Many of the
land surfaces were just bare and unable to protect the anin@ésboniferous ferns were relatively small, herbaceous plants.
from heat or dehydration. However, soon after the The progymnosperms were the important forest trees in
rhyniophytes gave the first vegetation cover, the first larttie earliest Carboniferous but rapidly went into decline as
animals appeared. The oldest known fossils of land animaley were outcompeted by the seed plants. The seed-plants
are remains of spiders and small millipede - like creatures frgonoliferated and diversified in the Carboniferous. Most of our
the Late Silurian. In the Early Devonian, other terrestriddnowledge of the early seed-plants is restricted to the species
arthropods appeared, including mites and the flightless insegsowing in the lowland habitats. There existed the
There is no fossil evidence of flying insects until theteridosperms with large fern-like fronds, and trees with long
Carboniferous. The first land vertebrates appeared in the Lateap-like leaves and conifer-like reproductive organs, known
Devonian. Although fossil remains of these amphibians aesCordaites By the early Carboniferous, land vegetation had
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developed a world-wide distribution. The most diverse floraSarth, Ocean and Planetary Sciences, Cardiff University, Cardiff,
were in the lower latitudes of Europe, North America and Chirfales, U.K. who kindly provided me the relevant literature related
and here the seed-plants in particular were the most divel@garly land plants without which it would not have been possible to

group. In higher latitudes, Iycophytes and progymnosperfg 2 112 FERT, LBt e LRl Loy ety
were the dominant forms. In the Late Carboniferous, thliK. and Dr Christopher J. Cleal, Department of Biodiversity and

vegetation pattem was disrupted bY the_ onset of a ma]or_ @fstematic Biology, National Museums & Galleries of Wales, Cardiff,
Age. There was little or no vegetation in the southern highk or allowing me to use some of the reconstructions used in the
latitudes due to ice-cover and in southern mid-latitudes thaggok 'Invasion of the Land', published by National Museums &
was only sparse vegetation consisting of mainly lycophyteSalleries of Wales, Cardiff. | also thank Mrs Annette Townsend,
There was a little land and thus vegetation in northern higho originally prepared the illustrations appeared in the 'Invasion
latitudes, but in mid-latitudes there was a relatively pod¥f the Land". | am grateful to Dr Mukund Sharma, Organizing
vegetation of ptreidosperms and progymnosperms. Howev_gﬁcretary of the Diamond Jubilee National Conference on Challenges

in the tropics, a broad area of tropical forests developed in tdndian Palaeobiology-Current Status, Recent Developments and
lowlands. known as the coal forests Future Directions, November 15-16, 2005, BSIP, Lucknow who

suggested me this fascinating theme and title of this review paper.

This work greatly benefited from the review and helpful suggestions
CONCLUSION provided by Professor C L. Verma, Botany Department, Lucknow

University and Dr Rajni Tewari from BSIP. Thanks are also due to
Theaimof this paper is tdocument the vegetation thatMr P.K. Bajpai, Mr Pawan Kumar and Mr Pradeep Mohan of BSIP

prevailed on the earth during the earliest stages @ help in the redrawing the reconstructions and photographic

terrestrialization by embryophytes and its global distributionvork. Mrs Yogmaya Trivedi is dully thanked for her help in scanning

The occurrences of early land plant fossils (micro and megthe photographic material and in the plate designing.

both) recorded from a number of localities across the world

(Figs 21-23) show that the vegetation was cosmopolitan and
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