SCIENTIFIC CORRESPONDENCE

Greenhouse effect of the past and plant evolution

It is generally assumed that variations in
the atmospheric CO, produced alterna-
tively, the Ice Age and the greenhouse state
on the earth. In the past, two greenhouse
effects are mostly recognized: (i) Ordovi-
cian—-Devonian and (ii) Jurassic—Cretaceous.
In the first greenhouse state, bryophytes,
pteridophytes, gymnosperms and some
other plant groups evolved; in the second
angiosperms appeared. The evolution of
marine animal life was also analysed in
relation to plants; it was revealed that
evolution of plant life is generally in-
versely proportional to animal life.

Greenhouse effect is a phenomenon by
which carbon dioxide (CO,), water vapour
(H,0), atmospheric methane (CH,), ni-
trous oxide (N,0), ozone (Oj3), and aero-
sols trap more heat from the sun, causing
the earth to get warmer. It was Arrhenius
who first introduced the ‘hot house the-
ory’ later known as ‘greenhouse theory’
to model quantitatively the effect of
changes in the concentration of atmos-
pheric CO, on climate!. According to an
estimate, the atmospheric concentration
of CO, has increased from 280 ppm in
1750 to 367 ppm in 1999, atmospheric
methane by 150% and nitrous oxide by
16%. In 1985, scientists at Villach in
Austria concluded that due to this effect
the earth has already warmed slightly
and if this process is continued then by
2030, the earth’s temperature may rise by
1.5-4.5°C (rvef. 2). They also predicted
that if the increase were on the higher
side then the sea level could rise by 25—
140 cm, sufficient to flood the major cities
and the low lands like Bangladesh and
the Nile delta. This increase in tempera-
ture could also radically disturb the world’s
delicate agricultural systems, dry out the
tropical rain forests and disrupt marine
food chains.

During the last Ice Age, the atmosphere
contained much less carbon dioxide than
the present. The end of the Ice Age was
ushered by the marked rise of tempera-
ture and CO,. It is advocated that the
earth’s climate in the past changed only
between two states — the ‘greenhouse state’
characterized by increased carbon diox-
ide content and the ‘icehouse state’ where
the amount of carbon dioxide appreciably
decreased®. The occurrence of Palaeo-
gene glaciation in Antarctica is attributed
to the declining atmospheric CO, (ref. 4).

However, many have challenged this con-
tention and even argued that the ‘green-
house theory’ is a fallacy> .

That the climate of the earth is ever
changing is evidenced by the facts that in
the distant past there were several Ice
Ages and greenhouse stages. The earliest
Ice Age is known from the Neoprotero-
zoic rocks about 750 million years old in
Namibia. Palacomagnetic evidence indi-
cates that ice reached almost to the equator
leading to the ‘snowball earth’ hypothe-
sis® 1%, Since the earth was totally cov-
ered by ice, biological activity collapsed
for millions of years only to reactivate
when subaerial volcanic outgassing raised
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atmospheric CO, enormously
ever, experiments on the Neoproterozoic
climate point out that a low latitude sea
ice distribution cannot be sustained'".

The icehouse state has marked gradi-
ents in latitudinal temperature, low mean
ocean temperature,
convention, oceans with good amount of
oxygen and a tendency to accumulate ice
sheets in low land and water. The green-
house state, on the other hand, is charac-
terized by low gradients in latitudinal
temperature, sluggish oceanic circulation,

turbulent oceanic

hot polar regions, high average ocean
temperature, depletion in oxygen in sea
water and absence of ice sheets in sea
and lowland®. The greenhouse state is also
associated with volcanism and sea level
rise. Engel and Engel'
major peaks of volcanic activity —the
older one persisting through Late Cam-
brian to Late Devonian and the younger
one in the Late Jurassic—Cretaceous.
Similarly, Hallam'® and Vail er al.'* have
also shown two major sea level rises — one
in the Late Cambrian—Late Devonian and
the other during Jurassic—Cretaceous. A
model for variation of carbon dioxide in
the air throughout the ages suggested that
CO, concentration was very low during
most of the Ice Ages, e.g. in Late Precam-
brian, Late Palaeozoic, Oligocene—Neo-
gene. A higher amount of carbon dioxide
is contemplated during the greenhouse
stages, e.g. Late Cambrian—Devonian and

Jurassic—Eocene®".

have shown two

The first major adaptive radiation of
plants onto land occurred sometime in
the middle of Ordovician (Llanvirnian—
Llandeilan). The obligate spore tetrads of
these plants are found in abundance in
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the fossil state. These plants were in domi-
nance from mid-Ordovician to about mid-
late Early Silurian. The close similarity
of the fossil tetrads with the obligate
spore tetrads produced by some extant
hepatics and mosses (bryophytes) suggests
the presence of nonvascular plants'®.

The second major adaptive radiation of
the land plants started with the replace-
ment of spore tetrad assemblage by the
single trilete spores in the mid-late Early
Silurian'®. These trilete spores resemble
the spore-producing vascular cryptogams
(pteridophytes) of the present day. The
simple, smooth-walled trilete spores gra-
dually gave rise to variously ornamented
forms with different laesurae morpholo-
gies by the mid-late Silurian. The inter-
val from the mid-Ordovician to the mid-
late Early Silurian is hypothesized to be
one of rapid colonization by the pioneer
populations with limited genetic diver-
sity, an eco-physiological tolerance to
desiccation and a short vegetative life
cycle. The second phase of evolution
ushered in the mid-late Early Silurian
and continued up to Pridoli (Early Devo-
nian) and this coincides with the appear-
ance of vascular plant megafossils. This
period was one of the major establish-
ments of large population of varied plants
exploiting a broad spectrum of ecological
niceties that have very few megafossil
records.

During the Devonian, modern aspects
of plant life were attained. The first ap-
pearance of various anatomical features,
vegetative morphologies and reproduc-
tive structures of the Devonian fossil
plants were: tracheids with annular thick-
enings, stoma with apparently intercon-
nected guard cells, stele with xylem of
elliptical cross section with exarch pro-
toxylem, polystele, secondary xylem, equal
dichotomy, overtopping, vascularized mi-
crophylls, expanded leaf base, leaf ab-
scission, terminal, lateral and fusiform
sporangia, with morphologically distinct
spores of two sizes, sporangia with mega
and microspores, megaspore tetrad, ra-
diospermic and platyspermic  seeds.
Some of the Devonian plants also gained
height for the first time and to hold the
plants fast on the ground an effective
root system was also developed.

A phylogeny of Late Silurian and De-
vonian vascular plants depicts that the
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