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The first billion years of the period I am going to talk about now (from 1.8
billion years ago to about 800 million years ago) have been termed the
Boring Billion (or The Barren Billion, The Dullest Time on Earth,
Dullsville, and even Earth’s Middle Ages) by scientists. True, some parts of
this story are not particularly scintillating. However, this period is critical to
our understanding of how life evolved on Earth, particularly to the story of
India and therefore I will dive into it, head first—the ‘head’ in this case
being life itself.

That life exists on Earth is a spectacular coincidence. None of the 250 or
so other planets that are known to science appear to support life. Of course,
this does not preclude the possibility that there may be planets, unknown to
us, where life exists. For the present, however, no other planet seems to
have the right ingredients to sustain life as we understand it. Some planets
are too close to their sun and therefore too hot. Others are so light that they
would float on water, and some others are full of poisonous gases or
composed of elements that are incapable of supporting life. Earth, though,
is at the perfect distance from the Sun to avoid getting incinerated. Its
gravity is just enough to keep its atmosphere from dissipating into outer
space, and its favourable atmospheric pressure just right to prevent life
forms from being crushed. And all these processes needed to occur in the
right order for life to become possible.
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Life arrived on Earth at Hell’s gate, about 3.8 to 3.5 billion years ago.
The planet was so hot at the time that it is difficult to imagine this rather
inhospitable environment facilitating the appearance of life. In fact, the
process of the first emergence of life is so complicated that scientists have
struggled long and hard to decipher this enigma.

Some scientists believe that the first simplest replicable proteins, which
are the basis of life, may have been formed in the depths of oceans. Deep
sea volcanic vents called ‘black smokers’ (so called because they are black
and emit hot carbon dioxide and methane) released ionically charged
bubbles into the mildly acidic (due to a high concentration of carbon
dioxide) water of the ocean. Compared to the alkaline bubbles that were
emerging from the vents, this acidic water was richer in the subatomic
particle called ‘proton’. Protons carry an electric charge which enables
chemical reactions. Deep in the ancient sea, these alkaline vents surrounded
by acidic water were forming a proton gradient (protons flowing from areas
of high to low concentration) thereby creating an electrically-charged
environment. Here, in the presence of catalysts like iron, trace metals and
elements like copper, molybdenum, strontium and selenium, gases from
these vents produced nitrogenous compounds called ‘amino acids’ which



are the building blocks of simple proteins. These ingredients and the
exchange of miniscule amounts of energy may have worked in tandem to
jump-start life. Even today, all living creatures have a similar electrically
charged proton gradient within their cells that produces the energy required
to undertake even the simplest activities. Deep sea vents still exist within
the deepest trenches of oceans and we know very little about the organisms
that live there. If all life on Earth were to end one day;, it is possible that
these deep-sea vents will give rise to new life, starting from scratch,
perhaps taking a different course and creating life forms that are entirely
different from those we have seen or which exist today.

Life has never been created in a laboratory, so our understanding of the
processes that created the first life is, at best, mostly speculative. There are
other theories proposed by scientists on how life might have emerged. A
second popular theory suggests that the first life perhaps originated on
beaches where water met land. The ebb and flow of the sea created shallow
pools where chemicals from land and sea could mix and match. These
shallow pools were rich in minerals and free elements, especially carbon,
phosphorous, nitrogen and sulphur, which, in the presence of the Sun’s
ultraviolet (UV) rays, synthesized organic molecules like sugars and
proteins that are the building blocks of life. But the trials for life must have
had several failed attempts to make organic molecules that could self-
assemble and sustain life as a cell.

Scientific experiments have shown that a thin layer of a simple fat known
as a ‘lipid bilayer’ would probably have been formed first, which folded
into a sac containing water and minerals. Although flimsy and delicate, the
lipid bilayer would have provided an envelope for nutrients to be held
within. The minerals in the sac had the ability to bind with simple sugars
(nucleosides) and amino acids (the building blocks of proteins and
enzymes). The key to the successful creation of life lay in the assembly of
three parts—an outer layer or membrane, simple sugars and genetic
material that could replicate on its own. This genetic material was perhaps a
protein itself or the building block of proteins: ribonucleic acid (RNA). The
outer membrane and RNA needed to be compatible with each other and
coordinate their replication. To become functional, these parts also needed a
proton gradient to jump-start the cell to life. It was only the successful
reproduction of these cells for generation after generation that made the life
of the earliest cells possible on Earth.
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To see under what conditions early life could have come into being, we
need to visit a mineral spring in Ladakh or in northern Himachal Pradesh or
eastern Arunachal Pradesh. These springs emerge from heated rocks that lie
below young mountain folds, and trickle out from the foot of a mountain.
As they bubble out from cracks and fissures of granite, they form small
shallow sulphurous pools of effervescent water. Looming over these pools



is a plume of vapour and gases, almost like their own personal low clouds.
Inside the water is a spectacular mosaic of algal and bacterial mats of
different hues of green, yellow and orange. This velvety, slightly slimy
layer is probably what the ancestors of all of us would have looked like! In
the past, there were many hot springs in India but most have disappeared
due to overexploitation. The famous Sahastradhara spring near Dehradun,
which was once a popular picnic spot, is now reduced to a mere trickle,
with very little life to show. But these blue-green mats of bacteria and algae
are probably more complex than what first emerged in such pools 3.8
billion years ago.

Even after the first life forms had emerged, the development of life on
Earth in all probability went through a number of fits and starts. The first
breath of life was, in all probability, a mixture of methane and hydrogen
sulphide. The earliest cells inhaled these noxious gases to create sugars and
amino acids and exhaled sulphur dioxide or carbon dioxide along with
water. These life forms are called ‘anaerobes’. Mark Roth of the Fred
Hutchinson Cancer Research Center in Seattle conducted a very interesting
experiment with hydrogen sulphide (H,S) to show how life may have

emerged and survived in cycles. In high doses, hydrogen sulphide is lethal
to organisms but, in 2010, Roth showed that when organisms are exposed to
a sub-lethal dose of the gas, their bodies go into a coma-like condition. The
movement of muscles ceases, the sensation in the nerves diminishes and
vital functions like the beating of the heart and breathing are greatly
reduced. Such effects are seen in virtually every organism, ranging from
microbes to worms and mice. A higher dose of H,S would kill the animal,

and a slightly-lower-than-lethal dose would only make it lethargic. As soon
as the dose of H,S is reduced considerably, even after the animal has gone

into coma, the effect of the gas wears off and the animal wakes up from its
slumber. This experiment proves that it is possible to exist in a state
between death and life, and the state in which the organism remains can be
manipulated by the level of H,S (and perhaps others gases too). When

conditions were adverse, some life forms probably remained at rest, only to
wake up when conditions were favourable once again. Roth’s experiment
has proven to be critical to our understanding of how life may have
emerged and how life forms may have survived changing conditions.



But what is life? Scientists have long struggled to define it but most agree
that life has three essential properties. First, living systems have the ability
to self-assemble, which is against nature’s tendency towards chaos, disorder
and destruction. Second, life is a self-sustaining chemical system possessing
the ability to evolve with and adapt to changing environments. Third, life is
an interlinked chemical process designed to transfer energy from one
organism to another. This means that life does not exist in isolation but
depends on some source of energy. Virtually all life depends on other life
forms to survive, multiply and evolve. Different life forms come together
and shape their environment and that of others, making survival—the game
of life and death—possible.

When the first life forms came into being, our Earth Woman was 11 years
old. And, as you have seen, these first forms of life were neither complex
nor elaborate. But it was these organic bubbles of jelly that gave rise to the
earliest living functional cells, the Last Universal Common Ancestor,
LUCA, of everything alive today. Every cell of every living thing today
works on the same simple operating system as LUCA, only the degree of
sophistication has changed. The maestro of the orchestra of life is the
genetic material which directs the proteins, sugars and minerals. It receives
signals about the external environment, decides the speed and timing of the
reactions and communicates this information to all cells. It breaks down
sugars, clears waste, repairs the membrane and reproduces. The first genetic
material that powered life and was used by the simplest cells was RNA.
About 200 million years later, more sophisticated genetic material called
DNA (deoxyribonucleic acid) evolved and in turn gave rise to more
complex microbes. DNA is the record keeper of all protein design
(including RNA, which in some ways is a simpler form of DNA), and is the
genetic (or the hereditary) material of all cellular organisms.

All cells of all organisms contain some RNA but only a few, very simple
viruses (like HIV that causes AIDS, Ebola, SARS, influenza, polio and
measles, to name a few) are completely RNA-driven and do not possess any
DNA. These RNA-driven viruses infect a host cell, disassemble its DNA
and produce mini-me viruses, causing disease and, in some instances, even
the death of the host. Unlike RNA, DNA has the capacity to store more
genetic information, is a more stable molecule and can reproduce with
fewer mistakes. However, the relative instability of RNA means that RNA-
based organisms mutate quickly (in order to evade the immune response of



more complex organisms with advanced immune systems) while DNA-
based organisms like us cannot keep pace. This explains why certain viruses
(like HIV), although simple in structure, are most difficult to beat!

The evolution of DNA allowed more complex organisms to come into
existence. The RNA within a cell of a DNA-based organism was demoted
to its current role as a messenger and transcriber of DNA codes. In all
higher organisms, DNA is located in the cell nucleus as a double-stranded
helix, a tightly coiled, staircase-shaped molecule, which, thanks to crime
shows and paternity tests, everyone is familiar with. Nevertheless, allow me
to pause the story of life for a moment and tell you about the discovery of
this genetic material. In 1869, Swiss physiological chemist Friedrich
Miescher set out to isolate and characterize the protein components of
leukocytes (white blood cells). For this, Miescher washed pus-soaked
bandages of patients and filtered the leukocytes to extract proteins from
them. During this process of separation, Miescher discovered one particular
kind of sticky protein, high in phosphorous content, that did not break down
easily under the action of alcohol and the weak reagents he had used to
separate the other proteins. This key protein that he called ‘nuclein’ is what
we now know as DNA. More than 50 years passed before the significance
of Miescher’s discovery was appreciated by the scientific community.
Several scientists in the early twentieth century were able to isolate the
components that made up this resistant gooey protein but no one knew what
it looked like or how it worked. In 1952, the double helix structure of DNA
was first discovered by James Watson and Francis Crick, using a single X-
ray diffraction image (labelled ‘Photo 51°) taken by Rosalind Franklin
(who, according to some, was the rightful discoverer of the structure of
DNA) and Raymond Gosling. In 1962, after Franklin’s death, Watson,
Crick and Maurice Wilkins jointly received the Nobel Prize in Physiology
or Medicine. In subsequent decades, scientists like Har Gobind Khorana
and his collaborators deciphered the genetic code, a feat for which they
were awarded the Nobel Prize in 1968, and their discovery led to the birth
of the discipline of molecular biology.

DNA is found in every living cell of the human body except in the red
blood cells and it is possible for us to extract DNA at home. For this we will
use Miescher’s technique without using pus-soaked bandages! And you
don’t need a sophisticated lab to do this. All you need to see your own DNA
is three cups, some water, rubbing alcohol, a washing detergent and a little



bit of patience. In the first cup, mix half a glass of water with one
tablespoon of table salt. Label this ‘cup 1°. In the second cup, mix three
tablespoons of water and one tablespoon of liquid dish-washing soap, and
label this ‘cup 2’. Take one teaspoon of the salt-water solution from the first
cup and swirl it in your mouth for 30 seconds. Spit the salt-water from your
mouth into the third cup and label this ‘cup 3’. Add one teaspoon of the
soap solution from cup 2 into the contents of cup 3, and gently swirl the
mix for about a minute. Next, take three tablespoons of rubbing alcohol (the
kind that doctors use before giving you an injection) and gently pour it,
drop by drop, down the side of cup 3 so that it floats on the surface of the
contents without mixing. Wait for about a minute, and you will see a cloud
of bubbles forming below the layer of alcohol. This is your DNA. If you
can collect a lot of saliva, cup 3 will have lots of DNA to show. You can use
a plastic straw or stirrer to make a small blob of your DNA. It looks a bit
like candyfloss!

Genetic material like DNA, RNA and specialized proteins are unique to
individuals. Scientists have studied the genetic differences between today’s
living things as ‘molecular clocks’ to estimate that LUCA emerged about
3.8 billion years ago. When the first life form emerged in or around water,
Earth was still very hot and being on it would have felt a bit like being
inside a hot chemistry lab with the air smelling of rotten eggs and sewer
gas. The first cells were simpler than the simplest organisms alive today, but
they were little superheroes. They tolerated the heat being produced by
Earth, survived the harsh UV rays of the Sun, used oxides of carbon or
sulphur or methane as a source of energy and produced oxygen as a by-
product. Interestingly, in doing so, these first cells sacrificed their own well-
being like true superheroes to help life develop on Earth because oxygen
was toxic to most of these early organisms as it disrupted their vital
chemical pathways.

There was one more abundant available source of energy—sunlight, but
it took another 400 million years (3.4 billion years ago) before life
discovered the means of harnessing the power of the Sun’s rays through a
process called ‘photosynthesis’. For a long time, scientists could find no
physical evidence of the first appearance of oxygen in the atmosphere, but
in the summer of 2014 among the earliest soils to be discovered on Earth
was in the village of Madrangijori (Lat: 21°69'N, Long: 85°53'E), 6
kilometres north of Keonjhar in central Odisha. The study of the Keonjhar



paleosols (ancient soil horizons formed during the earliest geological
periods) by Indian and Irish scientists reveals that this quartzy soil layer
was formed more than 3 billion years ago and provides important chemical
evidence of the processes that took place on Earth as oxygen was making its
first appearance.

Around this time a new type of organism called ‘aerobes’ emerged, and
began to exploit oxygen as a source of energy. The most important among
the aerobes was cyanobacteria. At one time, cyanobacteria used to be called
‘blue-green algae’ but they are, in fact, bacteria, not algae—the difference
being that algae have a nucleus that contains the information carrying
genetic material, while the genetic material of cyanobacteria is distributed
all over the protoplasmic jelly inside their cell, rather than in specialized
compartments like the nucleus. Cyanobacteria breathed in oxygen, used the
Sun’s energy to incorporate carbon dioxide to make sugar through
photosynthesis that, in turn, released small amounts of oxygen in the air.
And it was these humble aerobes—millions and millions of them—which,
over the next billion years, orchestrated the appearance of free oxygen (O,)

in the planet’s atmosphere. By the time the first oxygen-breathing life forms
came into existence, a full 1.4 billion years had elapsed, and our Earth
Woman was 14 years old. One of the earliest adaptations of single-celled
microbes was to form colonies at places where water met land. Most
successful among these were the stromatolites (from Greek, V W R D
stratum; and - O L Wtd<IH. Btromatolites are colonies of billions and
billions of cyanobacteria that grow over or around calcium carbonate (like
limestone), containing traces of phosphates that are present in shallow
water. A variety of single-celled cyanobacteria become arranged in layers
and grow one over the other to form a colony. Most stromatolites are
layered, although column-like or cabbageshaped structures are also
common. The oldest stromatolite fossils were found in Australia and South
Africa and are dated between 3.5 and 3.2 billion years old. Along with free-
living aerobes, they too began adding oxygen to the atmosphere and started
to become agents of change.

The fossils of these pioneering terrestrial life forms can be seen in several
places in the iron-rich rocks of the Chitradurga region of Karnataka. The
beautiful red, orange and black striated rocks that you see here are actually
layers of stromatolites that are 2.8 to 2.6 billion years old. If you go north of
the town of Shimoga in Karnataka, you can see thin layers of stromatolite



embedded within yellow limestone. Similar stromatolites that are arranged
layer upon layer in soft limestone can be found around Chakrata near
Dehradun, although these are much younger. In Sonbhadra, near Benaras,
stromatolites found embedded within rocks appear like clumps of
cauliflower. In the Pin Valley of Himachal Pradesh, Saraikela in Jharkhand
and the area around Jodhpur, Rajasthan, stromatolites are set deep within
hard rock that is chiefly composed of iron. If you travel about 25 kilometres
south-east of Udaipur, Rajasthan, you will come to the village of
Jhamarkotra. The rocks here are rich in phosphate and if you look at these
large flat rocks, you will notice a mottled grey layer above them. The
villagers call these rocks P D J[PWD F KK & KrordWile rocks. Geologists
have dated these to be between 1.6 billion to 700 million years old. So if
you were to draw a line along the stromatolite fossil trail you would be able
to roughly mark out the margins of the Indian land mass at this time.
Stromatolites have been long dead in India and most of the world, except in
two places: a lagoon in the Bahamas and Hamelin Pool in Western Australia
where they are still growing very slowly, adding about five centimetres
every hundred years. Scientists have few answers about why and how these
stromatolite colonies have survived. Could these relict colonies play a role
in the future if our climate were to change?



$ IRRW VWDKQOH HRVKMMBBOLQHY SHDFHIXOO\ EHVLGH D
1IDWLRQDO 3DUN ODGKHAP@BRBHVKR Y KK BUSRRO LV F\DQ
LQFKHV Rl WKH ZDWH LERDWHKRRLQPWHGHELDLUW ZDV FRP|
SRBRGXFHG R[\JHQ ILUVW DQG PDGH FRRS\OHY GRIE HVSHRECHWE
SHU FHQW RV RKHHDRDGQRWRKGRWE FSW RXU SRQGV DQG OD
RUDQLVPV VIXMKYQXHRD® LD SHDFH



6 VR B DW R GIL SWHRX D UDHY RSBIUKHF GV EU WREH M. WAKW VD KDL Y HG RY
JHRORJLF WHPSHRE\G VEKKW PRVW VXFFHVVIXO DQG GRPLQ]
W\SH RI HEWQXHEDBWHULXP RU R BMNW UFIRORS H3EDWWRI @ B\F R FAFRON
FRORQRHD WeRMBLL @/HWHDVH ZLWK TXLUN\ DQG D W MDA R @IIL\
IRXQG LQ VHRERWR®W D, Q\GUD






&ORFNRP WRS OH MR FKHHERN MR CRAUW KV SKRVSKDWH PL
QHDU 8GDLSXU WK IRBRWR TKRM/EK BV@RUEWWDQ EH YLHZHG
1HZ '"HOKL WKH GDUN D QRPPRDRIOARVEDMHIOLNHEXWQM 2C
RUDQRZQEWKLWH DQG EODFN OD\HUVHWIKDW VS\SRHPH YD JT
D FRORQ\ RIH®@WDREIMPRVBLWKG@GK\DQ IRRWK L O W Q/IDU3 L
JU\ DQG ZKLWH FRENHIDWE DE EH 0 OIBFOIR\MBWR R P VH\D QWS L
-KDUNKDQG WKH WK IRP EW R RR VRN MU EDXAYDW/ SHIDS \D U

ELOOLRQ \HDUV ROG DQG DPRQJ W KHIGRIOJG HY/G\. [P X B W L Rk
VRRDWRCCRPVERIQEKDGUD 8WWDU 3UDGHVK RSSRVLWH






7KH DOWH U Q DMEHRQIDCRQHBREUB A JHQ GHSULY RQ@ MFDIGCHSVU
RYHU WKH RWKHU ZKRFKRRIPOMWWERQG@HRBUL®,)V % ,RVF NFD @
KHOS JHRFKHPLVWY GHWHUPLQH OHYHOV RI R[\JHQHDAD N
F\FOHV D®IG BDQ WHKWHHQ LQ ,QGLD 7KH HDUOLHN® ESW

W R ELOOLRQ \HDWXDREBR WHKHOOHRRQEG MENVWKIR 6RQ!
(YHQW HRGFXURLOOLRQ \HDUV BGRD FRRRYA ¥ QEHM2GL V K D
DERXW ELOOLRQ \HDUV RH\GN L, VJ FRPP HHP RU D RAUHA/H W KSHU
*DQGKLRBEY D ILWWLQJ JHRORQLEDG\VRULBXWB WR WKH

Stromatolites produced large quantities of oxygen for nearly 500 million
years, but for the first 250 million years the composition of the air did not
change significantly. All the oxygen that was being produced was
immediately converted into oxides by the highly reactive iron present on
Earth (like the iron-rich soil we see in Keonjhar in Odisha). As oxygen
levels began to build up in the soil, a process of mass rusting turned the soil
red, like the soil you see in the iron belt in Karnataka and Goa. Even the
dissolved oxygen reacted under water with the iron present at the bottom of
the seas, leaving little oxygen in the air. Ferrous iron (Fe+2) is water-
soluble and became concentrated at the bottom of the oceans and seas.
However, with the gradual build-up of oxygen in the atmosphere and in the
seas, another oxide of iron, ferric iron (Fe+3), began to be formed. Both
ferric iron and ferrous iron began to settle as successive bands at the bottom
of iron-rich seas and lakes as oxygen levels fluctuated. Once deposited, the
layers hardened one above the other and gave the appearance of a layered
cake—thin strawberry-jam-coloured striations of highly oxidized iron
(ferric oxide, Fe,03) and dark chocolate lines of less oxidized iron (ferrous

oxide, FeO). These rocks are known as the banded iron formations (or
BIFs). Travel about 200 kilometres north-east of Bengaluru to Chitradurga
district and you will see the spectacular beauty of BIFs. Travel a little west,
and the BIFs here assume new colours and form intermittent broad red and
brown ribbons of iron and manganese oxide found in Sandur in the Bellary
district, and those found around Shimoga have a layer of grey silica (called
‘quartzite’). These large sedimentary rocks (about 1-2 metres high) were
formed under the sea nearly 2.5 billion years ago and took millions of years
to come to the surface.

Gradually, all possible surfaces that could absorb oxygen (or ‘sinks’)
became saturated and excess oxygen began to build up in the atmosphere,



causing its level (O,) to rise dramatically. This is called the Great

Oxygenation Event (GOE) and it took place around 2.3 billion years ago.
As more and more oxygen was produced by cyanobacteria and aerobes,
some of this oxygen reached the upper regions of the atmosphere and was
converted into ozone (O3) under the action of UV rays. Around 1.85 billion

years ago, the ozone layer began to absorb much of the Sun’s UV rays,
allowing only a fraction to reach the surface of Earth and this slowly began
to cool the hotcase-like Earth, but it was not until 850 million years ago that
the ozone layer was fully formed. As oxygen levels increased, the battle for
domination between the aerobes and anaerobes ended with the aerobes
colonizing almost the entire surface of the planet and shallow waters,
forcing the anaerobes to retreat to places like hot springs or deep caves that
had little or no oxygen. The once fiery red and then purple Earth turned into
a nurturing blue-green gem. Despite the passage of billions of years, it is
relatively easy to see the blue-green bacteria that transformed Earth and
changed the course of evolution. It is the green slime that covers ponds and
streams, and rice fields and irrigation canals and sewage drains. Still,
Earth’s atmosphere was not stable. So much oxygen was added to it over
the next billion years or so that free oxygen began to react with atmospheric
methane, a greenhouse gas that makes the air very warm, and converted it
to carbon dioxide (which traps less heat than methane) and water, causing
Earth to cool further. The climate cooled to such a degree that it began to
freeze at the poles. Thus began Earth’s first Ice Age, and we can see telltale
signs of this glacial episode that occurred after the Great Oxygenation
Event not far from where we found stromatolites and banded iron
formations. If you travel west from Chitradurga on State Highway 13
towards Shimoga for 32 kilometres (or 77 kilometres east of Shimoga), you
will arrive at a village called Talya (Lat: 14°01'N, Long: 76°27'E). Here, on
the slopes near the village, you will notice round brown stones embedded
within layers of red-brown sandstone. These round rocks were deposited by
glaciers within marine sediments and are about 2.7 billion years old.
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During the first Ice Age, not only did atmospheric methane decline but
volcanic activity too ceased. With so much more oxygen being added to the
atmosphere, the climate began cooling considerably. When volcanic activity
resumed on Earth, the ice caps on the poles melted and Earth once again
began to warm up. It was almost as if the planet was in the hands of an
errant child who was playing with the thermostat, alternately making it too
hot or too cold! Despite the changing conditions, aerobes continued to
dominate Earth, and in another 1 billion years (about 1.85 to 0.85 billion
years ago) the oxygen concentration in the atmosphere began to increase
again. On the surface of Earth at this time, land had not been divided by
oceans and seas as it is today. All the land lay clumped together as a single
land mass, a ‘supercontinent’ that Earth scientists call ‘Rodinia’ (after the



Russian word for ‘motherland’). Gradually, rifts began to appear and tear
apart the supercontinent and, between 850 and 800 million years ago, these
rifts widened, allowing water to fill up and create new shorelines. When
new shorelines are created, more carbon-carrying sediments get buried in
deep seas—a process called ‘carbon burial’. As carbon levels (chiefly
methane and carbon dioxide) began to reduce in the atmosphere due to
carbon burial, the air began to cool, setting in motion another episode of
global cooling.

A second and even more intense glacial event called the ‘Snowball Earth’
began about 850 million years ago and lasted for nearly 300 million years
(until 535 million years ago). During this Ice Age, Earth was covered from
Pole to Pole and looked like a snowball. Around 750 million years ago,
there were perhaps a few isolated places along the equator which were free
of ice (so Earth resembled a slush-ball and not a snowball, according to
some scientists). During this time, the land mass that comprised India,
Madagascar and Australia was attached to East Antarctica and lay south of
the equator between 20° and 40°N, receiving the full glare of the Sun.

This glacial event was not continuous and was broken by a few brief
warmer periods. Although the number, timing and duration of these glacial
episodes are yet to be fully understood, there is consensus that the most
intense glaciations occurred between 760 and 700 million years ago. A
second intensive glacial cycle happened around 635 million years ago, and
this was followed by the final glacial event about 582 million years ago.
The calculation of the duration and timing of these events is based on
studies done on cap carbonate. Cap carbonates are distinctive carbonate
rocks that are formed due to complex geochemical processes that take place
when Earth’s entire surface is covered by ice. In between each of the glacial
strata lie layers of small marine fossils that tell us about the kind of life that
existed in each of the warmer periods and it is by studying these layers of
marine fossils that we know that the last event of glaciation was very
important for life. The freezing during this period was less intense than the
previous events and as the ice receded (about 560 to 551 million years ago),
first complex multicellular organisms emerged in the sea. But let’s come
back to multicellular organisms in a bit.

Another place where you can see evidence of successive glaciation
events is in the Lesser Himalayas—starting from Solan in Himachal
Pradesh in the west, running through Mussoorie and tapering off eastwards



in Nainital. Here you will find layers of white and grey limestone, and
between these lie differently coloured shale (a kind of sandstone made from
compacted fine clay). To see these, you will need to travel by road from
Chandigarh to Shimla. Just where the hills begin to rise, near Solan, stop
and look for these greyish-green rocks which are visible in road cuts. They
consist of delicate layers arranged like reams of paper. Carefully pluck out a
few of these sheets and you may see the distinct imprint of a marine
creature.

Since we are talking about impressions and fossils of life forms, let me
digress a little and elaborate upon this very important element on which a
large part of our understanding of life in the past, and the past itself, hinges.
‘Fossil’ is a commonly used term but what exactly is a fossil? The word
fossil comes from the Latin | R V Whichlméans ‘dug up’. Fossils are the
remains or outlines of an animal or plant preserved in rock or sediments.
They can be massive, like the bones of a dinosaur or tree stumps, or
microscopic like those of pollen grains and plankton. Fossils can also be
impressions and imprints such as the burrows and tracks of various
organisms that lived in or moved through a particular area. Occasionally,
under certain special conditions, whole communities of soft-bodied forms
end up being preserved, like in the case of small worms and jellyfish (which
can be found in the Vindhyan range or in the sandstone from around
Jodhpur). Perhaps the most abundant fossils of all are the microscopic
shells of marine organisms. The bottom of all oceans and seas from ancient
times to the present day accumulates layer upon layer of microfossils
(microscopic shelled animals) and, over millions of years, they become
exposed as chalk deposits which can be hundreds of metres thick, like those
found in the chalk cliffs of Dover in England. This shows how productive
the oceans are and how resistant these delicate microskeletons are to decay
over time! Other abundant fossils include the tough-walled spores of ferns
and the pollen of conifers, palms and flowering plants. Apart from
providing answers to scientific questions, some fossils also have high
economic value. Coal, lignite (a less decomposed form of coal), natural gas
and petroleum are products of plants and microscopic organisms that died
millions of years ago, and are therefore called ‘fossil fuels’.
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The probability that any organism, after its death, will be preserved in
rock is very small—probably a million to one. Once an organism dies, it
decays due to other organisms, those inside its body and those that feed on
it from the outside. This decay, the physical and chemical breakdown of a
dead organism, begins within a few hours of its death. Only if a life form is
buried under fine sediment or is frozen immediately after its death is this
breakdown process arrested. Fossils, very simply, are organisms that have
turned to stone. But unlike under Medusa’s stare, these organisms turned to
stone after dying, rather than when they were still alive.

There were two other mini Ice Ages which had an important effect on life
and have left fascinating signs in India. Between 299 and 290 million years
ago, Earth witnessed a short, intense glacial event, the evidence of which
lies in a very unlikely place. Take State Highway 114 from Jodhpur towards
Jaisalmer, and before the road forks towards Pokhran, turn right on to State
Highway 28. Stay on this road for about 40 kilometres, until you reach
Phalodi. Just north and north-east of Phalodi the landscape changes slightly.
You will notice a flat valley—what geographers call a ‘peneplain’—created
in geological history by the erosion caused by water. Only, in this case,



instead of water, the plains were sculpted by ice. All over this area you will
find rounded red, orange and purple pebbles, many of which have
disintegrated under the hot and cold of the desert and from the corrosive
blasts of desert sand. Among these you will also find the brown volcanic
rocks that form the columns of Jodhpur (called ‘rhyolite’), red sandstone
and orange siltstones. This entire area extends to about 80 square kilometres
but is best viewed near the villages of Kheerwa (Lat: 27°29'N, Long:
72°32'E) to Nokha (Lat: 27°61'N, Long: 72°66'E), and Baap (Lat: 27°22'N,
Long: 72°20'E) to Phalodi, through which State Highway 15 passes. Here
you will find heaps of stone and large boulders (some of which are about 1
metre high or wide). These large boulders bear what look like nail scratch
marks but are actually marks caused by the grating action of glaciers over
stone. Surrounding these glacial rocks are gravel beds made up of myriad
small stones that have been rounded by the action of ice and water and
within these are simple shells and the remains of other marine creatures.
During this time, terrestrial life had begun to establish itself and early
amphibians were claiming their place on land, but more on this a little later.
The levels of atmospheric oxygen were the highest ever during the period—
at about 35 per cent compared to 21 per cent today.
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The same Ice Age that affected Rajasthan persisted a little longer (from
between 306 to 270 million years ago) on the eastern margin of the
subcontinent. Clues to what happened during this Ice Age lie in the coal and
steel belt of India, in the state of Jharkhand. The rocks that hold these
secrets lie in a 12-kilometre-wide, 200-kilometre-long strip called the
‘“Talchir formation’ by geologists. The formation begins north-east of
Ranchi, the capital of Jharkhand, and continues further eastwards towards
the coal capital of India, Dhanbad. If you travel from Ranchi towards
Hazaribagh by road, just before you reach the mofussil coal depot town of
Kuju (Lat: 23°73'N, Long: 85°51'E), look out for a section of hill that was
cut through to build the new highway. Here you will see the Talchir boulder
bed that is characterized by rounded grey and white boulders and smooth



rocks that lie embedded within a layer of hardened sandstone and look quite
distinct from the rest of the hills. The white and grey circular rocks are
made up of granite and are surrounded by ochre-coloured sand. Referred to
as ‘dropstones’ by geologists, these circular rocks were transported here by
glaciers and melting ice sheets. Glaciers carry with them any impediment
they encounter in their path—boulders, rock debris, fine sand and
sediments. The rocks grind and grate under the weight of the glacier and
melting water and, over a long distance, become smooth and rounded. Once
the glacier reaches a lake or sea, the ice melts and the boulders are
‘dropped’ along with slurry of sediment. The boulders descend to the
bottom of the lake bed and the sediments slowly settle around them.
Because there is very little disturbance in this placid environment, over
several tens of thousands of years, more and more sediments are deposited
on top, and gradually it begins to harden into a layer of solid sedimentary
rock. This is the process by which the Talchir dropstones (and the Talya
dropstones during the first intense Ice Age) got embedded in sand and
eventually appeared as rocks. If you travel about 12 kilometres north-west
of Kuju along State Highway 33, which connects Ranchi to Hazaribagh,
you will come to a small riverbed called Dudhinala (Lat: 23°74'N, Long:
85°49'E). Walk about 2 kilometres west along the river’s course and you
will see layer upon layer of gravel and sediment beds stacked one over the
other. Count these and you will find seven such layers. This suggests that
there were at least seven clear glacial deposits and that glaciation took place
in quick succession before a milder climate set in.
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This brings us to the question of how life on Earth survived the millions
of years of freezing that should have wiped out all life. This is because
cyanobacteria never became extinct. The explanation of how this sensitive
bacteria could survive for millions of years under a blanket of ice, without
sunlight, comes from freezing lakes in Antarctica that have not melted in



several million years. Here, despite the thick cover of ice, some sunlight
still manages to reach the bottom. Water that has no impurities, upon
freezing, produces a virtually clear, spotless layer of ice. Like a thick piece
of quartz or glass, this ice permits enough rarefied sunlight to penetrate into
the freezing water to allow the bacteria to survive.

If you are wondering why life was able to survive in frozen water but not
on land, it is because water or, perhaps more accurately, its solid state, ice,
possesses a special property. Water is unique because in its solid state it can
float on its own liquid form. Water molecules are loosely held together by
weak chemical bonds that are constantly forming and breaking and
therefore remain liquid. As the temperature drops close to 0°C, these bonds
begin to hold fast and form hexagonal lattice-like structures called ‘ice
crystals’. On freezing, the space between the lattices in each ice molecule
actually increases, unlike in other solids where the space compresses.
Therefore despite the molecule being tied-up and constrained, the space
between the individual molecules makes the solid hollow and lighter than
its liquid form. Apart from being one of the few naturally occurring solids
that are lighter than their liquid form, ice also solidifies from top to bottom.
Even when the top of the water freezes, organisms are able to live in the
liquid, albeit very cold water, at the bottom. On land, on the contrary,
freezing takes place from bottom to top and therefore organisms would be
unable to survive an Ice Age on land. These are simple explanations but
there may be more to the mystery of why some life survived under frozen
sheets of ice because, as the great chemist Felix Franks put it, ‘Of all known
liquids water is probably the most studied and least understood.” Water
abounds in mysteries, so much so that the unexplained expansion of water
during freezing was called ‘anomalous expansion’, until it was satisfactorily
explained in the 1960s. One puzzle that continues to remain unexplained is
why hot water freezes faster than cold water in sub-zero conditions. This
phenomenon was first discovered by a Tanzanian high-school student
named Erasto B. Mpemba (and is named the Mpemba effect) in 1963.
Mpemba discovered in a classroom experiment that hot ice-cream mix froze
faster than colder mix. His teachers chided him and students mocked his
insistence until his teacher repeated the experiment and obtained the same
result!

So how were the Ice Ages relevant in shaping the course of evolution?
Here’s how. After millions of years of freezing, it took a few thousand years



for the ice to melt. The exposed land began to react with the melting water.
The intermittent volcanic eruptions that had taken place during the Big
Freeze had brought new minerals like sulphur to the surface and these
combined with different minerals to create still newer ones (like gypsum).
The role of minerals is often ignored in the story of life but they were
crucial in the creation and sustenance of new life. It is quite fascinating to
look at the evolution of minerals in the light of how life transformed it, and
how life in turn was transformed by it.

Scientists believe that in the very beginning (about 4.5 to 4 billion years
ago) there were merely twelve minerals in the swirling dust clouds that
eventually formed the solar system. When the Sun heated the newly formed
planets, the heat rearranged these minerals and created new ones, and these
perhaps numbered around sixty. Minerals like diamond were created when
the planets were forged out of cataclysmic explosions or implosions deep
within the mantle. Over the next 500 million years, as geochemical
processes within Earth commenced, the number of minerals increased to
around 500. About 4 billion years ago, reactive metals like iron, nickel,
aluminium and copper continued to remain pure in their natural state and
glistened on the surface. As land and oceans formed, processes beneath
Earth’s crust triggered new chemical reactions which increased the number
of minerals to about 1500. When the earliest single-celled organisms
appeared about 3.8 billion years ago, things began to change. We have
already seen that photosynthesis by blue-green bacteria, other single-celled
microbes and the first primitive plants increased atmospheric oxygen
dramatically. Although this intense oxygenation that occurred between 2.5
to 1.9 billion years ago was toxic to many organisms (and perhaps caused
the extinction of many early life forms), it also led to the formation of new
minerals which created niches for life forms to evolve differently. In an
oxygen-rich environment, the chemical processes of oxidation (that is either
the addition of an oxygen atom or the removal of a hydrogen atom) and
weathering created several new varieties of metal-rich minerals.
Approximately half of the 4300 known mineral species were created as a
direct result of oxidation and weathering. While the origins of life may have
been dependent on certain minerals, certain minerals too were formed only
because life enabled their creation. Two copper minerals—the beautiful
blue azurite and the intense green malachite—often found lumped together,
were formed in oxygen-rich environments. They cannot occur in an



environment that is devoid of oxygen. It is sometimes even possible for
scientists to estimate when certain minerals were formed based on how
much oxygen is required for their formation and at what time Earth
contained that much oxygen in its atmosphere. When hard-bodied marine
animals like corals evolved (around 2 to 1.7 billion years ago), they too
began combining calcium with carbonates, silicates and phosphates that
were floating freely in water to construct reefs. This started to litter the sea
floor and the vast accumulation of shell and coral got pressed together into
minerals like calcite and aragonite. Early marine plants also played their
part by decaying and providing the compounds for organic minerals that
make up rocks like coal or black shale. When exposed to water, air and
varying temperatures, these compounds created many more varieties of
mineral and ores.
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The first plants and animals that emerged after the Big Freeze began to
rework the soil and sediments. Burrowing creatures and microbial mats
played an influential role in changing the texture of sediments, mixing and
creating new types soils and minerals. Scientists call this process
‘bioturbation’. In places where there was sufficient moisture, intense
microbial activity began. A succession of microbes grew one on top of
another, and one layer replaced another microbial mat. This led to a lot of
organic matter being buried and eventually so much of it was accumulated
under the soil that it began to decompose and release gases from below.
These gases formed doughnut-shaped domes that can be seen alongside
microbial mats and worm tracks in the Muth Valley and along the Pin river
in Spiti, Himachal Pradesh.

Although some fossilized burrows of worms can be found along the
Vindhyan range, in parts of southern Dharwar and the sandstones of
western Rajasthan we see an explosion in the number and variety of
burrows from 565 to 542 million years ago, which suggests that the
varieties of worms had increased manifold during this period. When plants
first established themselves on land 445 million years ago, they produced
acids around their roots that converted minerals of volcanic origin, such as
mica, feldspar and pyroxene, into clay minerals which ultimately formed
rich soils. (This is one reason why volcanic islands like the Andaman
Islands, Hawaii and Indonesia are so verdant). The action of heat, rain and
the first burrowing animals and early plants helped soils to attain the form
in which we know them today—the substrate upon which all life depends.

About 700 million years ago, more sophisticated oxygen-producers like
the photosynthetic microbes, multicellular organisms and early plants began
to dominate and the stromatolites’ role in producing oxygen diminished.
However, their successful strategy of aggregating together and living as
colonies was adopted by the first multicellular animals like sponges as well.
Every cell in a sponge is exactly similar to the other and they feed simply
by letting water pass through their bodies and filtering out small organisms.
If any part breaks or any cell disintegrates, they add more cells around them
and form another independent colony.

But why did single-celled creatures turn more complex? The answer to
this lies in their genetic make-up. For nearly 3 billion years (from 3.8
billion to 900 million years ago) single-celled organisms ruled the land and
seas. The addition of more oxygen and the creation of new minerals



triggered the evolution of new metabolic pathways in organisms. It was
during this period that the powerhouse of every complex cell, the
mitochondria, the largest proton pump producing energy inside a cell,
evolved—which, in turn, led to a rapid increase in the number of
multicellular animals, a process biologists call ‘radiation’. The most
accepted theory of how the mitochondrion was created is that one powerful
cell engulfed and ‘enslaved’ another cell to provide it with energy and in
exchange it received nutrients. Their mitochondria powered these cells to
evolve rapidly into newer varieties. Two major forces drove evolution at
this time: random mutations of genetic material which could become stable
species on their own over a few generations (known as ‘vertical evolution”)
and the mixture of genetic material between newly evolving types (known
as ‘horizontal evolution’). Imagine this vertical and horizontal process as
the twisting of a Rubik’s cube. With each twist and turn, new combinations
of life forms are created; each slightly different from the other, quite like
how the minerals were created. With the mitochondria in place inside their
cells, some organisms began to team up and divided the labour of everyday
work which helped them move, eat and digest food more efficiently. This
created the first multicellular forms of life among organisms. While the first
Ice Age was manipulated by cyanobacteria, which helped jump-start
multicellular life, it was the intermittent episodes of the second (the
Snowball event) that triggered an explosion of life.

The first multicellular creatures were a simple aggregation of a few types
of cells (as opposed to complex fungi and plants that have between ten to
fifty types of different cells, and animals which evolved much later and
possess a few hundred to a few thousand different cell types). As
multicellular life in the seas became more complex, organisms developed a
distinct head, mouth, body and digestive system, and were able to attach
themselves to sea floors and feed on floating organic matter. A few could
even move and swim. These soft-bodied animals were the ancestors of
molluscs and other burrowing animals that live on the sea floor today. The
impressions of large multicellular jellyfish-shaped and yet relatively simple
animals can be seen in the sandstones around Bikaner, Jodhpur and Nagaur
in Rajasthan. You can also find these in old rocks that are exposed in the
lower hills between Mussoorie and Nainital (called the ‘Kroll formation”).
Gradually, a few multicellular life forms began to diversify their cells and
some began to form tissues which could perform more sophisticated tasks.



This period is called the Ediacaran (580 to 542 million years ago, just as the
Snowball Earth was beginning to wane), and is named after the first fossil
impressions that were found in hills of this name outside Adelaide in
Australia. In India, we find similar fossils in Dulmera (Lat: 28°47'N, Long:
73°65'E) near Bikaner. The Ediacaran period ended with a minor Ice Age
and afterwards the world thawed, it created another opportunity for the
evolution of newer types of organisms with greater complexity.
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Around 570 million years ago, a few early enterprising organisms
developed a new reproductive strategy—sex! Sex opened up a plethora of
possibilities. It enabled a greater exchange of genetic material, creating
opportunities for its mixing and causing the emergence of newer varieties of
complex multicellular organisms at great speed. The occasional errors in
translation would result in individuals that were different from their parents



and lead to the creation of new life forms. Animal life erupted and
diversified into a kaleidoscope of forms in what paleontologists call the
‘Cambrian Explosion’. As a rule of thumb, life forms that use more oxygen
are capable of producing more complex and larger proteins. This often
translates into the development of new structures which help these life
forms exploit their environment in novel ways. One such important
evolutionary leap was movement. Among the first creatures to develop this
talent were the & Q L G D(brlcd2léh¥érates). Most members of this family
(like the sea anemone and coral) are attached to rocks on the sea floor while
others like comb jellies and jelly fish are free-moving. They evolved to
become thin, pin-shaped worm-like creatures with no arms or legs that
wriggled on the bottom of the sea floor. Delicate hair-like trails created by
such worms were preserved in the soft sand and can be seen on rocks in
places like central Karnataka, along the Vindhyan range and in western
Rajasthan.



7KH NLOFRDQVUHQ ULYHU RULJLQDWHY LQ WKH .DLPXI
ILQGK\DV ,RXFKWQ WRD]LQJ YDULHW\ RI IRUPDWLRQV O
GLVWULFW RI 0D G K\DRXUPIEM VK 12 HRFHNWDIOQVWR G H \S R DHBH
WRFN LQ HMRXQIRWY D FRRNHBFRDOFQ R A G IGFROBPLWH ZKLF
\HDUV ROG ,W OLHV RYHU D OD\HU RI VODW\ VKDOH ZK
LP SV VLR QV HIWHMHWD7 K HRFINQINVUT XDUW]LWH RRKL MID RE WAL
DERXW WR PLOOLRQRMDDW R\CKG! ERWWEBHP LWL J K WVRI
PLOOLRROGDUDQLWH DQG EHORR LAY QVFWEKIHV B 8 WSZXUW F K
ROG

This organism had three important characteristics that enabled it to move
successfully. The first was the presence of a head that allowed it to direct
itself, the second was a body plan, and the third was bilateral symmetry. It
is these three characteristics that would also enable future animals to move
successfully.

Bilateral symmetry was a critical development and was triggered by a
gene called the + R gene (shortened from Greek K R P H, R¥dhlinkg
‘similar’) that even the most evolved animals have in their DNA. Without
the + R gene no animal more complex than a worm can live, reproduce or
survive. The symmetry of the first worm-like creature was governed by a
symmetrical nervous system, which comprised a knot of nerves at one end
that extended along the length of the body. This knot of nerves was a
precursor to the earliest brain. The first worm-like creature had another
simple but remarkable sensory organ—a primitive eye. The eye was



capable of differentiating between light and darkness and therefore could
move towards or away from a source of light. Gradually, some worms also
began to develop thousands of microscopic hair-like structures called ‘cilia’
under their bellies, which would beat in a wave-like motion that helped
them move more efficiently in water. In some worms, these cilia fused
together to form a thin membrane that helped them glide through water.
When minerals like calcium, silica and phosphate were released due to the
melting of the glaciers, complex multicellular animals used these to develop
a new hardened external skeleton made of a protein called ‘chitin’. To help
them move, they also developed jointed limbs, and their bodies were
divided into segments or sections. These segmented worms that had
evolved from soft-bodied marine ancestors became the first arthropods
(from Greek D U Wj#int; - S R GfBoYj, the ancestors to insects (Latin for
‘cut into section’), the myriapods (or myriad feet, like millipedes and
centipedes), arachnids (Greek for spider; also includes scorpions and ticks
among others) and the crustaceans (like crabs and lobsters). It was from this
period that the design of almost all higher organisms—from sea slugs to
anemones, from centipedes to crabs—was decided. All higher organisms
(with very few exceptions) from this time on would have a mouth on their
head, a thorax, an abdomen and limbs. This again was the handiwork of the
master gene, + R [

Nature works as a tinkerer. It innovates with the materials it has in its
surroundings, and works towards achieving maximum results with minimal
effort. The + R $enes turns on and off during growth. Special proteins that
bind to these genes act as switches controlling them. Small variations in the
switching off and on mechanism can cause different regions, segments and
appendages to assume dramatically different forms, which is one reason
why we see such a fantastic variety of insects!

This is the crucial bit. We know that all information of life is contained in
its DNA (the master molecule or the hardware) and its genes (the software).
DNA gets packed in together with other genetic material in what is called a
chromosome. Genetic material like DNA exists so that these creatures can
go forth and proliferate. In an average human, adult or child, there are more
than 3.2 billion letters of coding. If you were to take out just one strand of
DNA from a single cell it would stretch as long as six yards, about the
length of the average sari. Now think of the several billion trillion
combinations of genetic code, each with the capability of doing something



different inside or outside your body! It is these combinations of genes
working in tandem or individually which make each life form unique with
several possibilities, unlike, say, a fruitfly (with a little less than 16,000
genes). Of course, we cannot switch on or switch off our genes on our own
volition, and that’s where the master gene + R domes into play. Until about
a decade ago, scientists believed that we humans were made up of at least
100,000 genes. Geneticists inferred this by studying fruitflies and other lab
animals but they were wrong. In 2004, the Human Genome Project left the
most chauvinistic among us crestfallen when it reported that we were made
of less than 30,000 genes, the same as mice, and the same number of
chromosomes as the grass in your lawn, fewer chromosomes than even a
salamander swimming lazily in a frigid pond, a couple of hundred times
less than the rose bush or the fern that is growing in your garden. But here
is the good news. Our genes have several repeated sections or duplications
which, some scientists believe, act like a kind of backup in case some genes
get damaged. Creatures with long but distinct genes with no repeats perhaps
may not recover from an environmental assault (say a dose of radiation) and
may therefore be more prone to becoming extinct.

Coming back to our story of insects in the seas, predation probably
provided a strong incentive for animals to get bigger and become more
complicated. Many animals began developing new body plans including
mouthparts, armours and arms. It was an ecological arms race in size and
complexity: bigger predators had an advantage in catching prey, while
larger prey could more easily avoid being eaten. The need to escape or repel
predators in turn probably inspired the first scales, spines and body armour,
as well as some of the bizarre body plans.

During the Cambrian Explosion (or radiation as some scientists prefer to
call it) the sea was teeming with crustaceans and insects with heavy armour
and weapons and the increasing threat from predators in water forced some
creatures to seek refuge outside, making the arrival of the first animals on
land imminent.

The first animals that ventured on land came primarily to lay eggs on the
margins of beaches, out of reach of sea-dwelling predators. Many sea
creatures like sea scorpions and crabs, adopted a unique strategy. To ensure
that their progeny survived hostile seas, males and females of a species
came up to the surface to mate. The males probably returned to deep waters
after the act to fight their sea wars while the females stayed back in the



shallow waters close to the margin and deposited their fertilized eggs in the
moist sand around the water’s edge before returning to the sea. The larvae
and the young meanwhile remained in the spawning grounds till they
matured, venturing into deeper water only after they had reached adulthood.
As more oxygen became available in the air, animals were able to stay
longer on land and venture further out. About 430 million years ago,
arthropods spent more time out on land not only to breed but increasingly to
feed as well. They evolved lungs which are pressed like pages of a book
(called ‘book lungs’) while others developed tubes (or trachea) which
connected the body cavity to the external environment to enable their blood
(called heemolymph) to rapidly exchange oxygen on land as well. Many
evolved complex mouthparts to feed on plants or on each other. Perhaps the
most bizarre and interesting creature to adopt this strategy was a type of
armoured crab called the trilobite that flourished on the sea floor. Trilobites
have three lobes (hence their name), heads that bear eyes, a flexible neck
region (the thorax) and a long array of segments that leads to a tail.
Trilobites found in India resembled a modern woodlouse, only they were a
thousand times bigger and, of course, completely aquatic. To see fossils of
this sea creature in India you need to go to very unlikely places that today
are far away from the seas: 5500 metres above sea level in Zanskar in
Himachal Pradesh, or in abandoned limestone quarries near the Mussoorie
Hills or to the rocks around the desert city of Jaisalmer. The rocks in these
places were under water until relatively recently. Trilobites appeared rather
suddenly in the fossil record about 525 million years ago, and rapidly
became abundant and varied. More than 20,000 distinct species of trilobites
have been catalogued, and these vary in size, shape and complexity. In
Utah, USA, some trilobites that have been unearthed were as large as a
Frisbee, many more were the size of modern crabs, and yet others were
smaller than a pea. The ones we find around Mussoorie are about the size of
a grain of daal (lentil) to chana (horsegram). Trilobites that occupied every
part of the sea, from its deep floor to the shallow seas near the beaches, also
varied in their shapes. Some were spiny with bizarre appendages while
others, like those found in India, were relatively simple and, as I have
mentioned before, almost like the woodlice found under flower pots or in
humid garden soil. Many had complex eyes which they used to catch
smaller prey, others were blind and perhaps lived at the bottom of the seas
and therefore did not need eyes in the deep gloom. Trilobites eventually



died out about 270 and 252 million years ago, during the greatest extinction
ever known which wiped out nearly 95 per cent of all species in the seas.
There has been no evidence found to suggest that trilobites ever took to
fresh water. Had they done so perhaps they or their descendants would have
been alive today.

Some other creatures who evolved alongside the trilobites are still with
us. Travel to the Muth Valley in Spiti, Himachal Pradesh, and you will see
signs of the arrival of life on land in India. There are fascinating
impressions of tracks of a many-legged arthropod, perhaps a centipede, and
several other creatures that criss-crossed the land and left telltale signs of
their passage. The size of the tracks of these pioneers on land suggests that
these creatures were very large, perhaps as large as a man’s cycle or even a
mid-sized car.

"'XULQJ WKHLU RLO® LROWKIBD WV WDV WG LYOLRBAXVHY/OK MY |
VHD IORRU&VEHODWWRRY BSHRWWRP IHHGHUVG6R@E MFEXWHNOIHHE
IOR®MUIHZ GDUWHG RIl LQ VKRUW EXUVWYV DQG RWKHUYV
VKRUWGOG\VEKHHBW '\LQJ DERXW PLOOLRQRM DUWKWH DIRD Q@
OLPHVWRQH TXDUULHV WKDW OLH EHWZHHQ 'HKUDGXQ C



We know that animals started venturing on land about 540 million years
ago but we do not know which was the first to come ashore and take to the
land. It is likely that several animals tested life out of water before some
claimed their share of land. An organism that has been found in rotting
wood and leaf litter in the undergrowth of the beautiful, moist and dense
tree fern forests of northern Arunachal Pradesh is similar to or perhaps even
the same as one of the earliest animals that made land their home. It is a
predator like none other in its size. It resembles an elongated caterpillar,
adorned in a colourful orange, pink or red velvet coat and is aptly called the
‘velvet worm’. It is about 2-5 inches long with fourteen to twenty pairs of
legs. This hunter uses a lasso of sticky goo that it fires from special glands
on its forked head to capture insects or small worms. The enzymes in the
goo dissolve the prey so that it is half-digested even before it is eaten. This
former sea-dweller gives birth to live young. Molecular studies of velvet
worms reveal that they share a common ancestor with arthropods and are
even older than trilobites, sea scorpions and horseshoe crabs. Sadly these
beautiful creatures have hardly been studied in India and we don’t know
how many different species exist in the country. The only record of the
existence of the velvet worm in India comes from the documents of an
expedition made in 1911-12 in the Dihang Valley that lies at an altitude of
350 to 750 metres in Arunachal Pradesh. Since then, as far as I know, no
serious attempts have been made to look for and study this amazing little
creature.
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Another potential pioneer on land could have been the humble
earthworm. One particular species found in India was definitely among the
early colonizers. It is a relatively large earthworm, '"UD ZL G D JwhRIQ
can grow up to about fifty centimetres long (or about the diameter of a
family-sized pizza) and is found in deep burrows in the forests around
Mysuru. What makes this earthworm unique is that, unlike other
earthwormes, it lacks dorsal pores or openings on its back to regulate the
release of water. This absence of dorsal pores is seen in primitive marine
worms. Since 'U D Z UiGePexclusively on land, the absence of its pores
suggests it made the transition from sea to land and was possibly among the
first creatures to make land its home.
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Leaving the water and moving to land was a giant leap for all animal life
on Earth, and over the course of the next several million years (542 to 475
million years ago), many animals moved back and forth between land and
water and almost all major evolution took place at the water’s edge.

Even before the first arthropods had escaped the increasingly hostile
water and ventured on to land, early plants had already made landfall.
During the initial years, plant life, like animals before them, had remained
in water, but scientists have found signs of early plant life on land in places
where water met land. Most scientists agree that algal mats from the sea
floor were among the first to venture out and survive alternating dry and
wet conditions on land. Plants adopted a similar strategy of spreading along
the ground like the algae which protected them from the harsh sun and
desiccation. They developed hair-like roots that began to penetrate deeper
into the soil to seek nutrients. Some tissues shot up vertically and developed



into the first stems and leaves. These first plants that colonized the margins
of water almost 440 million years ago were no more than a few centimetres
high. They lacked sophisticated vascular tissue to conduct water and
minerals, and the transfer of nutrients took place through osmosis where
nutrients moved from cell to cell, crossing the thin membranes of the cell
wall due to differences in pressure. These plants had no leaves, flowers or
buds, and they reproduced using vegetative means, through spores, or
simply broke into smaller pieces each of which would take root and become
another individual plant.

While plants were still inconspicuous on land and animals had not even
begun to venture out of the water, one unlikely organism began to dominate
the landscape. These were enormous fungi like 3 B W R Wiich NddH V
massive fruiting bodies that stood more than 8 metres tall. It was the largest
land organism around 570 to 530 million years ago which, along with other
fungi, formed fungal forests along margins of water, and towered over the
low, carpet-like mossy vegetation. In India, a large disc-shaped organism
called $V S L Gaich@ved around 560 million years ago, has been found
in Jodhpur. These fungi had hair-like structures at their base which helped
them anchor themselves firmly in moist soil. However, not much is known
about the lifecycle and behaviour of $V S L Grid @HerBungi like it.
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There’s a lot more to fungi than meets the eye. They are enigmatic,
almost misfits in the order of life. Taxonomists (scientists who classify all
things living or having lived in the past, and have a penchant for naming
things in dead languages like Latin or ancient Greek!) therefore accorded
them with a place of their own, an independent kingdom as it were, and
called them | X QOdtin for mushroom). Fungi are not considered to be
plants since they lack chlorophyll, nor are they animals, since they do not
have complex cell structures. They are a bit like bacteria and mostly rely on
dead matter to survive and reproduce. They can grow in the absence of
oxygen, and they help decompose leaf litter and feed on dead and decaying
organic matter on the forest floor. They also produce strong acids that have
the ability to dissolve minerals from rocks like iron, silica and magnesium



and speed up the process of soil-making. Some fungi that had colonized the
land at the time when plants appeared also developed the ability to cause
disease in plants, insects and eventually animals that evolved later. Others
penetrated the soil and developed close partnerships with roots of plants
creating new chemical cycles, many of which are still only partly
understood by science. Strangely, the cell walls of fungi contain chitin, the
identical chemical that makes the external skeleton of insects and
crustaceans. Again, science has few answers as to why such completely
diverse creatures like fungi and insects should share this unique chemical
compound. However, we do know with some degree of certainty that fungi
originated in the sea and were among the earliest creatures to appear on
land.

When plants started arriving on land around 440 to 420 million years
ago, fungi began a massive turf battle with them. Plants had also evolved in
water and had begun to come to the edges of the land to seek more sunlight
and to be closer to the rich nutrients that were being washed in from land.
The first plants (like & R R N Y ¥e€@ mbxss-like in stature and grew in the
shadow of the fungi on land. They were at first out-competed by fungi and
algae. However, over the next 10 million years or so, plants evolved the
ability to produce something wonderful that helped them beat the fungi.
This was lignin (Latin for wood), a molecule that was both strong and
flexible; a material that could support a lot of weight, yet bend in the wind
without breaking. The first plants which synthesized lignin helped their
shoots to grow erect and supported the transportation and storage of
nutrients and water more efficiently. This gave them an edge over the fungi
and soon they began to beat back the fungi. However, the newly dominant
plants also competed with one another for sunlight and nutrients. Around
380 million years ago, plants developed a new structure, the leaf, which
helped capture more carbon and release more oxygen in the atmosphere.
Plants were also more suited to survive drier conditions, while fungi
withered away in dry and cold environments. At first, shrub-like forests of
primitive plants made up of horsetails and ferns evolved. Most plants had
developed true roots and leaves, and some plants gained fibrous bulk which
gave them the strength to penetrate deeper into the soil and grow tall and
become more like the trees we see today. But lignin also had a downside: it
is hard to chew, swallow and digest, and, even in that environment, it was
slow to degrade. Termites and other organic munchers of today had not yet



evolved and it would be nearly 100 million years before lignin would face
any real threat. The humble fungi and bacteria evolved a set of new
enzymes to digest lignin, but it took them another 20 million years to do
this. In the meantime, shrubs and the first trees kept growing and many of
these got buried and remained preserved in the silt and sediments. Tree
fossils from varying periods of time can be seen all across India—from near
Jaisalmer in Rajasthan to Bankura in West Bengal to Ariyalur in southern
Tamil Nadu. Though tree fossils closely resemble the rocks around them in
colour, if you look closely, you will be able to see the bark and sometimes
even the tree rings on the cross section.

One of the earliest surviving plants from these times in India can be
commonly seen along the roadside in the hills around Darjeeling and
Sikkim. This is the tree fern, a fern which resembles a palm and grows in
the understorey of the moist hill forests of northeast India. Tree ferns
emerged around 320 million years ago and their stems were made of true
wood.

Just like in the sea, where several sea creatures exploded on to the scene
almost simultaneously, the arrival of plants was also pretty explosive and
caused a green revolution on an otherwise brown and mostly bare land.
Another interesting plant from these times is the cycad which emerged
around 350 million years ago. Cycads are easily confused with palms but
they are different. They have no flowers or fruit, and their male and female
reproductive parts are located on separate plants. Cycads are found across
moist regions of India and in recent years a handful of new species of these
primitive plants have been discovered in forest fragments of Odisha,
Andhra Pradesh and Karnataka.
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Oxygen was the key to the emergence of complex forms of life both at
the time of the Great Oxygenation Event and post the Snowball Event. It
was the abundance of oxygen that led to the proliferation of life but the
increase in the levels of oxygen meant a decrease in carbon dioxide. The
‘greening’ of the continents acted as a sink for carbon dioxide, causing a
reduction of its concentration in the air, gradually cooling the climate. The
furious growth of plants and trees raised the oxygen level. The level of
oxygen in the atmosphere when the first trees evolved was about 50 per
cent higher than it is today (about 21 per cent). This allowed early insects
that had made land their home, to grow much larger than they are today.
Dragonflies of that time were as big as eagles and millipedes were the size



of gharials! The early insects co-evolved as land plants diversified, thus
forging a relationship between plants and insects that endures till this day.

The drama and violence of Earth’s processes is central to the creation of
life because every time Earth experiences big changes, new opportunities
for life open up. Even small disturbances can cause extinctions of species
and sometimes lead to the collapse of entire ecosystems. It is hard to
believe that since life began nearly 3.8 billion years ago, 99 per cent of all
living things that have ever lived on Earth have become extinct. What we
see today is just a miniscule 1 per cent of all life that has ever lived on
Earth. In fact, it is almost a miracle that life continues to exist at all!

For the next few million years, the water’s edge would continue to be the
real scene of action and would set the scene for the next big stride in the
evolution of life—the rise of the first fish which would become ancestors to
all animals with backbones.



