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1. Fossils

[n order to understand how pcople found out about
dinesaurs, we must learn about the strangce stony bones
pcople found in the Earth.

Until about 200 years ago, most peoplc in Europc and
Amcrica kncw very littlec about ancient history. Most of
what they knew came from the Bible.

It scemed to peoplc who read the Bible that the Earth
was first fuormed about 6808 years ago Then. about
4,500 years ago, acoording te the Bible, therc was a huge
flood which destroyed cverything

After that, the Earth settled down to its present shape
and different nations were cstablished. About 3,008 years
ago, the kind of history began that wc know about firom
sources other than the Bible.

That was what almost cverybody thought untl the
cnd of the 1700s.

[l Earth was only in existeace for 6.008 years, we
wouldn't expect much change in the kind of living things
onit The pcoplc that live today look just about the same
as the statues the Greek people made 2,000 years ago.
They leek just about the samc as thce people in the
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pictures of the anciemt Egyptians 4,000 ycars ago.

The kind of animals described in ancient writings arc
like the animals that live todav—lions, clcphants, sheep,
goam, hawks, bees, and so on. The plants described in
the anciem writings are the same as modern plants.

But then somcthing came up that parily upset this
view of the Earth's having begun enly a fcw thousand
ycars ago. It was somcthing that at tirst did net seem
important at all—just some curieus vecky objecis that
were dug out of the carth every oncc in a while

Pcople havc always been digging in the earth. even
thousands of years ago. It is in thc carth that we find the
ores trom which we get useful metals

Sometimes. while digging, people camc across rocky
forms that leoked like bones or shells. But sometimes
they didw’t look likc the bones or shclls of any famihar
animals.

What could be donc about them? Thesc odd rocks
weren’t what the miners were leoking for. They just
tosscd them to ene side and went on with their digging.

The first persen 10 leok upen mining in a sc.entific way
was a German namcd Goorgius Agricola who lived 400
years age He spent mest of his life working in miies and
studying the mincrals dug out of the carth.

®ne book he wrete, which appeared in 1546.. was
called B¢ Nature Fossiliwn. 1his ts Latin and mcans
“About thc Nature of Bigging”. In this book. Agricela
called evcrything that was dug eut of the earth a “fossil”,
which comes from a Latin word mcaning *“to dig’".

Te Agricula, rocks of all kinds were l®ssils, ¢ ven these
odd rocks that looked like benes Since then, for some
rcason, peeple have stopped using the werd fossil excep?
when describing the odd rocks that looked like bones or
footprints or other traces lefi by animals oflong ago.

Anothct scientis1 who lived in the 15005 was a Swiss
named Konrad von Gesner. He wrote books in which he
tried to talk abeut and dcsciibe everything in nature.
Gesner was the first man te draw pictures of fossils.

Gesner didn't considcr lessils important, however Te
him, they werc just racks that happened to letm in such a
way that they leoked like bones. He included them only
because he included cverything

A bundred years later, an English naturalist, Jehn
Ray, went a step furthcr. He was alsointerested in plants
and animals and studicd all the plants he could find from
the time he was a bey. In 1660. hc published his first
book of plant descriptions and, for 48 years. he kept
writing more and more elaberate books on both plants
and animals.

He wasn't content just te describe them the way
Gesner did. Hc tricd 10 put diferent animals and plants
into groups. After all. some animals resemble other
animals, somec plants rescmble other plants. Lions,
tigers. and cats resemble each other. Foxes, wolves and
dogs resemble cach other Cattle, shecp. and goats all
have hooves and eal grass, and so resemble each other

Ray got used to studying the details of animals and
plants, since it was by litde details that he could decide
whcther some of them might be grouped together or not

When he studied fossils, he couldn’t believe they had
formed by accident and just bappencd to look like bones.
He was used e leocking at details and there were teo
many details in those bones that were the same as thosc
found in real bones. It was too much to expect it had just
happened.

In a beok he wrote in 1691, Ray said that ihe fessils
were all that were left of aniinals that had lived long aga
Hc was the fiistone 1o say that



Furthermore, even theugh the details of the fossils
showed that thcy had ence been benes, they were not
cxactly like the bones of animals that Ray knew. He
therefore concluded that the animals that had ence had
those bones were not quite like any animals that lived
1eday. The animals that those losails belonged 1e had all
dicd out. Fhey were “extinct”,

That was also possible according to the necions peeple
had in those days about ancient history. Supposc semce
animals hadn't suivived the great fleed. Maybe the
fossils represented animals that had died in the flood and
that was why Lhey were extinct.

Living at the same time as Ray, hewever, was a
Danish saeiist, Nicelaus Steno. Like Ray, he theught
the fessils were parts ol animals that had ence been alive.

He lound foussils, for instance, that looked cxactly like
the teeth of sharks The similarity was so exact that the
fessils just had 1e be shark’s tceth and nothing else

The fossil teeth were made out ef stone, theugh. That
mcant that the material in the original tecith was slowly
replaced, little by linde, by minerals as the teeth lay in
the water.

But this new view posed a probiem. I the stony [ossils
had once been bones or teeth er shells, and if the stene
bad formed little by little, that must have 1aken time. It
must have taken a fet of 1ime Benes that have lainin the
ground for hundreds of ycars don’t cven begin to turn to
stonc. it might take millens of years tor this 1@ happen.

In that casc, then, how could thic stony tossils have
lormed if the Earth was only 6,000 years eold altegether?
There wasn't eneugh time lor [ossils to form. Ceuld it be
that the Earth was elder than that?

During the 1700s, a f:w scientists began te wender
whethee the Eazth might not be very old indecd. It
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wasn’t casy to come right eut and say that the Earth was
very old when the Biblc seemed 1o say it wasn’!

T he first person with the courage to advanec a scien-
tific theory abeut the age of the Earth was a French
nawralist, the Count de Buflen. In 1745, he suggested
that the planets might have been formed when the Sun
cellided with anether large body. Picces of matter were
knocked out of the Sun in the collisien and became the
planets.

How long would it take, Buffon wendered, for the
Earth (o ceol off, starting at the temperature of the Sun?
Hc calculated 1hat it weuld take 75,000 years. About
40,000 years ago. he decided, it became sool eneugh lor
.iving plants and animals 1e develep.

Many people were shocked at Buffen’s theery becausc
i1 didn’t agree wath the Bible. And yet even 40,000 ycars
of Ife was not eneugh to cxplain the fessils. Net nearly
enough. The Earth and 1he life en it would have to be
much older than that.
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2. Catastrophes?

Twenty vears alter Bullon, a Swiss naturalist, Charles
Bonnct, thought he saw a way out. He could explain Lthe
fessils. allow the Earth to be very old, and sull not go
aganst thc Bible

Suppose. he suggesiad, that the Earth had cxisted for a
long 1ime. During 1hat time. all kinds of living things
might have existed on in. Then therc would be some
teirible event, some catastrophe nr disaster, that would
destroy all 1he lile on Earth.

For a while, the Earth would remain dead, but the new
kinds of lile would ferm and again Earth would go on for
many thousands of years before some new huge caias-
trophe siruck and destroyed life again. There mighi have
bcen many such periods in the history ¢f the Earth.

The las1 disasicr, Bonnet thoughy, could have 1aken
place about 6,000 vears ago. All the living things on
Earth now, including human beings, would ooly have
cxisted since then. inthani case. che Bible would only dcal
with the last 6,088 years. The earlier periods of Earth’s
history would be ignored in the Bible.

Boonet thought 1hai the fessils were buried bits of
ancicm life that had existed in previous periods of
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Eanth’s history, belore the last catastrophe. @f course,
they could be very old. tens and hundreds of thousands
ol vears old, but thay had nothing 10 do with Biblical
history.

Bonnct's theory also explained the lace thay ahhough
fossil boncs resembled living bones, the resemblance
wasn't exact. Why no1? If the animals were [rom
previous periods, why shouidn't they be differeny from
these that live now?

A compleicly differemt theory was worked out by a
Scowtish scientist named James Huttoo. He was not
micrested 1n fossils. Fic was more inicrested in the
structure of 1the Earth itself.

He noticed therc werc certain changes taking place on
Earth even as he watched. The rivers carried small
quantnics of salt to the ocean, so that the ocean was
slowly getting saltier. Rivers also carried mud down 10
the osean. This mud scutled down at the bottom of the
riverbed and at 1he buontom of that part of the ocean near
the niver's mouth. As more and morc mud sctiled down.
i1 got pressed together and hardened into a kind of rock.

Another kind of rock was produced when volcanees
seni gut streams of molten lava Solid cock fonned when
the lava cooled. Gradually, such recks were built up imo
thick layers.

Rocks arc not only formed. they are broken up. All
kinds of rock are gradually broken into pieces by the
action of wind and running waicr. Thcy become particles
of sand and clay

Ail 1hese changes 1ake place vetz slowly. Yeu thick
laycrs of reck were once slowly built up out of mud or
lava. There arc very large quaniitics of sand aod clay
that were formed very slowly from rock For all that 10
happen frem such slow changes meant the Earth must be

v¢Er old.
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In 1785, Hutien published a book called Theors of the
Lerth in which he wrote about his views He said the
Earth must bbe so old that he could sce no sigas of its
beginning. What's merc, he saw no reasen for suppesing
there had heen any catastrophes. He bclieved that the
slow changes that were 1aking place in the present had
always taken place in the past, and just as slowly

By the end efthe 1780s. then, more and more scientists
were beroming osnvinced the Earth was very old. But
what kind of a history did it have? Was it tiil ot
catastrophes, as Bonnet suggested? Or was it a history ef
slow and steady change, as Hutton said?

I'or a while Hutton's theorics made ne impression and
it was Bounet's theory that was popular.

This was partly because Bonnet’s theoyy eould be
made 10 fit the Bible. In additien, though, there were
other argumemnts

Have you ever passed a place where the side of a hill
had been cut away so that a motorway can be built? Ifso,
you may have noticod that the reck fhyrms diflerent
layers.

"The first person who described these layers was Steno.
who found the shark iceth jossils. About 1670, he was
calling these layers of rock ‘‘strata™. which is the Latin
word for “laycrs’.

Nothing much was thought about the strata of rock for
over a hundred years alier Steno had given them the
aname. Then, in 1793, an Englishman, William Sinith,
was pul in chvarge of having eanals dug in the English
ceuntryside i

Many hills had 1e be cut into to let the water of the
canal Aow through. Smith began to notice the strata of
the expesed rock. as Stene had. Smith alse noticed that
the strata contained fossils. Furthermore, each layer had
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special kinds of lossils that were different from the lossils
that were found in other layers.

Smith fellewed the strata and found that they often
centinucd for long distances. They might be bent and
brokeo here and there In some places, they might even
disappear because the action of wind and water had
gradually worn them away Then io another place,
several kilometres away, the strata would show up
again. There they would be, i nthe same order; and eaeh
of the strata with its particular kind of fessils.

All 1his material appearcd in 18]6 1n a book Smith
published called The Geologioel Mop of Englond

It could be argued that the strata showed that
Bonnet's theory of catastrophes was correct. Each layer
was composcd of mud that settled 10 the bottom of
lakes or rivers and was squeezed down and hardencd
into rock. Maybe each layer was the result of millions ef
years of mud-scitling. Then a catastrophe would come
along and evervihing would start all over again. There
would be a new layer (ormed of a different kind of mud,
and each layer would nawrally leok a litle diflerent
from the others.

Then, toc. if there were different lorms of life in each of
the times between catastrophes, you would expeci to find
different fossils in each layer. You could identify a layer
by the fossils it contained. Smith’s discoveries would
then make sense



Rock strata farmatiang

a Upthrusl from below buckles the rock strasa

b Top wom aw3y by erosion to ieveal different strata

¢ Fault

d Top wom away to show new pattem of strala




3. Evolution

What do we mean when we say that some jossils arc
diflcrent from otheis? The dilferences can be very small
indced. Bef orc we can be surc about thesc differenees, it
1s 1mmpeitant to siudy living creaiures in great desail
Then we can scc how onc plant or animal is dillcrcm
(rem another. We can see where theie are swiall difler-
caoces and where there arc large oncs. Af'ter that, we can
study the fossils and see how they (it into the scheme.

A beginoing was made by a Swedish naturalise,
Carelus Linnaeus. [n 17351 he published a book in which
hc listcd all the plants and ammals he was ablc to study.
He described them earefully and placed themin groups.

Each kind of plant or animal is a *“spccics™. Linnacus
plased species that vesembled each ether closely into a
group called a “‘genus™ He gave cvary plaot er animal
two Latin names, the first lor its genus. the second [or its
species.

Loos, tigers and cats are dilferent species, but they are
similar They are all pari of the geous felis, which is a
{.atin word for “cat”. Umnacus callcd the lien felis feo,
the tiger Felis tigris, and the cai Felis domedticus.

Just naming the species meant that cach species had te
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be studicd very carefully, so it ceuld be put into the right
genus.

Larger and larger greups could alse be worked out.
For cxample, all the species that have hair and are
warm-blesded a1e “mammals”. Yeu and | arc mam-
mals. Spccics that have [eathers and are warm-bleeded
are “birds"”. Species that arc covercd with scales and
brcathe air arc “reptiles’™. Species that are covered with
scales and breathe water are “fish™.

- Mammals, birds, rcptiles, and fish are similar in that
thcy all have bones inside them. They arc groupcd
together as '‘vertcbrates™.

Linnaeus's systcm of placing specics inte larger and
larger groups was impreved by French bislogist,
Georges Cuvier. Cuvier spccialiscd in anatemy; in study-
ing the shapcs and forms of the bones and organs in a
living animal. He used all thc dctails jo helping bim
group thc spccics.

Bcginning in the 1798, Cuvicr showed thas differean
animals had characterisiics that went aleag with each
other. For example, herns and heeves weni 1egether with
plantcating No mcateating animal had horns or
heoves. Meat-eaiing animals had ccrtain kinds ef tecth
that plant-cating animals didn’t have. Cuvier discovered
onc could tell a great deal abeut an animal from just a
small part of its body; cven ftom onc tooth sometinses.

Cuvier divided plants and animals inte very large
groups, cach of which hc called a “pbylum™. For inst
anee, every amimal that has a netechord, a rod ef cels
that forms the supperting axis of the body, is a member
of a phylum callcd Cherdata. Any vertchrate such as a
human being. an elephant. a snake. a frog, or a codlish is
a membcr of this phylum. (Thc cmbryes of vcrtebrates
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have netocherds which laicr beceme the spinal column.)

A buttcrfty, a spider, a lobster, and a centipede are all
membcers of anether phylum called Arthrepoda, and
seeon.

@®nce Cuvier had his system werked out, he ceuld
apply il te fessils He soen feund eut that the fossils werce
oot cemplciely different fiem living species

Every tossil he studied turned eut te belong te enc
phylum er another of those that exist today. There were
fossils which were chordates, just as much cherdatcs as
vou and [ are @ther (ossils were arthrepeds, and se nn.

@ course, there were differences. A fossil might be a
chordate yet net be exactly likc a cherdate alive today.

Cuvier found nut something else about the fossils that
wcrc located in the various strata ef rock.

Suppese that veu cut inte a hillside at a ccrtain place
and lound 3 strata, onc 0o 1ep of the ether. Nauwuratly,
you would expect the one at the butiom te be the eldest.
1t ;ormed frst, then another lormed en wp ot it, and
anetheron top ef that. The ene nearest the surfce weuld
be the youngest. This meant the firther dewn the sirata
you found a tossil, the elder it had to be.

Fach one of 1he swata had its own kinds eof tossils and
Cuvier found that the fossils in the 1op one were the most
similar 10 the kind of animals living today. The further
down the strata he leoked, the more ditlerent the l®ssils
wcre frem living animals.

[1 was as theugh many milliens el ycars ago, when the
oldest strata wcere forming, living things wcre quite
diferent fmm what they are new. There were slow
changes with time so that animals and plants became
mere and more like present day ones. By the time the
ropmest laycr was iormed, the animals and plants were
almest as they are teday.
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This slew chaige in the naturc of living species as time
passcs is alled ““cvelution™.

Even theugh Cuvier's findings madc it leok as if
cvolution might have taken place, Cuvier didn't believe
it had. Cuvier was sure that spesies didn't change. He
tcle, like Bennet, that there had been catastrophes, and
that after each catastrephe, new species lermed. Each
time new spccics formed, they would be more hke
medera lorms, but there weuld be 1w cemnectien
between ene set of specics and the next.

As merc and merc lussils were studied, however, it
became unlikely that a catastrophe had wiped out all life,
Altheugh dilcrent strata had different fossils for the mest
part. there were always a few of the same kind of jossils
that weuld appcar in dificrent strata. This meant that
these species lived e and became the ancestors of plants
and animals in the next age.

For that reason, seme scientists began e switch 1o
Hutton's vicws ef stow and steady change. The mest
tmportant of these was a Scotsman, Charles Lycll.

Betwcen 1830 and 1833, Lyell published 3 volumes of
a book called 7%e Principles of Geelogs, in which he
carefully ocollccted all evidence to show that catasirophes
did not take place. He produced reasens (or thinking that
life had always cxistcd on Earth ever since the aldest
fossils.

Lvell decided the eldest fossils were severat bundred
milliuo years old. {Cempare that with Buflen's figures of
40,000 ycars, lcss than a century before Lyeil ) His book
was se convincing that the netion ef catastrophes killing
all lifc every once in a while during Earth's history was
abandened.

Instead, from the 18365 on, penple began te accept the
idea that lifc had existed fer hundrcds of miltinns i»f years
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without ever being interrupted.

There had been scientists now and then, even in
ancient times, who had spcculated about evolution. The
person who proved it, however, was an English
natura:ist, Charles Robert Darwin.

In 1831, Darwin went #n a 3-year cruise around the
world and studied plants and animals everywhere he
went, He took the first volume of Lyell's beok with him
and read it with great imterest. In the course of the
voyage, he saw tor himselfevidcnec of the great age of the
Earth. He tound fessils that proved that animals were
dificrent in the past. He studicd island lif: and figured
out how spedes changed oitislands because they bocame
adapted to the special comditions on cach island. He
came to realisc that plants and animals on Earth were
once quite dif‘erent from thoscoltoday. They had slowly
changod as time went on and gradually began to look like
the ones we have around us. Finally, in 1859. he
published a book salled The Otigin of Species, in which he
carelully described all the evidence he could find.

Many pcople were shocked at Darwin and his beok
beesause they thought the wholce notion of evolutlion went
against the words of the Bible Parwin's book was so
carefully thoughtout, howewer, that cvolution came 10 be
accepted by scicntists.

More and more evidence in favour of it was collected.
Moxst of this cvidence came (rem fossils. so let’s go back
o them
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4. The ancient
animals

When Cuvier was working on fossils. he was known as
the great fessil expert. People who feund interesting
fessils often brought them to him

Fur instance, a huge fossil claw was brought 10 him
once. It had been found in America and there was a
fecling it might be the claw of a gilant lion now cxtinct.

Cuvier studicd the <taw careflilly and saw that it was
not like that of a lion, or of any meat-¢cating animal. In
lact, it was like the claw of a sloth. Sloths arc South
Amcrican animals that live in trees and feed on leaves
and wwigs. They hang upside down, holding on to
branches with their suong claws and move very slowly.

Cuvier decided that the claw he had belonged to a
giant sloth. He was right. @ther fessil finds showed that
in the Amcricas there were once sloths so large they
couldn’t hang from braiches Some were 6 metres long
and weiglted as much as an elephant Since animals that
latgc had 10 live on the ground they were calied ““ground
sloths™. Their scicntific name 1s #Megethertem. which
means “large beast™.
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Some e1her large fossil bonces were brought te Cuvier.
There were not just claws: there were other bones as
wcl.

Back in 1766, near the Meuse River in the Nctherlands
(a river callcd Mosa by the old Romans), therc was a
stonc quarry. People dug eul stencs for building uscs.
Whiist digging up rocks, somc of thc workers came upon
some jossi] bones.

Fortunatcly, somoonc in the nearby town knew about
fossils and gxxt them (rom the workers and saved them.
@thcr bones were feund, and, in 1 788, a huge skull was
located.

There was censiderable argument as 1 what kind of
an animal thosc bones represcntod. Eventually, in 1795,
the [essil benes were sent 1 Cuvier,

‘This was where the carchul study of detail came in. {t
is easy o tell a living mammal from a reptilc because a
mammal has hair and is warm-blooded, whilc a reptile
has scales and is celd-blesded. But suppose all you have
arc somc bones. Wcll, it turns out that mammalk and
reptiles have certain differences in their biines and an
cxpert can tell them apart,

From the arrangement of booes in the skull, Cuvicr
could scc at once that the fosuil frem the stone quarr.
was a reptile and not a mammal (lizards, snakes,
turtlcs, and alligators are examples of sepliles that are
alive today.) Cuvier decided the jossil skeleton was more
like that of a lizard than anything else.

The leg bones of this ancient bzard were shaped in
such a way that the legs must have been paddles. Lt vsas
a sea lizaid and it eveoiually received the namce of
Mosasaur, mcaniog “Mosa-lizard™'. It was quite a large
animal. Somc {ossils have been discevered that show the
mosassaur to be up Le 14 motres long, as large as a [irly
big whalc.
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Mosasaur

Cuvier had thus shewn that in past ages there had
lived beth giant mamanals and giant reptiles.

Naturally, people were excited by the thought that
once, leng ago. huge monsters had lived on the Earth.
Could it be that ages ago cave dwellers had to fight such
mensters? Was that where tales of giants. orgres, and
dragens came {rem?

Ne, net really. Lt turned out that such giant animals
came frem very ancient strata. They lived leng belere
there were any signs of human beings. By the time
human beiigs first appeared on Earth all these monsters
were gene,

Just the same way it may be that fossil bones found
by peeple in early times were what helped give them the
1dea that giants, orgees, and dragens ence existed.

It wasn't just the large size of the fessils that was
interesting, Cuvier heard of a particularly eld :0s;il that
was quite small. It had the usual lour legs of creatures
with bones. In this case, though, the forelegs scemed te
be very leng.

There were drawings of this fessil and, in 1812, Cuvier
studied them carefully. The bones and their arrangement
were just what you would expect in a reptile, but what
about these funny f[orelegs? At the end of cach of the
lerelegs were 1 sets of fingec bencs. Three of these
were small and erdinary, but the fiyurth and last set of
finger benes was longer than all the rest of the amm. It
was just the ene finger on each forearin that made it se
leny.

Why sheuid that onc finger be se long? It seemed to
Cuvier that the finger could enly be that long ifit had a
web of skin attached ze it. Such a thin stvetch of skin
weuld ke a wing In ether weids, the ancient repiile he
was studying had wings se it must have been able te ily.
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Cuvier called ita Pterodactid, meamng “‘wingfmger’.

Cuvier’s lind was a scosation. Alter all, there is ne
such thing as a flying reptile alive today.

The first lossil, studied by Cuvier, was not very large,
butin latcr vears the bones of much larger flying reptiles
were leund. The cntiregroup was called Pterosawrs svhich
means “wing lizards’’. T'he largest of these was the
Pieranodion.

Seme of these had wings which, if stretched out as tar
as possible, were 768 centimetrcs from end te cnd. T hese
were the largest llying amimals that ever bved.

The vear before Cuvier identified the pterodactyl, a
|12-vear.old girl, Maiy Anning, discovered a set of (essil
boncs ef a large animal in a cbiff near her home in
southcrn England. The fossil bones sirctched out ler 9

inctres.

The arrangement of the buynes was similar to that of a
tish. When the bones of the skull were studied closcly,
however, it turned out the animal wasn’t a fish but a sea
reptile. Cuvier helped draw that conclusion.

There arc rcptiles newadays such as sea turtles and
sca snakes Thereis oo reptilc that has a shapc like a fish,
however May Anning's fossii was namod an
Iekthyesawr, which means “fish lizard™.

In 1821, Mary Ansing (who made a profession of fessil
hunting} discevercd another sea reptile. This one had
longer paddles than the mesasaur had, and it alse had a
very long neck. It was called Plesvsaur, which means
“almost lizard’”. This is bceause it looked morc like a
reptile and less like a fish than thc ichthvosaur did.

Cuvier wasn’t always tight. Sometimes hce made
mistakes.

L
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ichthyosaur

In 1822, an English fossi] huntcr, Gideen Algcrnon
Mantell, came across some teeth and bonces which lesked
as theugh they bclonged to an animal abeui 6 metres
|.ng

He chipped a few teeth and benes sut of the reck and
sent thero to Cuvicr. Guvicrinspected them carefully and
deaded they were the semains of a large mammal. Hc
theught the tecth were the tecth of a rhineocres.

Maritell bad ne cheice bul te go aluog with Cuvicr,
whe was the great cxpert. But then a ceuple of vears
later, be came acrois teeth that bad comc from the jaws
of an iguana, a largc lizard that lives in desert areas of
North Amcrica.

The teeth were exactly like the teeth of his fossil,
cxcept thai the fossit 1ecth were much Jarger. This meant
that the fessil had te be a reptile. Martell called his fossil
an { guarodor macaning “‘iguana tooth”’. When Cuvier saw
the iguana teeth, he, tos, had te admut that Mantel] was
right.

The iguaneden, when it was alive, was like a huge,
heavy kangzroo, covered with scales, and much larger
than an elephant.

By the time the 1840s arnived, so many different fossil
reptiles bad been unesvcred that they could be divided
into diflercnt groups, according to the cxact arrangement
ef thc bones in their skulls, The ichthyesaurs belenged in
one group all by themselves. The plesiosaurs belonged in
anothcr group. The pterosaurs were in a third group.

There was nothing particularly frightcning about
these creaturcs. The ichthyesaurs and plesiesaurs were
sea creatures that ceuldn’t climb onto land. it theyv lived
today, they weuldn’tharm humans. The pterosaurs weree
Aying creaturcs, mestly smali, and prebably less
dangerous than eagles.

3l



2 P
w -1l

i =
IIIIII

32

Thete were. however, two groups of land reptiles, with
skufl bones like those of the pterosaurs, which were much
more fnghtcoing.. Some of them wcre the largest meat-
eating animals that ever hived on land. Compared te
them, lions arc kittens. Some ofihc plant-cating reptiles
wewe even larger. Though they wouldn't have eaten us il
wc hived then, they could easily have crushed us without
even noticing that therc was a lump under their lect.

Ln 1842, these two groups of enormous reptiles were
named dirosaurs, mcaning “terrible lizards™, by ao
English naturalist named Richard Qwen.

The very tirst of the dinosaurs to be discovered was the
'guanodon, and it was that one which Cuvier missed.
With all his remarkable discoverics, he cannot be given
aedil .or baving discoverced the first dinosaur, Tha
crcdit gBoes to Mantell.

33



3. The reptiles
develop

When 1Jacwin’s beck on cvolulien came out in 1859,
peeple becamc cven mere interested in the dinesaurs and
other extinct atnimals,

The dinesaurs weren’t just large and curious creatures
that had once lived and didn't live any more. They were
parLef a leng histoiy of developing and evolving lifs- Thc
Jossils of the giam reptilcs wert fouid In lewer and older
strata than the lossils ofgiam mammals. In fact, in the
places where many rcptile lossils ceuld be found, there
were no mammal jossils at all.

YVas it pessiblc that the repliles were the most imper-
tant living things on land at a ume when there svere ne
mammals? Did somc reptiles gradually evolve into mam-
mals? Were seme extinct rcpiiles our own ancesters?

Ever since Darwin’s time, fossil humers have been
working hard to find as many fossils as possible. They try
© (ind s exacdy hew sld the sitais are m which
particular fossils arc lound. They study the exact shape
and all the details of the fossil © find out what kind efa
plant or animal it was.

34

In this way, they gect an idea of how life evolved. They
Jearn how species very slewly changed over millions ef
vears from one form to another

Ia erder 1o study the history oflife. we must begin with
the oldest strata that have lossils. It wasn™t until 1907
thal scientists learned te work eut the age of these strata
bv the wav ccrain chemicals slowly changed in the rock..
They kneww how fast the chemicals changed and how
much change had taken place. From that they cuuld
calculate the age of 1he rock.

It wurned out that the oldest fassils were in rocks that
were 600 millien years eld. Even those eldesi fossils are
thc rcmams of qQuite complicated animals, hewever
There must have been many mere hundreds of million
of years of life before that. It's just that the very early
life had sefi bodies and lacked benes or shells that could
bre easily fossilised.

The oldest fessils that have been (ound are of diffierent
kinds of sea vreatures—many shellfish, for imstance. All
the phyla that exist 1eday', except ene, existed 600 million
ycars ago.

This one exceptiony is the chordate phylum. 1o which
the rcptiles and mammals belong. The first chordate
fossils appear in strata that are abeut 500 million years
old. By thc umc another hundrcd million ycars had
passcd, fish-like cherdates were common.

But even the chordates. when they first dev-eleped,
were all sea creatures. Until about 425 million years ago.
the land surface of the Earth had ne visible life on it.
There may have been bactena in the soil, but there were
no plants and no animals

There were living creatures in the oceans, theugh,
Wihen the 1ide went out, some werc trapped on dry land
tor a wchile. Slewly, thosc animak that could best
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withstand the diy pcried survived mere frequcontly and
rcproduced more young like themselves. Gradually, in
the course of millions of years. living thiags changed in
such ways that they were ablc to survive on dry land fer
lenger and longer peneds.

Plants began 0 Inec en the land, too. 'The small
animals that became adapted te dry land. such as
spidcrs, insects, and snails, could leed en the dryland
plants, and thcse populated the continents, too.

Chordates akso lound themselves trapped on dry land
when the tide went out. @r elsc they lived in small lakes
thatsomctimes dried up in het weacher. This meant that
thcy would have to flop overland te another Jake. The
cherdates that were best al this were certain fish with
strong fins, They could flop around én land, supperted
en those fi.ns

As millions of years passed, the fins developed inte
actual legs and the fish started to breathc air- They laid
eggs. however, that had ne pretection. These eggs had to
be laid m water or they would dry eut and dic- The litile
crcaturey that camc out of the eggs had t® continue living
in water until they becamc adulis. Then thcy devel.oped
lcgs and could come out on Jand.

Such animalk which live m water when yeung and
en land when grown, are called amphibians, meanng
“double lifc*. The best known amphibian alive today
is the frog [t lays its eggs in water. These batch out
into tadpoles which live in water. Finally, the tadpoles
develop lungs and legs and come onto land.

Abou t 350 millien years age. the largest hiving things
on land were amphibians. They weren't litde (ogs.
though. They were powerlul creatures that looked a little
like alligators. Seme were 3 or 4 metres long.

These amphibians had to live near water, however, so
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thcy could lay their eggs therc. When those cggs hatched,
the uny yeoung that came eut had to continue to live in
water and. wete quite hclpless and unprotected lor a
while.

‘Then anether changc took place. Some of the amphi-
bians were developing eggs that were better and better
protected. Some wcre laid with shells that kept water
inside so that the cggs weuld net dry up. They let awr
through s the developing young could brcathe.

This meant thc eggs could be laid on land. They ceuld
be placed in protected places where they might be safe.
The developing young could grow inside the egg tll 5t
filled it. By that time, it was grown enough to have legs
and lungs and to be able to live on land.

Animals with such cggs didn'chave 1@ veturn te water
to lay thera. They were the first repules.

Those first reptiles were small. Because they weren’t
confined to water, hewever, and becausc their cggs werce
kept sale, ¢hey multiplied quickly. They spread overland
to places the amphibians ceuld not reach. The reptiles
besame the mest impertant forms of life on land.
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6. The Age of the
dinosaurs

By 250 million years ago, the repiiles were all ever the
Jace of the land. Seme had even returned 10 the sca, like
the ichthyesaurs and plesiosaurs.

@®thers remained on land and by 250 million ycacs
ago, thosc reptiles wve call dinosaurs first develeped. By
200 million years ago, the dinesaurs had bcoome the
most common type of repiile They were divided into two
greups. @ne group had hipboncs a little ke those of
modern lizards and they were called Sourischians, meaning
“lizard hips™. The othcr had hipbones a litle like these
of modern birds and they were called OrntA:ischians,
meataing “‘bird hips™.

The carly dinosaurs were lizard-like animats that ran
00 their hindlegs. Thcy had long tails to balance the
forcpart of the body. The leielegs were small and
probably wcre used 10 clutch their food. Pesaibly ihvey
could ruo faster on twe legs and this gave them an
advantage in catching animals if they were meat eaters,
or getling away from animals chasing them if they were
plant eaters.
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Somc of the saurischian dinesaut:; grew into larger and
largey species until about 100 million ycars ago, when the
Tyrannesauius devcloped. Its name means “‘master
lizaed’". It looked semcthing likc a trecmendous kangaroo
From thc wop of its head te the tip ofits tail it was neatly
15 meues leng. Its head, which was 188 ccntimctres long
and armed with 13-contimetre tecth, was nearly 6 metees
above the greund. It was 1alter than a giraffe! It weighed
up to 12 tonnes and was larger than the largest elcphant!

‘Fhe tyrannosaurus and other dinosaurs like it are the
largest meat-eating animals that evcr lived on land.
Somc ol the saurischian dinosaurs were plant raters, aixd
plant eaters wvere usvally largcr than mcat caters. The
plant-cating d inosaurs grew se large they couldn’t sup:
port themsclves on two lcgs. They had to usc their
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foreiegs. tev, and the largest Gnes had to stav on all taurs
all the time They had huge. thick legs, like beams.

®ne of them was [Jipladeas. The name mcans ‘double
beam™ bccause that's what the forclegs and hindlegs
looked like. The diplodocus had a long, thin neck. with a
small head at the tep At the other end was a leng, thin
tail. Io between was a thick body and 4 thick lcgs. It was
up te 27 metses long from nose 10 1ail tip. and was the
longcst land animal that cver lived.

A similar dinisauvr was the Bruatesaurys, a name that
mecans ‘‘thunder lizard” Wbceause its footsteps may
have sounded like thundet It wasa’t as long as the
diplodocus, but it was stockier and heavier. It prebably
wcighod about 3@ 1onnes, threc times as much as the
largest elephant.
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The hecaviest of all was the Brackicasaxrus, er “arm

lizard™. It 1s called that becase its lorelegs arc particu-
larly long for a dinosaur. It hid a long neck and a rather
short tail. Jt was very stocky and weighed up te 50
tonncs, se that it was the hcavest land animal 1hat cver
li\'ccf.

These large dinosaurs are ike oncs people knew best.
When you scc a piciure of a dinosaur, it is very likely 10
bc that of the bromosaurus.

The fossil skclctens of thee really large dinosaurs
found 1n the 1870s were th¢ most cxciting dinesaur
discoveries made The persenwhe made these discever-
1cs wasan Amcrican jossil hunitr named Charles @thnicl
Marsh. He discovcrcd 80 ncw kinds of dinosaurs
altogciher. Another dinosaur finder of the timc was
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Edwin Brinker Cope. Marsh and Copc lought contin-
ually over who feund the bones of the dinosaur :firse

Somc of thc other group of dinosaurs, the ernithis-
chians. aise ran areund on their 2 hindlegs Thcy include
the iguanodens, fir instancc, which wcre thic frs
dinosaurs to be discovered.

®thcr members of this group suraved by devcloping
thick, bony platcs that were hard to bite through, as wcll
as spikes and horns with which te suike back. The best
known examples of this type were also found by Marsh.

Qnoc of rhesc is the 6-mctre-long Stegosarsas, a name
thay means ‘“‘roeflizard”. The reason it get thai namc is
that among its lessil bones were a number of Ilat bones.
At first \he lossil cxperts theught the flat bones were laid
dewn over the back ofthe animal like roof tiles to protect
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Stegosaurus
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1 ftotm its enemies. A more careful study of the deails ef
the boncs showed thait the flat boncs sieed up on end1n a
: double row on vach side of the backbone.

» The stcgosaurus also had long spikes at the end of its
1ail. [ was a plant cater, but with those bones on the
back and the spikes on its lashing tail, 1 must have been
hard for a mcai cater 10 geuneariy. None of the dinosaurs
had large brains. The stegosaurus had a parucularly
small onc. Though it was larger than an clephant, is
brain was no larger than thau of a kicten.

Anothcr armourcd dinosaur is the Triceratops, which
means ‘“‘threcshormn face’. It proteared itsell with its
head, since the skull had a huge. beny [rill 1hat extended
back over 1ts neck. Ovcer its eyes were 2 long horns, and
on the nose was a 1hird. 11 was up 1w 6 metves long. The
triccratops was a plani cater and lived at the same ume
as the 1yraonesaur. Eveo the great savage 1yrannosaut
probably scldom 1ackled a triccratops, however, or cven
got within reach of those horns.

The most thoroughly proicited dinosaur was the
Ank mosenr 5. which means “‘growing-together lizard™. It
1s called 1his becausc all the bony plates fitted wogetber 10
[erm a sohd armout over its back There were hugc
spikes on botrh sides of this back armour. The armour
and spikes weni right down the 1ail, and 1he end of 1\hc
tail was formed into a huge, bonyv club. The ankyle-
saurus was practically a hving 1ank.

Not all these dinosaurs hwod at the same tme, of
course, Some devcloped and continued (o exis\ for
several million years, then died out and became extinc\.
Binosaurs of other types then took their place. For
wnstance, the stegosaurus lived about 150 million years
ago. 11 did well for millions of years, bur then the
ankylosaur and the riceratops devclopcd. They wcere
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better pretectcd than the stegosaurus and had beuer
brains. I'he stegesaurus couldn’t cempete and died out.
Then, about 70 million ycars age. 2i! 1he dinosaurs
died. Nobody knows what happenod. There are many
thcorics. Perhaps the climate changed. Perhaps other
animals atc thc dinesaur eggs. Pcrhaps semething
happened that we haven’ gucssed yet. No one knows!
We de knew they all dicd. 'T'here is a laycr of sirata
that sall has lossits of the dinosaurs that dcveloped in the

Tniceratops
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last stages, like the 1yrannosaur and the wricerateps. The
layer above that has no dinesaur fessils at all. Not only
did 1hc dinosaurs disappcar, but also other large reptiles
such as 1he plesiosaurs and the ichthyosaurs. The winged
picrosaurs ako died, and somc impertant groups of
animals that weren't repules al all.

Why this happened is the biggest mystcry in the story
of evolutien.
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7. After the
dinosaur

®f course, net all the reptiles vanished. Some members
of the clasi to whach the two groups of dinosauss
belonged kept on living. The alligators and crocodiles of
1oday arc descended from them. Alligators and creco-
diles are net dinosaurs but they are the closest surviving
redatives ol the dinosaurs

The turtle tamily, which is aver1 older than the dino
saurs, cuntinued to survive, too. The snakes and lizards
also survived.

Then again, some of the reptiles changed during the
time when the dinosauis ruled the land. They stopped
being reptiles aliogethur

About 150 million years ago. some of the smaller
repliles developed scales that didn™t stick close to the
body, but spread out and became frayed. They besame
feathers In 1860, a fossil mark was found that leoked
Just as though it had been made by a feather The
discovercr was a German fessil hunter, Hermann von
Meyer. He called the animal that had owned the feather,
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Anchaw pteryz, meaning “‘ancient wing'.

Later that same ycar, a [ossil skelcton was lound with
more fcather markings in the stone. The lossil was ef a
bird, but it had somc reptilc characteristies. It had teeth
in its jaw, which no modern bird has. [t had claws
sticking outside the wing, like a ptcrodactyl. The tail was
likc that of a lizard instead of a bird.

This was a very important find. Many people who
objected 10 evoiution said, “'If somc lile-lorms change
into othcr life-forms, why don’t wet ever find any in which
the change has gone only hallway?™

The archacoptetyx was just such a find. It was about
halfivay between a 1epule and a bird. It had chaiacieris
tics of cach. I1 showced thatbirdsdceveloped from repules.
W'hea the dinosaurs and ether large repulcs dicd ofi,
many birds suivived, and from them have eome all the
moders birds.

Then, too, there werc some early reptiles that
developed teeth which were morc cemplicaicd than
thosc of most repiiles. Uheir 1ccth were like those of
mammals 10day. They developed other characteiistics
similar to thosc of modern mammals.

Seme of these reptiles {which were xe! dinesaurs, by
the way) had devcloped hair and beizame truc mammals.
Dunng ail the umc thc dinosaurs ruled the Earth,
mammals also exastcd, bul they were small and unimpor
tam animals then.

However, when the dinosaurs and the other reptiles all
dicd, the small mammals were among the animals that
survived

Without compettion frem the repiiles. they developed
in10 all kinds ofspecies. Some of them, like the megatlier
ium, which Cuvier had i1demified, were quite large.

The largest land mammal that ever bived was the
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Baluchitherium, meaning '‘beast frem Baluchistan”, since
that was where the fissil was found. It was a kind of
rhineccres thatlived absut 38 million ycars age The 10p
of its sheulder was abesut 550 cemimetrcs from Lhe
ground and it could raise its hcad (e a point 328
centimetres firom the ground. Tt weighed 20 1ennes, twice
as much as an clephant. Siill, it weighed less than ball as
much as the laigest dinesaur.

But many of the large mammals died eut, tee. Around
10 milléen years age, seme of thc smaller mammals (that
had develeped inte ape-like animals weie deing very
weil. From them. finally, apes and creatures like human
beings develeped. Theése are called Hominrids.

Over the last millien years, hemimids develeped into
species that leoked more and more the way we de teday.
Finally, a speces develeped that leoked just the
way we de.

This most recent species of heminid 1s called &Homeo
sapiensy meaning “man, the wise™, Jiis di¢ enly species of
hemimid thatnow exists en the Earth, and it includces you
and me

But ofall the species whe have lived en Earth, all these
hundreds eof milliens of years, the mest faseinating,
except for human beings, are these giant dinesaurs.
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How lite developed on Earth
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