oy THE MACMILLAN
ILLUSTRATED ENCYCLOPEDIA OF

DINOSAURS

AND PREHISTORIC ANIMAL

A VISUAL WHO'S WHO OF
o PREHISTORIC LIFE

g el
‘:11,_’3' d

Dougal Dixon, Barry Cox, RJ.G. Sovdge, Brian Gardine
Foreword by Dr. Malcolm C. McKenna

AMERICAN MUSEUM OF NATURAL HISTORY



Miscellaneous Reference/ > TN

Science

Dinosaurs and Prehistoric ~aimals

If any proof were needed that the study of prehistoric
life is more than a matter of "“old bones," this book
provides it in ample measure. For here is a natural
history of times past, featuring real creatures that lived,
breathed, reproduced—then died forever. That they
could be brought back to life in such convincing form is
AW o credit to the painstaking scientific detective work of
"W a team of paleontologists, writers, and artists.

" —From the foreword by Dr. Malcom C. McKenna,
American Museum of Natural History

An unparalleled guide to our prehistoric past, The
Macmillan Illlustrated Encyclopedia of Dinosaurs and
Prehistoric Animals meticulously reconstructs more
than 600 extinct creatures in full-color paintings:

- Dinosaurs, from predatory carnivores to the gentle
plant-eating giants |

- The ruling reptiles that dominated the planet before the
arrival of man

- Past masters of the air: flying reptiles and early birds

- Prehistoric amphibians, pioneers of life on land

- Missing links—strange reptiles that were the ancestors
of mammals |

- Fishes of the past: armored inhabitants of ancient seas

- Cave bears, mammoths and sabertooths, mammals of
the ice age

COLLIER BOOKS
MACMILLAN PUBLISHING COMPANY
866 Third Avenue, New York, NY. 10022 9 '780020"429814

ISBN 0-02-042981-9

The Macmillan Illustrated & [,

_ 90000>
e |

Copyright © 1988 Macmillan Publishing Company. a division of Maemillan. Inec. (New York)



THE MACMILLAN ILLUSTRATED ENCYCLOPEDIA OF

DINOSAURS

AND PREHISTORIC ANIMALS




THE MACMILLAN
ILLUSTRATED ENCYCLOPEDIA OF

DINOSAURS

AND PREHISTORIC ANIMALS

A VISUAL WHO'S WHO OF
PRERISTORIC LIFE

Dougal Dixon, Barry Cox, R.J.G. Savage, Brian Gardiner
Foreword by Dr. Malcolm C. McKenna

Collier Books
Macmillan Publishing Company
New York

Maxwell Macmillan Canada
Toronto




A Marshall Edition

This book was conceived,edited and designed by
Marshall Editions Limited

170 Piccadilly

London W1V 9DD

Copyright ©1988 by
Marshall Editions Limited.

All rights reserved. No part of this book may be
reproduced or transmitted in any form or by any
means, electronic or mechanical, including
photocopying, recording, or by any information
storage and retrieval system, without permission in
writing from the Publisher.

Collier Books

Macmillan Publishing Company
866 Third Avenue

New York, NY 10022

Maxwell Macmillan Canada, Inc.
1200 Eglinton Avenue East

Suite 200

Don Mills, Ontario M3C 3N1

Macmillan Publishing Company is part of the
Maxwell Communication Group of Companies.

Library of Congress Cataloging-in~Publication Data
The Macmillan illustrated encyclopedia of
dinosaurs and prehistoric animals: a visual
who's who of prehistoric life / Dougal Dixon . . .
[et al.]-1st Collier Books ed.
p. cm.
Includes bibliographical references and index.
ISBN 0-02-042981-9
1. Vertebrates, Fossil-Encyclopedias. 2
Dinosaurs-Encyclopedias. 1. Dixon. Dougal.
[1. Macmillan Publishing Company. II1. Title:
Dinosaurs and prehistoric animals.
QE841.M225 1992 91-43458 CIP
566 — dc20

Macmillan books are available at special discounts
for bulk purchases for sales promotions, premiums,
fund-raising, or educational use. For details,
contact:

Special Sales Director

Macmillan Publishing Company

866 Third Avenue

New York, NY 10022

First published in the USA 1n 1988 by
Macmillan Publishing Company, a division of
Macmillan, Inc.

First Collier Books Edition 1992
10987654321

Printed in ltaly

Consultant Editor: Professor Barry
Cox Department of Biology, King’s
College, London

CONSULTANTS:

Fishes: Professor Brian Gardiner
Professor of Vertebrate Paleontology,
King’s College, London
Contribution: Introduction to fishes

(bp. 18-21).

Amphibians and Reptiles: Professor
Barry Cox

Contribution: Introduction to
amphibians (bp. 46—49), reptiles

(pp. 58-61), ruling reptiles (pp. 90-93),
birds (pp. 170-173) and mammal-like
reptiles (pp. 182—-185).

Birds: Dr. Colin Harrison

Former Principal Scientific Officer, Sub-
Department of Ornithology, British
Museum (Natural History), London
Contribution: Text on birds

(pp. 174-181).

Mammals: Professor R. J. G. Savage
Department of Geology, University of
Bristol

Contribution: Introduction to
mammals (pp. 194-197).

The publishers would like to thank

C. G. Sibley et al. for their kind
permission to base the chart on

pp. 170-171 on their recent work on
bird evolution. This is published in full
in: Sibley, C. G., Ahlquist, J. E., and
Monroe, B. L. Jr. (1988) A classification
of the living birds of the world based on
DNA-DNA hybridization studies. Auk,
105 (op. 3).

Maps p. 11 based on material from
Cox, C. B., and Moore, P. D. (1985)
Biogeography. Blackwell Scientific
Publications Limited.

Archaeopteryx fossil p. 15 (top) from
Colbert, E. H. (1980) Evolution of the
Vertebrates. John Wiley, New York.

Index by Richard Raper
and Stewart Ulyott of
Indexing Specialists, Hove.

Editor Carole C. Devaney

Deputy Editor Philip Boys
Mammals Editor  Jonathan Elphick
Art Director John Bigg
Art Assistant Jonathan Bigg
Researcher Jazz Wilson
Managing Editor Ruth Binney
Production Barry Baker

Janice Storr
ARTISTS:

Colin Newman Fishes (pp. 22-43) and
Amphibians (pp. 50-55)

Steve Kirk Reptiles (pp. 62-167,
186-191) and Mammals (pp. 238-239)

Malcolm Ellis Birds (pp. 174-179)

Graham Allen Mammals (pp. 198-203,
210-235, 246-251, 258-263, 282-283)

Andrew Robinson Mammals
(pp. 242-243, 254-255, 270-279)

Andrew Wheatcroft Mammals
(pp. 286-295)

Steve Holden Mammals (pp. 206-207,
238-239, 266-267)

Grundy & Northedge Evolutionary
charts (pp. 8-9, 46—47, 58-59, 90-91,
170-171, 182-183, 194-1953)

Vana Haggerty Additional illustrations
(pp. 1117, 20-21, 48—49, 60-61,
92-93,172-173, 184-185, 196-197)




Contents

6 Foreword

8 Introduction

18 FISHES

22 Jawless fishes

26 Cartilaginous fishes

30 Spiny sharks and armored fishes
34 Primitive ray-finned fishes

38 Modern ray-finned fishes

42 Fleshy-lobed fishes

46 AMPHIBIANS

50 Labyrinthodonts
54 Lepospondyls

ss REPTILES

62 Early reptiles

66 Turtles, tortoises and terrapins
70 Placodonts and nothosaurs

74 Marine reptiles

82 Early diapsids

86 Snakes and lizards

90 RULING REPTILES

94 Early ruling reptiles

98 Crocodiles

102 Flying reptiles

106 Small carnivorous dinosaurs

110 Carnivorous dinosaurs

114 Large carnivorous dinosaurs

122 Early herbivorous dinosaurs

126 Long-necked browsing dinosaurs

134 Fabrosaurs, heterodontosaurs and
pachycephalosaurs

138 Hypsilophodonts

142 Iguanodonts

146 Duckbilled dinosaurs

154 Armored dinosaurs

162 Horned dinosaurs

170 BIRDS

174 Early and flightless birds
178 Water and land birds

182 MAMMAL-LIKE
REPTILES

186 Pelycosaurs and therapsids
190 Therapsids

194 MAMMALS

198 Primitive mammals

202 Marsupials

206 Glyptodonts, sloths, armadillos
and anteaters

210 Insectivores and creodonts

214 Mustelids and bears

218 Dogs and hyenas

222 Cats and mongooses

226 Seals, sealions and walruses

230 Whales, dolphins and porpoises

234 Early rooters and browsers

238 Early elephants and mastodonts

242 Mastodonts, mammoths and
modern elephants

246 South American hoofed
mammals

254 Horses

258 Tapirs and brontotheres

262 Rhinoceroses

266 Swine and hippopotamuses

270 Oreodonts and early horned
browsers

274 Camels

278 Giraffes, deer and cattle

282 Rodents, rabbits and hares

286 Lemurs and monkeys

290 Apes

294 Humans

298 Glossary

300 Classification of vertebrates
304 Bibliography

305 International museums
306 Index

312 Key to evolution charts




Foreword

If any proof were needed that the study of prehis-
toric life is more than a matter of “old bones,”’ then
this book provides it in ample measure. For here is
a natural history of times past, featuring real crea-
tures that lived, breathed, reproduced — then
died forever. That they could be brought back to
life in such convincing form is a credit to the
painstaking scientific detective work of a team of
paleontologists, writers and artists.

In embarking on this project, the first decision
was which animals to select. The mighty and ever-
popular dinosaurs were obvious candidates for
inclusion in the portrait gallery of past life, but to
recreate a truly comprehensive collection of prehis-
toric animals it was vital to add to them not only
their reptile relatives but also representatives of all
the other major groups of vertebrates, or animals
with backbones. The result is a fascinating catalog
of creatures, which includes the fishes of the past,

many of them heavily armored with bony scales;
the first amphibians, pioneers of life on land; the

ancient masters of the air, in the form of flying rep-
tiles and the first birds and bats; and the mammals
that were our predecessors, from mammoths and
sabertooths to the early apes and hominids.

The -reconstructions were then made through a
combination of the knowledge of the paleontol-
ogists and the skills of the artists. The resulting
creatures may look fantastic, but they are by no
means the creations of the imagination. All have
been drawn and painted according to the strictest of
scientific principles. In recreating each animal the
artists have held faithfully to the fossil record —
which sometimes contains not merely bones and
teeth but also impressions of skin, hair, feathers
and even footprints millions of years old.

From study of fossils and of animal anatomy,
plus detailed observations of the appearance and
behavior of modern creatures, the artists have been
able to ‘‘clothe” the skeleton of each animal, and
make realistic reconstructions of physical features,
posture and coloration. The results are surprising
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and fascinating, both in the similarities to familiar
modern creatures, and the obvious differences.

Life began on Earth several billion years ago. The
first fishes, the most ancient of the creatures in this
book, appeared about 500 million years ago. The
dinosaurs and other reptiles began their rule some
225 million years ago, a domination which lasted
for another 150 million years. By comparison, we
humans branched away from other primates a mere
5 million years ago.

Such vast expanses of time are hard for the
human mind to grasp, but it is only possible to
make a meaningful study of life in prehistoric eras
by considering time in these broad sweeps. The
reasons for this are twofold. First, although evol-
ution can proceed rapidly, it usually progresses
relatively slowly. The changes that take place in the
bodies of animals from generation to generation are
generally minute, so it can be hundreds, thousands

or even millions of years before differences become
discernible in the fossil record. Second, the history

of animal life on Earth must be considered hand in
hand with the climatic and geological forces which
have molded the planet over the millennia. These
forces exert their impact over huge periods of time.

Although we humans are relative newcomers on
Earth, we have done much to change its face. Not
least, we have been instrumental in causing the
extinction or near-extinction of many animals and
plants. So as you marvel at the wonders of the life in
the past it might be as well to remember that many
of the animals with whom we share our planet
might be confined, in future generations, to the
pages of a book such as this. Animals past and
present are part of our heritage as Earth dwellers.
This book pays them tribute.

Wc /(/W/éw”“

Malcolm C. McKenna
Frick Curator of Paleontology
American Museum of Natural History
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Introduction

The solar system, which includes the
Earth, is about 4.6 billion years old. The
earliest traces of life on our planet are
microscopic fossils of blue-green algae
and bacteria that are found in rocks
some 3.5 billion years old (opposite).

The atmosphere of the ancient Earth
contained no oxygen. Like most mod-
ern green plants, the early algae pro-
duced oxygen, but this would have
quickly disappeared because it com-
bined readily with various elements and
compounds in the Earth’s crust. Not
until about 1.5 billion years ago was
there enough free oxygen available for
animals to use to keep themselves alive.

The tracks and burrows of sea-
dwelling animals, nearly 1 billion years
old, are known. Animals with external
skeletons in the form of shells appeared
about 600 million years ago, in the
Precambrian Era.

Fossil animals contained in Cambrian
rocks include worms, corals, sponges,
mollusks, brachiopods and jointed-
limbed trilobites. Most of these fed
either by digesting mud or by filtering
tiny organisms out of the seawater. In
the succeeding Ordovician period a
variety of predatory animals, such as sea
urchins and starfish, appeared.

The oldest fossils of vertebrates, the
animals with backbones to which this
book is devoted, were jawless fish. The
_fossil remains of the most ancient verte-
brate, Arandaspis (see p. 24), come from
marine Ordovician rocks in Australia,
more than 500 million years old.

Life on land

Colonization of the land began in the
Devonian, when the first insects and
many different plants, similar to ferns
and club mosses, appeared. By the Late
Devonian, some of these plants had
evolved into the first trees, up to
82 ft/25 m high.

The major units of geological time are the
eras, starting with the Precambrian. Each
era is further subdivided into periods and
epochs. The dates on the chart indicate the
time at which each unit of time is thought
to have begun.

The arrows show in broad outline the
evolution of the vertebrates, and the links
that are thought to exist between the major
groups. Notes on the evolution of plants
and invertebrates indicate other trends.
For instance, the rise of the mammals in
the Cretaceous can be seen to coincide
with the burgeoning of flowering plants.
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INTRODUCTION

EVOLUTION OF PLANTS AND
EVOLUTION OF VERTEBRATES (backboned animals) INVERTEBRATES

Plants and invertebrates similar to today’s
groups.

Burgeoning of flowering plants, including
grasses and other non-woody types. Also,
formation of vast forests in tropical and
temperate zones. Radiator of modern
bivalves and gastropods. Invertebrate groups
similar to modern types.

BIRDS

CROCODILES

First flowering plants (angiosperms),

including beech, fig and magnolia. Pollinating
insects fiversify. Ammonites and belemnites
extinct. Brachiopodos decline.

TURTLES AND TORTOISES
SMAKES AND LIZARDS
’IIIJJIII/IIIIIIIIIIIIII.ZIIIJ!IIIlIIIIIIIIIIIIIIIIIJIIIJIIIIIIIIII!/)/IIIIIIIIIIIJIIIII?

o o A o A o A A A T AT S A A S ST IS S AL S TS TS S Ilff?

Abundance of cycads, ferns and conifers.
Abundance of ammonites and belemnites.
Brachiopods common. Diversification of
mollusks and echinoderms.

DINOSAURS
|

Horsetails, ferns, ginkgos and conifers
dominant land vegetation. Appearance of
cycads. Extinction of seed ferns. Heyday of
ammonites Appearance of modern corals.

CARTILAGINOUS FISHES

’/IIIIJZ’//”//III"A’Il/l////f////[o'llllllll-'JI//II/IIII)I/II/J7!]1/»’It/////IIIIIII///'//I/IIIIIIIII//IJI/_?JI{(
’,

Abundance of ferns, conifers and seed ferns.
Decline of horsetails. Glossopteris flora in
Gondwanaland. Radiation of insects. Extinction
of trilobites and other marine groups.

T

= Giand club mosses and horsetail ferns abound.
REPVILE® First gymnosperms (ginkgos, yew, conifers).
First flying insects. Decline of trilobites

and brachiopods. Graptolites become extinct.

First ferns appear, initially leafless and
rootless, eventually treelike (tree ferns). First
true seed plants (seed ferns). First ammonites,
crabs, spiders, mites and insects (non-flying).

AL AL LSS SLL S LSS LSS L S TA LSS AL AL I LA LS AL LA A LTI

First land plants. Calcareous algae abundant
in seas. Profusion of marine invertebrates.
Appearance and radiation of eurypterids (sea
scorpions). Decline of graptolites.

Simple and reef-building algae. Heyday of
graptolites. Abundance of trilobites,
Erachiopods, gastropods, crinoids, corals,
echinoids, bryozoans and cephalopods.

First green and red algae. Trilobites abound
in shallow seas. Many shelled brachiopods,
gastropods, bivalves; also crinoids,
graptolites, sponges and segmented worms.

First multicellular, soft-bodied animals,
which looked like worms, jellyfish and
seapens, appeared toward end of Eon.

.

First single-celled organisms appeared toward
end of Archean Eon, including the first
acteria and blue-green algae

____]__.__._
[ |
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Introduction

The leaves and débris of land plants
produced the first deposits rich in
organic remains. When mixed with
rainwater, these formed muds, which
provided a habitat for the first fresh-
water communities of creatures. Many
types of fish lived here, and at the end of
the Devonian their descendants, the
amphibians, first crawled out of the
water, and for a time led a largely land-
based existence.

By the Late Carboniferous (Pennsyl-
vanian), different floras had evolved. A
lush, swampy tropical rain forest
covered much of North America and
Europe, and was inhabited by a variety
of fishes, amphibians and the first
reptiles.

During the Permian period, reptiles
gradually came to dominate the land,
and ousted the amphibians. Herbivor-
ous reptiles became common in the Late
Permian, and, in turn, provided an
opportunity for the evolution of large,
carnivorous reptiles that preyed on
them.

At this time, and into the Triassic, the
continents of the world were united in
one huge landmass called Pangaea (see
p.11). Land-living creatures could
spread anywhere in this vast area. How-
ever, many parts of that landmass were
far from the sea and its rain-providing
clouds, and these areas became arid.
~Many older types of plant became
extinct during this time, and were re-
placed by the seed ferns, ginkgos and
many new types of conifers.

This was the type of arid scene, with
its changing flora, that witnessed the
long reign of the ruling reptiles, starting
in the Triassic and culminating at the
end of the Cretaceous. The mammals
arrived in the Late Triassic, but did not
take center stage until the Tertiary,
when the dinosaurs, and most of their
kin, had bowed out. The first birds
appeared in the Late Jurassic.

The modern plant world began in the
Early Cretaceous, when the first flower-
ing plants (angiosperms) evolved. Hand
in hand with this came a great diversific-
ation of insect pollinators. So by Early
Tertiary times, the world was domin-
ated, as it is today, by flowering plants,
birds and mammals on land, and by
advanced types of bony and cartilag-
inous fishes in the waters.

The geography of life
The geography of yesterday’s world was
very different from that of today. The
way in which ancient and modern
animals are distributed can be explained
by the discovery that the Earth’s surface
is divided into moving sections, or
‘plates.”

The force that powers these move-
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ments — which are still happening —
originates in the heat of the Earth’s core.
In some areas, upward currents move
this heat so that it is just below the crust
of the Earth. There, the current spreads
out sideways, and cools before return-
ing toward the core. If this upward
current lies below a continent, it can
split the continent into diverging frag-
ments. Between these, new oceanic
crust is formed. Elsewhere, old oceanic
crust disappears down a system of great
trenches that lies around the edge of the
Pacific Ocean.

Sometimes, these movements —
known as continental drift or plate tec-
tonics — caused existing continents to
splitinto pieces, or else to become fused
together (see opposite). This process, to-
gether with encroachments or retreats
of the sea, lead to progressive changes in
the world’s geography.

In the Devonian period, between 408
and 360 million years ago, North Amer-
ica and Europe were part of the single
continent “Euramerica,” since the
North Atlantic Ocean did not exist at
that time. Fossils of the first land verte-
brates — the early amphibians and rep-
tiles — have been found almost exclus-
ively on that continent, which suggests
that they may have evolved there. Only
during the Carboniferous period did
Euramerica become attached to the
great southern continent of Gondwana-
land, made up of what is today South
America, Africa, Antarctica, Australia
and India.

The early amphibians and reptiles did
not penetrate into Gondwanaland until
it became united to Euramerica in the
Late Permian. By the Triassic all the
major land areas of the world were
united into the single supercontinent of
Pangaea.

Toward the end of the Triassic, or at
the beginning of the Jurassic, Pangaea
started to split up. While oceans devel-
oped between the continents, shallow
seaways spread across them during the
Cretaceous. By the Late Cretaceous,
there were 2 landmasses in the northern
hemisphere, which contained different
faunas of dinosaurs (see p.93) and
mammals, as well as different plants. At
the same time, Gondwanaland was
breaking up also. By the middle of the
Cretaceous, India had already split away
and started its long journey northward.
Qur familiar, present-day geography ap-
peared only after Africa had joined
Europe in the Miocene, as recently as 20
million years ago, and the Panama
Isthmus had linked North and South
America in the Pliocene.

By chance, the separation of the conti-
nents took place after modern types of
mammal had started to spread through

the world. As a result, each continent
came to have its own typical fauna of
mammals, which had evolved within
that landmass.

The fossil record

The evidence of life in these prehistoric
eras comes from a unique ‘“history
book.” This is the record of the rocks,
in which is inscribed in fossil form a
picture of life in times past.

Afossil is any trace of an ancient form
of life. Most animals or plants live and
die without leaving any permanent
evidence of their existence. But, occa-
sionally, the conditions are suitable for
organisms to become fossilized.

When an animal dies, the soft parts of
its body normally decay quickly or are
eaten by other animals. The hard parts,
too, may be gnawed away and broken
up. But if the animal’s body is buried in

soft sediments — such as mud at the
bottom of a stream or lake, or fine sand
on the seabed — it may be protected

from attack by other animals. Though
the soft parts will probably decay, the
skeleton or the teeth may remain. It is
now, potentially, a fossil.

Several events can now turn the skele-
ton into a true fossil (see pp.12-13).
First, sediments continue to be laid
down, and the layers (strata) of mud or
sand become consolidated and harder.
The water that continues to seep
through the sediments contains
minerals, which then cement the part-
icles of sand or mud into solid rock.
And those minerals also percolate
through the skeleton itself, and gradu-
ally replace the material of the bones
themselves. This often happens in such
a way that the detailed microscopic
structure of the original bone is still
visible, unchanged.

Sometimes, after the skeleton has
become entombed, it may be complete-
ly dissolved away by the percolating
waters, leaving a cavity. If this cavity
then becomes filled with a mineral de-
posit, this may form a natural cast of the
original bone (see p. 13).

Possibly the most unchanged and per-
fect fossil bones are those from Pleisto-
cene mammals and birds entombed in
the tar pits of Rancho La Brea in Los
Angeles. Here, tar seeped to the surface
and formed deep pools. After rainfall,
the water would lie on top of the tar, and
attracted animals such as mammoths
and ground sloths to drink. They would
then become mired in the sticky tar and
gradually sink into it. Before they disap-
peared forever, their carcasses attracted
predatory direwolves, sabertooth cats
and scavenging vultures, all of which
also became trapped and died. All of
their bones are perfectly preserved in



THE WORLD’S CHANGING FACE

The series of globes shows how the face of
the Earth has changed over the millennia.
In these maps, areas at the “back’ of the
globe have been folded out. Dotted lines
indicate the coastlines of the modern
continents; shallow seas are shaded light
gray, deep seas in dark gray.

I In the Late Carboniferous to Early
Permian, there were 2 great continents,
Euramerica in the north and
Gondwanaland in the south. Three other
land masses were the forerunners of
eventual Asia. Euramerica was the
exclusive home of early amphibians and
reptiles.

2 By the Late Permian, all the world’s
continents were united into one huge
landmass called Pangaea. At this time,
early amphibians and reptiles penetrated
into Gondwanaland, and spread into Asia.

3 Pangaea started to split up so that, by
the Mid-Jurassic, seaways spread down the
eastern coast of Africa. The fledgling
Atlantic appeared as North America
started to separate from Europe.

4 In the Early Cretaceous sea had spread
around Africa’s southern tip. North and
South America split apart at this time.
Seaways spread northward to separate
Europe from Asia. India had split away
from Gondwanaland and begun its long
journey northward.

5 By the Late Cretaceous, there were 2
landmasses in the northern hemisphere.
One, ““Asiamerica,” included Asia and
western North America. The other,
“Euramerica,” comprised Europe and
eastern North America. These 2 continents
contained different faunas of dinosaurs and
mammals, as well as different plants.

6 By the Eocene, the modern continents
had nearly taken shape. India had nearly
completed its northward journey and
Australia and Antarctica had split from the
tip of South America. Each continent came
to have its own fauna of mammals.
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Introduction

the tar, and need only to be washed in
petrol to extract and clean them.

An even more complete fauna and
flora, dating from Middle Eocene times,
is found at Messel in southern Ger-
many. Dead animals and plants were
swept into a deep lake in a subtropical
forest. Each year a thick growth of algae
sank to the bottom of the lake and
covered them. As a result, the bones and
hair of a complete fauna of early
mammals — including bats, horses,
anteaters and rodents — are preserved,
together with their stomach contents
and even the skeletons of unborn
young. Crocodiles, snakes, frogs, in-
sects, fruits, flowers and leaves are also
preserved in this 50 million-year-old
time capsule.

Traces of the soft parts of animals can
very occasionally be seen as markings
on the rocks. For example, it is known
that ichthyosaurs, preserved in the fine
shales of Holzmaden in southern Ger-
many, had a fin on their backs and
sharklike tail fins because, although
these structures contained no bony
skeleton, an outline of the body exists as
a stain in the rock (see p. 80).

The fine limestones of Solnhofen in
southern Germany have preserved de-
tailed impressions of the plumage of
Archaeopteryx, the link between reptiles
and birds (see p.176). Similar im-
pressions show that at least one type of
pterosaur may have had a covering of
hair (see p. 105).

Fossil footprints are another type of
impression. Dinosaur tracks, formed in
soft ground which dried and hardened

before new layers of sediment covered
them up, remain in this permanent,
compacted surface. Other traces of the
existence of ancient animals are their
fossilized droppings, or coprolites.

Which rocks contain fossils?

Because fossils are most commonly
formed when an animal’s skeleton is
entombed within sediments that are
being deposited, fossils are thus most
likely to be discovered in sedimentary
rocks, which are laid down in layers and
composed of either mineral or organic
matter. Fossils are not usually found in
igneous rocks, such as granites and
basalts, which pour hot and molten
from the earth’s interior. Nor are they
present in metamorphic rocks, such as
marble, which have been transformed
by great heat and pressure.

The oldest sedimentary rocks were
laid down about 350 million years ago,
and vary widely in the size of mineral
particles they contain. Fossils are rarely
found in rocks in which the “particles”
are bolders or pebbles, since the bones
are crushed or ground up as the rocks
are deposited.

Many fossils have been found in
finer-grained sandstones. For example,
in Silurian and Devonian times, be-
tween 440 and 345 million years ago, a
thick belt of Old Red Sandstone was
deposited across northeastern North
America and northwestern Europe,
before those areas had moved apart to
form the Atlantic Ocean. These sand-
stones contain a rich fauna of Devonian
freshwater and marine fishes.

Rocks made up of even finer part-
icles, the clays and shales, are common,;
they form about 60 percent of all sedi-
mentary rocks. As mud dries, it loses its
organic débris, and becomes compac-
ted. It first becomes a soft clay, and then
either a hard shale, which readily breaks
into flat pieces, or mudstone, which
breaks up randomly. Clays laid down in
the Eocene, about 50 million years ago,
have preserved many fossils around
both London and Paris.

In contrast with sandstone rocks,
limestones and dolomites are not
mineral in origin, but are made up
mainly of calcium carbonate, or calcium
magnesium carbonate, which has been
produced by marine animals or plants.
The hard shells of many mollusks and of
sea urchins and their relatives, the hard
bases secreted by reef-building corals,
and the cell walls encasing some algae —
all these materials are made of solid
calcium carbonate. This becomes
broken into minute fragments, and is
the major constituent of such organic
sedimentary rocks.

Chalk is one such rock, and is com-
posed almost entirely of the shells of
tiny, marine planktonic organisms.
Thick deposits of chalk, laid down in
the Late Cretaceous (between 70 and 65
million years ago) in southeastern Eng-
land, France and central North Amer-
ica, contain the remains of many marine
fishes, reptiles and birds.

Peats and coals also have their origins
in organic matter, but are formed from
the remains of dead land plants. The
plant material originally accumulated in

FOSSILIZATION OF AN ICHTHYOSAUR

Any animal is most likely to be fossilized if
it is buried in soft sediments, like the
ichthyosaur body illustrated here in fine
sand on the sea bed. The flesh decays, but
the bony parts — skull, teeth and skeleton
— do not.
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Layers of sediment pile up on top of the
bony remnants. Minerals from the sea
water percolate through the skeleton and
become deposited in the bones, filling any
spaces between them. They gradually
replace the material of the bones.

Il & o
i
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The fossilized skeleton is compressed and
distorted by the addition of more layers of
sediment and by movements of the land.
Here the rock has been pushed upward so
that the strata have become tilted and are
exposed as dry land.



coastal swamps (rather like the
Everglades of Florida today), or in in-
land basins. They first formed peats,
some of which later dried and became
compressed into solid coal. The Car-
boniferous coal belts of eastern North
America and of Europe are examples of
these, and contain the fossils of many
fishes, early amphibians and early
reptiles.

Finding fossils v
Paleontologists must search for fos-
sils in areas where the appropriate rocks
are exposed. That is easiest in the de-
serts, where many hundreds of square
miles of rock may be on view.

The rocks can also be seen in the
mountains or hills, where they are not
covered by sediments, or in cliffs that
may be exposed as the result of earth-
quakes, the action of rivers or streams,
or quarrying by humans.

Although it is not difficult to find
rocks which may contain fossils, it is
much more difficult to locate the fossils
themselves. The rocks of the more
densely populated areas of North Amer-
ica and Europe are now fairly well ex-
plored, although surprising discoveries
can still be made (such as Baryonyx, see
p.113). In search of new finds,
paleontologists have turned their atten-
tion to other parts of the world, partic-

. ularly to arid regions where rocks are
eroding over wide areas.

But paleontologists do not merely go
in search of any fossil. Rather they try to
answer very specific questions — for
example, ‘“What land-living vertebrates

INTRODUCTION

METHODS OF FOSSILIZATION

When bones themselves are not fossilized,
a fossil animal can be found in the form of
a cast (top), or a mold (below). A mold is
created when an entombed animal is
dissolved away, leaving behind a cavity.
Usually, the mold is of the hard parts of
the body. Where these cover the outside
of a creature, as in the bony fish
illustrated, the whole body shape can be
discerned. A cast is formed when a mold

| becomes filled with a mineral deposit. In

such circumstances, no traces remain of
internal body structure.

inhabited Australia during the Early
Cretaceous?” Such questions lead them,
in turn, to study geological maps to find
out where suitable, accessible rocks can
be found. Even then, the costs of an
expedition are so high that this would
normally be undertaken only if some
promising remains had already been
found there.

Once ‘“‘on location,” the scientists
can begin to search for fossils. There is
no magical method by which these can
be found. Long hours tramping across
the exposed rocks under a hot sun, and
returning, usually empty-handed, to a
fairly spartan camp normally precede
any discovery. Rocks are searched
methodically, layer by layer, or area by

The forces of erosion wear away the land
surface. The eroding action of a stream has
created a sheer cliff face (right). As a result,
the tail of the ichthyosaur is beginning to
be exposed and bones drop into the bed of
the stream.

With further erosion, more of the
ichthyosaur tail becomes visible. The fossil
skull can also be seen, again due to erosive
forces wearing away the surface of the
land. A paleontologist who discovered
these would be prompted to search for the
complete skeleton.

area. Usually, all that the paleontologist
finds at first is a piece, or pieces, of bone,
projecting from the ground or the side
of a cliff.

The hard work then begins. The over-
lying rock must be taken away to reveal
the fossil skeleton, often by cutting the
fossil into pieces. The bones then have
to be covered with moistened tissue
paper and then with a layer of sacking
(burlap) soaked in plaster-of-Paris.
When this dries and hardens, it protects
the fossil during its long, and often
rough, ride back to the museum.

Paleontologists must not neglect their
record-keeping. Each specimen must be
given a number, painted onto it, and a
precise note kept of where it was found.
This is necessary because later analysis
of such information may show, for
example, that some animals occur in
different rock strata, and thus belong to
different communities (see p. 14).

Extracting and dating fossils
Once the fossils have arrived back in
the laboratory of the museum or
university, the plaster jacket is re-
moved, and the fossil bone extracted
from its rocky home. Sometimes, this
can be done with a hammer and chisel
or, on smaller specimens, with sharp,
steel needles. But when possible, scien-
tists use chemicals to dissolve away the
mineral cement that binds together the
particles of sediment. This process can
reveal beautifully preserved, 3-D skulls,
showing as much detail as those of
recently-dead modern animals.
Whatever method is used, the fossil
bone is usually badly cracked after its
many millions of years in the ground,
and must be strengthened by impreg-
nating it with solutions of plastics.
There are both relative and absolute
methods of establishing the age of fos-
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sils. The relative method depends on 2
facts. First, because sediments are de-
posited successively, one on top of the
other, paleontologists can often estab-
lish that one organism lived at a later
time than another simply because it is
found in rocks that lie higher in the rock
sequence of a particular area.

The second fact is that no group of
animals or plants lives forever. So
within any such sequence, a new group
may appear, persist through a number
of strata, and then disappear without
trace. Some groups evolved early in
geological history, some later; some
existed for a long time before they
became extinct, while others had only a
brief span before they were replaced by
competitors. So, each unit of geological
time is characterized by a unique as-
semblage of animals or plants (see p. 14).

A vast amount of information about
many groups of fossil plants and
animals has been obtained from differ-
ent rock strata all over the world. But
much work had to be undertaken by
early paleontologists and geologists
before even the major subdivisions of
geological time — into the different
eras, periods and epochs (see pp. 8—9) —
were established and accepted.

The absolute method of dating or
aging a fossil establishes its age in “‘mil-
lions of years.”” It relies upon the fact
that some rocks contain radioactive
minerals, which were incorporated in
the rocks when they were originally
deposited. These minerals change, or
“decay,” into other substances at a rate
that can be measured. For example, the
rate of decay of the radicactive mineral
uranium-235 into lead-207 is such that
half of it has turned into lead-207 in 713
million years. So, by studying the rela-
tive amounts of uranium-235 and lead-
207 in a rock, it is possible to calculate
how long the mineral has been decaying,
and when the rock was deposited.

Each radioactive date can then be
inserted into the chart of relative ages
already established for fossil-containing
rock strata, to provide the final series of
absolute dates quoted throughout this
book.

Reconstructing fossil animals

It is rare to find complete fossil skele-
tons of land-living animals, which
means that paleontologists often have to
reconstruct the missing portions. This
may be straightforward if another speci-
men of the same type, or a closely
related type, is already known, or if the
missing part is quite trivial, such as part
of the vertebral column.

For example, all the duckbilled
dinosaurs  (the  hadrosaurs,  see
pp. 146—153) have skeletons that are
similar from the head down. So, if the
skull of a new type of duckbill were to
be found, it would be reasonable to
assume that the rest of the animal was
similar to its relatives. But if a headless
duckbill were discovered, it might be
impossible to decide which of the vari-
ous, very different duckbilled skulls
originally adorned it, or whether it be-
longed to a new genus or species. .

Similarly, if a very unusual, partial
skeleton is found, it may be difficult or
impossible to restore the rest of it. For
example, paleontologists discovered a
large and extraordinary pair of dinosaur
forelimbs in the Gobi Desert in 1965.
Each forelimb alone was 8 ft/2.4 m long.
But paleontologists are still unsure what
the remainder of this dinosaur (which
was named Deinocheirus) might have
looked like (see p. 109). And if only the
skull of the strange dinosaur Baryonyx
had been discovered in 1986, it would
not have been possible to predict the
structure of the rest of its skeleton (see
p.113).

Paleontologists have to be cautious in
these matters of reconstruction, for

RECORD OF THE ROCKS

When rocks consist of a number of layers,
each deposited after the other, the fossils
they contain give important clues to the
diversity of creatures that lived when each
layer was formed, and to their relative age.
The rock illustrated contains 8 strata
(A-H), of which A is the oldest, H the
youngest. Found within the layers are 5
different fossils, each with a different range
in time. The distribution of the fossils is
unique to each layer and is said to define
its stratigraphy. Thus layer A contains
only fossil 5, layer H only fossil 1. All 5
fossils are found only in layer E.
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their suggestions are carefully evaluated
by their colleagues around the world.
Paleontologists are as pleased as mem-
bers of any other profession to have the
opportunity to put a colleague right
publicly!

Once a specimen is ready for com-
plete restoration, the bones can be fitted
together to reveal the proportions and
posture of the extinct animal. From the
shapes and sizes of the bones them-
selves, deductions can be made about
how the animal lived. Long bones in the
lower limbs, for example, suggest a fast-
running creature, while short, powerful
limb bones may well have belonged to a
burrower.

The bones often show projections,
depressions or roughened areas indicat-
ing where muscles may have been atta-
ched. These can be compared with the
bones of similar, related living animals,
so that an accurate picture can be de-
duced of the way the creature was
clothed with flesh.

Further information on an animal’s
way of life comes from its teeth. Does it
have the sharp, cutting and rending
teeth of a carnivore; the little, sharp
teeth of an insectivore; the simple,
pointed teeth of a fish-eater; or the
blunt, grinding teeth of a herbivore?
This information tells much about how
an animal existed.

Restoration and naming

The really difficult task in reconstruct-
ing the appearance of an extinct animal
is to work out what its body covering
was like, and what color it was. Fish, and
some amphibians and reptiles, had bony
scales, which are frequently preserved.
Birds have feathers, and most mammals
have hair. But there is no way of being
certain about the body covering of such
reptiles as the great dinosaurs or the
mammal-like reptiles. All the experts
can do is to use their knowledge of living
animals (such as elephants) to suggest
that larger animals, "like the great
dinosaurs, did not need any insulation
to keep them warm, since their main
problem was to get rid of the heat
inevitably produced as they exercised
their great bodies.

Paleontologists also deduce the color
and patterning of fossil creatures from
studying their living relatives. Thus,
some are colored to match their envir-
onment and blend unseen into their
background. In smaller animals, that
coloration is usually variations of a
single color, often shades of brown or
green, depending on the surroundings.

When a fossil has been found, the
investigating paleontologist will eventu-
ally have to decide whether it is another
specimen of a fossil that has already



been described and named, or whether
it is new to science. If it is new, then its
place within the known array of animals
has to be ascertained, by comparing its
features with those of other fossils,
down to genus or species level (see p. 17).

Paleontologists rely on an assessment
of the degree of difference between 2
fossils when classifying and naming
them. If the differences are trivial, or of
size alone, or involve characteristics that
could have had a sexual function, then
the specimens may both belong to the
same species. If the differences are
greater than that, but the specimens are
basically similar, then it is reasonable to
interpret them as 2 closely related
species. So, a new species of the genus
Anatosaurus might be called Anatosaurus
edmontoni, to distinguish it from Ana-
tosaurus annectens.

If the differences between 2 fossil
specimens are greater, and perhaps sug-
gest that, for instance, the creatures fed
on different types of plant or lived in
different environments, then the new
specimen will instead be recognized as a
new genus, just as Anatosaurus was re-
cognized in 1942 as a new genus differ-
ent from Hadrosaurus.

So, every organism has a double
name. In this example, the generic name
is Anatosaurus, and the species name is
annectens — just as one might have a
family name, such as Smith, and a fore-

" name, such as John or Mary.

The paleontologist is free to choose a
name for the new animal, but it is
normal to choose a name that has the
form of a Latin or Greek word or words.
Often, the name reflects some aspect of
the animal’s structure or presumed
habits or origin. So, Oviraptor was given
that name because it means ‘‘egg thief”’,
which is thought to have been its diet
and habit.

Sometimes, it becomes clear that dif-
ferent parts of a single genus or species
have been independently recognized
and named as a new type by 2 scientists.
The rule of priority then applies — the
earliest name is the one accepted. So, for
example, although the name Bron-
tosaurus was given to a skeleton of a great
dinosaur by Marsh in 1879, it was later
realized that a pelvis belonging to the
same type of dinosaur had been named
Apatosaurus by him in 1877. All scien-
tists now refer to this dinosaur as Apat-
osaurus (see p. 132).

The creatures in this book
Today, about 9000 different genera of
fossil vertebrate are recognized — in
round figures, about 2500 fishes, 400
amphibians, 1500 reptiles, 1000 birds
and 3500 mammals.

In choosing fossils for description

INTRODUCTION

INTERPRETING THE FOSSIL RECORD

The transformation of a fossil
found into a rock into a likeness
of a once-living creature involves
a series of skills. The fossil must
first be discovered and cleaned
of concealing sediment (right).
‘Next, the individual bones must
be reconstructed and linked
together accurately to form a
skeleton (below). Finally (bottom),
the creature must be restored,
with the body fleshed and
“clothed” with skin, to show
how it may have looked.

The skeleton of Archaeopteryx, the first
bird (above) is shown as it was found in the
fine-grained limestones of Solnhofen in
Southern Germany. As well as the bones,
the rocks contain an impression of the
creature’s feathers.

The reconstruction of the Archaeopteryx The restoration of Archaeopteryx (above)
skeleton (above, center) reveals its birdlike shows a feathered bird with large wings
structure and its typical 2-legged avian and tail, which took to the skies some 150

stance. million years ago.
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and illustration, several principles have
been used. As far as possible, they
provide a reasonable sample of the
diversity of each group. They show
interesting features of anatomy and
adaptation, and their remains are com-
plete enough to allow an accurate restor-
ation. At the same time, care has been
taken to illustrate those that have been
important to the history of paleon-
tology, such as Iguanodon and Mega-
losaurus, and those that generations of
both adults and children alike have
found romantic and fascinating, such as
Tyrannosaurus and Stegosaurus.

In this book, the scientific names of
the animals or groups have been trans-
lated where it is helpful to do so. Also to
make the book more “‘user-friendly,”
such terms as ‘““megalosaurs’ are used
when referring to the classification
groups, rather than the more formal
“megalosaurids’’ or “Megalosauridae.”

To make the story as complete as
possible, each major group of verte-
brates is introduced by its evolutionary
history. This is also graphically depicted
in a chart, their span in time and their
relationship to each other.

The description of individual animals
on the following pages is preceded by

the headings TIME, LOCATION and sizE.
Time is based on geological time scale,
and refers to the age of the rocks in
which the fossilized animal was found,
and therefore when it lived. LocaLity
refers to the continent and country or
state where the fossil was discovered,
and therefore where the animal lived.
Size refers generally to the total length
of the animal, from the tip of its snout to
the tip of its tail, if it had one. Some-
times, where relevant, the animal’s
height is also given as well as or instead
of its length. Specimens of animals can
vary greatly in size, so the measurements
are often an average of the fossil finds.

Paleontology and evolution
Though many of the philosophers of
Ancient Greece, such as Herodotus,
realized that fossils were the remains of
once-living creatures, this knowledge
was forgotten during the Dark Ages. For
a long time, fossils were thought merely
to be one manifestation of a mysterious
tendency for stony objects to appear
spontaneously, like pearls in oysters.
In 1667, Niels Stensen, a biologist
from Copenhagen studying in Florence,
realized the true nature of fossils when
he saw that objects called ‘“‘tongue

stones’’ were identical to the teeth of
living sharks. Stensen suggested that the
tongue stones were teeth that had
become encased in sediments which had
later hardened, and this explanation was
soon accepted for many fossils that
looked like parts of living organisms.

But it was much harder to accept in
this way the remains of such creatures as
ammonites, which did not correspond
to any living creature. For the idea that
any once-living thing could have
become extinct suggested that part of
God’s original creation must have been
imperfect — an idea that was quite
unacceptable tomany Christiansinthose
days. Another problem was that these
objects looked as though they must
have been marine animals, yet they were
often found in rocks high in the moun-
tains of Europe.

One solution was to suggest that these
animals were not really extinct, but that
their living relatives had not yet been
found, since the world was still only
partly known. And that seemed to be
true in at least some cases, as, for
example, when the living deep-sea naut-
ilus (similar to an ammonite) was found.

The reality of extinction was finally
proved in 1796 by Georges Cuvier, a

CONVERGENT EVOLUTION

THE ICHTHYOSAUR Mixosaurus

A MODERN DOLPHIN

THE SHARK Hybodus

Pectoral fin

The phenomenon of convergent evolution
takes place when different groups of
animals, which are only distantly related,
become independently adapted to the same
environment. The illustrations show how
convergent evolution has taken place in the
forelimbs of 3 different groups of
vertebrates — fish (shark), reptile
(ichthyosaur) and mammal (dolphin). Each
animal has a streamlined body, a dorsal fin
to cut through the water and is equipped
with a propulsive tail.

The details of the skeleton of the
pectoral fin of each creature show the
similarities of internal structure. Each fin
has the same shape, but both the
ichthyosaur and the dolphin show how a
5-fingered limb has evolved into a fin.

16



French anatomist and biologist. Cuvier
had been sent some drawings of the
recently discovered fossil of a giant
ground sloth, Megatherium, of South

America. He showed by means of com-,

parative anatomy that it was similar in
structure to the living tree sloths. But he
also realized that there was little chance
that such an enormous, browsing crea-
ture could still be alive but undetected,
even in the great forests of South
America.

Cuvier’s colleague at the National
Museum of Natural History in Paris,
Jean-Baptiste Lamarck, disagreed with
Cuvier’s belief in extinction. He argued
that one type of animal had simply
changed or evolved into another, and
that organisms have some inbuilt ten-
dency gradually to improve themselves.

Cuvier continued his work on fossils,
especially those found around Paris.
There, he found that below the beds
that contained mammoths and fossil
rhinoceroses lay other beds with a fauna
of more archaic mammals, such as the
early horse, Palaeotherium. Below these,
in turn, lay the great chalk beds with a
fauna of even earlier creatures, such as
the giant marine lizards, or mosasaurs
(see p. 88), but there were no mammals.

Cuvier explained this arrangement of
fossils in discrete layers by suggesting
that sudden changes had led to the

. extinction of many creatures. But the
record of the rocks also showed an
unexpected regularity. The oldest rocks
contained only fishes. Amphibians and
reptiles appeared later, when the great
marine reptiles of the chalk were domi-
nant. Mammals were the last to appear.
It really looked as though there had
been a progression of vertebrate life,
with gradual improvements taking place
as Lamarck had suggested.

[t was in this climate of scientific
opinion that Charles Darwin climbed
aboard the survey ship HMS Beagle in
1831, at the beginning of an around-the-
wortld voyage. Darwin was particularly
impressed by 2 discoveries that he made
during the course of the 5-year trip. The
first was the finding of a variety of fossil
mammals in South America — includ-
ing ground sloths, the giant armadillo-
like Megalonyx, and a relative of the
living llama. The fact that these extinct
animals were found on the same conti-
nent as their living relatives was, Darwin
thought, readily explained if there was
an evolutionary relationship between
them.

In the Galapagos [slands of the Pacific
Darwin found that each island bore
related species of bird and tortoise, but
that those of each island were distinct
and different from those of the other
islands. This suggested that evolution

had taken place separately on each
island.

[t was these ‘“biogeographical”’ ob-
servations that led Darwin to wonder
what might cause species to gradually
change. After years of study, Darwin
realized that the key lay in the fact that
those individuals best adapted to their
environment are most likely to survive
and pass on their characteristics to their
offspring.

Darwin refused to make this idea of
“evolution by natural selection’ known
to the world at large until he had amas-
sed a wealth of supporting data from
many areas of biology. Even when he
did publish his theory in 1859, a furious
debate arose within the scientific com-
munity and beyond.

Though paleontologists gradually
filled the gaps in the evolutionary record
(which at first had seemed to diminish it
as a major support for evolution) the
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chief weakness in Darwin’s theory was
not any lack of evidence that evolution
had taken place, but rather a lack of
understanding of how the characteristics
of an organism were controlled, and
how they were passed on from one
generation to another. That gap in our
knowledge was filled early in the 20th
century, with the discovery of the gene-
tic basis of inheritance.

So, nowadays, although they argue
about the details of what controls the
rates or pattern of evolution, almost all
biologists accept that extinction and
evolution have taken place, and that
Darwinian natural selection is the major
mechanism underlying them. There is
nothing in this that necessarily con-
tradicts a belief in God or even in Divine
intervention, for the record in the rocks
could be interpreted as a testament to
the way in which God chose to create
the natural world.

HOW ANIMALS ARE CLASSIFIED

Animals are classified in groups of
decreasing diversity. The smallest unit of
classification is the species. Species that
share several common characteristics are
grouped together into genera, genera into
families, and so on. The largest group, the

Mammuthus imperator (imperial mammoth)

animal kingdom, embraces animals of all
kinds, including trilobites and other
creatures without backbones. The diagram
shows the classification of the imperial
mammoth (Mammuthus imperator).

Mammuthus primigenius (wooly mammoth)
Elephas falconeri (dwarf elepbant)
Moeritherium (early elephant)

Alphadon (mammal)

Tyrannosaurus (reptile)

Trilobite (invertebrate)
|

(animals)

PHYLUM VERTEBRATA
(animals with backbones)

CLASS MAMMALIA
(vertebrates with hair
and mammary glands)

GENUS Mammuthus
(mammoth)

SPECIES Mammuthus imperator
(imperial mammoth)

ORDER PROBOSCIDEA
(mammals with a trunk or proboscis)

FAMILY ELEPHANTIDAE
(elephant family)
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FISHES

Fishes: The first vertebrates

Fishes are all those freeliving, cold-
blooded, water-dwelling creatures
which breathe with gills and swim with
fins. They all have a backbone, although
it may not necessarily be made of bone,
and the brain is encased within a protec-
tive box, the cranium. These last 2
features classify them as members of the
Vertebrata (animals with a backbone)
and the Craniata (vertebrates with a
cranium). It also distinguishes them
from all other invertebrate, acraniate
creatures — from sea urchins, worms
and snails, squids, corals and sponges —
which have neither backbone nor
cranium.

On the basis of this definition, several
vertebrate animals could be confused
with fishes. For example, the adults of
some amphibians breathe with gills, but
they have distinct limbs. Again, all
marine mammals, such as whales, dol-
phins and seals, swim with fins, but they
have lungs, not gills, and they are warm-
blooded.

The story of vertebrate evolution
started, paleontologists surmise, in the
seas of the Cambrian period, when jaw-
less, toothless, soft-bodied fishlike crea-
tures wriggled through the water, suck-
ing up microscopic food particles. Only
after tough, non-decaying bone was de-
veloped — initially as a scaly outer
covering and later within the body —
did fossils form and become preserved
in the rocks. And only then could
paleontologists take up the story with
any certainty.

The earliest traces of bony scales are
found in rocks of the Late Cambrian
period, and the first recognizable verte-
brate fish has been found in Australian
rocks of Early Ordovician age. So, the
first chapter in the vertebrate evolution
starts with the ancient Aradaspis, a fish
about 6in/15cm long with no jaws, no
teeth and no fins other than a tail (see
p. 22, 24). It did, however, have gills and

Lampreys, and their relatives the hagfishes,
are the sole survivors of the first fishes to
evolve, the jawless agnathans. One of their
members, possibly an osteostracan, gave
rise to all the jawed fishes. The Devonian
period was the “Age of Fishes,” when
many of the groups evolved and
flourished. The cartilaginous
chondrichthyes include the dominant
predators of today’s seas, the sharks. The
bony fishes (osteichthyes) evolved into 2
groups. The ray-finned actinopterygians
include the modern teleosts. And the lobe-
finned sarcopterygians were the ancestors
of the first land animals. (For key to
silhouettes, see p. 312.)
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FISHES

Fishes: The first vertebrates

a stiffening rod of cartilaginous material
(the notochord) that served as a
backbone.

By the end of the Ordovician, many
types of jawless fishes (agnathans) had
evolved. They had developed primitive
fins, to propel and stabilize themselves
in the water. Their boneless bodies were
encased in great shields of bone set in
the skin of the head and upper back, or
by thick, overlapping scales. These were
the ostracoderms, or ‘‘shell-skinned”
fishes. Amazingly, descendants of these
ancient, jawless fishes survive today in
the form of the lampreys and hagfishes.

The jaws that revolutionized life

From among the jawless fishes came the
ancestor of the jawed vertebrates. The
first fishes with jaws and teeth (see p. 20)
evolved in the Early Silurian, some 80
million years after the jawless fishes had
appeared. These were the spiny sharks
(acanthodians, see pp. 30, 32). Not only
did they have bone outside their bodies
(in the form of fin spines); they also had
“dermal”’ bone, set in the skin. This
took the form of plates covering the gill
openings and lower shoulder area. And,
more importantly, these fishes had bone
developed inside their bodies, laid
down as a thin film over the cartilage
that made up the braincase and
“backbone.”

* With the evolution of biting jaws, the
lives of fishes changed. They no longer
had to rely for sustenance on minute
animals in the plankton or food part-
icles in the bottom mud. They could
actively pursue prey, seize it in their
jaws and manipulate it between their
teeth. They could become larger, colon-
ize fresh habitats and specialize in partic-
ular lifestyles and diets.

Jaws were the evolutionary innov-
ation that led the fishes out of their
experimental phase in the Silurian into
their explosive diversification during
the Devonian, some 400 million years
ago. They evolved along 2 lines. One
group retained the cartilaginous skele-

ANATOMY OF A SHARK

Asymmetrical tail 2nd dorsal fin
(caudal fin

"""""""

pelvic fins

A shark is a typical fish. It has an anal fin

and paired pectoral and pelvic fins on the
ventral, or under, surface; 2 dorsal fins on
the back; and a caudal or tail fin, in which
the upper lobe is often longer than the
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lower lobe. All the fins are supported by
stiff rays. A shark’s “backbone” is made of
calcium-impregnated cartilage with a thin
layer of bone. In bony fishes bone replaces
cartilage.

ton of their ancestors, and this line led
to the chondrichthyans — the sharks,
skates and rays, and their relatives the
chimaeras or ratfishes (see pp. 26-29).
Early on in their evolution, sharks suc-
ceeded in becoming the dominant pre-
dators in the sea, and have remained so
to this day.

Bone replaced the cartilage in the
skeleton of the other line of fishes — the
osteichthyans (see pp. 34—45). Two dis-
tinct types of bony fishes evolved from a
common ancestor — the ray-finned
fishes (actinopterygians, (see pp. 34-39)
and the lobe-finned fishes (sarcoptery-
gians, (see pp. 42—45).

The most successful vertebrates
The ray-finned fishes evolved into the
most successful group of fishes — the
modern teleosts (see pp. 36—39). In ad-
dition, the 21,000 living species make
the teleosts also the most successful of
all living vertebrate groups in terms of
abundance. (For comparison, there are
about 4000 living species of mammal,
8600 species of bird, 4000 species of
reptile and 2500 species of amphibian.)
In terms of diversity of form and
lifestyle, teleosts surpass all other water-

dwelling creatures (both freshwater and
marine, vertebrate and invertebrate).
They range from fast-moving predators,
such as barracuda and marlin, to slug-
gish bottom-dwellers, such as stargazers
and flatfish; from typical “fishy’’ shapes,
like mackerel and perch, to weird and
wonderful forms like the seahorse,
ocean sunfish and lionfish; from the
very surface of the ocean, such as the
Alantic flying fish, to its very depths,
such as the deep-sea angler fishes.
Modern teleosts are at the top of an
evolutionary ladder which proceeded in
a series of steps from one group of ray-
finned fishes to another (see pp.18-19).
This progression started in the Late
Silurian, with the appearance of the
paleoniscids. Their heavy scales, inflex-
ible fins and asymmetrical tails gave way
to the thinner scales of the neoptery-
gians, with their flexible jaws and near-
symmetrical tails. These fishes were
replaced in turn by the teleosts, with
even thinner scales, symmetrical tails
and highly mobile jaws and fins.
Herringlike teleosts were the first to
evolve. Then the group advanced in 2
major evolutionary bursts. The first
occurred in about the middle of the

EVOLUTION OF JAWS

The first fishes had neither jaws nor teeth.
Their gills, behind the mouth, were
supported by a series of arches made of
cartilage, between which were the gill slits.
Jaws probably evolved from the 1st gill
arch on either side, which folded over and
joined in the midline to form the upper
and lower jaws. Teeth were developed

JAWLESS FISH

Braincase

Notochord

Spiracle
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capsule

from the skin that lined the mouth. The
2nd ¢ill arch (hyomandibular) moved to
support the jaws from behind, and
ligaments attached them to the braincase.
The 1st gill slits became tiny holes, or
spiracles.

Mandible
(upper jaw)

Lower jaw

1st gill arch

1st gill slit Backbone
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Gill skeleton
2nd gill arch
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Cretaceous period, when the salmon/
trout group appeared. The second, and
final, burst came in the Late
Cretaceous/Early Tertiary period, when
the highly advanced perchlike forms
evolved. These make up some 40 per-
cent of the teleosts species of today.

The close of the Mesozoic Era, about
65 million years ago, saw the rise of the
teleosts in the waters of the world and
also the rise of the mammals on the
land. Major changes were occurring at
this time in the world’s flora and fauna.
Fish-eating reptiles, such as the
plesiosaurs, ichthyosaurs and mosa-
saurs, had become extinct. The
dinosaurs disappeared from the face of
the land, and the pterosaurs vanished
from the skies. Many types of small
planktonic organisms in the seas disap-
peared without trace.

These extinctions seem to have been
the signal for the teleosts and the
mammals to enter their final explosive
phase of evolution, and develop into the
creatures that dominate the waters and
the land today.

The ancestors of land animals

It may seem strange to describe the
evolution of the world’s most successful
vertebrates — the bony ray-finned
teleosts — as an evolutionary sideshow.
But this, in fact, is what it was, since in
_the overall story of the evolution of life
the ray-finned fishes were a dead-end.
Their bony cousins, the lobe-finned
fishes — an unspectacular assemblage
by comparison — proved to be in the
mainstream of evolution.

One of the members of the lobe-
finned group provided the ancestor of
the first land animals, the amphibians.
This transition was accomplished rela-
tively quickly in their evolution; the
first lobe-finned fishes appeared in the
Early Devonian, and by the end of that
period, some 20 million years later, the
amphibians had set foot on dry land.

The lobe-finned ancestor may have
been an osteolepiform or a dipnoan
(lungfish); paleontologists are not in
agreement on this point, a fact which is
reflected in the 3-pronged arrangement
of the evolutionary lines at the base of
the chart on pp. 18-19.

General trends among fishes

There are some general trends that can
be seen in the evolution of fishes, all of
which led to fishes that were better
adapted to finding, seizing and chewing
prey, and to detecting and avoiding
predators.

The earliest fishes, the ostracoderms,
were protected by a heavy bony armor,
developed as a platelike head shield, and
thick, square-shaped body scales. Such

FISHES

EVOLUTION OF LUNGS AND SWIM BLADDER

Air sacs

The earliest bony fishes (the palaconiscids).
with thick, heavy scales, had paired air sacs
connected to the gut. These could be
inflated with air to buoy the fish up in the
water. As evolution progressed, the bony
fishes split into 2 lines. The lungfish
developed air-breathing lungs (while
retaining gills), their tissues infolded to
increase oxygen uptake. The teleosts, the
majority of today’s fishes, developed a

N

Swim bladder

RAY-FINNED FISH (teleost)

swim bladder above the throat, to control
buoyancy. In the most advanced teleosts,
the swim bladder is disconnected from the
throat, and is able to secrete and absorb its
own gases.

a covering would have made swimming
an energy-expensive process, and many
of these fishes lived and fed on the
seabed. The upper lobe of their tails was
often longer than the lower lobe, which
tended to drive the body down in the
water, a useful feature for a bottom-
feeder.

Other  ostracoderms  developed
“fins’’ in the form of various spines,
flaps and projections, which acted as
hydrodynamic aids. These, combined
with the enlarged lower lobe of the tail,
which tended to drive the fish up in the
water, meant that such fishes could
swim and feed among the plankton in
the surface waters. (The ostracoderms
illustrated on pp. 22-23 are arranged
according to the depth at which they
lived in the water.)

The general trend among bony fishes
was to develop smaller, thinner scales of
a rounded, more hydrodynamic shape.
At the same time, the tail fin became
symmetrical, with lobes of equal size, so
keeping the fish on a straight course.
Paired fins developed at the front of the
body (the pectorals) and towards the
rear (the pelvics); these not only stabil-
ized the fish, but also worked like built-
in oars, allowing it to change direction
as it moved.

Accompanying these changes in the
shape of the tail and the weight and
extent of scales, bony fishes were also
developing a more efficient means of
controlling their position in the water.
Even the earliest bony fishes had paired
air sacs on the underside of their body
(above). By pumping gases in or out of

these sacs, the fish could change its level
in the water.

In the ray-finned fishes, the air sacs
evolved into a single swim bladder,
placed above the throat; in most
teleosts, it remains connected to the
throat, but in the advanced perchlike
forms the connection is broken, and the
swim bladder functions independently
as a sophisticated buoyancy device, sec-
reting and absorbing its own gas.

In the lunghfishes, the air sacs evolved
into proper air-breathing lungs connec-
ted to the blood system, as they are in
land-living animals. The walls of the
lungs became highly convoluted to in-
crease the uptake of oxygen. Living
lungfishes, as well as having gills, can
breathe air, and the African species can
even exist for long periods out of water,
curled up in a burrow in the muddy
riverbank.

Feeding and breathing go together in
the bony ray-finned fishes. The general
trend was for their jaws to become more
mobile and flexible, allowing them to be
pursed together to form a tube. At the
same time, the gill chambers behind the
jaws became expandable, so that more
water could flow through them. This
increased the uptake of oxygen, and so
increased the fish’s activity. Since the
tubular jaws acted in conjunction with
the expandable gills chambers, this re-
sulted in prey being sucked or drawn
toward the fish, rather than the fish
having to engulf it at close quarters.
Watch a goldfish or any aquarium fish
feed, and this method can be seen in
action.
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FISHES

Jawless fishes

CLASS AGNATHA

The first vertebrates to evolve were the
agnathans, or ‘‘jawless fishes.” Their
traces are found in rocks of the Late
Cambrian period, more than 520 mil-
lion years old. These first fishes had no
jaws in which to seize and manipulate
prey. Nor did they have paired fins, to
stabilize their bodies in the water. Cat-
ching prey and eating it therefore pre-
sented problems; consequently, these
fishes were all small (rarely more than
1 ft/30 cm long), and restricted to either
sucking up microscopic food particles
from the mud of the seabed, or feeding
on plankton in the surface waters.

Agnathans had no bone in their
bodies. The internal skeleton was made
entirely of gristle or cartilage. Unlike
bone, this material decays. So the only
way that paleontologists know these
ancient fishes existed is because their
bodies had an “‘overcoat’’ of bone. This
consisted of a large bony shield that
covered the head, and small bony scales
that covered the body. This armor plat-
ing was the only protection these small,
jawless fishes had against attack by the
large, predatory sea scorpions that also
lived in these Paleozoic seas.

The bony armor has been preserved
in the rocks, and gives the fossil
agnathans their collective name of ost-
racoderms, meaning ‘‘shell-skins.”” De-

-spite their lack of jaws, ostracoderms
dominated the seas and freshwaters of
the northern hemisphere for about 130
million years, from Early Ordovician to
Late Devonian times. Two distinct lines
evolved (see pp. 18-19) — the pteraspi-
domorphs (the heterostracans and
thelodontids), and cephalaspidomorphs
(the osteostracans and anaspids).

Only 2 types of agnathan survive
today. Neither has the bony armor of
their ancestors, and both are highly
specialized, mainly marine fishes — the
wormlike, scavenging hagfishes and the
eel-like, parasitic lampreys.

ORDER HETEROSTRACI

The heterostracans were the first fishes,
and the earliest vertebrates, to evolve.
The oldest undisputed remains date
from the Early Ordovician, some 500
million years ago (below). These fishes
were the most abundant and diverse of
all the agnathans. They reached their
peak during Late Silurian and Early
Devonian times, when a variety of
marine forms evolved, from mud-eating
bottom-dwellers to free-swimming
plankton-feeders. Later, they invaded
freshwaters. All had the characteristic
bony head shield, which could grow
throughout the life of the fish.
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NAME: Arandaspis
TiME: Early Ordovician
LocALITY: Australia (Northern

Territory)
si1zE: possibly 6in/15 cm long
In 1959, fossils of 4 distinct types of fish
were discovered south of Alice Springs,
in the heart of the Australian continent.
They were entombed in marine sand-
stones, laid down in a shallow sea about
500 million years ago. It was not until
the late 1960s that these remains were
recognized as belonging to the earliest-
known vertebrates.

The name of Arandaspis was given to
the best-preserved specimens. This was
coined to celebrate the aboriginal
Aranda tribe of the area, and to reflect
the fish’s bony head covering — in
Greek aspis means ‘‘shield.”

Arandaspis had a streamlined, deep-
bodied shape. With no fins to stabilize
it, it would have swum in an erratic,
tadpolelike style. Its lower body was
covered in oblique rows of small bony

scales, each shaped like a cowrie shell,

and decorated with pointed tubercles,
which must have given the skin a rough,
abrasive texture, like that of a shark.
The front of the body was encased in
a head shield, made from 2 large plates
of thin bone — a deep, rounded ventral
(underside) plate and a flatter dorsal
(topside) plate. There were openings for
the eyes, nostrils and the single pair of
gill apertures on either side. Deep
grooves in the shield marked the po-
sition of the lateral line canals — the
organs in a fish that sense vibrations.
Arandaspis’ jawless mouth was on the
underside of its head, suggesting that it
may have fed on or near the seabed. Like
other heterostracans, there were prob-
ably small, movable plates inside its
mouth equipped with ridges of dentine.
These could have formed a flexible pair

- of “lips,” capable of scooping or suck-

ing up particles of food from the mud.

NAME: Pteraspis
TIME: Early Devonian
rocaLiTy: Europe (UK and Belgium)
size: 8in/20 cm long
Pteraspis is typical of the pteraspid fami-
ly of heterostracans, which became very
numerous and diverse during the Late
Silurian and Early Devonian. Although
it lacked paired fins, Pteraspis was a
powerful swimmer, to judge by several
hydrodynamic features of its body. Sta-
bility was provided by bony outgrowths
from the back of the head shield — a
large spine acted as a kind of dorsal fin,
while 2 rigid “wings” or keels func-
tioned as pectoral hydrofoils.

The long, flexible tail was also hydro-
dynamic, with the lower lobe elongated
to provide lift at the front of the body

DORYASPIS

ARANDASPIS

DREPANASPIS
DARTMUTHIA

during swimming. Additional lift was
provided by the elongated snout, which
was drawn out into a bladelike “ros-
trum,”’ below which the mouth opened.
Paleontologists think that Preraspis
and its relatives fed in mid-water or near
the surface of the sea, among the shoals
of planktonic, shrimplike crustaceans.

NAME: Doryaspis

TIME: Early Devonian

LOCALITY: Spitsbergen

size: 6in/15 cm lon

This pterapsid (also called Lyktaspis) had
a much longer snout or rostrum than
that of its relatives. There were bony
spines set along its length (rather like the
“saw” of a modern sawfish), and the
mouth opened above, rather than
below, the rostrum. This strange ap-
pendage must have had 2 hydrodynamic
function, since the shape of Dorvaspis
suggests it was an active swimmer, prob-
ably feeding on plankton.

An additional function of the ros-
trum among pteraspids could have been
to stir up the bottom mud or sand, to
root out crustacean prey.

Doryaspis had unusually long, lateral
keels growing from the back of the head
shield. Their leading edges were armed
with toothlike spines. These may have
acted as gliding planes, and together
with the rostrum and downturned tail,
would have elevated the front of the
body during swimming.

NAME: Drepanaspis

TIME: Early Devonian

LocAaLITY: Europe (Germany)

size: 1ft/30 cm long

A number of heterostracans, such as
Drepanaspis, were well-adapted bottom-
dwellers, scavenging in the mud of the
seabed for food. The front of the body
was broad and flattened, and the eyes
were set wide on either side of the
upturned mouth.
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ORDER THELODONTIDA

The thelodontids were small jawless
fishes, related to the heterostracans,
although they did not have head shields.
Only the tiny bony scales that covered
their bodies remain to testify to their
existence during Late Silurian and Early
Devonian times.

NAME: Thelodus

TIME: Late Silurian

LOCALITY: Worldwide

_ size: 7inf18 cm long

The mouth of this small thelodontid
was on the underside of its flattened
head, which suggests that it fed on the
seabed. But it could obviously swim
well also. The lower lobe of the tail was
elongated, and fins were developed for
stability — a dorsal and an anal fin at the
rear, and 2 pectoral flaps at the front.

ORDER OSTEOSTRACI

The osteostracans (also called the ceph-
alaspids, meaning ‘“head shields”) ap-
peared in the Late Silurian, about 80
million years after the earliest hetero-
stracan fishes. They evolved in the sea,
and then colonized freshwaters.

The osteostracans were flattened
bottom-dwellers that sucked up food
particles from the seabed through a
rounded mouth on the underside of the
head. The head shield was made of a
single plate of undivided bone, which
did not grow during the fish’s adult life
(unlike the individual bony head plates
of the heterostracans).

Evidently, osteostracans were also
good swimmers, since many of them
had a dorsal fin, paired scale-covered
flaps where the pectoral fins are norm-
ally found, and a strong, upturned tail.

The anatomy of osteostracans is well
known because of a unique develop-

ment among these jawless fishes. Bone
was laid down inside the body, in a thin
layer over the cartilage of the skeleton.
From this fossilized bone, the detailed
structure of the brain, gills, mouth and
even individual nerves and blood ves-
sels can be traced.

Another innovation was the concen-
trated patches of sensory organs devel-
oped on both sides, and on top, of the
head. These organs were richly supplied
with nerves, and must have detected
water-borne vibrations. Alternatively,
they could have been electric organs.

NAME: Tremataspis

TIME: Late Silurian

LocALITY: Europe (Estonia)

sizE: 4in/10 cm long

This early osteostracan had the typical

flattened body and ventral mouth of a

bottom-dweller. Its eyes and single nos-

tril were on top of the head, near the

midline. It fed by sucking up tiny food

particles from the seabed, using the gill

muscles in the throat as a suction pump.
The bony head shield extended half-

way along the body. Since it was made

of one piece of bone, it is unlikely that it

became larger as the animal grew.

Paleontologists think that osteostracans:

had an unarmored larva, and that the
bony shield developed only when the
fish was full-grown.

NAME: Dartmuthia

TIME: Late Silurian

rocaLITy: Europe (Estonia)

size: 4in/10 cm lon

The broad head shield is the only part of
Dartmuthia that is known. It was a
bottom-feeder, with a round, sucking
mouth on the underside of the head,
like its contemporary Tremataspis
(above). There was a small dorsal fin
halfway along its back, and the pressure-
sensitive organs were well developed on
its head and behind the eyes.

NAME: Hemicyclaspis

TIME: Early Devonian

LocaLiry: Europe (England)

sIzE: 5inf13 cm long

This osteostracan was a more powerful
swimmer, and could maneuver itself
better in the water, than either of its
bottom-dwelling relatives Tremataspis
or Dartmuthia (above). A dorsal fin stabi-
lized the body, while a pair of scale-
covered flaps, like pectoral fins, pro-
vided uplift and kept it on course.

The corners of the head shield were
drawn out into keel-like cutwaters. And
the enlarged upper lobe of the tail pro-
duced lift at the rear of the body, so
keeping the fish’s head down while it
sucked up food from the seabed.

FISHES

NAME: Boreaspis

TIME: Early Devonian

LOCALITY: Spitsbergen

sIZE: 5in/13 cm long

At least 14 species of Boreaspis are
known from sandstones laid down in
the lagoons of Spitsbergen during the
Early Devonian. They differ in the
width of their triangular-shaped head
shields, and in the length of the bony
spine that grew out from the cheek area
on either side. The snout was elongated
in all species into a bladelike rostrum.
Beside its hydrodynamic function, the
rostrum was probably used to probe for
prey on the muddy lagoon floor.

ORDER ANASPIDA

The anaspids lacked the heavy head
shields of other armored agnathans.
Covered in thin scales, their bodies were
slender and flexible, with stabilizing
fins. Numerous in the seas of Late
Silurian Europe and North America,
these active swimmers later invaded
rivers and lakes during the Devonian,
and survived to the end of that period.
They are the likely ancestors of the
modern lampreys.

NAME: Jamoytius

TIME: Late Silurian

LocaLiTy: Europe (Scotland)

size: 11in/27 cm long

Named for the English paleontologist
J. A. Moy-Thomas, the marine Jamoy-
tius had a narrow, tubular shape, with a
long fin on its back, a pair of lateral fins
running along its flanks and a small anal
fin. Uplift was produced by the strongly
downturned tail.

Jamoytius had a round, suckerlike
mouth, and it was probably a parasite
like its living descendant, the marine
lamprey. This jawless fish attaches itself
to other fishes, rasps away their flesh
and then sucks their blood.

NAaME: Pharyngolepis

TIME: Late Silurian

LocaLITY: Europe (Norway)

size: 4in/10 cm long

This anaspid must have been an awk-
ward, inefficient swimmer, since it
lacked the basic stabilizing fins of other
fishes. A row of crested scales ran along
its back, and a pair of bony spines
projected from the pectoral area. There
was a well-developed anal fin, and the
tail was downturned. But none of these
features would have stabilized this fish’s
deep body in the water.

Pharyngolepis’ feeding method was
probably to plow through the bottom
sediment, head-first, scooping up tiny
food particles in its rounded mouth.
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FISHES
Cartilaginous fishes

CLASS CHONDRICHTHYES
What could be more evocative of
“jaws”’ than sharks? In fact, sharks and
their relatives — the skates and rays,
and the chimaeras or ratfishes — were
among the earliest vertebrates to de-
velop jaws and bony teeth (see p. 20).
These jawed fishes also share another
feature. All have skeletons made en-
tirely of gristle or cartilage, which unites
them as the chondrichthyans, or car-
tilaginous fishes. (Agnathans also have
cartilaginous skeletons, but they, of
course, have no jaws.) The skeleton is
“calcified,” or strengthened by prisma-
tic granules of calcium carbonate de-
posited in the outer layers of the car-
tilage. These granules are arranged in an
unmistakable mosaic pattern, unique to
these cartilaginous fishes. Finally, a thin
layer of bone covers the cartilage.
Cartilaginous fishes share other char-
acteristics. For example, their fins are
paired, and stiffened by horny rays of
cartilage. The pelvic fins in males are
modified into penislike ‘‘claspers,” to
aid in the transfer of sperm during
copulation — a feature unique to these
cartilaginous fishes. The skin bristles
with tiny, teethlike scales, which give ita
rough texture like sandpaper. (In fact,
19th-century cabinet-makers used shark
skin, called “shagreen,” to give a
smooth finish to the wood.) Like the
teeth, the body scales are constantly
replaced throughout the fish’s life.
Two main groups of cartilaginous
fishes evolved from a common ancestor
during the Early Devonian period, some
400 million years ago (see pp.18-19).
Representatives of both groups — the
elasmobranchs and the holocephalians
— survive today, distinguished by their
teeth and quite different feeding habits.

SUBCLASS ELASMOBRANCHI
The elasmobranchs — sharks, dog-
fishes, skates and rays — evolved from a
common ancestor during the Early De-
vonian, some 400 million years ago.
Sharks have changed little over this vast
span of time. They diversified into many
forms during the Carboniferous, and
after a period of decline, underwent a
second burst of evolution in the Jur-
assic, when most of the modern groups
appeared. Then, as now, sharks were the
dominant predators in the seas, ousting
other creatures that attempted a marine,
fish-eating lifestyle — reptiles such as
the ichthyosaurs and plesiosaurs.

The skates, rays and sawfish evolved
in the Early Jurassic, some 200 million
years after the sharks. They are essenti-
ally sharks that have become flattened
for a life on the seabed.
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NAME: Cladoselache

TIME: Late Devonian

rocaLity: North America (Ohio)
SIZE: up to 6ft/1.8 m

Remains of shark scales are known from
the Late Silurian and teeth from the
Early Devonian. But itis only in the Late
Devonian that recognizable specimens
are found. Cladoselache has been re-
markably well fossilized in the Cleve-
land shales of Ohio, USA. The fleshy
outline of its body has been imprinted
in the rocks, and even traces of its skin,
muscles and kidneys.

Cladoselache had a streamlined,
torpedo-shaped body, with 2 equal-
sized dorsal fins; a pair of large pectoral
fins; a pair of smaller pelvic fins; a large
tail shaped like a half-moon, with equal
lobes, and a pair of horizontal keels at its
base. Its head was blunt, its eyes large
and 5 to 7 gill slits opened behind its
toothed jaws.

Superficially, the description of this
ancient shark, that cruised the open seas
400 million years ago, is strikingly
similar to that of a modern oceanic
shark, such as the infamous Great
White. The main differences are that the
modern shark has a pointed snout, a
high first dorsal fin, a tail in which the
upper lobe is considerably longer than
the lower lobe, and an additional fin —
the anal fin.

Like many early sharks, Cladoselache
had a spine in front of each dorsal fin.
The spines were made of toothlike den-
tine and probably skin-covered during
life, since they are not coated in the
protective layer of enamel seen in later
sharks. Another unusual feature of
Cladoselache is the lack of scales on its
body. The only scales were concen-
trated round the eyes and along the
margins of the fins.

Besides being a powerful swimmer,
Cladoselache was obviously a formid-
able carnivore. Its mouth was filled with
sharp, pointed teeth, each with a long
central cusp or projection, flanked by
several smaller cusps. The seas of the
Late Devonian teemed with prey —
squid, crustaceans, small jawless fishes,
and early bony fishes.

NAME: Stethacanthus

TiIME: Late Devonian to Late
Carboniferous

LocALITY: Europe (Scotland) and
North America (Illinois, Iowa,
Montana and Ohio)

size: 2 ft 4in/70 cm long

The remarkable feature of this early

shark was the strange adaptation of the

first dorsal fin. It was anvil- or T-shaped,

and the flat, upper surface bristled with

teethlike denticles. The top of the head

was also covered with denticles.
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Some paleontologists speculate that
these structures were part of a threat
display to others of its kind, maybe
giving the impression of an enormous
pair of jaws. Another theory suggests
that these toothy patches were connec-
ted with sexual display, perhaps form-
ing some sort of mating device.

NAME: Cobelodus
TiME: Middle to Late Carboniferous
LOCALITY: North America (Illinois
and Iowa)
SIzE: up to 6 ft 6in/2 m long
This strange-looking shark had a bul-
bous snout and a humpbacked profile,
with only one dorsal fin on its back, set
far to the rear, above the pelvic fins. It
also had remarkably large eyes, which
could suggest that it hunted in deep,
dark waters for crustaceans and squid.
One of the cartilaginous rays that
supported the pectoral fin was drawn
out on each side into a whiplash, about
1 ft/30 cm long. These appendages were
obviously movable, since they were
jointed along their length.

NaME: Xenacanthus
TIME: Late Devonian to Middle

Permian
Locarity: Worldwide
size: 2 ft 5in/75 cm long
Early in their evolution, a group of
sharks invaded freshwater, spreading
into rivers and lakes all over the world.
These xenacanthids were specialized
fishes and highly successful, since they
existed from Early Devonian times to
the end of the Triassic — a span of
almost 150 million years.

Xenacanthus was a typical member. A
thick spine grew out from the back of its
skull. The dorsal fin formed a con-
tinuous ribbon along the length of the
back, right around the tail, and joined
up with the anal fin — like the arrange-
ment seen in the modern Australian



TRISTYCHIUS

STETHACANTHUS

SPATHOBATHIS

lungfish or the conger eel. It probably
swam like these modern fishes, with
sinuous movements of its long, stream-
lined body. Paired pectoral and pelvic
fins stabilized it from below.

The dentition of these freshwater
sharks was also unusual; each tooth
was V-shaped, and formed of 2 promi-
nent cusps. Shrimplike crustaceans
were probably the chief prey, as well as
the thick-scaled bony fishes, the
paleoniscids (see p. 36).

NAME: Tristychius

TIME: Early Carboniferous

LocaLiTy: Europe (Scotland)

size: 2 ft/60 cm long

Superficially, Tristychius looked like a
modern dogfish. It was a hybodontoid
shark; this group was to dominate the
seas from Carboniferous times to the
end of the Cretaceous — a reign of
almost 300 million years. Some fine
tuning occurred in their structure, but
essentially sharks had ‘“‘got it right”
some 40 million years earlier.

Like all its relatives, Tristychius had a
pair of large spines in front of each
dorsal fin. The pectoral and pelvic fins
had much narrower bases, and were
therefore more flexible swimming ap-
pendages, than the broad-based, rigid
fins of earlier sharks, such as Cladosel-
ache. The upper lobe of the tail had
developed into the powerful, propul-
sive, upturned fin seen in modern
oceanic sharks.

NaME: Hybodus

TIME: Late Permian to Late
Cretaceous

LocaLiTy: Worldwide

size: 6 ft 6in/2 m long

Hybodus was one of the most common,

widespread and long-lived types of fos-

sil shark. It looked essentially like a

modern Blue shark, although only half

its size and with a blunter snout.

It had two types of teeth in its power-
ful jaws, suggesting a varied diet.
Pointed teeth at the front seized and
pierced its fish prey, while the blunt,
low-crowned teeth at the back crushed
their bones, and also the hard shells of
bottom-living snails, sea urchins, crust-
aceans and shellfish.

Hybodus and its relatives gained (and
their ‘descendants have retained) a re-
productive advantage over other fishes.
Part of the pelvic fins in the male shark
were modified into erectile, penislike
organs, called “claspers” (seen in the
illustration of Hybodus on p. 26). These
were inserted into the female during
copulation, and sperm was transferred
directly into her body — a superior
method of fertilizing eggs than the
wasteful shedding of sperm into the
open sea practised by most bony fishes.

NAME: Scapanorhynchus
TIME: Early to Late Cretaceous
LocaLiTy: Worldwide
size: 20in/50 cm long
A final burst of evolution among the
elasmobranchs in Late Jurassic times led
to the modern sharks, skates and rays —
the neoselachians, or ‘“‘new sharks.”
Several improvements had been
made to their skeletons. For example,
the cartilaginous ‘‘backbone” was
strongly impregnated with calcium (cal-
cified) to resist the powerful forces pro-
duced by lateral flexure of the body
during swimming. The bones of the
upper jaw articulated with the braincase
by a movable joint, allowing the jaws to
be opened wide, and even to be pro-
truded beyond the skull so that large
chunks of flesh could be gouged from
their prey. Finally, the brain and its
sensory areas became larger, especially
the lobes associated with smell.
Scapanorhynchus was an early, but not
a typical, neoselachian. It had a greatly
elongated snout, and its teeth were all of
the biting/tearing kind, suitable for fish-
eating.

NAME: Spathobathis
TIME: Late Jurassic
LocaLiTy: Europe (France and

Germany)
size: 20in/50 cm long
Of the elasmobranch skates, rays and
sawfishes, the rays were the first to
evolve. Spathobathis is the earliest-
known ray, and is strikingly similar to
the: modern Guitar or Banjo fish of
Atlantic waters off North America.

Its body was essentially like that of a
shark, but broad and flattened for a life
on the seabed. The eyes and spiracles
(for water intake) were repositioned on
top of the head, and the mouth and gill
slits were on the underside. The pair of
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pectoral fins were expanded into great
“wings”’ for swimming.

The teeth of this ancient ray were also
broad and flattened and formed effec-
tive shellfish-crushers. Its elongated
snout probed the seabed for prey.

NAME: Sclerorhynchus

TIME: Late Cretaceous

LocALITY: Africa (Morocco), Asia
(Lebanon) and North America
(Texas)

size: 3ft 3in/1 m long

The skates had evolved from the rays by

Early Cretaceous times. Sclerorhynchus

was an early type of skate, though it

looked more like a modern sawfish.

Flapping its pectoral “wings,” this flat-

tened fish “flew’” just above the seabed,

probing and sifting the mud with its

long, toothy snout for hidden shrimps,

shellfish and bony flatfish.

SUBCLASS HOLOCEPHALI

The second major group of cartilagi-
nous fishes are the holocephalians, or
chimaeras — commonly known as
rabbit- or ratfishes. They appeared in
the Early Carboniferous, and looked
essentially like modern chimaeras, the
males complete with penislike claspers.
Today, 25 species live in the oceans of
the world, usually swimming in deep
water and feeding on the seabed.

NaME: Deltoptychius
TIME: Early to Late Carboniferous
LocALITY: Europe (Ireland and
Scotland)
size: 18in/45 cm long
This early ratfish had practically all the
features of its modern descendants. It
swam by flexing the long body and
whiplash tail from side to side, and
gliding on its outstretched, winglike
pectoral fins. Its large eyes enabled it to
see better in the ocean depths, while
large dental plates (rather than indiv-
idual teeth) crushed shellfish.

NaME: Ischyodus
TIME: Middle Jurassic to Paleocene
LocaLITY: Europe (England, France
and Germany) and New Zealand
size: 5 ft/1.5m long
Ischyodus, more than 150 million years
old, was practically identical in size and
shape to Chimaera monstrosa, the mod-
ern ratfish found in the depths of the
Atlantic and Mediterranean. It had the
same large eyes, pursed lips, tall dorsal
fin, fanlike pectorals and whiplash tail
of its living relative. It even had a similar
spine in front of the dorsal fin, which in
the living species is connected to a
venom gland, and used for defense.
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Spiny sharks and armored fishes

CLASS ACANTHODII

The acanthodians — commonly known
as the “‘spiny sharks’ — are the earliest-
known vertebrates with jaws. These
structures are presumed to have evolved
from the first gill arch of some ancestral
jawless fish which had a gill skeleton
made of pieces of jointed cartilage (see
p. 20).

The popular name “‘spiny sharks’’ is
really a misnomer for these early jawed
fishes. The name was coined because
they were generally shark-shaped, with a
streamlined body, paired fins and a
strongly upturned tail; stout bony
spines supported all the fins except the
tail — hence, “‘spiny sharks.”

In fact, acanthodians were a much
earlier group of fishes than sharks. They
evolved in the sea at the beginning of the
Silurian period, some 50 million years
before the first sharks appeared (see
pp. 26-29). Later the acanthodians
colonized freshwaters, and thrived in
the rivers and lakes during the Devonian
and in the coal swamps of the Car-
boniferous. But the first bony fishes
were already showing their potential to
dominate the waters of the world, and
their competition proved too much for
the spiny sharks, which died out in the
Permian.

Many paleontologists consider that
the acanthodians were close to the
ancestors of the bony fishes. Although
their internal skeletons were made of
cartilage, a bonelike material had devel-
oped in the skins of these fishes, in the
form of closely fitting scales. Some
scales were greatly enlarged, and formed
a bony covering on top of the head and
over the lower shoulder girdle. Others
formed a bony flap over the gill open-
ings (the operculum in later bony
fishes).

NAME: Climatius
TIME: Late Silurian to Early
Devonian
LocaLITy: Europe (UK) and North
America (Canada)
size: 3in/7.5 cm long
The name “spiny shark’ seems parti-
cularly appropriate for this fish. Its tiny
body was crowded with spines and fins.
Two large dorsal fins rose from the
back, each supported in front by a stout
bony spine, superficially embedded in
the skin. There was a large anal fin and
spine at the back, and a pair of large
pectoral fins with spines at the front.
The underside of Climatius’ body
bristled with spines, but no fins. There
was a pair of pelvic spines and 4 pairs of
belly spines.
Climatius was obviously an active
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swimmer, to judge by its stabilizing fins
and the powerful, sharklike tail, with its
large, upturned upper lobe. Like many
other acanthodians, it had no teeth in its
upper jaw, but there were whorls of
small teeth in the lower jaw, continually
replaced as they were being worn —
another sharklike feature. Its large eyes
suggest that sight was the chief sense
used for locating prey, and it probably
fed on crustaceans and fish fry in mid-
water and at the surface.

Its swimming agility and the tight-
fitting armor of bony scales must have
protected Climatius from attack by lar-
ger fish and predatory invertebrates,
such as squid. The 15 fin spines that
arrayed its body were its chief defense,
making it extremely awkward to
swallow.

NAME: Acanthodes
TIME: Early Carboniferous to Early
Permian

LOcALITY: Australia (Victoria),

Europe (Czechoslovakia, England,
Germany, Scotland and Spain) and
North America (Illinois, Kansas,
Pennsylvania and West Virginia)
size: 1£t/30 cm long
Acanthodes was a member of the last
group of spiny sharks to evolve. They
had no teeth in their jaws, but the gills
were equipped with long bony “‘rakers”
made of toothlike spikes. Acanthodes
and its relatives were probably filter-
feeders, sieving tiny, planktonic animals
through their gills.

Like all later acanthodians, Acanth-
odes was larger than its earlier relatives;
some members of its group reached
lengths of over 6 ft 6in/2m. Acanthodes
was also less spiny than earlier forms. Its
paired pectoral fins still had stout
spines, as did the large anal fin. But there
was only one spiny dorsal fin, set far
back near the tail, and the pair of the
ribbonlike pelvic fins that ran along the
belly each had a single spine. Thus,
Acanthodes only had 6 fin spines on its
body, compared with the 15 spines of its
prickly relative, Climatius (above).

CLASS PLACODERMI
The placoderms, or “flat-plated skins,”
were a strange assemblage of heavily
armored jawed fishes. Several large, in-
terlocking plates formed a bony head
shield, while another series of plates
encased the front part of the body in a
trunk shield. The rest of the body was
usually naked, with no scaly covering.
The placoderms represent a special-
ized offshoot from the main evolu-
tionary line leading to the bony fishes
(see pp. 18-19). A comparatively short-
lived group, they first appeared in the
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Early Devonian and had died out by the
Early Carboniferous.

Many placoderms spent their lives on
the seabed, their flattened bodies
weighed down with heavy bony armor.
Others had less armor and became
swimmers in the open sea. The jaws of
all these fishes were equipped with
broad dental plates, rather than indiv-
idual teeth, for crushing hard-shelled
prey.

Representatives from the 4 main
groups of placoderm (rhenanids,
ptyctodontids, arthrodires and anti-
archs) are described.

NAME: Gemuendina

TIME: Early Devonian

LocaLITY: Europe (Germany)

size: 1 ft/30 cm long

The rounded, flattened body of this
early bottom-dwelling placoderm (of
the rhenanid order) was remarkably like
that of a modern ray. Its pectoral fins
were drawn out into winglike lobes on
either side of the body, and the eyes and
nostrils were repositioned on top of the
head.

These features were duplicated about
260 million years later in an unrelated
group of fishes — the rays and skates
that dwelt on the seabed from Jurassic
times onward (see p.29). Here is an
excellent example of convergent evol-
ution — in which unrelated creatures
adopt the same structure, and often the
same habits, in response to a similar
environment and lifestyle (see p. 16).

Gemuendina did not have the heavy
armor of its later relatives. A mosaic of
small bony plates covered its body,
decorated with sharp, defensive dent-
icles; a few large plates were developed
above and below the head. This placo-
derm also lacked the characteristic
tooth plates of its later relatives. In-
stead, the jaws were equipped with star-
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shaped tubercles, which acted like teeth;
the jaws could be protruded out of the
mouth to pick up sea urchins and shell-
fish from the seabed, which were then
crushed between the teethlike tubercles.

NaME: Ctenurella
TIME: Late Devonian
LOCALITY: Australia (Western

Australia), and Europe (Germany)
size: 5in/13 cm long
Ctenurella was a small, naked placoderm
(one of the ptyctodontids). Its only
armor was developed on top of its head
and in a band around the shoulder
girdle. It had 2 dorsal fins, one upright
and the other long and low. Large,
paired pectoral and pelvic fins stabilized
it from below, and the tail tapered to a
whiplash.

This small placoderm had crushing
tooth plates in its jaws, the upper bones
of which were firmly fused to the brain-
case. It fed on the seabed, grinding up
shellfish and sea urchins. It could obvi-
ously swim also, to judge by its hydro-
dynamic shape and paired fins.

Here again is an example of converg-
entevolution. As with the raylike rhena-
nids (above), Ctenurella and its relatives
had evolved a body design that was to
endure in a later group of cartilaginous
fishes — the chimaeras or ratfishes (see
p.29). These placoderms even had the
penislike claspers developed in the
males of the cartilaginous group.

NAME: Groenlandaspis

TIME: Late Devonian

LOCALITY: Antarctica (South Victoria
Land), Australia (New South
Wales), Europe (England, Ireland
and Turkey) and Greenland

size: 3inf7.5 cm long

This tiny armored fish, found in sites

literally poles apart, was a member of

the most abundant and diverse group of

placoderms — the arthodires, or

“‘jointed-necked” fishes. They account
for 60 percent of all known placoderms.

Groenlandaspis  was a  flattened
bottom-dweller, crushing mollusks and
crustaceans between its tooth plates.
Since the lower jaw could not be
dropped while the fish was lying flat on
the seabed, this fish, like most of its
relatives, evolved an ingenious hinge
system to allow them to open their jaws
wide to engulf large prey. The head
shield was hinged to the trunk shield by
a pair of ball-and-socket joints set high
up on either side of the body. These
hinges allowed the head to be tilted up
and back, while the lower jaw dropped
and the gaping mouth moved forward to
seize the prey.

NAME: Coccosteus
TIME: Middle to Late Devonian
LocaLrrty: Europe (Scotland and
USSR) and North America (Ohio)
s1ZE: 16in/40 cm long
Coccosteus was a fast-moving hunter and
scavenger of the seabed. Its smooth,
streamlined body (devoid of scales),
paired fins, upturned tail and stabilizing
dorsal fin made it a powerful swimmer.
It must also have been an aggressive
carnivore, due to improvements in the
jointing system of its neck. Not only
were the head and trunk shields hinged
externally, as in Groenlandaspis (above);
an internal joint had also developed

between the neck vertebrae and the

back of the skull, enabling Coccosteus to
tilt its head back farther. Thus, it could
attain an even wider gape than its rela-
tive. Its jaws were also longer, so extend-
ing its predatory range.

Another advantage of this jointed-
neck system was that the up-and-down
movement of the head would help to
pump water through the gill arches,
which were expanded when the mouth
was opened. Coccosteus probably
supplemented its diet by swallowing
great mouthfuls of mud; the organic
matter contained in it was digested and
the remainder expelled as faeces.

NAME: Dunkleosteus

TIME: Late Devonian

LocaLITy: Africa (Morocco), Europe
(Belgium and Poland) and North
America (California, Ohio,
Pennsylvania and Tennessee)

size: 11 ft 6in/3.5m long

Some arthrodires grew to an enormous

size, and may even have competed for

fish prey with contemporary sharks

such as Cladoselache (see p.28). Dun-

kleosteus was the giant of the group, with

a skull over 2 ft/65 ¢m long. Some of its

relatives, such as Dinichthys and Titan-

ichthys, rivalled it in size, at 7ft/2.1 m and

11 ft/3.4 m respectively.
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The bony trunk shield in Dunkleosteus
stopped short of the pectoral fins, so
freeing them for better control of steer-
ing and braking maneuvers. Sinuous
movements of the smooth, scaleless
body and the long, eel-like tail would
have swept this great creature through
the sea in search of its fish prey.

The jointed neck and hinged body
shields endowed Dunkleosteus with a
slow, powerful bite. Having caught its
victim, the great dental plates got to
work, with the fanglike picks at the
front of the jaws holding and piercing
the prey, while the sharp-edged, cutting
pavements at the back macerated it.

NaME: Bothriolepis
TIME: Late Devonian
LocaLITy: Worldwide
size: 1ft/30 cm long
Bothriolepis was a member of the most
heavily armored group of placoderms,
the antiarchs. These fishes shared acom-
mon ancestor with the arthrodires
(above), and like many of them, were
flattened bottom-dwellers — although
antiarchs lived in freshwaters. The head
was protected by a short bony shield,
which hinged onto a long trunk shield.
The pectoral fins of Bothriolepis and
its relatives were reduced to a pair of
bony-plated spines, which could have
played no role in swimming. They ar-
ticulated with the front edge of the
trunk shield via a complex hinge. A
joint halfway along their length suggests
that they could have been bent, and
used like stilts to carry their heavy
owner over the river bed. The upturned
tail would have produced lift at the rear
of the body, keeping the fish’s head
down while it scavenged in the bottom
mud or sand for food particles.

NAME: Palaeospondylus

TIME: Middle Devonian

LocAaLITY: Europe (Scotland)

SIZE: 2in/6 cm long

This tiny creature has vexed paleontolo-
gists ever since its discovery in 1890.
Hundreds of specimens have been
found at the one Scottish locality. All
consisted of a long ‘“‘backbone” with
spines at one end, presumably support-
ing a tail fin, and a strangely shaped skull
at the other end. This creature had no
obvious jaws and no paired fins.

Over the years, it has been interpre-
ted as a jawless agnathan, a naked placo-
derm, a type of ratfish or even a lungfish.
Some have even suggested that it repre-
sents the tadpole larva of an amphibian.
To add to the enigma, paleontologists
cannot determine whether the skeleton
is made of calcified cartilage or of bone.
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Primitive ray-finned fishes

CLASS OSTEICHTHYES

In terms of abundance and diversity, the
“bony fishes,” or osteichthyans, are the
success story of vertebrate evolution.
There are more than 20,000 modern
species known to dwell in the fresh-
waters and seas of the world.

Bony fishes account for half of the
total number of all living vertebrates. In
a sense, the bony fishes are also the most
successful group of vertebrates, since
their descendants inherited the lands of
the world in the form of the am-
phibians, reptiles, birds and mammals.

All osteichthyans, ancient and mod-
ern, are characterized by an internal
skeleton which is completely “ossi-
fied,” or made of bone. The process of
ossification (the replacement of cartilage
by bone) happened suddenly in their
evolution. It was preceeded by the
laying down of a thin film of bone over
the cartilages that made up the skull and
“backbone” in the agnathans and car-
tilaginous fishes.

Ossification was taken a step farther
in the spiny sharks, or acanthodians,
which had also developed large bony
plates set in the skin. These covered the
gill arches and shoulder girdles, just as
they did in later bony fishes. This fea-
ture, together with several others, has
led paleontologists to believe that spiny
sharks were close to the ancestry of the
bony fishes.

Two major groups (or subclasses) of
bony fishes evolved some 400 million
years ago. They are distinguished by the
arrangement of the bony skeleton that
supports their fins. The “ray-finned”
fishes, or actinopterygians (below), in-
clude the majority of today’s bony
fishes, the teleosts (see pp. 38—41). And
the “lobe-finned” fishes, or sarcop-
terygians (see pp.42-45), provided the
ancestors of the first land animals.

SUBCLASS ACTINOPTERYGII
The ray-finned actinopterygians were
the earliest bony fishes to appear. A
great diversity, first of marine and then
of freshwater types, evolved some 400
million years ago. Today, this ancient
group lives on in the vast and varied
assemblage of modern teleosts, as well
as in the much rarer representatives —
the sturgeons, paddlefishes, bowfin, gar-
pike and birchirs.

The characteristic feature of all the
actinopterygians, both fossil and mod-
ern, is the skeleton of parallel bony rays
that supports and stiffens each fin —
hence the name, “‘ray-finned” fishes. In
early actinopterygians the fins were
quite immovable; in later, more advanc-
ed forms the fins became more flexible,
culminating in the highly mobile fins
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that characterize modern bony fishes.

In conjunction with these fin changes,
other improvements were made as the
actinopterygians evolved toward mod-
ern teleosts. A swim bladder developed
from the paired air sacs of earlier fishes,
and enabled the fish to control its buoy-
ancy (see p.21). The heavy body scales
were replaced by a lighter, more flexible
scaly covering. And the tail became
symmetrical, with lobes of equal length,
to provide an even, propulsive thrust.

The classification of bony fishes is
extremely complex, with several dozen
orders involved; 5 of these have been
selected here to illustrate the evolution
of the group (see pp. 18~-19).

The palaeoniscids were the earliest
ray-finned fishes to appear, in the seas of
the Late Silurian, more than 400 million
years ago. They evolved rapidly, and
many groups invaded freshwaters. To-
ward the end of the Paleozoic Era, these
early fishes (sometimes grouped as the
chondrosteans) diversified into many
new types (the neopterygians, see p. 37),
from which arose the teleosts.

The typical features of the early ray-
finned fishes were thick bony scales
which articulated with each other; a
single dorsal fin to the rear of the body;
and an asymmetric, sharklike tail.

NAME: Cheirolepis
TIME: Middle to Late Devonian
rocaLity: Europe (Scotland) and

North America (Canada)

SIZE: up to 22in/55 cm long
Cheirolepis was a fast-moving freshwater
predator and one of the largest members
of the palaeoniscids, the first ray-finned
fishes to evolve (above).

Its streamlined body was encased in a
heavy coat of small, rectangular (thom-
boid) scales, arranged in diagonal rows
— just like those of the spiny sharks.
(The scales were covered with a unique
type of enamel called ganoine, which
gives the palaeoniscids their collective
name of ‘‘ganoid” fishes.) A row of large
scales stiffened the top side of the tail’s
elongated upper lobe, enhancing its
powerful flexing movements during
swimming. These scales were a unique
feature of all early ray-finned fishes.

The upturned tail tended to drive
the fish downward in the water. So to
counteract this, the paired pectoral and
pelvic fins on the underside functioned
as hydrofoils, elevating the body at the
front. Stability was provided by the
large dorsal and anal fins.

Like all palaeoniscids, Cheirolepis had
large eyes, and probably hunted by
sight. Its jaws were equipped with many
sharp teeth, and could be opened wide
to engulf prey two-thirds its own length.

NAME: Moythomasia
TIME: Middle to Late Devonian
LOCALITY: Australia (Western

Australia) and Europe (Germany)
s1ze: 33 in/9 cm long
The palaeoniscids evolved into a great
variety of forms during the Devonian,
and became the most abundant and
diverse of freshwater fishes in the Late
Paleozoic.

Although a contemporary of Cheiro-
lepis (above), Moythomasia had evolved a
new type of ganoid scale, unique to the
early ray-finned fishes. A peg on the top
edge of each scale fitted into a socket on
the bottom edge of the scale above. So
all the body scales articulated with each
other, to form a flexible, and protective,
coat of jointed armor.

NaME: Canobius

Time: Early Carboniferous

LocaLITY: Europe (Scotland)

size: 3in/7 cm long

A new development had occurred in the
skull of this tiny fish. The cheek bones
and the hyomandibular bones, which
attached the upper jaws to the braincase
(see p. 21), both became upright. So, the
jaws were suspended vertically beneath
the braincase (rather than obliquely as
in other palaeoniscids). This new ar-
rangement allowed the mouth to be
opened wider, while at the same time
the gill chambers behind the jaws were
greatly expanded.

This innovation affected both respir-
ation and feeding. As the mouth was
opened wide, a greater volume of water
passed over the gills. More oxygen
could be absorbed from the water,
which in turn led to increased activity.

Canobius could also exploit a rich
source of food. Tiny planktonic crea-
tures were carried into its gaping mouth
in the surge of incoming water, and were
caught on the minute teeth that lined its
jaws and gills.
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NAME: Platysomus
TIME: Early Carboniferous to Late

Permian
LocaLiTy: Worldwide
size: 7inf18 cm long
One family of palaeoniscids became
disk-shaped — rather like such modern
teleosts as the reef-dwelling blue tang or
the Amazon discus fish. Platysomus lived
in both freshwater and the sea.

Its deep body was fringed toward the
rear by the elongated dorsal and anal
fins. The pectoral and pelvic fins were
tiny. Platysomus must have sculled
along, bending its body from side to side
in a slow swimming action. A fairly
straight course could have been main-
tained, since the tail was deeply forked
and symmetrical, although the main
propulsive force still came from the
tail’s upper lobe which was stiffened by
rows of stout, interlocking scales.

Like Canobius (above), the jaws of
Platysomus were suspended vertically
from its braincase, giving it the advan-
tage of a wide gape and bulging gill
chambers when the mouth was open.
Platysomus probably also ate plankton.

NAME: Palaeoniscum
TIME: Late Permian
LocaLITY: Europe (England and
Germany), Greenland and North
America (USA)
size: up to 1£t/30 cm long
Torpedo-shaped, with a high dorsal fin
and powerful, deeply forked tail,
Palaeoniscum was built for speed. It
must have been a ferocious predator of
other freshwater bony fishes. Its jaws
were set with numerous sharp teeth,
which were constantly being replaced.
Like all the early ray-finned fishes,
Palaconiscum had a pair of air sacs con-
nected to the throat, which could be
inflated to act as a primitive buoyancy

device (see p. 21).

NAME: Saurichthys
TiME: Early to Middle Triassic
LocaLiTy: Worldwide
SIZE: up to 3ft 3in/1 m long
The long, narrow body of this fresh-
water palaeoniscid is reminiscent of that
of the modern pike. Similarly, its dorsal
and anal fins were placed well back on
the body, near the equal-lobed tail.
Saurichthys probably also behaved
like a modern pike. It may have lurked
among the water weeds, or lain still on
the river bed, seizing passing fishes in its
toothed jaws. These were elongated into
a long beak, almost a third of the body
length, which greatly extended the fish’s
predatory range. The symmetrical plac-
ing of its fins, together with a great
reduction in its bony coat of scales, also
made Saurichthys a powerful swimmer.

NAME: Perleidus
TIME: Early to Middle Triassic
LocaLity: Worldwide
size: 6in/15cm long
Perleidus and its relatives evolved from
the palaeoniscids, and survived during
the 35 million years of the Triassic
period. They were all freshwater pre-
dators with strong, toothed jaws, which
could be opened wide due to their
vertical suspension from the braincase.
A notable feature of this group was
the flexibility of their dorsal and anal
fins. This was made possible by a reduc-
tion in the number of bony rays within
each fin, a thickening of the bases of
those that remained, and an alignment
with their bony supports within the
body. Such mobile fins, together with
an almost symmetrical tail, allowed
greater swimming maneuverability.

NAME: Lepidotes
TIME: Late Triassic to Early
Cretaceous
LOCALITY: Worldwide
size: 1ft/30 cm long
Toward the end of the Paleozoic Era,
many new types of ray-finned fishes
evolved from the marine palaeoniscids.
Grouped together as the neopterygians,
these fishes show many of the features
developed in the modern bony fishes,
which descended from this group.
Lepidotes (a member of the semi-
onotids, see pp. 18-19) had evolved a
new jaw mechanism, which allowed it to
feed differently from earlier fishes. Its
upper jaw bones were shortened and
freed of their connection to the cheek
bones, to which they had formerly been
fused. This new mobility allowed the
mouth to be formed into a tube, and
prey could be sucked from a distance
toward the fish, rather than engulfed at
close quarters as early fishes had done.

FISHES

NaME: Dapedium
TiME: Late Triassic to Early Jurassic
LocALITY: Asia (India) and Europe

(England)
size: 14in/35 cm long
The deep, round body of Dapedium
(another member of the semionotids)
was stabilized by long dorsal and anal
fins at the rear. Its body was covered in
heavy, protective scales with a thick
outer layer of enamel.

Dapedium had long, peglike teeth in
its short jaws and crushing teeth on its
palate. These, combined with its body
shape, suggest that it was a mollusk-
eater, weaving slowly through the coral
reefs of the Early Mesozoic seas.

NaME: Pycnodus

TIME: Middle Cretaceous to Middle
Eocene

LocALITY: Asia (India) and Europe
(Belgium, England and Italy)

size: 5inf12 cm long

Although belonging to a later group (the

pycodontids), Pycnodus had evolved the

same deep-bodied shape and grinding

teeth as Dapedium (above), probably in

response to living in the same type of

environment — calm reef waters — and

eating similar food — hard-shelled mol-

lusks, corals and sea urchins.

NAME: Aspidorhynchus
TIME: Middle Jurassic to Late
Cretaceous
LOCALITY: Antarctica and Europe
(England, France and Germany)
size: 2 ft/60 cm long
Superficially, Aspidorhynchus looked
like the modern gar, or garpike (Lepisos-
teus) of North America, although there
is no evolutionary relationship between
them. Like it, Aspidorhynchus must have
been a ferocious predator. Its elongated
body, protected by thick scales, was
perfectly adapted for fast swimming.
The symmetrical tail propelled it, the
dorsal and anal fins stabilized it, and the
paired pectoral and pelvic fins kept it on
course. The jaws were studded with
sharp, pointed teeth, and the upper jaw
was elongated into a toothless guard.
Aspidorhynchus and its relatives (the
aspidorhynchids, see pp.18-19) are
closely related to the modern teleosts
(see pp.38—41), and most probably
shared a common ancestry with them.
Only a single species of aspidorhynchid
survives today — the bowfin, Amia
calva, of North American freshwaters.
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Modern ray-finned fishes

ORDER TELEOSTEI

By the close of the Mesozoic Era, some
65 million years ago, the teleosts were
well established as the dominant bony
fishes in the seas, lakes and rivers of the
world.

The teleosts had evolved more than
150 million years before the end of the
Mesozoic. They first appeared in the
seas of the Late Triassic, some 220
million years ago. Initially, they were
small herring-type fishes, with symmet-
rical tails and flexible jaws, rather like
advanced neopterygians such as Aspid-
orhynchus (see p. 37). But in the middle of
the Cretaceous period, the teleosts un-
derwent an explosive phase in their
evolution, which resulted in more ad-
vanced fishes like the modern salmon
and trout. These diversified rapidly, and
by Late Cretaceous/Early Tertiary
times, a second evolutionary burst gave
rise to the highly advanced teleosts of
today — the spiny-rayed, perchlike
fishes (see p. 41).

NaME: Hypsocormus
TIME: Middle to Late Jurassic
LocALITY: Europe (England and

Germany)
size: up to 3 ft 3in/1 m long
The dividing line between the advanced
neopterygians (see p. 37) and the primi-
tive teleosts is unclear. Hypsocormus was
a fast-swimming, fish-eating predator,
which could have belonged to either
group since it had both primitive and
advanced features.

For example, it had the heavy, “old-
fashioned” body armor of its palaeonis-
cid ancestors — thick, enamel-covered,
rectangular (rhomboid) scales. But the
scales were comparatively smaller and
allowed greater flexibility during
swimming.

Its tail was symmetrical and half-
moon-shaped, superficially like that of a
modern mackerel, although there were
many more bony fin rays supporting the
lobes of the tail than in modern teleosts.

Its fins, too, were arranged differently
on the body. Besides the long anal fin,
there was only one dorsal fin. The extra-
large pectoral fins were placed low on
either side (rather than high up on the
flanks, behind the gills, as in more ad-
vanced bony fishes). And the pelvic fins
were unusually small and placed half-
way down the belly.

Hypsocormus did, however, have fairly
advanced jaws. They were flexible and
mobile, and well equipped with muscle-
attachment points to ensure a powerful
bite. The upper and lower jaw bones
were long, and equipped with teeth
along their length.
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NAME: Pholidophorus
TIME: Middle Triassic to Late Jurassic
LOCALITY: Africa (Kenya and

Tanzania), Europe (England,

Germany, Italy and USSR) and

South America (Argentina)
sizE: 16 in/40 cm long
Pholidophorus is one of the earliest
known undisputed teleosts to appear in
the sea. Superficially, it looked like a
modern herring, with a symmetrical tail,
a single dorsal fin halfway along its back,
paired pectoral and pelvic fins on the
underside, and an anal fin toward the
tail. With large eyes and flexible jaws,
equipped with small, rounded teeth, it
was obviously a fast-moving, predatory
fish, probably feeding on crustaceans in
the plankton. Some specimens have also
been found with the remains of other
bony fishes in their stomachs.

Despite their ‘“‘modern” appearance,
Pholidophorus and its relatives were
primitive bony fishes, betrayed by 2
main features. Their bodies were en-
cased in the heavy, enameled scales of
the earlier ‘‘ganoid” fishes, the
palaeoniscids (see p.36). And their
“backbones’ were only made of bone in
places. Their successors, the leptolepids
(below), were the first teleosts to have a
backbone made entirely of bone.

NAME: Leptolepis
TIME: Middle Triassic to Early

Cretaceous
LocaLiTy: Africa (Tanzania),

Australia (New South Wales),

Europe (Austria, England, France

and Germany) and North America

(Nevada)
size: 1£t/30 cm long
Leptolepis and its relatives were herring-
type fishes, like the pholidophorids
(above). But unlike them, the leptolepids
lived and moved in shoals, gaining
safety in numbers as they fed on plank-
ton in the surface waters. This gregari-
ous lifestyle is deduced from the many
fossil finds in which hundreds of these
fishes have been preserved in the same
slab of rock.

The leptolepids were also more ad-
vanced than the pholidophorids in 2
important respects. First, their skele-
tons were made entirely of bone, and
second, their bodies were covered in
thin, rounded scales with no enamel
coat.

Both these developments aided
swimming. The backbone formed a
strong, vet flexible, rod to resist the
pressures created by the S-shaped bend-
ing of the body during swimming. The
thin scales reduced the fish’s weight, and
their rounded shape made the body
more hydrodynamic.
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NAME: Thrissops
TIME: Late Jurassic to Late Cretaceous
LocaLITY: Europe (England, France
and Germany)
size: 2ft/60 cm long
Thrissops was a streamlined predator
that hunted others of its own kind in the
warm, shallow seas of the Late Meso-
zoic, some 140 million years ago. Its tail
was deeply cleft into 2 equal lobes,
which may have increased its speed. The
pelvic fins were tiny, and could have
played little part in stabilizing the fish’s
deep body in the water. Perhaps to
compensate for this, the anal fin formed
a long fringe on the underside.

Thrissops was small in comparison
with some of its relatives, such as Xiph-
actinus (formerly called Portheus). This
fossil fish grew to a length of 13 ft/4 m —
as large as any shark that cruised
Cretaceous seas. One specimen is pre-
served with a 6 ft/1.8 m bony fish intact
within its stomach.

A modern group of freshwater fishes
may be the sole survivors of Thrissops
and its relatives. These modern fishes
are called the ““bony tongues’ (grouped
in the Order Osteoglossomorpha)
because of the tooth plates embedded in
their stout tongues. The tongue shears
against the teeth on the palate, so hold-
ing and crushing prey.

The huge bony-tongued pirarucu
(Arapaima gigas) of today's South
American rivers is the world’s largest-
known freshwater fish. It reaches a
length of 13 ft/4 m and a weight of some
4401bs/200 kg.

NAME: Protobrama

TIME: Late Cretaceous

LocALITY: Asia (Lebanon)

s1zE: 6inf15 cm long

This small relative of Thrissops (above)
had lost its pelvic fins. Its deep body was
fringed toward the rear by a long dorsal
and anal fin, in front of the deeply
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forked tail. The pectoral fins were
placed high on the flanks, greatly im-
proving its maneuverability.

The size of this fish and its body shape
suggest that it may have been a reef-
dweller, nipping in and out of the coral
formations after prey.

NAME: Enchodus

TIME: Late Cretaceous to Paleocene
LocaLity: Worldwide

size: 7in/18 cm long

At the very end of the Cretaceous and
during the Early Tertiary, a second burst
of evolution led to the advanced bony
fishes. Salmon and trout are survivors
of this evolutionary phase, and from
their ancestors descended all the mod-
ern types of teleost.

Enchodus was one of these early, sal-
monlike teleosts. Its large head and big
eyes, together with the lightweight,
streamlined body, suggests an agile
predator of the open seas. The scales
were reduced to a band along each flank;
the pelvic fins were set well back on the
belly, directly beneath the large, stabiliz-
ing dorsal fin; and the pectoral fins were
mounted higher on the flanks, giving
greater control of steering and braking.

The remarkable feature of Enchodus,
however, was its mouthful of greatly
elongated teeth, which were slightly re-
curved and interlocked when the jaws
were closed to form an effective trap.
Enchodus probably preyed on plankton-
eating fishes in the surface waters.

NAME: Hypsidoris
TiIME: Eocene
LocALITY: North America

(Wyoming)
size: 8in/20 cm long
Early in the Tertiary, a group of fishes
(called the Ostariophysi) diverged from
the main teleost line, and became spec-
ialized for life in freshwaters, though
some groups later returned to the sea.

Today, more than 6000 species survive,
including the carp, minnow, goldfish,
loach, piranha and catfish.

Hypsidoris was strikingly similar to a
modern catfish. It lived in the subtrop-
ical rivers and lakes of western North
America some 50 million years ago.
Many excellent specimens have been
preserved in the Green River deposits of
Wyoming, laid down in the Eocene.

The structure of Hypsidoris’ backbone
indicates that it had the acute hearing
(especially of high-frequency sounds)
characteristic of all living ostariophysid
fishes.

This sensitivity to sound is due to a
unique specialization of the vertebrae at
the front of the backbone in these fishes.
The vertebrae are modified into a chain
of small, movable bones, which trans-
mit vibrations picked up by the swim
bladder (which acts as a hydrophone
and resonator) to the inner ear. There,
they are interpreted by the brain as
either potential prey or approaching
predator.

These sound-transmitting bones in
fishes are called the Weberian ossicles,
and serve a similar function to the
hammer-anvil-stirrup chain in the
middle ear of mammals (see p. 185).

Like its modern relatives, Hypsidoris
had a stout spine at the front edge of
each pectoral fin. These spines were
defensive, and could be erected by
powerful muscles in times of need. Prey
was located, or danger sensed, by its
acute hearing (above) — a valuable asset
in the often dark and murky waters of
the sediment-laden rivers in which it
lived.

Having homed in on the potential
prey, its edibility was assessed at closer
quarters by the long, sensory filaments
surrounding the catfish’s mouth. These
“feelers’’ were sensitive to touch and to
chemical substances in the water. Fish
were Hypsidoris’ chief prey, but crayfish
and other bottom-dwellers were also
detected by the trailing feelers.

NAME: Sphenocephalus

TIME: Late Cretaceous

rocaLITy: Europe (England and Italy)
size: 8in/20 cm long

Two groups of advanced teleosts arose
from the ancestral salmon/trout group.
These were the cod/haddock-type fishes
(the paracanthopterygians) and the
spiny-rayed, perchlike fishes (the acan-
thopterygians, below).

Sphenocephalus seems to have been
intermediate in structure between the 2
groups. In fact, it looks remarkably like
the living freshwater “‘trout-perch” of
North America, so called because it has
both primitive-trout and advanced-
perch characteristics.

FISHES

Besides its rather large head, the dis-
tinctive feature of Sphenocephalus was
that its pelvic fins had moved forward to
lie beneath the pectoral fins, which were
placed high on the sides of its body. The
arrangement of these paired fins greatly
enhanced the fish’s maneuverability. In
the modern cod group, the pelvic fins
are actually in front of the pectorals.

NAME: Berycopsis

TIME: Late Cretaceous

LocaLITY: Europe (England)

size: 14in/35 cm long

Berycopsis was one of the earliest spiny-
rayed teleosts (the acanthopterygians) to
appear. Today, this group, with an evo-
lutionary history of some 70 million
years, is the most successful and varied
of all bony fishes, accounting for 40
percent of living species. They range
from barracuda and swordfish, to
perch, tropical reef fish, flatfish and
seahorses.

Berycopsis had all the typical features
of the group. The first fin ray in the
dorsal and anal fin was enlarged into a
stout spine, which could be erected for
defense (hence the name of the group,
“spiny-rayed’ fishes). [ts pectoral fins
were placed high on the side of the
body, to better control steering and
braking; the pelvic fins had moved for-
ward, to counterbalance the pectorals.
Berycopsis’ body had a lightweight coat
of thin, rounded scales, their surfaces
made abrasive by tiny, comblike teeth.
And its swim bladder was no longer
connected to the throat, and the fish
relied on the bladder’s own gas-
secreting and absorbing glands to make
it neutrally buovyant.

~NAME: Eobothus
TIME: Middle Eocene
LOCALITY: Asia (China) and Europe

(England and France)
sIZE: 4in/10 cm long
As evolutionary “late-comers,”’ the flat-
fishes, such as Ecbothus, filled one of the
few remaining niches left among the
spiny-rayed fish group. They became
specialized for living and feeding on the
seabed. Unlike the rays and skates,
which became flattened from top to
bottom, the flatfish became compressed
from side to side. The most obvious
indication of this lateral compression is
the presence of both eyes on one side of
the head, since the eye on the underside
had to migrate onto the top side.

As in all flatfish, Eobothus’ dorsal and
anal fins formed an almost-continuous
fringe around its oval-shaped body. By
undulating these fins, the fish glided
over the seabed. Modern plaice, sole,
turbot, halibut, and flounder are the
living relatives of Eobothus.
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Lobe-finned fishes

SUBCLASS SARCOPTERYGII

In the Early Devonian, about 390 mil-
lion years ago, the first lobe-finned
fishes (sarcopterygians) appeared in the
sea. Only 7 species survive today — a
single species of coelacanth and 6
species of lungfish (see p. 45). Some 10
million years before this, the first ray-
finned fishes (actinopterygians, see p. 36)
had evolved, and the 21,000 species
alive today testify to their success.

Both these types of fishes are bony
fishes (osteichthyans); both have an in-
ternal skeleton of bone and an external
skeleton of bony scales. But their fins
differ fundamentally.

The fins of actinopterygians are sup-
ported by numerous stiff, parallel bony
rays (hence the common name for the
group, ‘‘ray-finned”’ fishes). There are
no muscles within the fins; they are
moved by muscles within the body.

In contrast, the paired pectoral and
pelvic fins of sarcopterygians consist of
long, fleshy, muscular lobes (hence the
common name for the group, “lobe-
finned”’ fishes). Each lobe is supported
by a central core of individual bones,
which articulate with each other. The
first bone of the series articulates with a
sturdy shoulder (pectoral) or a hip
(pelvic) girdle. Most of the bones can be
directly related to the bones that make
up the limbs of land animals (see p. 49).

. The rounded tip of each lobed fin is
stiffened by bony rays, which fan out
from the bony skeleton above. Muscles
within each lobe can move the fin rays
independently of one another.

The structure of these muscular,
lobed fins was of great evolutionary
importance, because some member of
the lobe-finned group of fishes (and
paleontologists still hotly debate which
member, see p. 48) was to evolve into the
first amphibian (see p. 52).

The lobe-finned fishes are grouped
into 2 major types, both with living,
though exceedingly rare, representa-
tives. First, there are the extinct rhipi-
distians (the Porolepiformes and - the
Osteolepiformes, see pp. 18-19) and the
related coelacanths, or actinistians,
today represented by a single marine
species. These 2 groups are classed as
the crossopterygians. The second major
group of lobe-finned fishes are the lung-
fishes, or dipnoans.

ORDER ONYCHODONTIDA

The onychodontids were an odd group
of Devonian rhipidistians. They were
undoubtedly lobe-finned fishes, pos-
sibly the most primitive of the group,
and yet they did not have the character-
istic muscular, lobed fins.
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NAME: Strunius
TIME: Late Devonian
rocaLity: Europe (Germany)
sizE: 4in/10 cm long
Strunius had a short body, compressed
from side to side, and covered in large,
rounded bony scales. It had the charac-
teristic jointed skull that is unique to
both the rhipidistians and the coela-
canths (but not the lungfishes). This
design evolved as an adaptation to in-
crease the bite-power of the jaws., The
chief prey of the day were the palaeonis-
cid ray-finned fishes, which were
covered in thick bony scales (see p. 36).
The bones on the roof of Strunius’
skull were divided across the midline by
a deep joint, which separated the bony
skull into front and back portions. The
braincase, fused to the skull roof, was
presumably similarly jointed, and a
large muscle probably connected both
halves. (This is the arrangement seen in
Eusthenopteron and coelacanths, below.)
When this muscle contracted, it pulled
the front half of the skull downward,
and the teeth were sunk into the prey.
The arrangement of the fins on
Strunius’ body was like that of all other
rhipidistians, in fact of all other lobe-
finned fishes. There were 2 dorsal fins
on its back, set near the tail, and paired
pectoral and pelvic fins, plus a single
anal fin, on its underside. The tail was 3-
pronged, with 2 equal lobes on either
side of a central axis. The fins were not
the usual muscular lobes; they were
stiffened by numerous bony rays, like
those of the ray-finned fishes.

ORDER POROLEPIFORMES

The porolepiforms, like the onychod-
ontids (above), were rhipidistians that
existed only during the Devonian
period. But, unlike their contempor-
aries, the porolepiformes had devel-
oped the muscular, lobed fins typical of
the sarcopterygians. They also had the
unique jointed skull, as described for
Strunius.

NAME: Gyroptychius

TIME: Middle Devonian

rocaLity: Europe (Scotland)

size: 1ft/30 cm long

Gyroptychius was a fast-moving, long-
bodied predator in Devonian rivers,
with small eyes and a keen sense of
smell. Like other porolepiforms, it had
short jaws. This actually enhanced the
bite-power of the jaws.

Gyroptychius had fleshy, muscular
fins, all of which, except for the pec-
torals, were concentrated at the rear of
the body. This increased the propulsive
force of the arrow-shaped tail.
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NAME: Holoptychius

TIME: Late Devonian

LocaLITY: Worldwide

size: 20in/50 cm long

Holoptychius was a deep-bodied, stream-
lined fish, with a lightweight covering of
thin, rounded scales. It was a voracious
predator of other bony fishes. Like all
its rhipidistian relatives, it had fanglike
teeth arranged around the margin of its
palate, and numerous smaller, pointed
teeth lined both jaws. Prey would have
been held fast between the teeth, then
swallowed whole.

Holoptychius had an asymmetrical tail.
The powerful thrust produced by its
upper lobe would have tended to drive
Holoptychius down in the water. To com-
pensate for this, the muscular pectoral
fins were extra-long and mounted high
on the flanks. They acted as hydrofoils;
their slightest movement out to the
sides would have elevated the front of
the body, and counteracted the down-
thrust produced by the tail. They also
stabilized the fish and steered a course
by their concerted movements.

ORDER OSTEOLEPIFORMES

The osteolepiforms were the longest-
lived group of rhipidistian fishes. They
appeared in the Early Devonian and
died out during the Early Permian, a
span of some 130 million years. Many
paleontologists are convinced that these
rhipidistians were the ancestors of the
amphibians (see p. 48).

NAME: Osteolepis

TIME: Middle Devonian

LOCALITY: Antarctica, Asia (India and
Iran) and Europe (Latvian SSR
and Scotland)

size: 8in/20 cm long

This early member of the osteolepi-

forms was encased in thick, square
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scales, which must have weighted its
body in freshwater. A thin layer of bony
and spongy tissue {(called cosmine)
covered the scales and the bones of the
head. This outer coat of cosmine was
vitally important to Osteolepis and other
early lobe-finned fishes, since through it
ran tiny canals connected to sensory
cells deeper in the skin. The canals
opened on the surface as tiny pores.
Thus, the whole surface of the body
was alive with sense cells, which prob-
ably detected vibrations in the water
(made by potential prey or predators)
and maybe chemical substances also.

Name: Eusthenopteron
TIME: Late Devonian
rocaLiTy: Europe (Scotland and
USSR) and North America
(Canada)
size: up to 4 ft/1.2m long
This large osteolepiform rhipidistian
fish is considered by most paleontolo-
gists to be the direct ancestor of the
amphibians. The pyramidal arrange-
ment of the bones in its paired fins is
strikingly similar to the arrangement of
the limb bones in land animals (see
p-49). In addition, the structure of its
backbone, the pattern of the skull bones
and the complex, labyrinthine folding
of the enamel inside each tooth all bear a
remarkable resemblance to these fea-
tures in the first amphibians (see p. 52).
Eusthenopteron was a long-bodied,
predatory fish with a powerful 3-
pronged tail, consisting of 2 equal-sized
lobes on either side of the bony axis of
the vertebral column. Its pectoral fins
were well forward on the body, and
articulated with the shoulder girdle,
which in turn articulated with the back
of the skull. The pelvic fins were well to
the rear, as were the 2 dorsal and anal
fins.

I —
ORDER ACTINISTIA

The actinistians, or coelacanths, have a
long evolutionary history, longer in fact
than anyone thought. They arose in the
Middle Devonian and the last fossils
found come from Late Cretaceous
rocks, some 70 million years old.
Then, in 1938, a living coelacanth was
caught in the deep waters of the trench
that separates Madagascar from south-
ern Africa. The people of the nearby
Comoro Islands had known of this fish
for generations, but it was new to
science. The term “living fossil”’ was
awarded to Latimeria chalumnae, the
only surviving species of a group that
evolved over 380 million years ago.

NAME: Macropoma

TiME: Late Cretaceous

LocALITY: Europe (Czechoslovakia
and England)

s1ze: 22in/55 cm long

Macropoma was only about one-sixth

the length of its living relative, Lati-

meria, but in all other respects the two

fishes, separated in time by almost 70

million years, are remarkably similar.

Macropoma had a short, deep body
and a bulbous, 3-lobed tail — a design
characteristic of coelacanths. The only
teeth in its mouth were concentrated at
the front, but the hinge joint in the skull
(the same arrangement as in the rhipidis-
tians) ensured that the jaws could be
opened wide and closed forcefully on
prey. Its pectoral fins were set high on
the flanks, to aid maneuverability, and
the pelvic fins were placed midway
along the belly. The first of the dorsal
fins was sail-like and supported intern-
ally by long bony rays; the other fins
were fleshy, muscular lobes.

The living coelacanth is one of the few
bony fishes that give birth to live young.
Whether this was the case among its
ancient relatives is not known, but dis-
coveries of fossil coelacanths in Niger
and Brazil may shed light on their breed-
ing habits.

ORDER DIPNOI

The dipnoans, or lungfishes, arose in
Early Devonian times and survive to
this day in the form of 3 genera of highly
specialized freshwater fishes — the Aus-
tralian lungfish (Neoceratodus), the
African lungfish (Protopterus) and the
South American lungfish (Lepidosiren).
The African and South American fishes
live in tropical areas subject to drought.
When the waters get low or become
stagnant, the fish changes from its
normal gill-breathing method to brea-
thing air at the surface. Air is taken in

FISHES

through the external nostrils, placed
low on either side of the mouth; then it
passes directly to the internal nostrils on
the roof of the mouth and into the 2
lungs (only 1 in the Australian species)
connected to the throat on the under-
side (see p. 21). Fossil lungfishes also had
internal nostrils, so they too could
breathe air in times of necessity.

Fossil lungfishes, like some modern
species, could survive out of water dur-
ing the dry season by ‘‘hibernating” in
watertight burrows in the mud, linked
by tiny air vents to the surface.

NAME: Dipnorhynchus
TIME: Early to Middle Devonian
LocAaLITY: Australia (Western
Australia) and Europe (Germany)
size: 3 ft/90 cm long
Even the earliest lungfishes were quite
different to other lobe-finned fishes. For
example, Dipnorhynchus’ skull and
braincase did not have the hinge joint
that divided the skulls of coelacanths
and rhipidistians into 2 parts. Its skull
was a solid bony box, like that of the
first land animals, the amphibians. This
early lungfish had also lost its cheek
teeth; these were replaced by a crushing
surface of teethlike ‘‘blisters’ on the
palate and lower jaw. The palate was
fused to the braincase (as in land
animals).

NAME: Dipterus
TIME: Middle to Late Devonian
LOCALITY: Europe (Germany and

Scotland)
size: 14in/35 cm long
The raised blisters that acted as teeth in
Dipnorhynchus (above) had been replaced
by a pair of large, fan-shaped tooth
plates on the palate and on the lower
jaws of Dipterus. This type of dentition
was to remain practically unchanged
over the next 380 million years.

The arrangement of the fins, how-
ever, has changed. The 2 dorsal fins of
Dipterus, together with the tail fin and
anal fin, have merged in modern species.

NAME: Griphognathus
TIME: Late Devonian
LOCALITY: Australia (Western
Australia) and Europe (Germany)
size: 2 ft/60 cm long
By the end of the Devonian, various
specialized types of lungfish had
evolved.  Griphognathus had  an
elongated snout, and small, teethlike
denticles, capped with enamel, studded
its palate and lower jaws. Like all its
relatives, this lungfish was covered in
large, overlapping, rounded scales, and
the tail was asymmetrical.
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Amphibians:

The modern newts and salamanders,
frogs and toads are the survivors of the
amphibians that first ventured out on
land some 370 million years ago. Their
pioneering land effort was not a total
success, however, since amphibians
must still return to water to breed. It
was their descendants, the reptiles, that
truly conquered the land.

The very word amphibia defines the
essential quality of these animals, for it
means ‘“‘both lives.”” It refers to their
ability to live in 2 worlds — the world of
water that their fish ancestors still in-
habit, and the world of land that their
descendants, the reptiles, inherited.

The young amphibian larva that
emerges from the egg is adapted to life in
water — it has gills and a swimming tail.
Later, there is a fairly rapid change in
structure (a2 metamorphosis), when the
larva loses these features, and replaces
them with lungs and stronger limbs to
adapt it to life on land. ]

There are several reasons for believ-
ing that the fossil amphibians of the
Paleozoic Era passed through a similar
aquatic larval stage of development. In
some cases, small specimens have been
found in which traces of the gills have
been preserved, and a series of progress-
ively larger forms link them to an adult
with no trace of gills.

In other cases, such as Seymouria (see
p.-53), the head of young specimens still
shows traces of canals in which were
located the sensory, lateral-line organs
(inherited from their fish ancestors) that
could only have been used in the aquatic
environment of a larval stage.

Finally, some living amphibians, such
as the mudpuppy of North America,
have returned to a wholly aquatic life,
retaining into adulthood the gills that
previously only the larva had possessed.
This is true also of some of the Paleozoic
amphibians, such as Gerrothorax with its
3 pairs of feathery gills (see p. 53).

Amphibians colonized the land during Late
Devonian times. Several groups of large
amphibians (labyrinthodonts) dominated
the land during the Late Carboniferous
and Early Permian. At the same time,
smaller snake- and salamanderlike
amphibians (lepospondyls) evolved. Only 2
groups of amphibians survive today —
frogs and toads, and newts and
salamanders.

Paleontologists can, as yet, establish few
linkages between the various groups of
fossil amphibians. (For key to silhouettes,
see p. 312.)
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AMPHIBIANS

Amphibians: Invaders of the land

The problems of breathing on land
Although one of the most obvious char-
acteristics of living amphibians is their
moist skins, this is, in fact, one of the
ways in which they differ most mar-
kedly from their Paleozoic ancestors.

Modern amphibians supplement
their normal respiratory exchange
through the lungs by breathing through
their moist skins. But this, in turn,
limits their size and way of life.

Many Paleozoic amphibians had
scales or armor covering their bodies,
and many of them grew to a great size.
Both these facts suggest that early am-
phibians had not evolved the skin-
respiration system of their living de-
scendants. Those ancient amphibians
that did emerge from the water to live
on land must, therefore, have had an
impermeable, leathery or scaly skin, to
prevent water loss. Such a covering
would have made them rather slow and
cumbersome.

A controversial lineage
Paleontologists agree that the am-
phibians must have evolved from one of
the 3 groups of lobe-finned fishes (see
pp. 18-19). These are the lungfish or
dipnoans, which survive today; the
coelacanths or actinistians, also living;
or the extinct rhipidistians (the
porolepiformes/osteolepiformes).
- The muscles and bony axis of the
paired fleshy fins of these fishes provide
a structure that could easily have
evolved into the limbs of an early am-
phibian (see p.49). Similarly, there
seems little doubt that these fishes pos-
sessed lungs like those of amphibians.
Living lungfish, for example, have them,
and a similar structure (though single) is
present in the living coelacanths (see
p.21). It is, therefore, likely that the
extinct rhipidistians also had lungs.
Furthermore, both the lungfish and

the rhipidistians have openings in the
palate of their mouths that are similar to
the internal nostrils of amphibians.
Most paleontologists consider that
amphibians evolved from the rhipidist-
ian fishes, based on the remarkable
similarity in the pattern of bones in their
skulls and fins/limbs. Other paleontol-
ogists, however, believe that the lungfish
were ancestral to the amphibians, since
the development of the lungs, nostrils
and limbs of living lungfish is strikingly
similar to those of living amphibians.

An evolutionary opportunity
Whatever may have been the group
from which the amphibians evolved, the
interesting question is why did they
leave their ancestral waters to brave the
land, with its greater range of tempera-
ture and the dangers of desiccation? At
one time, it was thought that this evo-
lutionary change had taken place in an
environment liable to seasonal drought.
Then, there would have been consider-
able advantage for any fish that could
leave its drying-up pond or stream, and
travel overland in search of another that
might still contain water.

The current theory suggests that it
was more likely the pressure of pred-
ation in the waters themselves that
drove the first fish ashore. With their
lungs and stout, muscular fins, young
lobe-finned fishes might well have
moved out of the water and up the river
bank, to escape larger, predatory fishes.
Once on land, they would have found a
rich source of food in the insects,
worms, snails and other invertebrates
that lived in the mud and moist veget-
ation. Here lay the opportunity that
evoked the crucial evolutionary changes
that produced the first amphibians.

The Paleozoic amphibians, extinct for
over 200 million years, are divided into
2 main groups, The larger forms are

known as the labyrinthodonts (divided
into the temnospondyls and the anthra-
cosaurs), and the smaller forms are
known as the lepospondyls. Only a
selection of the 34 families of temno-
spondyl, 16 families of anthracosaur,
and 20 families of lepospondyl are de-
scribed between pages 50 and 57.

Since the early stages of amphibian
evolution in the Carboniferous period
is poorly known, paleontologists are
not certain how these groups relate to
each other, or even the relationships
within each group. This gap in know-
ledge is reflected in the evolutionary
chart for the amphibians (see pp. 46—47),
in which few lineage lines are shown
compared to other evolutionary charts
throughout the book.

Radiation of the amphibians

The earliest amphibian, Ichthyostega,
was found in rocks of Late Devonian age
in Greenland. At that time — some 370
million years ago — Greenland was part
of a Euramerican continent that lay near
the equator, and stretched from today’s
western North America to eastern
Europe (see pp. 12~13).

A remarkable feature of the distri-
bution of these early amphibians, and of
their relatives, the reptiles, is that until
the middle of the Permian period (about
100 million years later), nearly every
one of them has been found only on this
former Euramerican continent. This
strongly suggests that this continent was
the homebase in which they first
evolved and diversified. Only after the
middle of the Permian — when Asia and
the southern landmass of Gondwanal-
and had become attached to Euramerica
to form the supercontinent of Pangaea
— did the amphibians and reptiles
spread throughout the world.

In the Early Carboniferous (Missis-
sippian) times that followed the

THE EARLIEST AMPHIBIAN (Ichthyostega)

Strong vertebral column

Pelvic girdle

Hindlimb

The earliest-known land animal was the
amphibian Ichthyostega. It was a strongly
built creature, with 4 sturdy legs,

supported by massive limb girdles at the
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Thick overlapping ribs

shoulder and hip. Like its fish ancestors,
this creature had a tail fin and the
remnants of bony scales, set in the skin of
its belly and tail. But unlike a fish,

Forelimb

Ichthyostega had developed a short neck,
and its backbone and ribs were greatly
thickened, so that it could support itself
and move around on land.
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The ancestor of the land animals was one

of the lobe-finned fishes. It may have been
one of the rhipidistians, such as
Eusthenopteron. Or it may have been one of -
“the dipnoans, represented today by the
lungfishes. The internal skeleton of the
pectoral fin of both types of fish is shown
here in comparison with the foreleg of a
typical land animal.

Devonian, there was an increase in
diversity of the Paleozoic amphibians.
Twenty genera are known from that
time, belonging to 14 families, and in-
cluding both types of labyrinthodont, as
well as the limbless, aistopod lepospon-
dyls. Nearly all of these amphibians
were aguatic or semi-aquatic.

In the Late Carboniferous (Pennsyl-
vanian), much of the Euramerican conti-
nent was covered by low-lying, tropical
swamplands. From these swamps rose
tall coniferous trees, 49—130ft/15-40m
tall, and tree ferns up to 25ft/7.5m tall.
Seed ferns and other smaller plants
abounded.

A variety of insects, spiders, milli-
pedes and centipedes lived in the rich
leaf litter that covered the forest floor. A
giant dragonflylike insect, Meganeura,
with a wingspan of up to 2 ft 5in/76 cm,
flew among the trees, while a giant
centipedelike arthropod, Arthropleura,
up to 6ft 6in/2 m long, fed on the leaf
litter. The thick accumulations of leaves
eventually formed the rich coal deposits
that have long been mined in eastern
North America, Britain and central
Europe.

The lakes and streams of this Late
Carboniferous landscape abounded
with a variety of fishes, providing the
amphibians with a rich food source.

The total known amphibian fauna of
the Late Carboniferous is made up of
over 70 genera, in 34 families, and repre-
senting all of the Paleozoic orders.

In the succeeding Permian period, the
Paleozoic amphibians reached their
greatest diversity, with nearly 100 gen-
era known, belonging to 40 families.
However, an interesting change occur-
red within the amphibian fauna during
the 40-odd million years of the Permian.

The amphibians of the Early Permian
are known best from the Red Beds of
Texas. These seem to have been laid
down in a flood-plain or delta environ-
ment, similar to that around the Missis-
sippi River today. The amphibians
shared this environment with the pely-
cosaurs, early types of mammal-like rep-
tile (see pp. 186, 188).

At this time, the amphibians made a
decisive shift to the land. About 60
percent of the labyrinthodonts were
terrestrial, another 15 percent were
semi-terrestrial, and only 25 percent
were exclusively aquatic.

This, however, was to be the peak of
achievement for the amphibians in their
conquest of the land. The Late Permian
Karroo Beds of southern Africa reveal
an amphibian fauna in which terrestrial
and aquatic types of labyrinthodont are
now equal in diversity, and most of the

terrestrial forms have a protective body
armor. This dramatic turnabout was
due to the rise of the therapsids, the
later mammal-like reptiles (see pp.
187-193); they had clearly ousted the
amphibians from most of their recently
acquired, land-based niches.

Demise of the ancient amphibians
The Triassic period saw the final exclu-
sion of the ancient amphibians from the
land. Although over 80 genera are
known, these belong to only 15 families,
and all are temnospondyl labyrintho-
donts. Almost without exception, they
were aquatic, but some were of con-
siderable size. The largest known am-
phibian, Parotosuchus, from southern
Africa, was probably over 13ft/4m long.
The long existence of the labyrinth-
odonts was now almost over. Only 2
genera are known in the Jurassic period,
one in Australia and the other in China.
By this time, the ancestors of today’s
moist-skinned amphibians had already
appeared. The first frog, Triadobatra-
chus, is known from the Early Triassic of
Madagascar; bones of the first urodele
(the group to which modern newts and
salamanders belong) are found in Jur-
assic rocks. The other order of modern
amphibians, the caecilians, are almost
unknown in the fossil record.
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Labyrinthodonts

GREERERPETON

ERYOPS

ICHTHYOSTEGA

CACOPS

50



AMPHIBIANS

PARACYCLOTOSAURUS

PELTOBATRACHUS

SEYMOURIA

GERROTHORAX

EOGYRINUS
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Labyrinthodonts

SUBCLASS
LABYRINTHODONTIA

The labyrinthodonts were the first
group of amphibians — in fact, the first
group of vertebrates — to colonize dry
land. Their experiment lasted for over
160 million years, from the Late De-
vonian to the Early Jurassic. It could be
considered a partial success, since in
their heyday during the Early Permian,
some 60 percent of labyrinthodonts
were fully adapted land-living, insect-
ivorous animals. Thereafter they de-
clined until, by the end of the Triassic,
they were all but extinct.

The labyrinthodonts are so called for
the structure of their conical teeth. In
section, the enamel that covers each
tooth is infolded into a complex, laby-
rinthine, or mazelike, pattern. This is
strikingly similar to the teeth of the
rhipidistian lobe-finned fishes  (see
pp. 42—-45). This fact, along with several
other skeletal features, has led many
paleontologists to speculate that the
ancestors of the amphibians lies among
these bony fishes (see p. 48).

There are 2 distinct orders of labyrin-
thodont — the temnospondyls and an-
thracosaurs (below). A third order con-
tains the ichthyostegalians, the first am-
phibians, which some paleontologists
believe were early members of the
temnospondyls.

ORDER ICHTHYOSTEGALIA

The ichthyostegalians are the earliest-
known amphibians and the first labyrin-
thodonts to evolve. Their remains have
been found only in eastern Greenland in
rocks of Late Devonian age.

NAME: Ichthyostega

TIME: Late Devonian

rocaLity: Greenland

size: 3 ft 3infl m long

Ichthyostega is the earliest well-known
amphibian. It was a large, semi-aquatic
animal, larger than any of its fish ances-
tors, with a long, deep body and a heavy
skull of solid bone (see p. 48). Its 4 limbs,
each with 5 toes, splayed out from the
sides of its body. To remind it of its fish
ancestry, a long fin ran the length of the
tail, and bony scales covered the belly
and tail.

This creature would never have
strayed far from water. On land, it
moved with an awkward, sprawling gait
that swung its body from side to side.
However, it was in its element in water,
where the heavy body was buoyed up,
and the strong, finned tail could propel
it along with ease after its fish prey,
abundant in these Late Devonian
streams and ponds.
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Besides the limbs, Ichthyostega dif-
fered from a fish in having the cheek
region and the roof of the skull solidly
fused together, unlike their looser ar-
rangement in fish. Its head was no longer
connected to the shoulder girdle, and a
short neck had developed. This was
useful now that it was spending more
time on land; it did not need to be so
streamlined as a fish, and it could also
turn its head around to look for prey or
predators.

To support its body on land,
Ichthyostega’s backbone was strength-
ened along its length by long, broad ribs
which overlapped each other. They
formed a large, barrel-shaped rib cage,
which supported and protected the vital
organs — the heart, lungs and digestive
organs. The rib cage was so solid that it
probably could not be expanded and
contracted for breathing — the method
used by later land animals. Ichthyostega
and its relatives probably breathed by
lowering the floor of the mouth to draw
air in, and raising it to pump air down
the windpipe into the lungs.

Ichthyostega had a wide mouth,
equipped with many small, conical
teeth. The palate was also studded with
teeth, some of them long and fanglike —
another feature of rhipidistian fishes.

e —
ORDER UNCERTAIN

The remains of about 5 genera of Car-
boniferous amphibian have been found
in Europe and North America.
Although they can be grouped into
families, they do not fit into any of the
known orders.

NAME: Crassigyrinus

TIME: Early Carboniferous

LocaLITy: Europe (Scotland)

SIZE: 6 ft 6in/2m long

Crassigyrinus was a strange-looking crea-
ture, even for an early amphibian. It had
a fishlike body tapering into a long tail,
with tiny finlike limbs. Its head was
about 1ft/30cm long, and the teeth-
filled jaws could open wide, to judge by
their hinge point far back on the skull.
Its eyes were particularly large, and set
close together.

These unusual features suggest that
Crassigyrinus had already lost the use of
its limbs, and had reverted to an aquatic
life. Its teeth are those of a fish-eater,
and the streamlined body indicate a fast-
moving predator. The large size of the
eyes could suggest that it hunted in the
dark, murky waters of the Carbonifer-
ous swamps, swimming eel-style be-
tween the vegetation after its prey.

GREERERPETC

CRASSIGYRIN

CACOPS

ORDER TEMNOSPONDYLI

The temnospondyls evolved at the end
of the Early Carboniferous period (Late
Mississippian), about 330 million years
ago. Over the following 120 million
years, they developed into many varied,
often very large, terrestrial forms. But
with the rise of the terrestrial mainmal-
like reptiles in the early Permian, the
temnospondyls were forced back to the
damp places from whence they came (see
p. 49).

They were extinct by the Early Jur-
assic times, but not before some of their
members had given rise to the ancestors
of today’s frogs and toads (see
pp. 46—47). Representatives of the main
families are described below.

NAME: Greererpeton
TIME: Early Carboniferous
LocaLITY: North America (West

Virginia)
size: 5 ft{1.5m long
The colosteids, as represented by
Greererpeton, evolved as the first land-
living temnospondyls. But it seems they
reverted soon after to a fully aquatic life.
Their body shape was ideal for moving
through water with sinuous, eel-style
undulations. The low, flat head, about
7in/18 cm long, was carried on a short
neck, connected to a greatly elongated
body (made up of about 40 back ver-
tebrae, about twice the usual number)
and ending in a long, inned tail. The legs
were short, each with 5 spreading toes
for steering and braking.

Open grooves along the sides of
Greererpeton’s skull are a telltale sign of
its fish ancestry. These grooves mark the
position in life of the sensory lateral line
canals, which could detect water-borne
vibrations. The ear structure of this
water-dweller was poorly developed,
unlike that of land-living amphibians.
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NAME: Eryops
TiME: Late Carboniferous to Early
Permian
LocaLITY: North America (New
Mexico, Oklahoma and Texas)
size: 6 ft 6in/2 m long
This large, semi-aquatic creature was a
member of the successful eryopid fam-
ily, whose members thrived from Late
Carboniferous (Pennsylvanian) times to
the end of the Permian. Its thick-set
body and large head was supported by
sturdy limbs. Bony plates covered its
back, perhaps to brace the muscles and
help support the heavy body on land.
Eryops probably fed in water, since
the position of the jaw hinge indicates
that the mouth could not have been
opened on land without lifting the
heavy head clear of the ground.

NAME: Cacops

TIME: Early Permian

LocaLITy: North America (Texas)

size: 16in/40 cm long

Cacops was a member of the dissoro-
phids. This diverse family of temno-
spondyls arose slightly later than the
eryopids (above), and became extinct
after them, in the Early Triassic. Many
members of this family were fully adap-
ted land-living amphibians. Their hey-
day came in the Early Permian, when the
climate in Euramerica changed from the
warm, humid conditions of the Car-
boniferous to the more arid conditions
of the Permian.

Cacops and its relatives, along with
some of the eryopids, were quick to
adapt to this drier climate. Cacops is
regarded as the amphibian best adapted
to life on land. To protect itself, bony
plates covered its body, and a row of
thick armor ran down the backbone. Its
legs were well-adapted for walking on
land, and were almost reptilelike in their
structure. There was a broad opening
(the otic notch) behind each eye. In life,

this was covered by a taut membrane
which acted as an eardrum to detect air-
borne sounds.

NAME: Platyhystrix
TIME: Early Permian
LocALITY: North America (Texas)
size: 3 ft 3in/1ft long
Platyhystrix was more heavily armored
than its close relative, Cacops (above). It
had a more pronounced covering of
armor plates on its back to protect itself
against predators. Certain carnivorous
pelycosaurs, such as the sphenacodont
Dimetrodon, lived in the same area, and
would have preyed on Platyhystrix and
its terrestrial relatives (see pp. 186, 188).
Platyhystrix also had a spectacular
“sail”’ ‘'on its back, made of tall spines
that grew up from the vertebrae. Blood-
rich skin may have covered the whole
structure. The contemporary pely-
cosaurs, Dimetrodon and Edaphosawrus,
also had great sails, which are believed
to have helped these cold-blooded rep-
tiles to regulate their body temperature.
Such a device would also have proved
useful for such cold-blooded am-
phibians as Platyhystrix.

NAME: Peltobatrachus

TIME: Late Permian

LOCALITY: Africa (Tanzania)

size: 2 ft 3in/70 cm long

Peltobatrachus was a slow-moving, fully

terrestrial amphibian, its body enclosed

in an armadillo-type armor, for protec-

tion against the flerce carnivores of the

day — the gorgonopsian therapsids with

their great canine teeth (see pp. 187, 189).
The bony armor-plating was arranged

in broad shields over the shoulders and

behind the hips, and in close-fitting

bands across the body. The teeth of this

amphibian have not been found, but it

probably ate insects, worms and snails,

just as armadillos do today.

NAME: Paracyclotosaurus

TIME: Late Triassic

LocCALITY: Australia (Queensland)
size: 7 ft 5in/2.3 m long

By Triassic times, 2 groups of mammal-
like reptiles, the dicynodonts and
cynodonts (see pp. 190—193), dominated
the land. Paracyclotosaurus, and other
amphibians of the capitosaur family,
had been forced to return to the water.
A general adaptation among these
Triassic water-dwellers was toward a
general flattening of the body.

The great head of the bulky Paracy-
clotosaurus was flat-topped and almost
2ft/60 cm long. Its flatness meant that
the point of articulation with the neck
was almost on the same plane as the jaw
hinge. As a result, the mouth could be
opened easily by raising the head.

AMPHIBIANS

NAME: Gerrothorax

TIME: Late Triassic

LocAaLITY: Europe (Sweden)

size: 3ft 3in/1 m long

The general trend toward flattening the
body reached its climax among the
plagiosaurs, such as Gerrothorax. This
large amphibian probably lay quite still
on the stream or lake bed, camouflaged
among the sand and pebbles, and watch-
ing for fish with its upwardly directed
eyes. It may even have attracted prey
with a fleshy, brightly colored lure dang-
ling inside its open mouth. Once the
prey was within easy reach, Gerrothorax
would have swiftly closed its gaping
jaws, trapping the victim.

Gerrothorax could live permanently in
water because it still retained the 3 pairs
of feathery gills that it possessed as a
larva. So, this ancient creature clearly
proves that fossil amphibians, like their
modern counterparts, went through an
aquatic, gill-breathing, larval stage
before developing into a 4-legged, lung-
breathing adult.

ORDER ANTHRACOSAURIA

The anthracosaurs (also known as batra-
chosaurs) were labyrinthodonts that
arose during the Carboniferous and sur-
vived until the middle of the Permian.
They were not so numerous or diverse
as the temnospondyls (above), but
among their members were the ances-
tors of the reptiles.

~NaMe: Eogyrinus

TIME: Late Carboniferous

rocaLity: Europe (England)

size: 15ft/4.6 m long

Eogyrinus was a long-bodied aquatic pre-
dator, probably living an alligator-type
life in the deltas and swamps of the
Carboniferous coal forests. It swam
after its fish prey using powerful strokes
of the long tail, its body stabilized by the
tall, fishlike dorsal fin on its back.

NAME: Seymouria

TIME: Early Permian

LocaLiTy: North America (Texas)
size: 2 ft/60 cm long

Excellent specimens of this seymouria-
morph were found in the Red Beds of
Texas. It was a well-adapted land-
dweller, with many reptilian features
(such as the joint between its head and
neck, and the structure of its hip and
shoulder girdles).

In fact, Seymouria was originally
thought to be an early reptile, until
fossilized juveniles were found. Their
skulls clearly showed the marks of fish-
like, lateral line canals, whose only func-
tion is to detect water-borne vibrations.
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AMPHIBIANS

Lepospondyls

SUBCLASS LEPOSPONDYLI
Contemporary with the large, bulky
labyrinthodonts (see pp. 50—53) were a
group of smaller, insectivorous am-
phibians, grouped together as the lepo-
spondyls. (The anatomical feature that
unites them is the structure of their
vertebrae.) These amphibians evolved
in the Carboniferous period, and sur-
vived until the end of the Permian.
During this span of some 100 million
years, a variety of small lepospondyls
evolved, which tended to look like
salamanders or snakes. They can be
grouped into 3 major orders — the
aistopods, nectrideans and microsaurs

(see pp. 46—47).
e —

ORDER AISTOPODA

The earliest group of lepospondyls, the
aistopods, were, interestingly, the most
specialized of all amphibians. They first
appeared in the Early Carboniferous
(Mississippian) — about 20 million
years after the first amphibians, the
ichthyostegalians, had set foot on land
(see p.52). Presumably the aistopods
evolved from a 4-legged ancestor, but
almost immediately they lost their legs,
and became snakelike, burrowing
amphibians.

Obviously, this specialized way of life
had its advantages, since the aistopods
were a long-lived group, surviving for
almost 80 million years, until the middle
of the Permian period.

NaME: Ophiderpeton
TIME: Late Carboniferous
rocaLITy: Europe (Czechoslovakia)

and North America (Ohio)
sizg: 28in/70 cm long
About 230 vertebrae made up the
elongated body of this snakelike
aistopod. There is no trace of limbs or
limb girdles within the skeleton. The
eyes were quite large, and placed well
forward on the skull, which was about
6in/15cm long. The structure of the
skull was similar to that of a primitive
labyrinthodont, although paleontolo-
gists can find no definite connection
between these 2 groups.

Ophiderpeton must have led the life of
a burrower. Certainly, this lifestyle
would have paid dividends during the
Late Carboniferous, when vast amounts
of rotting vegetation were accumulating
on the forest floor and in the swamps —
the coal beds of today. All kinds of
insects, worms, centipedes, snails and
other invertebrates would have lived
and fed on this débris, and provided the
burrowing aistopods with a rich source

of food.
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NAME: Phlegethontia

TIME: Late Carboniferous to Early
Permian

LocAaLITY: Europe (Czechoslovakia)
and North America (Ohio)

size: 3ft 3in/1 m long

Although Phlegethontia had the same

snakelike body as that of Ophiderpeton

(above), and presumably led a similar

burrowing life, its skull was quite differ-

ent in structure. Large openings, sep-

arated by narrow bones, made it a light-

weight structure (fenestrated like that of

a modern snake).

ORDER NECTRIDEA

The nectrideans were 4-legged am-
phibians, newtlike in appearance and
with long, flattened tails for swimming.
Exclusively aquatic in lifestyle, they
evolved during the Late Carboniferous,
and survived until the end of the
Permian.

Early nectrideans had a skull struc-
ture very like that of a labyrinthodont.
Their limbs were well developed, with 5
toes on each. The later members of the
group tended to have small forelimbs,
and a toe had been lost from each. The
snout also became greatly elongated in
some of the later nectrideans.

NaME: Keraterpeton
TIME: Late Carboniferous
LocALITY: Europe (Czechoslovakia)
and North America (Ohio)
size: 1£ft/30 cm long
The tail of Keraterpeton was more than
twice the length of its body and head
combined. It was flattened sideways,
and would have provided the propul-
sive force that pushed the animal
through the murky waters of the coal
swamps in which it lived. The 5-toed
hindlegs were longer than the 4-toed
forelegs. The skull was short and
rounded, with the eyes far forward.
Although its body was long and slen-
der, Keraterpeton had no more trunk
vertebrae than usual (15-26 on average),
unlike other long-bodied amphibians,
such as the anthracosaur Eogyrinus
which had some 40 vertebrae in front of
the hips (see pp. 51, 53).

NAME: Diplocaulus

TIME: Early to Late Permian
LOCALITY: North America (Texas)
size: 3ft 3inf1 m long

Diplocaulus had a flattened, triangular-
shaped head, like a boomerang. Two of
the bones at the back of the skull had
become greatly elongated on each side
to form the points of the triangle. The
body was short, and the limbs weak. Its
tail, too, was quite short, unlike that of

KERATER?

other nectrideans, which has led some
paleontologists to think that this am-
phibian swam by using up-and-down
undulations of its flattened body.
Diplocaulus may have lived on the
bottom of ponds and streams. The
“wings”’ on either side of the head may
have acted like hydrofoils, allowing the
animal to swim above the river bed
facing into the current. Alternatively,
perhaps the odd shape of the head made
Diplocaulus awkward to swallow, and so
acted as a deterrent to such local pre-
dators as the thick-set, semi-aquatic
labyrinthodont Eryops (see pp. 50, 52).

ORDER MICROSAURIA

The microsaurs, or ‘‘small lizards,”
were the most varied group of lepospon-
dyls, with terrestrial types that lived like
lizards, burrowing types with legs, and
aquatic types that kept their larval gills
into adult life. All microsaurs had small
legs and short tails.

The group evolved late in the Car-
boniferous period, and survived into
the Early Permian. They may have been
the ancestors of the newts and
salamanders.

NAME: Microbrachis
TIME: Late Carboniferous
LocALITY: Europe (Czechoslovakia)
SIZE: 6in/15 cm long
This tiny microsaur had the typically
elongated body of an aquatic animal,
made up of more than 40 vertebrae. Its
legs were tiny, and played no part in
swimming. This was achieved by
sideways undulations of the body and
slender tail. This amphibian probably
fed on small shrimplike invertebrates in
the freshwater plankton.

Microbrachis was a Peter Pan among
the lepospondyls, since the adult re-
tained the 3 pairs of feathery gills it had
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as a larva. This phenomenon is called
paedomorphosis, and is seen in several
modern salamanders, such as the cave-
dwelling olm of Europe and the North
American mudpuppy. The Mexican
axolotl goes one step further; it also
retains the tadpole tail of its youth.

NAME: Pantylus

TiME: Early Permian

LocALITY: North America (Texas)
size: 10in/25 cm long

A great head on a small, scaly body
characterized this microsaur. It was a
well-adapted land animal, moving about
onshort, sturdy limbs. It probably lived
like a modern lizard, scuttling about
after insects and other small inverte-
brates, which were crushed by the
numerous large, blunt teeth.

ORDER ANURA

Modern frogs and toads are grouped
together as anurans. As adults, they are
the most specialized of all vertebrates,
with the shortest backbones in the
animal kingdom and powerful jumping
legs not known in any other creature.

It is not surprising, therefore, that an
anuran must undergo a profound trans-
formation, or metamorphosis, to
change from the limbless, herbivorous,
swimming larval tadpole with a long tail,
to the jumping, insectivorous, tailless,
bulging-eyed adult.

Paleontologists are fairly certain that
today’s frogs and toads arose from
among the land-living, temnospondyl
labyrinthodonts, possibly from
eryopid-types (see p. 52).

The first amphibian with any resem-
blance to a modern frog dates from
Early Triassic times (below).

NAME: Triadobatrachus
TIME: Early Triassic
LOCALITY: Madagascar
size: 4in/10 cm long
This tiny, froglike creature lived about
240 million yeats ago. The structure of
its hips suggests that it swam by kicking
out with its short hindlegs. This vigot-
ous motion may have evolved over mil-
lions of years into the characteristic
jumping action of modern frogs.
Triadobatrachus’ skull is strikingly
similar to that of a modern frog (a
latticework of fine bones, separated by
large openings). It could obviously hear
well on land, since the bony parts of the
ear were well developed, and there was a
broad tympanum or eardrum on either
side to pick up air-borne sounds.
Triadobatrachus had a relatively short
body (made up of 14 back vertebrae)
when compared with a primitive am-
phibian (with 24 vertebrae). But it had a
long body when compared with a mod-
ern frog, which has only 5 to 9 back
vertebrae, giving it the shortest back-
bone of all vertebrate animals. It also
had a short tail, made up of 6 vertebrae,
which is totally lost in modern anurans.
Triadobatrachus, therefore, represents
an intermediate stage in the evolution of
the anurans. It is sufficiently different
from its modern descendants, the frogs
and toads, to be placed in a distinct
order (Proanura) and family of its own.

NAME: Vieraella
TIME: Early Jurassic
LocALITY: South America

(Argentina)
SIZE: just over 1in/3 cm long
After Triadobatrachus, there is a frustrat-
ing gap of about 30 million years in the
fossil record. Then, the first true frogs
appear in the Early Jurassic.

Vieraella is the oldest-known frog. Its
anatomy is essentially that of a modern
frog, with the characteristic latticework
skull, long hip girdle (shaped like a 3-
pronged fork) and long jumping legs.

NAME: Palaeobatrachus

TiME: Eocene to Miocene

LocaLiTy: Europe (Belgium and
France) and North America
(Montana and Wyoming)

size: 4inf/10 cm long

An offshoot from the main line of frog

evolution, Palaeobatrachus has been pre-

served in large numbers in the fresh-

water sediments of Early Tertiary Eur-

ope. Even its tadpoles have been fos-

silized. [t probably looked and behaved

like a modern African clawed toad

(Xenopus laevis). It was an adept swim-

mer, as fast as any fish, with a stream-

lined body and powerful, webbed feet.

AMPHIBIANS

ORDER URODELA
Newts and salamanders, grouped to-
gether as urodeles, first appeared in Late
Jurassic times. Their modern descend-
ants are the least specialized of living
amphibians. Unlike frogs and toads,
they do not undergo a complicated
metamorphosis, since the larvae and
adules live similar lives; both are long-
tailed, swimming insectivores.

The ancestors of the urodeles remain
a mystery. They may have had a com-
mon ancestor with the anurans (which
are suspected to have descended from
the temnospondyl labyrinthodonts, see
p.52). Or they may have arisen from
among the lepospondyl microsaurs (see
p. 56). But no linking fossils have yet
been found.

NaMEg: Karaurus

TIME: Late Jurassic

LOCALITY: Asia (Kazakhstan SSR)
size: 8in/20 cm long

Salamanders seem to have changed little
over the known 150 million years of
their evolution. The structure of the
oldest-known salamander, Karaurus, is
practically the same as that of modern
forms. Its lifestyle was presumably
similar, also — a good swimmer and a
voracious predator of snails, worms,
crustaceans and insects.

ORDER UNCERTAIN

A number of fossil animals show a
mixture of amphibian and reptilian fea-
tures, and are therefore difficult to clas-
sify in either group. Paleontologists gen-
erally agree that such animals were pro-
bably specialized land amphibians.

NAaMe: Diadectes

TIME: Early Permian

LocALITY: North America (Texas)
size: 10 ft/3 m long

This creature was one of the bulkiest
land animals alive in Early Permian
times. [ts skeleton was like that of a
reptile, and well adapted to life on land.
But certain features of the skull prove
that it was not a member of that group.

Diadectes had a specialized skull, with
asecondary bony palate (a feature found
in advanced reptiles, see p. 185), though
this was only partially developed. It had
stout grinding teeth in its short, strong
jaws.

It is possible that Diadectes ate shell-
fish, but its bulky body suggests that it
ate plants. If so, it was the first am-
phibian herbivore, and lived at the same
time as the first reptilian herbivore,

Edaphosaurus (see p. 189).
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REPTILES

Reptiles: Conquerors of the land

Within the unfolding history of the
vertebrates, each new group has been
hallmarked by some new feature, or
number of features, that allowed it
either to survive more efficiently in the
environment of its ancestors, and thus
to replace them, or to move on and
conquer new environments.

The egg that revolutionized life

Below a certain minimum size, a tiny
vertebrate would find life on land im-
possible. Its weight would be too great
for its frail limbs to bear or propel, and
it would rapidly lose its body moisture
and dry out. Amphibians solve this
problem by dividing growth into 2
phases. The egg first develops into an
aquatic larva; this feeds and grows into a
miniature adult, which then leaves the
water and emerges onto land.

Reptiles, however, have found an
alternative solution. The evolution of a
shelled egg was the innovation that al-
lowed the reptiles to quit the watery
home of their amphibian ancestors, and
to step out on land, fully equipped for
terrestrial life. Henceforth, they could
dispense with the aquatic larval phase
that was, and still is, obligatory for
amphibians.

A reptile’s egg is similar to that of a
bird, except that the shell is usually
leathery and not hard, and the egg con-
tains less-watery albumen. The shell has
2 main functions. It protects the devel-
oping embryo from drying out, and it
protects it from predators. Safe within
its egg, the developing reptile can sus-
tain a longer period of growth; it
emerges only when it has reached a size
at which it is already competent to
survive on land.

The reptiles evolved from the amphibians
during the Late Carboniferous. The
anapsid reptiles were the first to appear,
and are represented today by the turtles
and tortoises. The anapsids gave rise to the
synapsid reptiles, the ancestors of the
mammals, and to the diapsid reptiles,
including the modern sphenodonts, lizards
and snakes.

Many groups of reptile have become
extinct, including the great marine reptiles,
the ichthyosaurs and plesiosaurs. One of
the diapsid groups, the protorosaurs, gave
rise to the dinosaurs and the other ruling
reptiles. (For key to silhouettes, see p. 312.)
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REPTILES

Reptiles: Conquerors of the land

The egg’s shell inevitably cuts off the
developing reptile from the surround-
ing world. The embryo must, therefore,
be self-sufficient throughout its term of
development. This is achieved by a food
source, the yolk, and a series of ingeni-
ous membranes — the amnion, allantois
and chorion — that transform the egg
into an independent, life-support unit.

The eggs of all modern reptiles show
exactly the same pattern of membranes,
and biologists are confident that a
single, ancestral group of original rep-
tiles possessed this new, complicated
type of “amniotic” egg (right), and that
all later groups of vertebrates evolved
from this basal stock.

Land adaptations for adult reptiles
Although protection of the developing
embryo from drying out was a great step
forward in the conquest of the land, 2
other innovations were necessary
before that conquest was complete.
First, reptiles had to be protected from
desiccation after they emerged from the
egg. This was achieved by evolving a
horny layer that covered their scales or
armor, making them impermeable to
water loss.

Second, in order to remain active,
reptiles had to develop a more efficient
breathing method than that of their
amphibian ancestors. Amphibians ven-

.tilate their lungs by means of a throat-
pump, which forces air into the lungs.
Reptiles developed a new system, in
which the rib cage was expanded and
contracted, resulting in air being sucked
into the lungs, and then expelled. The
capacity of this system was limited only
by the volume of the lungs, not merely
by the volume of the mouth.

However, even with all these adapt-
ations, living reptiles are still, like am-
phibians, limited in one respect. They
are ‘‘cold-blooded’ — that is, they ob-
tain nearly all of their energy from the
heat of the sun. When the weather or
climate becomes cooler, their body tem-
perature is lowered, and they become
inactive. The physiology of reptiles is,
therefore, geared to a low and varying
body temperature, and they cannot sus-
tain prolonged periods of activity.

In contrast, ‘“warm-blooded’” birds
and mammals obtain their energy from

THE AMNIOTIC EGG

Yolk sac

Amnion

Chorion

There are 4 membranes inside the shelled
egg of a reptile — the amnion, chorion,
allantois and yolk sac. Each plays a
particular role to enable the embryo — in
this case a turtle — to develop to maturity
within its protective egg, independent of its
surroundings.

The developing embryo is suspended in

Egg shell

Embryo

Amniotic cavity

Allantoic cavity

a fluid-filled cavity surrounded by the
amnion. It receives nourishment from the
surrounding yolk sac through blood
vessels connected to its gut. Waste
products are excreted into the allantoic
cavity. Oxygen enters the egg via the
chorion, which lies just beneath the egg’s
porous shell.

their food, and have a high, constant
body temperature, independent of their
surroundings, which allows them to
sustain a high rate of activity for much
longer periods. Paleontologists are curr-
ently debating whether dinosaurs were
cold- or warm-blooded (see p. 93).

Like their amphibian ancestors, and
the fish before them, reptiles move by
lateral flexure of their bodies (below).
The upper parts of a reptile’s limbs
project laterally from the body, since
the length of each stride depends on the
distance across the body from one knee
or elbow joint to the other. The feet are
also angled somewhat to the side, to
resist the lateral forces produced by this
type of movement. The toes have to be
of different lengths if they are to leave
the ground at the same time, so that the
weight of the body is shared evenly
between them.

As a result of all these adaptations,
both structural and physiological, rep-
tiles were able to colonize the land to the
full, living even in the hottest deserts.
The peak of their evolutionary develop-
ment was reached in the form of the

great dinosaurs, which grew to sizes that
even their successors, the mammals,
were unable to rival.

Radiation of the reptiles

The reptiles evolved from the am-
phibians some time in the Late Car-
boniferous (Pennsylvanian) period. The
earliest-known reptile is Hylonomus (see
p. 64), preserved in the Late Carbonifer-
ous rocks of Nova Scotia. These rocks
are about 300 million years old — some
60 million years after the first am-
phibian Ichthyostega crawled out of the
water to form the spearhead for the
invasion of the land (see p. 52).

From Hpylonomus, many different
types of reptile evolved. Like the early
amphibians, all of the early reptiles
seem to have been confined to the
ancient continent of Euramerica (see
p.49). Fortunately for paleontologists,
most of these different lineages of reptile
can be distinguished by the pattern of
openings in the skull (see p. 61).

In addition to skull structure,
evidence for the interrelationships of
reptiles can be seen in the structure of

HOW A REPTILE MOVES

The legs of a typical reptile, such as a
lizard, are splayed out to the side of its
body. This results in a sprawling gait, with
the whole body being twisted from side to
side at each step. Here the backbone and
limb girdles are emphasized to illustrate
this bending of the body.
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their ankles and major blood vessels. In
some reptiles, one of the ankle bones is
hooked, and provides extra leverage for
one of the foot muscles (just as our
projecting heel bone provides leverage
for the Achilles tendon). This type of
ankle is found in all lizards and chelo-
nians (including modern turtles and tor-
toises), as well as in the “ruling reptile”
lineage — the crocodiles, dinosaurs and
their relatives.

The living representatives of all these
groups also have an unusual arrange-
ment of the major blood vessels near the
heart. These twist around one another
in a spiral fashion.

For all these reasons — skulls, ankles
and blood vessels — paleontologists are
confident that these groups of reptile are
closely related to each other.

Skull patterns

In the earliest reptiles, as in their am-
phibian ancestors, the skull was a box of
bone, without any openings except for
those of the eyes and nostrils. The
muscles of the jaws were attached to the
underside of the bony roof of the skull.

In most later reptiles, the weight of
the skull was reduced by the develop-
ment of areas in which the bone was
replaced by a sheet of elastic, tendonlike
material. This material decays, but the
areas in which it was located appear in a
fossilized skull as holes (called temporal
openings) between the bones. These
openings not only serve to lighten the
skull, but also provide additional at-
tachment points to which the jaw mus-
cles can attach, thereby increasing the
bite-power of the jaws. _

The presence or absence of these
temporal openings in the skull form the
basis for grouping reptiles into major
groups or subclasses (above right).

The earliest reptiles (such as Hylon-
omus and other protorothyridids, and
mesosaurs) had no temporal openings,
and their skulls are called anapsid. The
chelonians (today represented by turt-
les, tortoises and terrapins) also lack
openings in their skulls, and so they,
too, are placed in the anapsids, although
it is not certain from which group of
early reptiles they evolved.

The ruling reptiles — including the
thecodontians and their descendants,

TYPES OF SKULLS

ANAPSID

REPTILES

Amphibians
Early reptiles
Chelonians (turtles)

/@
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Mammal-like reptiles

SYNAPSID

Birds

l

Mammals

DIAPSID
Crocodiles
O - Dinosaurs
A ') Sphenodonts (tuatara)
Lizards
o
Snakes
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Three main types of skull evolved among
reptiles, with a trend toward reducing the
amount of bone and replacing it with
tendonlike material to which the jaw
muscles could attach. The most primitive
reptiles, the anapsids, had no openings in
their skulls, which resulted in weak jaws.
The anapsids gave rise to 2 major

groups. The diapsid reptiles had a pair of
openings behind each eye. In lizards the
openings became larger, enabling the jaws
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to open wider, while the snakes have an
even wider gape, with the openings
merging together. The birds evolved a
variation of the dinosaur’s diapsid skull,
with a very large opening behind each eye.

The mammal-like reptiles evolved
synapsid skulls, with a single opening set
low on either side. Their descendants, the
mammals, enlarged the single opening,
which helped to increase the bite-power of
their jaws.

the dinosaurs, pterosaurs and croco-
diles — have diapsid skulls, with 2 pairs
of openings behind the eyes on each
side. The primitive lizards, the spheno-
donts (today represented by the sole
surviving member, the tuatara), also
have a diapsid skull. Later lizards have
made the skull even lighter and more
flexible, by losing the bar of bone below:
the lower opening on each side. Snakes
have taken this tendency even further,
by dispensing with the bar of bone
between the upper and lower openings.

Other groups are not so easily de-
fined. The extinct marine reptiles, the
nothosaurs and  plesiosaurs, for

example, developed a skull pattern
(sometimes called euryapsid) similar to
that of most lizards. These groups
would also seem to have evolved from
diapsid ancestors.

Two other groups of extinct marine
reptiles, the ichthyosaurs and placo-
donts, also have a euryapsid type of
skull. But these animals are very differ-
ent from one another and from the
plesiosaurs. Each group may have
evolved from diapsids, but there is no
evidence to detail their precise lines of
ancestry. A similar uncertainty sur-
rounds the origin of the diapsid, her-
bivorous rhynchosaurs, also extinct.
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Early reptiles

SUBCLASS ANAPSIDA

The earliest, most primitive reptiles, the
anapsids, all shared a common charac-
teristic — the skull was a heavy, solid
box of bone, with no openings apart
from the sockets for the eyes and nos-
trils (see pp. 60—61). The muscles that
controlled the jaws were confined
within this bony box; this limited their
size and length, which meant that the
mouth could not be opened wide or
closed with any force.

In later, more advanced reptiles,
openings developed in the skull that
allowed for an increase in the efficiency
of the jaws. Such “‘diapsid’’ reptiles and
their descendants had greater bite-
power, and could open their jaws wider
to tackle larger prey (see pp. 82-85).

Only one order of anapsid reptiles
survive today — the chelonians, or turt-
les and tortoises (see pp.66—69). The
other 2 orders of primitive reptiles, the
captorhinids and the mesosaurs,
became extinct over 250 million years
ago (below).

ORDER CAPTORHINIDA

The captorhinids (sometimes called the
cotylosaurs) are the earliest and most
primitive of reptiles. They evolved from
the amphibians during the Late Car-
boniferous period, some 300 million
years ago, but were all extinct by the end
of the Triassic, about 90 million years
later. From among their members came
2 major evolutionary lines — one led to
the mammals, and the other to the
ruling reptiles (see pp. 58—59).

FAMILY

PROTOROTHYRIDIDAE

Members of this family are the earliest-
known reptiles. They first appeared in
the Late Carboniferous period, and sur-
vived into Mid-Permian times, a span of
some 50 million years. The protorothy-
ridids were the basal stock from which
many specialized groups evolved, in-
cluding the ruling reptiles — the
dinosaurs, crocodiles and flying ptero-
saurs (see pp. 90-93).

NaME: Hylonomus
TIME: Late Carboniferous
rocaLiTy: North America (Nova
Scotia)
size: 8in/20 cm long
Hylonomus is the earliest-known, fully-
adapted terrestrial vertebrate — a mile-
stone in the evolution of life on land. In
appearance and lifestyle, it closely re-
sembled a modern lizard.
This small creature probably ate in-
sects and other invertebrates, crushing
them with its conical teeth. Though the
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teeth were simple and unspecialized,
some of the front ones were longer than
the rest — a feature usually found in the
more advanced reptiles.

Hylonomus was preserved in the coal
beds of Nova Scotia in an unusual way.
Giant, treelike club mosses flourished
in swampy areas during Late Carbonif-
erous times. Periodic flooding buried
their lower trunks in deep layers of mud
and rotting leaf litter, which caused the
trees to die and their interiors to rot
away. This left deep, cylindrical cavities
in the ground, which would have filled
up with decaying debris. Insects and
other invertebrates would have been
attracted there, and these in turn would
have attracted Hylonomus. [t would have
been unable to escape from the deep,
vertical-sided cavities, and its remains
were eventually fossilized there.

FAMILY CAPTORHINIDAE

This successful group of primitive rep-
tiles ranged throughout the Permian
period, surviving for almost 40 million
years before becoming extinct. They
lived in Africa, Asia, India and North
America.

Primitive though the captorhinids
were, they were more advanced than
their protorothyridid ancestors (above).
Their skulls were much stronger, with
the braincase now firmly attached to the
skull roof and cheeks, and the multiple
rows of teeth in their jaws could deal
with tough plants or hard-shelled
animals.

NaMEe: Labidosaurus

TIME: Early Permian

LocaLITy: North America (Texas)
size: 2 ft 5in/75 cm long

This primitive, heavily built reptile was
a squat animal with a large head and
short tail. Its shape suggests that it was
fully at home on land.

A typical captorhinid, Labidosaurus
had several rows of teeth in the jaws, all
functional at the same time. This was an
improvement on its ancestors, the pro-
torothyridids, which had only a single
row of small conical teeth in their jaws.
The rows in Labidosaurus’ mouth pro-
vided a broad surface on which shelled
invertebrates, such as insects and snails,
could be crushed, or tough plant
material ground down.

FAMILY PROCOLOPHONIDAE

This family ranged throughout the
world from Late Permian times to the
end of the Triassic. Early members were
small and lightly built. They were prob-
ably quite agile, and crushed insects and

HYPSOGNATHEE

other invertebrates with the many,
small, peglike teeth in their jaws.

Later members, however, from the
Mid-Triassic onward, were larger crea-
tures with a very different dentition.
Their broad cheek teeth suggest that
they ate plants. Strange, bony spikes
grew outward from the sides of their
skulls, presumably as a means of de-
fense for these heavy, slow-moving
herbivores.

NaME: Hypsognathus

TIME: Late Triassic

LOCALITY: North America (New
Jersey)

size: 13in/33 cm long

One of the later members of the family,

Hypsognathus had many features that

indicate it was a plant-eater. It had a

wide, squat body, which suggests that it

was not an agile animal. Its broad cheek

teeth were suitable for grinding up

tough plant material. And an array of

spikes around its head were probably

for defense against predators, such as

the contemporary carnivorous dino-

saurs, the podokesaurs (see p. 108).

FAMILY PAREIASAURIDAE

The pareiasaurs were the largest of the
early, primitive reptiles, reaching
lengths of 10ft/3m. They were mass-
ively built herbivores, supported on
sturdy limbs, which in later members
tended to be placed beneath the body so
that the animals could walk more up-
right, rather than sprawl.

The pareiasaurs appeared in southern
Africaduring the Mid-Permian, and had
spread to Europe and Asia in large
numbers by the end of that period when
they became extinct.




ELGINIA:

NAME: Pareiasaurus

TIME: Middle Permian

LOCALITY: Southern and eastern
Africa, and eastern Europe

size: 8 ft/2.5m long

This massive, squat animal was a typical

pareiasaur. Its back was protected by

bony plates embedded in the skin. Its

legs were thick and strong, and splayed

out to the sides in typical reptilian

fashion, to support the huge body, with

its enormously thickened backbone.
The skull, too, was heavy and solid,

studded with spikes and warty lumps.

-The teeth were small and leaf-shaped,

with serrated edges to deal with the

tough plant fiber that Pareiasaurus ate.

Even the palate was equipped with teeth

to help grind down the food.

NAME: Scutosaurus
TiIME: Late Permian
LocALITY: Europe (USSR)
size: 8 ft/2.5m long
The typical features of the pareiasaur
family — massive body, spiked head
and bony armor — were developed to
an extreme in Scutosaurus. This later
member of the family had also devel-
oped a more upright gait than its rela-
tives. Its legs were drawn in, and held
more directly beneath the body to sup-
port its great weight. This trend was to
be perfected among the later ruling rep-
tiles, the dinosaurs (see pp. 106—-169).
The presence of such large plant-
eaters as Pareiasaurus and Scutosaurus in
eastern Europe during Permian times
could suggest that the climate in that
region was warm and stable at the time,
since these heavy, slow-moving reptiles
could neither migrate away from cold
conditions nor hibernate through the
winter months.

NaME: Elginia

TIME: Late Permian

LocALITY: Europe (Scotland)

size: 2ft/60 cm long

One of the last of the pareiasaurs,
Elginia was also one of the smallest. Its
head was decorated with the head spikes
typical of the family, but they were
developed into an incredible array on
Elginia’s small skull. Their purpose was
probably more for display than for de-
fense — perhaps this little reptile shook
its head about to threaten a rival male or
to attract a female.

-—
FAMILY MILLERETTIDAE

The millerettids were a family of anap-
sid reptiles with a pair of openings in the
skull behind the eyes. This may sound
like a contradiction, since the anapsids
are that group of reptiles with no open-
ings in their skulls, apart from the eyes
and nostrils.

In the case of the millerettids, other
features of the skull place them firmly in
the anapsid group. Most likely, they
represent a specialized side branch of
the main reptilian tree, and evolved
these openings independently.

Millerettids were all small insecti-
vores that lived from the Middle to Late
Permian in southern Africa. So far, their
remains have not been found elsewhere.

NAME: Milleretta

TIME: Late Permian

LOCALITY: South Africa

size: 2 ft/60 cm long

This small, lizardlike creature was agile
enough to chase after insects. Because of
the pair of openings in its skull, some
paleontologists used to hold the theory,
now disproved, that Milleretta, or a
closely related member of its family,
may have been ancestral to the more
advanced group of reptiles, the diapsids,
which had 2 pairs of openings on either
side of the skull (see pp.60-61). This
group includes nearly all the modern
reptiles and the extinct dinosaurs and
pterosaurs.

However, the earliest-known diapsid,
the araeoscelid Petrolacosaurus (see p. 84),
dates from the Late Carboniferous
period — more than 40 million years
before the millerettids evolved.

ORDER MESOSAURIA

The mesosaurs were early aquatic rep-
tiles, the first group to return to the
water since their ancestors had adopted
aland-living existence. They appeared at
the beginning of the Permian period,
and died out relatively soon after. Their
remains have only been found in the
southern hemisphere.

REPTILES

1
FAMILY MESOSAURIDAE

This is the only family of mesosaurs. Its
members were all fully aquatic, swimm-
ing by means of a long, broad tail and
long hindlegs, and steering with the
forelimbs. They probably sieved plank-
ton from the water through the fine,
pointed teeth in their elongated jaws.

NAME: Mesosaurus
TIME: Early Permian
LOCALITY: Southern Africa and South
America (Brazil)
SIZE: up to 3 ft 3in/1m long
This small creature was the first reptile
to revert to a water-dwelling existence.
It possessed many adaptations to an
aquatic life. Its long tail was flattened
from side to side, and there may have
been a fin running along its length, top
and bottom. Its hindlegs were long, and
the elongated footbones were splayed
and probably webbed. The forelegs
were shorter, but also with broad,
webbed feet. Thus, the tail and hindlegs
propelled the animal forward, while the
forelegs kept it on course.

Mesosaurus could evidently bend easi-
ly from side to side, as seen in the
flexible structure of the backbone,
though it could not twist its body. The
ribs were greatly thickened — an aqua-
tic adaptation also seen in the modern
sirenians, or sea COws.

Mesosaurus’ head was long and nar-
row, with the nostrils placed high on its
snout near the eyes. It had only to break
the surface of the water to breathe and
to see. An impressive array of long,
delicate teeth armed the elongated jaws.
Each tooth fitted into its own socket —a
feature of meat-eating animals. Yet the
teeth would have been too fine for
capturing prey. Instead, they probably
formed a kind of sieve through which
small shrimplike animals were filtered
from the water — similar to how a
modern flamingo feeds with its comb-
like bill.

The evolutionary importance of
Mesosaurus does not derive from its
aquatic adaptations, but from its geo-
graphical distribution. Because its re-
mains have been found in both southern
Africa and eastern South America, this
distribution was one of the earliest
pieces of biological evidence for conti-
nental drift or plate tectonics (see
pp. 10-11). Such an animal could not
possibly have swum across the South
Atlantic; the only explanation, there-
fore, for its peculiar distribution is that
these 2 southern continents had not yet
split apart when Mesosaurus was alive.
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Turtles, tortoises and terrapins

ORDER CHELONIA

Turtles, tortoises and terrapins are the
only surviving members of this ancient
group of reptiles, the chelonians. They
differ from all other reptiles in having
their bodies, except for the head, tail
and legs, enclosed within a shell, above
and below. Many of them can pull their
heads and legs into the shell for total
protection.

Even the earliest chelonians, dating
from the Late Triassic, had a shell; in
fact, today’s turtles and tortoises have
hardly changed since those times, over
200 million years ago.

Like other anapsids (see pp.62-65),
chelonians have solidly roofed skulls,
with no openings in them save for the
eyes and nostrils. They are classified for
convenience in the anapsid order, but
some paleontologists believe that their
anatomy is so specialized, and their
lifestyle so different from that of other
reptiles, that they should be put in a
subclass (Testudinata) of their own.

There are 2 distinct suborders of
chelonian, which include the 230
species of living turtles, tortoises and
terrapins. They are distinguished by the
way in which the animal retracts its head
into its shell — either by bending the
neck sideways (Pleurodira) or by bend-
ing it back vertically (Cryptodira). The
members of a third suborder (Progano-
chelydia) are all now extinct, but they
were the ancestors of the chelonian
group (below).

SUBORDER
PROGANOCHELYDIA

The proganochelids were land-living,
tortoiselike reptiles with shells encasing
their bodies. They began to evolve in
Late Triassic times, some 215 million
years ago, and were most probably the
stock from which today’s land tortoises
and aquatic turtles arose. But the ances-
try of the proganochelids themselves is
not known. Most paleontologists be-
lieve it to lie among one of the early
groups of anapsid reptiles, perhaps the
captorhinids (see pp. 62—65).

FAMILY PROGANOCHELYIDAE
Most of the early tortoises belong to
this family, and date from the Late
Triassic period. The best-preserved
skeletons have been found in Germany,
although others have come from South-
east Asia, North America and southern
Africa. Many of the characteristic fea-
tures seen in modern tortoises were
developed at this early stage in their
evolution.
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NAME: Proganochelys

TIME: Late Triassic

rocaLiTy: Europe (Germany)

size: 3 ft 3in/1 m long

This is the most primitive chelonian
known, but the typical tortoise shape
and structure were already well estab-
lished. In fact, Proganochelys was re-
markably similar to a modern land-
living tortoise, except that it could not
retract its head or legs into its shell.

The body of this ancient tortoise was
short and broad, with only 10 elongated
vertebrae making up the backbone. This
is also a feature of modern chelonians,
and, except for frogs, gives them the
shortest backbones among vertebrate
animals. Proganochelys’ short neck
(made up of only 8 vertebrae) and head
were armed with bony knobs.

Proganochelys had a broad, domed
shell (known as the carapace) covering
its back, and flat, bony plates (the plas-
tron) protected its underside. About 60
plates of various sizes made up the shell,
and they were solidly fused to the un-
derlying vertebrae and ribs. Their ar-
rangement was essentially the same as
that found in the shells of modern
turtles and tortoises. Unlike its modern
relatives, however, Proganochelys had a
number of extra plates around the mar-
gin of its shell. These projected out-
ward, and gave the legs some protection.

In life, the shell would have been
completely sealed over with plates of
smooth horn — the beautiful “tortoise
shell” from which combs and other
ornaments are made. (The horn itself
does not fossilize, but marks on the
bones indicate its presence.)

The only teeth in Proganochelys’
mouth were on its palate. Otherwise, it
had the typical toothless, horny beak
characteristic of modern tortoises. Like
them, Proganochelys probably spent
most its time cropping low-growing
vegetation.

SUBORDER PLEURODIRA

A few members of this group of aquatic
chelonians survive today, and are
known as the “side-neck” turtles,
because of their peculiar method of
retracting their head inside their shells.
This is done with a sideways-flexing of
the short neck, and is made possible by
the jointing system between the
vertebrae.

Pleurodires date from Jurassic times,
and were once abundant in the rivers
and lakes of the world. Today, only 49
species survive, grouped in 2 families —
the Pelomedusidae (below) and ' the
Chelidae. All are restricted to the fresh-
waters of the southern continents.

PROGANOCHELYS

STUPENDEMYS

FAMILY PELOMEDUSIDAE

These aquatic turtles were the most
prolific of all the pleurodires during
Late Cretaceous and Early Tertiary
times. There are only 19 living species
— in the rivers and lakes of tropical
Africa, Madagascar and South America.

NAME: Stupendemys
TIME: Early Pliocene
LOCALITY: South America

(Venezuela)
size: 6 ft 6in/2m long
This turtle, extinct for some 3 million
years, was a giant among the pleuro-
dires; in fact, it was the largest fresh-
water turtle that has ever existed. None
of its modern relatives come close to it
in size — the largest living species is the
Arrau Turtle of the Orinoco and
Amazon rivers of South America (Podo-
cnemis expansa), and it only grows up to
2ft 6in/75cm in length.

The heavy shell that covered Stupen-
demys’ back was immensely broad and
over 6ft/1.8m long. Its weight would
have allowed the animal to stay sub-
merged for fairly long periods, while it
cropped the prodigious quantities of
weeds needed to fuel its body.

SUBORDER CRYPTODIRA

The cryptodires were the most success-
ful group of chelonians, and survive to
this day — most modern turtles and
tortoises belong to this group. Many of
them can retract their heads into the
shell by lowering the neck and pulling it
back vertically.

As a group, the cryptodires evolved
along with their pleurodire cousins dut-
ing Jurassic times. But by the end of that
period they had become enormously
diverse, and replaced the pleurodires in
the seas, rivers and lakes of the world.
New forms developed on land.




MEIOLANIA

FAMILY MEIOLANIIDAE

The land tortoises of this family ap-
peared in the Late Cretaceous period,
and only became extinct relatively re-
cently — in the Pleistocene, less than 2
million years ago. Although unable to
retract their heads into their shells, they
were well protected in other ways.

NAME: Meiolania
TIME: Pleistocene
LocaLITY: Australia (Queensland,
New Caledonia and Lord Howe
Island)
size: 8{t/2.5 m long
Apart from its great size, the most re-
markable feature of this well-armored
tortoise was the flamboyant ornament-
ation on its head. [t was surmounted by
great spikes, two of which stuck out on
either side, giving the head an overall
width of some 2 ft/60 cm. Their presence
makes it highly unlikely that Meiolania
could have withdrawn its head into the
shell in times of attack. However, the
shell protected the back, and the tail
was encased in rings of bony armor, and
ended in a spiked club.

e —_—
FAMILY TESTUDINIDAE

Modern land tortoises belong to this
family, the most successful of the
cryptodires. They appeared in modern
form during the Eocene, some 50 mil-
lion years ago, and have remained
practically unchanged since then.

All tortoises have high, domed shells
to accommodate the capacious gut
needed to digest their plant food. The
shell also offers complete protection,
since the animal can withdraw its head
and elephantine legs inside.

NaME: Testudo atlas

TIME: Pleistocene

LOCALITY: Asia (India)

SIZE: up to 8 ft/2.5m long

The extinct Testudo atlas was the largest
land tortoise ever to have existed. Some-
times it is called Colossochelys, meaning
“colossal shell.” It weighed about 41 US
tons/4 tonnes. The elephantine legs
sprawled out at the sides of its body in
typical reptilian fashion, and supported
the massive shell carried on its back.
Cushioned pads on the soles of its
compact feet spread the weight evenly
over the 5, heavy-nailed toes of each
foot — like the arrangement seen in
modern elephants.

Testudo atlas probably fed exclusively
on plants, as do most of its modern
relatives (though some are known to eat
slugs and worms as well). It would have
spent its time cropping leaves with its
sharp, toothless beak without fear of
being attacked. If a predator, such as
one of the saber-toothed cats, did try,
T. atlas would have simply pulled its
head and legs into its shell, and present-
ed a solid, bony box, impossible to shift
or turn over.

The modern counterpart of this
extinct tortoise, in terms of size and
weight, is the Galapagos giant tortoise,
Geochelone elephantopus. But this animal
is only 4 ft/1.2 m long — half the length
of T. atlas — and weighs a mere

5001b/225 kg.

FAMILY PROTOSTEGIDAE

The protostegids numbered among
their members some of the most spec-
tacular sea turtles that ever lived. All are
now extinct, but they thrived during the
Late Cretaceous.

By that time, the protostegids had
developed the 2 main features that
distinguish all sea turtles from their land
and river-based relatives. First, since
there were fewer predators in the sea,
they did not need such heavy armor on
their backs, and so the shell was reduced
to a much lighter structure, which also
made them more maneuverable. Sec-
ond, the toes of the front and back limbs
were greatly elongated, and modified
into broad flippers for swimming.

Today, only 7 species of sea turtle
survive, grouped in 2 families. All are
endangered due to man’s interference

- with their habitats, especially the nest-

ing beaches. The green turtle and the
great leatherback turtle, both of warm
seas, are the most familiar members. No
sea turtle, either extinct or modern, can
retract its head or legs into the shell.
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NAME: Archelon
TIME: Late Cretaceous
LocAaLITY: North America (Kansas
and South Dakota)
size: 12t/3.7 m long
This giant turtle of the Cretaceous seas
did not have the heavy, many-plated
shell characteristic of its land and fresh-
water relatives. Instead, the shell of
Archelon was reduced to a framework of
transverse struts, made from the bony
ribs that grew out from its backbone.
Most probably, the ribs were covered
by a thick coat of rubbery skin (as seen
in the modern leatherback turtle),
rather than by the usual plates of horn.
The limbs of this ancient sea turtle
were transformed into massive paddies
that would have cleaved the water in
powerful, vertical strokes — the
method is comparable to the under-
water flight of penguins, which propel
themselves along by flapping their
wings. The front flippers of Archelon
were well developed, and would have
provided the main propulsive force.
Like the modern leatherback turtle,
Archelon probably fed on a diet of jelly-
fish, whose soft bodies were easily dealt
with by the reptile’s weak jaws and
toothless beak.

FAMILY TRIONYCHIDAE

This family of soft-shelled turtles first
appeared, along with the sea turtles, in
the Late Jurassic period. They were an
early group of specialized cryptodires,
and a relatively successful one, since
over 30 species survive today, in the
freshwaters of North America, Africa
and Asia.

The shells of trionychids are low and
rounded, and have lost the horny cover-
ing that usually protects the underlying
bony plates. Instead, a layer of soft,
leathery skin covers the shell, hence the
name of the family.

NAME: Palaeotrionyx

TIME: Paleocene

LOCALITY: Western North America
size: 18in/45 cm long

This extinct, freshwater turtle was a
specialized cryptodire. Unlike most of
its relatives it had a long, mobile neck;
only 3 toes on each foot; and a skin-
covered shell, rather than the usual coat
of horny plates.

Palaeotrionyx was probably similar in
appearance and lifestyle to its living
cousins, the soft-shelled turtles (Trionyx
species) of North America and Africa.
Like them, it was probably omnivorous,
using its sharp beak to crop water weeds
and snap up insects, mollusks, crayfish
and even small fish.
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Placodonts and nothosaurs

MARINE REPTILES

During the Mesozoic Era, several
groups of reptiles returned to the sea,
and became adapted to a marine life.
The ichthyosaurs, or “fish lizards,”” and
the long-necked plesiosaurs were the
most successful groups, and they domi-
nated the seas of the world for more
than 100 million years.

The relationship of these marine rep-
tiles to other reptilian orders, and even
to each other, is still unclear. But they
are sufficiently alike in one respect to be
grouped together conveniently. Their
common feature is a pair of openings in
the skull, behind the eyes and below the
cheekbones.

There are 4 distinct types of marine
reptile, each showing varying degrees of
adaptation to the marine environment.
The least specialized were the placo-
donts of the Triassic (below). The no-
thosaurs, also of the Triassic, were more
adapted to aquatic life (below), and their
relatives, the plesiosaurs, ranged the
open seas throughout Jurassic and
Cretaceous times (see pp.74—77). The
ichthyosaurs shared the Jurassic seas
with the plesiosaurs, and were the most
specialized group of marine reptiles {see
pp. 78-81).

ORDER PLACODONTIA

The placodonts were the least special-
ized swimmers among the marine rep-
tiles. They appeared and disappeared in
the Triassic period, and during this span
of some 35 million years, many types
evolved. But they never became fully
adapted to life in the open seas. They
were confined to the shallow, coastal
waters of the Tethys Sea, which existed
at the time between the northern land-
mass of Laurasia and the southern land-
mass of Gondwanaland (see pp. 10—11).
Many types had turtlelike shells pro-
tecting their backs and undersides.

FAMILY PLACODONTIDAE

This group of semi-aquatic reptiles were
equally at home walking along the sea-
shore or swimming in the coastal shal-
lows. Both areas provided them with
rich feeding grounds for their preferred
diet of shellfish, which were crushed
between the broad teeth.

NAME: Placodus

TiME: Early to Middle Triassic
rocaLiTy: Europe (Alps)

sizg: 6 ft 6in/2 m long

The skull of Placodus shows that this
reptile was a specialized feeder. Its teeth
were fully adapted to a shellfish diet. An
array of blunt teeth protruded at the
front of the jaws, and were used to pluck
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shellfish — bivalves and brachiopods —
off the rocks. The back teeth were broad
and flat, for crushing the shells (hence
the name of the family, Placodontidae,
meaning ‘“‘flat-plate tooth.”) Even the
palate was covered with large, crushing
teeth.

This formidable battery of teeth was
powered by massive jaw muscles, which
could extend through the pair of open-
ings on each side of the skull to give the
jaws great bite-power.

Some modern sharks (such as the
Port Jackson shark, Heterodontus portus-
jacksoni) that eat such hard-shelled
animals as mollusks, crustaceans and
sea urchins have the same kind of spec-
ialized teeth. So similar are they that
when the teeth of Placodus were first
found, paleontologists thought that
they belonged to ancient sharks.

Placodus was hardly modified at all for
an aquatic lifestyle. Its body was stocky,
its neck short, and its limbs sprawled
out to the sides like those of early, land-
living reptiles. Its only swimming aids
were the webs of skin between the 5 toes
of each foot, and the long, slender tail,
which was flattened from side to side,
and may have had a fin along its length.

Like all placodonts, the underside of
Placodus’ body was protected by a
strong armor of belly ribs. A row of
bony knobs was raised above the back-
bone, and provided some protection for
this otherwise defenseless animal. Body
armor was developed to a much greater
extent in later placodonts (below).

FAMILY CYAMODONTIDAE
This group of placodonts had devel-
oped turtlelike shells on their backs.
They evolved in the Mid-Triassic and
survived to the end of that period.
These shelled placodonts assumed a
more completely aquatic lifestyle than
Placodus (above), and began to look and
behave like modern turtles, although
they were unrelated — a phenomenon
known as convergent evolution.

NAME: Placochelys
TIME: Middle to Late Triassic
LOCALITY: Europe (Germany)
size: 3 ft{90 cm long
This small reptile was well adapted to an
aquatic life. The slender body of Placo-
dus had been replaced by a broad, flat,
turtlelike body in Placochelys. A tight
mosaic of knobby plates covered its
back, forming a protective body armor.
Its tail was short, and its limbs elongated
into paddles for swimming.

Its head, however, was that of a spec-
ialized shellfish-eater. It had lost the

protruding front teeth seen in Placodus.
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In their place was a horny, toothless
beak, but this was still strong enough to
pluck shellfish off rocks. Like Placodus,
strong muscles worked the jaws, which
were equipped with broad, crushing
teeth along the sides and on the palate.

FAMILY HENODONTIDAE

These armored placodonts evolved in
the Late Triassic period. The similarity
to turtles, first developed among the
cyamodonts (above), was brought to an
extreme in members of this family.
They had developed a great, bony shell
that covered their backs and undersides,
and they had lost most of their teeth,
replacing them with a horny beak like
that of a modern turtle.

NAME: Henodus

TIME: Late Triassic

LocALITY: Europe (Germany)

size: 3 ft 3in/1 m long

The body of Henodus was as broad as it
was long — the same shape as that of a
modern turtle. Its back and belly were
covered in an irregular mosaic of many-
sided, bony plates. These formed a de-
fensive shell to protect it from attack by
other marine reptiles in the Triassic
seas, such as the ichthyosaurs.

Many more plates made up the shell
of Henodus than are present in the shell
of a modern turtle. But as in a modern
turtle, the shell was completely covered
by plates of horn.

Henodus’ head was peculiarly square
and boxlike. There were no teeth in its
jaws; instead, there was probably a
horny beak, like that of a modern turtle,
which could be used effectively to both
dislodge and crush shells.
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ORDER UNCERTAIN

The claudiosaurs were marine reptiles
that evolved in the Late Permian period.
Their classification is uncertain, but
they may represent a transition group
between the land-living eosuchian rep-
tiles (see p. 85) and the later, more advan-
ced aquatic reptiles, the nothosaurs and
their relatives, the plesiosaurs.

Only one genus of claudiosaur has
been found to date — a semi-aquatic,
lizardlike animal named Claudiosaurus,
which is placed in its own family, the
Claudiosauridae (below).

NAME: Claudiosaurus

TIME: Late Permian

LoCALITY: Madagascar

size: 2 ft/60 cm long

Claudiosaurus was a long-necked, lizard-
like animal, whose lifestyle could be
compared to that of the modern marine
iguana. Claudiosaurus probably spent
much of its time resting on rocky
beaches, warming up its body so that it
could go foraging. It would have fed
underwater, poking its long, flexible
neck and small head in among the
seaweeds to find suitable animals and
plants. When it swam, its fore- and
hindlegs would have been folded against
the body to give a more streamlined
shape, and offer less resistance to the
water. The main propulsive force came
from sideways-undulations of the rear
body and long, narrow tail.

There was quite a lot of cartilage in
the skeleton of Claudiosaurus. This sug-
gests that the animal relied on the buoy-

ancy of the water to give it support.
Also, the breast bone, or sternum, was
neither well developed nor ossified, as it
is in true terrestrial animals, where it
braces the ribs apart on the underside of
the body as an adaptation to walking.
The sternum in Claudiosaurus, there-
fore, suggests that its limbs were not
well adapted for moving on land.

ORDER NOTHOSAURIA

Nothosaurs were streamlined, fish-
eating marine reptiles. Their necks,
bodies and tails were long, their feet
were webbed, and they had many sharp
teeth in the narrow jaws. Their forelegs
were much sturdier than their hindlegs,
which suggests that they were more
actively used for propulsion.

Like the placodonts, nothosaurs
evolved and died out during the Triassic
period. Some paleontologists believe
that they may be a halfway stage be-
tween the land-living reptiles and the
aquatic plesiosaurs. However, certain
features in the palate and shoulder gird-
les show that the nothosaurs were not
the direct ancestors of the plesiosaurs,
rather an offshoot of their ancestors.

S
FAMILY NOTHOSAURIDAE

There are several families of no-
thosaurs, but the best-known represen-
tatives belong to the family Notho-
sauridae. They have been found in the
marine sediments of Europe and Asia,
dating from the Early to Late Triassic.

NaME: Nothosaurus
TIME: Early to Late Triassic
LOCALITY: Asia (China, Israel and
USSR), Europe (Germany,
Netherlands and Switzerland) and
North Africa
size: 10 ft/3 m long
This typical nothosaur probably lived
as modern seals do, fishing at sea and
resting-up on land. It possessed few
specific adaptations to an aquatic way of
life. The feet had 5 long toes, and several
well-preserved specimens show that
these were webbed. The body, neck and
tail were all long and flexible. The length
of the spines on the vertebrae of the tail
suggest that it probably carried a fin to
help in swimming.
The jaws of Nothosaurus presented a
formidable fish trap — long and slim,
with sharp, interlocking teeth.

NAME: Lariosaurus

TIME: Middle Triassic

LocALITY: Europe (Spain)

size: 2 ft/60 cm long

Lariosaurus was one of the smaller
nothosaurs, though not the smallest —
some of them were only 8in/20 cm long.
[t possessed a number of primitive fea-
tures, including a short neck and short
toes. The webs of skin between the toes
would therefore have been small in area,
and not much use for swimming. This
reptile probably spent much of its time
walking about on the seashore or pad-
dling around in the coastal shallows,
feeding on small fishes and shrimps.
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NAME: Ceresiosaurus

TIME: Middle Triassic

LocaLiTy: Europe

size: 13 ft/4m long

The toes of Ceresiosaurus were much
longer than those of most other no-
thosaurs. In fact, the animal exhibited
the phenomenon of hyperphalangy, in
which the number of bones (phalanges)
in each toe is increased. Longer toes
mean longer feet, and Ceresiosaurus had
2 pairs of paddlelike flippers. These
would have been efficient swimming
organs, and anticipated the great, oar-
like limbs of the advanced swimmers of
the Jurassic period, the plesiosaurs (see
pp.74=77).

Ceresiosaurus swam by undulating its
long, sinuous body and tail from side to
side. The bones of the forelegs were
more massive than those of the hind-
legs, suggesting that the front flippers
played more of a role in swimming,
maybe for effective steering and
braking.

FAMILY PISTOSAURIDAE

The close relationship of the nothosaurs
and plesiosaurs is revealed in the sole
member of this family. Most of the
skeleton of Pistosaurus is that of a typical
nothosaur, but the skull has many
plesiosaur features.

NAME: Pistosaurus
TiME: Middle Triassic
LocaLITY: Europe (France and

Germany)
size: 10ft/3 m long
This marine reptile may represent an
intermediate stage between the no-
thosaurs and the plesiosaurs, since it
possessed features from both groups. Its
plesiosaur-type head still had the palate
of a nothosaur. And its nothosaur-type
body still had the stiff backbone typical
of the plesiosaurs, which meant that
most of the propulsion came from the
paddlelike limbs. This was in contrast to
the swimming method of the no-
thosaurs and other earlier marine rep-
tiles, where lateral undulations of the
body and tail were the chief propulsive
force.

Pistosaurus had a mouthful of sharp,
pointed teeth. It would have been an
efficient fish-eater — a way of life shared
by both the nothosaurs and the
plesiosaurs.
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ORDER PLESIOSAURIA

The great ocean-going reptiles of the
Mesozoic Era were the plesiosaurs.
Some of these marine creatures were
huge — up to 46 ft/14 m long. They had
been adapted for life in the sea by
transforming the limbs into long, nar-
row flippers. Instead of there being only
5 or fewer bones in each finger or toe,
there were up to 10 in each. They had
sturdy, deep bodies and short tails.

At one time, paleontologists thought
that plesiosaurians used their flippers
like great oars — moving the limbs
backward and forward to row through
the water. A more recent theory sug-
gests that the flippers were moved in
great vertical strokes, like the wings of a
bird, and that plesiosaurs “flew’’ along,
beating their limbs in slow, steady
rhythm. The flippers were shaped like
hydrofoils, with rounded leading edges
and tapering rear ends. Their shape is
comparable to the wings of modern
penguins or the flippers of sea turtles,
both of which swim in a kind of “‘suba-
queous flight.”

The specialized limbs of plesiosaurs
required modifications in the limb gird-
les, and their structure was unique to
this group of marine reptiles. The collar
bones and 2 of the 3 hip bones were
massive, and formed broad plates on the
underside of the body. The powerful
muscles that operated the limbs were
attached to these great, bony plates.

A dense series of belly ribs connected
the bones of the shoulder and hip gird-
les on the underside. This made the
short body more rigid, and provided a
strong, solid arrangement against which
the great flippers could work.

The belly ribs would also have pro-
tected the animal when it had to leave
the water to lay its eggs. Just as modern
sea turtles have a belly armor of bony
plates, so the belly ribs of plesiosaurs
would have protected their undersides
as they dragged themselves ashore and
crawled laboriously up the beach, push-
ing their bodies along with the flippers.

There is no evidence to show that the
plesiosaurs gave birth to live young, as
the ichthyosaurs did (see pp. 8-81). It is
likely that they laid their eggs in nests
dug out of the sand, just as sea turtles do
today. Plesiosaurs would probably have
been even more clumsy on land than
turtles because of their long necks. They
would have been highly vulnerable to
attack by predators at such times, as
would their young once they hatched
from the egg and began the long trek
down the beach to the sea.

The ancestry of the plesiosaurs is not
known. Paleontologists used to think
that they had evolved directly from one
of the well-known nothosaurs. But a
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more likely candidate is now recognized
in the Mid-Triassic reptile Pistosaurus
(see p. 73), whose structure seems to be
intermediate between the 2 groups. It
had the body of a nothosaur and the
skull of a plesiosaur.

There were two major groups (or
superfamilies) of plesiosaurian, which
differed in the lengths of their necks and
in their feeding habits. The plesiosaurs
had long necks and short heads, and fed
on smaller sea creatures. The pliosaurs
had short necks and large heads to
enable them to bite and swallow larger
prey. So the 2 groups probably did not
compete, although they shared the same
seas for many millions of years with
one another and with their cousins
the ichthyosaurs or “fish lizards” (see
pp. 78-82). Both the plesiosaurs and the
pliosaurs survived to the end of the
Cretaceous period.

SUPERFAMILY
PLESIOSAUROIDEA

The early members of this group of
long-necked marine reptiles were the
basal stock from which all other
plesiosaurs developed. The group first
appeared in Early Jurassic times, and
flourished throughout that period. One
family, the elasmosaurs (below), con-
tinued to the very end of the Cretaceous
period, and were the last of the group to
survive.

The general trend among the various
families of plesiosaur was toward the
development of longer necks and limbs.
This reached an extreme in later mem-
bers of the group, some of which had
necks as long as their bodies and tails
combined, and huge, paddlelike flippers
that would have swept them inexorably
through the water. The forelimbs of
these plesiosaurs were always somewhat
larger than the hindlimbs.

The plesiosauroids fed on modest-
sized fishes and squid. Their long necks
enabled them to raise their head high
above the surface of the sea and scan the
waves in search of traces of their prey.

NAME: Plesiosaurus

TIME: Early Jurassic

LocALITY: Europe (England and
Germany)

size: 7 ft 6in/2.3 m long

Plesiosaurs seem to have changed little

during their 135 million years of evol-

ution. The earliest member of the

group, Plesiosaurus, had already devel-

oped all the main structural features

that characterize these marine reptiles.
There were several species of the

genus Plesiosaurus. P. macrocephalus, for

example, illustrated on p. 74, had a lar-
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ger head than most species, but in other
respects its structure sets the pattern for
all its relatives.

A plesiosaur was built for maneuvera-
bility, rather than speed. Its fish-hunting
habits would have required quite pre-
cise movements. For example, a for-
ward stroke by the flippers on one side
of the body, coupled with a backward
stroke by the flippers on the other side,
would have turned the animal’s short
body almost on the spot. Its long neck
could then dart out swiftly to catch fast-
swimming prey.

NAaME: Cryptocleidus
TIME: Late Jurassic
LocALITY: Europe (England)
size: 13 ft{4 m long
Cryptocleidus and other members of its
family retained the same moderately
long neck proportions as Plesiosaurus.
But they evolved a large number of very
sharply pointed curved teeth which in-
termeshed when the jaws were closed.
This arrangement formed a fine trap for
holding very small fishes or shrimps.
Like other Late Jurassic plesiosaurs,
Cryptocleidus had perfected the trans-
formation of the limbs into flippers by
greatly increasing the number of bones
in each of the 5 digits to produce a long,
flexible paddle.

NAME: Muraenosaurus
TIME: Late Jurassic
rocaLity: Europe (England and
France)
size: 20 ft/6 m long
The most successful family of plesio-
saurs were the elasmosaurs, of which
Muraenosaurus is an early member.
They evolved in the middle of the
Jurassic period and survived to the end
of the Cretaceous. Elasmosaurs had the
longest necks of all plesiosaurs.
The neck of Muraenosaurus was as
long as its body and tail combined and
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was supported by 44 vertebrae. The
head, perched at the end of this crane-
like neck, was tiny — only about one-
sixteenth of the total body length.

The typically short, stiff plesiosaur
body had become quite stout and inflex-
ible in Muraenosaurus. This rigidity
would have helped to make the flippers
more effective propulsion organs.

NAME: Elasmosaurus
TIME: Late Cretaceous
LOCALITY: Asia (Japan) and North

America (Kansas)
size: 46 ft/14 m long
“Snakes threaded through the bodies of
turtles’” — this description of the long-
necked plesiosaurs was coined by Dean
Conybeare, a nineteenth-century Eng-
lish paleontologist who did much of the
initial work on these marine reptiles.

Conybeare’s description is more than
vindicated in Elasmosaurus, which was
the longest member of the elasmosaur
family, and, in fact, the longest-known
plesiosaur. More than half of its total
length was neck — 26 ft/8m out of a
total of 46 ft/14 m.

The length of Elasmosaurus’ neck was
due to a great number of vertebrae, 71 in
all — many more than in the earliest
plesiosaurs, which had about 28 neck
vertebrae.

This long structure would have
enabled Elasmosaurus to curl its neck
around sideways, making almost 2 full
circles on either side of its body. It
would have been only half as flexible in
the vertical plane. However, had
Elasmosaurus swung its neck around
underwater while swimming, it would
have met with great resistance from the
water.

Some paleontologists suggest, there-
fore, that the habit of such long-necked
reptiles was to paddle along on the
surface, their necks held clear of the
water. When fish or other prey were

spotted from this vantage point, the
long neck was plunged into the sea,
and the prey snapped up. The modern
anhinga, or snake bird, has a long neck,
and hunts in much the same way.

SUPERFAMILY
PLIOSAUROIDEA

The pliosaurs first appeared in the Early
Jurassic, alongside their ancestors, the
plesiosauroids. The pliosaurs became
the tigers of the Mesozoic seas, chasing
and overpowering the large sea-
creatures such as sharks, large squid,
ichthyosaurs and even their relatives,
the plesiosauroids. To do this, they
evolved a large head with very strong
teeth and jaws, powered by huge jaw
muscles. Some pliosaurs had heads
almost 10 ft/3 m long. Their bodies were
streamlined for speed by progressively
shortening the neck. Some had as few as
13 vertebrae, compared to at least 28 in
the shortest-necked plesiosaur. They
also became larger, in order to tackle
even larger prey.

NAME: Macroplata

TIME: Early Jurassic

LocAaLITY: Europe (England)

size: 15 ft/4.5 m long

This early pliosaur had a slender croco-
dilelike skull which was only a little
larger proportionally than that of early
plesiosaurs. And it still had quite a long
neck, with 29 slightly shortened ver-
tebrae, which was fully twice the length
of its head.

As in the plesiosaurs, the pliosaurs
progressively improved the limbs into
powerful paddles, with a great increase
in the number of bones in the digits. But
the hindlimb, not the forelimb, became
the larger, implying a difference in the
use of the limbs in the 2 groups.

NAME: Peloneustes

TIME: Late Jurassic

LocALITY: Europe (England and USSR)
size: 10 ft/3 m long

Although smaller than Macroplata, this
Late Jurassic pliosaur shows an advance
in the trend to increase the size of the
head and to shorten the neck. It had
only about 20 neck vertebrae, so that
the large head was almost equal to it in
length.

With this more steamlined shape,
Peloneustes was able to swim rapidly
after its fast-moving prey, such as squid,
cuttlefish and ammonites. The long
head of Peloneustes gave it the reach that
its short neck did not allow. Its teeth
were adapted for its specialized diet:
they were fewer and less sharp than
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those of the fish-eating plesiosaurs, and
better for catching soft-bodied squid and
crushing the hard shells of ammonites.

The stomach contents have been pre-
served in some of the pliosaurs found.
The bulk of the undigested mass consis-
ted of hooks from the suckers that cover
the feeding arms of cephalopods.

NAME: Liopleurodon
TIME: Late Jurassic
rocaLity: Europe (England, France,

Germany and USSR)
size: 39 ft/12 m long
This large pliosaur was typical of the
later members of the family. It was
whalelike in appearance, with a heavy
head, short, thick neck and a stream-
lined body. From the structure of the
limb girdles, it is evident that this plio-
saur was extremely maneuverable in the
water, and could swim at all depths.

The front flippers were used in an up-
and-down motion, like those of the
plesiosaurs. The strong downward
stroke would have pushed water to the
rear, so propelling the animal forward.
On the recovery stroke, the flippers
would have been lifted up automatically
by the passage of water over their hydro-
dynamic shape.

The hind flippers would have thrust
back against the water in a powerful
kicking motion, and then been turned,
to offer the least resistance to the water
on the recovery stroke.

This combination of movements
would have made for efficient, fast
long-distance swimming. This, in turn,
enabled the pliosaur to sustain the chase
after its fast-moving cephalopod prey.

NaME: Kronosaurus

TIME: Early Cretaceous

LocaLITy: Australia (Queensland)
size: 42ft/12.8 m long

The Australian Kronosaurus is the
largest-known pliosaur. Its skull was
flat-topped and massively long, measur-
ing 9 ft/2.7 m — almost a quarter of the
total body length, and therefore sub-
stantially larger and more powerful than
that of the greatest carnivorous
dinosaur,  Tyrannosaurus (see  pp.
118-121).

Throughout the Triassic and Jurassic
periods, the modern continent of Aus-
tralia had been dry land, but in the early
part of the Cretaceous, the seas flooded
in to submerge many areas. The en-
vironment was warm and the seas shal-
low, and these conditions would have
supported large populations of fish and
their cephalopod predators. Krono-
saurus and other short-necked pliosaurs
were highly maneuverable swimmers,
and they would have found rich feeding
grounds in these shallow seas.
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ORDER ICHTHYOSAURIA

The ichthyosaurs were the most special-
ized of marine reptiles. Their name
means ‘‘fish lizards,” and describes
them well, since they ate fish, and were
shaped like fish (though, of course, they
were air-breathing reptiles). In fact, their
overall body shape was like that of a
modern mackerel or tuna — a highly
streamlined form that allows these liv-
ing fish to reach swimming speeds of
over 25 mph/40 kmph.

Unlike their contemporaries, the
plesiosaurs (see pp.74-77), ichthy-
osaurs did not rely on their paddlelike
flippers for swimming. Instead, they
developed a fishlike tail, whose lateral
movements provided the main propul-
sive force, just like the tail of a modern
shark or tuna.

So fully adapted were the ichthy-
osaurs to a marine life that they could
no longer come ashore to lay eggs, as did
the sea turtles and plesiosaurs. Ichthy-
osaurs gave birth to live young at sea. In
fact, some of the most remarkable of
fossil finds show adult female ichthy-
osaurs with young babies just emerging
from their bodies — preserved forever
in the process of birth.

As a group, the ichthyosaurs
occupied the ecological niche of today’s
dolphins. They were wide-ranging and
highly successful for about 100 million

_years. They cruised the open seas of the
world from Early Triassic times, and
reached their peak of diversity in the
Jurassic. Thereafter, they declined until,
by the mid-Cretaceous, they were all But
extinct. Their demise could be related to
competition from the advanced sharks,
which had evolved into their modern
form by this time, and were the domi-
nant carnivores of the Late Mesozoic
seas (see pp. 26—29).

The origin of the ichthyosaurs is not
known. The only certainty is the fact
that they descended from some terres-
trial group of reptiles, rather than evolv-
ing from one of the known types of
aquatic reptile.

NaME: Cymbospondylus
TIME: Middle Triassic
LocaLITY: North America (Nevada)
size: 33 ft{10 m long
This large ichthyosaur was one of the
least fishlike of the group. The body and
tail made up most of its length. There
was no fin on its back nor on its tail,
features that were to develop in later
ichthyosaurs. However, it did have the
typical long, beaklike jaws, armed with
pointed teeth — the sign of a fish-eater.
The limbs of Cymbospondylus were
short, and looked more like the fins of
fish than the paddles of later ichthy-
osaurs. They would not have been effec-
tive for swimming, so they were prob-
ably used to control steering and bra-
king. The main propulsive force must,
therefore, have come from lateral un-
dulations of the long body.

NAME: Shonisaurus

TIME: Late Triassic

LocaLITY: North America (Nevada)
size: 49 ft/15m long

Shonisaurus is the largest-known ichthy-
osaur, and the only almost-complete
skeleton known from Late Triassic
rocks. It had developed the fishlike
shape characteristic of the group. Its
enormous length was divided approxi-
mately into equal thirds — the head and
neck, the body, and the tail.

The backbone of Shonisaurus, too,
had started to show a typical feature of
later ichthyosaurs — it bent downward
into the lower lobe of the fishlike tail.

[t seems likely that Shonisaurus was an
independent, specialized offshoot from
the main line of ichthyosaurs. It had a
number of structural peculiarities. For
example, its jaws were greatly elongated,
and had teeth only at the front. Its limbs
were also extended into extra-long, nar-
row paddles. This was not a typical
feature of the ichthyosaurs. Not only
was the length of the paddles unusual,
but also the fact that they were of equal
size — the front pair in most ichthy-
osaurs was longer than the hind pair.

FAMILY SHASTASAURIDAE

The shastasaurs were among the eatliest
ichthyosaurs to appear, in Mid-Triassic
deposits mainly from North America.
(Older types are known from Japan and
China, dating from the Early Triassic.)
At this early stage of their evolution
they moved in an eel-like fashion. But
by the end of the Triassic period, they
had assumed the fish shape character-
istic of the ichthyosaur group and swam
like modern fishes.
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FAMILY MIXOSAURIDAE

The mixosaurs had developed a stabiliz-
ing fin on the back (like the dorsal fin of
a fish) — a swimming aid present in all
later ichthyosaurs. But they did not
have the typical fishlike tail, with 2 equal
lobes, that made their later relatives
such powerful swimmers.

In mixosaurs, the end of the back-
bone was not bent sharply down into
the tail, as it was in later ichthyosaurs;
instead, the vertebrae were extended
upward, probably to support a low fin
on top of the tail.

MIXOSAURUS 4

ICHTHYOSAURUS

NAME: Mixosaurus
TiIME: Middle Triassic
LOCALITY: Asia (China and Timor,

Indonesia), Europe (Alps), North

America (Alaska, Canadian Arctic

and Nevada) and Spitsbergen
size: 3ft 3in/1 m long
Mixosaurus seems to have been inter-
mediate in appearance between the
early, primitive ichthyosaurs, as exem-
plified by Cymbospondylus (above), and
the later, more advanced types. For
example, Mixosaurus had a fishlike body
with a dorsal fin on its back, and prob-
ably also the beginnings of a fin on the
top of its tail.

Its limbs were transformed into short
paddles, the front pair being longer than
the hind pair. Each paddle consisted of 5
toes, which were greatly elongated by
the addition of many small bones
(hyperphalangy). The long, narrow jaws
were equipped with sharp teeth, adap-
ted for catching and eating fish. |

FAMILY ICHTHYOSAURIDAE
The typical fish lizards belong to this
large family, which flourished through-
out the Jurassic period and into the
Cretaceous. They are known from some
remarkably well-preserved specimens,
which show them to be highly spec-
ialized marine animals.

The ichthyosaurs had developed a
streamlined body, torpedo-shaped,
with a stabilizing dorsal fin on the back;
short, paired paddles for steering; and a
strong, ﬁshlife tail with 2 equal lobes
for swimming: Ball-and-socket joints
between the tail vertebrae allowed for
powerful strokes from side to side. The
tail, together with the great flexibility of
the backbone, propelled the animal
rapidly through the water — the
swimming method used by modern,
fast-moving fishes.
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NAME: Ichthyosaurus
TiME: Early Jurassic to Early

Cretaceous
LocaLity: Europe (England and

Germany), Greenland and North

America (Alberta)

SIZE: up to 6 ft 6in/2m lon

Ichthyosaurus is one of the %est—known
prehistoric animals, since a graphic re-
cord of its remains are preserved in the
shales of southern Germany, near Holz-
maden. These rocks were laid down in
shallow waters during the Early Jurassic.

Several hundred complete skeletons
of Ichthyosaurus have been found, their
bones still articulating with each other.
The tiny bones of their young were also
found inside the bodies of several
adults. This — combined with some
specimens where the young is preserved
actually emerging from the body of the
adult (tail-first, as in modern whales) —
shows without a doubt that these
marine reptiles gave birth to live young
at sea.

The find in Germany also yielded a
unique picture of how the animals
looked in life. A thin film of carbon had
been laid down around many of the
specimens, outlining the exact shape of
their bodies when the flesh was still on
the bones. The characteristic features of
atypical ichthyosaur can be clearly seen
— the high dorsal fin on the back; the
half-moon shape of the tail (caudal) fin,
with the backbone angled down sharply
into its lower lobe; and the short,
hydrofoil-shaped paddles that enclosed
the greatly elongated toes of the limbs,
the front pair longer than the hind pair.

The nostrils of Ichthyosaurus were set
far back on its snout near the eyes, so
the animal only had to break the surface
of the water to breathe. The bones of the
ear were massive, and probably trans-
mitted vibrations from the water to the
inner ear, so that the direction of poten-
tial prey could be judged. But Ichthy-

osaurus’ main sense for locating its prey
would have been sight — its eyes were
large and, most probably, extremely
sensitive.

Even fossil droppings (called copro-
lites) and stomach contents of these
marine reptiles have been preserved in
the rocks. They confirm that fish consti-
tuted the bulk of the diet, but that
cephalopods were also eaten, such as the
straight-shelled belemnites.

The remains of pigment cells have
also been preserved, and analysis of
these suggests that the smooth, thick
skin of Ichthyosaurus was a dark reddish-
brown color in life.

NAME: Ophthalmosaurus
TIME: Late Jurassic
rocaLiTy: Europe (England and

France), North America (Western

USA and Canadian Arctic) and

South America (Argentina)
size: 11 ft 6in/3.5 m long
Ophthalmosaurus was even more stream-
lined than its contemporary, Ichthyo-
saurus (above). Its body was shaped
almost like a teardrop — massive and
rounded at the front, and tapering to-
ward the rear to culminate in the great,
half-moon-shaped caudal fin. Its front
limbs were much more developed than
the hindlimbs, indicating that the front
paddles did most of the steering and
stabilizing work, with the tail propelling
the body from the rear.

The most remarkable feature of Oph-
thalmosaurus was its huge eyes. Their
sockets are about 4in/10cm in diame-
ter, and occupy almost the whole depth
of the skull on each side. A ring of bony
plates (sclerotic ring) surrounded each
eyeball, to prevent the soft tissues from
collapsing under the external water
pressure, and to help with focusing.
(The eyes of all ichthyosaurs had these
sclerotic rings, but they are particularly
noticeable in Ophthalmosaurus.)

The super-large eyes of this ichthy-
osaur suggest that it was a night-feeder.
It probably hunted close to the surface,
feeding on squid, which in turn were
feeding on the plankton-eating fish.

FAMILY STENOPTERYGIIDAE
During the Jurassic period, 2 distinct
types of ichthyosaur evolved, differing
in the shape of their paddlelike limbs.

Ichthyosaurus and members of its
family (above) had short, broad paddles,
with more toes than the normal 5 —
sometimes up to 9 toes in each limb.

The stenopterygiids, in contrast, had
longer, narrow paddles, each made up
of 5 toes but with an increased number
of bones in each toe.
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NAME: Stenopterygius
TimMe: Early to Middle Jurassic
rocaLity: Europe (England and
Germany)
size: 10 ft{3 m long
The remarkable find of ichthyosaur
skeletons near Holzmaden in southern
Germany includes well-preserved speci-
mens of Stenopterygius. Many of the
adults have the bones of unborn young
preserved within their bodies.
Stenopterygius was similar in overall
build to Ichthyosaurus, but it had a smal-
ler head and the narrow paddles charac-
teristic of its family. Five toes made up
each paddle, but there were many more
bones than the normal average of 4 in
each toe, so giving the paddles their
long, narrow shape.

FAMILY LEPTOPTERYGIIDAE
This family contains the last surviving
members of the ichthyosaurs before
they became extinct at the base of the
Late Cretaceous. Like the earlier sten-
opterygiids (above), the leptopterygiids
had narrow paddles, with a great num-
ber of bones in each of the 5 toes.

NaME: Temnodontosaurus

TIME: Early Jurassic

LocaLiTy: Europe (England and
Germany)

size: 30 ft/9 m long

This great creature (sometimes known

as Leptopterygius) must have cruised the

warm waters of the shallow Jurassic

seas, its movements finely controlled by

the long, narrow paddles at the front of

its body. Propelled forward by its great

tail, it would have hunted large squid

and ammonites.

NAME: Eurhinosaurus

TIME: Early Jurassic

LocaLiry: Europe (Germany)

SIZE: 6 ft 6 in/2 m long

This was an extraordinary-looking ich-
thyosaur, unlike any other known mem-
ber of the group. Its upper jaw was twice
the length of its lower jaw, giving it the
appearance of a modern sawfish. Teeth
stuck out sideways along the length of
this bladelike projection.

The function of this strange structure
is not known for certain, just as the
purpose of the saw of the modern saw-
fish also remains somewhat mysterious.
Eurhinosaurus could have used it to
probe around in the sand or mud of the
seabed, or among seaweeds and rocks,
to flush out flatfish, shrimps or octopus.
Perhaps it was also swung rapidly from
side to side as Eurhinosaurus swam
through a shoal of fish, stunning and
wounding them as it passed.
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Early diapsids

SUBCLASS DIAPSIDA

Most modern reptiles belong to the
diapsids, an ancient group that first
appeared in Late Carboniferous times,
more than 300 million years ago. The
skulls of these animals are distinctive
because they have a pair of openings on
either side of the skull behind the eye
(see p. 61).

The muscles of the jaws are attached
to ligaments that stretch across these
holes, and endow their owners with
stronger jaws, which can be opened
wide and closed forcefully to deal with
large prey.

The diapsids are not only an ancient
group. They are also an important
group in evolutionary terms, because
from them came the ancestors of most
modern reptiles (lizards, snakes and
tuataras), and the ancestors of the ruling
reptiles (the extinct dinosaurs and
pterosaurs, and the modern crocodiles).

-
ORDER ARAEOSCELIDA

The earliest and most primitive of the
diapsid reptiles were the small, lizard-
like araeoscelids, with long necks and
slim running legs. Only about 4 genera
are known, classed in 2 families. They
date from the Late Carboniferous
period to the middle of the Permian —a
time span of less than 40 million years.

NAME: Petrolacosaurus

TIME: Late Carboniferous

LocaLITY: North America (Kansas)
size: 16in/40 cm long

The earliest-known diapsid reptile, with
the characteristic pair of openings on
either side of its skull, looked much like
a modern lizard, but with longer legs
and a tail as long as its body and head
combined.

Petrolacosaurus probably behaved like
a modern lizard, also. It would have
been an active hunter, chasing around
after insects and other small inverte-
brates. Its home was the dry, upland
areas of what is now Kansas, above the
swampy marshes where coal was form-
ing during the Late Carboniferous
(Pennsylvanian) period.

The jaws of this early reptile were
equipped with many sharp, pointed
teeth, including an upper pair of
canines. This arrangement is remi-
niscent of that of Hylonomus, the most
primitive reptile known (see p. 64). De-
spite the newly evolved openings in its
diapsid skull, the jaws of Petrolacosaurus
were not very strong. The openings
probably served to lighten the skull,
rather than to provide attachment
points for the jaw muscles — their
function in later diapsids.
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NAME: Araeoscelis

TIME: Early Permian

LocALITY: North America (Texas)
size: 2 ft/60 cm long

Araeoscelis was the closest relative of
Petrolacosaurus (above), although it lived
several million years later. Both animals
were similar in appearance — lizardlike
creatures, with long running legs, long
necks and small heads.

The teeth of Araeoscelis, however,
were different to those of its earlier
relative, and indicate that it may have
been a more specialized feeder. Instead
of sharp, pointed teeth, Araeoscelis had
fairly massive, blunt, conical teeth.
These would have been ideal for crush-
ing the tough chitinous covering of in-
sects such as beetles.

Associated with this specialized diet
was a structural change in the skull of
Araeoscelis. One of the 2 pairs of open-
ings in its otherwise-typical diapsid
skull had been closed over with bone.
This was probably an adaptation to
strengthen the skull, so that the animal
could develop a more powerful bite to
deal with its tougher food.

ORDER UNCERTAIN

There is no fossil record of diapsid
reptiles during the Mid-Permian period.
So far, no traces have been found to
indicate the course of their evolution
during this time. However, in the Late
Permian a number of specialized groups
appear, which cannot be related to each
other with any certainty.

The Coelurosauravidae family is one
such specialized group (below), with only
a few members known from Madagas-
car and Europe.

NAME: Coelurosauravus

TIME: Late Permian

LOCALITY: Madagascar

size: 16in/40 cm long

This early reptile was highly adapted for
gliding through the air, and probably
looked similar to the modern lizard
known as the flying dragon, Draco
volans, of Southeast Asia.

The ribs of Coelurosauravus were
greatly elongated on each side of its
short body. Flaps of skin would have
connected the ribs, to form a pair of
“wings”’ with a total span of about
1 ft/30 cm. This reptile probably lived in
forests, like the modern flying dragon,
and glided from tree to tree, feeding on
insects. Its legs would have been held
out from its body as it glided, its feet
spread wide to offer resistance to the air,
and hence slow its descent.

The skull of Coelurosauravus was con-
siderably lighter than that of other early

ARAEOSCELIS

PETROLACOSALE

COELUROSAURAVUS

diapsids. The openings for the eyes were
huge, and there was a wide frill devel-
oped from the bones at the back of its
head, presumably to make it more
aerodynamic.

ORDER THALATTOSAURIA

The thalattosaurs were another special-
ized group of early diapsid reptiles that
lived during the Triassic period. They
were adapted to a marine way of life,
probably spending most of their time at
sea, and only coming ashore to lay their
eggs.
The few thalattosaurs known from
Europe and western North America are
classed in 3 families,” the Askepto-
sauridae being the best known.

NAME: Askeptosaurus

TIME: Middle Triassic

LOCALITY: Europe (Switzerland)

sIZE: 6 ft 6in/2 m long

As with many animals adapted to an
aquatic life, the neck and body of As-
keptosaurus were long and slim. Its tail
was greatly elongated, almost ribbon-
like, and accounted for about half the
body length. Sinuous movements of the
body and tail would have propelled the
animal, eel-style, through the water. Its
feet, too, would have helped in swim-
ming — they were broad and webbed,
and probably used to control steering
and braking.

Askeptosaurus had long jaws, armed
with many sharp teeth. It probably
dived deep after its fish prey. This is
deduced from 2 features; its eyes were
large, for seeing in the ocean’s twilight
zone, and they were strengthened by a
ring of bony plates, to prevent the
eyeballs collapsing under the water pres-
sure at depth.
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ORDER CHORISTODERA

A strange assemblage of crocodilelike
reptiles diverged from the main diapsid
line during the Early Cretaceous period,
some 140 million years ago. The Choris-
todera lived in the freshwaters of North
America, Europe and eastern Asia until
well into the Tertiary period — becom-
ing extinct during the Eocene epoch,
some 50 million years ago.

NAME: Champsosaurus
TIME: Late Cretaceous to Eocene
LocALITY: Europe (Belgium and

France) and North America

(Alberta, Montana, New Mexico

and Wyoming)
size: 5 ft/1.5m long
With its long, narrow jaws, filled with
fine, pointed teeth, Champsosaurus
could easily have been mistaken for the
modern gavial of India, a close relative
of the crocodile. However, although
both animals are diapsid reptiles, they
are not closely related to each other.
Their similarity is explained by the
phenomenon of convergent evolution,
in which adaptation to life in a par-
ticular environment leads unrelated
animals to adopt the same body shape,
and often the same behavior.

Champsosaurus lived in the rivers and
swamps of Europe and western North
America  throughout the Late
Cretaceous and Early Tertiary periods.
It probably swam by lateral undulations
of its sinuous body and tail, holding its
legs tight against the flanks for a more
streamlined effect — the same swim-
ming method seen in modern crocodiles
and marine iguanas.

This reptile was a fish-eater with ex-
tremely powerful jaws, judging by the
great width of the skull behind the eyes,
which would have provided a large area
to which jaw muscles could attach.
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ORDER EOSUCHIA
The lizardlike eosuchians are thought to
be close to the ancestry of the later,
advanced diapsid reptiles, many of
which survive today in the form of
snakes and lizards (see p. 86-89).
Eosuchians first appeared in Late Per-
mian times, and continued until the
middle of the Triassic. They are grouped
into 4 families, all of whose members
were apparently confined to southern
and eastern Africa, and Madagascar.
The family Tangasauridae contains 2
representative members (below).

NAME: Thadeosaurus

TIME: Late Permian

LocALITY: Madagascar

size: 2 ft/60 cm long

The tremendously long tail of the land-
living Thadeosaurus measured about
16in/40 con — making up two-thirds of
the animal’s total length. The 5 clawed
toes of each foot were greatly elongated,
and so arranged that the longer toes
were on the outside. This had the advan-
tage of allowing most of the toes to
remain in contact with the ground as the
foot was lifted, and so give a strong push
off the surface with each step taken. The
sternum, or breast bone, was massively
developed, to help increase the stride of
the forelegs.

NaME: Hovasaurus
TIME: Late Permian
LocaLiTy: Madagascar
size: 20in/50 cm long
The most striking feature of this aquatic
lizardlike reptile was its tail. Not only
was it twice the length of the rest of the
body; it was also deep and flattened
from side to side. Each of the tail ver-
tebrae was extended above and below
the midline. The result was a tail that
formed a broad, stiff paddle, allowing
Hovasaurus to swim efficiently.
Another unusual feature of Hova-
saurus is the mass of pebbles found in
the abdominal cavities of most of the
specimens recovered. Evidently, these
reptiles swallowed stones as ballast, to
help them sink quickly in the water
when diving for their fish prey, or to
keep them submerged when feeding.

SUPERORDER LEPIDOSAURIA
The evolutionary line leading to the
surviving lepidosaurs — the 6000
species of modern snakes and lizards —
arose from an eosuchian-type ancestor
some time during the Late Permian
period. A third group of lepidosaurs,
the sphenodonts, did not meet with
such success (below).

ORDER SPHENODONTA

The sphenodonts (sometimes called the
rhynchocephalids) are an ancient group
of lepidosaur reptiles. They are an off-
shoot from the main evolutionary line
of diapsids leading to the true lizards
and snakes.

Once a diverse group, sphenodonts
appeared in the Late Triassic, over 200
million years ago, and many families
evolved during the subsequent Jurassic
period. Thereafter, their members
began to decline, perhaps due to com-
petition from the true lizards, which
were well established at that stage.

Today, the sole surviving member of
the whole sphenodont order is the
tuatara, Sphenodon punctatus, found
only in New Zealand.

NAME: Planocephalosaurus

TIME: Late Triassic

LocaLITY: Europe (England)

size: 8in/20 cm long

This lizardlike animal, with a large head
and long legs, was among the earliest of
the sphenodonts to evolve. Its skeleton
is almost identical to that of the modern
tuatara of New Zealand. But its skull is
primitive in having the teeth fused to the
jaw bones, rather than attached to
grooves in the jaw bones as they are in
advanced lizards.

The teeth of Planocephalosaurus were
strong, and its jaws could have delivered
a powerful bite. It would have snapped
up insects, and crushed them between
the teeth, supplementing its diet with
worms and snails, and probably the
occasional small lizard.

NAME: Pleurosaurus
TIME: Late Jurassic to Early

Cretaceous
LoCALITY: Europe (Germany)
size: 2 ft/60 cm long
Pleurosaurus was a member of the aqua-
tic pleurosaur family. This group of
specialized sphenodonts first evolved
on land, and then returned to the water
during Early Jurassic times, possibly
because there was too much compet-
ition among reptiles on the land.

The only specific aquatic adaptation
among the pleurosaurs seems to have
been a great elongation of the body —
up to 57 vertebrae in some types, about
twice the typical sphenodont number.

Snakelike movements of the long,
sinuous body and tail moved Pleuro-
saurus rapidly through the water. Its
nostrils were set far back on its snout,
near the eyes. Its legs were much shorter
than those of land-living sphenodonts,
and played no role in swimming.
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Snakes and lizards

ORDER SQUAMATA

The most successful group of reptiles
today comprises the lizards and snakes.
There are some 6000 species of walkers,
gliders, crawlers, swimmers, climbers
and burrowers, living in every continent
of the world except Antarctica. They are
descended from an ancient lineage of
diapsid reptiles, most probably the
lizardlike eosuchians, stretching back
over 250 million years, to Late Permian
times (see pp. 82—85).

The other living reptiles — the
turtles, tortoises and crocodiles —
evolved along quite different lines (see
pp. 5859, 90-91).

The chief feature that distinguishes
the lizards and snakes from all other
diapsid reptiles (including their closest
relatives, the sphenodonts, see p. 85), is
the great flexibility and power of their
jaws. Two structural changes brought
this about. First was the loss of the
lower arch of bone that enclosed the
lower pair of openings in the skull. This
gave more room for larger muscles to
. develop to operate the jaws. Second, a
movable hinge joint developed within
the skull, which provided even more
flexibility in the movements of the jaws.

SUBORDER LACERTILIA
Lizards are a much more ancient group
than the snakes. The earliest-known
lizards were small insectivores that lived
in southern Africa during Late Permian
times. Few fossils remain to trace the
course of their evolution during the first
half of the Mesozoic Era. However, at
the end of the Jurassic period the group
seems to have undergone a burst of
evolution, and primitive members of all
the major modern groups had suddenly
appeared — including geckos, skinks,
iguanas, blindworms and monitors.
Besides the changes in the skull that
produced more efficient jaws (above),
other structural changes gave lizards
better hearing and better articulating
surfaces in the joints of their limbs for
improved walking. All these features
combined to make lizards fast, efficient
hunters, able to deal with comparatively
large prey, such as other reptiles.

NAME: Kuehneosaurus

TIME: Late Triassic

LocALITY: Europe (England)

sIZE: 26 in/65 cm long

This was a long-legged lizard that could
glide through the air on a pair of mem-
branous “wings.”” These projected out
from each side of its body, between the
front and hindlimbs, and spanned more
than 1 ft/30cm,

The greatly elongated ribs formed the
framework for the skin-covered gliding
membranes. This was exactly the same
arrangement developed by an earlier
type of diapsid reptile — the gliding
Coelurosauravus (see pp. 82, 84). And the
same pattern occurs in a living lizard —
the flying dragon, Draco wolans, of
Southeast Asia. This modern forest-
dweller, only 8in/20 cm long, can glide
on similar skin flaps to those of the
extinct Kuehneosaurus — a single glide
can cover up to 200 ft/60 m, losing only
6 ft 6in/2 m in height over that distance.
Its ribs are movable, and so it can fold its
wings against the body when at rest.

FAMILY ARDEOSAURIDAE

The geckos were among the earliest of
the modern groups of lizard to appear,
in the Late Jurassic period. The only
surviving family, the Gekkonidae,
evolved relatively recently —in the Late
Eocene, some 40 million years ago. It
contains more than 670 species, which
have spread throughout the warm trop-
ical zones of the world.

NAME: Ardeosaurus

TIME: Late Jurassic

LOCALITY: Europe (Germany)

size: 8in/20 cm long

This early gecko had the flattened head
and large eyes typical of its modern
relatives. Like them, it was probably a
night-hunter, agile enough to snap up
insects, spiders and smaller lizards with
its powerful jaws. Whether it had the
“friction pads” of today’s geckos is not
known; these are specialized scales
under the toes which enable the animal
to climb up smooth, vertical surfaces.

FAMILY KUEHNEOSAURIDAE
Members of this family are among the
earliest-known lizards. Early though
they were, they had a specialized life-
style— that of gliding through the air on
outstretched, winglike membranes.
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FAMILY VARANIDAE

The monitors were, and still are, the
largest of all land lizards. They appeared
in the Late Cretaceous period, more
than 80 million years ago, and have
changed little since. They were large,
heavy animals, agile for their size, and
active hunters, seeking out their prey
with the long, forked tongue that acts as
an organ of smell. Modern representa-
tives include the giant Komodo dragon.

PLATECARPUS

PLOTOSAURUS

MEGALANIA

TANYSTRO!

NAME: Megalania

TIME: Pleistocene

LOCALITY: Australia (Queensland)
SIZE: up to 26 ft/{8 m long

This monitor lizard was much larger and
maybe weighed 4 times as much as its
living relative, the Komodo dragon,
Varanus komodensis, of Indonesia.
Although the Komodo dragon is the
giant of modern lizards — with some
individuals growing up to 10ft/3m
long, and weighing some 3601b/163 kg
— it is small in comparison to some of
its extinct relatives.

Megalania hunted on the plains of
Australia less than 2 million years ago,
ambushing the large marsupials, such as
kangaroos, that grazed there (see
pp. 202-205). It would have torn away
great chunks of flesh with its powerful
jaws and long, sharp teeth, serrated
along their edges.

FAMILY MOSASAURIDAE

The mosasaurs were a successful,
though short-lived, offshoot from the
monitor lizard group. They were fully
adapted to a marine life, living in in-
shore waters during the Late Cretaceous
period. Some of them were giants.

NAME: Platecarpus

TIME: Late Cretaceous

LocALITY: Europe (Belgium) and
North America (Alabama,
Colorado, Kansas and Mississippi)

size: 14 ft/4.3 m long

Many specimens of this marine lizard

have been found in the chalk deposits of

Kansas, laid down in the warm, shallow

seas that covered much of North Amer-

ica during Late Cretaceous times.
Platecarpus swam in these waters

some 75 million years ago. [ts tail was as

long as its body, and judging from the

vertebrae, it was flattened from side to
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side, and probably had a broad, vertical
fin running along its length, above and
below. Snakelike undulations of the
long, sinuous body, combined with the
finned tail, would have propelled Plate-
carpus forward, while the short legs and
broad, webbed feet steered.

This marine lizard would have eaten
fish and soft-bodied cephalopods, snap-
ping them up in its long, pointed
jaws, equipped with many sharp, con-
ical teeth. But it could also have tackled
the most abundant cephalopods around
at the time — the ammonites, whose
soft bodies were enclosed within a hard,
coiled shell. Evidence for this comes
from a number of fossilized shells of
these creatures, scored by a similar pat-
tern of V-shaped tooth marks as that of
the mosasaurs. The shells seem to have
been bitten about a dozen times from
different angles, in attempts to crack
them open and get at the flesh inside.

NaME: Plotosauruas

TIME: Late Cretaceous

LocaLITY: North America (Kansas)
size: 33 ft/10 m long

Found in the same North American
chalk deposits as Platecarpus (above),
Plotosaurus was a giant among mosa-
saurs. About 50 vertebrae made up its
body and neck, with at least the same
number again making up the long tail.
The rear part of its tail was expand-
ed into a vertical fin, which must have
helped to move the great body of this
marine lizard through the water.

Its limbs were developed into short
flippers, with the front pair longer than
the hind pair due to a greater number of
bones in each toe. (This hyperphalangid
condition was also developed in many
other marine reptiles.) Impressions pre-
served in the chalk near the bones of the
limbs suggest that Plotosaurus was
covered in a scaly skin, like that of a
modern snake.

SUBORDER SERPENTES

Modern snakes developed relatively re-
cently, during the Miocene epoch some
20 million years ago. But snakes have a
longer evolutionary history than this.
The oldest-known snake is more than 80
million years old, and comes from Late
Cretaceous rocks in South America.
Already, it shows many of the features
of the modern groups.

These features include the elongation
of the body (in some snakes more than
450 vertebrae); loss of the limbs; loss of
the bony arches above the 2 lower open-
ings in the skull, which allows the devel-
opment of more powerful jaw muscles;
and even greater flexibility of the jaw
hinges than seen in lizards, to give a
wider gape for swallowing prey whole.

Paleontologists differ on the ancestry

" of snakes. Some say they evolved from a

type of burrowing lizard, while others
say they arose from an aquatic, monitor-
type lizard, such as Pachyrhachis (below).

NaMEe: Pachyrhachis
TiME: Early Cretaceous
LocALITY: Asia (Israel)
size: 3ft 3in/1 m long
The aquatic reptile Pachyrhachis had the
long body of a snake and the large head
of a monitor lizard. The limbs and
shoulder girdles had disappeared, but
there were still traces of the hip bones.
The ribs were broad, as in many water-
dwelling animals, and evidently Pachy-
rhachis swam by snakelike undulations
of its flexible backbone.

Pachyrhachis is considered by some
paleontologists to be close to the ances-
try of the whole snake group.

INFRACLASS
ARCHOSAUROMORPHA

The ruling reptiles, or archosaurs, con-
stitute a spectacular assemblage of rep-
tiles — the dinosaurs, pterosaurs and
crocodiles (see pp. 90—169). They arose
from a group of primitive diapsid rep-
tiles, the archosauromorphs (meaning
‘“ruling reptile types’’) in the Late Per-
mian period — quite a different evol-
utionary line from the lizards/snakes.

Most archosauromorphs were well-
adapted land animals, with their long
legs placed more directly under the
body than in other reptiles. Associated
with this change in stance were improve-
ments in the feet, particularly in the
articulation of the ankle joints and flexi-
bility of the “big toes.”

The carnivorous protorosaurs are the
earliest-known members of this group,
ancestral to the ruling reptiles. The
plant-eating rhynchosaurs are a later
group that thrived in the Mid-Triassic.

REPTILES

NAME: Protorosaurus

TIME: Late Permian

LocALITY: Europe (Germany)

SIZE: up to 6 ft 6in/2m long

This lizard-type reptile is the earliest-
known archosauromorph. It lived in the
deserts of Europe toward the end of the
Permian period. Its long legs were
tucked in under its body, allowing it to
chase after fast-moving prey — mainly
insects. Its neck was made up of 7 large
and greatly elongated vertebrae.

NaME: Tanystropheus
TIME: Middle Triassic
LoCALITY: Asia (Israel) and Europe

(Germany and Switzerland)
size: 10ft/3 m long
The long necks characteristic of the
protorosaurs reached an extreme in this
member of the group. Tanystropheus’
neck was longer than its body and tail
combined. Yet, only 10 vertebrae made
up the neck — only 3 more than in
Protorosaurus (above) — but each bone
was greatly elongated. In fact, when
these neck bones were first discovered,
they were thought to be leg bones.

So bizarre is Tanystropheus’ shape that
some paleontologists believe it must
have lived in water to support its long
neck. But it shows no specific adapt-
ations to an aquatic life. Perhaps it lived
on the shoreline, dipping its head into
the water after fish or shellfish, and
crushing them with its peglike teeth.

NAME: Hyperodapedon
TIME: Late Triassic
LOCALITY: Asia (India) and Europe
(Scotland)
size: 4ft/1.3 m long
Hyperodapedon was a member of the
rhynchosaur group of early reptiles.
They were all heavy, barrel-shaped
plant-eaters, which thrived from the
Middle to Late Triassic. They were the
most abundant reptiles of the day, es-
pecially in South America and Africa.
The success, though short-lived, of
Hyperodapedon and its thynchosaur rela-
tives can be attributed to their teeth.
There were 2 broad tooth plates on each
side of the upper jaw. Each plate con-
tained several rows of teeth, and a
groove ran down the middle. The 2
single tooth rows of the lower jaws fitted
into this groove when the mouth was
closed, to give a chopping action.
Rhynchosaurs would have feasted
on seed ferns, everywhere abundant
during the Triassic. But these plants
died out at the end of that period, and
were replaced by conifers. The rhyncho-
saurs died out, too, and their herbi-
vorous niche was taken by the newly
evolved, plant-eating dinosaurs. The
‘““Age of Ruling Reptiles”” had begun.
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Dinosaurs and their kin

The dinosaurs and their kin — the
crocodiles and flying pterosaurs —
dominated the air, land and waters of
the earth during the Mesozoic Era. This
“Age of the Ruling Reptiles” began
more than 200 million years ago, and
ended some 65 million years ago. Dur-
ing this span of almost 140 million
years, some of nature’s most awesome
beasts evolved —  carnivorous
dinosaurs standing 20 ft/6 m tall, plant-
eating dinosaurs some 85 ft/26 m long,
and pterosaurs with a wingspan of some
401t/12.2 m. The sole surviving mem-
bers of this great assemblage of “‘ruling
reptiles” (the archosaurs) are today’s
crocodiles, with an evolutionary history
stretching back some 230 million years.

The first step in the evolution of the
ruling reptiles was taken in the Late
Permian period, some 250 million years
ago. A new line of small, diapsid reptiles
evolved, called the protorosuchians (see
p.89). From them radiated a variety of
reptiles called the thecodontians (see
pp. 94-97). They thrived during the
subsequent Triassic period, and some of
their members became progressively
more skilled at walking upright on 2
legs. The dinosaurs (see pp. 106-169)
arose from such a stock of 2-legged
thecodontians, called the ornitho-
suchians. The crocodiles (see pp. 98—
101) descended from the same line, and
probably also the flying pterosaurs (see

pp. 102-105).

Dinosaurs: Past masters of the world

The first-recorded dinosaur bones were
found in the rocks of southern England,
and belonged to the giant carnivore
Megalosaurus (see p. 116) and the giant
herbivore Iguanodon (see p.144). They
were described to the scientific com-
munity in 1824 and 1825. More than a
decade was to pass before it was realized
that they were representatives of a tot-
ally different, and totally extinct, group
of reptiles. It was Sir Richard Owen, the

The “Age of the Ruling Reptiles’”” spanned
the Jurassic and Cretaceous periods, when
the great dinosaurs dominated the land,
the pterosaurs ruled the skies, and the
crocodiles flourished in the seas and rivers.
The ancestor of all these reptiles was a
small, 2-legged thecodontian, one of the
ornithosuchians.

With the exception of the crocodiles, all
these ruling reptiles, great and small, had
perished by the end of the Cretaceous
period — the close of the Mesozoic Era.
The birds probably evolved from among
the lizard-hipped (saurischian) dinosaurs.
(For key to silhouettes, see p. 312.)
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Dinosaurs and their kin

great English anatomist who founded
the British Museum of Natural History,
who made this discovery and who, in
1841, coined the name Dinosauria for
them, meaning “ terrible lizards.”

Over the next half-century, many
dinosaurs were discovered in Europe
and North America. Various systems of
classification were proposed for them,
but it was not until 1887 that another
English anatomist, Harry Seeley, recog-
nized that there were 2 distinct types of
hip girdle or pelvis (see p. 92). In some
dinosaurs, the pelvis was of a normal
reptilian build, so Seeley called this
group the Saurischia, or “lizard-
hipped” dinosaurs. In others, the pelvis
resembled that of modern birds, and so
he called them the Ornithischia, or
“bird-hipped’’ dinosaurs.

Both groups may have evolved inde-
pendently from the thecodontians, but
it is also-quite possible that the “bird-
hipped” dinosaurs evolved from an
early member of the ‘‘lizard-hipped”’
group.

Dinosaur finds

The first traces of dinosaurs in North
America were found in the Triassic
rocks of the Connecticut Valley as early
as 1835. These traces did not consist of
bones; they were footprints, recording
the passage of some great, 2-legged crea-
tures that walked the earth 220 million
years ago. Edward Hitchcock, Professor
of Theology and Geology, and later
President, in Amherst College in Massa-
chusetts, described the footprints in
1848; he concluded that enormous
birds had made these trackways.

The first description of dinosaur
bones from North America did not
come until 1856, when Dr Joseph Leidy
of the Academy of Natural Science in
Philadelphia described some dinosaur
teeth from Montana. Two years later,
he described the first skeleton of a
North American dinosaur, which he
named Hadrosaurus (see p. 148).

An immense wealth of dinosaurs was
soon to be revealed in the American
Mid-West, among the great Jurassic and
Cretaceous deposits laid down over 65
million years ago. The driving force for
their discovery lay in the rivalry be-
tween 2 wealthy men from the eastern
States — both leading, and competing,
paleontologists. The first was Othniel
Charles Marsh of Yale University,
financed by his philanthropist uncle,
George Peabody, who was a merchant
and importer. The second was Edward
Drinker Cope of the Academy of
Natural Science in Philadelphia, whose
father was a wealthy shipowner.

The first great bones of dinosaurs that
lived in the Late Jurassic, some 150
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million years ago, were discovered in
1877 in the Morrison Formation of
Colorado, and later in Wyoming.
Samples found their way to both Marsh
and Cope, and the ‘“‘dinosaur wars”
began. Rival teams of fossil hunters
went west, bent on acquiring the biggest
and the best dinosaurs for their masters.

' Marsh financed 6 years of excavation at

Como Bluff in Wyoming, where many
tons of bones were prised from the
rocks. Cope, too, sent parties of col-
lectors to that region, as well as to
localities in Colorado.

From these Late Jurassic sites, many
now-famous dinosaurs were described
by both men, including Allosaurus and
Ceratosaurus (see p.117), Camarasaurus
(see p. 129), Diplodocus and Apatosaurus
(popularly known as Brontosaurus, see
p. 132), Camptosaurus (see p.144) and
Stegosaurus (see p. 156).

However, the richest treasure house
of dinosaurs was found preserved in the
Late Cretaceous rocks of Montana and
Colorado. These rocks were laid down
toward the end of the Mesozoic Era,

between 100 and 65 million years ago.
Here again, it is due to the rivalry
between Marsh and Cope that many
long-dead creatures were discovered,
among them Ornithomimus (see p. 109),
Nodosaurus (see p.160) and Triceratops
(see p. 168).

Canada, too, has contributed its share
of dinosaurs to the museums of the
world (see p. 306). The Late Cretaceous
deposits of Red Deer River Valley,
Alberta, were discovered and explored
cooperatively by parties from both the
American Museum of Natural History
in New York, and from the National
Museum of Canada and the Royal
Ontario Museum.

The Red Deer rocks yielded a rich
variety of dinosaurs, especially during
the years 1910 to 1917, among them the
carnosaur Albertosaurus (see p. 120), the
duckbilled dinosaur Corythosaurus (see
p. 152) and the horned ceratopian Sty-
racosaurus (see p. 168).

Another area rich in dinosaur re-
mains was discovered in the Gobi De-
sert of OQuter Mongolia, central Asia. It




was first explored by parties from the
American Museum of Natural History
during the years 1922 to 1925. Ironi-
cally, it was the search for fossil humans,
rather than fossil reptiles, that led to the
exploration of the region.

This ancient dinosaur graveyard
yielded an array of Late Cretaceous
beasts, including Protoceratops, the
ancestor of the North American horned
dinosaurs, together with its nests and
eggs (see p.165). Other finds included
the saurischian dinosaurs Quiraptor
(one specimen preserved with a clutch
of Protoceratops’ eggs, see p.112), Vel-
ociraptor and Saurornithoides (see p. 113).

Dinosaurs have been found in South
America, Africa, Australia and even
New Zealand. But, as yet, the southern
hemisphere has not produced any
dinosaur faunas of comparable richness
to those of the northern hemisphere.

Perhaps the most famous locality is
Tendaguru in Tanzania, East Africa,
where a wealth of Late Jurassic
dinosaurs was found, similar to those of
the Morrison Formation in the western
USA.

Another African site, discovered in
1987 in Niger, south of the Sahara,
promises to yield rich dinosaur re-
mains. Initial work has unearthed the
bones of Camarasaurus, one of the giant,
plant-eating sauropods (see p. 129).

A worldwide distribution

Although the dinosaurs of the southern
hemisphere are less well known than
those of the north, there is little doubt
that, in reality, they were just as diverse.
Both “‘lizard-” and ‘‘bird-hipped”
dinosaurs evolved in the Triassic, when
all the continents of the world were still
joined together in one super-landmass
called Pangaea (see pp. 10—-11). Any land
animal, including dinosaurs, could have
spread throughout the world.

The continents were still interconnec-
ted throughout the Jurassic, and it was
not until the Late Cretaceous that there
is evidence of different, isolated
dinosaur faunas. By then, there were
2 separate areas of land in the
northern hemisphere — Euramerica
and Asiamerica (see pp.10-11). For
some reason, many new types of Late
Cretaceous dinosaur evolved in
Asiamerica. The hadrosaurs, ornith-
omimids, saurornithoids, tyrannosaurs
and protoceratopids all started life on
that continent. As a result, more ‘‘old-
fashioned"” types of dinosaur, such as
the iguanodonts, persisted for longer in
Euramerica, removed from the compe-
tition of their new relatives.

About 300 genera of dinosaur have so
far been described, of which about 55
percent are ‘‘lizard-hipped” sauris-

chians, and the rest are “bird-hipped”’
ornithischians. Only 7 percent of the
known dinosaurs come from Triassic
rocks (nearly all are saurischians), and
28 percent from Jurassic rocks. The
remaining 65 percent come from
Cretaceous rocks, and three-quarters of
these have been found only in the Late
Cretaceous.

It is significant that at the end of the
Cretaceous, the flowering plants under-
went an explosive evolution, diversify-
ing into many new types which adapted
to niches all over the world. This new
source of food may well have led to the
evolution of new types of dinosaur.

Warm-blooded dinosaurs?

For many years, biologists assumed that
dinosaurs, like their living reptilian rela-
tives and the ancestral amphibians, were
cold-blooded, or ectothermal. But re-
cently it has been suggested that they
may have been warm-blooded, or endo-
thermal, like modern birds and
mammals.

Cold-blooded animals rely on the sun
as their main source of heat and energy.
‘Warm-blooded animals, in contrast,
rely on energy derived from their food.
Living warm-blooded animals maintain
a high body temperature (on average,
between 97-106°F/36-41°C), and there-
fore use energy at a high rate — about 12
times the rate of a living cold-blooded
animal. Even if a dinosaur such as Bra-
chiosaurus had eaten 24-hours a day, it
could not have produced enough energy
to fuel its massive body at such a rate.

Paleontologists believe that dinosaurs
had a lower body temperature than
modern warm-blooded animals. Since
they lacked an insulating covering of
hair or feathers (which allows modern
warm-blooded animals to keep warm
when the environmental temperature
drops), dinosaurs must have relied on
the environmental temperature remain-
ing relatively stable. This would have
made them vulnerable to any major
climatic change, and it may have been
such a reliance that led to their extinc-
tion, and replacement by the less vulner-
able, well-insulated, furry mammals.

Mass-extinction of the dinosaurs

The disappearance of the dinosaurs
worldwide at the end of the Mesozoic
Era is the best-known mass-extinction
event of the prehistoric world. But
other extinctions took place at or about
the same time. The flying pterosaurs,
and also the marine ichthyosaurs,
plesiosaurs and mosasaurs, all disap-
peared at or near the end of the
Cretaceous. And several marine inverte-
brate groups suffered the same fate —
ammonities, certain bivalves and many
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tiny organisms of the plankton.

Since modern methods of dating
rocks is only accurate to within a few
hundreds of thousands of years (see
p. 13), it is difficult to be certain whether
the terrestrial and marine extinctions of
the Cretaceous took place at the same
time. It seems that the vertebrate extinc-
tions happened gradually. For example,
the ichthyosaurs became extinct before
the end of the Cretaceous. Also, the
plesiosaurs, pterosaurs and dinosaurs
may have been becoming less common
toward the end of that period. These
facts suggest that some gradual change
in the environment was taking place
worldwide, rather than the popular no-
tion of a sudden cataclysmic event that
wiped out huge numbers of creatures.

Sea levels dropped comparatively
rapidly during the Late Cretaceous. Asa
result, the average air temperature
dropped, and the climate became more
variable worldwide. This could have
been the cause of the gradual decline of
the pterosaurs and dinosaurs, especially
if the dinosaurs’ method of regulating
their body temperature depended partly
on the equability of the environment.

In contrast, the extinction of many
types of microscopic marine inverte-
brates seems to have happened sud-
denly and simultaneously, at the end of
the Cretaceous. They disappeared at
precisely the time that the rocks show
an abnormally high concentration of a
number of normally rare metals, such as
iridium, osmium and rhodium. This
enriched layer has been found in some
50 different localities, ranging from
North America and Europe to New
Zealand, and in deep-sea sediments of
the Pacific.

The American geologists Luis and
Walter Alvarez pointed out that these
rare metals are present in the same
proportions as in meteorites. They sug-
gest that an enormous meteorite,
some 6 ml/10km in diameter, hit our
planet at the end of the Cretaceous
period, some 65 million years ago. The
impact would have thrown up a mass of
débris, which would have darkened the
skies for many years, affecting plant life.
This could well have caused climatic
changes that led to the mass-extinction
of both the marine plankton and the
terrestrial vertebrates, which were al-
ready on the decline.

If the meteorite had impacted in areas
of calcium carbonate (as in the
Cretaceous seabed) great amounts of
carbon dioxide would have been re-
leased into the atmosphere. This could
have increased the average temperature
worldwide so much that dinosaurs,
which relied on a warm, steady, climate,
may have expired of heat.
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Early ruling reptiles

SUPERORDER ARCHOSAURIA
The archosaurs were the most spec-
tacular group of “‘ruling reptiles.”” They
dominated life in the Mesozoic Era,
reigning for more than 180 million
years. Flying reptiles, the pterosaurs,
ruled the skies (see pp. 102-105);
dinosaurs ruled the lands (see
pp. 106—169); and crocodiles — the only
surviving archosaurs — invaded the seas
and freshwaters (see pp. 98-101).

These diverse creatures all shared a
common feature — a diapsid skull, with
2 openings behind each eye (see p. 61).

ORDER THECODONTIA

The earliest archosaurs were the theco-
dontians. They first appeared in the Late
Permian, more than 250 million years
ago. They evolved rapidly into many
forms during the Triassic, and became
extinct by the end of that period. Their
evolutionary history was brief (less than
40 million years) but successful, for
from the thecodontians arose the ances-
tors of the 3 groups of ruling reptile —
the dinosaurs, pterosaurs and croco-
diles (see pp. 90—91).

The thecodontians are grouped into 5
suborders (below). Members show a gen-
eral trend toward a more upright stance,
with the hindlimbs especially being pro-
gressively brought in from their former,
sprawling position to be oriented more
directly beneath the body. This trend
was perfected in the ornithosuchians,
which could walk upright on 2 legs. The
ancestor of the dinosaurs lies among
their member