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PREFACE

THE history of text-books is often dismissed by the contemptuous
assertion that they all copy each other—and especially each other’s
mistakes. Inspection of this book will quickly confirm that this is
true, but there is nevertheless an interest to be obtained from such
a study, because text-books embody an attitude of mind; they show
what sort of knowledge the writer thinks can be conveyed about the
subject-matter. It may be that they are more important than at first
appears in furthering or preventing the change of ideas on any theme.

The results of the studies of scholars on the subject of vertebrates
have been summarized in a series of comprehensive text-books during
the past hundred years. Most of these works are planned on the lines
laid down by the books of Gegenbaur (1859), Owen (1866), and
‘Wiedersheim (1883), lines that derive from a pre-evolutionary tra-
dition. This partly explains the curiosity that in spite of the great
importance of evolutionary doctrine for vertebrate studies, and vice
versa, vertebrate text-books often do not deal directly with evolution.
They derive their order from something even more fundamental than
the evolutionary principle. The essential of any good text-book is
that it should be both accurate and general. As Owen put it in his
Preface: ‘In the choice of facts I have been guided by their authen-
ticity and their applicability to general principles.” The chief of the
principles he adopted was ‘to guide or help in the power of apprehend-
ing the unity which underlies the diversity of animal structures, to
show in these structures the evidence of a predetermining Will,
producing them in reference to a final purpose, and to indicate the
direction and degrees in which organisation, in subserving such Will,
rises from the general to the particular’. He confessed ‘ignorance of
the mode of operation of the natural law of their succession on the
earth. But that it is an “orderly succession”—and also “progressive”’
—is evident from actual knowledge of extinct species.’

These principles were essentially sound, and Owen’s treatment
was to a large extent the basis of the work that appeared after the
Darwinian revolution. In English, following the translation of
Wiedersheim’s book by W. N. Parker (1886) we have H. J. Parker
and Haswell’s work, now in its 6th edition. The books of Kingsley
and Neal and Rand are in essentially the same tradition, though they
incorporate much new work, especially from the neurological studies



vi PREFACE

of Johnston and Herrick. Further exact studies on these same general

morphological lines made possible the books of Goodrich (1930) and

de Beer (1935), which have provided the morphological background

for the present work. Throughout these works on Comparative Ana-

tomy the emphasis is on the evolution of the form of each organ

system rather than on the change of the organization of the life of
~ the animal as a whole.

Meanwhile many other treatises appeared dealing with the life and
habits of the animals, rather than with morphological principles.
Among these we may mention Bronn’s Tierreich (1859 onwards), the
Cambridge Natural History, and many works dealing with particular
groups of vertebrates. The palaeontologists produced their own series
of text-books, mainly descriptive, such as those of Zittel and Smith
Woodward, culminating in Romer’s admirably detailed and concise
book, to which the present work owes very much. The results of
embryological work have been summarized by Graham Kerr (1919),
Korscheldt and Heider (1931), Brachet (1935), Huxley and de Beer
(1934), and Weiss (1939), among others. Unfortunately there has
been little summarizing of what is commonly called the comparative
physiology of vertebrates. Winterstein’s great Handbuch der ver-
gleichenden Physiologie (1912) covers much detailed evidence, but
comes no nearer than do the comparative anatomists to giving us
a picture of the evolution of the life of the whole organism.

All of these books deal in some way with the evolution of vertebrates,
and yet curiously enough they speak of it very little. It is hardly an
exaggeration to say that they leave the student to decide for himself
what has been demonstrated by their studies. Huxley’s Anatomy of
Vertebrated Animals (1871) is an exception in that it deals with the

~ animals rather than their parts, and at a more popular level. Brehm’s
Thierleben (1876) gives a picture of the life of the animals, though in
this case not of their underlying organization. Kukenthal’s great
Handbuch der Zoologie has the aim of synthesizing a variety of know-
ledge about each animal-group, and some of the volumes dealing with
vertebrates make fascinating reading—notably that of Streseman on
birds. But the size of the work and the multiplicity of authors makes
it impossible for any general picture of vertebrate life to appear from
the mass of details.

"The position is, then, that we have good descriptions of the struc-
ture, physiology, and development of vertebrates, of the discoveries
of the palacontologists and accounts of vertebrate natural history, but
that there is no work that attempts to define the organization of the
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whole life and its evolution in all its aspects. Indeed, none of these
works defines what is being studied or tries to alter the direction of
investigation—all authors seem prepared to agree that biological study
is adequately expressed through the familiar disciplines of anatomy,
physiology, palaeontology, embryology, or natural history. In passing,
we may note the extraordinary fact that there are no detailed works on
the comparative histology or biochemistry of vertebrates—surely most
fascinating fields for the future, as is, indeed, hinted by the attempts
that have been made in older works, such as that of Ranvier (1878),
and the newer ones of Baldwin (1937 and 1945).

The present book has gradually grown into an attempt to define
what is meant by the life of vertebrates and by the evolution of that
life. Put in a more old-fashioned way, this represents an attempt to
give a combined account of the embryology, anatomy, physiology,
biochemistry, palaeontology, and ecology of all vertebrates. One of
the results of the work has been to convince me more than ever that
these divisions are not acceptable. All of their separate studies are
concerned with the central fact of biology, that life goes on, and I
have tried to combine their results into a single work on the way in
which this continuity is maintained.

A glance through the book will show that I have not been successful
in producing anything very novel—others will certainly be able to
go much farther, and in particular to introduce to a greater extent facts
about the evolution of the chemical and energy interchanges of verte-
brates, here almost omitted! However, I have very much enjoyed
the attempt, which has provided the stimulus to try to find out many
things that I have always wanted to know.

For any one person to cover such a wide field is bound to lead to
inexactness and error in many places. I have tried to verify from
nature as often as possible, but a large amount has been copied, no
doubt often wrongly. Throughout, the aim has been to provide
wherever possible an idea of the actual observations that have been
made, as well as the interpretations placed upon them. A proper
appraisal of general theories can only be reached if there is first
a knowledge of the actual materials, which is the characteristic feature
of scientific observation. A book such as the present has value only
in so far as it leads the reader to make his own observations and helps
him to know the world for himself.

Mammalian organization requires more detailed treatment than
that of other groups, and in providing this the work grew to beyond
the length of a single book. Mammalian structure, function, and
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development will therefore be dealt with in a separate volume, which
will also include a survey of comparative embryology.

The original plan was that the palaeontological parts of the book
would be written by J. A. Moy-Thomas. Had he lived this aspect of
the work would have been very much better, and his common sense
and laughter would have lightened the whole. I have tried to give
some compensation at least by the speculation that is possible from a
single point of view. To protect the reader against the limitations of
my ignorance I have consulted specialists on every part of the work,
and my deepest thanks are due to those who have helped in this way.
They have done wonders in correcting mistakes, but, of course, are
not responsible for any that remain, or for views expressed. Among
those who have helped in this way with particular parts are Professor
G. R. de Beer, Mr. R. B. Freeman, the late Professor W. Garstang,
Dr. A. Graham, Professor J. B. S. Haldane, Professor W. Holling-
worth, Dr. W. Holmes, Dr. J. S. Huxley, Dr. D. Lack, Mr. Maynard
Smith, Dr. F. S. Russell, Dr. Tyndell Hopwood, Mr. H. G. Vevers,
Professor D. M. S. Watson, and Professor S. Westoll. They have been
patient and severe critics, and the reader and I owe them very much.

One of the main problems of such a work is its illustration, and here
I have been extraordinarily fortunate in having the help of Miss E. R.
Turlington, who has not only provided brilliantly clear and beautiful
pictures, but has taken extremes of care to ensure their accuracy by
drawing from live animals, from dissections, and from skeletons, as
well as by research into the illustrations of others. Miss J. de Vere
has also given much help with drawing. We have borrowed good
pictures unhesitatingly and should like to thank those who have given
permission for their reproduction.

I should also like to thank particularly my secretary, Miss P. Codlin,
who has played a large part in making the book possible, and my
daughter Cordelia for help with the index.

Finally, I have to thank the Secretary and members of Oxford
University Press for the care with which the book has been produced,
and for their friendly co-operation, which has made the work a

pleasure.
J.Z2. Y.
1950
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NOTE

~ 'THE arrangement of this book is systematic, proceeding from

the earliest chordates to the mammals. In every group the
organization is described in the same way, beginning with
the external features and proceeding then to the skeleton,
muscles, and locomotion, followed by feeding and digestion,
circulation, respiration, excretion, reproduction, the nervous
and sensory organization and behaviour. Each system is dealt
with in special detail where it is first met with. The index
has been arranged so as to make it possible to survey any
organ-system, or subject—say, the skull or osmoregulation,
throughout the vertebrates.



CONTENTS

I. EVOLUTION OF LIFE IN RELATION TO CLIMATIC AND GEO-
" LOGICAL CHANGE '

1. The need for generality in zoology, 1; 2. What do we mean by the life of an
animal ? 2; 3. Living things tend to preserve themselves, 4; 4. Awareness of life,
-85 5. The influence of environment on life, 6; 6. What is it that heredity
transmits? 7; 7. The basis of variation and the origin of species, 7; 8. The
increasing complexity of life, 9; 9. The progression of life from the water
to more difficult environments, 10; 10. Cyclical changes of climate and geolo-
gical periods—(1) Changes of level of the continents, 11; (2) Changes of climate,
13; (3) Geological time, 17; (4) Classification of geological history, 19;
11. Summary 22.

II. THE GENERAL PLAN OF CHORDATE ORGANIZATION:
AMPHIOXUS

1. The variety of chordate life, 24; 2. Classification of chordates, 25; 3. Amphioxus,
a generalized chotdate, 26; 4. Movement of Amphioxus, 28; 5. Skeletal structures
of Amphioxus, 31; 6. Skin of Amphioxus, 31; 7. Mouth and pharynx, 32;
8. Circulation, 34; 9. Excretory system of Amphioxus, 35; 10. Nervous system,
37; 11. Gonads and development of Amphioxus, 41; 12. Amphioxus as a
generalized chordate, 45.

III. THE ORIGIN OF CHORDATES FROM FILTER FEEDING
ANIMALS

1. Invertebrate relatives of the chordates, 47; 2. Subphylum Hemichordata, 49;
3. Class Pterobranchia, §7; 4. Subphylum Urochordata. Sea squirts, §9;
5. Development of ascidians, 65; 6. Various forms of tunicate, 66; 7. Class
Ascidiacea, 67; 8. Class Thaliacea, 67; 9. Order Appendicularia, 70; 10. The
formation of the chordates, 72.

IV. THE VERTEBRATES WITHOUT JAWS. LAMPREYS

1. Classification, 78; 2. General features of vertebrates, 78; 3. Agnatha, 8o;
4. Lampreys, 80; 5. Skeleton of lampreys, 83; 6. Alimentary canal of lampreys,
85; 7. Blood system of lampreys, 88; 8. Urinogenital system of lampreys, go;
9. Nervous system of lampreys, 95; 10. The pineal eyes, 100; 11. Pituitary
body and hypophysial sack, 103; r2. Lateral line organs of lampreys, 105;
13. Auditory organs of lampreys, 105; 14. Paired eyes of lampreys, 106;
15. Skin photoreceptors, x07; 16. Habits and life-history of lampreys, 107;
17. The ammocoete larva, 109; 18. Races of lampreys, a problem in systematics,
114; 19. Hag-fishes, order Myxinoidea, 1x6; 20. Fossil Agnatha, the earliest-
known vertebrates, 119.

V. THE APPEARANCE OF JAWS. THE ORGANIZATION OF THE
HEAD

1. The elasmobranchs: introduction, 125; 2. The swimming of fishes, x2%;
3. Equilibrium of fishes in water ; the functions of the fins, X31; 4. Skin of elasmo-
branchs, 136; 5. Morphology of the head—(1) Origin of the mouth, 137;
(2) The skull and branchial arches, 138; (3) The jaws, 141; 6. Segmentation
of the vertebrate head, 144; 7. The pre-otic somites and eye-muscles, 145;
8. The cranial nerves of elasmobranchs, 147; 9. The gut of elasmobranchs, x154;
10. The circulatory system, 155; 11. Urinogenital system, 157; 12. Endocrine
glands of elasmobranchs, x60; 13. Nervous system, 162; 14. Sense-organs of
elasmobranchs, 165; 15. Autonomic nervous system, 168.



xit CONTENTS

VI. EVOLUTION AND ADAPTIVE RADIATION OF ELASMOBRANCHS

1. Characteristics of elasmobranchs, x7x; 2. Classification, 171; 3. Palaeozoic
elasmobranchs, 173; 4. Mesozoic sharks, 174; 5. Modern sharks, 177; 6. Skates
and rays, 178; 7. Chimaera and the brachyodonts, 179; 8. Tendencies in
elasmobranch evolution, 179; 9. The earliest gnathostomes, placoderms, 181.

VII. THE MASTERY OF THE WATER. BONY FISHES

1. Introduction : the success of the bony fishes, 184; 2. The trout, 185; 3. The
skull of bony fishes, 189; 4. Vertebral column and fins of bony fishes, 191;
5. Alimentary canal, 194; 6. Air-bladder, 195; 7. Circulatory system, 195;
8. Urinogenital system and osmoregulation, 1g6; 9. Races of trout and salmon
and their breeding habits, 197; 10. Brain of bony fishes, 199; 11. Nose, 204;
12. Eyes, 204; 13. Ear and hearing of fishes, 207; 14. The lateral line organs of
fishes, 208; 15. Taste-buds in fishes, 2x0; 16. Touch, 2x1; 17. Autonomic
nervous system, 211; 18. Behaviour patterns of fishes, 214; 19. Sound production
in fishes, 216.

VIII. THE EVOLUTION OF BONY FISHES

1. Classification, 217; 2. Ordes, Palaeoniscoidei, 217; 3. Order Chondrostei,
222; 4. Order Holostei, 223; 5. Order Teleostei, 225; Analysis of evolution
of the Actinopterygii, 226.

IX. THE ADAPTIVE RADIATION OF BONY FISHES

1. Swimming and locomotion, 232; 2. Various body forms and swimming habits;
in teleosts, 235; 3. Structure of mouth and feeding-habits of bony fishes, 238;
4. Protective mechanisms of bony fishes, 239; 5. Scales and other surface
armour, 240; 6. Spines and poison glands, 240; 7. Electric organs, 241;
8. Phosphorescent organs, 241; 9. Colour of fishes, 242; 10. Colour changes in
teleosts, 245; 11. Respiration and the air-bladder, 248; 12. Special reproductive
mechanisms in teleosts, 251.

X. LUNG-FISHES

1. Classification, 255; 2. Choanichthyes, 255; 3. Osteolepids, 258; 4. Coelacanths,
258; 5. Dipnoi, 259.

XI. FISHES AND MAN. 265

XII. TERRESTRIAL VERTEBRATES: AMPHIBIA

1. Classification, 28x; 2. Amphibia, 281; 3. The frogs, 283; 4. Skin of Amphibia,
283; 5. Colours of Amphibia, 285; 6. Vertebral column of Amphibia, 288;
7. Evolution and plan of the limbs of Amphibia, 291; 8. Shoulder girdle of
Amphibia, 294; 9. Pelvic girdle of Amphibia, 295; 10. The limbs of Amphibia,
296; 11. The back and belly muscles of Amphibia, 301; 12. The limb muscles
of Amphibia, 305; 13. The skull of Stegocephalia, 308; 14. Skull of the frog,
310; 15. Respiration in Amphibia, 313; 16. Respiration in the frog, 314;
17. Respiratory adaptations in various amphibians, 315; 18. Vocal apparatus,
315; 19. Circulatory system of Amphibia, 316; 20. Lymphatic system of
Amphibia, 319; 21. The bloed of Amphibia, 320; 22. Urinogenital system of
Amphibia, 321; 23. Digestive system, 323; 24. Nervous system of Amphibia,
324; 25. Skin receptors, 330; 26. The eyes of Amphibia, 331; 27. Ear, 333;
28. Behaviour of Amphibia, 334.

XIII. EVOLUTION AND ADAPTIVE RADIATION OF AMPHIBIA

1. The earliest Amphibia, 335; 2. Terrestrial Palaeozic Amphibia. Embolomeri
and Rhachitomi, 337; 3. Aquatic Amphibia of the later Palacozic, 342;
4. Tendencies in the evolution of fossil Amphibia, 343; 5. Newts and sala-



CONTENTS X1i1

manders. Subclass Urodela, 344; 6. Frogs and toads. Subclass Anura, 345;
7. Subclass Apoda, 346; 8. Adaptive radiation and parallel evolution in modern
Amphibia, 347; 9. Can Amphibia be said to be higher animals than fishes? 347.

XIV. LIFE ON LAND. THE REPTILES
1. Classification, 349; 2. Reptilia, 350; 3. The lizard, 352; 4. Skin and colour
of reptiles, 353; 5. Posture, locomotion, and skeleton, 355; 6. Feeding and
digestion, 359; 7. Respiration, circulation, and excretion, 360; 8. Reproduction
of reptiles, 361; 9. Nervous system and behaviour of reptiles, 364.

XV. EVOLUTION OF THE REPTILES

1. The earliest reptile populations, Anapsida, 366; 2. Classification of reptiles,
371; 3. Order Chelonia, 372; 4. Subclass *Parapsida, 379; 5. Order *Pro-
tosauria, 379; 6. Order *Plesiosauria, 380; 7. Order *Ichthyosauria, 380;
8. Subclass Diapsida, 382; 9. Lepidosauria, 384; 10. Order Squamata, 385;
11. Suborder Lacertilia, 385; 12. Suborder Ophidia, 389; 13. Superorder
Archosauria, 393; 14. Order *Pseudosuchia, 395; 15. Order *Phytosauria, 395;
16. Order Crocodilia, 395; 17. The ‘Terrible Lizards’, Dinosaurs, 399;
18. Order *Saurischia, 399; 19. Order *Ornithischia, 401; 20. Order *Ptero-
sauria, 403; 21. Conclusions from study of evolution of the reptiles, 406.

XVI. LIFE IN THE AIR: THE BIRDS

1. Features of bird life, 408; 2. Bird numbers and variety, 408; 3. The skin
and feathers, 409; 4. Colours of birds, 413; 5. The skeleton of the bird. Sacral
and sternal girders, 415; 6. The sacral girder and legs, 4x8; 7. Skeleton of the
wings, 425; 8. Wing muscles, 426; 9. Principles of bird flight, 427; 10. Wing
shape, 428; 11. Wing area and loading, 428; 12. Aspect ratio, 430; 13. Wing-tips,
slots, and camber, 430; 14. Flapping flight, 434; 15. Soaring flight, 435; 16.
Soaring on up-currents, 437; 17. Use of vertical wind variations, 437; 18. Speed
of flight, 439; 19. Take-off and landing, 440; 20. The skull in birds, 44x;
21. The jaws, beak, and feeding mechanisms, 443; 22. Digestive system of birds,
445; 23. Circulatory system, 447; 24. Respiration, 448; 25. Excretory system,
451; 26. Reproductive system, 452; 277. The brain of birds, 454; 28. Functioning
of the brain in birds, 456; 29. The eyes of birds, 458; 30. The ear of birds, 467.

- XVII. BIRD BEHAVIOUR
1. Habitat selection, 468; 2. Recognition and social behaviour, 469; 3. Bird
migration and homing, 470; 4. The stimulus to migration, 473; 5. The breeding-
habits of birds, 473; 6. Courtship and display, 474; 7. Bird territory, 480;
8. Mutual courtship, 481; 9. Nest-building, 482; 10. Shape and colour of the
eggs, 484; 11. Brooding and care of the young, 484.

XVIII. THE ORIGIN AND EVOLUTION OF BIRDS

1. Classification, 486; z. Origin of the birds, 487; 3. Jurassic birds and the origin
of flight, 487; 4. Toothed birds in the Cretaceous. Superorder Odontognathae,
491; 5. Flightless birds. Superorder Palaeognathae, 491; 6. Penguins. Super-
order Impennae, 492; 7. Modern birds. Superorder Neognathae, 493;
8. Tendencies in the evolution of birds, 499; 9. Darwin’s finches, 500; 10. Birds
on other oceanic islands, 508; 11. The development of variety of bird life, 508.

XIX. THE ORIGINS OF MAMMALS

1. Classification, §10; 2. The characteristics of mammals, 511; 3. Mammals of
the Mesozoic, 513; 4. Mammal-like reptiles, Synapsida, 516; 5. Order *Pely-
cosauria (= Theromorpha), 517; 6. Order *Therapsida, 518; 7. Mammals from
the T'rias to the Cretaceous, 522; 8. Original cusp-pattern of mammals, 524;
9. Egg-laying mammals. Subclass Prototheria (Monotremata), §25.



Xiv CONTENTS

XX. MARSUPIALS
1. Marsupial characteristics, 533; 2. Classification of marsupials, §3%7; 3. Opos-
sums, 539; 4. Carnivorous marsupials, 540; 5. Marsupial ant-eat.ers'and other
types, 54I; 6. Phalangers, wallabies, and kangaroos, 542; 7. Significance of
marsupial isolation, 544.

XXI. EVOLUTION OF PLACENTAL MAMMALS

1. Eutherians at the end of the Mesozoic, §45; 2. The end of the Mesozoic, 5458;
3. Divisions and climates of the Tertiary Period, §47; 4. Geographical regions.
550; 5. The earliest eutherians, 551; 6. Definition of a eutherian (placental)
mammal, §51; 7. Evolutionary trends of eutherians, g52; 8. Conservative
eutherians, 553; 9. Division and classification of Eutheria, 554.

XXII. INSECTIVORES, BATS, AND EDENTATES

1. Shrews, hedgehogs, and moles; order Insectivora, 558; 2. Order Chiroptera.
Bats, 563; 3. Order Dermoptera, 566; 4. Order Edentata, 5§67; 5. Armadilloes,
569; 6. Ant-eaters and sloths, 570; 7. Order Pholidota: pangolins, §75.

XXIII. THE PRIMATES

1. Classification, §76; 2. Characters of primates, 577; 3. Divisions of the
primates, §81; 4. Lemurs and lorises, §82; 5. Tarsiers, 5§87; 6. Characteristics
of anthropoids, 590; 7. New World monkeys, Platyrrhina, 591.

XXIV. MONKEYS, APES, AND MEN. CATARRHINA

1. Common origin of Old World monkeys, apes, and men, 594; 2. Old World
monkeys, Cercopithecidae, 594; 3. The great apes: Pongidae, 596; 4. The
ancestry of man, 601; 5. Brain of apes and man, 601; 6. The posture and gait
of man, 602; 7. The limbs of man, 603; 8. The skull of man, 605; 9. Rate of
development of man, 607; 10. Growth of human populations, 608; 11. Time of de-
velopment of Hominidae, 608; 12. The Australopithecinae, 610; 13. Early Homi-
nids, *Pithecanthropus and *Eoanthropus, 610; 14. Man, 6x2; 15. Human
cultures, 614.

XXV. RODENTS AND RABBITS

1. Characteristics of rodent life, 6x7; 2. Classification, 618; 3. Order Rodentia,
619; 4. Order Lagomorpha, 626; 5. Fluctuations in numbers of mammals, 627.

XXVI. WHALES 629

XXVII. CARNIVORES

1. Affinities of carnivores and ungulates: Cohort Ferungulata, 638; 2. Classifica-
tion, 640; 3. Order Carnivora, 641; 4. The cats, 642; 5. Suborder Creodonta,
644; 6. Suborder Fissipeda, 646; 7. Suborder Pinnepedia, 652.

XXVIII. PROTOUNGULATES

1. Origin of the ungulates, 654; 2. Ungulate characters, 655; 3. Classification,
659; 4. Superorder Protoungulata, 659; 5. South American ungulates, 660;
6. *Order Litopterna, 662; 7. *Order Astrapotheria, 663; 8. Order Tubuli-
dentata, 663.

XXIX. ELEPHANTS AND RELATED FORMS

1. ‘Near-ungulates’, superorder Paenungulata, 665; 2. Classification, 665;
3. Order Hyracoidea, conies, 666; 4. Elephants. Order Proboscidea, 667;
5. *Order Pantodonta (amblypods), 676; 6. *Order Dinocerata, 676; 7. *Order
Pyrotheria, 676; 8. *Order Embrithopoda, 678; 9. Order Sirenia, 678.



CONTENTS Xv

XXX. PERISSODACTYLS
1. Perissodactyl characteristics, 680; 2. Classification, 681;. 3. Perissodactyl
radiation, 682; 4. Suborder Ceratomorpha, tapirs and rhinoceroses, 685;
5. Rhinoceroses, 686; 6. *Brontotheres (*Titanotheres), 688; 7. *Chalicotheres
(= *Ancylopoda), 689; 8. *Palacotheres, 690; 9. Horses, 690; 10. Heterogony
in the evolution of the horse, 695; 11. Rate of evolution of horses, 696;
12. Conclusions from the study of the evolution of horses, 697.

XXXI. ARTIODACTYLS

1. Characteristics of artiodactyls, 699; 2. Classification, 703; 3. The evolution
of artiodactyls, 704; 4. Pigs and hippopotamuses, 706; 5. *Oreodonts, 708;
6. Camels, 708; 7. Ruminants, 71x; 8. Chevrotains, 712; 9. Pecora, 713;
1o. Cervidae, 713; 11. Giraffidae, 715; 12. Antilocapridae and Bovidae, 718.

XXXII. CONCLUSION. EVOLUTIONARY CHANGES OF THE LIFE
OF VERTEBRATES

1. The life of the earliest chordates, 723; 2. Comparison of the life of early
chordates with that of mammals, 725; 3. The increasing complexity and variety
of vertebrates, 726; 4. The variety of evidence of evolutionary change, 727;
5. Persistence of change among vertebrates, 728; 6. Vertebrates that have dis-
appeared, 729; 7. Speed of evolutionary changes in vertebrates, 729; 8. Succes-
sive replacement among aquatic vertebrates, 729; 9. Successive replacement
among land vertebrates, 730; 10. Is successive replacement due to climatic
change? 731; 11. Convergent and parallel evolution, 732; 12. Some tendencies
in vertebrate evolution, 734; 13. Evolution of the whole organization, 735;
14. Summary of evidence about evolution of vertebrates, 736; 15. Conservative
and radical influences in evolution, 737; 16. The direction of evolutionary
change, 738; 17. The influences controlling evolutionary progress, 739.

BIBLIOGRAPHY 741
INDEX 747



I

EVOLUTION OF LIFE IN RELATION TO
CLIMATIC AND GEOLOGICAL CHANGE

1. The need for generality in zoology

The aim of any zoological study is to know about the life of the
animals concerned. Our object in this book is, therefore, to take into
mind as much as possible about all the vertebrate animal life that
has ever been. Thinking of the great numbers of types that have
existed since the first fishes swam in the Palaeozoic seas, one might
well be appalled by such a task: to describe all these populations in
detail would indeed demand a huge treatise. However, in a well-
developed science it should be possible to reduce the varied subject-
matter to order, to show that all differences can be understood to have
arisen by the influence of specified factors operating to modify an
original scheme. Animal and plant life is so varied that it has not yet
proved possible to systematize our knowledge of it as thoroughly as
we should wish. Thinking, again, of the variety of vertebrate lives,
it may seem impossible to imagine any general scheme and simple set
of factors that would include so many special circumstances. Yet
nothing less should be the aim of a true science of zoology. Too
often in the past we have been content to accumulate unrelated
particular facts. It is splendid to be aware of many details, but only
by the synthesis of these can we obtain either an adequate means of
handling so many data or knowledge of the natures we are studying.
In order to know life—what it is, what it has been, and what it will be
—we must look beyond the details of individual lives and try to find
rules governing all. Perhaps we may find the task less difficult than
expected. Even an elementary anatomical and physiological study
shows that all vertebrates are built upon a common plan and have
certain similarities of behaviour. Our object will be to come to know
the nature of this plan of life, of structure, and action, to show how it
is modified in special cases and how each special case is also an example
of a general type of modification.

Since the problem arises from the variety of animals which have
lived and live to-day, our central task is obviously to inquire into the
reason for the existence of so much difference. If vertebrate life

began as one single fish-like type, why has it not continued as such
4452 B
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until now? Why, instead of numerous fishes all alike in the seas, are
there countless different kinds even in one mass of water, while
descendants of most unfish-like form are found living out of the water
and even in the air and under the ground? :

To put it in a way more familiar, though perhaps less clear: what
are the forces that have produced the changes of animal form?
Knowing these forces, and the original type, it would be possible to
construct a truly general science of zoology, with sure premisses and
deductions. Even if we cannot reach this end, we should at least try,
hoping that after investigation of the biology of vertebrates it will be
possible to retain something more than a mass of detailed information.
At the end of such a study, if we deal with the subject right, we should
surely be better able to answer some of the fundamental biological
questions. We should be able to say something about the nature of
evolution and of the differences between types, to know the rhythms
of change that have been at work to produce these differences, and
also—the acid test of any true science—to forecast how these rhythms
are likely to operate in the future.

2. What do we mean by the life of an animal ?

Much obscurity comes in biology from inconsidered use of analogies
in attempting to grasp the nature of life. We have a science of
anatomy, which we are told is concerned with the ‘structure’ of
animals, and we feel that we understand what ‘structure’ means.
Physiology is the study of ‘function’, and this, too, we seem to under-
stand. In both cases we take the implied analogies from our man-made
machines; they have what we call ‘structure’ and they ‘function’. But
further examination of living things has made these visions of bio-
logical science much less clear than they have seemed in past cen-
turies. The whole scheme fails us when we ask what is it, then, that
we call the ‘life’ of the animal, and what is it that is passed on from
generation to generation, and that changes through the ages by the
process we call evolution? It has gradually become apparent that the
body is not a fixed, definite ‘structure’ as it appears to casual observa-
tion or when dissected. In life there is ceaseless activity and change
going on within the apparently constant framework of the body. The
movement of the blood is one sign of this activity, and since Harvey’s
discovery of the circulation we have learnt of innumerable others.
Everyone knows that the skin is continually being renewed by growth
from below, and very many other types of cell are similarly replaced;
for instance, red blood-cells last only for a few weeks in man. Even
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in the cells that are not completely destroyed and replaced, such as
the nerve-cells, there is continual very rapid change of the molecules
that make up their substance. The full extent of this exchange has been
shown by using isotopes to discover for how long individual atoms
remain in the body; the work of Schoenheimer (1942), which by this
means first clearly established the rapidity of the turnover, is a classic
of modern biology.

If the matter of the body is continually changing we cannot expect
to be able to describe the characteristics of life in terms of the proper-
ties of particular substances. Life is characterized by activities or
processes and by the particular molecules that are engaged. Different
types of life involve different processes, and each sort of life therefore
produces certain types of molecules and certain visible structures.
Specification of these chemical and visible units that we can abstract
from the living organism is at present our only means of studying the
system as a whole. We have to take our science as we find it, and as
yet we have no means of grasping the enormously complicated net-
work of activities that constitutes a single life. Throughout this book,
however, an attempt will be made to approach that end by use of
certain clues to help us to concentrate on significant features, to see
the rhythms or patterns common to the lives of the animals, and thus
to carry in mind many details. It is possible in this way to bring
together information collected by morphologists, geneticists, embryo-
logists, physiologists, biophysicists, and biochemists to give a single
view of the life of the organisms concerned. The task is admittedly a
hard one and the success achieved only. partial. Continually one slips
into the discussion and imagination of particular structures, substances,
or processes, forgetting the whole life. A detail of form or of chemical
composition attracts, and thus distracts, attention; perhaps it can
hardly be otherwise if we are to describe exactly. But it is surprising
how practice improves the powers of selecting and emphasizing those
patterns or details of knowledge that are significant for the study of
each life as a whole.

The first difficulty is to force oneself to remember all the time that a
living animal or plant system is in a continual state of change. When
making any observations, whether by dissection or with the micro-
scope, with a test-tube, oscillograph, or respirometer, it is necessary
continually to think back to the time when the tissue was active in the
- living body, and to frame the observation so that it shall reveal some-
thing significant of that activity. This means that every biologist must
know as much as possible of the life of the whole organism with which he



