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In conclusion, it must be pointed out that in order adequately

to solve the problems of Zoology they must be approached from

allsides. From the time of Cuvier to that of Owen comparative
anatomy was the dominant branch of the science, and-there was
a tendency to depreciate the work of the ‘mere’ systematist and
outdoor naturalist. For the last five and twenty years em-
bryology has been in the ascendant, and the ‘mere’ anatomist
has been somewhat overshadowed. To-day, hopeful signs of a
renewed interest in ethology—the study of living animals under
natural conditions—are accompanied by a tendency to look
upon all laboratory work as necrology rather than biology—the
study of corpses rather than of living things. But nothing is
more certain than that if the new ‘natural history’ is to be
superior to the old—more scientific, more concerned with the
solution of general problems—it can only be by utilising to the
full all that has been learnt in the laboratory in the departments
of anatomy, physiology and embryology. (Concluding paragraph,
Parker and Haswell, 1st ed., 1898.)



PREFACE

Haswell’. Many changes were made in Volume II by Forster-Cooper in

his Sixth Edition of 1940, but much of the original nineteenth-century
text has'nevertheless remained relatively unaltered. Consequently no apology
is offered for the almost complete revision that follows.

When the publishers invited ‘me to undertake the Seventh Edition they
were kind enough to give me a free hand. For a while I thought of altering
the whole scheme of the volume to one of my own devising. However, I
decided (like my immediate predecessor) against the disruption of the ‘general
plan of a text-book that has served well so many generations of students’.

In general I have attempted, within the limits of available space, to retain
basic morphology and yet at the same time emphasise functional aspects and,
where possible, present animals as living creatures rather than as laboratory
specimens. In this I have been helped by my wife, Jane Marshall, whose
otherwise unacknowledged pen-drawings are scattered through the text:
a collaboration, incidentally, that was responsible once or twice for minor
domestic dissension owing to the conflicting claims of art and accuracy.

An innovation in the present volume is the inclusion of the elements of a
classification under each illustration of a whole, or almost whole, animal.
This may help the student more or less painlessly to familiarise himself with
the animal’s systematic position. Some trouble too, has been taken to provide
a lavish cross-reference system so that comparative information can be found
quickly and without tediously repetitive consultation of the Index or Contents.

It was at first hoped to include an appendix on the principles (and pitfalls)
of systematics but there was no room for it. In any case, students can nowa-
days easily consult Mayr, Linsley and Usinger’'s Methods and Principles of
Systematic Zoology (1953) or Simpson’s The Principles of Classification and a
Classification of Mammals (1945). (The last-named is additionally noteworthy
in its lack of the solemnity that so many scientists believe to be indispensable
to good scholarship.) Today, with such books readily available, only
egotism or perversity, rather than ignorance, can be responsible for an extension
of the taxonomic morass into which so many groups have been thrust: an
unhealthy swamp that will need the labour of a century to remove.

The question of references has been one of some difficulty. Clearly it is
vii

I'r is now more than sixty years since the initial publication of ‘Parker and
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impossible to cite every source of information, most of which has been taken
from original papers. A compromise has been made. In the first place, key
references, leading to many others, have been included in the bibliography.
Where an authority has been cited personally in the text, the publication date
has been deliberately omitted. It is believed that it will provide a mild exer-
cise in ingenuity and bibliographic skill for the honours man to discover the
source from which he requires further information.

Another debatable point has been the appropriate amount of paleontology
that should be given in a text-book of zoology. Some of my colleagues are of
the opinion that there was already included rather too much information about
fossil forms. I believe, however, that it is impossible to gain a good general
understanding of living animals—either in form or function—without an
adequate appreciation of what is known of their ancestry. Therefore the
fossil sections have been expanded.

The elimination of Neoceratodus as the lung-fish ‘ type’, and the substitution
of Protopterus, needs brief explanation. The former is so rare, and rigidly
protected, that not even an Australian student can confidently hope ever to
dissect one. Living Protopterus, on the other hand, can be bought in unlimited
numbers in fish-markets over wide areas of Africa. Thus they are available
(for demonstration purposes at least) to university departments anywhere.
It may seem surprising, in this view, that Salmo is retained as the teleost
‘type’. However, there is émployed for the purpose today (in the many
countries where this book is used) such a wide diversity of bony fishes that any
new choice would have only limited and local value.

Had I not had my first systematic instruction in zoology and physiology
from students of Haswell, and made my first supervised dissections in the school
that he founded, I would never have essayed the present revision. Yet, once
begun, the task became surprisingly agreeable. It has been lightened by the
rigorous but kindly criticism of friends who read sections of the manuscript
dealing with subjects of their special interests. These are as follows:

E.C. Amoroso  A. J. E. Cave E. W. Knight-Jones D. L. Serventy
F. J. Aumonier  G. E. H. Foxon K. A. Kermack V. B. Sheffer
E. W. Baxter F. C. Fraser Dennis Lacy J. R. Simons
A. d’A. Bellairs P. H. Greenwood D. A. McDonald R. Strahan
Ruth Bellairs Frank Goldby J. D. Macdonald E. I. White

R. J. H. Brown I Griffiths N. B. Marshall H. P. Whiting
G. H. O. Burgess -R. W. Hayman J. A. C. Nichol
P. M. Butler William Holmes  H. K. Pusey

D. B. Carlisle C. Burdon-Jones W. D. L. Ride

_ If this edition is found to be deserving of any commendation, much of it is
properly due to them. Some rewrote special pieces, and a few, in addition,
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provided illustrations (below which acknowledgement is made). Almost all
drew my attention to errors or half-truths, including, I have to confess, a few
that T succeeded in introducing myself. On occasions, my benefactors dis-
agreed in a most stimulating way among themselves—principally on minor
matters of taxonomy and terminology—and so it is more than ever necessary
to add on their behalf the customary disclaimer concerning responsibility.
Nobody other than myself has seen more than a comparatively small part of
the manuscript.

It is a final pleasure to acknowledge the loan by the British Museum (Natural
History) of specimens for illustration, and the constant assistance given me
by the Library staffs of University College and, particularly, the Zoological
Society of London.

A. J. M.
Victoria
Australia 1960



ILLUSTRATIONS

SUB-PHYLUM ADELOCHORDATA

CLASS ENTEROPNEUSTA Balanoglossus, Whole animal, Fig. 1 (p. 6); in burrow, Fig. 2
(p. 7); median sagittal section, Fig. 3 (p. 8); branchial region, Fig. 4 (p. 9); development,
Fig. 5 (p. 12); Fig. 6 (p. 13); tornaria larva, Fig. 7 (p. 14).

- CLASS PTEROBRANCHIA Cephalodiscus, Colony, Fig. 8 (p. 15); zooid, Fig. 9 (p. 16);
visceral relationships, Fig. 10 (p. 17); Atubaria, Fig. 11 (p. 18); Rhabdopleura, Colony,
Fig. 12 (p. 18); male zooid and ceencecium, Fig. 13 (p. 19).

SUB-PHYLUM TUNICATA (UROCHORDATA)

CLASS ASCIDIACEA Ascidia, whole animal, Fig. 15 (p. 23); branchial sac, Fig. 16 (p. 24);
pharyngeal region, Fig. 17 (p. 24); circulation and reproduction, Fig. 18 (p. 25); nerve
ganglion and associated parts, Fig. 19 (p. 27); nervous system, Fig: 20 (p. 28). Ascidian
development: Figs. 21-25 (pp. 29-33). Composite ascidians: Botryllus, Fig. 26 (p. 35); a
colonial zooid, Fig. 27 (p. 35).

CLASS THALIACEA Doliolum, whole animal, Fig. 28 (p. 37); development, Figs. 29-30
(p- 38); asexual zooid, Fig. 31 (p. 39). Pyrosoma, Luminous colony, Fig. 32 (p. 40); colonial
individuals, Fig. 33 (p. 40). Salpa, Asexual form, Fig. 34 (p. 41); oozoid, Fig. 35 (p. 42);
nervous system, Fig. 36 (p. 43); development, Fig. 37 (p. 43)-

CLASS LARVACEA Oikopleura, Animal in ‘house’, Fig. 38 (p. 45); Appendicularia,
visceral relationships, Fig. 39 (p. 45).

SUB-PHYLUM ACRANIA
CLASS CEPHALOCHORDATA Branchiostoma (Amphioxus), Whole animal in sand, Fig. 40
(p. 48); ventral and lateral veins, Fig. 41 (p. 48); visceral relationships, Fig. 42 (p. 50); general
anatomy, Fig. 43 (p. 51); pharyngeal region, Fig. 44 (p. 54); blood vascular system, Fig. 45 (p.
55); nephridium, Fig. 46 (p. 56); solenocytes, Fig. 47 (p. 57); nervous system, Fig. 48 (p.
58); development Figs. 49-56 (pp. 60-66).

SUB-PHYLUM CRANIATA (VERTEBRATA)

Introductory Examples: General and Skeletal. ‘ Ideal’ vertebrate, external view, Fig. 57
(p, 79); epidermis, Fig. 58 (p. 82); placoid scale, Fig. 59 (p. 83); cosmoid scale, Fig. 6o (p. 83);
ganoid scale, Fig. 61 (p. 84); myomere patterns, Fig. 62 (p. 86); visceral relationships, Fig. 63
(p- 87); vertebral column in embryo, Fig. 64 (p. 89); segmentation, Fig. 65 (p. 89); cranial
elements in embryonic Salmo, Fig. 66 (p. 90); cartilaginous skull, Fig. 67 (p. 92); bony skull,
Fig. 68 (p. 95); pelvic fins, Fig. 69 (p. 98); pectoral fins, Fig. 70 (p. 99); tetrapod girdles,
manus, and pes, Fig. 71 (p. 100); dermal and buccal armour; placoid scale and teeth, Fig. 72
(p. 103).
Respiratory System. Pharyngeal region, including branchiogenic organs, Fig. 73 (p. 106);
pulmonary lobule, Fig. 74 (p. 107); lungs and swim-bladder, Fig. 75 (p. 108).
Blood-vascular System. In fishes, Fig. 76 (p. 100); course of circulation, Fig. 77 (p. 110);
circulation in embryonic air-breather, Fig. 78 (p. 113); cardiac circulation in amphibian and
crocodile, Fig. 79 (p. 114); relationship of blood and lymph capillaries, Fig. 8o (p. 116).
Nervous System and Special Senses. Brain and proximal part of cord during development and
maturity, Fig. 81 (p. 118); autonomic system, Fig. 82 (p. 119); sympathetic and spinal nerves
and cord, Fig. 83 (p. 120); fibre, *‘motor end-plate and muscle, Fig. 84 (p. 121); cord and con-
stituent structures, Fig. 85 (p. 123): cranial and anterior spinal nerves, Fig. 86 (p. 129); lateral-
line system in bony, Fig. 87 (p. 136) and cartilaginous fishes, Fig. 88 (p. 137); nasal and buccal
cavity in various vertebrates, Fig. 89 (p. 138); eye (macroscopic structures), Fig. 9o (p. 139);
retinal structures, Fig. o1 (p. 140); orbit, Fig. 92 (p. 143); audio-equilibration: evolutionary
stages, Fig. 03 (p. 144); semi-circular canals and lagena, Fig. 94 (p. 145).

Xvi
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Endocrine System. Hypothalamico-hypophysial relationships, Fig. 95 (p. 149); hypophysial
arrangements, Fig. 96 (p. 150); secretory apparatus of testis, Fig. 97 (p. 152).

Urinogenital System. Development and relationships, Fig. 98 (p. 153); kidney circulation
and disposal, Fig. 99 (p. 154); nephron, Fig. 100 (p. 155); and probable stages of evolution,
Fig. 101 (p. 157); development, Fig. 102 (p. 161).

SUPER-CLASS AGNATHA

CLASS EUPHANERIDA Jamoytius, Fig. 103 (p. 167).
CLASS HETEROSTRACI Pteraspis, Fig. 104 (p. 168); Drepanaspis, Fig. 105 (p. 170).
CLASS ANASPIDA Rhyncholepis, Fig. 106 (p. 171).

CLASS OSTEOSTRACI Hemicyclaspis, Fig. 107 (p. 171); Kiaeraspis, cranial anatomy, Fig.
108 (p. 173); Lanarkia, Fig. 109 (p. 174).

CLASS CYLOSTOMATA Petromyzon, whole animal, Fig. 110 (p. 175); buccal funnel, Fig. 111
(p. 177); integumental and epidermal cells of Myxine and fishes, Figs. 112-113 (pp. 178-
179); Petromyzon, trunk region, Fig. 114 (p. 180); skull; Fig. 115 (p. 181); skull and branchial
basket in adult, Fig. 116 (p. 182); skull during metamorphosis, Fig. 117 (p. 182); ‘head region,
Fig. 118 (p. 183) ;" Ammocoete (Geotria), head region, Fig. 119 (p. 186); Petromyzon, brain,
Fig. 120 (p. 188); olfactory and naso-hypophysial ducts, Fig. 121 (p. 189); development, Fig.
122 (p. 190); Lampetra, eye and adjacent structures, Fig. 123 (p. 191); Petromyzon,
cloacal region, Fig. 125 (p. 193); development, Fig. 126 (p. 195); Lampeira: development,
Fig. 127 (p. 196); Myxine and Bdellostoma, anterior regions, Fig. 128 (p. 198); Mywine,
skeletal and visceral structures, Fig. 129 (p. 199); skull of adult, Fig. 130 (p. 200); of embryo,
Fig. 131 (p. 201); membranous labyrinth, Fig. 132 (p. 202).

SUPER-CLASS GNATHOSTOMATA

CLASS PLACODERMI Dinichthys, whole animal, Fig. 133 (p. 206); Climatius, head, Fig.
134 (p. 207); Diplacanthus, pectoral girdle, Fig. 135 (p. 208); Acanthodes, skull, Fig. 136
(p. 209); head region, Fig. 137 (p. 210); Coccosteus, skeleton, Fig. 138 (p. 211); Macro-
petalichthys, skeleton, Fig. 139 (p. 212); head and pectoral shield of Lunaspis and Macro-
petalichthys, Fig. 140 (p. 213); Macropetalichthys, pectoral girdle, Fig. 141 (p. 213);
Pterichthyodes, skeleton, Fig. 142 (p. 214); Bothriolepis, whole animal, Fig. 143 (p. 215);
Gemuendina, whole animal, and trunk, Figs. 144-145 (pp. 216-217); Paleospondylus
skeleton, Fig. 146 (p. 218).

CLASS ELASMOBRANCHII Carcharodon, jaws and teeth, Fig. 147 (p. 220); Cladoselache,
whole animal, Fig. 148 (p. 223); Clenacanthus, whole animal, Fig. 149 (p. 223); Pleura-
canthus, skeleton, Fig. 150 (p. 224); Heterodontus, whole animal, Fig. 151 (p. 225); denti-
tion, Fig. 152 (p. 226); Chlamydoselachus, Fig. 153 (p. 227); Pristis and Aetobatis
illustrating adaptation and radiation, Fig. 154 (p. 228).

Example of Class: Dogfish. Whole animal, Fig. 155 (p. 229) ; vertebral column, Fig. 156 (p. 231);
skull and visceral arches, Fig. 157 (p. 232); visceral arches, Fig. 158 (p. 234); pectoral arch and
fin, Fig. 159 (p. 235); pelvic arch and fin, Fig. 160 (p. 236); visceral structures, Fig. 161 (p. 238);
Respiration and circulation: branchial sac, Fig. 162 (p. 239); head and branchial circulation,
Fig. 163 (p. 240); general circulation, Fig. 164 (p. 242); Nervous system: brain, Fig. 165
(p. 244); brain ventricles, Fig. 166 (p. 246); brain and spinal nerves, Fig. 167 (p. 247); dorsal
root cranial nerves, Fig. 168 (p. 248). Endocrine and urinogenital elements: adrenal, Fig. 169
(p. 252); male and female urinogenitalia, Fig. 170 (p. 253); kidney and urinary sinus of female,
Fig. 171 (p. 254); egg-case of dogfish, Fig. 172 p. 254).

SUB-CLASS BRADYODONTI Representative whole animals, Fig 173 (p. 257); Chimera,
vertebral column, Fig. 174 (p. 259); skull, Fig. 175 (p. 260). Catlorhynchus, skull, Fig. 176
(p. 261); brain, Fig. 177 (p. 262); urinogenital system, Fig. 178 (p. 263); embryo within egg,
Fig. 179 (p. 264). _

General Organisation of Elasmobranchii. Skeletal structures: Seymmnorhinus, spinal column,
Fig. 180 (p. 267); Urolophus, endoskeleton, Fig. 181 (p. 268); Hepiranchias, skull, Fig. 182
(p. 269). Torpedo, Electric organs, Fig. 183 (p. 271); Carcharodon, Mechanism of eye
accommodation, Fig. 184 (p. 273); Cetorhinus, Urinogenital system, Fig. 185 (p. 277);
development, Figs. 186-190 (pp. 279—281).

CLASS OSTEICHTHYES SUPER-ORDER CHONDOSTREI Paleoniscus, whole animal and
skeleton, Fig. 191 (p. 286); Helichthys, whole animal and skeleton, Fig. 192 (p. 287); Aci-
penser, whole animal, Fig. 193 (p. 288); pre-caudal vertebra, Fig. 194 (p. 289). Chondros-
teus, skull and pectoral girdle, Fig. 195 (p. 289); Polypterus, whole animal, Fig. 196 (p. 290);
SUPER-ORDER HOLOSTEI. Dapedius, whole animal, Fig. 197 (p: 291); Lepisosteus, whole
animal, Fig. 198 (p. 292); Amia, whole animal, Fig. 199 (p. 203). SUPER-ORDER TELEOSTEI,
Leptolepis, whole animal and skull, Fig. 200 (p. 294).
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Example of Sub-class: Salmo fario, Trout. Whole animal, Fig. 201 (p. 296); Tilapia,
whole animal and parental care, Fig. 202 (p. 297); Salmo, vertebre, Fig. 203 (p. 301).
Teleostei, caudal skeleton, Fig. 204 (p. 302); skull and relationship with pectoral girdle, Fig.
205 (p. 304); Salmeo, skull of juvenile, Fig. 206 (p. 307); dermal fin-ray and its supports,
Fig. 207 (p. 307); pectoral girdle and fin, Fig. 208 (p. 308); pelvic fin and skeleton, Fig 209
(p. 309); skeletal and visceral relationships, Fig. 210 (p. 310); brain and cranial nerves,
Fig. 211 (p. 313); brain and adjacent structures, Fig. 212 (p. 314); Teleostei, eye and optic
nerve, Fig. 213 (p. 316); Salmo, audio-equilibration, Fig. 214 (p. 317); kidney and ad-
jacent structures, Fig. 215 (p. 318); development, Figs. 216-217 (p. 319).

General Organisation of Actinopterygians.—Teleostei, optic adaptation, Fig. 218 (p, 322); exo-
skeletal and reproductive adaptations, Fig. 219 (p. 323); bioluminescence and angling mech-
anisms, Fig. 220 (p. 324); morphogenetic adaptation to bottom-living, Fig. 221 (p. 326); bio-
luminescence in Argyropelecus, Fig. 222 (p. 328); tactile and other specialisations, Fig. 223
(p. 328); Actinopterygian scales (cycloid and ctenoid), Fig. 224 (p. 329). Acipenseroidea,
skull, Fig. 225 (p. 330); Polypterini, skull, Fig. 226 (p. 331). Teleostei, deglutition specialisa-
tions, Fig. 227 (p. 332); Polypterini, fins, Figs. 228-229 (p. 333); Teleostei, electric organs,
Fig. 230 (p. 334): dental specialisation in Sargus, Fig. 231 (p. 336); extra-branchial respir-
ation in Clarias, Fig. 232 (p. 338); in Anabas, Fig. 233 (p. 339). Holostei, swim-bladder
in Lepisosteus, Fig. 234 (p. 340). Teleostei, swim-bladder and audio-equilibration in a cyp-
rinoid, Fig. 235 (p. 341); gas gland, oval and blood supply, Fig. 236 (p. 342). Holostei, brain,
Fig. 237 (p. 344); Teleostei: brain and labyrinth, Fig. 238 (p. 345). Holostei: urinogenital
systems, Figs. 239-240 (p. 348); Teleostei: ectoparasitism and reproduction, Fig. 241 (p.
350); viviparity, Fig. 242 (p. 351); Holostei, development, Fig. 243 (p. 353).

SUB-CLASS CROSSOPTERYGII

Order Rhipidistia: Osteolepis, whole animal and skull, Fig. 244 (p. 355); Undina, whole
animal, Fig. 245 (p. 357); Latimeria, whole animal, Fig. 246 (p. 358); head and sensory
organs, Figs. 247-248 (p. 359)-

Order Dipnoi: Lung-fishes, whole animals and distribution, Fig. 249 (p. 361); Dipterus,
whole animal, Fig. 250 (p. 363).

Example of Sub-class.—Protopterus cethiopicus, whole animal, Fig. 251 (p. 365); skull,
shoulder girdle, and fin, Fig. 252 (p. 367); Dentition, Fig. 253 (p. 368); alimentary canal and
associated structures, Fig. 254 (p. 369); lung cf. that of Polypterus, Fig. 255 (p. 371); blood
vascular and respiratory systems, Fig. 256 (p. 372); visceral relationships, Fig. 257 (p. 373);
brain, Fig. 258 (p. 374); @stivation, Fig. 259 (p. 375); urinogenital system, Fig. 260 (p. 376);
development, Figs. 261-262 (pp. 377-378).

CLASS AMPHIBIA Fish/amphibian transition: shoulder girdle and fore-limb, Fig. 263 (p.
382).

Example of Class: Rana, endoskeleton, Fig. 264 (p. 392); bony skull, Fig. 265 (p. 393);
cartilaginous skull of tadpole, Fig. 266 (p. 394); pectoral girdle, Fig. 267 (p. 397); pelvic
girdle, Fig. 268 (p. 308); musculature, Fig. 269 (p. 399); visceral relationships, Fig. 270 (p.
401); abdominal viscera, Fig. 271 (p. 402); cardiac anatomy and circulation, Fig. 272 (p. 405?;
arterial system, Fig. 273 (p. 406); venous system, Fig. 274 (p. 408); brain, pituitary and
cranial nerves, Fig. 275 (p. 411); eye and optic nerve, Fig. 276 (p. 413); urinogenital system,
Figs. 277-278 (pp. 416—417); development, Fig. 279 (p. 419).

SUB-CLASS APSIDOSPONDYLI

Labyrinthodontia: tooth, Fig. 280 (p. 422); skulls and vertebra, Fig. 281 (p. 422); Ichthyo-
stega, whole animal, Fig. 282 (p. 423); cranium, Fig. 283 (p. 424); Paracyclotosaurus,
whole animal, Fig. 284 (p. 425); skulls of Paleeogyrinus and the fish Osteolepis showing
evidence of fish/amphibian transition, Fig. 285 (p. 427); Seymouria, illustrating mosaic
evolution, Fig. 286 (p. 429).

SUB-CLASS LEPOSPONDYLI

‘ Horned ' skull, and characteristic vertebra, Fig. 287 (p. 431); Ophiderpeton, skeleton, Fig.
288 (p. 431); Order Urodela: Andrias, Witness of the Deluge, Fig. 289 (p. 432); permanent
larve, Fig. 290 (p. 433); Salamandra salamandra, Fig. 2901 (p. 434). Order Apoda: Cephalic
and genital structures of Ceecilia, Fig. 292 (p. 434).

General Organisation of the Amphibia.—Urodela: chondrocranium of Proteus, Fig. 203 (p.
438); skull of Salamandra atra, Fig. 204 (p. 439); Apoda: skull of Ichthyophis, Fig. 295
(p- 440); Urodela: shoulder girdle and sternum, Fig. 296 (p. 441); pelvic girdle, Fig. 297 (p.
442); Anura; vocal apparatus, Fig. 298 (p. 443); Urodela: circulation and respiration, Fig,
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299 (p. 445); venous system, Fig. 300 (p. 446); vibration exteroception, Fig. 301 (p. 448);
Anura: lateral line in Xenopus, Fig. 302 (p. 449); melanophores in Xenopus, Fig. 303 (p.
450); Urodela: urinogenitalia, Figs. 304-305 (PP. 450—451); Anura: amplexus and parental
care in Gastrotheca marsupiata, Fig. 306 (p. 453); ovoviviparity and pseudo-placentation
in Pipa dorsigera, Figs. 307-308 (pp. 454—455); Apoda: reproduction and development in
Ichthyophis, Fig. 309 (p. 456).

CLASS REPTILIA

Skeleton of anapsid ‘ stem-reptile ’, Labidosaurus, Fig. 310 (p. 458).

Example of Class: Lacerta, vertebra, Fig. 311 (p. 463); pectoral arch and sternum, Fig. 312,
(p. 465); skull, Fig. 313 (p. 466); carpus, Fig. 314 (p. 469); pelvis, Fig. 315 (p. 470); tarsus,
Fig. 316 (p. 471); visceral relationships, Figs. 317-318 (pp. 472—473); heart and large vessels,
Fig. 319 (p. 475); cardiac structure and circulation, Fig. 320 (p. 476); brain and cranial nerves,
Fig. 321 (p. 479); brain and hypophysis, Fig. 322 (p. 480); audio-equilibration, Fig. 323 (p.
481); urinogenitalia, Figs. 324-325 (pp. 482—483); skull structure of reptiles, Fig. 326 (p. 484).

SUB-CLASS ANAPSIDA
Chelonia, whole animal, Fig. 327 (p. 487).

SUB-CLASS ICHTHYOPTERYGIA Ophthalmosaurus, whole animal, Fig. 328 (p. 490); loco-
motory specialisations, Fig. 329 (p. 491).

SUB-CLASS SYNAPTOSAURIA Elasmoesaurus, whole animal, Fig. 330 (p. 493).

SUB-CLASS LEPIDOSAURIA Rhynchocephalia, Sphenodon, whole animal, Fig. 331 (p.
496); Squamata, Crotalus, whole animal, Fig. 332 (p.-498).

SUB-CLASS ARCHOSAURIA Crocodylua, Fig. 333 (p. 500); Rhamphorhynchoidea, skull and
teeth, Fig. 335 (p. 504): Saurischia and Ormithischia: Representative dinosaurs, Fig. 336
(p- 505); pelvic structure, Fig. 337 (p. 506); Saurischia, axial skeleton of Tyrannosaurus,
Fig. 338 (p. 506); respiratory adaptations in dinosaurs, Fig. 339 (p. 508); Ornithischia, endo-
skeleton of Iguanodon, Fig. 340 (p. 509); dentition in unrelated herbivores, Fig. 341 (p.
510); brain, hypophysis and spinal enlargements in Stegosaurus, Fig. 342 (p. 511).

SUB-CLASS SYNAPSIDA Pelycosauria; Dimetrodon, whole animal, Fig. 343 (p. 512); Eda-
phosaurus, vertebral spine, Fig. 344 (p. 513); Therapsida, Kannemeyeria, skeleton, Fig. 345
(p. 514); pectoral girdle, Fig. 346 (p. 515). Cynodontia, skull, Fig. 347 (p. 516); Gorgonopsia,
skull, F)lg 348 (p. 516); Lycenops, whole animal, Fig. 349 (p. 517); Ictidosauria, skull, Fig. 350
(p- 517

General Organisation of Recent Reptilia: Lacertilia, arboreal specialisation in Chameeleon;
Fig. 351 (p. 519); Fossorial specialisations in legless lizard, Pygopus, Fig. 352 (p. 520);
Sphenodon, vertebre, Fig. 353 (p. 524); Python, vertebre, Fig. 354 (p. 524); Crocodylus
and Sphenodon, endoskeleton, Figs. 355-356 (p. 525); Crocodylus, vertebrz, Fig. 357 (p.
526); Chelonia, exo- and endo-skeleton, Figs. 358-359 (p. 527); Natrix, skull, Fig. 360 (p.
528); Sphenodon, skull, Fig. 361 (p. 529); Chelonia, skull, Fig. 362 (p. 530); Crocodylus,
skull of adult and juvenile, Figs. 363-364 (p. 531); Chelonia, tarsus, Fig. 365 (p. 532); Alli-
gator, carpus, Fig. 366 (p. 532); pelvis, Fig. 367 (p. 533); Crocodylus, Fig. 368 (p. 533);
Crotalus, rattlesnake fangs, poison apparatus, Figs. 369-370 (pp. 534-535); Elapid dental
specialisations, Fig. 371 (p. 536); Crocodylus, heart and great vessels, Fig. 372 (p. 542);
Alligator, brain and cranial nerves, Fig. 373 (p. 543): Lacertilia, vomeronasal organ, Fig. 374
(p- 544); Squamata, comparison of lacertilian and ophidian eye, Fig. 375 (p. 545); Sphenodon
pineal apparatus, Fig. 376 (p. 546); Crotalinee, special senses, Fig. 377 (p. 547): Ophidia,
bilateral copulatory organs, Fig. 378 (p. 550); Alligator, development, Fig. 379 (p. 552);
Lacerta, development, Fig. 380 (p. 553).

CLASS AVES.
Epigamic plumage, Fig. 381 (p. 561); sexual and aggression display, Fig. 382 (p. 562).
Example of Class: Columba livia, Fig. 383 (p. 566); contour feather, Fig. 384 (p.'568); down-
feather and its formation, Fig. 385 (p. 570); pterylosis, Fig. 386 (p. 571); internal strutting and
pneumatism in bone, Fig. 387 (p. 572); endoskeleton, Fig. 388 (p. 572); cervical vertebra, Fig.
389 (p. 573); synsacrum, Fig. 390 (p..574); skull, Fig. 301 (p. 575): Neornithes, skull, Fig. 302
(p- 576); hyoid apparatus, Fig. 393 (p. 576); columella, Fig. 394 (p. 577); fore-limb, Fig. 395
- (p. 577); manus, Fig. 396 (p. 578); pelvic girdle, Fig. 397 (p. 578); hind-limb, Fig. 398 (p. 579);
pes, Fig. 399 (p. 580); musculature, Fig. 400 (p. 581); visceral relationships, Fig. 401 (p. 584);
trachea, bronchi, and lungs, Fig. 402 (p. 586); air-sac relationships, Fig. 403 (p. 587); lungs and
air-sacs, Fig. 404 (p. 588); heart and large vessels, Fig. 405 (p. 589); blood vascular system;
Fig. 406 (p. 590); brain and cranial nerves, Fig. 407 (p. 592); brain, Fig. 408 (p. 593); eye,
Fig. 409 (p. 594) ;- audio-equilibration, Fig. 410 (p. 595); male urinogenitalia, Fig. 411 (p 596),
female urinogenitalia, Fig. 412 (p. 596); cloacal region, Fig. 413 (p. 597).
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SUB-CLASS ARCHZEORNITHES

Archeeopteryx (and the reptile Rhainphorhynchus, Fig. 414 (p. 599); Archeopteryx
(Berlin specimen in situ), Fig. 415 (p. 60oo); skull, Fig. 416 (p. 60o1); manus, Fig. 417 (p. 601).

SUB-CLASS NEORNITHES

Hesperornis and Ichthyornis, Fig. 418 (p. 603); skeletons, Figs. 419-420 (pp. 60“—605);
Dinornis and Apteryx, Fig. 421 (p. 608); Eudromia (Tinamu), Fig. 422 (p. 609); Ap-
tenodytes and parental care, Fig. 423 (p. 611); Map: adaptation and geographical distribu-
tion, Fig. 424 (p. 612); Diatryma, Fig. 425 (p. 616).

General Organisation of Neornithes: Rostral and associated specialisations, Fig. 426 (p. 621);
clawed wings of, Opisthocomus, Fig. 427 (p. 622); pedal specialisations, Fig. 428 (p. 623);
adaptation to lily lagoons, Fig. 429 (p. 624); toilet comb (of bittern, Botaurus, Fig. 430 (p.
625); Casuarius, feather construction, Fig. 431 (p. 627); avian sternum and pectoral articula-
tion, Fig. 432 (p. 629); Apteryx, skull, Figs. 433—434 (pp. 630-631); Anas, skull, Fig. 435
(p- 631); Psittacidee, cranio-facial hinge, Fig. 436 (p. 632); Apteryx, shoulder girdle, Fig. 437
(p. 633); avian embryonic fore-limb showing digits, Fig. 438 (p. 634); Apteryx, pelvic girdle,
Fig. 439 (p. 634); hind-limb and pes, Fig. 440 (p. 635); Cecinus (woodpecker), feeding
specialisations, Fig. 441 (p. 636); Collocalia (swiftlet), salivary glands, Fig. 442 (p. 637);
Grus (crane), vocal specialisations, Fig. 443 (p. 638); Cyanochen (goose), vocal specialisations,
Fig. 444 (p. 639); Botaurus (bittern), adaptation to reed-beds, Fig. 445 (p. 641); avian tactile
bristles, Fig. 446 (p. 643); development, Figs. 447-45T1 (pp. 646-650).

CLASS MAMMALIA

Example of Class: Oryctolagus cuniculus (Rabbit). Vertebrz, Fig. 452 (p. 656); skull, Figs.
453—-454 (pp. 658-659); jaw musculature, Fig. 455 (p. 662); fore-arm and carpus, Fig. 456 (p.
664); sacrum, Fig. 457 (p. 665); pes, Fig. 458 (p. 666); head, neck, and thorax, Fig. 459 (p.
667); nasal region, Fig. 460 (p. 668); visceral relationships, Fig. 461 (p. 669); heart and great
vessels, Fig. 462 (p. 671); blood vascular system, Fig. 463 (p. 673); cardiac region and thor-
acic duct (of Homo), Fig. 464 (p. 676); larynx, Fig. 465 (p. 677); thoracic relationships, Fig.
466 (p. 677); brain, Figs. 467—468 (pp. 678-679); urinogenitalia, Fig. 469 (p. 684); internal
genitalia of female, Fig. 470 (p. 685); placentation, Fig. 471 (p. 686).

SUB-CLASS PROTOTHERIA

Priacodon, skull, Fig. 472 (p. 687); Ornithorhynchus, whole animal in habitat, Fig. 473
(p. 689); Tachyglossus, whole animal in habitat, Fig. 474 (p. 600); Owrnithorhynchus,
cephalic anatomy, Fig. 475 (p. 691); buccal apparatus, Fig. 476 (p. 691); manus and pes, Fig.
477 (p. 692); poison apparatus, Fig. 478 (p. 693); eggs, Fig. 479 (p. 693); mammary glands,
cloaca and tail, Fig. 480 (p. 694); dentition, Fig. 481 (p. 695): Tachyglossus, cephalic anatomy,
Fig. 482 (p. 695); manus and pes, Fig. 483 (p. 696); Ornithorhynchus, endoskeleton, Fig. 484
(p. 697); Tachyglossus, skull, Fig. 485 (p. 698); Ornithorhynchus, scapula, Fig. 486 (p.
699); Tachyglossus, female urinogenitalia, Fig. 487 (p. 700); reptilian and monotreme
affinities shown in male urinogenitalia, Fig. 488 (p. 701).

SUB-CLASS ALLOTHERIA
Order Multituberculata: Teniolabidice, skull, Fig. 489 (p. 702).

SUB-CLASS THERIA
Order Dryolestoidea: Amphitherium, lower jaw, Fig. 490 (p. 703).

‘M&p: animal distribution, continental connections, Fig. 491 (p. 705); Map: faunal regions,
Fig. 492 (p. 706).
Order Marsupialia: Tree-kangaroo, Dendrolagus, Fig. 4903 (p. 707); Water Opossum,
wChironectes, Fig. 494 (p. 711); Tiger ‘Cat’, Dasyurops, Fig. 495 (p. 713); Tasmanian
‘ Wolf’, Thylacinus, Fig. 496 (p. 714); Marsupial * Mole ’, Notoryctes, Fig. 497 (p. 715);
Pygmy Glider, Acrobates, Fig. 498 (p. 717); Diprotodon, skeleton, Fig. 499 (p. 718); Noto-
therium, skull and dentition, Fig. 500 (p. 718); Thylacoleo, skull, Fig. so1 (p. 718); Kan-
garoo, Macropus, atlas, Fig. 502 (p. 719); skeleton, Fig. 503 (p. 720); Wombat, Phascolomys,
skull, Fig. 504 (p. 720); Marsupial ‘ Cat ’; Dasyurus, skull, Fig. 505 (p. 721); Rock Wallaby,
Petrogale, skull, Fig. 506 (p. 721); Possum, Trichosurus, hind-leg and pes, Fig. 507 (p.
722) ; Maeropus, pes, Fig. 508 (p. 723).
Order Lipotyphla: Solenodon, Fig. 509 (p. 728); Golden Mole, Chrysochloris, Fig. 510 (p.
729); Tenrec, Centetes, skull, Fig. 511 (p. 730); Mole, Talpa, sternum and girdle, Fig. 512
(p. 730); fore-arm and manus, Fig. 513 (p. 731). A
Ol'd)er Menotyphla: Tree-shrews, Tupaia, Fig. 514 (p. 732); Ptilocercus, skull, Fig. 515 (p.
733)-
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Ordér Primates: Lemur, Fig. 516 (p. 737); skull and dentition, Fig. 517 (p. 738); Pero-
dicticus, Fig. 518 (p. 739); Tarsius, Fig. 519 (p. 740); skull and dentition, Fig. 520 (p. 741);
faces of Platyrrhine (Ateles) and Catarrhine (Macaca) compared, Fig. 521 (p. 742); Gorilla,
Fig. 522 (p. 745); jaw structures of Gorilla and Homo compared, Fig. 523 (p. 746); Homo,
skull, Fig. 524 (p. 749); skeletons of Homeo and Hylobates compared, Fig. 525 (p. 751);
Papio, carpus, Fig. 526 (p. 752); Feet of Homo, Gorilla and Pongo, Fig. 527 (p. 753).

Order Dermoptera: Colugo, Cynocephalus, Fig. 528 (p. 754).

Order Chiroptera. Fruit-bats, Pleropus Fig. 529 (p. 755); feeding adaptations of Micro-
chiroptera, Fig. 530 (p. 757); Pteropus, skeleton, Fig. 531 (p. 759). )
Order Edentata: Fairy Armadillo, Chlamyphorus, Fig. 532 (p- 762); Three-banded armadillo
Tolypeutes, Fig. 533 (p. 763); defensive mechanism, Fig. 534 (p. 764); Glyptodon, skeleton,
Fig. 535 (p. 764); Mylodon, skeleton, Fig. 536 (p. 765); Anteaters, Myrmecophaga, Fig. 537
(p. 766) and Tamandua, Fig. 538 (p. 767); Three-toed sloth, Bradypus, Fig. 539 (p. 768);
whole skeleton, shoulder girdle, manus, pes, skull, Figs. 540-544 (pp. 769-770); Dasypus,
skull, Fig. 545 (p. 770); Myrmecophaga, skull, Figs. 546-547 (pp. 770-771); Dasypus,
shoulder-girdle, Fig. 548 (p. 771); pelvis and sacrum, Fig. 549 (p. 772).

Order Pholidota. Pangolin, Manis, Figs. 550-551 (p. 773).

Order Rodentia. Rattus, jaw musculature, Fig. 552 (p. 776); Molar dentition in rodents,
Fig. 553 (p- 777)-

Order Cetacea: Whale-bone (Balenoptera) and toothed (Owrcinus) whales, Fig. 554 (p.
780); skull of Protocetus, Fig. 555 (p. 782); Basilosaurus, skeleton; Fig 556 (p. 782);
evolution of blow-hole, Fig. 557 (p. 782); Neobalena, baleen and tongue sieve mechanism,
Figs. 558-559 (pp. 785-786) ; Baleena, vertebre, Fig. 560 (p. 786) ; porpoise, Phocena, skeleton,
Flg 561 (p. 787); Bal®noptera, sternum, Fig. 562 (p. 788); dolphin, Globicephala, skull,
Fig. 563 (p. 788); hyperphalangy, Fig. 564 (p. 789).

Order Carnivora: Creodont and fissipede dentition compared, Fig. 565 (p. 793); Dentition in
modern carnivores, Fig. 566 (p. 794); Cheetah, Acinonyz, Fig. 567 (p. 795); dentition of
Sabre-tooth (Smilodon) and true Cat (Metailurus) compared, Fig. 568 (p. 796); Seal, Phoca,
skeleton, Fig. 569 (p. 798); Canis, dog, skull, Fig. 570 (p. 799); Felis, tiger, auditory bulla,
Fig. 571 (p. 799); Ursus, bear, auditory bulla, Fig. 572 (p. 800); carpus, Fig. 573 (p. 800).
Order Condylarthra: Hyopsodus, skull, Fig. 574 (p. 802); Phenacodus, Fig. 575 (p. 803).
Order Tubulidentata: Aardvark, Orycteropus, Fig. 576 (p. 804).

Order Litopterna: Diadiaphorus, Fig. 577 (p. 805).

Order Notoungulata: Toxodon, jaw, Fig. 578 (p. 806); Homalodotherium, skeleton, Fig. 579
(p. 806).

Order Astrapotheria: Astrapotherium, skeleton, Fig. 580 (p. 807).

Order Hyracoidea: Rock Hyrax, Procaviae, Fig. 581 (p. 809); skull and dentition, Fig. 582
(p- 810).

Order Embrithopoda: Arsinoitherium, Fig. 583 (p. 811).

Order Proboscidea: Hairy mammoth, Elephas, Fig. 584 (p. 812); Loxodonta, African
elephant, skull pneumatisation, Fig. 585 (p. 813); Moeritherium, skull and dentition, Fig.
586 (p. 814); Paleeomastodon, skull and dentition, Fig. 587 (p. 815); Deinotherium, Fig.
588 (p. 816); skull and dentition, Fig. 589 (p. 817); Dentition of African (Loxodonta) and
Indian (Elephas) elephants compared, Fig. 590 (p. 817).

Order Pantodonta. Coryphodon, Fig. 591 (p. 818).

Order Dinocerata. Uintatherium, Fig. 592 (p. 819); dentition of Uintatheriida, Fig. 593
(p. 820).

Order Sirenia: Manatee, Trichechus, Fig. 504 (p. 821); Dugong, skeleton, Fig. 505 (p. 822);
Trichechus, skull and dentition, Fig. 596 (p. 823).

Order Perissodactyla: Phylogeny and distribution of horses (Equida), Fig. 507 (p. 827); limbs
and teeth, Fig. 508 (p. 828); Brentops, Fig. 599 (p. 832); Tapirus, and young, Fig. 600 (p.
834); Baluchitherium, Fig. 601 (p. 835).

Order Artiodactyla: Hippopoiamus, Fig. 602 (p. 838).

General Organisation of Mammalia: Hair, Fig. 603 (p. 841); tactile vibrissz, Fig. 604 (p. 842);
hair-tracts, Fig. 605 (p: 843); claw structure, Fig. 606 (p. 845); pes of Tarsius, Fig. 607 (p.
846); cutaneous glands and olfactory signals, Fig. 608 (p. 847); territory establishment in
Ungulata, Fig. 609 (p. 848); mammalian skull (relationships of principal bones), Fig. 610 (p.
852); tympanic structure, Fig. 611 (p. 853); hyoid apparatus, Fig. 612 (p. 854); cranial modi-
fications, Fig. 613 (p. 855); primitive plantigrade limbs of Carnivora, Fig. 614 (p. 857); con-
vergence in cursorial adaptations, Fig. 615 (p. 858); paraxonic carpus and tarsus, Fig. 616
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(p. 859); mammalian limb structures, Figs. 617-624 (pp. 860-861); tooth structure, Fig. 625
(p. 863); deciduous and permanent dentition of Canis, Fig. 626 (p. 864); Homodont dentition
of dolphins (in Lagenorhynchus), Fig. 627 (p. 865); marsupial dentition (in Perameles),
Fig. 628 (p. 865); Cope-Osborn theory of tritubercular origin of molars, Fig. 629 (p. 866);
skull and dentition of Phascolarcios, Fig. 630 (p. 869); dentition of Macropus, Fig. 631
(p- 870); skull and dentition in Sarcophilus, Fig. 632 (p. 870); dentition of Didelphys, Fig.
© 633 (p. 871); dentition of Orycteropus, Aardvark, Fig. 634 (p. 871); dentition of Sus, pig,
Fig. 635 (p. 872); skull and dentition of Equus, horse, Fig. 636 (p. 873); feetal jaw and téeth of
Right Whale, Bale®noptera, Fig. 637 (p. 874); pharyngeal region of Man, Fig. 638 (p. 877);
rumination and digestion in Eutherians, Fig. 639 (p. 878); marsupial digestion, Fig. 640 (p. 879);
brain of Tachyglossus (Spiny Ant-eater), Petrogale (Rock Wallaby), Ornithorhynchus,
(Platypus) Macropus (Kangaroo), Kogia (Whale), Figs. 641-646 (pp. 885-886); female exter-
nal genitalia of Lemur, Fig. 647 (p. 890) ; female urinogenitalia in Metatheria, Fig. 648 (p. 891);
in Eutheria, Fig. 649 (p. 892); external genitalia in Crocuta crocuta, Spotted Hy=na, Fig.
650; (p. 893) internal genitalia in C. crocuta, Fig. 651 (p. 894); development and placentation
in Eutheria, Figs. 652-656 (pp. 900-904), Metatheria, Figs. 657-658 (p. 906); relative size of
blas:ula in )eutherian and monotreme, Fig. 659 (p. 907); mammary feetus of Macropus, Fig.
660 (p. 907).
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