1

The Dog and Its Relatives, 1
The Order Carnivora, 1
The Family Canidae, 2
Hybrids, 2
Breeds of Dogs, 5

Prenatal Development, 13
Early Development, 13
Length of Gestation, 13
Prenatal Periods, 15
Oocyte~-Embryo, 15
Embryo, 17
Age Determination, 21
Measurements and Growth Plots, 23
Size Index, 26
Fetus, 26
Skeletal Age Criteria, 27
Skull, 27
Vertebral Column, 35
Ribs, 44
Sternum, 44
Limbs and Girdles, 44
Carpus, 51

The Integument, 64
Epidermis, 65
Dermis, 65
Structure of the Dermis and Changes with
Age, 65
Pigmentation, 66
Nasal Skin, 67
Digital Pads, 67
Hairy Skin, 69
Growth Rate of the Hair Shaft, 69
Embryology of Hair Follicles, 69
Development of Complex Follicle, 71
Complex Hair Follicle, 73
Hair Types, 74
Variability in Hair Coat, 74
Coar Color, 74
Hair Length, 75
Implantation of Hair, 75
Hair Follicle Cycle and Seasonal Shedding, 75
Surface Contour of Hairy Skin and Histologic
Characteristics of Epidermis, 78
Muscles of the Skin, 79

Glands of the Skin, 79

Tail Gland Area (gl candac), 81
Blood Supply to the Skin, 81
Nerve Supply to the Skin, 82
Skin Grafting, 82
Claw, 82

The Skeleton, 86
General, 86

Classification of Skeletal Elements, 86
Axial Skeleton, 91

Skull, 91

Vertebral Column, 125

Thoracic Skeleton, 139
Appendicular Skeleton, 140

Bones of the Thoracic Limb, 140

Bones of the Pelvic Limb, 156

Arthrology, 176
General, 176
Fibrous Joints, 176
Cartilaginous Joints, 176
Synovial Joints, 177
Ligaments and Joints of the Skull, 179
Temporomandibular Joing, 179
Intermandibular Joine, 180
Joints of Auditory Ossicles, 180
Joints of Hyoid Apparatus, 180
Synchondroses of the Skull, 180
Sutures of the Skull, 181
Ligaments and Joints of the Vertebral
Column, 181
Adantooccipital Articulation, 181
Adantoaxial Articulation, 182
Other Synovial Joints of the Vertehral
Column, 183
Long Ligaments of the Vertebral Column, 184
Intervertebral Discs and Short Ligaments of the
Vertebral Column, 185
Ligaments and Joints of the Ribs and
Sternum, 186
Ligaments and Joints of the Thoracic Limb, 188
Shoulder Joint, 188
Elbow Joint, 189
Radioulnar joints, 191
Carpal, Metacarpal, and Phalangeal Joints
(Articulationes Manus), 192

xvii



Ligarnents and Joints of the Pelvic Limb, 196

Toints of Pelvic Girdle (Ariculationes Cinguli
Mentbri Pelvinag), 196

Hip Joint, 197

Stifle Joing, 198

Tibiofbualar Joings, 202

Tarsal, Mevatarsal, and Phalangeal Joints
(Articalariones Pedis), 202

The Muscular System, 207
Introduction, 207
Skeletal Muscles, 210
Origin and Insertion, 211
Function, 212
Accessory Structures, 213
Connective Tissue, 213
Blood and Nerve Supply, 213
Regeneration, 214
Muscle Description, 214
Muscles of the Head, 214
Muscles of Facial Expression, 214
Muscles of Mastication, 222
Muscles of Bulbus Oculi: Extrinsic, 225
Muscles of the Tongue, 227
Muscles of the Pharynx, 229
Muscles of the Soft Palate, 230
.ﬂ-‘luu.:Lch |:|-F ||'|:' l.ur:,rnx, Zﬂ-l
Muscles of the Hyoid Apparatus, 233
Muscles of the Cervical Vertehrae, 235
Fasciae of the Head, 236
Muscles of the Meck, 237
Fasciac of the Neck, 240
Muscles of the Dorsum, 241
Extrinsic Thoracic Limb Muscles, 241
Erector Spinae Muscles, 242
Transversospinalis Muscle, 245
Interspinal Muscles, 247
Interransverse Muscles, 247
Muscles of the Thoracic Wall (Musculi
Tharacis), 248
Diaphragm, 250
Muscles of the Abdominal Wall (Musculi
Abdominis), 252
Muscles of the Tail (Musculi Caudag), 258
Fasciae of the Trunk and Tail, 262
Muscles of the Thoracic Limb, 263
Extrinsic Muscles, 263
Inerinsic Muscles, 265
Brachial Muscles, 269
Antebrachial Muscles, 273
Muscles of the ]:l:ll'\cp.:m'. 285
Fasciae of the Thoracic Limb, 286
Muscles of the Pelvic Limb, 287
Muscles of the Pelvis and Thigh, 287
The Femoral Triangle and Associared
Structures, 302
Muscles of the Crus, 303

Muscles of the Pes, 311
Fasciae of the Pelvic Limb, 312

7 The Digestive Apparatus and Abdomen, 319

Oral Cavity, 319
Vestibule, 319
Lips, 319
Checks, 320
Oral Caviry Proper, 320
Pharynx, 344
The Alimentary Canal, 346
Esophagus, 346
Abdomen, 349
Stomach, 359
Small Intestine, 364
Large Intestine, 368
Perineum, 374
Liver, 375
Pancreas, 381

The Respiratory System, 388
External Nose, 388
Cartilages of the Nose, 388
Vomeronasal Organ, 390
Ligaments of the MNose, 391
Masal Cavity, 391
Wasal Conchae, 392
MNasal Meatuses, 393
Paranasal Sinuses, 394
MNasal Mucosa, 394
slands of the Nose, 395
Functional Considerations, 395
Masal Portion of the Pharynx, 396
Larynx, 396
Cartilages of the Larynx, 397
Muscles of the Laryne, 400
Cavity of Larynx and Laryngeal Mucosa, 400
Innervation of the Larynx, 401
Trachea, 402
Bronchi, 402
Thoracic Cavity and Pleurae, 404
Thoracke (.‘avil.:..'. 404
Mediastinum, 405
Plewrae, 407
Lungs, 408
Shape of Lobes and Position of Interlobar
Fissures, 409
Relationship of Lungs to Other Organs, 411
Pulmonary Vessels, 411
Bronchial Vessels, 412
Pulmonary Lympharics, 413

The Urogenital System, 416
Urinary Organs, 416

Kidncys, 416

Ureters, 420

Urinary Bladder, 421



10

1

Reproductive Organs, 423
Male Geniral Organs, 423
Female Genital Organs, 445
Mammae, 458
Embryologic Characteristics of the Urogenital
System, 462

The Endocrine System, 469
General Features of the Endocrine Glands, 469
The Hypophysis, 470
Macroscopic Features, 471
Mesoscopic Features, 473
Developmental Anatomy, 473
Microscopic Features, 474
Vascularization, 475
Innervation, 476
Thyroid Gland, 476
Macroscopic Features, 476
Mesoscopic Features, 477
Developmental Anatomy, 478
Microscopic Feawres, 479
Vascularization, 479
Innervation, 480
Parathyroid Glands, 480
Mesoscopic Features, 480
Developmental Anatomy, 481
Microscopic Anatomy, 481
Vascularization and Innervation, 481
Pineal Gland, 481
Mesoscopic Features, 481
Developmental Anatomy, 482
Microscopic Anatomy, 482
Vascularization and Innervation, 482
Adrenal Gland, 482
Macroscopic Features, 482
Developmental Anatomy, 483
Mesoscopic Features, 484
Microscopic Features, 485
Vascularization, 486
Innervation, 486
Pars Endocrina Pancreatis, 487
Developmental and Mesoscopic Anatomy, 487
Microscopic Features, 487
Entercendocrine Cells, 488
Endocrine Tissues of the Ovary, 488
Fetal Membrane Endocrine Tissues, 488
Endocrine Tissues of the Testis, 489
Endocrine Cells of the Kidney, 489

12

13

The Heart and Arteries, 495

Pericardium and Heart, 495
Pericardium, 495
Heart, 495

Pulmonary Arteries and Veins, 509
Pulmonary Trunk, 509
Pulmonary Veins, 509

Systemic Arteries, 510
Aorta, 510
Aortic Arch, 510
Thoracic Aorta, 548
Abdominal Aorta, 551
Median Sacral Artery, 578

The Veins, 582

General Considerations, 582

Cranial Vena Cava, 582
Azygos System of Veins, 590

Veins of the Thoracic Limb, 591
Superficial Veins of the Thoracic Limb, 591
Decp Veins of the Thoracic Limb, 593
Veins of the Forepaw, 594

Caudal Vena Cava, 595

Portal Vein, 598

Veins of the Pelvic Limb, 599
Superficial Veins of the Pelvic Limb, 599
Deep Veins of the Pelvic Limb, 600
Veins of the Pelvis, 603
Veins of the Hindpaw, 605

Veins of the Central Nervous System, 606
Venous Sinuses of the Cranial Dura Marter, 606
Veins of the Brain, 610
Veins of the Diplog, 611
Meningeal Veins, 611
Veins of the Spinal Cord and Vertebrac, 611

The Lymphatic System, 616
General Considerations, 616
Ontogenesis of the Lymphatic System, 616
Lymph Drainage, 617
Lymph Vessels, 619
Innervation of Lymph Vessels and Lymph
Nodes, 620
Lymphoid Tissue, 620
Lymph Nodes, 621
Hemal Nodes, 621
Lymph Nodules, 621
Regional Anatomy of the Lymphatic
System, 621
Large Lymph Vessels, 622
Lymph Nodes and Vessels of the Head and
Neck, 624
Lymph Nodes and Vessels of the Thoracic
Limb, 628
Lymph Nodes and Vessels of the Thorax, 628
Lymph Nodes and Vessels of the Abdominal and
Pelvic Walls, 633
Lymph Nodes and Vessels of the Abdominal and
Pelvic Viscera, 636
Lymph Nodes and Vessels of the Pelvic Limb, 640
Spleen, 642
Thymus, 644



14

15

16

17

Introduction to the Nervous System, 650
General, 650

Structure of Neurons, 650

Functional Segments of Neurons, 652

Groups of Neurons, 654

Supporting Cells, 657

‘The Central Nervous System (CNS), 657

‘The Peripheral Nervous System, 659
Functional Components of Nerves, 659
Reflexes, 661

The Autonomic Nervous System, 663

General Visceral Efferent System, 663
Parasympathetic Division, 664
Sympathetic Division, 671

Enteric Nervous System, 675

The Spinal Cord and Meninges, 679
The Spinal Cord, 679
Morphologic Features of the Spinal Cord, 679
Spinal Cord Segments, 681
Segmental Relationships to Vertebrae, 683
Gray Matter of the Spinal Cord, 685
Gray Matter Organization, 686
Gray Martter Nuclei, 687
Gray Mateer Laminae, 687
White Matter of the Spinal Cord, 688
Spinal Cord Cranial Projecting Tracts, 689
Spinal Cord Caudal Projecting Tracts, 693
Spinal Reflexes, 695
Transverse Sections of the Spinal Cord, 696
Meninges, Brain Ventricles, and Cerebrospinal
Fluid, 696
The Meninges, 699
The Ventricular System, 700
Cercbrospinal Fluid, 701

The Spinal Nerves, 704
Initial or Primary Branches of a Typical Spinal
Nerve, 705
General Features of Spinal Nerves, 706
Cervical Nerves, 708
Nerves to the Diaphragm, 711
Brachial Plexus, 712
Nerves of the Brachial Plexus That Supply Intrinsic
Muscles of the Thoracic Limb, 715
Nerves of the Forepaw (Manus), 723
Nerves of the Brachial Plexus That Supply Extrinsic
Musdles of the Thoracic Limb, 727
Thoracic Nerves, 728
Lumbar Nerves, 731
Sacral Nerves, 743
Nerves of the Plantar Surface of the Hindpaw
(Pes), 752
Caudal Nerves, 754

18

19

20

The Brain, 757

THE BRAINSTEM, 757
Cranial Nerve Nuclei Overview, 757
Reticular Formation Overview, 758
The Medulla Oblongata, 759
“The Pons, 766
Neuromodulation Overview, 767
The Midbrain, 767
“The Diencephalon, 771

The Subthalamus, 778

THE CEREBRUM, 778
Cerebral Hemisphere, 778
The Rhinencephalon, 781
Olfactory Pathways, 783
Hippocampal Formation, 785
‘The Limbic System, 786
Cerebral Neocortex, 787

Basal Nuclei, 789

THE CEREBELLUM, 792
Cerebellar Nuclei, 792
Cerebellar Peduncles, 794
The Cerebellar Cortex, 795

Brain Atlas, 796

Cranial Nerves, 814
Olfactory Nerve (Cranial Nerve 1), 815
Optic Nerve (Cranial Nerve Il), 816
Oculomotor Nerve (Cranial Nerve lll), 816
Trochlear Nerve (Cranial Nerve IV), 817
Trigeminal Nerve (Cranial Nerve V), 818
The Ophthalmic Nerve, 819
The Maxillary Nerve, 819
The Mandibular Nerve, 824
Abducent Nerve (Cranial Nerve Vl), 828
Facial Nerve (Cranial Nerve ViI), 829
Vestibulocochlear Nerve (Cranial Nerve
Vil), 832
Glossopharyngeal Nerve (Cranial Nerve
1X), 832
Vagus Nerve (Cranial Nerve X), 833
Accessory Nerve (Cranial Nerve Xl), 836
Hypoglossal Nerve (Cranial Nerve XIl), 837
Cutaneous Innervation of the Head by Noncranial
Nerves, 837

The Ear, 839
The Internal Ear, 839
Bony Labyrinth, 839
Membranous Labyrinth, 842
The Middle Ear, 846
Tympanic Membrane, 846
Tympanic Cavity, 847
Bones and Articulations of the Middle Ear, 849
The External Ear, 850
External Acoustic Meatus, 850
Auricle, 850
Muscles of the Ear, 852



21

The Eye, 858
Development, 858
The Eyeball, 861
Fibrous Tunic, 861
Vascular Tunic, 866
Internal Tunic, 873
Lens, 876
Chambers of the Eye, 878
The Eye as an Optical Device, 879
Cwbit, 880
Zygomartic Gland, 883

Orrbiral Fasciae (Fagetae Cirfitales), 884

Eyelids, 885
Conjunctiva, 887
Third Eyelid, 887

Lacrimal Apparatus, 888
Lacrimal Gland, 889

Superficial Gland of the Third Eyelid, 890

Conjunctiva, 890
Masolacrimal Duce System, SN0

Muscles, 891
Intraocular Muscles, 891
Exrraocular Muscles, 81
Palpebral, 894
Innervation, 896
Opic Nerve, 890
Oculomotor Nerve, 897
Trochlear Nerve, 898
Trigeminal Nerve, 898
Abducent Nerve, 900
Facial MNerve, 900
Vasculature, 901
Arterics, 901
Veins, 903
Comparative Ophthalmaology, 904

Index, 912



The Dog and Its Relatives

his text is based on anatomic studies of many dogs

of diversc and usually unknown ancestry com-

monly referred 10 as mongrels. Domestic dogs are
probably the most polymorphic mammals referred to as a
single species, Canis familiaris, and some workers have sug-
gested that no domestic animal be given species designation
(Groves, 1971). The alternatives are the use of subspecific
names or breed designations, Because all members of the
family Canidac are interfertile and human interaction has
affected their hybridization and distribution throughout the
world, it appears simplest to adopt one term for all pure-
breds, mongrels, and feral dogs. While the complete genome
of the domestic dog was published in 2005 (Lindblad-
Toh ctal., 2005), subsequent analyses have revealed the
importance of feral dogs, or the “village dogs™ around the
world, in developing an understanding of the origins of
the domestic breeds (Boyko, 2011). ‘The village dogs are
descendants of ancient village-dog populations with litde
inflow of genes from modern breeds of dog (Boyko et al.,
2009) and provided the genetic foundation for modern
domesticated breeds (Boyko, 2011). Domestication may
have preceded human agricultural practices (Clutton-Brock,
1995) and may have had several origins, one in Europe and
another in central Asia (Shannon et al., 2015; Frantz et al,,
2016). While Shannon et al. (2015) placed the domesti-
cation of dogs at least 15,00 years before present, others
suggest a single domestication path starting between 20,000
t0 40,000 years before present (Botigué et al., 2017). Parker
ctal, (2017) investigated the relationships of breeds within
functional groups (herding dogs, for example) and eluci-
dated how some physical traits may have arisen in separate
breed lineages. For historical considerations of the world's
wild and domestic dogs, see Smith (1845-1846) Mantmalia:
Dags, vols, 1 and I (with color plates), in The Naruralists
Litrrary, vol. 18, by W. Jardine; Darwin (1868); Amimals and
Plants under Domestication, Ash (1972); Fiennes and Fiennes
(1968); Titcomb (1969); Epstein (1971); American Kennel
Club (AKC) The Complete Dog Book (2006) and The New
Complete Dog Book (2017); and Fogle and Morgan (2009)
Encyclopedia of the Dag, which covers 420 breeds.

The Order Carnivora

‘The domestic dog, gray wolf, red wolf, coyote, dingo,
jackals, dhole, and others are interfertile and frequently

cross in their native habitats all over the world. They have
been assigned to various genera over the years depending
on the criteria used and will probably continue to be a
problem for systematists for many years to come. It is not
possible to assign the domestic dog with certainty to any
one progenitor, but it is clear that the dog and the wolf are
closely related and evolved together.

Order Carnivora
Family Canidac
Genus Canis
Species familiaris

‘The order Carnivora is worldwide in distribution and is
an assemblage of intelligent, mostly flesh-cating mammals
with prominent canine teeth; molars adapted for crushing,
cutting, and grinding: and a relatively short alimentary
canal, Members of the order have digits provided with claws
and sometimes with interdigital webs. Behavioral character-
istics identify most of them as predators with strong family
ties and devoted to the care of their young. Many of the
species adapt readily to domestication (Clutton-Brock &
Jewell, 1993: Ewer, 1973).

Since the time of Linnacus the levels of classification have
become more accurate and useful, and we can now also con-
sider genomic evidence for relationships berween animals.

Wayne and Ostrander (2007) have investigated the dog
genome sequence and associated genomic resources and
declared that these studies “will revolutionize the study of
dog cvolution, population structure and genetics.” They
presented a chart of canid relationships that shows the
major groupings of species. A more accurate phylogeny of
the Dog family, Canidae, is in the making, and molecular
markers that identify gene pools now allow the assignment
of mixed “breeds” to specific gene pools. The WISDOM
Panel MX of Mars Veterinary, Inc., has a DNA-based test
that is said to identify 134 breeds registered by the Ameri-
can Kennel Club (AKC) that may be present in a mixed-
breed dog (Giger ¢t al., 2007). A newer entry in the pool
for consumer genomics—or, in this case, canine genetic
testing—is EMBARK (www.embarkver.com), whose testing
platform aims to provide information related to a dog’s risk
for inherited discases, as one example.

“The most complete treatment of fossil and living families
and genera of mammals can be found in Classification of

1
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Mammals above the Species Level, by Malcolm McKenna and
Susan Bell (1997) with contributions from George G.
Simpson. This classification project was begun by Simpson
(1945) in 1927, at the American Muscum of Natural
History in New York City. Many people cooperated in
assembling this tome, which includes all mammals of the
world. The number of extinct taxa is much greater than
living forms, and many fossil animals are known only from
a few bones or teeth.

Wozencraft (2005) revised the order Carnivora in Wilson
and Reeder’s (2005) Mammalian Species of the World. He
raised the Giant Panda, the Madagascan Camnivores, the
African Palm Civet, the Skunks, and the Walrus cach to
family rank. While Wozencraft recognized 273 specics,
Nyakarura and Bininda-Emonds (2012) proposed recogni-
tion of 286 species based on changes in taxonomic opinion
and new discoveries.

This pictorial family tree (Fig. 1.1A) is an approximation
of how animals in the order Camivora are related 1o cach
other according to prior classifications. The major divisions
are the Feliformia (cats) and the Caniformia (dogs), which
may have arisen from Miacid stock between the Eocene and
the Paleocene approximately 40 to 60 million years ago.
This time frame witnessed the evolution of modern
mammals and birds. Every year new fossils are found (as
well as extant forms), and we are able to improve our under-
standing of animal phylogeny. For photographs of various
mammals see Nowak (1991).

Car Families

Felidae

Lion, Leopard, Snow Leopard, Cheetah, Tiger. Lynx,
Bobcat, Domestic Car, Marble Car, Flat-Headed Car,
Golden Car, Black-Footed Car, Roaring Cats, Caracal,
Ocelor, Puma, Jaguarundi, Serval, Jaguar, Eyra

Herpestidae

Mongooses, Ichneumon, Cusimanses

Hyaenidae

Hyaena, Aardwolf

Viverridace

Oriental Civer, Genets, African Civer, Palm Civers,
Water Civet, Linsangs, Binwrong, Borncan Mon-
goose, Suricate, Meerkar

Eupleridae

Fanaloka, Fossa (Madagascan Carnivores)

Nandinidae

African Palm Civet

Dog Families

Canidac

Dogs, Wolves, Coyote, Foxes, Dhole, African Hunting
Dog, Culpeo, Guara, Crab-Eating Fox, Raccoon
Dog, Dingo, Bush Dog, Jackals, Dire Wolf

Ursidae

Bears

Ailuridae

Giant Panda

Ouariidae

Eared Seals, Fur Seals, Sea Lions

Odobenidae

Walrus

Phocidae

Harbor Seal, Ringed Scal, Ribbon Seal, Harp Seal, Hair
Seals, Earless Seal, Bearded Seal, Gray Seal, Hooded
Seal, Elephant Scal, Monk Seal, Ross Seal, Leopard
Seal, Weddell Seal

Mustelidac

Minks, Ouers, Stink Badger, Marten, Sable, Fisher, Pine
Marten, Weascls, Stoat, Ferret, Polecar, Badgers,
Grison, Zorille, Taira, Ratel, Wolverine

Mephitidae

Skunks

Procyonidae

Ring-Tailed Cat, Olingo, Kinkajou, Coatis, Raccoon,
Lesser Red Panda

The Family Canidae

The family Canidac is a distinct group of dog- and foxlike
animals distributed throughout the world (Gitdleman,
1989; Mivart, 1890; Sheldon, 1992). Although there is
general agreement about which genera are included in the
family, there has been disagreement about the generic status
of scveral species and their groupings into subfamilics.
Clutton-Brock et al, (1976) reviewed the family Canidae
using numeric methods and suggested a classification at the
generic level based on 90 characters of the skeleton, pelage,
internal anatomy, and behavior, Their results indicated that
the three largest genera—Canis (dog, woll, coyore, jackal),
Vidpes (foxes), and Dusicyon (South American foxes and
foxlike animals)—all arc closcly related but merit the sepa-
rate designations they now have,

Wayne (1993) Wayne & Ostrander (1999, 2007), and
Wayne et al. (1989) have investigated the evolutionary rela-
tionships of carnivores using karyologic and molecular
procedures. Their techniques, such as DNA hybridization,
protein clectrophoresis, albumin immunologic distance,
and high-resolution G-banding of karyotypes, have helped
define relationships, Our current understanding of the tax-
onomy of carnivores and dogs, in particular, is discussed by
Wayne and Ostrander (2007) and Boyko ct al. (2010).

Behavior is a feature thac is sometimes characteristic of
a breed. Takeuchi and Mori (2006) compared the behav-
ior of purebred dogs in Japan with those in the United
States and the United Kingdom. Stockard (1941) also
took note of behavior in the purebred crosses he was

producing.

Hybrids

Because all dogs are interfertile, many intermediate physi-
ognomics are not assignable to any particular breed (Stock-
ard, 1941: Van Gelder, 1977). Even first-gencration hybrids
of purcbred parents may exhibit bizarre combinations of
body characteristics (Figs. 1.2 and 1.3).



45 million years ago

70 million years ago

Grey wolves Village dogs Purebred dogs

« Fig. 1.1 Two perspectives on the origins of domestic dogs. A, A historical family tree of the order Car-
nivora. In addition 1o the domestic dog and cat, Madagascan camivores nchude thvee species of chets
(Viverriciae): fosa (Cryptoprocta), striped civet (Fossa), and falanouc (Eupleres) and five species of mon-
gooses (Hempestdae). B, The refation of dogs as descendants of the Gray Wolf with a founding poputation
of various vilage dogs giving rise 10 the multipie breeds of lving domestic dogs. (Modified with permission
from Bayko, 2011.)
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Differences in the conformation of the body or its
parts are common and are considered as malformations
only when extreme. Susceptibility of the developing
embryo or fetus to malformation varies with developmen-
tal stage or age, and malformation may affect only one
part or organ of the body. Malformations may be due 1o
genetic, endocrine, metabolic, infectious, or murtagenic
influences.

Charles R. Stockard of the Comell Medical College
undertook an investigation, starting abour 1926, of the
genetic and endocrinic basis for differences in form and
behavior in dogs. He made crosses between many purebred
dogs of various breeds and their F, and F, generations 1o
study the physiognomy, skeleton, and endocrine organs of
the resulting litters. Unfortunacely, like Malcolm E. Miller,
who started Anatomy of the Dog, Stockard died before his
work was completed, but, from his extensive notes, photo-
graphs, and specimens, his colleagues were able to publish
many of his findings as a monograph of the Wistar Institute
(Srockard, 1941). What remains of the records and the
extensive skeletal collection is now housed and cataloged in
the Muscum of Natural History on the campus of the Uni-
versity of Georgia in Athens and can be examined by
appointment. Stockard’s monumental study has left a legacy
of numerical comparisons of body and skeletal parts,

documented photographs of parents and hybrids, and many
disarticulated skeletons. The purebred crosses he produced
raisc many questions as to the interactions of a large number
of breed factors on external features and deformations of
the skeleton.

Cartilage growth distortion (achondroplasia) in the skel-
cton may be restricted 1o the appendicular or the axial
skeleton, or it may affect both, For example, the lower jaw
is developmentally independent of the upper jaw. Thus
brachygnathic, prognathic, and normal-muzzled pups may
appear in the same litter. Such a disharmony between the
superior (upper) and the inferior (lower) jaws usually results
in malocclusion, difficulty in cating, uneven wear, and loss
of teeth.

In many instances Stockard was able o produce and
examine F, generations from back-crosses to parent stocks.
These back-crosses indicated that reversions were common
and that the head and tail ends of the axial skeleton often
act independently. For example, the very extreme type of
Bulldog head may be present in a dog with a long straight
tail, or a dog with a normal long muzzle may have a short
screw-tail. All F; hybrids of the screw-trailed Bulldog x
straight-tailed Basset Hound develop long, straight tils.
However, in the F, generation, the tail deformity reappears
in several different patterns,

* Fig. 1.2 A, Cross between the long-muzzied Dachshund and the short-muzzied Pekingese to show
inheritance of head type. Dachshund fermale (1), Pekingese male (2), F1 hybrids (3 to 7). This Dachshund
bach was actually larger and heavier than the Pekingese stud,
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* Fig. 1.2, cont'd B, Close-up of the facial features of a Dachshund bitch and a Pekingese stud compared
with the same first-generation hybrids as shown in Fig. 1.2A, Of the 22 F1 ybrids produced by several
bitches, all were uniform in sze and Lype irespective of whether they were wheiped from Dachshund or
Pekingese dams, The hybrids were larger and more vigorous than either parent stock. (From Stockard
CR, Johnson AL. The contrasted pattems and modifications of head types and forms in the pure breeds
of dogs and their mtrids as the result of genetic and endocrinic reactions. In CR Stockard, editor, The
genetic and endocrinic basis for differences in form and behavior: Amencan anatonmvical memows, vol, 19,
Philadelphia, 1941, Wistar institute of Anatomy and Biology.)

Dachshund-Pekingese hybrids are good examples of
genetic influences on variations in skull form (see Figs. 1.2
and 1.3). The Pekingese dog has a greatly reduced muzzle
and a bulging forchead. This is probably a result of achon-
droplasia of the basicranium and the cartilaginous forerun-
ner of the upper (superior) jaws, a condition similar to that
seen in the Bulldog, The Asiatic origin of the Pekingese
suggests descent from Chow-Chow ancestors, whereas the
Bulldog was developed at a later date from European stock.
Thus very different breeds of dog can have very similar
mutations in various parts of the world, and, if selected,
these mutations can be enhanced.

Because the dominant factor for achondroplasia in
the appendicular skeleton results in a more severe short-
cning of the bones in Bulldog types than in Hounds,
Stockard suggested that the “breed quality” of bone may
depend on a large number of factors in the genetic con-
stitution of the animal. Thus “Bulldog bone™ and “Hound

bone” may be more complex entities than we currendy
imagine,

Breeds of Dogs

The result of human intervention for more than two cen-
turies has established genetic lines that kennel clubs have
agreed to recognize as breeds. New breeds will continue to
be developed and granted registry according to the rules of
national kennel clubs. Not all breeds are granted recogni-
tion in all countries, and breed standards are changed from
time to time, There were 153 breeds recognized by the
Amecrican Kennel Club in the 20th edition of The Complete
Dog Book (2006). This was revised to more than 200 breeds
in The New Complete Dag Book (2017) and as listed online
(akc.org). There are more than 300 breeds of dogs in the
world, and cach country has some distinctive breeds, as well
as introduced breeds.



The Dog and Its Relatives

*Fig. 1.3 A Second-generation Dachshund-Pekingese hybnds, Four F, bitches were mated with four F,
studs and produced 47 pups. The F; hybrids vaned considerably in sze and color. None had a typical
Pekingese coat, and none heid the tail curled over the rump, which is characteristic of the Pekingese and
other Asiatic dogs. All of the F, animais had short mbs. The large ears of the Dachshund were dominant.
B, Close-up of the facial features of the same F, Dachshund-Pekingese hybrids as shown in Fig. 1.3A,
None of the F; hybrids had the very shoet face of the Pekingese. The dental occlusion of F; hybrids varied
greatly: a few showed superior and inferior jaws of about the samae length with normal ccclusion, approw
mately the same number were sightly undershot (mandibular incisors closing ahead of the superior
InCisors), and the most frequent condition was prognathism of the supence jaws and malocciusion, The
Iong supenor {maxilioincisive) jaw of the Dachshund was inhérited independently of the short mandibular
aw of the Pekingese, resulting in a disharmony, which, in the extreme, allowed the tongue to hang out
rostrad to the chin and made feeding from shallow pans difficult. (From Stockard CR, Johnson AL. The
contrasted patterns and modifications of head types and forms in the pure breeds of dogs and their
hytrids as the results of genetic and endocrinic reactions. In CR Stockard, editor, The genetic and endo-
crinic basis for differences in form and behavior: Améncan anatomical memoirs, vol, 19, Philadelphsa,
1941, Wistar Institute of Anatomy and Biology.)

Australia still has a large population of wild Dingoes in
the central and northern regions that often cross with
domestic dogs (Corbett, 1995). New Guinea has an
unknown number of wild “singing dogs,” and, on various
isolated Pacific Occan islands, there are dogs that resemble
Dingoes (Titcomb, 1969).

The Chinese were probably the carliest breeders of pure-
bred dogs, several of which are still popular. Often there are
several names for the same breed because the name may
change when the dog is introduced into another country;
thus the Borzoi is also known as the Russian Wolfhound,
the German Shepherd Dog as the Alsatian, the Vizsla as the



