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Chapter- 1 

Mammal 

Mammals 
Fossil range: Late Triassic – Recent, 220–0 Ma 

Clockwise from the upper left: giraffe, golden crown fruit bat, lion, 
hedgehog

Scientific classification

Kingdom: Animalia 

Phylum: Chordata 

Superclass: Tetrapoda

(unranked): Mammaliaformes 

Class: Mammalia 
Linnaeus, 1758



_________________WORLD TECHNOLOGIES_________________

Subgroups

 Subclass †Allotheria*
 Subclass Prototheria 
 Subclass Theria  

o Infraclass †Trituberculata 
o Infraclass Metatheria 
o Infraclass Eutheria

Mammals (formally Mammalia) are a class of air-breathing vertebrate animals 
characterized by the possession of hair, three middle ear bones, a neocortex, and 
mammary glands functional in mothers with young. Most mammals also possess sweat 
glands and specialized teeth, and the largest group of mammals, the placentals, have a 
placenta which feeds the offspring during gestation. The mammalian brain regulates 
endothermic and circulatory systems, including a four-chambered heart. Mammals range 
in size from the 30–40 millimeter (1- to 1.5-inch) Bumblebee Bat to the 33-meter (108-
foot) Blue Whale. 

Depending on classification scheme, there are approximately 5,500 species (5,490, 
according to the IUCN Red List) of mammals, distributed in about 1,200 genera, 153 
families, 29 orders divided into three infraclasses in two subclasses: the monotremes of 
the sublclass Prototheria, and the marsupials and placentals or the subclass Theria. Except 
for the five species of monotremes (which lay eggs), all mammal species give birth to 
live young. Most mammals, including the six largest orders, belong to the placental 
group. The three largest orders, in descending order, are Rodentia (mice, rats, porcupines, 
beavers, capybaras, and other gnawing mammals), Chiroptera (bats), and Soricomorpha 
(shrews, moles and solenodons). The next three largest orders include the Carnivora 
(dogs, cats, weasels, bears, seals, and their relatives), the Cetartiodactyla (including the 
even-toed hoofed mammals and the whales) and the Primates to which the human species 
belongs. 

The early synapsid mammalian ancestors, a group which included pelycosaurs such as 
Dimetrodon, diverged from the amniote line that would lead to reptiles at the end of the 
Carboniferous period. Although they were preceded by many diverse groups of non-
mammalian synapsids (sometimes misleadingly referred to as mammal-like reptiles), the 
first true mammals appeared in the Triassic period. Modern mammalian orders appeared 
in the Palaeocene and Eocene epochs of the Palaeogene period. Phylogenetically, the 
clade Mammalia is defined as all descendants of the most recent common ancestor of 
monotremes (e.g., echidnas and platypuses) and therian mammals (marsupials and 
placentals). This means that some extinct groups of "mammals" are not members of the 
crown group Mammalia, even though most of them have all the characteristics that 
traditionally would have classified them as mammals. These "mammals" are now usually 
placed in the unranked clade Mammaliaformes. 
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Distinguishing features 

Living mammal species can be identified by the presence of sweat glands, including 
those that are specialized to produce milk. However, other features are required when 
classifying fossils, since soft tissue glands and some other features are not visible in 
fossils. Paleontologists use a distinguishing feature that is shared by all living mammals 
(including monotremes), but is not present in any of the early Triassic synapsids: 
mammals use two bones for hearing that were used for eating by their ancestors. The 
earliest synapsids had a jaw joint composed of the articular (a small bone at the back of 
the lower jaw) and the quadrate (a small bone at the back of the upper jaw). Most reptiles 
including lizards, crocodilians, dinosaurs (and their descendants the birds) use this 
system, as did non-mammalian synapsids such as therapsids. Mammals have a different 
jaw joint, however, composed only of the dentary (the lower jaw bone which carries the 
teeth) and the squamosal (another small skull bone). In mammals the quadrate and 
articular bones have become the incus and malleus bones in the middle ear. 

Mammals also have a double occipital condyle: they have two knobs at the base of the 
skull which fit into the topmost neck vertebra, and other vertebrates have a single 
occipital condyle. Paleontologists use only the jaw joint and middle ear as criteria for 
identifying fossil mammals, since it would be confusing if they found a fossil that had 
one feature, but not the other. 

Classification 

 
 
Over 70% of mammal species are in the orders Rodentia (blue), Chiroptera (red), and 
Soricomorpha (yellow) 
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George Gaylord Simpson's "Principles of Classification and a Classification of 
Mammals" (AMNH Bulletin v. 85, 1945) was the original source for the taxonomy listed 
here. Simpson laid out a systematics of mammal origins and relationships that was 
universally taught until the end of the 20th century. Since Simpson's classification, the 
paleontological record has been recalibrated, and the intervening years have seen much 
debate and progress concerning the theoretical underpinnings of systematization itself, 
partly through the new concept of cladistics. Though field work gradually made 
Simpson's classification outdated, it remained the closest thing to an official classification 
of mammals. 

Standardized textbook classification 

A somewhat standardized classification system has been adopted by most current 
mammalogy classroom textbooks. The following taxonomy of extant and recently extinct 
mammals is from Vaughan et al. (2000). 

Class Mammalia 

 Subclass Prototheria: monotremes: platypuses and echidnas 
 Subclass Theria: live-bearing mammals  

o Infraclass Metatheria: marsupials 
o Infraclass Eutheria: placentals 

McKenna/Bell classification 

In 1997, the mammals were comprehensively revised by Malcolm C. McKenna and 
Susan K. Bell, which has resulted in the "McKenna/Bell classification". 

McKenna and Bell, Classification of Mammals: Above the species level, (1997) is the 
most comprehensive work to date on the systematics, relationships, and occurrences of all 
mammal taxa, living and extinct, down through the rank of genus. The new 
McKenna/Bell classification was quickly accepted by paleontologists, though recent 
molecular genetic data challenge several of the higher level groupings. The authors work 
together as paleontologists at the American Museum of Natural History, New York. 
McKenna inherited the project from Simpson and, with Bell, constructed a completely 
updated hierarchical system, covering living and extinct taxa that reflects the historical 
genealogy of Mammalia. 

The McKenna/Bell hierarchical listing of all of the terms used for mammal groups above 
the species includes extinct mammals as well as modern groups, and introduces some fine 
distinctions such as legions and sublegions (ranks which fall between classes and orders) 
that are likely to be glossed over by the nonprofessionals. 

The published re-classification forms both a comprehensive and authoritative record of 
approved names and classifications and a list of invalid names. 
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Extinct groups are represented by a cross (†). 

Class Mammalia 

 Subclass Prototheria: monotremes: echidnas and the Platypus 
 Subclass Theriiformes: live-bearing mammals and their prehistoric relatives  

o Infraclass †Allotheria: multituberculates 
o Infraclass †Triconodonta: triconodonts 
o Infraclass Holotheria: modern live-bearing mammals and their prehistoric 

relatives  
 Supercohort Theria: live-bearing mammals  

 Cohort Marsupialia: marsupials 
 Magnorder Australidelphia: Australian marsupials 

and the Monito del Monte 
 Magnorder Ameridelphia: New World marsupials 

 Cohort Placentalia: placentals  
 Magnorder Xenarthra: xenarthrans 
 Magnorder Epitheria: epitheres  

 Grandorder Anagalida: lagomorphs, rodents, 
and elephant shrews 

 Grandorder Ferae: carnivorans, pangolins, 
†creodonts, and relatives

 Grandorder Lipotyphla: insectivorans
 Grandorder Archonta: bats, primates, 

colugos, and treeshrews 
 Grandorder Ungulata: ungulates  

 Order Tubulidentata incertae sedis: 
aardvark 

 Mirorder Eparctocyona: 
†condylarths, whales, and 
artiodactyls (even-toed ungulates) 

 Mirorder †Meridiungulata: South 
American ungulates 

 Mirorder Altungulata: perissodactyls 
(odd-toed ungulates), elephants, 
manatees, and hyraxes 

Molecular classification of placentals 

Molecular studies based on DNA analysis have suggested new relationships among 
mammal families over the last few years. Most of these findings have been independently 
validated by retrotransposon presence/absence data. The most recent classification 
systems based on molecular studies have proposed four groups or lineages of placental 
mammals. Molecular clocks suggest that these clades diverged from early common 
ancestors in the Cretaceous, but fossils have not yet been found to corroborate this 
hypothesis. These molecular findings are consistent with mammal zoogeography: 
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Following molecular DNA sequence analyses, the first divergence was that of the 
Afrotheria 110–100 million years ago. The Afrotheria proceeded to evolve and diversify 
in the isolation of the African-Arabian continent. The Xenarthra, isolated in South 
America, diverged from the Boreoeutheria approximately 100–95 million years ago. 
According to an alternative view, the Xenarthra has the Afrotheria as closest allies, 
forming the Atlantogenata as sistergroup to Boreoeutheria. The Boreoeutheria split into 
the Laurasiatheria and Euarchontoglires between 95 and 85 mya; both of these groups 
evolved on the northern continent of Laurasia. After tens of millions of years of relative 
isolation, Africa-Arabia collided with Eurasia, exchanging Afrotheria and Boreoeutheria. 
The formation of the Isthmus of Panama linked South America and North America, 
which facilitated the exchange of mammal species in the Great American Interchange. 
The traditional view that no placental mammals reached Australasia until about 5 million 
years ago when bats and murine rodents arrived has been challenged by recent evidence 
and may need to be reassessed. These molecular results are still controversial because 
they are not reflected by morphological data, and thus not accepted by many systematists. 
Further there is some indication from retrotransposon presence/absence data that the 
traditional Epitheria hypothesis, suggesting Xenarthra as the first divergence, might be 
true. With the old order Insectivora shown to be polyphylectic and more properly 
subdivided (as Afrosoricida, Erinaceomorpha, and Soricomorpha), the following 
classification for placental mammals contains 21 orders: 

 Clade Atlantogenata  
o Group I: Afrotheria  

 Clade Afroinsectiphilia 
 Order Macroscelidea: elephant shrews (Africa) 
 Order Afrosoricida: tenrecs and golden moles (Africa) 
 Order Tubulidentata: aardvark (Africa south of the Sahara) 

 Clade Paenungulata 
 Order Hyracoidea: hyraxes or dassies (Africa, Arabia) 
 Order Proboscidea: elephants (Africa, Southeast Asia) 
 Order Sirenia: dugong and manatees (cosmopolitan 

tropical) 
o Group II: Xenarthra  

 Order Pilosa: sloths and anteaters (Neotropical) 
 Order Cingulata: armadillos (Americas) 

 Clade Boreoeutheria  
o Group III: Euarchontoglires (Supraprimates)  

 Superorder Euarchonta  
 Order Scandentia: treeshrews (Southeast Asia). 
 Order Dermoptera: flying lemurs or colugos (Southeast 

Asia) 
 Order Primates: lemurs, bushbabies, monkeys, apes 

(cosmopolitan), humans 
 Superorder Glires  

 Order Lagomorpha: pikas, rabbits, hares (Eurasia, Africa, 
Americas) 
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 Order Rodentia: rodents (cosmopolitan) 
o Group IV: Laurasiatheria  

 Order Erinaceomorpha: hedgehogs 
 Order Soricomorpha: moles, shrews, solenodons 
 Clade Ferungulata  

 Clade Cetartiodactyla  
 Order Cetacea: whales, dolphins and porpoises 
 Order Artiodactyla: even-toed ungulates, including 

pigs, hippopotamus, camels, giraffe, deer, antelope, 
cattle, sheep, goats 

 Clade Pegasoferae  
 Order Chiroptera: bats (cosmopolitan) 
 Clade Zooamata  

 Order Perissodactyla: odd-toed ungulates, 
including horses, donkeys, zebras, tapirs, 
and rhinoceroses 

 Clade Ferae  
 Order Pholidota: pangolins or scaly 

anteaters (Africa, South Asia) 
 Order Carnivora: carnivores 

(cosmopolitan) 

Evolution 

The original synapsid skull structure contains one temporal opening behind the orbitals, 
in a fairly low position on the skull (lower right in this image). This might have assisted 
in the containing the jaw muscles of these organisms that could have increased their 
biting strength. 
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The first fully terrestrial vertebrates were amniotes. Like amphibians, they have lungs and 
limbs. Amniotes' eggs, however, have internal membranes which allow the developing 
embryo to breathe but keep water in. Hence amniotes can lay eggs on dry land, while 
amphibians generally need to lay their eggs in water. 

The first amniotes apparently arose in the late Carboniferous. They descended from 
earlier tetrapods, which lived on land already inhabited by insects, and other 
invertebrates, and by ferns, mosses, and other plants. Within a few million years two 
important amniote lineages became distinct: the synapsids, which include mammals; and 
the sauropsids, which include lizards, snakes, crocodilians, dinosaurs and birds. 
Synapsids have a single hole (temporal fenestra) low on each side of the skull. 

One synapsid group, the pelycosaurs, were the most common land vertebrates of the early 
Permian and included the largest land animals of the time. 

Therapsids descended from pelycosaurs in the middle Permian, about 260M years ago, 
and took over their position as the dominant land vertebrates. They differ from 
pelycosaurs in several features of the skull and jaws, including: larger temporal fenestrae 
and incisors which are equal in size. The therapsids went through a series of stages, 
beginning with animals which were very like their pelycosaur ancestors and ending with 
the Triassic cynodonts, some of which could easily be mistaken for mammals. Those 
stages were characterized by: 

 gradual development of a bony secondary palate. 
 progress towards an erect limb posture, which would increase the animals' 

stamina by avoiding Carrier's constraint. But this process was slow and erratic – 
for example: all herbivorous non-mammaliaform therapsids retained sprawling 
limbs (some late forms may have had semi-erect hind limbs); Permian 
carnivorous therapsids had sprawling forelimbs, and some late Permian ones also 
had semi-sprawling hindlimbs. In fact modern monotremes still have semi-
sprawling limbs. 

 the dentary gradually becoming the main bone of the lower jaw; and in the 
Triassic, progress towards the fully mammalian jaw (the lower consisting only of 
the dentary) and middle ear (which is constructed by the bones that were 
previously used to construct the jaws of Reptiles) 

 there is possible evidence of hair in Triassic therapsids, but none for Permian 
therapsids. 

 some scientists have argued that some Triassic therapsids show signs of lactation. 

The Permian–Triassic extinction event ended the dominance of the therapsids, and in the 
Early Triassic all the medium to large land animal niches were taken over by early 
archosaurs, which were the ancestors of crocodilians, pterosaurs, dinosaurs and birds. 
After this "Triassic Takeover" the cynodonts and their descendants could only survive as 
small, mainly nocturnal insectivores. 
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The first true mammals appeared in the Late Triassic (ca. 200 million years ago), 
over 70 million years after the first therapsids and approximately 30 million years after 
the first mammaliaformes. Hadrocodium appears to be in the middle of the transition to 
true mammal status — it had a mammalian jaw joint (formed by the dentary and 
squamosal bones), but there is some debate about whether its middle ear was fully 
mammalian. The majority of the mammal species that existed in the Mesozoic Era were 
characterized by Multituberculates. 

The earliest known monotreme is Teinolophos, which lived about 123M years ago in 
Australia. Monotremes have some features which may be inherited from the original 
amniotes:

 they use the same orifice to urinate, defecate and reproduce ("monotreme" means 
"one hole") – as lizards and birds also do. 

 they lay eggs which are leathery and uncalcified, like those of lizards, turtles and 
crocodilians. 

Unlike other mammals, female monotremes do not have nipples and feed their young by 
"sweating" milk from patches on their bellies. 

The oldest known marsupial is Sinodelphys, found in 125M-year old early Cretaceous 
shale in China's northeastern Liaoning Province. The fossil is nearly complete and 
includes tufts of fur and imprints of soft tissues. 
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Reconstruction based on Megalonyx jeffersonii, Iowa Museum of Natural History, 
University of Iowa. 

The living Eutheria ("true beasts") are all placentals. But the earliest known eutherian, 
Eomaia, found in China and dated to 125M years ago, obtained some features which are 
more like those of marsupials, which suggested it was perhaps a transitional fossil that 
eventually give rise to the placental lineage (the surviving metatherians): 

 Epipubic bones extending forwards from the pelvis, which are not found in any 
modern placental, but are found in marsupials, monotremes and mammaliformes 
such as multituberculates. In other words, they appear to be an ancestral feature 
which subsequently disappeared in the placental lineage. These epipubic bones 
seem to function by stiffening the muscles of these animals during locomotion, 
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reducing the amount of space being presented, which placentals require to contain 
their fetus during gestation periods. 

 A narrow pelvic outlet, which indicates that the young were very small at birth 
and therefore pregnancy was short, as in modern marsupials. This suggests that 
the placenta was a later development. 

It is not certain when true placental mammals evolved – the earliest undisputed fossils of 
placentals come from the early Paleocene, after the extinction of the dinosaurs. 

Mammals and near-mammals expanded out of their nocturnal insectivore niche from the 
mid Jurassic onwards – for example Castorocauda had adaptations for swimming, 
digging and catching fish. 

The traditional view is that: mammals only took over the medium- to large-sized 
ecological niches in the Cenozoic, after the extinction of the dinosaurs; but then they 
diversified very quickly; for example the earliest known bat dates from about 50M years 
ago, only 15M years after the extinction of the dinosaurs. 

On the other hand recent molecular phylogenetic studies suggest that most placental 
orders diverged about 100M to 85M years ago, but that modern families first appeared in 
the late Eocene and early Miocene But paleontologists object that no placental fossils 
have been found from before the end of the Cretaceous. 

During the Cenozoic several groups of mammals appeared which were much larger than 
their nearest modern equivalents – but none was even close to the size of the largest 
dinosaurs with similar feeding habits. 

Earliest appearances of features 

Hadrocodium, whose fossils date from the early Jurassic (approx. 195 million years ago), 
provides the first clear evidence of fully mammalian jaw joints. 

It has been suggested that the original function of lactation (milk production) was to keep 
eggs moist. Much of the argument is based on monotremes (egg-laying mammals):

The earliest clear evidence of hair or fur is in fossils of Castorocauda, from 164M years 
ago in the mid Jurassic. From 1955 onwards some scientists have interpreted the 
foramina (passages) in the maxillae (upper jaws) and premaxillae (small bones in front of 
the maxillae) of cynodonts as channels which supplied blood vessels and nerves to 
vibrissae (whiskers), and suggested that this was evidence of hair or fur. But foramina do 
not necessarily show that an animal had vibrissae – for example the modern lizard 
Tupinambis has foramina which are almost identical to those found in the non-
mammalian cynodont Thrinaxodon. 
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American Lion was one of the abundant Pleistocene megafauna, a wide variety of very 
large mammals that lived during the Pleistocene and went extinct about 10,000 years ago. 

The evolution of erect limbs in mammals is incomplete — living and fossil monotremes 
have sprawling limbs. In fact some scientists think that the parasagittal (non-sprawling) 
limb posture is a synapomorphy (distinguishing characteristic) of the Boreosphenida, a 
group which contains the Theria and therefore includes the last common ancestor of 
modern marsupial and placentals – and therefore that all earlier mammals had sprawling 
limbs. Sinodelphys (the earliest known marsupial) and Eomaia (the earliest known 
eutherian) lived about 125M years ago, so erect limbs must have evolved before then. 

It is currently very difficult to be confident when endothermy first appeared in the 
evolution of mammals. Modern monotremes have a lower body temperature and more 
variable metabolic rate than marsupials and placentals. So the main question is when a 
monotreme-like metabolism evolved in mammals. The evidence found so far suggests 
Triassic cynodonts may have had fairly high metabolic rates, but is not conclusive. In 
particular it is difficult to see how small animals can maintain a high and stable body 
temperature without fur. 

Anatomy and morphology 

Skeletal system 

The majority of mammals have seven cervical vertebrae (bones in the neck); this includes 
bats, giraffes, whales, and humans. The few exceptions include the manatee and the two-
toed sloth, which have only six cervical vertebrae, and the three-toed sloth with nine 
cervical vertebrae. 
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Respiratory system 

The lungs of mammals have a spongy texture and are honeycombed with epithelium 
having a much larger surface area in total than the outer surface area of the lung itself. 
The lungs of humans are typical of this type of lung. 

Breathing is largely driven by the muscular diaphragm which divides the thorax from the 
abdominal cavity, forming a dome with its convexity towards the thorax. Contraction of 
the diaphragm flattens the dome increasing the volume of the cavity in which the lung is 
enclosed. Air enters through the oral and nasal cavities; it flows through the larynx, 
trachea and bronchi and expands the alveoli. Relaxation of the diaphragm has the 
opposite effect, passively recoiling during normal breathing. During exercise, the 
abdominal wall contracts, increasing visceral pressure on the diaphragm, thus forcing the 
air out more quickly and forcefully. The rib cage itself also is able to expand and contract 
the thoracic cavity to some degree, through the action of other respiratory and accessory 
respiratory muscles. As a result, air is sucked into or expelled out of the lungs, always 
moving down its pressure gradient. This type of lung is known as a bellows lung as it 
resembles a blacksmith's bellows. 

Nervous system 

All mammalian brains possess a neocortex, a brain region that is unique to mammals. 
Placental mammals have a corpus callosum unlike monotremes and marsupials. The size 
and number of cortical areas (Brodmann's areas) is least in monotremes (about 8-10) and 
most in placentals (up to 50). 

Integumentary system 

The integumentary system is made up of three layers: the outermost epidermis, the 
dermis, and the hypodermis. 

The epidermis is typically ten to thirty cells thick, its main function being to provide a 
waterproof layer. Its outermost cells are constantly lost; its bottommost cells are 
constantly dividing and pushing upward. The middle layer, the dermis, is fifteen to forty 
times thicker than the epidermis. The dermis is made up of many components such as 
bony structures and blood vessels. The hypodermis is made up of adipose tissue. Its job is 
to store lipids, and to provide cushioning and insulation. The thickness of this layer varies 
widely from species to species. 

Although mammals and other animals have cilia that superficially may resemble it, no 
other animals except mammals have hair. It is a definitive characteristic of the class. 
Some mammals have very little, but nonetheless, careful examination reveals the 
characteristic, often in obscure parts of their bodies. None are known to have hair that 
naturally is blue or green in color although some cetaceans, along with the mandrills 
appear to have shades of blue skin. Many mammals are indicated as having blue hair or 
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fur, but in all known cases, it has been found to be a shade of gray. The two-toed sloth 
and the polar bear may seem to have green fur, but this color is caused by algae growths. 

Reproductive system 

Goat kids will stay with their mother until they are weaned 

Most mammals give birth to live young (vivipary), but a few, namely the monotremes, 
lay eggs. The platypus and the echidna present a particular sex determination system that 
is different from other vertebrates. 

Certain glands of mammals known as mammary glands are specialized to produce milk, a 
liquid used by newborns as their primary source of nutrition. The monotremes branched 
early from other mammals and do not have the nipples seen in most mammals, but they 
do have mammary glands. 

Viviparous mammals are classified into the subclass Theria and are divided into two 
infraclasses: Metatheria (of which only the Marsupialia survive), and Eutheria. 
Marsupialia, or marsupials, have short gestation periods and give birth to undeveloped 
young which are contained within a pouch-like sac (marsupium) located in front of the 
mothers' abdomen. Eutherians, commonly known as placentals, are mammals that give 
birth to complete and fully developed young. This is usually characterized by long 
gestation periods. The majority of mammal species are classified as eutherians. 
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Physiology 

Endothermy 

Nearly all mammals are endothermic ("warm-blooded"). Most mammals also have hair to 
help keep them warm. Like birds, mammals can forage or hunt in cold weather and 
climates where non-avian reptiles and large insects cannot. 

Endothermy requires plenty of food energy, so pound for pound mammals eat more food 
than most reptiles. Small insectivorous mammals eat prodigious amounts for their size.

A rare exception, the naked mole rat produces little metabolic heat, so it is considered an
operational poikilotherm. Birds are also endothermic, so endothermy is not a defining 
mammalian feature. 

Intelligence 

In intelligent mammals, such as primates, the cerebrum is larger relative to the rest of the 
brain. Intelligence itself is not easy to define, but indications of intelligence include the 
ability to learn, matched with behavioral flexibility. Rats, for example, are considered to 
be highly intelligent as they can learn and perform new tasks, an ability that may be 
important when they first colonize a fresh habitat. In some mammals, food gathering 
appears to be related to intelligence: a deer feeding on plants has a brain smaller than a 
cat, which must think to outwit its prey. 

Locomotion 

Mammals evolved from four-legged ancestors. They use their limbs to walk, climb, 
swim, and fly. Some land mammals have toes that produce claws and hooves for 
climbing and running. Aquatic mammals such as whales and dolphins have flippers 
which evolved from legs. 
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Terrestrial 

 
The fastest land animal, the cheetah can reach 120 kmh (75 mph) 

Arboreal 

Sloths travel slowly along branches rather than swinging energetically like monkeys. 

Aquatic 

Buoyed by their aquatic environment, whales have evolved into the largest mammals and 
indeed the largest animals ever. 
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Aerial 

 
Townsend's Big-eared Bat, Corynorhinus townsendii 

Feeding 

To maintain a high constant body temperature is energy expensive – mammals therefore 
need a nutritious and plentiful diet. While the earliest mammals were probably predators, 
different species have since adapted to meet their dietary requirements in a variety of 
ways. Some eat other animals – this is a carnivorous diet (and includes insectivorous 
diets). Other mammals, called herbivores, eat plants. A herbivorous diet includes sub-
types such as fruit-eating and grass-eating. An omnivore eats both prey and plants. 
Carnivorous mammals have a simple digestive tract, because the proteins, lipids, and 
minerals found in meat require little in the way of specialized digestion. Plants, on the 
other hand, contain complex carbohydrates, such as cellulose. The digestive tract of an 
herbivore is therefore host to bacteria that ferment these substances, and make them 
available for digestion. The bacteria are either housed in the multi-chambered stomach or 
in a large cecum. The size of an animal is also a factor in determining diet type. Since 
small mammals have a high ratio of heat-losing surface area to heat-generating volume, 
they tend to have high-energy requirements and a high metabolic rate. Mammals that 
weigh less than about 18 oz (500 g) are mostly insectivorous because they cannot tolerate 
the slow, complex digestive process of a herbivore. Larger animals on the other hand 
generate more heat and less of this heat is lost. They can therefore tolerate either a slower 
collection process (those that prey on larger vertebrates) or a slower digestive process 
(herbivores). Furthermore, mammals that weigh more than 18 oz (500 g) usually cannot 
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collect enough insects during their waking hours to sustain themselves. The only large 
insectivorous mammals are those that feed on huge colonies of insects (ants or termites). 

Specializations in herbivory include: Granivory "seed eating", folivory "leaf eating", 
fruivory "fruit eating", nectivory "nectar eating", gumivory "gum eating", and 
mycophagy "fungus eating". 
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Chapter- 2 

Evolution of Mammals 

 
Restoration of Thrinaxodon, a member of the cynodont group, which includes the 
ancestors of mammals. 

The evolution of mammals within the synapsid lineage (mammal-like-reptiles) was a 
gradual process that took approximately 70 million years, beginning in the mid-Permian. 
By the mid-Triassic, there were many species that looked like mammals, and the first true 
mammals appeared in the early Jurassic. The earliest known marsupial, Sinodelphys, 
appeared 125 million years ago in the early Cretaceous, around the same time as Eomaia, 
the first known eutherian (member of placentals' "parent" group); and the earliest known 
monotreme, Teinolophos, appeared two million years later. After the Cretaceous-Tertiary 
extinction wiped out the non-avian dinosaurs (birds are generally regarded as the 
surviving dinosaurs) and several other mammalian groups, placental and marsupial 
mammals diversified into many new forms and ecological niches throughout the Tertiary, 
by the end of which all modern orders had appeared. 

From the point of view of phylogenetic nomenclature, mammals are the only surviving 
synapsids. The synapsid lineage became distinct from the sauropsid ("reptile") lineage in 
the late Carboniferous period, between 320 and 315 million years ago, and were the most 
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common and largest land vertebrates of the Permian period. But in the Triassic period a 
previously obscure group of sauropsids, the archosaurs, became the dominant vertebrates 
and one archosaur group, the dinosaurs, dominated the rest of the Mesozoic era. These 
changes forced the Mesozoic mammaliforms ("nearly mammals") into nocturnal niches, 
and may have contributed greatly to the development of mammalian traits such as 
endothermy, hair and a large brain. Later in the Mesozoic mammals spread into other 
ecological niches, for example aquatic, gliding and even preying on dinosaurs. 

Most of the evidence consists of fossils. For many years fossils of Mesozoic mammals 
and their immediate ancestors were very rare and fragmentary, but since the mid 1990s 
there have been many important new finds, especially in China. The relatively new 
techniques of molecular phylogenetics have also shed light on some aspects of 
mammalian evolution by estimating the timing of important divergence points for 
modern species. When used carefully, these techniques often, but not always, agree with 
the fossil record. 

Although mammary glands are a signature feature of modern mammals, little is known 
about the evolution of lactation, and virtually nothing is known about the evolution of 
another distinctive feature, the neocortex region of the brain. This is because these soft 
tissues are not often preserved in the fossil record. Hence, most study of the evolution of 
mammals centers around the development of the middle ear bones from components of 
the ancestral amniote jaw joint. Other much-studied aspects include the evolution of erect 
limb posture, a bony secondary palate, fur and hair, and warm-bloodedness. 

Definition of "mammal" 

Mammalian and non-mammalian jaws. In the mammal configuration, the quadrate and 
articular bones are much smaller and form part of the middle ear. Note that in mammals 
the lower jaw consists of only the dentary bone. 
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Living mammal species can be identified by the presence of milk-producing mammary 
glands in females. Other features are required when classifying fossils, since mammary 
glands and other soft-tissue features are not visible in fossils. 

Paleontologists therefore use a distinguishing feature that is shared by all living mammals 
(including monotremes) but is not present in any of the early Triassic therapsids: 
Mammals use two bones for hearing that all other amniotes use for eating. The earliest 
amniotes had a jaw joint composed of the articular (a small bone at the back of the lower 
jaw) and the quadrate (a small bone at the back of the upper jaw). All non-mammalian 
amniotes use this system including lizards, crocodilians, dinosaurs (and their descendants 
the birds), and therapsids. But mammals have a different jaw joint, composed only of the 
dentary (the lower jaw bone, which carries the teeth) and the squamosal (another small 
skull bone). In mammals, the quadrate and articular bones have become the incus and 
malleus bones in the middle ear. 

Mammals also have a double occipital condyle; they have two knobs at the base of the 
skull that fit into the topmost neck vertebra, and other vertebrates have a single occipital 
condyle. But paleontologists use only the jaw joint and middle ear as criteria for 
identifying fossil mammals, as it would be confusing if they found a fossil that had one 
feature but not the other (e.g. a mammalian jaw and ear but a non-mammalian single 
occipital condyle).

Due to the incremental changes in transitional fossils, it has been said 

We may again ask the question, What is a mammal? Where we draw the line between 
reptile and mammal has no biological significance. It is purely a matter of convenience. 
There are two obvious choices, both immediately following a period of rapid evolution 
that make as definite a break as we can hope to find. 

Amniotes 

The first fully terrestrial vertebrates were amniotes — their eggs had internal membranes 
that allowed the developing embryo to breathe but kept water in. This allowed amniotes 
to lay eggs on dry land, while amphibians generally need to lay their eggs in water (a few 
amphibians, such as the Surinam toad, have evolved other ways of getting round this 
limitation). The first amniotes apparently arose in the late Carboniferous from the 
ancestral reptiliomorphs. 

Within a few million years two important amniote lineages became distinct: mammals' 
synapsid ancestors and the sauropsids, from which lizards, snakes, crocodilians, 
dinosaurs and birds are descended. The earliest known fossils of synapsids and 
sauropsids (such as Archaeothyris and Hylonomus resp.) date from about 320 to 315 
million years ago. Unfortunately it is difficult to be sure about when each of them 
evolved, since vertebrate fossils from the late Carboniferous are very rare, and therefore 
the actual first occurrences of each of these types of animal might have been considerably 
earlier. 
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Synapsids 

 
The original synapsid skull structure has one hole behind each eye, in a fairly low 
position on the skull (lower right in this image). 

Synapsid skulls are identified by the distinctive pattern of the holes behind each eye, 
which served the following purposes: 

 made the skull lighter without sacrificing strength. 
 saved energy by using less bone. 
 probably provided attachment points for jaw muscles. Having attachment points 

further away from the jaw made it possible for the muscles to be longer and 
therefore to exert a strong pull over a wide range of jaw movement without being 
stretched or contracted beyond their optimum range. 

Early Permian terrestrial fossils indicate that one synapsid group, the pelycosaurs, were 
the most common land vertebrates of their time and included the largest land animals of 
the time.

Therapsids 

Therapsids descended from pelycosaurs in the middle Permian and took over their 
position as the dominant land vertebrates. They differ from pelycosaurs in several 
features of the skull and jaws, including larger temporal fenestrae and incisors that are 
equal in size.

The therapsids went through a series of stages, beginning with animals that were very 
like their pelycosaur ancestors and ending with some that could easily be mistaken for 
mammals: 

 gradual development of a bony secondary palate. Most books and articles 
interpret this as a prequisite for the evolution of mammals' high metabolic rate, 
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because it enabled these animals to eat and breathe at the same time. But some 
scientists point out that some modern ectotherms use a fleshy secondary palate to 
separate the mouth from the airway, and that a bony palate provides a surface on 
which the tongue can manipulate food, facilitating chewing rather than breathing. 
The interpretation of the bony secondary palate as an aid to chewing also suggests 
the development of a faster metabolism, since chewing makes it possible to digest 
food more quickly. In mammals the palate is formed by two specific bones, but 
various Permian therapsids had other combinations of bones in the right places to 
function as a palate. 

 the dentary gradually becomes the main bone of the lower jaw.
 progress towards an erect limb posture, which would increase the animals' 

stamina by avoiding Carrier's constraint. But this process was erratic and very 
slow — for example: all herbivorous therapsids retained sprawling limbs (some 
late forms may have had semi-erect hind limbs); Permian carnivorous therapsids 
had sprawling forelimbs, and some late Permian ones also had semi-sprawling 
hindlimbs. In fact, modern monotremes still have semi-sprawling limbs. 

 in the Triassic, progress towards the mammalian jaw and middle ear. 
 there is plausible evidence of hair in Triassic therapsids, but none for Permian 

therapsids. 
 some scientists have argued that some Triassic therapsids show signs of lactation. 

Biarmosuchia 

The Biarmosuchia were the most primitive and pelycosaur-like of the therapsids. 

Dinocephalians 

Dinocephalians ("terrible heads") were large, some as large as a rhinoceros, and included 
both carnivores and herbivores. Some of the carnivores had semi-erect hindlimbs, but all 
dinocephalians had sprawling forelimbs. In many ways they were very primitive 
therapsids, for example they had no secondary palate and their jaws were rather 
"reptilian".
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Anomodonts 

Lystrosaurus, one of the few species of dicynodonts that survived the Permian-Triassic 
extinction event 

The anomodonts ("anomalous teeth") were the most successful of the herbivorous 
therapsids — one sub-group, the dicynodonts, survived almost to the end of the Triassic. 
But anomodonts were very different from modern herbivorous mammals, as their only 
teeth were a pair of fangs in the upper jaw and it is generally agreed that they had beaks 
like those of birds or ceratopsians. 

Theriodonts 

The theriodonts ("beast teeth") and their descendants had jaw joints in which the lower 
jaw's articular bone tightly gripped the skull's very small quadrate bone. This allowed a 
much wider gape, and one group, the carnivorous gorgonopsians ("gorgon faces"), took 
advantage of this to develop "sabre teeth". But the theriodont's jaw hinge had a longer 
term significance — the much reduced size of the quadrate bone was an important step in 
the development of the mammalian jaw joint and middle ear. 

The gorgonopsians still had some primitive features: no bony secondary palate (but other 
bones in the right places to perform the same functions); sprawling forelimbs; hindlimbs 
that could operate in both sprawling and erect postures. But the therocephalians ("beast 
heads"), which appear to have arisen at about the same time as the gorgonopsians, had 
additional mammal-like features, e.g. their finger and toe bones had the same number of 
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phalanges (segments) as in early mammals (and the same number that primates have, 
including humans). 

Cynodonts 

Artist's conception of the cynodont Trirachodon within a burrow 

The cynodonts, a theriodont group that also arose in the late Permian, include the 
ancestors of all mammals — one sub-group, the trithelodonts, is widely regarded as the 
most likely to contain mammals' ancestor. Cynodonts' mammal-like features include 
further reduction in the number of bones in the lower jaw; a secondary bony palate; cheek 
teeth with a complex pattern in the crowns; the brain filled the endocranial cavity. 

Multi-chambered burrows have been found, containing as many as 20 skeletons of the 
Early Triassic cynodont Trirachodon; the animals are thought to have been drowned by a 
flash flood. The extensive shared burrows indicate that these animals were capable of 
complex social behaviors. 

Triassic takeover 

The catastrophic Permian-Triassic mass extinction killed off about 70 percent of 
terrestrial vertebrate species, and the majority of land plants. As a result 

 Ecosystems and food chains collapsed, and the recovery took about 6 million 
years. 
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 The survivors had to re-start the struggle for dominance of their former ecological 
niches — even the cynodonts, which had seemed on the way to dominance at the 
end of the Permian. 

But the cynodonts lost out to a previously obscure group of sauropsids, the archosaurs 
(which include the ancestors of crocodilians, dinosaurs and birds). This reversal of 
fortunes is often called the "Triassic takeover". Several explanations have been offered 
for it, but the most likely is that the early Triassic was predominantly arid and therefore 
archosaurs' superior water conservation gave them a decisive advantage (all known 
sauropsids have glandless skins and excrete uric acid, which requires less water to keep it 
sufficiently liquid than urea, which marsupial and placental mammals excrete and 
presumably therapsids excreted). The Triassic takeover was gradual — in the earliest part 
of the Triassic cynodonts were the main predators and lystrosaurs were the main 
herbivores, but by the mid-Triassic archosaurs dominated all the large carnivore and 
herbivore niches. 

But the Triassic takeover may have been a vital factor in the evolution of cynodonts into 
mammals. The cynodonts' descendants were only able to survive as small, mainly 
nocturnal insectivores. As a result:

 The therapsid trend towards differentiated teeth with precise occlusion 
accelerated, because of the need to hold captured arthropods and crush their 
exoskeletons. 

 Nocturnal life required advances in thermal insulation and temperature regulation 
to enable the ancestors of mammals to be active in the cool of the night. 

 Acute senses of hearing and smell became vital.  
o This accelerated the development of the mammalian middle ear, and 

therefore of the mammalian jaw since bones that had been part of the jaw 
joint became part of the middle ear.

o The increase in the size of the olfactory and auditory lobes of the brain 
increased brain weight as a total percentage of body weight. Brain tissue 
requires a disproportionate amount of energy. The need for more food to 
support the enlarged brains increased the pressures for improvements in 
insulation, temperature regulation and feeding. 

 As a side-effect of the nocturnal life, discerning colors became less important 
(they lost two out of four opsins), and this is reflected in the fact that most 
mammals have poor color vision, including the "lower primates" such as lemurs.

From cynodonts to true mammals 

Many uncertainties 

While the Triassic takeover probably accelerated the evolution of mammals, it made life 
more difficult for paleontologists because good fossils of the nearly-mammals are 
extremely rare, mainly because they were mostly smaller than rats: 
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 They were largely restricted to environments that are less likely to provide good 
fossils. The best terrestrial environments for fossilization are floodplains, where 
seasonal floods quickly cover dead animals in a protective layer of silt that is later 
compressed into sedimentary rock. But floodplains are dominated by medium to 
large animals, and the Triassic therapsids and near-mammals could not compete 
with archosaurs in the medium to large size range. 

 Their delicate bones were vulnerable to being destroyed before they could be 
fossilized — by scavengers (including fungi and bacteria) and by being trodden 
on. 

 Small fossils are harder to spot and more vulnerable to being destroyed by 
weathering and other natural stresses before they are discovered. 

In fact it was said as recently as the 1980s that all the Mesozoic fossils of mammals and 
near-mammals could be contained in a few shoeboxes — and they were mostly teeth, 
which are the most durable of all tissues. Since then, the number of Mesozoic fossil 
mammals has increased, from 116 genera known in 1979 to about 310 in 2007, with an 
increase in quality such that "at least 18 Mesozoic mammals are represented by nearly 
complete skeletons". 

As a result: 

 In many cases it is difficult to assign a Mesozoic mammal or near-mammal fossil 
to a genus. 

 All the available fossils of a genus seldom add up to a complete skeleton, and 
hence it is difficult to decide which genera are most like each other and therefore 
most likely to be closely-related. In other words, it becomes very difficult to 
classify them by means of cladistics, which is the most reliable and least 
subjective method currently available. 

So the evolution of mammals in the Mesozoic is full of uncertainties, although there is no 
room for doubt that true mammals did first appear in the Mesozoic. 

Mammals or mammaliformes? 

One result of these uncertainties has been a change in the paleontologists' definition of 
"mammal". For a long time a fossil was considered a mammal if it met the jaw-ear 
criterion (the jaw joint consists only of the squamosal and dentary; and the articular and 
the quadrate bones have become the middle ear's malleus and incus). But more recently 
some paleontologists have usually defined "mammal" as the crown group mammals, i.e. 
the last common ancestor of monotremes, marsupials and placentals and all of its 
descendants. The need to address the animals that are more mammal-like than cynodonts, 
but less closely related to monotremes, marsupials and placentals, lead to erecting the 
group mammaliformes to accommodate these primitive forms. Mammaliformes is a 
paraphyletic taxon, representing the early radiation of mammals after the jaw-ear 
criterion. Although this now appears to be the majority approach, some paleontologists 
have resisted it because it simply moves most of the problems into the new taxon (a 
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paraphyletic one at that) without solving the original problem; the Mammaliformes 
includes some animals with "mammalian" jaw joints and some with "reptilian" (articular-
to-quadrate) jaw joints; and the newer definition of "mammal" and "mammaliformes" 
depend on last common ancestors of both groups, which have not yet been found. Despite 
these objections, this follows the majority approach and treats most of the cynodonts' 
Mesozoic descendants as mammaliformes. 

Multituberculates 

 

Skull of the multituberculate Ptilodus 

Multituberculates (named for the multiple tubercles on their "molars") are often called the 
"rodents of the Mesozoic" but this is an example of convergent evolution rather than 
meaning that they are closely related to the Rodentia. At first sight they look like 
mammals: their jaw joints consists of only the dentary and squamosal bones, and the 
quadrate and articular bones are part of the middle ear; their teeth are differentiated, 
occlude and have mammal-like cusps; they have a zygomatic arch; the structure of the 
pelvis suggests that they gave birth to tiny helpless young, like modern marsupials. And 
they lived for over 120 million years (from mid Jurassic, about 160M years ago, to early 
Oligocene, about 35M years ago), which in terms of clade longevity would make them 
the most successful mammaliformes ever. But a closer look shows that they are very 
different from modern mammals:

 Their "molars" have two parallel rows of tubercles, unlike the tribosphenic (three-
peaked) molars of early mammals. 

 The chewing action is completely different. Mammals chew with a side-to-side 
grinding action, which means that usually the molars occlude on only one side at 
a time. Multituberculates' jaws were incapable of side-to-side movement and 
chewed by dragging the lower teeth backwards against the upper ones as the jaw 
closed. 
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 The anterior (forward) part of the zygomatic arch mostly consists of the maxilla 
(upper jawbone) rather than the jugal, and the jugal is a small bone in a little slot 
in the maxillary process (extension). 

 The squamosal does not form part of the braincase. 
 The rostrum (snout) is unlike that of mammals, in fact it looks more like that of a 

pelycosaur such as Dimetrodon. The multituberculate rostrum is box-like, with 
the large flat maxillae forming the sides, the nasal the top, and the tall premaxilla 
at the front. 

 
Morganucodontidae and other transitional forms had both types of jaw joint: dentary-
squamosal (front) and articular-quadrate (rear).

Morganucodontidae 

The Morganucodontidae first appeared in the late Triassic, about 205M years ago. They 
are an excellent example of transitional fossils, since they have both the dentary-
squamosal and articular-quadrate jaw joints. They were also one of the first discovered 
and most thoroughly studied of the mammaliformes, since an unusually large number of 
morganucodont fossils have been found. 

Docodonts 

Reconstruction of Castorocauda. Note the fur and the adaptations for swimming (broad, 
flat tail; webbed feet) and for digging (robust limbs and claws). 



_________________WORLD TECHNOLOGIES_________________

The most notable member of the docodonts is Castorocauda ("beaver tail"), which lived 
in the mid Jurassic about 164M years ago and was first discovered in 2004 and described 
in 2006. Castorocauda was not a typical docodont (most were omnivores) and not a true 
mammal, but it is extremely important in the study of the evolution of mammals because 
the first find was an almost complete skeleton (a real luxury in paleontology) and it 
breaks the "small nocturnal insectivore" stereotype:

 It was noticeably larger than most Mesozoic mammal-like fossils — about 17 in 
(43 cm) from its nose to the tip of its 5-inch (130 mm) tail, and may have weighed 
500–800 g (18–28 oz). 

 It provides the earliest absolutely certain evidence of hair and fur. Previously the 
earliest was Eomaia, a true mammal from about 125M years ago. 

 It had aquatic adaptations including flattened tail bones and remnants of soft 
tissue between the toes of the back feet, suggesting that they were webbed. 
Previously the earliest known semi-aquatic mammal-like animals were from the 
Eocene, about 110M years later. 

 Castorocauda's powerful forelimbs look adapted for digging. This feature and the 
spurs on its ankles make it resemble the platypus, which also swims and digs.

 Its teeth look adapted for eating fish: the first two molars had cusps in a straight 
row, which made them more suitable for gripping and slicing than for grinding; 
and these molars are curved backwards, to help in grasping slippery prey. 

Hadrocodium 

 
Hadrocodium skull. The jaw joint is fully mammalian (squamosal-dentary only) and 
farther forward than in earlier transitional forms. 

The consensus family tree above shows Hadrocodium as an "aunt" of true mammals, 
while symmetrodonts and kuehneotheriids are more closely related to true mammals. But 
fossils of symmetrodonts and kuehneotheriids are so few and fragmentary that they are 
poorly understood and may be paraphyletic. On the other hand there are good fossils of 
Hadrocodium (about 195M years ago in the very early Jurassic) and they have some 
important features:  

 The jaw joint consists only of the squamosal and dentary bones, and the jaw 
contains no smaller bones to the rear of the dentary, unlike the therapsid design. 

 In therapsids and most mammaliformes the eardrum stretched over a trough at the 
rear of the lower jaw. But Hadrocodium had no such trough, which suggests its 
ear was part of the cranium, as it is in mammals — and hence that the former 
articular and quadrate had migrated to the middle ear and become the malleus and 
incus. On the other hand the dentary has a "bay" at the rear that mammals lack. 
This suggests that Hadrocodium's dentary bone retained the same shape that it 
would have had if the articular and quadrate had remained part of the jaw joint, 
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and therefore that Hadroconium or a very close ancestor may have been the first 
to have a fully mammalian middle ear. 

 Therapsids and earlier mammaliforms had their jaw joints very far back in the 
skull, partly because the ear was at the rear end of the jaw but also had to be close 
to the brain. This arrangement limited the size of the braincase, because it forced 
the jaw muscles to run round and over it. Hadrocodium's braincase and jaws were 
no longer bound to each other by the need to support the ear, and its jaw joint was 
further forward. In its descendants or those of animals with a similar arrangement, 
the brain case was free to expand without being constrained by the jaw and the 
jaw was free to change without being constrained by the need to keep the ear near 
the brain — in other words it now became possible for mammal-like animals both 
to develop large brains and to adapt their jaws and teeth in ways that were purely 
specialized for eating. 

The earliest true mammals 

This part of the story introduces new complications, since true mammals are the only 
group that still has living members: 

 One has to distinguish between extinct groups and those that have living 
representatives. 

 One often feels compelled to try to explain the evolution of features that do not 
appear in fossils. This endeavor often involves Molecular phylogenetics, a 
technique that has become popular since the mid-1980s but is still often 
controversial because of its assumptions, especially about the reliability of the 
molecular clock. 

Australosphenida and Ausktribosphenidae 

Ausktribosphenidae is a group name that has been given to some rather puzzling finds 
that: 

 appear to have tribosphenic molars, a type of tooth that is otherwise known only 
in placentals and marsupials. 

 come from mid Cretaceous deposits in Australia — but Australia was connected 
only to Antarctica, and placentals originated in the northern hemisphere and were 
confined to it until continental drift formed land connections from North America 
to South America, from Asia to Africa and from Asia to India (the late Cretaceous 
map at  shows how the southern continents are separated). 

 are represented only by skull and jaw fragments, which is not very helpful. 

Australosphenida is a group that has been defined in order to include the 
Ausktribosphenidae and monotremes. Asfaltomylos (mid- to late Jurassic, from 
Patagonia) has been interpreted as a basal australosphenid (animal that has features 
shared with both Ausktribosphenidae and monotremes; lacks features that are peculiar to 
Ausktribosphenidae or monotremes; also lacks features that are absent in 
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Ausktribosphenidae and monotremes) and as showing that australosphenids were 
widespread throughout Gondwanaland (the old Southern hemisphere super-continent). 

But recent analysis of Teinolophos suggests Teinolophos (about 115M years ago) was a 
"crown group" (advanced and relatively specialised) monotreme, so the basal (most 
primitive) monotremes must have appeared considerably earlier; that some alleged 
Australosphenids were also "crown group" monotremes (e.g. Steropodon); and that other 
alleged Australosphenids (e.g. Ausktribosphenos, Bishops, Ambondro, Asfaltomylos) are 
therefore more closely related to and possibly members of the Therian mammals. 

Monotremes 

The earliest known monotreme is Teinolophos, which lived about 123M years ago in 
Australia. Recent (2007, published 2008) analysis suggest that it was not a basal 
(primitive, ancestral) monotreme but a full-fledged platypus, and therefore that the 
platypus and echidna lineages diverged considerably earlier and that basal monotremes 
were even earlier. 

A more recent study (2009), however, has suggested that while Teinolophis was a type of 
platypus, it also was a basal monotreme and predated the radiation of modern 
monotremes. The semi-aquatic lifestyle of platypuses prevented them from being 
outcompeted by the marsupials that migrated to Australia millions of years ago, since 
joeys need to keep attached to their mothers and would drown if their mothers ventured 
into water. Genetic evidence has determined that echidnas diverged from the platypus 
lineage as recently as 19-48M when they made their transition from semi-aquatic to 
terrestrial lifestyle.

Monotremes have some features that may be inherited from the original amniotes:

 they use the same orifice to urinate, defecate and reproduce ("monotreme" means 
"one hole") — as lizards and birds also do. 

 they lay eggs that are leathery and uncalcified, like those of lizards, turtles and 
crocodilians. 

Unlike in other mammals, female monotremes do not have nipples and feed their young 
by "sweating" milk from patches on their bellies. 

Of course these features are not visible in fossils, and the main characteristics from 
paleontologists' point of view are: 

 a slender dentary bone in which the coronoid process is small or non-existent. 
 the external opening of the ear lies at the posterior base of the jaw.
 the jugal bone is small or non-existent. 
 a primitive pectoral girdle with strong ventral elements: coracoids, clavicles and 

interclavicle. Note: therian mammals have no interclavicle. 
 sprawling or semi-sprawling forelimbs. 



_________________WORLD TECHNOLOGIES_________________

Theria 

Theria ("beasts") is a name applied to the hypothetical group from which both metatheria 
(which include marsupials) and eutheria (which include placentals) descended. Although 
no convincing fossils of basal therians have been found (just a few teeth and jaw 
fragments), metatheria and eutheria share some features that one would expect to have 
been inherited from a common ancestral group: 

 

Therian form of crurotarsal ankle. Adapted with permission from Palaeos 

 no interclavicle. 
 coracoid bones non-existent or fused with the shoulder blades to form coracoid 

processes. 
 a type of crurotarsal ankle joint in which: the main joint is between the tibia and 

astragalus; the calcaneum has no contact with the tibia but forms a heel to which 
muscles can attach. (The other well-known type of crurotarsal ankle is seen in 
crocodilians and works differently — most of the bending at the ankle is between 
the calcaneum and astragalus). 

 tribosphenic molars. 

Tribosphenic molars have been found in fossils from Madagascar, which indicates that 
therian mammals are at least 167 million years old. 

Metatheria 

The living Metatheria are all marsupials ("animals with pouches"). A few fossil genera 
such as the Mongolian late Cretaceous Asiatherium may be marsupials or members of 
some other metatherian group(s). 
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The oldest known marsupial is Sinodelphys, found in 125M-year old early Cretaceous 
shale in China's northeastern Liaoning Province. The fossil is nearly complete and 
includes tufts of fur and imprints of soft tissues. 

Didelphimorphia (common opossums of the Western Hemisphere) first appeared in the 
late Cretaceous and still have living representatives, probably because they are mostly 
semi-arboreal unspecialized omnivores. 

The best-known feature of marsupials is their method of reproduction: 

 The mother develops a kind of yolk sack in her womb that delivers nutrients to 
the embryo. Embryos of bandicoots, koalas and wombats additionally form 
placenta-like organs that connect them to the uterine wall, although the placenta-
like organs are smaller than in placental mammals and it is not certain that they 
transfer nutrients from the mother to the embryo. 

 Pregnancy is very short, typically 4 to 5 weeks. The embryo is born at a very 
young age of development, and is usually less than 2 in (5.1 cm) long at birth. It 
has been suggested that the short pregnancy is necessary to reduce the risk that the 
mother's immune system will attack the embryo.

 The newborn marsupial uses its forelimbs (with relatively strong hands) to climb 
to a nipple, which is usually in a pouch on the mother's belly. The mother feeds 
the baby by contracting muscles over her mammary glands, as the baby is too 
weak to suck. The newborn marsupial's need to use its forelimbs in climbing to 
the nipple has prevented the forelimbs from evolving into paddles or wings and 
has therefore prevented the appearance of aquatic or truly flying marsupials 
(although there are several marsupial gliders). 

 

Palate of thylacine, showing one of the paired palatal fenestrae (top left), which are a 
signature feature of marsupials. 

Although some marsupials look very like some placentals (the thylacine or "marsupial 
wolf" is a good example), marsupial skeletons have some features that distinguish them 
from placentals:

 Some, including the thylacine, have 4 molars. No placentals have more than 3. 
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 All have a pair of palatal fenestrae, window-like openings on the bottom of the 
skull (in addition to the smaller nostril openings). 

Marsupials also have a pair of marsupial bones (sometimes called "epipubic bones"), 
which support the pouch in females. But these are not unique to marsupials, since they 
have been found in fossils of multituberculates, monotremes, and even eutherians — so 
they are probably a common ancestral feature that disappeared at some point after the 
ancestry of living placental mammals diverged from that of marsupials. Some researchers 
think the epipubic bones' original function was to assist locomotion by supporting some 
of the muscles that pull the thigh forwards. 

Eutheria 

The living Eutheria ("true beasts") are all placentals. But the earliest known eutherian, 
Eomaia, found in China and dated to 125M years ago, has some features that are more 
like those of marsupials (the surviving metatherians): 

Fossil of Eomaia in the Hong Kong Science Museum. 

 Epipubic bones extending forwards from the pelvis, which are not found in any 
modern placental, but are found in all other mammals — non-placental 
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eutherians, marsupials, monotremes and mammaliformes — and even in the 
cynodont therapsids that are closest to mammals. Their function is to stiffen the 
body during locomotion. This stiffening would be harmful in pregnant placentals, 
whose abdomens need to expand. 

 A narrow pelvic outlet, which indicates that the young were very small at birth 
and therefore pregnancy was short, as in modern marsupials. This suggests that 
the placenta was a later development. 

 5 incisors in each side of the upper jaw. This number is typical of metatherians, 
and the maximum number in modern placentals is 3, except for homodonts such 
as the armadillo. But Eomaia's molar to premolar ratio (it has more pre-molars 
than molars) is typical of eutherians, including placentals, and not normal in 
marsupials. 

Eomaia also has a Meckelian groove, a primitive feature of the lower jaw that is not 
found in modern placental mammals. 

These intermediate features are consistent with molecular phylogenetics estimates that 
the placentals diversified about 110M years ago, 15M years after the date of the Eomaia 
fossil. 

Eomaia also has many features that strongly suggest it was a climber, including several 
features of the feet and toes; well-developed attachment points for muscles that are used a 
lot in climbing; and a tail that is twice as long as the rest of the spine. 

Placentals' best-known feature is their method of reproduction: 

 The embryo attaches itself to the uterus via a large placenta via which the mother 
supplies food and oxygen and removes waste products. 

 Pregnancy is relatively long and the young are fairly well-developed at birth. In 
some species (especially herbivores living on plains) the young can walk and even 
run within an hour of birth. 

It has been suggested that the evolution of placental reproduction was made possible by 
retroviruses that: 

 make the interface between the placenta and uterus into a syncytium, i.e. a thin 
layer of cells with a shared external membrane. This allows the passage of 
oxygen, nutrients and waste products but prevents the passage of blood and other 
cells, which would cause the mother's immune system to attack the fetus. 

 reduce the aggressiveness of the mother's immune system (which is good for the 
foetus but makes the mother more vulnerable to infections). 

From a paleontologist's point of view, eutherians are mainly distinguished by various 
features of their teeth, ankles and feet. 
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Expansion of ecological niches in the Mesozoic 

There is still some truth in the "small, nocturnal insectivores" stereotype but recent finds, 
mainly in China, show that some mammaliforms and true mammals were larger and had 
a variety of lifestyles. For example:

 Castorocauda, a member of Docodonta which lived in the middle Jurassic about 
164 million years, was about 42.5 cm (16.7 in) long, weighed 500–800 g (18–28 
oz), had limbs that were adapted for swimming and digging and teeth adapted for 
eating fish. 

 Multituberculates, are allotherians that survived for over 125 million years (from 
mid Jurassic, about 160M years ago, to early Oligocene, about 35M years ago) are 
often called the "rodents of the Mesozoic", because they had continuously-
growing incisors like those of modern rodents. 

Repenomamus sometimes preyed on young dinosaurs 

 Fruitafossor, from the late Jurassic period about 150 million years ago, was about 
the size of a chipmunk and its teeth, forelimbs and back suggest that it broke open 
the nest of social insects to prey on them (probably termites, as ants had not yet 
appeared). 

 Volaticotherium, allotherians from the boundary the early Cretaceous about 125M 
years ago, is the earliest-known gliding mammal and had a gliding membrane that 
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stretched out between its limbs, rather like that of a modern flying squirrel. This 
also suggests it was active mainly during the day. 

 Repenomamus, tricodonts from the early Cretaceous 130 million years ago, was a 
stocky, badger-like predator that sometimes preyed on young dinosaurs. Two 
species have been recognized, one more than 1 m (39 in) long and weighing about 
12–14 kg (26–31 lb), the other less than 0.5 m (20 in) long and weighing 4–6 kg 
(8.8–13 lb). 

Evolution of major groups of living mammals 

There are currently vigorous debates between traditional paleontologists ("fossil-
hunters") and molecular phylogeneticists about how and when the true mammals 
diversified, especially the placentals. Generally the traditional paelontologists date the 
appearance of a particular group by the earliest known fossil whose features make it 
likely to be a member of that group, while the molecular phylogeneticists suggest that 
each lineage diverged earlier (usually in the Cretaceous) and that the earliest members of 
each group were anatomically very similar to early members of other groups and differed 
only in their genes. These debates extend to the definition of and relationships between 
the major groups of placentals — the controversy about Afrotheria is a good example. 

Fossil-based family tree of placental mammals 

Here is a very simplified version of a typical family tree based on fossils, based on 
Cladogram of Mammalia - Palaeos. It tries to show the nearest thing there is at present to 
a consensus view, but some paleontologists have very different views, for example: 

 The most common view is that placentals originated in the southern hemisphere, 
but some paleontologists argue that they first appeared in Laurasia (old 
supercontinent containing modern Asia, N. America and Europe). 

 Paleontologists differ about when the first placentals appeared, with estimates 
ranging from 20M years before the end of the Cretaceous to just after the end of 
the Cretaceous. And molecular biologists argue for a much earlier origin. 

 Most paleontologists suggest that placentals should be divided into Xenarthra and 
the rest, but a few think these animals diverged later. 

For the sake of brevity and simplicity the diagram omits some extinct groups in order to 
focus on the ancestry of well-known modern groups of placentals — X marks extinct 
groups. The diagram also shows the following: 

 the age of the oldest known fossils in many groups, since one of the major debates 
between traditional paleontologists and molecular phylogeneticists is about when 
various groups first became distinct. 

 well-known modern members of most groups. 

This family tree contains some surprises and puzzles. For example: 
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 The closest living relatives of cetaceans (whales, dolphins, porpoises) are 
artiodactyls, hoofed animals, which are almost all pure vegetarians. 

 Bats are fairly close relatives of primates. 
 The closest living relatives of elephants are the aquatic sirenians, while their next 

relatives are hyraxes, which look more like well-fed guinea pigs. 
 There is little correspondence between the structure of the family (what was 

descended from what) and the dates of the earliest fossils of each group. For 
example the earliest fossils of perissodactyls (the living members of which are 
horses, rhinos and tapirs) date from the late Paleocene but the earliest fossils of 
their "sister group" the Tubulidentata date from the early Miocene, nearly 50M 
years later. Paleontologists are fairly confident about the family relationships, 
which are based on cladistic analyses, and believe that fossils of the ancestors of 
modern aardvarks have simply not been found yet. 

Family tree of placental mammals according to molecular 
phylogenetics 

Molecular phylogenetics uses features of organisms' genes to work out family trees in 
much the same way as paleontologists do with features of fossils — if two organisms' 
genes are more similar to each other than to those of a third organism, the two organisms 
are more closely related to each other than to the third. 

Molecular phylogeneticists have proposed a family tree that is very different from the one 
with which paleontologists are familiar. Like paleontologists, molecular phylogeneticists 
have different ideas about various details, but here is a typical family tree according to 
molecular phylogenetics: Note that the diagram shown here omits extinct groups, as one 
cannot extract DNA from fossils. 

Here are the most significant of the many differences between this family tree and the 
one familiar to paleontologists:

 The top-level division is between Atlantogenata and Boreoeutheria, instead of 
between Xenarthra and the rest. But some molecular phylogeneticists have 
proposed a 3-way top-level split between Xenarthra, Afrotheria and 
Boreoeutheria. 

 Afrotheria contains several groups that are only distantly related according to the 
paleontologists' version: Afroinsectiphilia ("African insectivores"), Tubulidentata 
(aardvarks, which paleontologists regard as much closer to odd-toed ungulates 
than to other members of Afrotheria), Macroscelidea (elephant shrews, usually 
regarded as close to rabbits and rodents). The only members of Afrotheria that 
paleontologists would regard as closely related are Hyracoidea (hyraxes), 
Proboscidea (elephants) and Sirenia (manatees, dugongs). 

 Insectivores are split into 3 groups: one is part of Afrotheria and the other two are 
distinct sub-groups within Boreoeutheria. 

 Bats are closer to Carnivora and odd-toed ungulates than to primates and 
Dermoptera (colugos). 
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 Perissodactyla (odd-toed ungulates) are closer to Carnivora and bats than to 
Artiodactyla (even-toed ungulates). 

The grouping together of the Afrotheria has some geological justification. All surviving 
members of the Afrotheria originate from South American or (mainly) African lineages 
— even the Indian elephant, which diverged from an African lineage about 7.6 million 
years ago. As Pangaea broke up Africa and South America separated from the other 
continents less than 150M years ago, and from each other between 100M and 80M years 
ago. The earliest known eutherian mammal is Eomaia, from about 125M years ago. So it 
would not be surprising if the earliest eutherian immigrants into Africa and South 
America were isolated there and radiated into all the available ecological niches.

Nevertheless these proposals have been controversial. Paleontologists naturally insist that 
fossil evidence must take priority over deductions from samples of the DNA of modern 
animals. More surprisingly, these new family trees have been criticised by other 
molecular phylogeneticists, sometimes quite harshly: 

 Mitochondrial DNA's mutation rate in mammals varies from region to region — 
some parts hardly ever change and some change extremely quickly and even show 
large variations between individuals within the same species. 

 Mammalian mitochondrial DNA mutates so fast that it causes a problem called 
"saturation", where random noise drowns out any information that may be 
present. If a particular piece of mitochondrial DNA mutates randomly every few 
million years, it will have changed several times in the 60 to 75M years since the 
major groups of placental mammals diverged. 

Timing of placental evolution 

Recent molecular phylogenetic studies suggest that most placental orders diverged about 
100M to 85M years ago, but that modern families first appeared in the late Eocene and 
early Miocene. 

Some paleontologists object that no placental fossils have been found from before the end 
of the Cretaceous — for example Maelestes gobiensis, from about 75M years ago, is a 
eutherian but not a true placental. Many Cretaceous fossil sites contain well-preserved 
lizards, salamanders, birds, and mammals, but not the modern forms of mammals. It is 
likely that they simply did not exist, and that the molecular clock runs fast during major 
evolutionary radiations. On the other hand there is fossil evidence from 85 million years 
ago of hoofed animals that may be ancestors of modern ungulates. 

Fossils of the earliest members of most modern groups date from the Paleocene, a few 
date from later and very few from the Cretaceous, before the extinction of the dinosaurs. 
But some paleontologists, influenced by molecular phylogenetic studies, have used 
statistical methods to extrapolate backwards from fossils of members of modern groups 
and concluded that primates arose in the late Cretaceous. However statistical studies of 
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the fossil record confirm that mammals were restricted in size and diversity right to the 
end of the Cretaceous, and rapidly grew in size and diversity during the Early Paleocene. 

Evolution of mammalian features 

Jaws and middle ears 

Hadrocodium, whose fossils date from the early Jurassic, provides the first clear evidence 
of fully mammalian jaw joints and middle ears, in which the jaw joint is formed by the 
dentary and squamosal bones while the articular and quadrate move to the middle ear, 
where they are known as the incus and malleus. Curiously it is usually classified as a 
member of the mammaliformes rather than a as a true mammal.

One analysis of the monotreme Teinolophos suggested that this animal had a pre-
mammalian jaw joint formed by the angular and quadrate bones and that the typical 
mammalian middle ear evolved twice independently, in monotremes and in therian 
mammals, but this idea has been disputed. In fact 2 of the suggestion's authors co-
authored a later paper that reinterpreted the same features as evidence that Teinolophos 
was a full-fledged platypus, which means it would have had a mammalian jaw joint and 
middle ear. 

Milk production (lactation) 

It has been suggested that lactation's original function was to keep eggs moist. Much of 
the argument is based on monotremes (egg-laying mammals): 

 Monotremes do not have nipples but secrete milk from a hairy patch on their 
bellies. 

 During incubation, monotremes' eggs are covered in a sticky substance whose 
origin is not known. Before the eggs are laid, their shells have only three layers. 
Afterwards a fourth layer appears, and its composition is different from that of the 
original three. The sticky substance and the fourth layer may be produced by the 
mammary glands. 

 If so, that may explain why the patches from which monotremes secrete milk are 
hairy — it is easier to spread moisture and other substances over the egg from a 
broad, hairy area than from a small, bare nipple. 

Hair and fur 

The first clear evidence of hair or fur is in fossils of Castorocauda, from 164M years ago 
in the mid Jurassic. 

From 1955 onwards some scientists have interpreted the foramina (passages) in the 
maxillae (upper jaws) and premaxillae (small bones in front of the maxillae) of cynodonts 
as channels that supplied blood vessels and nerves to vibrissae (whiskers), and suggested 
that this was evidence of hair or fur. But foramina do not necessarily show that an animal 
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had vibrissae — for example the modern lizard Tupinambis has foramina that are almost 
identical to those found in the non-mammalian cynodont Thrinaxodon. 

Erect limbs 

The evolution of erect limbs in mammals is incomplete — living and fossil monotremes 
have sprawling limbs. In fact some scientists think that the parasagittal (non-sprawling) 
limb posture is a synapomorphy (distinguishing characteristic) of the Boreosphenida, a 
group that contains the Theria and therefore includes the last common ancestor of modern 
marsupials and placentals — and therefore that all earlier mammals had sprawling limbs.

Sinodelphys (the earliest known marsupial) and Eomaia (the earliest known eutherian) 
lived about 125M years ago, so erect limbs must have evolved before then. 

Warm-bloodedness 

"Warm-bloodedness" is a complex and rather ambiguous term, because it includes some 
or all of the following: 

 Endothermy, i.e. the ability to generate heat internally rather than via behaviors 
such as basking or muscular activity. 

 Homeothermy, i.e. maintaining a fairly constant body temperature. 
 Tachymetabolism, i.e. maintaining a high metabolic rate, particularly when at 

rest. This requires a fairly high and stable body temperature, since biochemical 
processes run about half as fast if an animal's temperature drops by 10°C; most 
enzymes have an optimum operating temperature and their efficiency drops 
rapidly outside the preferred range. 

Since scientists cannot know much about the internal mechanisms of extinct creatures, 
most discussion focuses on homeothermy and tachymetabolism. 

Modern monotremes have a lower body temperature and more variable metabolic rate 
than marsupials and placentals. So the main question is when a monotreme-like 
metabolism evolved in mammals. The evidence found so far suggests Triassic cynodonts 
may have had fairly high metabolic rates, but is not conclusive. 

Respiratory turbinates 

Modern mammals have respiratory turbinates, convoluted structures of thin bone in the 
nasal cavity. These are lined with mucous membranes that warm and moisten inhaled air 
and extract heat and moisture from exhaled air. An animal with respiratory turbinates can 
maintain a high rate of breathing without the danger of drying its lungs out, and therefore 
may have a fast metabolism. Unfortunately these bones are very delicate and therefore 
have not yet been found in fossils. But rudimentary ridges like those that support 
respiratory turbinates have been found in Triassic therapsids such as Thrinaxodon and 
Diademodon, which suggests that they may have had fairly high metabolic rates.   
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Bony secondary palate 

Mammals have a secondary bony palate, which separates the respiratory passage from the 
mouth, allowing them to eat and breathe at the same time. Secondary bony palates have 
been found in the more advanced cynodonts and have been used as evidence of high 
metabolic rates. But some cold-blooded vertebrates have secondary bony palates 
(crocodilians and some lizards), while birds, which are warm-blooded, do not have them. 

Diaphragm 

A muscular diaphragm helps mammals to breathe, especially during strenuous activity. 
For a diaphragm to work, the ribs must not restrict the abdomen, so that expansion of the 
chest can be compensated for by reduction in the volume of the abdomen and vice versa. 
The advanced cynodonts have very mammal-like rib cages, with greatly reduced lumbar 
ribs. This suggests that these animals had diaphragms, were capable of strenuous activity 
for fairly long periods and therefore had high metabolic rates. On the other hand these 
mammal-like rib cages may have evolved to increase agility. But the movement of even 
advanced therapsids was "like a wheelbarrow", with the hindlimbs providing all the 
thrust while the forelimbs only steered the animal, in other words advanced therapsids 
were not as agile as either modern mammals or the early dinosaurs. So the idea that the 
main function of these mammal-like rib cages was to increase agility is doubtful. 

Limb posture 

The therapsids had sprawling forelimbs and semi-erect hindlimbs. This suggests that 
Carrier's constraint would have made it rather difficult for them to move and breathe at 
the same time, but not as difficult as it is for animals such as lizards, which have 
completely sprawling limbs. But cynodonts (advanced therapsids) had costal plates that 
stiffened the rib cage and therefore may have reduced sideways flexing of the trunk while 
moving, which would have made it a little easier for them to breathe while moving . 
These facts suggest that advanced therapsids were significantly less active than modern 
mammals of similar size and therefore may have had slower metabolisms. 

Insulation (hair and fur) 

Insulation is the "cheapest" way to maintain a fairly constant body temperature, without 
consuming energy to produce more body heat. Therefore, possession of hair or fur would 
be good evidence of homeothermy but would not be such strong evidence of a high 
metabolic rate.  

The first clear evidence of hair or fur is in fossils of Castorocauda, from 164M years ago 
in the mid Jurassic; arguments that advanced therapsids had hair are unconvincing. 
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Chapter- 3 

Mammal Anatomy 

Dog anatomy 
Dog anatomy includes the same internal structures that are in humans. Details of 
structures vary tremendously from breed to breed, more than in any other animal species, 
wild or domesticated, as dogs vary from the tiny Chihuahua to the giant Irish Wolfhound. 

Croup 8.Leg (thigh and hip) 9.Hock 10.Hind feet 11.Withers 12.Stifle 13.Paws 14.Tail 
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Skeleton of a domestic dog 
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Skull of a dog 
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Physical characteristics 

 

Dog knee 

Like most predatory mammals, the dog has powerful muscles, a cardiovascular system 
that supports both sprinting and endurance, and teeth for catching, holding, and tearing. 

The dog's ancestral skeleton provided the ability to run and leap. Their legs are designed 
to propel them forward rapidly, leaping as necessary, to chase and overcome prey. 
Consequently, they have small, tight feet, walking on their toes; their rear legs are fairly 
rigid and sturdy; the front legs are loose and flexible, with only muscle attaching them to 
the torso.

Although selective breeding has changed the appearance of many breeds, all dogs retain 
the basic ingredients from their distant ancestors. Dogs have disconnected shoulder bones 
(lacking the collar bone of the human skeleton) that allow a greater stride length for 
running and leaping. They walk on four toes, front and back, and have vestigial dewclaws 
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(dog thumbs) on their front legs and sometimes on their rear legs.When a dog has extra 
dewclaws in addition to the usual one on each front leg, the dog is said to be "double 
dewclawed". 

There is some debate about whether a dewclaw helps dogs to gain traction when they run 
because, in some dogs, the dewclaw makes contact when they are running and the nail on 
the dewclaw often wears down in the same way that the nails on their other toes do, from 
contact with the ground. However, in many dogs the dewclaws never make contact with 
the ground; in this case, the dewclaw's nail never wears away, and it is then often 
trimmed to keep it to a safe length.

The dewclaws are not dead appendages. They can be used to lightly grip bones and other 
items that dogs hold with the paws. However, in some dogs these claws may not appear 
to be connected to the leg at all except by a flap of skin; in such dogs the claws do not 
have a use for gripping as the claw can easily fold or turn.  

There is also some debate as to whether dewclaws should be surgically removed. The 
argument for removal states that dewclaws are a weak digit, barely attached to the leg, so 
that they can rip partway off or easily catch on something and break, which can be 
extremely painful and prone to infection. Others say the pain of removing a dewclaw is 
far greater than any other risk. For this reason, removal of dewclaws is illegal in many 
countries. There is, perhaps, an exception for hunting dogs, who can sometimes tear the 
dewclaw while running in overgrown vegetation.  If a dewclaw is to be removed, this 
should be done when the dog is a puppy, sometimes as young as 3 days old, though it can 
also be performed on older dogs if necessary (though the surgery may be more difficult 
then). The surgery is fairly straight-forward and may even be done with only local 
anesthetics if the digit is not well connected to the leg. Unfortunately many dogs can't 
resist licking at their sore paws following the surgery, so owners need to remain vigilant. 

In addition, for those dogs whose dewclaws make contact with the ground when they run, 
it is possible that removing them could be a disadvantage for a dog's speed in running and 
changing of direction, particularly in performance dog sports such as dog agility. 

The dog's ancestor was about the size of a Dingo, and its skeleton took about 10 months 
to mature. Today's toy breeds have skeletons that mature in only a few months, while 
giant breeds such as the Mastiffs take 16 to 18 months for the skeleton to mature. 
Dwarfism has affected the proportions of some breeds' skeletons, as in the Basset Hound. 

Knowledge of basic anatomy also helps when competing in dog shows or contests. 

Size

Researchers have identified a particular piece of genetic material that is common to every 
small-dog breed and, in turn, is probably responsible for making them tiny. The study, 
published in 2007, found a regulatory sequence (not a gene) next to the gene IGF1; 
together the gene and regulatory sequence together are known as a haplotype that "is a 
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major contributor to body size in all small dogs." Medium and large size dogs do not 
usually have the regulatory sequence, although the small-size sequence was found in the 
Rottweiler breed. The study included 3,241 dogs from 143 breeds. The researchers 
concluded the genetic instructions to make dogs small must be at least 12,000 years old, 
and it is not found in wolves. Another study has shown that lap dogs (small dogs) are 
among the oldest dog types. 

Modern dog breeds show more variation in size, appearance, and behavior than any other 
domestic animal. Within the range of extremes, dogs generally share attributes with their 
wild ancestors, the wolves. Dogs are predators and scavengers, possessing sharp teeth 
and strong jaws for attacking, holding, and tearing their food. Although selective 
breeding has changed the appearance of many breeds, all dogs retain basic traits from 
their distant ancestors. Like many other predatory mammals, the dog has powerful 
muscles, fused wristbones, a cardiovascular system that supports both sprinting and 
endurance, and teeth for catching and tearing. 

Sight 

A Greyhound, one of many breeds of sighthound 

Like most mammals, dogs are dichromats and have color vision equivalent to red-green 
color blindness in humans. Different breeds of dogs have different eye shapes and 
dimensions, and they also have different retina configurations. Dogs with long noses have 
a "visual streak" which runs across the width of the retina and gives them a very wide 
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field of excellent vision, while those with short noses have an "area centralis" — a 
central patch with up to three times the density of nerve endings as the visual streak — 
giving them detailed sight much more like a human's. 

Some breeds, particularly the sighthounds, have a field of vision up to 270° (compared to 
180° for humans), although broad-headed breeds with short noses have a much narrower 
field of vision, as low as 180°. 

Hearing 

According to hypertextbook.com, the frequency range of dog hearing is approximately 
40 Hz to 60,000 Hz. Dogs detect sounds as low as the 16 to 20 Hz frequency range 
(compared to 20 to 70 Hz for humans) and above 45 kHz (compared to 13 to 20 kHz for 
humans), and in addition have a degree of ear mobility that helps them to rapidly pinpoint 
the exact location of a sound. Eighteen or more muscles can tilt, rotate and raise or lower 
a dog's ear. Additionally, a dog can identify a sound's location much faster than a human 
can, as well as hear sounds up to four times the distance that humans are able to. Those 
with more natural ear shapes, like those of wild canids like the fox, generally hear better 
than those with the floppier ears of many domesticated species.
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Smell 

 
 

Scent hounds, especially the Bloodhound, are bred for their keen sense of smell. 

Dogs have nearly 220 million smell-sensitive cells over an area about the size of a pocket 
handkerchief (compared to 5 million over an area the size of a postage stamp for 
humans). According to nhm.org, dogs can sense odours at concentrations nearly 100 
million times lower than humans can. According to Dummies.com, the percentage of the 
dog's brain that is devoted to analyzing smells is actually 40 times larger than that of a 
human. Some dog breeds have been selectively bred for excellence in detecting scents, 
even compared to their canine brethren. 
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The highly sensitive nose of a dog. 

Coat 

Domestic dogs often display the remnants of counter-shading, a common natural 
camouflage pattern. The general theory of countershading is that an animal that is lit from 
above will appear lighter on its upper half and darker on its lower half where it will 
usually be in its own shade. This is a pattern that predators can learn to watch for. A 
countershaded animal will have dark coloring on its upper surfaces and light coloring 
below. This reduces the general visibility of the animal. One reminder of this pattern is 
that many breeds will have the occasional "blaze", stripe, or "star" of white fur on their 
chest or undersides. 

Dogs diverged from a now-extinct Asian wolf between 12,000 and 15,000 years ago, 
according to recent DNA studies. In that time, the long nose and heavy grey-colored 
double coat of the wolf has changed into the wide variety of dog shapes and coats and 
colors seen today. The change was due at first to genetic changes that occurred as the 
original dogs learned to tolerate the presence of humans, as shown in the research on 
foxes by Dmitri Belyaev in his Farm-Fox Experiment. The research found that a genetic 
change to tameness brought along other unexpected changes as well; one notable change 
was in the coats, changed from a typical fox coat to a spotted coat resembling a dog's 
coat. As ancient dogs learned to live near humans and became less like wolves, their 
appearance changed as well, long before any selective breeding was done by people. 
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A Stanford University School of Medicine study published in Science in October, 2007 
found the genetics that explain coat colors in other mammals such as in horse coats and in 
cat coats, did not apply to dogs. The project took samples from 38 different breeds to find 
the gene (a beta defensin gene) responsible for dog coat color. One version produces 
yellow dogs, and a mutation produces black. All dog coat colors are modifications of 
black or yellow. For example, the white in white miniature schnauzers is a cream color, 
not albinism (a genotype of e/e at MC1R.) 

Modern dog breeds exhibit a diverse array of fur coats, including dogs without fur, such 
as the Mexican Hairless Dog. Dog coats vary in texture, color, and markings, and a 
specialized vocabulary has evolved to describe each characteristic. 

Tail 

There are many different shapes for dog tails: straight, straight up, sickle, curled, cork-
screw. In some breeds, the tail is traditionally docked to avoid injuries (especially for 
hunting dogs). It can happen that some puppies are born with a short tail or no tail in 
some breeds.

Puppy characteristics 

 
This probably 15 weeks old German shepherd mongrel already shows an upward erection 
trend of the ears, with varying grades of erection during the day 
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Puppies often have characteristics that do not last beyond early puppyhood. Eye color 
often changes from blue to its adult color as the puppy matures. The coat color may 
change: Kerry Blue Terrier puppies have black coats at birth and change to blue with 
maturity, and Dalmatians are white and gain their spots with age. The ear shape will also 
often change, especially with erect-eared breeds such as the German Shepherd Dog 
which have soft ears at birth, but the cartilage strengthens with age. Labrador Retrievers 
and other swimming dogs, start of with a very fluffy puppy coat, and over time the water 
proof layer grows. Puppies that are going to grow into larger dogs, often will have over 
sized paws to begin with, and then the rest of them grow to fit. 

Temperature regulation 

It is a common misconception that dogs do not sweat. They do sweat, mainly through the 
footpads, but only a small fraction of a dog's excess heat is lost this way. Primarily, dogs 
regulate their body temperature through panting. Panting moves cooling air over the 
moist surfaces of the tongue and lungs, rejecting heat to the atmosphere. 

Dogs possess a rete mirabile, a complex of intermingled small arteries and veins, in the 
carotid sinus at the base of their neck. This acts to thermally isolate the head, containing 
the brain, the most temperature-sensitive organ, from the body, containing the muscles, 
where most of the heat is generated. The result is that dogs can sustain intense physical 
exertion over a prolonged time in a hot environment, compared to animals which lack 
this apparatus; thus, a dog chasing a jackrabbit through the desert may not be able to 
outrun the rabbit, but it can continue the chase until the rabbit slows due to overheating. 
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Equine anatomy 

 
Parts of a Horse 

Equine anatomy refers to the gross and microscopic anatomy of horses and other equids, 
including donkeys, and zebras. While all anatomical features of equids are described in 
the same terms as for other animals by the International Committee on Veterinary Gross 
Anatomical Nomenclature in the book Nomina Anatomica Veterinaria, there are many 
horse-specific colloquial terms used by equestrians. 

External anatomy 

 back: the area where the saddle goes, begins at the end of the withers, extends to 
the last thoracic vertebrae. (Colloquially includes the loin or "coupling," though 
technically incorrect usage)

 barrel: the main body area of the horse, enclosing the rib cage and the major 
internal organs. 
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 cannon or cannon bone: The area between the knee or hock and the fetlock joint, 
sometimes called the "shin" of the horse, though technically it is the metacarpal 
III.

 chestnut: a callosity on the inside of each leg 
 chin groove: the part of the horse's head behind the lower lip and chin. (the area 

that dips down slightly on the lower jaw). Area where the curb chain of certain 
bits is fastened. 

 coronet or coronary band: The ring of soft tissue just above the horny hoof that 
blends into the skin of the leg. 

 crest: the upper portion of the neck where the mane grows. 
 croup: the topline of the horse's hindquarters, beginning at the hip, extending 

proximate to the sacral vertebrae and stopping at the dock of the tail (where the 
coccygeal vertebrae begin). Sometimes called "rump."

 dock: the point where the tail connects to the croup of the horse. 
 elbow: The joint of the front leg at the point where the belly of the horse meets 

the leg. Homologous to the elbow in humans. 
 ergot: a callosity on the back of the fetlock 
 fetlock: Sometimes called the "ankle" of the horse, though it is not the same 

skeletal structure as an ankle in humans. Known to anatomists as the 
metacarpophalangeal (front) or metatarsophalangeal (hind) joint; homologous to 
the "ball" of the foot or the metacarpophalangeal joints of the fingers in humans. 

 flank: Where the hind legs and the barrel of the horse meet, specifically the area 
right behind the rib cage and in front of the stifle joint. 

 forearm: the area of the front leg between the knee and elbow. Consists of the 
fused radius and ulna, and all the tissue around these bones. Anatomically the 
antebrachium. 

 forelock: the continuation of the mane, which hangs from between the ears down 
onto the forehead of the horse. 

 frog: the highly elastic wedge-shaped mass on the underside of the hoof, which 
normally makes contact with the ground every stride, supports both the 
locomotion and circulation of the horse. 

 gaskin: the large muscle on the hind leg, just above the hock, below the stifle. 
Homologous to the calf of a human. 

 girth' or heartgirth: the area right behind the elbow of the horse, where the girth 
of the saddle would go, this area should be where the barrel is at its greatest 
diameter in a properly-conditioned horse that is not pregnant or obese. 

 hindquarters: the large, muscular area of the hind legs, above the stifle and 
behind the barrel of the horse. 

 hock: The tarsus of the horse (hindlimb equivalent to the human ankle and heel), 
the large joint on the hind leg. 

 hoof: The foot of the horse. The hoof wall is the tough outside covering of the 
hoof that comes into contact with the ground. The hoof wall is, in many respects, 
a much larger and stronger version of the human fingernail. 

 jugular groove: the line of indentation on the lower portion of the neck, can be 
seen from either side, just above the windpipe. Beneath this area run the jugular 
vein, the carotid artery and part of the sympathetic trunk. 
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 knee: the carpus of the horse (equivalent to the human wrist), the large joint in the 
front legs, above the cannon bone 

 loin: the area right behind the saddle, going from the last rib of the horse to the 
croup. Anatomically approximate to the lumbar spine. 

 mane: long and relatively coarse hair growing from the dorsal ridge of the neck, 
lying on either the left or right side of the neck).

 muzzle: the chin, mouth, and nostrils of the horse's face. 
 pastern: The connection between the coronet and the fetlock. Made up of the 

middle and proximal phalanx. 
 poll: commonly refers to the poll joint at the beginning of the horse's neck, 

immediately behind the ears, a slight depression at the joint where the atlas (C1) 
meets the occipital crest. Anatomically, the occipital crest itself is the "poll."

 splints: bones found on each of the legs, on either side of the cannon bone (8 
total). Partially vestigial, these bones support the corresponding carpal bones in 
the forelimb, and the corresponding tarsal bones in the hindlimb. Anatomically 
referred to as Metacarpal/Metatarsal II (on the medial aspect (inside)) and IV (on 
the lateral aspect (outside)).

 shoulder: made up of the scapula and associated muscles. Runs from the withers 
to the point of shoulder (the joint at the front of the chest, i.e. the glenoid). The 
angle of the shoulder has a great effect on the horse's movement and jumping 
ability, and is an important aspect of equine conformation. 

 stifle: Corresponds to the knee of a human, consists of the articulation between 
femur and tibia, as well as the articulation between patella and femur.

 tail: consists of both the living part of the tail (which consists of the coccygeal 
vertebrae, muscules, and ligaments), as well as the long hairs which grow from 
the living part 

 throatlatch: The point at which the windpipe meets the head at the underside of 
the jaw. 

 withers: the highest point of the thoracic vertebrae, the point just above the tops 
of the shoulder blades. Seen best with horse standing square and head slightly 
lowered. The height of the horse is measured at the withers in "hands." 

Digestive system 

Horses and other Equids evolved as grazing animals, adapted to eating small amounts of 
the same kind of food all day long. In the wild, the horse adapted to eating prairie grasses 
in semi-arid regions and traveling significant distances each day in order to obtain 
adequate nutrition. Therefore, the digestive system of a horse is about 100 feet (30 m) 
long, and most of this is intestines. 

The mouth 

Digestion begins in the mouth, which is also called the "oral cavity." It is made up of the 
teeth, the hard palate, the soft palate, the tongue and related muscles, the cheeks and the 
lips. Horses also have three pairs of salivary glands, the parotid (largest salivary gland 
and located near the poll), submaxillary (located in the jaw), and sublingual (located 
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under the tongue). Horses select pieces of forage and pick up finer foods, such as grain, 
with their sensitive, prehensile lips. The front teeth of the horse, called incisors, clip 
forage, and food is then pushed back in the mouth by the tongue, and ground up for 
swallowing by the premolars and molars. 

The esophagus 

The esophagus is about 4–5 feet in length, and carries food to the stomach. A muscular 
ring, called the cardiac sphincter, connects the stomach to the esophagus. This sphincter 
is very well developed in horses. This and the oblique angle at which the esophagus 
connects to the stomach explains why horses cannot vomit. The esophagus is also the 
area of the digestive tract where horses may suffer from choke. 

The stomach 

Horses have a relatively small stomach for their size, and this limits the amount of feed a 
horse can take in at one time. The average sized horse (800 to 1200 lb) has a stomach 
with a capacity of only four gallons, and works best when it contains about two gallons. 
Because the stomach empties when 2/3 full, whether stomach enzymes have completed 
their processing of the food or not, and doing so prevents full digestion and proper 
utilization of feed, continuous foraging or several small feedings per day are preferable to 
one or two large ones. The horse stomach consists of a non-glandular proximal region 
(saccus cecus), divided by a distinct border, the margo plicata, from the glandular distal 
stomach. 

In the stomach, assorted acids and the enzyme pepsin break down food. Pepsin allows for 
the further breakdown of proteins into amino acid chains. Other enzymes include resin 
and lipase. Additionally, the stomach absorbs some water, as well as ions and lipid 
soluble compounds. The end product is food broken down into chyme. It then leaves the 
stomach through the pyloric valve, which controls the flow of food out of stomach. 

The small intestine 

The horse’s small intestine is 50 to 70 feet (21 m) long and holds 10 to 12 gallons. This is 
the major digestive organ, and where most nutrients are absorbed. It has three parts, the 
duodenum, jejunum and ileum. The majority of digestion occurs in the duodenum while 
the majority of absorption occurs in the jejunum. Bile from the liver aids in digesting fats 
in the duodenum combined with enzymes from the pancreas and small intestine . Horses 
do not have a gall bladder, so bile flows constantly. Most food is digested and absorbed 
into the bloodstream from the small intestine, including proteins, simple carbohydrate, 
fats, and vitamines A, D, and E. Any remaining liquids and roughage move into the large 
intestine. 
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The large intestine 

Cecum

The cecum is the first section of the large intestine. It is also known as the "water gut" or 
"hind gut." It is a cul-de-sac pouch, about 4 feet (1.2 m) long that holds 7 to 8 gallons. It 
contains bacteria that digest cellulose plant fiber through fermentation. These bacteria 
feed upon digestive chyme, and also produce certain fat-soluble vitamins which are 
absorbed by the horse. The reason horses must have their diets changed slowly is so the 
bacteria in the cecum are able to modify and adapt to the different chemical structure of 
new feedstuffs. Too abrupt a change in diet can cause colic, as the new food is not 
properly digested. 

Colon 

The large colon, small colon, and rectum make up the remainder of the large intestine. 
The large colon is 10–12 feet long and holds up to 20 gallons of semi-liquid matter. It is 
made up of the right lower (ventral) colon, the left lower (ventral) colon, the left upper 
(dorsal) colon, the right upper (dorsal) colon, and the transverse colon, in that order. 
Three flexures are also named; the sternal flexure, between right and left ventral colon; 
the pelvic flexure, between left dorsal and left ventral colon; the diaphragmatic flexure, 
between left dorsal and right dorsal colon. The main purpose of the large colon is to 
absorb carbohydrates, which were broken down from cellulose in the cecum. Due to its 
many twists and turns, it is a common place for a type of horse colic called an impaction. 

The small colon is 10–12 feet in length and holds only 5 gallons of material. It is the area 
where the majority of water in the horse's diet is absorbed, and is the place where fecal 
balls are formed. The rectum is about one foot long, and acts as a holding chamber for 
waste matter, which is then expelled from the body via the anus. 

Reproductive system 

Mare 

The reproductive system of the mare is responsible for controlling gestation, birth, 
lactation, as well as the estrous cycle and mating behavior of the mare. It lies ventral to 
the 4th or 5th lumbar vertebrae, although its position within the mare can vary depending 
on the movement of the intestines and distention of the bladder. 

The mare has two ovaries, usually 7–8 cm in length and 3–4 cm thick, that generally tend 
to decrease in size as the mare ages. The ovaries connect to the fallopian tubes (oviducts), 
which serve to move the ovum from the ovary to the uterus. To do so, the oviducts are 
lined with a layer of cilia, which produce a current that flows toward the uterus. Each 
oviduct attaches to one of the two horns of the uterus, which are approximately 20–25 cm 
in length. These horns attach to the body of the uterus (18–20 cm long). Caudal to the 
uterus is the cervix, about 5–7 cm long, which enters the vagina. Usually 3.5–4 cm in 
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diameter, it can expand to allow the passage of the foal. The vagina of the mare is 15–
20 cm long, and is quite elastic, allowing it to expand. The vulva is the external opening 
of the vagina, and consists of the clitoris and two labia. It lies ventral to the rectum. The 
mare has two mammary glands, which are smaller in virgin mares. They have two ducts 
each, which open externally. 

Stallion 

The reproductive system of the stallion is responsible for the sexual behavior and 
secondary sex characteristics (such as a large crest) of the stallion. The external genitalia 
comprise: 

 the testes, which are suspended horizontally within the scrotum. The testes of an 
average stallion are ovoids 8 to 12 cm long; 

 the penis, within the prepuce, also known as the "sheath." When not erect, the 
penis is housed within the prepuce, 50 cm long and 2.5 to 6 cm in diameter with 
the distal end 15 to 20 cm. When erect, the penis doubles in length and thickness 
and the glans increases by 3 to 4 times. The urethra opens within the urethral 
fossa, a small pouch at the distal end of the glans. 

The internal genitalia comprise the accessory sex glands: 

 vesicular glands; 
 prostate gland; and 
 bulbourethral glands. 

These contribute fluid to the semen at ejaculation, but are not strictly necessary for 
fertility

Teeth 

A horse's teeth include incisors, premolars, molars, and sometimes canine teeth. A horse's 
incisors, premolars, and molars, once fully developed, continue to erupt throughout its 
lifetime as the grinding surface is worn down through chewing. Because of this pattern of 
wear, a rough estimate of a horse's age can be made from an examination of the teeth. 
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Feet/Hooves 

 

1- Heel perioplium, 2-Bulb, 3-Frog, 4-Frog cleft, 5-Lateral groove, 6-Heel, 7-Bar, 8-Seat-
of-corn, 9-Pigmented walls 10-Water line, 11-White line, 12-Apex of the frog, 13-Sole, 
14-Toe, 15-How to measure hoof width (blue dotted line), 16-Quarter, 17-How to 
measure length (blue dotted line) 

The hoof of the horse encases the second and third phalanx of the lower limbs, analogous 
to the fingertip or toe tip of a human. In essence, a horse travels on its "tiptoes." The hoof 
wall is a much larger, thicker and stronger version of the human fingernail or toenail, 
made up of similar materials, primarily keratin, a very strong protein molecule. The 
horse's hoof contains a high proportion of sulfur-containing amino acids which contribute 
to its resilience and toughness. 
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Skeletal system 

 

A horse's skeleton 

The skeleton of the horse has three major functions in the body. It protects vital organs, 
provides framework, and supports soft parts of the body. Horses have 205 bones, which 
are divided into the appendicular skeleton (the legs) and the axial skeleton (the skull, 
vertebral column, sternum, and ribs). Both pelvic and thoracic limbs contain the same 
number of bones, 20 bones per limb. Bones are connected to muscles via tendons and 
other bones via ligaments. Bones are also used to store minerals, and are the site of red 
blood cell formation. 

Ligaments and tendons 

Ligaments 

Ligaments attach bone to bone or bone to tendon, and are vital in stabilizing joints as well 
as supporting structures. They are made up of fibrous material that is generally quite 
strong. Due to their relatively poor blood supply, ligament injuries generally take a long 
time to heal.
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Tendons 

Tendons are cords of connective tissue attaching muscle to bone, cartilage or other 
tendons. They are a major contributor to shock absorption, are necessary for support of 
the horse’s body, and translate the force generated by muscles into movement. Tendons 
are classified as flexors (flex a joint) or extensors (extend a joint). However, some 
tendons will flex multiple joints while extending another (the flexor tendons of the hind 
limb, for example, will flex the fetlock, pastern, and coffin joint, but extend the hock 
joint). In this case, the tendons (and associated muscles) are named for their most distal 
action (digital flexion). 

Tendons form in the embryo from fibroblasts which become more tightly packed as the 
tendon grows. As tendons develop they lay down collagen, which is the main structural 
protein of connective tissue. As tendons pass near bony prominences, they are protected 
by a fluid filled synovial structure, either a tendon sheath or a sac called a bursa. 

Tendons are easily damaged if placed under too much strain, which can result in a 
painful, and possibly career-ending, injury. Tendinitis is most commonly seen in high 
performance horses that gallop or jump. When a tendon is damaged the healing process is 
slow because tendons have a poor blood supply, reducing the availability of nutrients and 
oxygen to the tendon. Once a tendon is damaged the tendon will always be weaker, 
because the collagen fibres tend to line up in random arrangements instead of the stronger 
linear pattern. Scar tissue within the tendon decreases the overall elasticity in the 
damaged section of the tendon as well, causing an increase in strain on adjacent uninjured 
tissue. 

Muscular system 

When a muscle contracts, it pulls a tendon, which acts on the horse's bones to move them. 
Muscles are commonly arranged in pairs so that they oppose each other (they are 
"antagonists"), with one flexing the joint (a flexor muscle) and the other extending it 
(extensor muscle). Therefore, one muscle of the pair must be relaxed in order for the 
other muscle in the pair to contract and bend the joint properly. A muscle is made up of 
several muscle bundles, which in turn are made up of muscle fibers. Muscle fibers have 
myofibrils, which are able to contract due to actin and myosin. A muscle together with its 
tendon and bony attachments form an extensor or flexor unit. 

Respiratory system and smell 

The horse's respiratory system consists of the nostrils, pharynx, larynx, trachea, 
diaphragm, and lungs. Additionally, the nasolacrimal duct and sinuses are connected to 
the nasal passage. The horse's respiratory system not only allows the animal to breathe, 
but also is important in the horse's sense of smell (olfactory ability) as well as in 
communicating. 
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Circulatory system 

The horse's circulatory system includes the four-chambered heart, averaging 8.5 lb (3.9 
kg) in weight, as well as the blood and blood vessels. Its main purpose is to circulate 
blood throughout the body to deliver oxygen and nutrients to tissues, and to remove 
waste from these tissues. The frog (the V shaped part on the bottom of the horses hoof)is 
a very important part of the circulatory system. The frog consists of blood vessel filled 
tissue. When the horse steps, the ground pushes upward compressing the frog and 
causing the digital cushion to sqeeze the blood upward and back up the leg towards the 
heart. Helping the heart work against gravity. 

The eye 

A horse's eye 

The horse has the largest eye of all land mammals, and is designed to help the horse as a 
prey animal. It provides the horse with a wide field of monocular vision, as well as good 
visual acuity and some ability to see color. Because the horse's vision is closely tied to his 
behavior, the horse's visual abilities are often taken into account when handling and 
training the animal. 
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Hearing 

 
The pinna of a horse's ears can rotate in any direction to pick up sounds 

The hearing of horses is good, superior to that of humans, and the pinna of each ear can 
rotate up to 180°, giving the potential for 360° hearing without having to move the head. 
Often, the eye of the horse is looking in the same direction as the ear is directed. 
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Chapter- 4 

Mammal Hybrids 

Bovid hybrid 

 

 

A bovid hybrid is a hybrid of two different members of the bovid family. 

Bison/Domestic cattle hybrids 

American bison bulls (American "buffalo") have been crossed with domestic cattle to 
produce beefalo and cattalo. These are variable in type and colour, depending on the 
breed of cattle used e.g. Herefords and Charolais (beef cattle), Holsteins (dairy) or 
Brahman (humped cattle). Generally, they are horned with heavy set forequarters, sloping 
backs and lighter hindquarters. Beefalo have been back-crossed to bison and to domestic 
cattle; some of these resemble pied bison with smooth coats and a maned hump. The aim 
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is to produce high protein, low fat and low cholesterol beef on animals which have "less 
hump and more rump". Although bison bull/domestic cow crossings are more usual, 
domestic bull/bison cow crossings have a lower infant mortality rate (cow immune 
systems can reject hybrid calves). Modern beefalo include fertile bulls, making the 
beefalo a variety of "improved cattle" with a dash of bison. There were suggestions of 
crossing the beefalo to Cape buffalo, although this idea essentially ended when the Cape 
buffalo was found to have 52 chromosomes (instead of 60 as in cattle and bison), 
meaning that the hybrid's success would be unlikely. Bull and cow cattalos are reported 
in Wonders of Animal Life edited by J A Hammerton (1930). 

European bison (Wisent) have been crossed with domestic cattle to produce the zubron. 
These were first bred in Poland in 1847 as hardy, disease resistant alternatives to 
domestic cattle. Breeding was discontinued in the 1980s. The few remaining zubron can 
be found at Bialowieski National Park. First generation hybrid males are sterile, but 
females may be crossed back to either a wisent or domestic bull to produce fertile males.

Yaks can also cross with bison; the hybrid offspring are occasionally kept by farmers in 
northern Alberta where the snowy, cold winters necessitate a cold-hardy animal. 

In Tibet and Mongolia, yaks are quite often cross-bred to dairy cattle, the result being 
known as dzo or zho. The offspring are used as milk cows, if female, or as oxen of 
burden, if male. 

Intraspecific Bos hybrids 

In The Variation of Animals and Plants under Domestication Charles Darwin wrote:

Bos primigenius and longifrons have been ranked by nearly all palaeontologists as 
distinct species; and it would not be reasonable to take a different view simply because 
their domesticated descendants now intercross with the utmost freedom. All the European 
breeds have so often been crossed both intentionally and unintentionally, that, if any 
sterility had ensued from such unions, it would certainly have been detected. [...] The late 
Lord Powis imported some zebus and crossed them with common cattle in Shropshire; 
and I was assured by his steward that the cross-bred animals were perfectly fertile with 
both parent-stocks. Mr. Blyth informs me that in India hybrids, with various proportions 
of either blood, are quite fertile; and [...] are allowed to breed freely together. 

The zebu, now called Bos taurus indicus, is the common domestic cow in much of Asia. 
They have been interbred with other domestic cattle over thousands of years. Some zebu 
breeds are derived from hybrids between zebu and yak, gaur and banteng. Zebu breeds 
have been widely crossed with European cattle. In Brazil, the Chanchim breed is 5/8 
Charolais and 3/8 Zebu and combines the Charolais' meat quality and yield with the 
zebu's heat-resistance.
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Cattle/Yak hybrids 

A dzo being ridden in Tibet

In Nepal, Tibet, and Mongolia, cattle are crossbred with yaks. This gives rise to the 
infertile male Dzo as well as fertile females which are bred into cattle breeds. The "Dwarf 
Lulu" breed of cattle was tested for DNA markers and found to be a mixture of both types 
of cattle with yak genetics. 

Water buffalo/Domestic cattle hybrids 

Water buffalo and domestic cattle cannot hybridize. In laboratory experiments, the 
embryos fail around the 8-cell stage. 

Bison/Yak Hybrids 

The American bison ("buffalo") has been bred with the domestic Tibetan yak to create 
the yakalo. 

Intra-specific bison hybrids 

The American bison and European bison (wisent) have been hybridized. This was 
originally done in a mid-20th century program to reinvigorate the declining wisent 
population. Modern herd keep hybrids well isolated from pure wisent. 
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A herd of hybrid plains bison x wood bison lived wild in the Yukon, Canada. The Wood 
bison is a distinct subspecies that almost became extinct in the 20th century. In an attempt 
to save the Plains bison subspecies, between 1925 and 1928, thousands of Plains bison 
were released into Wood Buffalo Park (a preserve for the Wood bison subspecies). They 
readily interbred and produced a 12,000 strong herd by 1934. The Wood bison was nearly 
hybridized into extinction. A small genetically pure herd was recovered from an isolated 
area in 1959 and is now being kept isolated from introduced Plains bison. 

Cama (animal) 

Cama

Conservation status 

Domesticated 

Scientific classification 

Kingdom: Animalia

Phylum: Chordata 

Class: Mammalia 

Order: Artiodactyla

Family: Camelidae 

Genus: 
 Camelus
 Lama

Species: 
Camelus 
dromedarius × 
Lama glama 

Binomial name 

Clamalelus dromeglariuma 

A cama is a hybrid between a male dromedary camel and a female llama, produced via 
artificial insemination at the Camel Reproduction Centre in Dubai. The first cama was 
born on January 14, 1998. The aim was to create an animal with the size and strength of 
the camel, but the more cooperative temperament and the higher wool production of the 
llama. 

Breeding 

An adult camel weighs six times as much as a llama. Thus, artificial insemination is the 
only way to produce a live and thriving cama. Only the artificial insemination of a female 
llama with sperm from a male dromedary camel has been successful in producing a cama. 
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Other combinations, such as artificial insemination of a female camel with male llama 
sperm, have not produced viable offspring. The cama is not sterile because, unlike other 
well known hybrids, the camel and the llama have the same number of chromosomes. 
This is not generally true for other successful livestock hybrids, such as the mule. For 
example, the horse has 64 chromosomes and the donkey has 62, so when they breed it 
produces an animal with 63 chromosomes, namely, the mule. 

The first cama showed signs of becoming sexually mature at four years of age, when it 
started to show signs of wanting to breed with the female guanaco and a female llama. At 
this stage, the first cama was a disappointment behaviorally, displaying an extremely 
poor temperament. A more recent story suggests that his behavior is generally more 
gentle as hoped for. The second cama, a female named Kamilah, was successfully born in 
2002. Four camas have since (April 2008) been produced using artificial insemination. 

Comparison of camelids 

The camelid family consists of the Old World camelids (the Dromedary and Bactrian 
camels), and the New World camelids,  (the llama, vicuna, alpaca, and the guanaco). 
 Even though there have been successful and fertile hybrids within each major group 
camelids, this is the first time the groups have been crossbred. Following is a table 
comparing some characteristics of camelids. 

Common 
Name 

Scientific Name 
Life 
Span 

Adult 
Weight 

Height at 
Shoulder 

Length of 
Fur 

Load 
Bearing 
Capacity 

Dromedary 
Camel 

Camelus 
dromedarius 

40 
years

450 – 648 kg 
(1000–
1430 lb).

180 –
210 cm (6 – 
7 ft). 

7.5 – 
10 cm (3 – 
4 in).

150 kg 
(330 lb). 

Bactrian 
Camel 

Camelus 
bactrianus 

40 
years

450 – 648 kg 
(1000–
1430 lb).

183 –
210 cm (6 – 
7 ft). 

25 cm 
(10 in). 

150 kg 
(330 lb). 

Llama Lama glama 
30 
years

  
120 cm 
(4 ft). 

 
59 kg 
(130 lb). 

Vicuna Vicugna vicugna 
30 
years

50 kg 
(110 lb). 

120 – 
180 cm (4 – 
6 ft). 

70 – 
112 cm 
(28 – 
44 in).

59 kg 
(130 lb). 

Alpaca Lama pacos 
30 
years

  
120 cm 
(4 ft). 

 
59 kg
(130 lb). 

Guanaco . Lama guanicoe  
30 
years

60 – 75 kg 
(132 - 
165 lb).

180 – 
230 cm (6 - 
7 ½ feet). 

70 – 
132 cm 
(28 – 
52 in).

59 kg 
(130 lb). 

Cama Camelus   
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dromedarius × 
Lama glama

Habitat 

The cama is relatively hardy and can survive with little or no water for long periods just 
like a camel. The cama has proved that it is possible to breed old and new world species 
together. 

Food 

The cama is an herbivore and it eats shrubs, and almost any plant matter like a camel.  It 
can drink enormous amounts of water after a long time without water. It can also go 
without food for short periods. 

Canid hybrid 
Canid hybrids are the result of interbreeding between different species of the canine 
(dog) family (Canidae) 

Genetic considerations 

Members of the dog genus Canis: wolves, dogs (both common dogs and dingoes), 
coyotes, and golden jackals cannot interbreed with members of the wider dog family: the 
Canidae, such as South American canids, foxes, African wild dogs, bat-eared foxes or 
raccoon dog; or if they could, their offspring would be infertile. 

Members of the genus Canis species can, however, all interbreed to produce fertile 
offspring, with two exceptions: the side-striped jackal and black-backed jackal. Although 
these two theoretically could interbreed with each other to produce fertile offspring, they 
cannot hybridize successfully with the rest of the genus Canis. 

The reason for this lies in their genetics. The wolf, dingo, dog, coyote, and golden jackal 
diverged relatively recently, around three to four million years ago, and all have 78 
chromosomes arranged in 39 pairs. This allows them to hybridize freely (barring size or 
behavioral constraints) and produce fertile offspring. The side-striped jackal and black-
backed jackal both have 74 chromosomes. Other members of the Canidae family, which 
diverged seven to ten million years ago, are less closely related to and cannot hybridize 
with the wolf-like canids; the red fox has 38 chromosomes, the raccoon dog has 42 
chromosomes, the fennec fox has 64 chromosomes, and the African wild dog has 78 
chromosomes. 
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Legal implications of hybrids 

Dog hybrids kept as pets are prohibited in certain jurisdictions, or are classed as wild 
animals and must be housed in the same way as purebred wolves. For example, hybrids 
of the domestic dog with the wolf, coyote, dingo, jackal, fox, dhole, African wild dog, or 
raccoon dog are prohibited in the State of Hawaii. 

Wolf–dog hybrid 

The domestic dog (Canis lupus familiaris) is a domesticated form of the gray wolf (Canis 
lupus lupus) and therefore belongs to the same species as other wolves, such as the dingo 
(Canis lupus dingo). Therefore, crosses between these sub-species are unremarkable and 
not a hybridization in the same sense as an interbreeding between different species of 
Canidae. 

People wanting to improve domestic dogs or create an exotic pet may breed domestic 
dogs to wolves. Gray wolves have been crossed with dogs that have a wolf-like 
appearance, such as Siberian huskies, and Alaskan malamutes. The breeding of wolf–dog 
crosses is controversial, with opponents purporting that it produces an animal unfit as a 
domestic pet. A number of wolfdog breeds are in development. The first generation 
crosses (one wolf parent, one dog parent) generally are backcrossed to domestic dogs to 
maintain a domestic temperament and consistent conformation. First-generation wolf–
dog crosses are popular in the United States, but they retain many wolf-like traits. 

Dingo hybrids 

 
 

A "dingo" with an unusual color pattern 
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The Dingo (Canis lupus dingo) breeds freely with other domestic dogs. This is now so 
widespread that in some areas, dingoes are now mostly mixed-breed dogs, crossed in 
recent times with dogs from other parts of the world. However, DNA study shows that 
"the dingo originates from domesticated dogs, originally from East Asia" (which reverted 
back to the wild) and so interbreeding between dingos and other domestic dogs is also not 
a hybridization in the same sense as an interbreeding between different species of 
Canidae. 

Some dingo hybrids have been deliberately bred as pets but turned loose due to 
behavioral problems. These cross-breeds are accepted back into the wild dingo 
population, where they breed with pure dingoes. In some parts of Australia, up to 80% of 
dingoes are part domestic dog. Dingoes are distinguishable from domestic dogs through 
DNA and through having longer teeth and longer muzzles. 

The Australian kelpie sheepdog is widely believed to be the result of crossing dingos with 
English herding dogs, but this (the dingo blood) is not upheld by breed documentation. 
The Australian cattle dog breed is known to have been influenced by the dingo. 

According to the partwork "Animal Life and the World of Nature" (Vol 1, 1902–1903), 
Lord Walter Rothschild owned a dingo–wolf cross, bred by Mr. and Mrs. HC Brooke 
from a tame male dingo and a semi-tame female wolf. 

In the United States, there is a variety of dingo known as a Carolina dog. Brought over by 
native peoples migrating from Asia, it is almost identical to the Australian dingo. While 
once very common in the American south, it was collected and bred for herding. Now 
possibly extinct in the wild, thousands remain in captivity, some of them crossed with 
dogs of other breeds to experiment with making them smaller. 

Dog–fox hybrids 

No reliable reports or genetic testing prove the existence of dog–fox hybrids (called 
doxes), though there are many unsubstantiated reports of such hybrids. 

In the United Kingdom, an unconfirmed female terrier/fox hybrid was reported and later 
euthanized. British gamekeeper folklore claims that terrier bitches can produce offspring 
with male foxes. Other dog breeds claimed to have hybridized with foxes are the 
Shetland sheepdog, Alaskan malamute, Siberian husky, and most of the hound groups. 

There has been a reported cross between a domestic dog and a South American maned 
wolf, but the maned wolf is only a fox-like canid not closely related to other canids and is 
the only member of the genus Chrysocyon. 

In Saskatchewan, Canada, there was another supposed dox, this time the offspring of a 
female miniature Sheltie and a wild fox. There was a litter of three, but only one 
survived. The survivor (a female) was barren and resembled a fox with slight variations. 
However, the variability of dogs in appearance makes it impossible to determine whether 
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an animal is a hybrid based upon its looks. In most reported cases, the dox had gold or 
yellow eyes, wired hair and black, red and gray coloration. 

Coyote hybrids 

Coyote–domestic dog hybrid 

There is no genetic difference between a male coyote/female dog breeding and a male 
dog/female coyote breeding, but two separate terms have been invented, coydog and 
dogote, as the customary naming for hybrid animals is to derive the first portion of the 
name from the father and the second from the mother (cf. liger vs. tiglon). A major 
difference between the two is logically the birthplace of the offspring: a female coyote 
would give birth in the wild and a female dog, unless feral itself, would give birth 
domestically. 

Coydog 

Coydogs (the offspring of a male coyote and female dog) were once believed to be 
present in large numbers in Pennsylvania due to a declining coyote population and a 
burgeoning domestic dog population. Most supposed hybrids were naturally occurring 
red or blond color variations of the coyote or were feral dogs. The breeding cycles of 
dogs and coyotes are not synchronized and this makes interbreeding uncommon. If 
interbreeding had been common, each successive generation of the coyote population 
would have acquired more and more dog-like traits. 

Coyotes are solitary by nature, a trait carried over to coyote–dog hybrids. This can result 
in problematic and unsociable behavior that makes them generally unsuitable as pets. As 
a result, they may be abandoned or allowed to stray and be absorbed into the feral dog or 
coyote population. However, if the coyote (or dogote) is found at a very young age and 
raised properly, it can become a pet. Much time and effort must be invested for this to 
occur. 

Dogote 

The mating of a male dog and a female coyote results in a dogote. There has been one 
report of a dogote arising from a male German shepherd/female coyote mating in the 
wild. Hybrid pups were found after the female coyote was shot. The adult dogotes 
resembled German shepherds in color. 

Coyote-wolf hybrid 

Hybridization between wolf and coyote has long been recognized. 
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The red wolf is considered by some to be a coyote/wolf hybrid. 

DNA analysis consistently shows that all existing red wolves carry coyote genes, though 
it is not known if this is a result of recent habitat destruction by man, or whether Red 
Wolves have always been hybrids. This has caused a problem for Canid taxonomy, as 
hybrids are not normally thought of as species, though the convention is to continue to 
refer to red wolves as a subspecies of wolf, Canis lupus rufus, with no mention of the 
coyote taxon, latrans. 

In recent history, the taxonomic status of the red wolf has been widely debated. Mech 
(1970) suggested that red wolves may be fertile hybrid offspring from gray wolf (Canis 
lupus) and coyote (C. latrans) interbreeding. Wayne and Jenks (1991) and Roy et al. 
(1994b, 1996) supported this suggestion with genetic analysis. Phillips and Henry (1992) 
present logic supporting the contention that the red wolf is a subspecies of gray wolf. 
However, recent genetic and morphological evidence suggests that the red wolf is a 
unique taxon. Wilson et al. (2000) report that gray wolves (Canis lupus lycaon) in 
southern Ontario appear genetically very similar to the red wolf and that these two canids 
may be subspecies of one another and not a subspecies of gray wolf. Wilson et al. (2000) 
propose that red wolves and C. lupus lycaon should be a separate species, C. lycaon, with 
their minor differences acknowledged via subspecies designation. A recent meeting of 
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North American wolf biologists and geneticists also concluded that C. rufus and C. lupus 
lycaon were genetically more similar to each other than either was to C. lupus or C. 
latrans (B.T. Kelly unpubl.). Recent morphometric analyses of skulls also indicate that 
the red wolf is likely not to be a gray wolf–coyote hybrid (Nowak 2002). Therefore, 
while the red wolf's taxonomic status remains unclear, there is mounting evidence to 
support C. rufus as a unique canid taxon. 

Many animals commonly referred to as "eastern coyotes" or "northeastern coyotes" have 
wolf and dog genes, a larger size and a more wolf-like skull shape than other coyotes, and 
they are generally believed by experts to be hybrids. This has become a problem for 
taxonomists, as it is unclear what new taxon will be used to refer to this new population 
of animals. 

Jackal hybrids

The wolf and jackal can interbreed and produce fertile hybrid offspring, which are 
sometimes known as huskals. Coyote–jackal hybrids have also been bred as pets by 
wolfdog enthusiasts. Dogs have been crossed with golden jackals. It is also thought that 
Pharoanic Egyptians crossbred domestic dogs with jackals, producing a jackal-dog that 
resembled the god Anubis. 

 

A Sulimov dog at work 

The reason golden jackals differ in chromosome number is most likely because golden 
jackals have two pairs of chromosomes that are twice as long but contain gene content 
similar to four pairs of dog chromosomes. This might reduce fertility, but it would not 
likely completely sterilize golden jackal–dog hybrids. 

In The Variation of Animals and Plants under Domestication Charles Darwin wrote:

Several years ago I saw confined in the Zoological Gardens of London a female hybrid 
from an English dog and jackal, which even in this the first generation was so sterile that, 
as I was assured by her keeper, she did not fully exhibit her proper periods; but this case, 
from numerous instances have occurred of fertile hybrids from these two animals, was 
certainly exceptional. 
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Robert Armitage Sterndale mentioned experimental jackal hybrids from British India in 
his Natural History of Mammals in India and Ceylon, noting that glaring jackal traits 
could be exhibited in hybrids even after three generations of crossing them with dogs 

In Russia, golden jackal/Lapponian Herder|Lapponian herder hybrids were bred as sniffer 
dogs because jackals have a superior sense of smell and Lapponian herders are good cold 
climate dogs. Also, fox terrier, Norwegian lundehund, and Spitz blood were combined to 
create the Sulimov dog. As well as a superior sense of smell, important at low 
temperatures where substances are less volatile and therefore less pungent, Sulimov dogs 
are small-sized and can work in confined spaces. When tired, their normally curled tails 
droop, making it clear to the handler that the dog needs to be rested. The jackal hybrids 
were bred by Klim Sulimov, senior research assistant at the D.S. Likhachev Scientific 
Research Institute for Cultural Heritage and Environmental Protection in Russia. Male 
jackal pups had to be fostered on a husky bitch in order to imprint the jackals on dogs. 
Female jackals accepted male huskies more readily. The half-bred jackal-dogs were 
difficult to train and were bred back to huskies to produce quarter-bred hybrids 
(quadroons). These hybrids were small, agile, trainable and had an excellent sense of 
smell. Twenty-five jackal-dog hybrids are used by Aeroflot at Sheremetyevo 
International Airport in Moscow for functions including bomb-sniffing. Their breeding 
program dates back to 1975, but it was not applied to bomb detection until 2002. 

Canid interfertility chart 

Tentative synoptic table 

  Dog / Wolf Dingo Coyote Jackal Dhole Fox 

Dog / 
wolf 

(Canis lupus, 

et al.)

Wolfdog 
Dingo 

hybrids 
Coydog / 
dogote 

Jackal 
hybrids 

Unknown 
Dox

(Unconfirmed) 

Dingo 
(Canis lupus 

dingo) 

Dingo 
hybrids 

  Coydingo Possible Unknown 
Not 

possible 

Coyote 
(Canis 

latrans) 

Coydog / 
dogote 

Coydingo   Possible Unknown 
Not 

possible 

Jackal 
(Canis aureus, 

etc.) 

Jackal 
hybrids 

Possible Possible   Unknown Unknown 

Dhole 
(Cuon 

alpinus) 
Unknown Unknown Unknown Unknown   Unknown 

Fox Dox Not Not Unknown Unknown   
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(Vulpes 

vulpes, et al.) 

(Unconfirmed) possible possible 

Others: red wolf, eastern wolf, maned wolf, African wild dog, bush dog, pariah dog, 
Lycalopex 

Hinny 

Hinny 

 
Conservation status 

Domesticated

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Order: Perissodactyla

Family: Equidae

Genus: Equus 

Species: Equus caballus x Equus asinus

Synonyms 
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Equus mulus 

A hinny is a domestic equine hybrid that is the offspring of a male horse and a female 
donkey (called a jenny). It is similar to the more common mule, which is the product of a 
female horse and a male donkey. 

Physical description 

Hinnies are on average slightly smaller than mules. There is much speculation as to the 
size variances among the two types of hybrids. Some fanciers feel this size difference is 
merely physiological, due to the smaller size of the donkey dam, as compared with a 
much larger mare. Others claim it is genetic, but the view of the American Donkey and 
Mule Society is, "The genetic inheritance of the hinny is exactly the same as the mule." 

Thus, hinnies are smaller because donkeys are, for the most part, smaller than horses, and 
growth potential of equine offspring is influenced by the size of the dam's womb. 
However, like mules, hinnies do come in many sizes. This is because donkeys come in 
many sizes, from miniatures, as small as 24 inches (610 mm) at the withers, to Mammoth 
donkey jacks and jennies that may be over 15 hands (60 inches, 152 cm) at the withers. 
Thus, a hinny is restricted to being about the size of the largest breed of donkey. Mules, 
however, have a female horse as a parent, so they can be as large as the size of the tallest 
breed of horse. There are some very large mules, mostly from work horse breeds such as 
the Belgian. 

Other than size, there are some minor differences that occur frequently between mules 
and hinnies. The head of a hinny resembles that of a horse, more so than mule heads. 
Hinnies often have shorter ears, although they are still longer than those of horses, and 
more horse-like manes and tails than mules. Certain traits, such as the popular gait that 
some horses and donkeys possess, seem to pass more readily through the male parent. 
Therefore, many people have tried to produce gaited hybrids by using gaited male horses 
with female donkeys, in hopes of creating gaited hinnies. 

Fertility, sterility, and rarity 

Hinnies are difficult to obtain because of the differences in the number of chromosomes 
of the horse and the donkey. A donkey has 62 chromosomes, whereas a horse has 64. 
Hinnies, being hybrids of those two species, have 63 chromosomes and are sterile. The 
uneven number of chromosomes results in an incomplete reproductive system. According 
to the ADMS, "The equine hybrid is easier to obtain when the lower chromosome count, 
the donkey, is in the male. Therefore breeding for hinnies is more hit-and-miss than 
breeding for mules." 

Male hinnies and mules are usually castrated to help control their behavior by eliminating 
their interest in females. The male hinny or mule can and will mate, but the emission is 
not fertile. There are no recorded cases of fertile male hinnies or male mules.
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Female hinnies and mules are not customarily spayed, and may or may not go through 
estrus. Female mules have been known to produce offspring when mated to a horse or 
donkey, though this is extremely uncommon. Since 1527 there have been more than sixty 
documented cases of foals born to female mules around the world. In contrast, according 
to the ADMS, there is only one known case of a female hinny doing so. 

In China in 1981, a hinny mare proved fertile with a donkey stallion. When the Chinese 
hinny was bred to a donkey jack, she produced "Dragon Foal," who resembled a donkey 
with mule-like features. Dragon Foal's chromosomes and DNA tests confirmed that she 
was a previously undocumented combination - That is, she was not the expected gene 
combination of 'donkey-donkey' (from her donkey father) / 'donkey-donkey' (If her hinny 
mother were to have passed on her maternal donkey genes). Instead, Dragon Foal's gene 
pair combination was donkey-donkey/donkey-horse. Her hinny mother passed along a 
combination of maternal and paternal genes. 

In Morocco in 2003, a mule mare bred to a donkey stallion produced a male foal that was 
75% donkey and 25% horse. DNA testing revealed the Moroccan foal is a mixed 
karyotype hybrid like the Chinese hinny offspring, Dragon Foal. This means that, unlike 
regular hinnies, whose 63 chromosomes consist of 31 pairs that are horse-donkey with 
one left over, the Morocco colt has about 23 pairs of chromosomes that are donkey-
donkey, eight pairs that are horse-donkey, and one left over. Because of the mix of gene 
pairs in the Moroccan foal, it's unknown whether Dragon Foal's genetic oddity is due to 
her mother being a hinny rather than a mule, or if there is some other factor that applies 
equally to Dragon Foal in China and the 2003 colt in Morocco. 

There are other reasons for the rarity of hinnies. Female donkeys, jennies, and male 
horses, stallions, are choosier about their mates than horse mares and donkey jacks. Thus, 
the two parties involved may not care to mate. Even if they do cooperate, female donkeys 
are less likely to conceive when bred to a horse than horse mares are when bred to a 
donkey. Breeding large hinnies is an even bigger challenge, as it requires stock from a 
jenny of Mammoth donkey (Baudet de Poitou). Mammoth donkey stock is becoming 
increasingly rare and has been declared an endangered domestic breed. Fanciers are 
unlikely to devote a Mammoth jenny's valuable breeding time to producing sterile hinny 
hybrids when Mammoth females are in high demand to produce fertile pure-bred 
Mammoth foals. 



_________________WORLD TECHNOLOGIES_________________

Felid hybrid 
There are a number of hybrids between various felid species.  

Servical/caraval 

A servical is a cross between a male serval and a female caracal. The first servicals were 
bred accidentally when the two animals were housed together in Los Angeles Zoo. The 
offspring were tawny with pale spots. If a female servical is crossed to a male caracal the 
result is a car-servical; if she is crossed to a male serval the result is a ser-servical.

A male caracal crossed with a female serval is called a caraval. 

Margay/oncilla hybrid 

There were attempts to breed the Oncilla or Little Spotted Cat (Leopardus tigrinus) with 
the Margay (Leopardus wiedii) by Dutch breeder Mme Falken-Rohrle in the 1950s. 
These appear to have been unsuccessful. 

Marlot 

The Marlot is a hybrid between a male Margay and female ocelot (Leopardus pardalis). 
In May 1977, the Long Island Ocelot Club (LIOC) announced the birth of a marlot bred 
by Barbara Brocks using captive-bred parents. There was no description of the marlot, 
but the parent species both have a rosetted or marbled pattern on a sandy background. 

Blynx (lynxcat) 

The Blynx or Lynxcat is a hybrid of bobcat (Lynx rufus) and one or other species of 
Lynx. The appearance of the offspring depends on which lynx species is used, as the 
European (Spanish) Lynx (Lynx pardinus) is more heavily spotted than Canadian lynx 
(Lynx canadensis) or Eurasian lynx (Lynx lynx). These hybrids have been bred in 
captivity and also occur naturally where a lynx or bobcat cannot find a member of its own 
species to mate with. 

In August 2003, two wild-occurring hybrids between wild Canadian lynx and bobcats 
were confirmed by DNA analysis in the Moosehead region of Maine, USA. Three 
hybrids were identified in northeastern Minnesota. These were the first confirmed hybrids 
outside of captivity. Mitochondrial DNA studies showed them all to be the result of 
matings between female lynx and male bobcats. A male lynx-bobcat hybrid was trapped 
in 1998, radio-collared and released only to die of starvation (possibly the radio collar 
hindered its hunting). The female hybrid was fertile. In November 2003, a spotted lynxcat 
was observed in Illinois, 500 miles (800 km) from normal lynx territory but may have 
been an escaped hybrid pet. 
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The hybrids closely resembled bobcats with larger bodies and smaller feet, but had some 
lynx-like features: long ear tufts and an almost completely black-tipped tail. The 
Canadian lynx is a protected species in 14 US states constituting the southern part of its 
historic range, but the hybrids are not protected and are shot by hunters. Some of the odd-
looking cats may be colour morphs of either bobcat or lynx rather than hybrids. This 
poses the danger that protected lynx are being killed. 

Euro-chaus 

The Euro-Chaus is a man-made hybrid between the European Wildcat (F. silvestris) and 
the Swamp Cat or Jungle Cat (F. chaus). It should not be confused with the Euro-
Chausie which is a cross between the domestic Chausie breed and a European Wildcat. 

Jungle lynx 

A hybrid between the Jungle Cat and Bobcat, bred as an exotic pet (later generations 
include domestic genes as they may be crossed to Savannah, Egyptian Mau, Serengeti, 
Desert Lynx and Pixie Bob domestic breeds).

Ocelot-cougar hybrids 

The cougar (Puma concolor) has 38 chromosomes, whereas the ocelot (Leopardus 
pardalis) has only 36 chromosomes. Nevertheless, ocelot-cougar hybrids were reported 
by G Dubost & J Royere in 1993 in "Zoo Biology 12". The parents were a captive male 
ocelot and a captive female puma sharing an enclosure in a private collection in French 
Guiana. They had shared their enclosure since 1986 and had been raised together. The 
ocelot is one third the size of the cougar, but the pair produced four litters of hybrid 
offspring between 1990 and 1992 and possibly an earlier litter in 1989. 

In September 1989, the 3.5 year old cougar appeared to be pregnant, but was assumed to 
have miscarried. In May 1990 she gave birth to 3 hybrid cubs (2 males, 1 female) which 
all died within a day due to lack of maternal care. In October 1990 she produced 2 cubs 
(1 male, 1 female) which were hand-reared, but all died between 5 and 12 days old due to 
lack of suitable milk formula. In 1991 3 female hybrid cubs were born, but failed to 
survive. In 1992, a fourth litter was born, but were eaten by the mother. 

The body size of the cubs was intermediate between cougar cubs and ocelot cubs. Their 
spot patterns bore more resemblance to the ocelot than to the juvenile pattern of a cougar. 
The markings were similar to that of an ocelot but with less continuous on the back and 
with less pronounced throat/belly markings. The backs of their legs were darker and 
unspotted (a cougar-like trait) and they had ringed tails. 

A subsequent cub born in French Guiana apparently survived. The adult female 
ocelot/cougar hybrid is shown at L'Ocelot-Puma 
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Domestic cat and hybridization 

The domesticated form of the African Wildcat known as the domestic cat (F. silvestris 
catus) has been hybridised with several wild Felid species. These are sometimes called 
Feral Domestic Hybrids. This is a misnomer because feral refers to a domesticated 
Animal species which has somehow reverted to living in the wild. The correct term is 
artificial or domestic/wild Hybrids. 

Confirmed domestic Cat/ Felid Hybrids

Some pairings have given rise to more than one breed developed under different 
registries and bred to different standards for appearance and different percentages of wild 
felid genes. They are therefore different breeds, not synonyms. 

 Stone Cougar : domestic Cat / Jungle Cat aka Swamp Cat (Felis chaus) 
 Cheetoh : Bengal / Ocicat 
 Jungle-Bob : Pixie-bob / Jungle Cat aka Swamp Cat (F. Chaus) 
 Jungle-Curl : Hemingway Curl (polydactyl x American Curl) / Jungle Cat aka 

Swamp Cat (Felis chaus) 
 Machbagral and/or Viverral : domestic Cat / Fishing Cat (Prionailurus viverrinus) 
 Pantherette : Pixie-bob / Asian Leopard Cat (Prionailurus bengalensis) 
 Punjabi (cat) : domestic Cat /Indian Desert-Cat (a variety of Asiatic Wildcat) 

(Felis s. ornata) 
 Safari (cat) : domestic Cat / Geoffroy's Cat (Leopardus geoffroyii) 
 Savannah : domestic Cat (including Bengal) / Serval (Leptailurus serval) 
 Serengeti : Bengal / Oriental (solid-coloured Siamese)
 Ussuri (cat): domestic Cat / Amur Asian Leopard Cat (Prionailurus b. euptailura) 
 Domestic Cat / Rusty-spotted Cat (Prionailurus rubiginosus) (wild occurring 

Hybrids, India) 

Hybrid breed / wild Felid 

 Afro-Chausie (proposed name) : Chausie / African Wildcat (F. s. lybica) 
 Euro-Chausie : Chausie / European Wildcat (F. s. silvestris) 
 Scottie-Chausie (proposed name) : Chausie / Scottish Wildcat (F. s. grampia) 

Attempted or unconfirmed Hybrids 

 Mandalan Jaguar (proposed name) : Domestic Cat / Jaguarundi (Puma 
yagouaroundi) 

 Domestic Cat / Canada Lynx (Lynx canadensis) 
 Domestic Cat / Bobcat (Lynx rufus) However, there are reports of bobcats 

breeding with domestic cats 
 Domestic Cat / Pallas Cat (Otocolobus manul) 
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Domestic Cats have not been hybridized with Ocelots. Offspring of Ocelot female 
(offspring born August 2007), believed to be sired by domestic Bengal male, await 
genetic analysis.

The Jaguarundi Curl is not a Jaguarundi hybrid. It is a short-legged domestic breed 
developed from REFR's Highland Lynx breed. 

Ocecat/ocicat 

The Ocecat or Ocicat is not a hybrid between domestic cat and Ocelot. It is derived from 
Siamese and Abyssinian domestic breeds of cat and gets its name from its markings 
which resemble the spotted markings of an Ocelot. 

American lynx, desert lynx, alpine lynx and highland lynx 

The Desert Lynx and American Lynx breeds were originally claimed as bobcat hybrids 
with around 12.5% wild genes. In spite of their bobcatty appearance, DNA testing failed 
to detect Bobcat marker genes and these cats are now considered wholly domestic for the 
purposes of ownership, cat fancy registration, import and export. This parallels the case 
of the PixeBob in that foundation cats in the breed were speculated to be bobcat-domestic 
cat hybrids. The "Lynx" breed group expanded with the derivative Alpine Lynx and 
Highland Lynx breeds. 
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Ursid hybrid 

 
 

Possible hybridisation between different species of bear 

An ursid hybrid is an animal with parents from two different species or subspecies of 
the Ursidae (bear) family. Species and subspecies of bear known to have produced 
offspring with another bear species or subspecies include brown bears, black bears, 
grizzly bears and polar bears, all of which are members of the Ursus genus. Bears not 
included in Ursus, such as the Giant Panda, are probably unable to produce hybrids. Note 
all of the confirmed hybrids listed here have been in captivity (except Grizzly/Polar bear), 
but there are unconfirmed reports of hybrids in the wild. 

Brown bear/American black bear hybrids 

In 1859, a black bear and a European brown bear were bred together in the London 
Zoological Gardens, but the three cubs did not reach maturity. In The Variation of 
Animals and Plants under Domestication Charles Darwin noted: 

In the nine-year Report it is stated that the bears had been seen in the Zoological Gardens 
to couple freely, but previously to 1848 most had rarely conceived. In the Reports 
published since this date three species have produced young (hybrids in one case). 
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Intercontinental brown bear hybrids 

Hybrids between the European brown bear and the grizzly bear (now considered to be a 
North American variety of brown bear rather than a separate species) have been bred in 
Cologne, Germany.   

Brown bear/Polar bear hybrids 

Polar/Brown Bear Hybrid, Rothschild Museum, Tring 
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Polar/Brown Bear Hybrid, Rothschild Museum, Tring 

 Since 1874, at Halle, a series of successful matings of polar bears and brown 
bears were made. Some of the hybrid offspring were exhibited by the London 
Zoological Society. The Halle hybrid bears proved to be fertile, both with one of 
the parent species and with one another. Polar bear/Brown bear hybrids are white 
at birth but later turn blue-brown or yellow-white. 

 An adult polar bear/brown bear hybrid bred in the 19th Century is now displayed 
at the Rothschild Zoological Museum, Tring, England 

 Crandall reported the first polar bear/brown bear crosses as occurring at a small 
zoo in Stuttgart, Germany in 1876 rather than Halle in 1874. A female European 
brown bear mated with a male polar bear resulting in twin cubs in 1876. Three 
further births were recorded. The young were fertile among themselves and when 
mated back to European brown bears and to polar bears. 

 DNA studies indicate that some brown bears are more closely related to polar 
bears than they are to other brown bears. All the Ursinae species (i.e., all bears 
except the giant panda and the spectacled bear) appear able to crossbreed.
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Kodiak bear/Polar bear hybrids 

"Kodiak" or "Kodiak brown" is a term now applied to brown bears found in coastal 
regions of North America. In the far north these bears feed on salmon and often attain 
especially large size. "Alaskan Brown" is sometimes used for Alaskan bears, but the main 
distinction is how far the bear is found from the coast. Grizzly bear is the term used for 
the brown bear of the North American interior. 

 In 1936, a male polar bear accidentally got into an enclosure with a female 
Kodiak (Alaskan Brown) bear at the US National Zoo, resulting in three hybrid 
offspring. One hybrid was named Willy and grew into an immense specimen. The 
hybrid offspring were fertile and able to breed successfully with each other, 
indicating that the two species of bear are closely related. The Kodiak is also 
considered by many to be a variant or subspecies of the basic Arctic (circumpolar) 
brown bear. 

 In a 1970 National Geographic article Elizabeth C. Reed mentions being foster 
mother to 4 hybrid bear cubs from the National Zoological Park in Washington, 
where her husband was director. 

 In 1943, Clara Helgason described a bear shot by hunters during her childhood. 
This was a large, off-white bear with hair all over his paws. The presence of hair 
on the bottom of the feet suggests it was not an unusually colored Kodiak brown 
bear, but a natural hybrid with a Polar bear. 

Grizzly bear/Polar bear hybrids 

The Grizzly bear is now regarded by most taxonomists as a variety of brown bear, Ursus 
arctos horribilis. 

 Clinton Hart Merriam, taxonomist of grizzly bears, described an animal killed in 
1864 at Rendezvous Lake, Barren Grounds, Canada as "buffy whitish" with a 
golden brown muzzle. This is considered to be a natural hybrid between a grizzly 
bear and polar bear. 

On April 16, 2006 a polar bear of unusual appearance was shot by a sports hunter on 
Banks Island in the Northwest Territories. DNA testing released May 11, 2006 proved 
the kill was a Grizzly/Polar Bear hybrid. This is thought to be the first recorded case of 
interbreeding in the wild. The bear was proven to have a polar mother and a grizzly 
father. The DNA testing also spared the hunter the C$1000 fine for killing a grizzly bear, 
and the risk of being imprisoned for up to a year. The hunter had bought a license to hunt 
polar bears; he did not have a license to hunt grizzly at that time. 

The animal had dark rings around its eyes, similar to a panda's but not as wide. It also had 
remarkably long claws, a slight hump on its back, brown spots in its white coat, and a 
slightly indented face — the nasal "stop" between the eyes which polar bears lack. The 
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guide leading the hunt, Roger Kuptana of Sachs Harbour in the Northwest Territories, 
was the first to note the oddities. Several names were suggested for this specimen. The 
Idaho hunter who killed it, Jim Martell, suggested polargrizz. The biologists of the 
Canadian Wildlife Service suggested grolar or pizzly, as well as nanulak, an elision of 
the Inuit nanuk (polar bear) and aklak (grizzly or brown bear). Both grolar and pizzly 
were used by the Canadian Broadcast Corporation in widely-distributed stories. 

Presently, though the mating seasons overlap, the polar bear's season begins slightly 
earlier than the grizzly bear's. A blog columnist for the Seattle Post-Intelligencer 
suggested that more hybrids may be seen as global warming progresses and alters normal 
mating periods. The Canadian Wildlife Service noted that grizzly-polar hybrids born of 
zoo matings have proven fertile. 

Grizzly bears have been sighted in what is usually polar bear territory in the Western 
Arctic near the Beaufort Sea, Banks Island, Victoria Island, and Melville Island. A "light 
chocolate colored" bear, possibly a hybrid, is reported to have been seen with polar bears 
near Kugluktuk in western Nunavut. 

Asiatic black bear hybrids 

In 1975, within Venezuela's "Las Delicias" Zoo, a female Asian black bear shared its 
enclosure with a spectacled bear, and produced several hybrid descendants. 

In 2005, a possible black bear/sun bear hybrid cub was captured in the Mekong River 
watershed of eastern Cambodia. The hybrid's mane was relatively slight, forming a crest 
on each side of the neck, as is typical in sun bears and some black bears. The appearance 
of its face was intermediate between that of the sun bear and the black bear, though its 
ears and large stout canines closely resembled those of the sun bear. Overall, the hybrid 
resembled an Asiatic black bear with an unusually glossy pelage and an unusual head. 

Sloth bear hybrids 

Hybrids have been produced between the sloth bear (Melursus ursinus) and the Malayan 
sun bear (Ursus malayanus) at Tama Zoo in Tokyo, and also between the sloth bear 
(Melursus ursinus) and the Asiatic black bear (Ursus thibetanus, or Selenarctos 
thibetanus).
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Chapter- 5 

Extinct Carnivorans 

American Lion 

American Lion 
Fossil range: Pleistocene 

 
Skeleton from the La Brea tar pits

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Order: Carnivora

Family: Felidae 

Genus: Panthera 

Species: P. leo 

Subspecies: †P. l. atrox 
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Trinomial name

Panthera leo atrox 
(Leidy, 1853)

The American lion (Panthera leo atrox) also known as the North American lion or 
American cave lion, is an extinct feline of the family Felidae, endemic to North America 
during the Pleistocene epoch (1.8 mya to 11,000 years ago), existing for approximately 
1.79 million years. This subspecies is closely related to the Eurasian cave lion (Panthera 
leo spelaea).

The American lion was one of the largest types of cat ever to have existed, and the largest 
lion in history, slightly larger than the Early Middle Pleistocene primitive cave lion, 
Panthera leo fossilis, and about twenty-five percent larger than the modern African lion. 

Description 

Restoration of an American Lion 

The American lion is an extinct animal which originated in North America and went on 
to colonize part of South America as part of the Great American Interchange. The head-
body length of the American lion is estimated to have been 1.6–2.5 m (5 ft 3 in–8 ft 2 in) 
and it would have stood 1.2 metres (4 ft) at the shoulder. Thus it was larger than its close 
relative, the present day lion, but still smaller than their contemporary competitor for 
prey, the Giant short-faced bear, which was the largest carnivoran of North America at 
the time. The American lion was longer than any other felid overall and heavier than any 
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modern felids, but it was not as heavily built as the saber-toothed cat Smilodon populator, 
which may have weighed up to 360–470 kilograms (790–1,000 lb). This would make the 
American lion the longest of all known felids, and Smilodon populator the heaviest. 
Sorkin (2008) estimated it to weigh roughly 420 kilograms (930 lb). 

Approximately one hundred specimens of American lions have been recovered from the 
La Brea Tar Pits, in Los Angeles, so their body structure is well known. The features and 
teeth of the extinct American lion strongly resemble modern lions, but they were 
considerably larger. The American lion was once believed to be the largest subspecies of 
lion. 

Range 

South of Alaska, the American lion first appeared during the Sangamonian Stage (the last 
interglacial). After that it was widespread in the western Americas from Alaska to Peru. It 
was absent from most of eastern North America and peninsular Florida, although it may 
have been present in the Lake Michigan area. Like many other large mammals, it went 
extinct at the end of the Pleistocene, about 10,000 years ago. By then the American lion 
was one of the abundant Pleistocene megafauna, a wide variety of very large mammals 
who lived during the Pleistocene. Remains are most common in the Yukon and from the 
La Brea Tar Pits. 

Environment 

 

Skull at the National Museum of Natural History
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In some areas of its range, the American lion lived under cold climatic conditions. They 
probably used caves or fissures for shelter from the cold weather. They may have lined 
their dens with grass or leaves, as the Siberian tiger does, another great cat that currently 
lives in the north.

There are fewer American lions in the La Brea tar pits than other predators such as saber-
toothed cats (Smilodon fatalis) or dire wolves (Canis dirus), which suggests they may 
have been smart enough to avoid the hazard, or their hunting methods and strategies 
simply did not include preying upon entrapped animals to the same degree. American 
lions likely preyed on deer, North American horses (now extinct), American bison, 
mammoths, and other large, herbivorous animals. 

Their extinction may have been related to the Holocene extinction event, which wiped 
out most of the prey of megafauna. Their bones have been found among the refuse of 
Paleolithic American Indians, so hunting by humans may have contributed to their 
demise as well. 

A replica of the jaw of the first specimen of American lion discovered can be seen in the 
hand of a statue of paleontologist Joseph Leidy, which is currently standing outside the 
Academy of Natural Sciences in Philadelphia. 

Classification 

Reconstruction of the American Lion 

The American lion was initially considered a distinct species of pantherinae, with the 
scientific name Panthera atrox, which means "cruel" or "fearsome panther" in Latin). 
Overall the skull of the extinct cat was most like that of the jaguar (P. onca). Some later 
authors accepted this view, but other experts considered P. atrox most closely related to 
the African lion (P. leo) and its extinct Eurasian relative, the cave lion (P. spelaea). Later 
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paleontologists assigned the extinct American cat as a subspecies of P. leo, ("P. leo 
atrox") rather than as a separate species. At least one authority considers the cave lion to 
be more closely related to the tiger, P. tigris, citing a comparison of skull shapes. 

Genetic evidence from remains of P.atrox from Wyoming and Alberta shows that the 
American lion is the sister clade of P.spelaea, with a some degree of statistical support. 
Cladistic studies using morphological characteristics have been have unable to resolve 
the phylogenetic position of the American Lion. In the first study, the American Lion was 
grouped with a clade consisting of the extant Lion and the Leopard. This results was 
contradicted by the second study that compared the skull, jaw, and teeth of P. atrox with 
other pantherines and concluded that "P. atrox was no lion" and was distinct from all 
extant species. The authors suggested that P. atrox may have arisen from pantherines that 
migrated into North America in the mid-Pleistocene Epoch and also gave rise to jaguars. 

Atlas Bear 

Atlas Bear 

Probable Atlas Bear in Roman mosaic 

Conservation status 

Extinct (IUCN 3.1) 

Scientific classification

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Order: Carnivora
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Family: Ursidae 

Genus: Ursus

Species: U. arctos 

Subspecies: U. a. crowtheri 

Trinomial name 

Ursus arctos crowtheri
Schinz, 1844

The Atlas Bear (Ursus arctos crowtheri) is an extinct subspecies of the Brown Bear, 
which is sometimes classified as a distinct species. 

Range and description 

The Atlas bear was Africa's only native bear. Once inhabiting the Atlas Mountains and 
neighboring areas, from Morocco to Libya, the animal is now thought to be extinct. The 
Atlas bear was brownish black in colour, and lacked a white mark on the muzzle. The fur 
on the underparts was reddish orange. The fur was 4–5 inches (100–130 mm) long. The 
muzzle and claws were shorter than that of the American black bear, though it was 
stouter and thicker in body. It apparently fed on roots, acorns and nuts. 

Extinction 

Thousands of these bears were hunted for sport, venatio games, or execution of criminals 
ad bestias following the expansion of the Roman Empire into North Africa ( began in 
146 BC by creation of Africa (Roman province), completed in 44 AD/CE by annexation 
of Mauretania ). The last known specimen was probably killed by hunters in the 1870s in 
the Rif mountains of northern Morocco, although reports still surface. The possibility has 
been raised that the species might still be alive in eastern Africa, and is the source of the 
cryptid known as the nandi bear, but this theory has essentially been ruled out by 
biogeography. Nonetheless, as the known distribution of the Atlas Bear is a relict of the 
desertification of the Sahara, its ancestor may have been widespread in northern and 
eastern Africa in prehistoric times.
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Bali Tiger 

Bali Tiger 

 
Conservation status 

 
Extinct (IUCN 3.1) 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Order: Carnivora 

Family: Felidae 

Genus: Panthera 

Species: Panthera tigris 

Subspecies: † P. t. balica 

Trinomial name 

Panthera tigris balica 
(Schwarz, 1912) 
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Range map 

The Bali Tiger (Panthera tigris balica), harimau Bali in Indonesian, or referred to as 
samong in archaic Balinese language, was a subspecies of Tiger which was found solely 
on the small Indonesian island of Bali. This was one of three sub-species of tiger found in 
Indonesia, together with the Javan Tiger, which is also extinct, and the critically 
endangered Sumatran Tiger. It was the smallest of the Tiger subspecies. 

The last specimen definitely recorded was a female shot at Sumbar Kima, west Bali, on 
September 27, 1937. However it is thought likely a few animals survived into the 1940s 
and possibly 1950s. The sub-species became extinct because of habitat loss and hunting. 
Given the small size of the island, and limited forest cover, the original population could 
never have been large. 

Characteristics 

Size

 

Old male of the Bali tiger 
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The Bali Tiger was the smallest of all nine Tiger subspecies, rather comparable with the 
Leopard or Cougar in size. The weight of a male Tiger was usually 90–100 kg (198-221 
pounds); that of a female was 65–80 kg (142-175 pounds). The male was approximately 
220 cm (7.2 feet or 86.6 inches) in length (together with tail), and the female 195–200 cm 
(6.4-6.6 feet, 76.8-78.7 inches). 

Appearance 

Bali Tigers had short fur that was a deeper, darker orange and had fewer stripes than 
other tiger subspecies. Occasionally, between the stripes, there were small black spots. 
Bali tigers also had unusual bar-shaped patterns on the head. The white fur on their 
underbelly often stood out more than that of the other Tiger sub-species because of its 
darker colored fur. The White fur also had a more distinct and curved line. 

Diet 

They preyed upon most mammals that lived within their habitat. Their major sources of 
food were Wild Boar, Rusa Deer, Indian Muntjac, Red Junglefowl, monitor lizards, 
monkeys and possibly Banteng (the last now also extirpated on the island). The only 
known predators of Bali Tigers were humans. 

Reproduction 

Bali Tigers have an average gestation period of 103 days. They give birth to two or three 
cubs per litter. The average birth weight of a cub is two or three pounds. They are born 
blind and helpless. Cubs are weaned at roughly one year of age, and are fully independent 
at 18 months to 2 years of age. Bali Tigers live approximately 8–10 years. 

Relationship to the Javanese tiger 

There are two common theories regarding the divergence of Balinese and Javan tigers. 
The first idea suggests that the two subspecies developed when Bali became isolated 
from Java by formation of the Bali Strait by rising sea levels after the ice age. This split 
the tigers into two groups which then went on to develop independently. 

The second possibility is that the tiger swam from one island to colonize the other. The 
Bali Strait is only 2.4 kilometers wide, making it well within the swimming ability of the 
average tiger. Whichever it was, the two went on to become quite different. 
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Documentation, hunting and tiger culture in Bali 

The hunting party of Baron Oskar Vojnich with a Balinese tiger, shot at Gunung Gondol, 
NW Bali, Nov. 1911 

In Balinese culture, the tiger had a special place in folk tales and traditional arts, like in 
the Kamasan paintings of Klungkung kingdom. However, they were perceived as a 
destructive force and culling efforts were encouraged all the way to the time of 
extinction. 

Very few reliable accounts of encounters and even fewer visual documentations remain. 
One of the most complete records was left by the Hungarian baron Oszkár Vojnich, who 
trapped, hunted and took photos of a Balinese tiger. On November 3, 1911 he shot dead 
an adult specimen in the northwest region, between Gunung Gondol and Banyupoh 
River, documenting it in his book "In The East Indian Archipelago" (Budapest 1913). 

According to the same book, the preferred method of hunting tigers in the island was 
catching them with a large, heavy steel foot trap hidden under bait (goat or muntjak) and 
then killing them with a firearm at close range. 

A final blow to the island's already low tiger population came during the Dutch colonial 
period, when shikari hunting trips were conducted by European sportsmen coming from 
Java, armed with high powered rifles and a romantic but disastrous Victorian hunting 
mentality. Surabayan gunmaker E. Munaut is confirmed to have killed over twenty Bali 
tigers in only a few years. 
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A Balinese tiger shot in 1925, hunting party unknown, likely European hunters with 
Javanese trackers

The last confirmed tiger sighting was of an adult female, killed on Sep. 27, 1937, at 
Sumbar Kima, in western Bali. Since then, claims of sighting have been made, but 
without proof, mostly by forestry officers, in 1952, 1970 and 1972. It is likely that any 
remaining tigers were pushed to the western side of the island, mostly into area that is 
now West Bali National Park, established in 1947. 

The Balinese tiger was never captured alive on film or motion picture, or displayed in a 
public zoo, but a few skulls, skins and bones are preserved in museums. The British 
Museum in London has the largest collection with two skins and three skulls; others 
include Senckenberg Museum in Frankfurt, Naturkunde Museum in Stuttgart, Naturalis 
museum in Leiden and Zoological Museum of Bogor, Indonesia, which owns the 
remnants of the last known Balinese tiger. In 1997 a skull emerged from the old 
collection of Hungarian Natural History Museum and was scientifically studied and 
properly documented. 

Unlike stag hunting, which they mastered, very few, if any, Balinese embraced tiger 
hunting before the arrival of Europeans to the island, because tigers were seen as evil, 
dangerous creatures. Still, tigers had a well defined position in folkloric beliefs and 
magic. For example, the Balinese considered the ground powder of tiger whiskers to be a 
potent and undetectable poison for one's foe. According to the same book mentioning 
this, Miguel Covarrubias's "Island Of The Gods", 1937, when a Balinese baby was born 
he was given a protective amulet necklace with black coral and "a tiger's tooth or a piece 
of tiger bone". 

Like in other Asian nations, Balinese people are fond of wearing tiger parts as jewelry for 
status or for spiritual reasons, like power and protection. Necklaces of teeth and claws or 
male rings cabochoned with polished tiger tooth ivory still exist in everyday use. Since 
tigers have disappeared on both Bali and neighboring Java, old parts have been recycled, 
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or leopard and sun bear body parts have been used instead. One of the traditional 
Balinese dances, the Barong, still preserves in one of its four forms, a type called the 
Tiger Barong (Barong Macan). 
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Chapter- 6 

Extinct Horse Breeds 

 

 

 

Forest horse 
The Forest horse also known as the Warmblood subspecies or Diluvial Horse, now 
extinct, is a postulate of the Four Foundations theory that argues that there were between 
four and seven primitive subtypes that preceded the development of the domestic horse, 
each adapted to a given ecosystem. This subtype is thought to have evolved into the 
warmblood horses of northern Europe, as well as being an ancestor of some of the older 
breeds of "heavy horses" such as the Ardennes. It was a large-boned, slow-moving, heavy 
horse with broad hooves, which enabled it to live in the widespread swampy areas of 
Europe, and a thick and wiry coat which may have been dappled for camouflage. 

Proponents of the four foundations theory have labeled this subtype Equus ferus 
silvaticus and Equus ferus germanicus, though modern taxonomy disputes this 
classification. 

Galloway pony 
The Galloway pony is an extinct horse breed, once native to Scotland and northern 
England. It was said to have "good looks, a wide, deep chest and a tendency to pace 
rather than trot." 

It was a well known type of pony, first noted in English literature when Shakespeare 
referred to "Galloway nags" in Henry IV part II.

A survey in 1814 stated: The province of Galloway formerly possessed a breed of horses 
peculiar to itself, which were in high estimation for the saddle, being, though of a small 
size, exceedingly hardy and active. They were larger than the ponies of Wales, and the 
north of Scotland, and rose from twelve to fourteen hands in height. The soils of 
Galloway, in their unimproved state, are evidently adapted for rearing such a breed of 
horses; and in the moors and mountainous part of the country, a few of the native breed 
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are still to be found. … This ancient race is almost lost, since farmers found it necessary 
to breed horses of greater weight, and better adapted to the draught. But such as have a 
considerable portion of the old blood, are easily distinguished, by their smallness of head 
and neck, and cleanness of bone. They are generally of a light bay or brown colour, and 
their legs black. The name of Galloway is sometimes given to horses of an intermediate 
size between the poney and the full-sized horse, whatever may be the breed. SINCLAIR, 
J, 1814: General Report of the Agricultural State, and Political Circumstances, of 
Scotland. (Edinburgh, Constable)

The Galloway pony heavily influenced the Newfoundland pony, the Highland Pony, and 
the Fell pony of England. 

The Galloway pony died out through crossbreeding because its crossbred progeny were 
such useful animals, much like the Narragansett Pacer breed of Rhode Island. 

Today, the term "Galloway" is used in Australia to describe horses between 14 and 
15 hands (56 to 60 inches, 142 to 152 cm) tall. 

Irish Hobby 
The Irish Hobby is an extinct breed of horse native to the British Isles that developed 
prior to the 13th Century. The breed provided foundation bloodlines for several modern 
horse breeds, including breeds as diverse as the Connemara pony and the Irish Draught. 
Mares of Irish Hobby breeding may have been among the native horse breeds of the 
British Isles that provided foundation stock for the Thoroughbred. There is ample 
evidence that the Irish Hobby was imported into and used in England and Scotland for 
various activities, including racing, "...they be so light and swift."  

This quick and agile horse was also popular for skirmishing, and was often ridden by 
light cavalry known as Hobelars. Hobbies were used successfully by both sides during 
the Wars of Scottish Independence, with Edward I of England trying to gain advantage 
by preventing Irish exports of the horses to Scotland. Robert Bruce employed the hobby 
for his guerrilla warfare and mounted raids, covering 60 to 70 miles (97 to 110 km) a day. 



_________________WORLD TECHNOLOGIES_________________

Karacabey 

Karacabey 

Country of origin: Turkey 

Notes 

Breed became extinct during the late 20th century 

The Karacabey horse is a now-extinct horse breed. It was a light riding horse that 
originated in Turkey. 

History 

After the establishment of Turkey as an independent nation, the Turks bred horses they 
called Karacabey at the Karacabey Stud. They were developed by crossing the a Turkish 
strain of Arabians bred specifically for racing with the native Anadolu and Nonius 
breeds.  

High quality show jumpers began to be imported from France and Germany, and the 
Karacabey breed was forgotten in favor of the exotic breeds. Another reason for its 
decline was competition from motor vehicles; the government decided there was no 
longer a need for this horse. The Karacabey Stud ceased all breeding of the Karacabey 
horse in 1980, and approximately 3,000 horses were sold at auction to the public. In a 
short time, crossed with other Turkish breeds, the Karacabey virtually disappeared, and 
today there are no Karacabey horses in Turkey. Ironically, almost as soon as the breed 
had vanished, the sport horse came to the fore as never before throughout the world, and 
Turkish officials deeply regretted the loss of this fine breed. Karacabey Stud now breeds 
the Arabian, Haflinger, and half-bred Halfinger. 

Characteristics 

The Karacabey was a very sound breed with good conformation, showing Arabian 
influence but with more body mass. They usually stood at 15.1 to 16.1 hands high, and 
were bay, black, gray, roan, or chestnut. They had a well-proportioned head with a 
straight profile, set on a slightly arched neck. They had pronounced withers, a wide, deep 
chest, sloping shoulders, a straight back, and a rounded, muscular croup. Their legs were 
strong and solid, with good joints and bone structure and well formed, tough hooves. The 
breed was said to be the only Turkish breed that displayed uniformity of type and 
consistent transmission of breed characteristics. 

Related Types 

The Karacabey Stud also bred a larger horse called the Karacabey-Nonius, now also 
extinct. The Karacabey-Nonius was bred as a harness horse and show jumper and was 
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produced by crossing the Karacabey to the Anadolu and Nonius breeds. This breed easily 
jumped over five feet and averaged between 15 and 16 hands. Breeding the Karacabey-
Nonius horses ceased entirely in 1970. 

Uses 

Karacabeys were used as a riding and pack horse, and for light draft and farm work. At 
one time, Turkey sent a fine Karacabey horse to England as a gift to the Queen, and this 
horse became a champion polo horse. The Karacabey was also a notable jumper.  
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Chapter- 7 

Extinct Marsupials 

Alkwertatherium 

Alkwertatherium
Fossil range: Miocene 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Infraclass: Marsupialia

Order: Diprotodontia 

Suborder: Vombatiformes

Family: Diprotodontidae

Genus: Alkwertatherium 
Murray, 1990 

Species: A. webbi

Binomial name 

Alkwertatherium webbi 
Murray, 1990 

Alkwertatherium is an extinct genus of marsupial of the family Diprotodontidae. Only 
one species was descript, Alkwertatherium webbi, from Late Miocene of Northern 
Territory. 
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Broad-faced Potoroo 

Broad-faced Potoroo 
Temporal range: Recent

 
Conservation status 

 
Extinct (IUCN 3.1) 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Infraclass: Marsupialia 

Order: Diprotodontia 

Family: Potoroidae 

Genus: Potorous 

Species: P. platyops 

Binomial name 

Potorous platyops 
Gould, 1844 

The Broad-faced Potoroo (Potorous platyops) is an extinct species of marsupial that 
once lived in Australia. The first specimen was collected in 1839 and described by John 
Gould in 1844, but even then it was rare and only a handful of specimens were ever 
collected, the last in 1875. Subfossil remains indicate that it originally had an extensive 
distribution from the semi-arid coastal districts of South Australia to the Western 
Australian coast, and possibly as far north as North West Cape. 
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The habits of the Broad-faced Potoroo are almost entirely unknown. It is clear that it 
avoided the fertile forested areas that its relatives the Long-nosed and Long-footed 
Potoroos inhabit. It is unusual amongst recently extinct Australian vertebrates in that it 
appears to have declined significantly before the European settlement of Australia. 

Preserved specimens indicate that it was smaller than the other potoroos at around 24 cm 
long with an 18 cm tail. The coat was grizzled grey above and dirty white below, the 
body similar in shape to that of a large rat. The ears were small and rounded, the muzzle 
fairly short, and the cheeks notably puffy. 

Desert Bandicoot 

Desert Bandicoot 

Conservation status 

Extinct (IUCN 3.1) 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Infraclass: Marsupialia 

Order: Peramelemorphia 

Family: Peramelidae 

Genus: Perameles 

Species: P. eremiana 

Binomial name 

Perameles eremiana 
Spencer, 1897 

The Desert Bandicoot (Perameles eremiana) is an extinct bandicoot of the arid country 
in the centre of Australia. The last known specimen was collected in 1943 on the Canning 
Stock Route in Western Australia. It is presumed to be extinct. 

It was about 180–285 mm long, with a tail of around 100 mm, with long, semi-pointed 
ears, noticeably hairy soles on the hind feet, and (at least in some areas) a dull orange 
colour on the sides and back rather than the usual bandicoot brown. Its diet is not known 
with certainty, but has been reported to include ants, beetle larvae, and termites. 
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Their first specimens, from the Alice Springs area, were described in 1897. It appears to 
have been common in the remote north-west of South Australia, the south-west of the 
Northern Territory, and the central part of Western Australia at least until the 1930s. 
Unconfirmed reports suggest that its range may have extended to the Tanami Desert and 
the arid Western Australian coast between Broome and Port Hedland. 

Favoured habitat was sandy desert with spinifex and other tussock grasses. It appears to 
have disappeared between about 1943 and 1960. While the cause of its decline remains 
uncertain, it is thought to be related to the changed burning regimes that followed the 
removal of Aboriginal people from the central Australian deserts. Another factor may 
have been the arrival of the introduced Red Fox. 

Desert Rat-kangaroo 

Desert Rat-kangaroo

Conservation status

 
Extinct (IUCN 3.1)? 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Infraclass: Marsupialia 
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Order: Diprotodontia 

Family: Potoroidae 

Genus: †Caloprymnus
Thomas, 1888 

Species: †C. campestris

Binomial name

†Caloprymnus campestris 
(Gould, 1843) 

The Desert Rat-kangaroo (Caloprymnus campestris), also called the Buff-nosed Rat-
kangaroo or the Plains Rat-kangaroo, is an extinct marsupial that lived in a sandridge 
and gibber plain habitat in south-western Queensland and north-eastern Australia. It was 
the size of a small rabbit. It showed great endurance while travelling at high speeds, and 
"paused only to die". It sheltered in a flimsy nest by day. At night, it emerged to feed. It 
lived alone and was so independent of water that it even shunned the succulent plants of 
the sandhills. It was first recorded by Europeans around 1841 and was not seen again for 
90 years. The rat kangaroos eats seed for their meal.

Gould and Finlayson 

John Gould studied the Desert Rat-Kangaroo in 1843, but after the first sightings, Gould 
could not find more. Hedley Finlayson rediscovered the animal in 1931 and found a 
thriving colony of them. He made multiple returns, but in 1935, when he returned, the 
colony was gone. 

Cryptozoology 

Although it was never confirmed that the Desert Rat-kangaroo was extinct (because of 
the ninety year period when it wasn't seen and its amazing recovery), sightings of this 
animal cannot fall into the cryptozoology category 
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Chapter- 8 

Extinct Nesophontes 

Nesophontes 

Nesophontes 

Nesophontes edithae

Conservation status

Extinct

Scientific classification 

Kingdom: Animalia

Phylum: Chordata 

Class: Mammalia 

Order: Soricomorpha 

Family: †Nesophontidae 
Anthony, 1916

Genus: †Nesophontes
Anthony, 1916

Species 
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†Nesophontes edithae 
†Nesophontes hypomicrus 
†Nesophontes longirostris 
†Nesophontes major
†Nesophontes micrus 
†Nesophontes paramicrus 
†Nesophontes submicrus 
†Nesophontes superstes 
†Nesophontes zamicrus 

The members of the genus Nesophontes, sometimes called West Indies shrews, were 
members of the extinct family of mammals Nesophontidae in the order Soricomorpha. 
This is the only genus described for this family. They were endemic to Cuba, Hispaniola 
(Dominican Republic and Haiti), Puerto Rico, the United States Virgin Islands, and the 
Cayman Islands. Although reliable estimates are unavailable, these animals are widely 
believed to have survived the Pleistocene extinction since remains have been found 
among those of Rattus and Mus species. Some authorities estimate extinction coinciding 
with the arrivals of rats (Rattus) aboard Spanish vessels in the early 16th century (1500). 
Others, such as Morgan and Woods, claim that some species survived until the early 20th 
century. Their relations to the other West Indian soricomorphs, the solenodons, remain 
unclear. 

The West Indies shrews have only been described from fossil records and skeletal 
material in owl pellets found in the Greater Antilles and surrounding islands. Recent 
efforts to locate surviving populations have been unsuccessful. Although some 
Nesophontes remains (in owl pellets) have been reported as fresh-appearing, radiocarbon 
dating has failed to support any post-15th century dates, suggesting that the nesophontids 
became extinct very rapidly at approximately the time of European discovery of the 
Greater Antilles. 

These animals were insectivores. 

Since Nesophontes species have only been observed through fossil records the exact 
number of species varies among authorities. Some claim as many as 12 valid species 
while other claim as few as six. 

 Puerto Rican Nesophontes (Nesophontes edithae) 
 Atalaye Nesophontes (Nesophontes hypomicrus) 
 Slender Cuban Nesophontes (Nesophontes longirostris) 
 Greater Cuban Nesophontes (Nesophontes major ) 
 Western Cuban Nesophontes (Nesophontes micrus) 
 St. Michel Nesophontes (Nesophontes paramicrus) 
 Lesser Cuban Nesophontes (Nesophontes submicrus) 
 Cuban Nesophontes (Nesophontes superstes) 
 Haitian Nesophontes (Nesophontes zamicrus) 
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Two other species from the Cayman Islands remain undescribed. 

Atalaye Nesophontes 

Atalaye Nesophontes 

Conservation status 

Extinct (IUCN 3.1) 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Order: Soricomorpha 

Family: Nesophontidae 

Genus: Nesophontes 

Species: N. hypomicrus 

Binomial name 

Nesophontes hypomicrus 
Miller, 1929 

The Atalaye Nesophontes (Nesophontes hypomicrus) is an extinct species of mammal 
in the family Nesophontidae. It was found in the Dominican Republic and Haiti. 
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Puerto Rican Nesophontes 

Puerto Rican Nesophontes 

 
Conservation status

Extinct (IUCN 3.1) 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Order: Soricomorpha

Family: Nesophontidae 

Genus: Nesophontes 

Species: N. edithae 

Binomial name

Nesophontes edithae 
Anthony, 1916 

The Puerto Rican Nesophontes (Nesophontes edithae), or Puerto Rican Shrew, is an 
extinct soricomorph endemic to the island of Puerto Rico. 

It is believed that the animal was never observed by Europeans. Contemporary fossils 
with indigenous artifacts and introduced rat fossils indicate survival into the colonial era, 
possibly until the 16th century. The shrew lived on the 4' island montane forest/brush 
endemic to western Puerto Rico and was an insectivore. There are fossil specimens 
located in London. It disappeared after introduction of rats and due to the destruction of 
its forest habitat. 
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Lesser Cuban Nesophontes 

Lesser Cuban Nesophontes 

Conservation status 

Extinct 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Order: Soricomorpha 

Family: Nesophontidae 

Genus: Nesophontes 

Species: N. submicrus 

Binomial name 

Nesophontes submicrus 
Arredondo, 1970 

The Lesser Cuban Nesophontes (Nesophontes submicrus) is an extinct species of 
soricomorph of the genus Nesophontes. Its remains have been found in western Cuba, in 
the vicinity of Havanna. 

Western Cuban Nesophontes 

Western Cuban Nesophontes 

Conservation status 

Extinct (IUCN 3.1) 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Order: Soricomorpha 

Family: Nesophontidae 

Genus: Nesophontes 
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Species: N. micrus 

Binomial name

Nesophontes micrus
G.M. Allen, 1917

The western Cuban nesophontes (Nesophontes micrus) is an extinct species of 
mammal in the family Nesophontidae. It was found in Cuba and Haiti. 
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Chapter- 9 

Prehistoric Mammal 

Hagerman Horse 

Hagerman Horse 
Fossil range: Middle Pliocene to Late Pleistocene 

 
Mounted skeleton of Hagerman Horse 

Conservation status 

 
Extinct (IUCN 2.3) 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata

Class: Mammalia 

Order: Perissodactyla 
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Family: Equidae

Genus: Equus 

Species: †E. simplicidens 

Binomial name 

†Equus simplicidens 

The Hagerman horse (Equus simplicidens), also called the Hagerman zebra or the 
American zebra, was a North American species of equid from the Pliocene period and 
the Pleistocene period. It was one of the oldest horses of the genus Equus. Discovered in 
1928 in Hagerman, Idaho, it is believed to have been like the Grevy's zebra of East 
Africa. It is the state fossil of Idaho. 

Classification 

Equus simplicidens skull 

The Hagerman horse was given the scientific name of Plesippus shoshonensis in 1929 by 
a Smithsonian paleontologist named James W. Gidley who led the initial excavations at 
Hagerman that same year. However further study by other paleontologists determined 
that fossils represented the oldest remains of the genus Equus. It was then given the 
scientific name of Equus simplicidens. 
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Discovery 

A cattle rancher named Elmer Cook discovered some fossil bones on this land in 
Hagerman, Idaho. In 1928, he showed them to Dr. H.T. Stearns of the U.S. Geological 
Survey who then passed them on to Dr. James W. Gidley at the Smithsonian Institution. 
Identified as bones belonging to an extinct horse, the area where the fossils were 
discovered, called the Hagerman Horse Quarry, was excavated and three tons of 
specimens were sent back to the Smithsonian in Washington, D.C.

Excavation of the fossils continued into the early 1930s. The Hagerman Horse Quarry 
floor grew to 5,000 square feet (460 m2) with a backwall 45 feet (14 m) high. Ultimately 
five nearly complete skeletons, more than 100 skulls, and forty-eight lower jaws as well 
as numerous isolated bones were found. Some paleontologists believed that such a large 
amount of fossils found in one location was because of the quarry area being a watering 
hole at one point. The waterhole could have been where the bones of the Hagerman 
horses accumulated as injured, old, and ill animals, drawn to water, died there. It is now 
believed by most paleontologists that an entire herd of these animals probably drowned 
attempting to ford a flooded river and were swept away in the current and ended up 
buried in the soft sand at the bottom. 

 
 
Drawing of Hagerman horse (left) with Grevy's zebra (middle) and Domesticated horse 
(right) 

Overview 

The Hagerman horse first appeared about 3.5 million years ago. It was approximately 
110-145 centimeters (43 to 57 inches) tall at the shoulder. It weighed between 110 and 
385 kilograms (385 to 847 pounds). An average Hagerman Horse was about the same 
size as an Arabian horse. It also was relatively stocky with a straight shoulder and thick 
neck, like a zebra, and a short, narrow, donkey-like skull. It is thought to have had a stiff, 
upright mane, ropy tail, medium-sized ears, striped legs, and some striping on the back. 

The horse probably lived in grasslands and floodplains, which is what Hagerman was like 
3 million years ago. Native North American horses went extinct about 10,000 years ago, 
at the same time as many other large-bodied species of the period. 
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Panthera leo vereshchagini 

Panthera leo vereshchagini 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Order: Carnivora 

Family: Felidae 

Genus: Panthera 

Species: P. leo 

Subspecies:
†P. l. 
vereshchagini 

Trinomial name

Panthera leo vereshchagini 
(Baryshnikov & Boeskorov, 2001) 

Panthera leo vereshchagini, known as the East Siberian- or Beringian cave lion is an 
extinct prehistoric lion that inhabited Yakutia (Russia), Alaska (USA), and the Yukon 
Territory (Canada) during the Pleistocene epoch. Analysis of skulls and mandibles of this 
lion demonstrate that it is a new subspecies different from the other prehistoric lions. It 
differs from the European cave lion (Panthera leo spelaea) by its larger size and from the 
North American cave lion (Panthera leo atrox) by its smaller size and by skull 
proportions. However, recent genetic research, using ancient DNA from Beringian lions 
found no evidence for separating Panthera leo vereshchagini from the European cave 
lion, indeed identical DNA signatures were found in lions from Europe and Alaska, 
suggesting one large panmictic population. 
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Borophagus 

Borophagus 
Fossil range: late Miocene to late Pliocene 

 
Osteoborus cyonoides skull 

Scientific classification 

Kingdom: Animalia

Phylum: Chordata 

Class: Mammalia

Order: Carnivora

Family: Canidae 

Subfamily: †Borophaginae

Genus: †Borophagus 
Cope, 1892

Type species

†Borophagus diversidens 

Species 

 †B. diversidens 
 †B. dudleyi 
 †B. hilli
 †B. littoralis 
 †B. orc 
 †B. parvus 
 †B. pugnator
 †B. secundus
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Range of Borophagus based on fossil distribution 

Synonyms 

 †Borophagus Stirton & VanderHoof, 1933 
 †Cynogulo Kretzoi, 1968
 †Hyaenognathus Merriam, 1903 
 †Porthocyon Merriam, 1903 

Borophagus ("devouring glutton") is an extinct genus of the subfamily Borophaginae, a 
group of canids endemic to North America from the early Miocene epoch through the 
Zanclean stage of the Pliocene epoch 23.3—3.6 Mya. Borophagus existed for 
approximately 19.7 million years. 

Overview 

Borophagus, like other borophagines, are loosely known as "bone-crushing" or "hyena-
like" dogs. Though not the most massive borophagine by size or weight, it had a more 
highly-evolved capacity to crunch bone than earlier, larger genera such as Epicyon, which 
seems to be an evolutionary trend of the group (Turner, 2004). During the Pliocene 
epoch, Borophagus began being displaced by Canis genera such as Canis edwardii and 
later by Canis dirus. Early species of Borophagus were placed in the genus Osteoborus 
until recently, but the genera are now considered synonyms. Borophagus possibly led a 
hyena-like lifestyle scavenging carcasses of recently dead animals. 

Canidae competitors 

Borophagus was one of the last Borophaginae and would have shared its North American 
habitat with other canidae: Epicyon ((20.6—5.330 Ma), Paratomarctus (16.3—5.3 Ma), 
Carpocyon (20.4—3.9 Ma), Aelurodon (23.03—4.9 Ma), and the first emerging wolf, 
Canis lepophagus appearing 10.3 Ma. 

Taxonomy 

Typical features of this genus are a bulging forehead and powerful jaws; it was probably 
a scavenger. Its crushing premolar teeth and strong jaw muscles would have been used to 
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crack open bone, much like the hyena of the Old World. The adult animal is estimated to 
have been about 80 cm in length, similar to a coyote, although it was much more 
powerfully built. 

Morphology 

Two fossil specimens of Borophagus were measured by Legendre and Roth in 1988. 
They estimated that specimen one weighed 43.8 kilograms (97 lb) and the second 
weighed 35.8 kilograms (79 lb). 

Species 

 Borophagus diversidens existed for 3.1 million years (synonymous with Felis 
hillianus, Hyaenognathus matthewi, Hyaenognathus pachyodon, Hyaenognathus 
solus, Porthocyon dubius) 

 Borophagus dudleyi existed for 19.7 million years 
 Borophagus hilli existed for 19.7 million years (synonymous with Osteoborus 

crassapineatus, Osteoborus progressus) 
 Borophagus littoralis existed for 13 million years (syn. Osteoborus diabloensis) 
 Borophagus orc existed for 5.4 million years 
 Borophagus parvus existed for 6.4 million years 
 Borophagus pugnator existed for 18 million years (synonymous with Osteoborus 

galushai) 
 Borophagus secundus existed for 18 million years (synonymous with 

Hyaenognathus cyonoides, Hyaenognathus direptor) 
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Cave bear 

Cave Bear 
Fossil range: Middle to Late Pleistocene

 
Mounted cave bear skeleton 

Scientific classification 

Kingdom: Animalia 

Phylum: Chordata 

Class: Mammalia 

Order: Carnivora 

Family: Ursidae 

Genus: Ursus 

Species: U. spelaeus 

Binomial name 

Ursus spelaeus 
Rosenmüller, 1794 

The Cave Bear (Ursus spelaeus) was a species of bear which lived in Europe during the 
Pleistocene and became extinct at the beginning of the Last Glacial Maximum about 
27,500 years ago. Both the name Cave Bear and the scientific name spelaeus derive from 
the fact that fossils of this species were mostly found in caves, indicating that this species 
spent more time in caves than the Brown Bear, which only uses caves for hibernation. 
Consequently, in the course of time, whole layers of bones, almost entirely those of cave 
bears, were found in many caves. 



_________________WORLD TECHNOLOGIES_________________

History of cave bear discoveries 

 
 

Rearing Ursus spelaeus skeleton

Cave bear skeletons were first described in 1774 by Johann Friederich Esper in his book 
Newly Discovered Zoolites of Unknown Four Footed Animals. Originally thought to 
belong to dragons, unicorns, apes, canids or felids, Esper postulated that they actually 
belonged to polar bears. Twenty years later, Johann Christian Rosenmüller, an anatomist 
at the Leipzig University, gave the species its binomial name. Cave bear bones were so 
numerous that most researchers held little respect for them. During World War I, large 
amounts of cave bear bones were used as a source of phosphates, leaving behind little 
more than skulls and leg bones. 
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Many caves in Europe have skeletons of cave bears on display, for example the 
Heinrichshöhle in Hemer or the Dechenhöhle in Iserlohn, Germany. In Romania, there is 

discovered in 1983. 

Description and Biology 

Range and habitat 

The cave bear's range stretched across Europe, from Spain to Eurasia, from Italy and 
Greece to Belgium, the Netherlands and possibly Great Britain, across a portion of 
Germany through Poland, then south into Hungary, Romania and parts of Russia, 
Caucasus and northern Iran. There have been no traces of cave bears living in northern 
Britain, Scandinavia or the Baltic countries, which were covered in extensive glaciers at 
the time. The largest numbers of cave bear remains have been found in Austria, 
Switzerland, southern Germany, northern Italy, northern Spain, Croatia, Hungary, and 
Romania. The huge number of bones found in south, central and east Europe has led 
some scientists to think that Europe may have once had literal herds of cave bears. Some 
however point out that though some caves have thousands of bones, they were 
accumulated over a period of 100,000 years or more, thus requiring only two deaths in a 
cave per year to account for the large numbers. 

The cave bear inhabited low mountainous areas, especially in regions rich in limestone 
caves. They seem to have avoided open plains, preferring forested or forest-edged 
terrains.

Anatomy 

The cave bear had a very broad, domed skull with a steep forehead. Its stout body had 
long thighs, massive shins and in-turning feet, making it similar in skeletal structure to 
the brown bear. Cave bears were comparable in size to the largest modern day bears. The 
average weight for males was 400-500 kilograms (880-1102 pounds), while females 
weighed 225–250 kg (496-551 lbs). Of cave bear skeletons in museums, 90% are male 
due to a misconception that the female skeletons were merely "dwarfs". Cave bears grew 
larger during glaciations and smaller during interglacials, probably to adjust heat loss 
rate. Cave bears of the last ice age lacked the usual 2-3 premolars present in other bears; 
to compensate, the last molar is very elongated, with supplementary cusps. The humerus 
of the cave bear was similar in size to that of the polar bear, as were the femora of 
females. The femora of male cave bears, however, bore more similarities in size to those 
of kodiak bears. 

Dietary habits 

Cave bear teeth show greater wear than most modern bear species, suggesting a diet of 
tough materials. However, tubers and other gritty food, which cause distinctive tooth 
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wear in modern brown bears, do not appear to have constituted a major part of cave bears' 
diet on the basis of dental microwear analysis. 

Skull of Ursus spelaeus. Cave bears lacked the usual 2-3 premolars present in other bear 
species 

The morphological features of the cave bear chewing apparatus, including loss of 
premolars, have long been suggested to indicate that their diets displayed a higher degree 
of herbivory than the Eurasian brown bear. Indeed, a solely vegetarian diet has been 
inferred on the basis of tooth morphology. Results obtained on the stable isotopes of cave 
bear bones also point to a largely vegetarian diet in having low levels of nitrogen-15 and 
carbon-13, which are accumulated at a faster rate by meat eaters as opposed to 
herbivores. 

However, some evidence points toward inclusion of at least occasional animal protein in 
the cave bear diet. For example, toothmarks on cave bear remains in areas where cave 
bears are the only recorded potential carnivores suggests occasional cannibalistic 
scavenging, possibly on individuals that died during hibernation, and dental microwear 
analysis indicates that the cave bear may have fed on a greater quantity of bone than its 
contemporary, the smaller Eurasian Brown Bear. Additionally, cave bear remains from 

of nitrogen-15 in their bones, indicative of an omnivorous diet, although the values are 
within the range of those found for the strictly herbivorous mammoth. 
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Although the current prevailing opinion concludes that cave bears were largely 
herbivorous, and more so than any modern species of the genus Ursus, increasing 
evidence points to an omnivorous diet, based both on regional variability of isotopic 
composition of bone remains indicative of dietary plasticity, and on a recent reevaluation 
of its craniodental morphology that places the cave bear squarely among omnivorous 
modern bear species with respect to its skull and tooth shapes. 

Mortality 

 
 

Standing skeleton of juvenile cave bear 

Death during hibernation was a common end for cave bears, mainly befalling specimens 
that failed ecologically during the summer season through inexperience, sickness or old 
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age. Some cave bear bones show signs of numerous different ailments, including fusion 
of the spine, bone tumours, cavities, tooth resorption, necrosis (particularly in younger 
specimens), osteomyelitis, periostitis, rickets and kidney stones. Male cave bear skeletons 
have been found with broken baculums, probably due to fighting during breeding season. 
Cave bear longevity is unknown, though it has been estimated that they seldom exceeded 
20 years of age. Paleontologists doubt adult cave bears had any natural predators, save for 
pack hunting wolves and cave hyenas which would probably have attacked sick or infirm 
specimens. Cave hyenas are thought to be responsible for the dis-articulation and 
destruction of some cave bear skeletons. Such large carcasses were an optimal food 
resource for the hyenas, especially at the end of the winter, when food was scarce. The 
presence of fully articulated adult cave lion skeletons, deep in cave bear dens, indicates 
that lions may have occasionally entered dens to prey on hibernating cave bears, with 
some dying in the attempt. 

Evolution 

Skeleton mounted in quadrupedal posture 

Both the cave bear and the brown bear are thought to be descended from the Plio-
Pleistocene Etruscan bear (Ursus etruscus) that lived ~5.3 Mya to 10,000 years ago. The 
last common ancestor of cave bears and brown bears lived between 1.2 and 1.4 million 
years ago. The immediate precursor of the cave bear was probably Ursus deningeri 
(Deninger's bear), a species restricted to Pleistocene Europe ~1.8 Mya to 100,000 years 
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ago. The transition between Deninger's bear and the cave bear is given as the last 
Interglacial, although the boundary between these forms is arbitrary and intermediate or 
transitional taxa have been proposed, e.g. Ursus spelaeus deningeroides, while other 
authorities consider both taxa to be chronological variants of the same species.

Cave bears found in different regions vary in age, thus facilitating investigations into 
evolutionary trends. The three anterior premolars were gradually reduced, then 
disappeared, possibly in response to a largely vegetarian diet. In a fourth of the skulls 
found in the Conturines, the third premolar is still present, while more derived specimens 
elsewhere lack it. The last remaining premolar became conjugated with the true molars, 
enlarging the crown and granting it more cusps and cutting borders. This phenomenon 
known as molarization improved the mastication capacities of the molars, facilitating the 
processing of tough vegetation. This allowed the cave bear to gain more energy for 
hibernation while eating less than its ancestors. 

Recovery of fossil DNA 

In May 2005, scientists in California succeeded in recovering and sequencing nuclear 
DNA of a cave bear that lived between 42,000 and 44,000 years ago. The procedure used 
genomic DNA extracted from the animal's tooth. Sequencing the DNA directly (rather 
than first replicating it with the polymerase chain reaction), the scientists were able to 
recover 21 cave bear genes from remains that did not yield significant amounts of DNA 
with traditional techniques. This study confirmed and built on results from a previous 
study using mitochondrial DNA extracted from cave bear remains ranging from 20,000 to 
130,000 years old. Both show the cave bear to be more closely related to the brown bear 
and polar bear than the American black bear, but having split from the brown bear 
lineage prior to the diversification of distinct eastern and western brown bear lineages 
and prior to the split of brown bears and polar bears. The divergence date estimate of 
cave bears and brown bears is ~1.2-1.4 Mya. 

Causes of extinction 

Recent reassessment of fossils indicate the cave bear probably died out 27,800 years ago. 
It has been suggested that a complex of factors, rather than a single factor, led to the 
extinction.  

Compared with other megafaunal species that also became extinct during the last Glacial 
Maximum, the cave bear was believed to have had a more specialized diet of high-quality 
plants and a relatively restricted geographical range. This was suggested as an 
explanation as to why it died out so much earlier than the rest. Some experts have 
disputed this claim as the cave bear had survived multiple climate changes prior to 
extinction. Additionally, mitochondrial DNA research indicated that the genetic decline 
of the cave bear began long before it went extinct, demonstrating that habitat loss due to 

15N levels were found in cave bear 
bones from Romania, indicating wider dietary possibilities than previously believed. 
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Overhunting by humans has been largely dismissed because human populations at the 
time were too small to pose a serious threat to the cave bear's survival, though there is 
evidence that the two species may have competed for living space in caves. Unlike brown 
bears, cave bears are seldom represented in cave paintings, leading some experts to 
believe that the cave bear may have been avoided by human hunters or their habitat 
preferences may not have overlapped. One theory proposed by late paleontologist Bjorn 
Kurten states that the cave bear populations were fragmented and under stress even 
before the advent of the glaciers. It is possible that populations living south of the Alps 
survived significantly longer. 

There is some evidence that the cave bear only used caves for hibernation and was not 
inclined to use other locations, such as thickets, for this purpose, in contrast to the more 
versatile Brown Bear. This specialized hibernation behavior would have caused a high 
winter mortality rate for Cave Bears that failed to find available caves. Therefore, as 
human populations slowly increased, the Cave Bear faced a shrinking pool of suitable 
caves, and slowly faded away to extinction, as both Neanderthals and anatomically 
modern humans sought out caves as living quarters, depriving the cave bear of vital 
habitat. This hypothesis is being researched at this time. 

Cave bear worship 

Collections of bear bones at several widely dispersed sites suggest that Neanderthals may 
have worshipped cave bears, especially at Drachenloch, in Switzerland, where a stone 
chest was discovered with a number of bear skulls stacked upon it. Neanderthals, who 
also inhabited the entrance of the cave, are believed to have built it. A massive stone slab 
covered the top of the structure. At the cave entrance, seven bear skulls were arranged 
with their muzzles facing the cave entrance, while deeper in the cave, a further six bear 
skulls were lodged in niches along the wall. Next to these remains were bundles of limb 
bones belonging to different bears. Consequently, it was at this site that the supposed 
symbol of the "Cult of the Cave Bear" was found. This consisted of the skull of a three-
year-old bear pierced in the cheek by the leg-bone of younger bear. The arrangement of 
these bones of different bears are not believed to have happened by chance. 

A similar phenomenon was encountered in Regourdou, southern France. A rectangular 
pit contained the remains of at least twenty bears, covered by a massive stone slab. The 
remains of a Neanderthal lay nearby in another stone pit, with various objects, including a 
bear humerus, a scraper, a core, and some flakes, which were interpreted as grave 
offerings. 

The unusual finding in a deep chamber of Basua Cave in Savona, Italy, is thought to be 
related to cave bear worship, as there is a vaguely zoomorphic stalagmite surrounded by 
clay pellets. It was apparently used by Neanderthals for a ceremony; the fact that bear 
bones lay scattered on the floor further suggests that this was likely to have had some sort 
of ritual purpose. 


