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through stabilizing selection. This newly exposed genetic variation was 
the fuel for the rapid response to selection for tameness.

TIMING IS EVERYTHING?

We still need to account for the fact that tameness resulted in all of these 
correlated changes. In what way are tameness and floppy ears connected? 
To say simply “pleiotropy” is not a sufficient explanation; this particular 
form of pleiotropy must itself be explained. To better understand this 
connection, we need to examine how tameness and floppy ears are devel-
opmentally linked.

It is noteworthy that many of these alterations, such as floppy ears and 
curled tails, are typical traits of fox pups—and wolf pups as well. The 
same could be said of many of the behavioral alterations. Wild fox pups 
are more likely to seek human company than are wild fox adults, and 
not solely for lack of conditioning or learning. Some of the difference 
between infant and adult foxes can be traced to the physiological matu-
ration of the  hypothalamic- pituitary- adrenal (HPA) axis, which under-
lies the stress response (Figure 1.3). Once the stress response is developed, 
foxes react to humans—and other foxes—with more fear and aggression. 
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Figure 1.2 Norm of reaction before (A) and after (B) stabilizing selection.

Domesticated_final.indd   17 3/31/15   1:27 PM



18    D O M E S T I C A T E D

The development of the fear response in particular marks the closure of 
the socialization window.23 This is true of other canines as well.

Several hormones are involved in the stress response; the levels of 
many of these hormones were altered by selection for tameness in ways 
that suggest a general dampening of the stress response in domesti-
cated foxes relative to farm foxes.24 Stress hormones of one type, the 
glucocorticoids—a family of hormones that includes cortisol—were 
especially altered by selection for tameness. Tame foxes had substan-
tially lower cortisol levels than did the farm foxes.25

So, many of the adult traits of domestic foxes and dogs may result in 
changes in the timing of certain key developmental events—a phenome-
non known as heterochrony (hetero = “different”; chrony, as in “chrono-
logical” = “time”).26 There are two basic forms of heterochrony; the form 
observed in the farm fox experiment—which results in the retention 
into adulthood of traits characteristic of earlier developmental stages—
is called “paedomorphosis” (“infant form”). As Figure 1.4 shows, there 
are three distinct avenues to paedomorphosis:

Brain

E n v i r o n m e n t

Hypothalamus

Hypothalamus
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CRH

Corticotropin

Cortisol

Target cells (with glucocorticoid receptors)

Figure 1.3  

The  hypothalamic- pituitary- adrenal 

(HPA) axis, with principal hormones.
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 1. Postdisplacement: delaying the onset of the trait’s development
 2. Neoteny: slowing the rate of the trait’s development
 3. Progenesis: speeding up sexual maturation relative to the trait’s 

development

At least two may have occurred in the farm fox experiment.
The tame foxes reached sexual maturity about a month before the 

 farm- reared foxes did (progenesis). At the same time, the development 
of the HPA axis was retarded or decelerated in tame foxes relative to 
farm foxes (neoteny and/or postdisplacement).27 A similar retarda-
tion occurred in ear, tail, and skeletal development. Even the seem-
ingly uncanny ability to read human intentions may simply manifest 
another retained juvenile trait: the close attention fox pups pay to their 
mother’s behavior.

It seems, then, that general physical and psychological development 
of the silver foxes was significantly slowed, and reproductive develop-
ment accelerated, by selection for tameness. As a result, the adult tame 
foxes came to resemble the early developmental stage of their untamed 
ancestors. The genetic changes may have involved just a few genes, regu-
lating a few key hormones that affect developmental rate.

The search for candidate genes commenced only recently.28 Of partic-
ular interest will be genes and nongenic DNA sequences that influence 
the regulation of  stress- related hormones. Glucocorticoids, for example, 
influence every physiological system in the body, from blood to bones. 

Figure 1.4 Paedomorphosis and peramorphosis.

Avenues to:

 Paedomorphosis Peramorphosis 
 (trait of juvenile ancestor) (new trait not present in ancestor)

Progenesis (earlier offset) Hypermorphosis (delayed offset)

Neoteny (reduced rate) Acceleration (increased rate)

Postdisplacement (delayed onset) Predisplacement (earlier offset)
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22    D O M E S T I C A T E D

which human agents can insert themselves at the top.33 Therefore, fox 
domestication would seem far less likely to succeed than wolf domesti-
cation, which makes the success of Belyaev and his colleagues in creating 
a fox pet all the more remarkable.

Also noteworthy is the way the fox →  fox- dog transition parallels the 
wolf →  wolf- dog transition, especially in the correlated  by- products of 
selection for tameness, from floppy ears to shorter snouts. At bottom, 
this parallel response reflects shared developmental processes in the fox 
and the wolf, which you might expect, given their genealogical prox-
imity on the tree of life. But many of these correlated responses occur 
in other domesticated mammals as well, some quite distantly related to 
canines. Some are even found in domesticated birds and fishes. So con-
sistent is this suite of changes, in fact, that it has a name: the “domesti-
cated phenotype.” And the domesticated phenotype is not just a feature 
of domesticated animals; we humans exhibit features of the domesti-
cated phenotype as well. The view that humans are  “self- domesticated” 
has become increasingly popular.34 If indeed this occurred, such self- 
domestication would not be unique to humans; it is an important aspect 
of the domestication of most mammals, especially in the early stages.

We will explore the domesticated phenotype and  self- domestication 
more generally in subsequent chapters. For now, though, let’s turn to 
how they figure specifically in the evolution of dogs.

Domestic dog (Canis)

Gray wolf (Canis lupus)

Red wolf (Canis lupus rufus)

Coyote (Canis latrans)

African wild dog (Lycaon pictus)

Jackal (Canis mesomelas)

Maned wolf (Chrysocyon brachyurus)

South American foxes (Pseudalopex)

Red fox (Vulpes vulpes)

Swift fox (Vulpes velox)

Figure 1.5 Canid phylogeny. (Redrawn from Wayne 1993.)
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form. These are attributed to the Manchu princess Cixi, the de facto 
ruler of China from 1861 to 1908, and have the strong odor of royal 
status. According to Cixi, a Pekingese should be dainty, dignified, and 
evidence  self- respect. Among the recommended foods are shark fins 
and curlew livers. For illness she prescribes “a throstle’s [song thrush] 
egg shell full of the juice of custard apple in which has been dissolved 
three pinches of shredded rhinoceros horn.” These were not items read-
ily available to most peasants. Nor are the “piebald leaches” she deemed 
most suitable for bleeding.1

However distant the resemblance of Pekingese to lions, the resem-
blance of Pekingese to wolves is even less apparent. Yet the genetic dis-
tance between a wolf and a Pekingese is minuscule, far less than that 
between a wolf and a coyote, which much more closely resemble each 
other.

How do you get a Pekingese from a wolf? It takes time, of course, 
but not nearly as much time as you might think. Less time, in fact, than 
even Darwin suspected. On evolutionary timescales the wolf →  Peking-
ese transition occurred in an eyeblink. And the Pekingese represents but 
one extreme in what we humans were able to make of wolves by acting 

Figure 2.1 Shishi sculpture.

(© iStock.com/ThanyaG7.)
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Wolf youngsters remain with their parents much longer than is typi-
cal of most canids. Foxes, for example, generally leave their parents once 
they are weaned. Wolf youngsters hang around their parents and oft en 
their parent’s siblings for extended periods, which is the mechanism for 
pack formation. Th is extended period of dependency fi gured signifi -
cantly in wolf domestication.

Prior to their domestication, wolves were among the most widespread 
mammals on earth, ranging from Arctic latitudes to the subtropics 
throughout the Northern Hemisphere (North America and Eurasia) 
(Figure 2.1). Th ey also occupied a variety of habitats, from Arctic tun-
dra to thick forests and semideserts. As a species, wolves are quite adapt-
able. Within this vast range and varied habitats were several genetically 
distinct wolf populations, but because of their mobility and adapt-
ability there was suffi  cient gene fl ow between populations to prevent 
speciation.4

IN THE BEGINNING

Th e wolf is the only species that was domesticated prior to the agricul-
tural revolution. When and where the process commenced are much 
disputed. Th ere is some archaeological evidence—based on a skull dis-
covered in the Goyet Cave, Belgium—that some  human- associated 

Present

Extirpated

Figure 2.2 Geographic distribution of the gray wolf prior to domestication.

Domesticated_final.indd   26 3/31/15   1:27 PM



D o g s     33

ously been fattened. These cute, fat dogs may have been given the run of 
the house until such time as their services were required in the kitchen. 
This is the way many pigs of old were raised, though it is beyond the ken 
of most of us today. Perhaps some of the especially cute ones escaped 
that fate to become founders of a pet breed. Things may have been quite 
fluid in that respect.

In Cuauhtémoc, Chiapas, which is on the Pacific side of Mexico at 
about the same latitude as San Lorenzo, dwelt some contemporaries of 
the Olmecs. They treated their dogs quite differently, as indicated by dog 
burials, some of which included humans.41 But after trade links were 
established with the Olmecs, things changed dramatically. Dogs began 
to appear in the garbage middens like other discarded foodstuffs. In pre-
contact Mexico, even a pet dog wouldn’t want to get too comfortable. A 
dog’s position on the food–pet continuum was not a fixed one.

But that was probably true throughout most of the New World. The 
largest settlement north of Mexico was Cahokia, close to St. Louis. This 
Mississippian culture was renowned for its earthworks in the form of 

Figure 2.3  

Pre-Columbian clay dog 

sculpture from Mexico.  

(© Irafael/Shutterstock.com.)
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did very little by way of domestication; in fact, the Australian dingoes 
became not just feral, but truly wild wolf equivalents and the apex pred-
ator on the island continent. Things began to change somewhat with 
the arrival of Europeans and their dogs in the eighteenth century. These 
dogs, naturally, interbred with dingoes to the point that, as of 1995, 80 
percent of mainland dingoes were of mixed ancestry.53

Despite such hybridization, dingoes provide some interesting con-
trasts with both dogs and wolves. In behavior and anatomy, dingoes are 
intermediate between domesticated dogs and wolves. For example, the 
canine teeth of dingoes are larger than those of any domestic breed but 
smaller than those of wolves.54 They retain the upturned tail of their 
domesticate forebears, as well as their coloration, but they tend to form 
packs in which only the dominant male and female breed; and they have 
become seasonal breeders, having lost the domesticated capacity to breed 
 year- round. Dingoes howl a lot and bark very little. At reading human 
intentions, they are better than wolves but worse than dogs.55

In all of these respects the dingoes outside of Australia and New 

Figure 2.4 Pure dingo. Note the snout width intermediate between 

that of wolves and domestic dogs. (Photo by author.)
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wolfhound, and whippet, form another clump, as do scent hounds (e.g., 
beagle, basset hound, and bloodhound).

There are some suggestive relationships among the breed clumps. 
For example, spaniels and scent hounds seem to be more closely related 
to each other than to any other breed groups; the same is true of sight 
hounds and herding dogs. There is also a surprising lack of close genea-
logical relationship among some of the small dogs, indicating that small 
size was developed independently in several functional groups (and 
“ancient breeds”). Some of the smallest dogs do form a clump of toy 
breeds, including the Chihuahua and papillon, but the toy poodle is not 
part of this genealogical clump, nor are the various toy terriers.

It is actually somewhat surprising that systematists can derive any 
treelike genealogy from dog breeds. Treelike genealogies require vertical 
 ancestor- descendant relationships, in which one common ancestor gives 
rise to two branches of the tree, from which another common ancestor 
gives rise to two smaller branches and so on. It is safe to assume ver-
tical relationships in constructing mammalian species trees; it is much 
less safe to assume so in reconstructing the genealogy of dog breeds. We 
know that many dog breeds are products of hybridizations of existing 
breeds or landraces from sometimes distant parts of the genealogical 
tree. The Newfoundland, for example, was created by the hybridiza-
tion of the extinct Saint John’s water dog and a  mastiff- like breed. The 

Middle Eastern Gray Wolf

Chinese Shar-Pei

Shiba Inu

Chow

Akita

Basenji

Siberian Husky

Alaskan Malamute

Afghan Hound

Saluki

Eurasian super-clade

Figure 2.5 Genealogical relationships of the oldest dog 

landraces. (Adapted from VonHoldt et al. 2010.)
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Our neighbor is part of an innovative program—called  trap-  neuter- 
release—to deal with feral and semiferal cats, which abound in this city 
and elsewhere around the globe. These cats are provisioned and then cap-
tured, spayed or neutered, and returned to the empty lots or abandoned 
buildings from which they came. This method is actually  better—and 
more humane—for controlling the feral cat population than is simple 
removal.

Prior to her move to New York City, our neighbor worked with feral 
cats in the Virgin Islands. She adopted three of them. Though they, 
too, vary in their shyness, compared to these three formerly feral cats 
Sylvester is quite bold. One of them, also a black tuxedo, called Baby, I 
have glimpsed only briefly. The difference between Sylvester and Baby is 
largely due to the different environments in which they grew up. Around 
humans, the boldest feral cat is shyer than the shyest  home- reared one, 
even if the feral cats are adopted soon after weaning. As with canines, 
there is a window of socialization, and in cats it seems to close earlier and 
more firmly than in dogs.

There is an interesting trend among the three feral cats related to 
the age at which they were adopted. One of them, Pablo, was aban-

Figure 3.1 Meet Sylvester. (Photo by author.)

Domesticated_final.indd   55 3/31/15   1:27 PM



C a t s     57

THE CAT FAMILY

Though cats and dogs belong to the same mammalian order, Carniv-
ora, they come from two quite distinct branches (Figure 3.2). The dog 
branch includes—in addition to other canids—bears, raccoons, otters, 
skunks, seals, and sea lions. The cat branch includes—in addition to 
other felids—hyenas, mongooses, and civets. Perhaps what most dis-
tinguishes the cat branch from the dog branch is that the members of 
the cat branch are more exclusively carnivorous; their diet includes very 
little plant material. The relative specialization of the cat branch is most 
pronounced in the cat family, Felidae. Felids are considered obligate car-
nivores, in that they can metabolize only animal protein.

Several distinctive features of felids reflect their meat dependency—
most obviously, their teeth. All carnivores have modified premolars 
and first molars specialized for  scissor- like shearing, called carnassials. 
The size of the carnassials relative to molars provides a good indication 
as to how much of a carnivore’s diet is  meat- derived protein. In bears 
(family Ursidae), the carnassials are small and the molars large, in accor-
dance with their largely vegetarian diet. The size of the molars reaches 
its extreme in giant pandas, which rely exclusively on bamboo. In dogs 

Cats (Felidae)

Hyenas (Hyaenidae)

Mongooses (Herpestidae)

Civets (Viverridae)

Canids (Canide)

Weasels (Mustelidae)

Raccoons (Procyonidae)

Bears (Ursidae)

Sea lions/fur seals (Otariidae)

Walruses (Odobenidae)

Seals (Phocidae)

Dog Branch
(Caniformia)

Cat Branch
(Feliformia)

Figure 3.2 Carnivore phylogeny with family 
relationships. (Redrawn from information by Dr. 
David L. Atkins and by Arnason et al. 2001.)
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The family Felidae first entered the evolutionary stage about 35 mil-
lion years ago (henceforth abbreviated “mya”), at the very end of the 
Eocene epoch (of the Cenozoic era). The last common ancestor of all 
modern felids lived in Eurasia about 11 mya (Miocene epoch), from 
which eight distinct lineages evolved (Figure 3.3).5 The first lineage to 
split off (about 10.8 mya) included the great roaring cats of the genus 
Panthera (tiger, lion, leopard, snow leopard, and jaguar) plus two species 
of clouded leopards (Neofelis). The lineage that includes the domestic cat 
(genus Felis) originated about 6.2 mya (in the late Miocene).

About 2 mya the wildcat, Felis silvestris, split from other members 
of the genus Felis. This is the wild ancestor of the domestic cat. Like 
the wolf, the wildcat has a wide distribution, which includes much of 
Eurasia and Africa; north to south it extends from Scotland to the Cape 
region of South Africa; west to east it extends from Iberia to Mongo-
lia. Over this wide range, five distinct subspecies evolved: the European 
wildcat, Felis silvestris silvestris; the central Asian wildcat, Felis silves-
tris ornata; the Near Eastern wildcat, Felis silvestris lybica; the Chinese 
mountain cat, Felis silvestris bieti, and the African wildcat, Felis silvestris 
cafra6 (Figure 3.4). There had long been debate as to which of these sub-
species was the ancestor of the domestic cat, which was recently decided 
in favor of the Near Eastern wildcat (F. silvestris lybica).7

Asian leopard cat (Prionailurus bengalensis)

European wild cat (Felis silvestris silvestris)

Domestic cat (Felis catus)

Cheetah (Acinonyx jubatus)

Cougar (Puma concolor)

Bobcat (Lynx rufus)

Ocelot (Leopardus pardalis)

Jaguar (Panthera onca)

Lion (Panthera leo)

Leopard (Panthera pardus)

Tiger (Panthera tigris)

Figure 3.3 Felid phylogeny. (Adapted from Johnson et al. 2006.)
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Th e Near Eastern wildcat is a typical felid in its basic body plan, spe-
cialized meat diet, solitary existence, and defense of exclusive territo-
ries, in all of which respects it diff ers from the wolf. Th ese traits also 
make cats unlikely candidates for domestication and explain in large 
part the divergent route this process took. For cats are almost entirely 
 self- domesticated through the process of natural selection. Only very 
recently have a small fraction of the 600 million cats in the world today 
been subjected to artifi cial selection for human ends.

Of the fi ve wildcat subspecies, the Near Eastern wildcat is among 
the more tolerant of people, but that probably wasn’t a huge factor in 
determining why this subspecies alone was domesticated. Contingent 
historical factors in its interactions with humans fi gure much more 
importantly in the domestication of this subspecies.8

Felis silvestris silvestris
Felis silvestris ornato
Felis silvestris cafra
Felis silvestris lybica
Felis silvestris bieti

Figure 3.4 Geographic ranges of wildcat subspecies.
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10–12 years in one study—than that of the average house cat (15–20 
years). Other “natural breeds,” such as the Abyssinian, also have short-
ened life expectancies as a result of inbreeding. Those that live longest 
are prone to blindness by means of progressive retinal atrophy and other 
defects of premature aging.

Aside from the Siamese, the Persian and the Himalayan have been 
the breeds most modified by sustained artificial selection. In addition to 
their gorgeous long hair, these two breeds are notable for their brachy-
cephalic (squashed) faces, first developed in the Persian and inherited in 
the Himalayan when it was created through Siamese × Persian crosses. 
Since creation of the Himalayan, the brachycephaly has been further 
exaggerated in both breeds, with predictable results. Though neither 
breed rises to the level of bulldog grotesquerie and its concomitant ail-
ments, they do suffer from breathing problems, chronic sinus infections, 
and, more generally, abbreviated lives.

In stark contrast, the American shorthair, of which Smoke and 

Figure 3.5 Thai Siamese (left) and European Siamese (right). Note the 

differences in the skull and face. (Thai Siamese [left]: © iStock.com/Lena 

Kozlova. European Siamese [right]: © iStock.com/IvonneW.)
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AN OMNIVORE’S OMNIVORE

The raccoon, like the wolf and the wildcat, belongs to the order Car-
nivora. Recall that this order is divided into two suborders: the dog side 
(Caniformia) and the cat side (Feliformia) (Figure 4.1). Raccoons belong 
to the family Procyonidae—along with sea lions (Otariidae), weasels 
(Mustelidae), and bears (Ursidae)—on the dog side of the carnivore tree. 
Other members of the family Procyonidae include coatimundis, kinka-
jous, ringtails, and olingos, all of which dwell in the New World, most 
in Central and South America. Raccoons and other members of the 
family are most closely related to bears, with which they share much in 
the way of dentition and therefore an omnivorous diet. In fact, raccoons 
may have the most varied diet of any North American mammal. One 
consumed an entire jar of spicy mustard obtained from my campsite.

Members of the raccoon family vary substantially as to sociality. 
Ringtails and kinkajous are largely solitary, and so, too, are male coa-
tis, but female coatis are quite social. Raccoons were long thought to 
be solitary, but it is now known that their social behavior is more com-
plex and nuanced. A lot depends on food supplies. Throughout much 
of their range, both males and females are largely solitary, though they 

Cats (Felidae)

Hyenas (Hyaenidae)

Mongooses (Herpestidae)

Civets (Viverridae)

Canids (Canide)

Weasels (Mustelidae)

Raccoons (Procyonidae)

Bears (Ursidae)

Sea lions/fur seals (Otariidae)

Walruses (Odobenidae)

Seals (Phocidae)

Dog Branch
(Caniformia)

Cat Branch
(Feliformia)

Figure 4.1 Carnivore genealogy with family relationships, highlighting 

the raccoon family (Procyonidae). (See source in Figure 3.2.)
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For many, the “Baldwin effect” refers to the evolutionary transforma-
tion of a learned behavior to an instinct,39 but this narrow reading, while 
not completely inapt, misses the more general significance of Baldwin’s 
idea about the role of behavioral or any other form of phenotypic plas-
ticity in evolution.40

Baldwin begins with the premise that phenotypic plasticity is a way 
for individuals to adapt to their environment within a generation in a 
novel environment. Let’s say the novel environment is one created by 
human occupation. Our hypothetical species has a reaction norm as in 
Figure 4.2A, depicting its ability to survive in a range of environments, 
from utter human absence to moderate human presence. Though sur-
vival in human environments is within the reaction norm, it is at the 
extreme end. That is, though at least some members of the species can 
survive the human presence, it is far from optimal for this species. The 
second part of Baldwin’s thesis concerns what happens next, which is a 
shift in the reaction norm such that the human environment is closer to 
the optimum (Figure 4.2B). This shift is accomplished by natural selec-
tion for tameness and increased sociality, and perhaps a change in diet 
among those individuals whose phenotypic plasticity was sufficient to 
survive among humans. As a result of this selection, a genetic change 
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Figure 4.2 (A) Norm of reaction before selection. (B) Norm of reaction after 

selection.
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Sea dragons, like sea horses, have also lost most of their fins—including 
the tail fin that provides much of the propulsive force for most fishes—
so they aren’t good swimmers. Camouflage is essential if these small, 
immobile creatures are to avoid being eaten by the many larger fishes 
that share their habitat. For sea dragons this means looking like kelp, as 
they spend their lives drifting with kelp flotsam off the coast of southern 
Australia. And the  kelp- like–ness of leafy sea dragons is truly remark-
able. Their coloration is a very good match for the local kelp; they also 
have elaborate protrusions extending from their bodies at various points 
that resemble the leaflike structures of the local kelp to an uncanny 
extent. A sea dragon isolated in an utterly bare aquarium is easily mis-
taken for a piece of kelp by a casual observer.

Camouflage of this sort provides some of the most compelling evi-
dence for the power of natural selection. It is absolutely clear what 
selection is for in this case—kelp resemblance—and the efficacy of this 
selection is quite apparent. Richard Dawkins, in The Ancestor’s Tale, 
discusses the leafy sea dragon at some length in this regard.1 But here I 
want to consider some other factors contributing to the leafy sea drag-

Figure 5.1 Sea dragon (Phycodurus eques). (© iStock.com/kwiktor.)
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during fertilization, where they develop for six to eight weeks inside a 
specialized pouch. This trait is not found in any other teleost fish family, 
but it is present in every single pipefish, sea horse, and sea dragon species.

More relevant to sea dragon camouflage is body shape. As Dawkins 
emphasized, body shape varies tremendously among teleost fishes as a 
whole. But body shape is highly conserved at the family level. All syng-
nathids are quite slender bodied and elongate, making them hard to see 
even without color camouflage.

Perhaps the most spectacular camouflage elements of sea dragons are 
their leafy growths, which consist of collagen. Particularly significant 
is the complete absence of scales in all syngnathids. Scale loss is charac-
teristic of fishes that have become sedentary and no longer require the 
hydrodynamic advantage that scales provide.2 The genealogy of leafy sea 
dragons tells us that scales were lost in an ancestor long predating the 
evolution of syngnathids, since the trait is shared with related families 
(Figure 5.2). In syngnathids and related fish families, ringlike segments 
consisting of dermal bone have replaced scales. The dermal bone and 
scales share certain developmental pathways but diverge in ways relevant 
to the formation of the leafy accessories of sea dragons.3 Both scales and 
dermal bones begin with nuclei of ossification (bone development) in 
the dermis, but in scales there is also an epidermal contribution of addi-

Syngnathiformes

Aulostomidae 

Centriscidae 

Fistulariidae 

Syngnathidae

100 50
Mya

0

Seahorses
Seadragons
Pipefish

Figure 5.2 Evolutionary tree of Syngnathidae and related families. Note that 

elongated body shape has evolved around 70 mya and has been conserved ever since. 

(Adapted from Fig. 4 of a PLOS article by Betancur-R et al. 2013.)
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tional toothlike layers related to dentin and enamel, the latter of which 
is a particularly hard, highly mineralized substance. Most significant, 
with respect to kelp resemblance, enamel does not lend itself to the sort 
of collagenous leafy growths characteristic of sea dragons.  Dermal- bone 
development, however, begins with collagen formation, which is selec-

Figure 5.3  

Ghost pipefish.

(© iStock.com/

Trueog.)

Figure 5.4  

Pygmy sea horse.

(© Ethan Daniels/

Shutterstock.com.)
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pigs became associated with the god Seth. There seems to have been a 
steady reduction in pig consumption, until by the New Kingdom (1567–
1085 BCE), there were indications of opprobrium,5 especially among 
members of the upper class. By the time Herodotus visited Egypt near 
the end of the Late Dynastic Period (1038–332 BCE), pigs were consid-
ered unclean, even to the touch. While cats were worshipped, pigs were 
shunned.

Some interpret the shift in attitude to the conquest of the 
 Seth- worshipping pig eaters of the north by the Osiris worshippers of 
the south.6 Indeed, after the conquest Seth was transformed into the 
evil slayer of Osiris, whose death was ultimately avenged by Horus—a 
central story in Egyptian mythology.7 Some believe that the Jewish 
taboo derives from the Egyptian taboo, to which Moses was exposed 
during his life in the court of Ramses II.8 The fact that Jews were pasto-
ral nomads, unsuited to pig farming, may have also been a factor.9

The stated reason for the pork taboo comes from Leviticus—written 
about 450 BCE (2460 BP)—and it does indeed seem somewhat arbitrary. 
The problem with pigs, according to the author of Leviticus, boils down 

Figure 6.1 A mai mask. (Photo by author.)
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to this: pigs have cleft feet, like cattle, sheep, and goats, but do not chew 
their cud like cattle, sheep, or goats.10 According to this religious taxon-
omy, that combination of traits is deemed  self- evidently unnatural, even 
sinister. Pigs are indeed similar to cattle, sheep, and goats in some ways 
but quite different in others. They occupy an interesting taxonomic posi-
tion, but one that, from an evolutionary perspective, is perfectly natural.

THE EVOLUTION OF PIGS

With pigs we enter a new mammalian order, called Artiodactyla (artio 
= “even”; dactyl = “toe or finger”), because they have an even number 
of digits (two or four). There are several families of artiodactyls (Figure 
6.2). Pigs and other wild swine, such as warthogs, belong to the family 
Suidae. Other important artiodactyl families include Bovidae (cattle, 
sheep, goats, antelope), Camelidae (camels, llamas), Cervidae (deer), and 
Giraffidae (giraffes).

The first artiodactyls to appear on the evolutionary stage (about 55 
mya) were quite diminutive, about the size of a hare.11 They were dis-
tinguished from all other mammals in possessing an even number of 
toes (two or four), in which the axis of symmetry passed between the 
two middle digits. The key evolutionary innovation of artiodactyls is a 
 double- pulley system of tendons in the legs, which greatly restricts rota-
tion but makes forward movement more efficient, and hence facilitates 
 long- distance travel. All artiodactyls—with the exception of camels—
also have keratinized  (fingernail- like) hooves covering their toes.

Camels (Camelidae)

Pigs (Suidae)

Hippos (Hippopotamidae)

Deer (Cervidae)

Cattle, sheep, and goats (Bovidae) Ruminantia

Giraffes (Giraf�dae)

Figure 6.2 Artiodactyl phylogeny. (Adapted from Price et al. 2005.)
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PIG DOMESTICATION

There were probably two distinct routes to pig domestication. The first 
route resembled that of dogs and cats, in that pigs were attracted to 
human habitations and refuse, and initiated the domestication process 
through  self- taming. Melinda Zeder calls this the “commensal” route.15 
The second route to pig domestication was through human manage-
ment of wild populations, by means of first something like herding and 
eventually complete captivity. This is the process by which cattle, sheep, 
goats, and horses were domesticated, and it is more human initiated.16 
The two routes to domestication are not mutually exclusive. Some degree 
of commensalism may have developed prior to herding.

Sus scrofa is unique among large domesticated mammals in that, 
to this day, large viable wild populations remain in most of its former 
range. Hence, throughout the process of domestication, introgression of 
wild genes into domestic stocks has been common. One upshot is that, 
in many parts of the world today, there is something of a genetic contin-
uum among domestic, feral, and wild pig populations.

Figure 6.3 Babirusa skull. (Drawing by E. W. Robinson.)
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the African buffalo, the gaur and water buffalo of Asia, and the bison 
of Europe and North America—formidable creatures all. A  full- grown 
gaur, for example, will give pause to even the largest tiger; so, too, a water 
buffalo. Gaurs generally aren’t worth the very considerable risk. Only a 
 well- coordinated and  well- conditioned pride of lions can bring down 
a male African buffalo, and not a few die trying. There is much reward 
for success, but much risk in the attempt. Such was also the case for 
Paleolithic humans who hunted aurochs. This combination of danger or 
dread and magnetic appeal evokes the sense of the sublime so famously 
described by Edmund Burke.1

The sublime is a casualty of domestication in any creature, and not 
just because familiarity creates the mundane. The dread factor evoked 
by creatures as diverse as tigers, wolves, great white sharks, and aurochs 
is also dissipated with the advent of tameness and docility. And cat-
tle, along with sheep, are among the most docile of our domesticates. 
There is, though, a wide range in this trait among domesticated cattle. 
Dairy cattle are at the extreme docile end; beef cattle tend to be less 
so, and  free- ranging breeds, such as the Texas Longhorn, much less so. 

Figure 7.1 Wild gaur. (Photo by author.)
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Ruminants are much more specialized than suids in their eating habits—
largely restricted, in fact, to leafy vegetable matter. This specialization for 
such a  low- nutrient diet is reflected in the digestive system of ruminants, 
beginning with their teeth. Whereas pigs have the full mammalian com-
plement of teeth, most bovids and other ruminants have lost all or most 
of their canines and incisors while their molars became more elaborate.

The key adaptation in ruminants, though, is a complex digestive 
process called “rumination” (literally, “to chew again,” from which the 
term “ruminate,” as in “mentally chew over,” derives by way of figurative 
analogy). In the ruminant digestive system, the stomach is elaborated 
from one to four chambers: rumen, reticulum, omasum, and abomasum 
(Figure 7.3).

After an initial chew, the food enters the first chamber (rumen), where 
it mixes with saliva. At this point the ingested material begins to sepa-
rate into liquid and solid (the bolus) layers. This processing continues in 
the second chamber (reticulum), after which the bolus is regurgitated as 
cud, which is then chewed a second time. The cud reenters the rumen 
(first chamber) and is further digested there and in the reticulum (second 
chamber), at which point it has become largely liquid. It then enters the 
third chamber (omasum), where water and minerals are absorbed into 
the bloodstream. The digesta then finally pass into the fourth chamber 

Camels (Camelidae)

Pigs (Suidae)

Hippos (Hippopotamidae)

Mouse deer (Tragulidae)

Musk deer (Moschidae)

Deer (Cervidae) 
Ruminants

Cattle (Bovidae)

Pronghorns (Antilocapridae)

Giraffes (Giraffidae)

Figure 7.2 Artiodactyl phylogeny, showing the 

genealogical relationships of the main families, including 

Bovidae. (Adapted from Price et al. 2005.)
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(abomasum), which is the equivalent of the human stomach, and food 
is processed there much as it is in our stomachs, before passing into the 
small intestine, where most nutrients are absorbed. The entire process 
depends critically on a complex bacterial fauna, without which even 
four chambers would not be enough to digest cellulose, one of nature’s 
more indestructible biochemicals.8

Cellulose is prevalent in leafy matter, including grasses. Grassland 
ecosystems greatly expanded about 25–30 mya.9 That rumination is a 
particularly successful way to deal with cellulose is evidenced by the fact 
that bovids and other ruminants largely replaced other large mamma-
lian plant eaters that employed different digestive methods—such as 
horses, titanotheres, rhinos, and tapirs—at about this time.10

The single feature that distinguishes members of the family Bovidae 
from all other artiodactyl species—including other ruminants—is the 
horns, specifically permanent hollow horns. These horns function not 
only in defense against predators but also in  male- male competition for 
status and mates, where they are deployed in ritualized but sometimes 
fatal combat. As a consequence of this sexual selection, the horns of 
male bovids are much larger than those of females.

Bovids (Figure 7.4) first arrived on the scene about 20 mya, though 
estimates based on molecular data vary fairly widely.11 The first bovid 

Omasum

Abomasum

Rumen
Reticulum

Esophogus

Figure 7.3 Cow stomach, showing the four chambers.
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fossil, Eotragus, dates from about 18.3 mya.12 Bovids experienced an 
explosion of speciation over the next 5 million years and continue to 
be the dominant herbivores to this day. (Over half of all artiodactyls 
belong to this single family.) Partly because of their rapid speciation, it 
is difficult to resolve precisely the fine structure (points of genus and 
species divergence) of the bovid branch.13 The main branches, though, 
are not in dispute.

There are two main branches within Bovidae: one that includes 
sheep, goats, some antelopes and  so- called  goat- antelopes;14 and another 
that includes wild cattle, including aurochs, gaurs, water buffalo, yaks, 
and bison, as well as large  spiral- horned antelopes such as kudus and 
elands. On the branch to which wild cattle belong (Figure 7.5), the first 
to split off were the ancestors of kudus and elands (genus Tragelaphus 
and Taurotragus, respectively). Next to go its own way was the water 
buffalo (Bubalus), followed by bison (Bison). The remaining bovids all 
belong to the genus Bos, including the auroch (Bos primigenius), the gaur 
(Bos gaurus), and the yak (Bos grunniens).15 

The auroch first evolved in India 1.5–2 mya during the Pleistocene 
epoch (Ice Age).16 From there they spread west to western Asia. From 
western Asia, some populations spread southward to North Africa via 
Egypt. Other populations moved north and west along the north shore 
of the Mediterranean, reaching Spain about 700,000 years ago. The 
southern European populations spread northeastward, during warm 

Bovinae (Cattle, goats, sheep)

Antilopinae (Gazelles and other small antelopes)

Cephalophinae (Duikers)

Reduncinae (Waterbucks, reedbucks, kobs)

Aepycerotinae (Impala)

Caprinae (Sheep and goats)

Alcelaphinae (Wildebeests, hartebeests)

Hippotraginae (Roan, sable)

Figure 7.4 Bovid phylogeny, showing two main branches 

(tribes). (Adapted from Hernandez-Fernandez and Vrba 

2005.)
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periods, following the retreating ice, reaching Germany about 275,000 
years ago. They continued to spread eastward, eventually occupying 
most of the temperate forests of Eurasia. By the time of their domes-
tication, aurochs had differentiated into three distinct subspecies (Fig-
ure 7.6): one in South Asia (Bos primigenius namadicus), one in North 
Africa (Bos primigenius africanus), and one that occupied all of northern 
Eurasia (Bos primigenius primigenius).17 

From the auroch’s first contact with humans, its environment began 
to deteriorate, first from hunting and ultimately from loss of forest habi-
tat, which accelerated with the advent of farming. The historical pattern 
of auroch disappearance is closely correlated to human population den-
sity. Aurochs were extirpated first in the Near East, then in India, and 
then in southern Europe. Ironically, they persisted longest in the places 
they colonized last, which, not coincidentally, had the lowest human 
population densities. During the Roman period, aurochs were still com-
mon in France (Gaul) and other parts of western and central Europe 
(though extinct in Italy). Julius Caesar saw wild aurochs for the first 
time during his invasion of Gaul, and he was besotted. He somewhat 

Tragelaphus oryx (Eland)

Pseudoryx nghetinhensis (Saola)

Syncerus caffer (African buffalo)

Bubalus arnee (Water buffalo)

Bubalus mindorensis (Tamaraw)

Bubalus depressicornis (Lowland anoa)

Bubalus quarlesi (Mountain anoa)

Bos gaurus (Gaur)

Bos javanicus (Banteng)

Bos sauveli (Kouprey)

Bos primigenius (Auroch, domestic cattle)

Bos mutus (Yak)

Bison bison (American bison)

Bison bonasus (European bison)

Figure 7.5 Phylogenetic tree of the tribe Bovini, to 

which all wild cattle species (genus Bos) belong, along 

with bison, water buffalo, African buffalo, and yaks. 

(Adapted from Fernandez and Vrba 2005, 286, fig. 4.)
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hyperbolically claimed, “Th ey are a little less than elephants in size . . . 
Th eir strength and speed are extraordinary. Th ey spare neither man nor 
wild beast that they have espied. Th ey cannot be brought to endure the 
sight of men, nor be tamed, even when taken young”.18

But the French aurochs, like aurochs elsewhere in Europe, were 
doomed by overhunting and forest destruction for agriculture. Th e fi nal 
remnants of the species made their last stand in a medieval wilderness 
in eastern Poland. Th e last of these, the last of its kind, was a female that 
died in 1627.

ASCENT OF THE DOMESTICATED 
AUROCH

Obviously, humans were bad for wild aurochs, despite their veneration. 
Th e notable exceptions were those aurochs that managed to make them-
selves useful. As wild aurochs declined, their domesticated descendants 

Bos primigenius primigenius
Bos primigenius africanus
Bos primigenius namadicus

Figure 7.6 Range map of the three wild subspecies of the auroch, Bos 

primigenius, prior to domestication. Adapted from C. Van Vuure, Retracing 

the Aurochs: History, Morphology and Ecology of an Extinct Wild Ox (Sofia, 

Bulgaria: Pensoft Publishers, 2005).
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of zebu, with short horns, courtesy of Arab sea traders.37 These, too, were 
incorporated into the Sanga stew.38

Unsurprisingly, Sanga are quite diverse, reflecting not only varying 
proportions of taurine and zebu genes, but also the extremely variable 
tribal cultural and ecological conditions for which they were selected.39 
Sanga cattle usually have a neck hump, but it is much smaller than that of 
most zebus; their horns vary markedly in size, from the polled Mashona 
cattle of Zimbabwe to the spectacularly adorned  Ankole- Watusi, pride 
of the Tutsi people of  Rwanda- Burundi. (See Figure 7.7.)

FROM THE SUBLIME TO  
THE DOMESTICATED

It was as a meat source that aurochs first became useful. At some point 
human hunters, perhaps as they became increasingly sedentary, must 
have adopted something like conservation tactics to ensure a steady sup-
ply of auroch meat. This meant some degree of control over wild aurochs, 
perhaps by creating conditions that tempted aurochs to remain nearby.

Figure 7.7 Ankole bull.
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size even the magnifi cent gaur—the largest remaining species of wild 
cattle. Males could weigh over 3,300 pounds (three times the size of 
a Spanish fi ghting bull); females were about  three- quarters that size, 
which is still considerably larger than all but the largest domestic bulls 
living today. Aurochs were also much longer legged than their domestic 
descendants, almost as high at the shoulder as their trunk was long. Th ey 
were particularly well muscled in the neck and shoulders, especially the 
males. Th eir skulls were substantially larger and longer than those of 
domestic cattle, and they carried much more massive horns.

Auroch horns also had a characteristic and complex shape with three 
curves (Figure 7.8); from the base they grew upward and outward, then 
forward and inward, and then upward. Only a few breeds retain any-
thing like this horn shape, one of which is the Spanish Fighting Bull. 
But the horn size of Spanish Fighting Bull cattle is much reduced from 
the auroch state, even aft er accounting for the overall size reduction. Th e 
apogee of horn reduction was achieved in “polled” breeds, in which all 
individuals, male and female, lack horns altogether. 

Figure 7.8 Auroch horns have three characteristic curves.
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EVOLUTION OF WILD SHEEP  
AND GOATS

Goats and sheep belong to the same family as cattle (Bovidae), which 
is in the large ruminant branch of artiodactyls (Figure 8.1). Therefore, 
they have the same general adaptations to a  high- cellulose diet, including 
a  four- chambered stomach. Like all other bovids, sheep and goats also 
have permanent bony horns. The bovid family is composed of eight sub-
families (Figure 8.2), one of which is Caprinae, to which sheep and goats 
belong. This subfamily diverged from other bovids during the Miocene, 
about 15 mya, and subsequently came to occupy the mountainous habi-
tats of the Northern Hemisphere, with a center of distribution in Asia.8 

The caprines can be further subdivided into four branches, or tribes 
(Figure 8.3), to one of which—Caprini—both sheep and goats belong. 
The Caprini tribe diverged from the other caprine tribes about 7.1 mya. 
It is only when we get to the genus level, the taxonomic level just above 
species, that we can distinguish sheep from goats. Sheep belong to the 

Camels (Camelidae)

Pigs (Suidae)

Hippos (Hippopotamidae)

Deer (Cervidae)

Cattle, sheep, and goats (Bovidae) Ruminantia

Giraffes (Giraf�dae)

Figure 8.1 Artiodactyl phylogeny. (Adapted from 

Price et al. 2005.)

Bovinae (Cattle)

Antilopinae (Gazelles, small antelope)

Reduncinae (Waterbuck, reedbuck, kob)

Aepycerotinae (Impala)

Caprinae (Sheep, goats)

Alcelaphinae (Hartebeests, wildebeests)

Hippotraginae (Oryx, sable, roan)

Figure 8.2 The major bovid lineages. (Adapted 

from Bibi et al. 2009, 3, fig. 1.)

Domesticated_final.indd   151 3/31/15   1:28 PM



152    D O M E S T I C A T E D

genus Ovis, while goats belong to the genus Capra; the two genera split 
about 5.7 mya.9 Wild members of the sheep genus Ovis include the argali 
(Ovis ammon), the mouflon (Ovis orientalis), and the North Ameri-
can bighorn (Ovis canadensis). Wild members of the goat genus Capra 
include the bezoar (Capra aegragus), the markhor (Capra falconeri), and 
the alpine ibex (Capra ibex).10 

Though both wild sheep and goats inhabit mountainous areas, they 
prefer different habitats. Wild sheep gravitate to more open grassy areas 
and formerly inhabited lower elevations than they do today. Wild goats 
prefer more rocky areas at higher elevations; therefore they need to be 
even more nimble than wild sheep and can negotiate much steeper ter-
rain. The ability of wild goats to easily traverse the kind of vertical ter-
rain that attracts human rock climbers is truly spectacular.

Sheep are  dyed- in- the- wool grazers; goats graze as well, but they also 

Ovis vignei
(Urial)

Ovis (Sheep)

Ovis ammon
(Argali)

Ovis conodensis
(Bighorn)

Ovis dalli
(Dall/Thin Horned)

Ovis orientalis
(Asiatic Mou�on)

Ovis musimon
(European Mou�on)

Ovis aries
(Domestic)

Ovis nivicola
(Snowsheep)

Serow

Rupicaprini

Goral

Chamois

Mountain goat

Musk ox

Ovibovini

Takin

Chiru

Pantholoini

Tur

Capra

Caprini

Ibex

Goat

Hemitragus 
(Tahr)

Caprinae
(subfamily of Bovidae)

Figure 8.3 Major lineages of the subfamily Caprinae. (Adapted from Kopecna 

et al. 2004.)
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browse shrubs and trees. To the latter end, they often stand on their 
hind legs for extended periods in order to reach the more tender leaves. 
This propensity of wild goats for occasional bipedalism—in contrast to 
the firmly planted feet of sheep—goes a long way toward explaining why 
Pan could survive without front legs. He merely perfected the partial 
capacity for bipedalism found in all goats. This capacity for bipedalism 
no doubt contributed to the Greek conception of satyrs, the sexually 
promiscuous companions of the libertine god Dionysius. Greek satyrs 
may have contributed to the Christian conception of Satan.

Of the candidate wild ancestors of domestic sheep, genetic evidence 
implicates the mouflon (Ovis orientalis), which inhabits mountainous 
areas from the Caucasus south through southeastern Europe and south-
western Asia (Figure 8.4).11 Today mouflon are largely confined to the 
Caucasus, northern Iraq, and northwestern Iran. The wild ancestor of 
the domestic goat, again based on genetic evidence, is the bezoar (Capra 
aegragus), which formerly exhibited a distribution quite similar to that 
of the mouflon: from the Caucasus throughout much of Southwest Asia 
(Figure 8.5). Today bezoars occupy more of their former range than 
mouflon, but both species are rapidly sliding toward extinction. 

Figure 8.4 Current geographic distribution of mouflon. (Courtesy of the  

IUCN Red List of Threatened Species.)
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DOMESTICATION OF THE MOUFLON

Female mouflon—like all wild sheep and many other bovids—live in 
groups consisting of other females and juveniles of both sexes. Adult 
males generally live in bachelor herds, interacting with females only 
during the breeding season, and then only after establishing their cre-
dentials through highly ritualized but physically demanding contests. 
Actually, most contests are decided through visual assessment, espe-
cially of an individual’s condition and horn size. If posturing fails to 
deter, the horns are deployed in violent collisions that can be heard for 
miles, echoing through the mountain valleys. The animals run at each 
other from far enough away to achieve considerable velocity before 
impact; these are the original battering rams. Understandably, the 
combatants often seem a bit dazed after such an encounter, but they 
quickly shake it off and renew hostilities again and again, until one ram 
suddenly gives up and makes a rapid egress. The winners of these con-
tests get the vast majority of intimate female interactions, though the 
losers sometimes sneak in a few copulations when conditions permit—

Bezoar

Figure 8.5 Current geographic distribution of bezoars. (Courtesy of the  

IUCN Red List of Threatened Species.)
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that is, when the dominant ram is distracted and a ewe is compliant. 
(See Figure 8.6.)

Archaeological evidence points to two distinct regions of Turkey as 
the sites of initial sheep domestication: the Upper Euphrates region of 
eastern Turkey; and central Turkey, the general region where cattle were 
also first domesticated.12 Genetic evidence, primarily from mitochon-
drial DNA, indicates three other possible sites where domestication may 
have independently commenced in western Asia, probably in the Taurus 
and Zagros mountain regions.13

It is clear that sheep were first domesticated as a reliable meat source 
and that their domestication came by way of the prey route, as in cat-
tle, not the commensal route, as in dogs and cats.14 Initially, this process 
entailed an extensive period in which wild populations were managed 
to varying degrees. As in pigs and cattle, young males were preferentially 
culled, since only a few males were required for breeding purposes.15 The 
original meat sheep closely resembled the mouflon but were of some-
what smaller stature.16 They were probably humanly dispersed along 
trade routes to Africa, Pakistan, India, and China, as well as Europe.17 
As was true of cattle, the European migration occurred along two dis-

Figure 8.6 Mouflon. (© iStock.com/LeitnerR.)
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DOMESTICATION OF THE BEZOAR

The bezoar dwells in more formidable mountain habitats than the 
mouflon. It is roughly the same size as its sheep cousin but longer 
legged. Bezoar coloration varies among populations but is generally a 
shade of gray or brown with darker, sometimes black, areas on the muz-
zle, chest, and legs. As in most wild goats, both sexes have a beard of 
longer hair under the chin. Aside from the chin hair, the most obvious 
physical difference between the bezoar and the mouflon is the horns 
(Figure 8.8). Those of the bezoar are much slimmer and longer, curving 
gently backward in a scimitar shape. Bezoar horns are also punctuated 
by ridges at regular intervals and, uniquely among wild goats, have a 
sharp frontal edge. 

The social structure of the bezoar, as well as its social and sexual behav-
ior, closely resembles that of the mouflon. Like their mouflon cousins, 
male bezoars engage in ritualized contests for dominance and access to 
females. After  side- by- side comparisons in the assessment phase, unin-

Figure 8.7 Illustration of a bezoar. (© iStock.com/ilbusca.)
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timidated males engage in  head- to- head combat resembling that of the 
mouflon. The primary difference is that, instead of running at each other 
from a distance, bezoars engage their bipedal capacity and simultaneously 
rear up on their hind legs, butting horns on the way down. Though seem-
ingly less likely to addle the brain, bezoar head butts are still quite force-
ful; bezoar neck muscles are impressive. As in mouflon, bezoar males live 
separately from the females and young for most of the year.

The earliest known site of goat domestication, based on archaeo-
logical evidence, was in the southern Zagros Mountains of western 
Iran about 10,000 years ago.28 Genetic evidence, again based on 
mitochondrial DNA, points to possible independent origins in other 
highland areas of western Asia, one in eastern Turkey.29 The genetic 
evidence suggests that the vast majority of domestic goats alive today 

Figure 8.8 Diverse horn shapes of wild goats, including the bezoar. (Adapted 

from Figure 5 of Article 8.1.11 of Palaeontologia Electronica © Society of 

Vertebrate Paleontology, May 2005.)
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diversity, which is to be expected, given their proximity to the region 
where domestication commenced.53 At a finer scale, alpine breeds tend 
to form a distinct cluster, as do Iberian breeds.54

The Jacob breed of England represents perhaps the most mysterious 
breakdown in  genealogy- geography associations. Jacob sheep are more 
closely related to West Asian breeds than to other English, or even Euro-
pean, breeds.55 But this is only one of their peculiarities. They are also  
piebald, which is uncommon in sheep, and multihorned (polycerate) as 
well. Their somewhat  tendril- like horns often grow in seemingly random 
directions, presenting what is to me a much more satanic countenance 
than any goat has. I find it ironic, therefore, that this breed’s name derives 
from the biblical figure Jacob, who struck a deal with his  father- in- law, 
Laban, according to which he received every “spotted” sheep born in the 
flock. In yet another irony—this time with respect to biblical literalism—
by creating this purebred flock of spotted sheep, Jacob represents the first 
historical example of applied Darwinism. (See Figure 8.9.)

There is some genealogical clustering along phenotypic lines—that 
is, among closely related breeds that share a particular trait. Perhaps 

Figure 8.9 Jacob sheep. (Photo by author.)
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the most notable of these breed clusters are  “Fat- Tail” breeds, so called 
because they store fat in their rumps.56  (“Fat- assed” would be more apt.) 
These breeds, including the Karakul of Central Asia, the Awassi of West 
Asia, and the Afrikaner of South Africa, are particularly hardy in arid 
environments, where they are prized for their meat.

Making up another phenotypically distinct genealogical group are 
the Zackel sheep, including the distinctively  spiral- horned Racka breed 
of Hungary. Zackel sheep are quite goatlike, with respect to not only 
their horns but also their build. Members of this breed group are now 
distributed widely, but they are still most abundant near their center of 
origin in southeastern Europe.57 (See Figure 8.10.)

The existence of Merino,  Fat- Tail, and Zackel genealogical clusters 
notwithstanding, current phenotypic classifications of sheep breeds do 
not at all correlate with genealogy. Sheep are often classified into six or 
seven  function- defined breed clusters—for example, meat breeds (such 

Figure 8.10  

Racka sheep.
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Santa’s labors more efficient and explained his ready rooftop access, but 
from what part of the cultural ether did Moore’s imagination extract the 
reindeer, flying or not?

Reindeer (in North America, caribou) were then, as they are now, 
associated with northern climes. Reindeer have what is known as a 
circumpolar distribution, from Alaska, throughout much of Canada, 
and eastward through Greenland, Scandinavia, and Siberian Russia 
all the way to the Kamchatka Peninsula (Figure 9.1). At the time, only 
those from Scandinavia and Siberia had ever pulled sleighs. It is doubt-
ful, though, whether anyone who had actually ridden a  reindeer- borne 
sleigh had emigrated to America by 1822—perhaps a Scandinavian or 
two. The Scandinavian community was the most likely source for the 
 reindeer- sleigh motif. 

Explanations as to how Santa’s reindeer acquired their power of flight 
vary. One hypothesis leans on the Norse god Thor, which would really 
rankle Christian purists. Evidence (though that’s probably too strong 
a word) for the Thor hypothesis is of two kinds. First are the names of 

Figure 9.1 Geographic distribution of caribou and reindeer. (© 2015 

Defenders of Wildlife.)
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earliest undisputed deer fossil, Dicrocerus, is from about 19 mya; it 
resembled a muntjac.9 

What most obviously distinguishes cervids from bovids is the head-
gear. Recall that bovids, including cattle, sheep, and goats, have horns, 
which consist of a hollow bony core sheathed with keratin. Cervids, in 
contrast, have more elaborate branching structures called antlers, which 
are composed entirely of bony material. Bovid horns are permanent 
structures; cervid antlers are shed and grown anew each year at a consid-
erable energetic cost. As it happens, reindeer are exceptions to the cervid 
rule in that both males and females are antlered. Female reindeer ant-
lers are significantly smaller than those of the males, and they are shed 
later.10 By the end of December, only the females retain their horns, so 
Donner and Blitzen, as well as Santa’s other reindeer, must be females.

There are two main branches of the deer family: one that evolved 
largely in the Old World (Plesiometacarpalia) and another that evolved 
primarily in the New World (Telemetacarpalia). The chief diagnostic 
character distinguishing New World and Old World deer is the arrange-
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Figure 9.2 Artiodactyl phylogeny, showing the  bovid- cervid split. 

(Adapted from Hassanin and Douzery 2003, 216, fig. 3.)
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Figure 10.1 Camels with unconventional (scuba) loads near Dahab, 

Sinai Peninsula. (Photos by author.)

loath to go down a rocky escarpment would be fear of slipping and fall-
ing, I, too, was loath to go down the rocky escarpments.

At one point I seriously considered a dismount, however ignoble in 
the Bedouins’ eyes, but that was impractical: camels won’t kneel on hard 
rock, and there is no safe way to dismount from an  un- kneeled camel. 
So, when the camel drivers had sufficiently thwacked with their sticks 
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(Figure 10.2). The  two- humped Bactrian camel, Camelus bactrianus, is 
found in the cold, arid Gobi desert of Mongolia, northern China, and 
adjacent regions. These two Old World species—dromedary and Bac-
trian—are often referred to as “true camels.” Their ancestors migrated 
out of North America less than 3 mya, via the Bering land bridge, to 
Northeast Asia and subsequently south and west. 

The other branch of the camel family, the  llama- like camelids, exited 
North America to the south, via the Panamanian isthmus, where they 
came to thrive in cold, arid regions of South America, including the Andes 
and Patagonia. There are two wild species of  llama- like camels (the gua-
naco, Lama guanicoe; and the vicuña, Vicugna vicugna) and two kinds of 
domesticated  llama- like camels (the alpaca and, the most  llama- like of all 
 llama- like camels, the llama). These are all that remain of the camel family.

All camelids, wild or domestic, have the typical  two- toed feet and 
 double- pulley ankles of artiodactyls. In many other respects, however, 
camels are atypical artiodactyls—not as atypical as pigs, perhaps, but 
atypical nonetheless. Their teeth, for example, differ markedly from those 
of the ruminants described in earlier chapters: bovids (cattle, sheep, goats, 

Figure 10.2 Current geographic distribution of dromedary camels.
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etc.) and cervids (deer, including reindeer). Camelids have retained the 
canine teeth of early artiodactyls, which have been lost in all other artio-
dactyls except pigs. This is one reason a camel bite is nasty. Another is 
that one of the incisors and one premolar have become  canine- like minia-
ture tusks. Farther down the alimentary canal we find a  three- chambered 
stomach rather than the  four- chambered affair of ruminants. Camelids 
evolved rumination (cud chewing) independently of ruminants.

Also atypical is the way the leg attaches to the hip in camelids, which 
is responsible for the distinctive way they lie down by resting on their 
knees, front and back. Other artiodactyls rest on their front knees but 
back hips (Figure 10.3). Camelids are unique among ungulates in their 
lack of hooves. Instead, the two toes terminate in soft leathery pads, 
where they can splay much wider than hoofed toes can, even those of 
caribou. This is a secondary condition, evolutionarily. The first camelids 
actually had hooves.2 The replacement of hooves by wider pads is alleged 
to help stabilize the pacing gait.3 Judging by my experience, I would have 
to say that the camel footpad is an imperfect adaptation in this regard.

CAMELID HISTORY

Camelids first appeared on the evolutionary scene in the Eocene, about 
45 mya.4 Like cattle (Bovidae), they began to diversify in earnest in the 
early Miocene, about 20 mya, as open savannahs replaced woodlands in 
North America. Widely varied camelids continued to thrive throughout 

Figure 10.3 Resting postures of cows and camels.
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majority of them domesticated. Wild Bactrian camels are among the 
most endangered large mammals. There are fewer Bactrian camels than 
giant pandas, less than 1,000, confined to a few of the remotest places 
on earth39 (Figure 10.4). 

The most striking difference between wild and domestic Bactrians 
is stature. Wild Bactrians are quite lithe and long legged, much like 
dromedaries; domesticated Bactrians are shorter of limb and consider-
ably heavier than their wild counterparts.40 Shortened limbs, as we have 
seen, are characteristic of domesticates. Generally, there is an overall size 
reduction as well, but the opposite seems to have occurred during the 
domestication of Bactrian camels. This may reflect selection for greater 
 load- bearing capacity in Bactrian camels. Something happened to the 
humps during domestication as well. Those of wild Bactrians are quite 
conical, wide at the base, tapering toward the top. The humps of domes-
ticated Bactrians are much more cylindrical.41

Behaviorally, domestic Bactrians are, of course, much tamer than wild 
Bactrians, which are extremely wary and human averse, reflecting many 
centuries of intensive predation by humans. This behavioral difference 

Figure 10.4 Current geographic distribution of wild Bactrian camels. 

(Courtesy of Oona Räisänen and IUCN Red List 2010.)
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a word, “globalization.” As always, with globalization came unprece-
dented opportunities for a powerful few to control the relatively power-
less, often through force—a force that itself was conveyed on horseback. 
For horses revolutionized the practice of war.

The important role of the horse in transport and warfare would have 
come as a surprise to the original horse domesticators. In those early 
days, horses were viewed in much the same way as cattle and other 
domesticated ungulates. Horses—like pigs, cattle, sheep, and goats—
were originally domesticated for their meat.3 Horse domesticators were 
horse hunters. 

Horses had been hunted since the time of the Neanderthals, at least 
60,000 years ago, but horse hunting became more intense once early 
modern humans replaced the Neanderthals 40,000 years ago.4 Only 
reindeer remains exceed those of wild horses—among large animals—
at  Cro- Magnon encampments in southern Europe. Wild horses were 
memorialized in cave paintings from Pech Merle (31,000 BP) during 
the Aurignacian period to Altamira (18,000–14,500 BP) during the 
Solutrean and Magdalenian periods.5 (See Figure 11.1.) But horse con-

Figure 11.1 Cave painting of a horse at Altamira. 

(© iStock.com/siloto.)
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saurs 65 mya.10 But it was only after the dinosaurs vanished that peris-
sodactyls, like many other mammal groups, came into their own and 
experienced an explosive proliferation of species.

Perissodactyls partially filled the large herbivore void in the wake of 
the dinosaur extinction. Some groups, such as the titanotheres (bron-
totheres), chalicotheres, and indricotheres, were among the largest land 
mammals that ever lived. But early perissodactyls came in all sizes and 
exploited many habitats; they were the dominant herbivores for millions 
of years. Things began to change, though, about 25 mya. From then to 
the present, there has been a steady decline of perissodactyl species to the 
relative few that survive today. These include members of the horse and 
ass family (Equidae), four species of tapirs (Tapiridae), and five species of 
rhinoceroses (Rhinocerotidae), for most of which humans have greased 
the skids toward oblivion. In fact, with the exception of domestic horses 
and one zebra species, every surviving member of this once large branch 
of mammals is about to fall off the tree of life entirely (Figure 11.2).

Perissodactyls and artiodactyls are collectively referred to as “ungu-
lates,” which roughly means “hoofed.” The two orders of ungulates are 
distinguished by one primary feature: the axis of symmetry (where most 
of the weight is carried) through their legs. In artiodactyls, as we have 
seen, the axis of symmetry runs between the third and fourth toes, while 
that of the perissodactyls runs through the third toe. That such a seem-
ingly simple and inconsequential difference is a defining feature of these 
two large groups of herbivores again testifies to the conservative side of 
evolution. After the primary  weight- bearing axis was established, ungu-
late evolution took two different paths, which diverged through time 
because of the cumulative nature of evolution—its building on what 

Equidae (Horses)

Tapiridae (Tapirs)

Rhinocerotidae (Rhinos)

Figure 11.2 Perissodactyl phylogeny, 

showing extant families.
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brushy mane consisting of short, stiff hairs—not the long flowing manes 
of domestic horses.53 

We can infer the social behavior of the ancestors of domestic horses 
from Mongolian wild horses and feral horses. They lived in small herds 
consisting of one dominant male, several females, and their offspring. 
The life of a dominant male was full of incident. In addition to avoiding 
predators, from wolves to humans, they were constantly under pressure 
from bachelor males seeking a takeover. Fending off these rivals required 
considerable time and energy—and physical risk from teeth and hooves 
in brutal and bloody battles. Sometimes stallions had to fend off chal-
lenges from maturing males within the herd. Usually, though, such 
males were driven out once they became too frisky with the females or 
insufficiently deferential to the stallion. Stallions also had to keep a con-
stant eye on their females, who were not immune to the wiles of char-
ismatic bachelors seeking a tryst. A successful stallion was diligent and 
belligerent. No wonder horse domesticators wanted to limit the access 
of wild stallions to their herds.

Female tarpans were much more sociable and compliant than stal-

Figure 11.3 Mongolian wild horse.

Domesticated_final.indd   221 3/31/15   1:28 PM



224    D O M E S T I C A T E D

ing with domestic horses. Yet there are claims that it survived until 
much later. It is commonly stated that the last one died in a Moscow zoo 
in the late nineteenth century.63 But this individual had a long mane. 
The last putative wild horses (aside from the Sorraia) to survive in the 
wild—the Bialowieża forest of Poland—were captured and dispensed to 
local farmers in 1806. But though they exhibited the dun coloration and 
dark stripe of true wild horses, they had probably interbred with local 
domestic horses by the time of their dispersal; and after their dispersal 
they were deliberately interbred. (See Figure 11.5.)

The Bialowieża horses caught the eye of the biologist Tadeusz Vetulani, 
who endeavored to genetically reconstruct the wild horses from them. 
The result of his effort is the Konik horse, which, though resembling the 
wild horse in coloration and size, is no wild horse.64 Again the mane is a 
giveaway. Later the Heck brothers—whose efforts at auroch resurrection 
were documented in Chapter 7—applied their dubious genetic methods 
to wild horse reconstruction, using the Konik among other “primitive 
breeds.”65 The Heck horse was no more a successful reconstruction of the 
wild horse than were the Heck cattle a  re- creation of the auroch. The 

Figure 11.4 Sorraia horse.
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horse is yet another case in which domestication creates its own momen-
tum and is not easily reversed. (See Figures 11.6 and 11.7.)

Aside from coloration, the trait on which breeders have had the most 
obvious impact is size. Eurasian wild horses probably showed consider-
able size variation over their wide range, but on average they would fall 
in the lower end of the height scale of contemporary horses.66 Initially, 
domestication seems to have resulted in even smaller sizes, such that, had 
the early horsemen been the size of an average Dutch male, they would 
have been dragging their heels.67 But things have changed dramatically 
since then. Some modern draft breeds, such as the Belgian, Clydesdale, 
and Shire, are giants, weighing over a ton and having a height to match. 
The Percheron, another large draft breed, are said to have descended 
from medieval war horses and jousting horses.68 At the other end of 
the scale are the Shetland pony, Dartmoor pony, and Haflinger, among 
other breeds that are considerably smaller than wild horses. Recently, 
true dwarf and miniature horses, the equivalent of toy dogs, have been 
developed to serve as companion animals or for biomedical research.69 

(See Figure 11.8.)

Figure 11.5 The “last” tarpan. Note the long mane.
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The sizes of particular breeds in large part reflect the functions for 
which they were developed. Horses used for draft purposes tend to be 
among the largest. Midsized breeds—for example, the Lusitano (used 
in bullfighting), Lipizzaner, Arabian, Quarter Horse, Standardbred, 
Morgan, and Appaloosa—were developed for riding or propelling small 

Figure 11.6 Konik horse. (© iStock.com/RuudMorijn.)

Figure 11.7 Heck horse.
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carriages. Smaller (pony) breeds were often deployed as pit horses in 
mines—a horrible existence. Émile Zola, in his masterpiece Germinal, 
powerfully depicts the plight of one such pit horse that never saw the 
light of day once he first entered the mine.

In the  English- speaking world, breeds are frequently distinguished 
by temperament, which is often quite erroneously attributed to geo-
graphic origin. Draft breeds are called  “cold- blooded” because they are 
docile. The riding horses just mentioned are called  “warm- blooded” 
because they are somewhat more tightly wound. The third category in 
this scheme is  “hot- blooded,” which includes breeds such as the Ara-
bian, the Barb (for Barbary Coast of North Africa), and the celebrated 
 Akhal- Teke of Turkmenistan. Hotbloods, which, as the name implies, 
are  high- strung and difficult, tend to come from warmer climates to 
the south.

It is from these slender and leggy  hot- blooded breeds, especially the 
Arabian, that Thoroughbreds derive many of their celebrated traits. It 
has been suggested that the reactive temperament of  hot- blooded breeds, 
along with their long legs and small heads, is a typical juvenile trait that 
in these breeds is retained in adulthood.70 On this view, Thoroughbreds 

Figure 11.8 Toy horse.
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Figure 12.1 Rodent phylogeny. (From  Blanga- Kanfi et al. 2009, 3.)
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world, so the  cavy- like rodents were free to evolve ways of life unavail-
able to them in Africa. And they did. Following the colonization of 
South America,  cavy- type rodents achieved degrees of phenotypic 
divergence well beyond that of the much more  species- rich and rapidly 
(genetically) evolving mouselike rodents. Some became huge. One spe-
cies, Josephoartigasia, the largest rodent ever to evolve, was the size of an 
auroch; another, Phoberomys, was the size of a bison. Some took to the 
water (capybaras, pacas, and nutrias); others, to the trees (New World 
porcupines).15

Those that remained rooted to dry land still managed to diversify 
beyond any rodent precedent.  Long- legged pacas and agoutis specialized 
on fallen fruit in deep forests; maras adapted to grasslands and came 
to resemble oversized jackrabbits (hares); chinchillas, in adapting to the 
cold Andean highlands, evolved dense fur (up to 60 hairs per follicle), 
for which they eventually paid a high price, when Europeans came to 
covet it soon after Pizarro’s conquest.16 Figure 12.3 lays out the genea-
logical relationships of these varied  cavy- like rodents. 
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Figure 12.2 Hystricognath phylogeny. (Adapted from Blanga-Kanfi  

et al. 2009.)
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The cavy family proper (Caviidae) includes maras (genus Dolichotis), 
capybaras (Hydrochoerus hydrochoerus)—the largest living rodent—as 
well as a number of cavy species (genus Cavia). Species of Cavia are dis-
tributed throughout South America—outside of the Amazon basin—in 
grassy environments. They are primarily grazers, the New World ecolog-
ical equivalents of cattle17 (Figure 12.3). 

CAVY DOMESTICATION

It has long been a mystery as to which species of Cavia is the wild ancestor 
of domestic cavies. Recent genetic evidence indicates that it was Cavia 
tschudii, the montane cavy, which still inhabits the  central- western 
Andes, from northern Chile to Colombia, at elevations of 3,000–4,000 
meters (9,000–12,000 feet).18 Wild cavies are quite social, typically 
living in groups of one male and several females and their younger off-
spring. These groups have  well- defined home ranges in which they for-
age, with extensive tunnel systems in thick grass, to which they retreat 
for sleep or to escape predators.19

It appears that domestication occurred only once, somewhere in 
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Figure 12.3 Caviid phylogeny. (Courtesy of the U.S. National Library  

of Medicine.)
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two fully hairless breeds, not to mention a Himalayan breed the color of 
a Siamese cat, an Abyssinian breed, and even a ridgeback breed with the 
same ridge of spinal hair as the Rhodesian Ridgeback dog breed.25 (See 
Figure 12.4.)

Such convergent evolution is to be expected, given that the molecular 
pathways involved in hair development are highly conserved in mam-
mals.26 This is another example of convergence promoted by homology. 
In the early twentieth century, some pioneering geneticists, including 
William Castle and Sewall Wright, took advantage of this conserva-
tism. Wright used cavies as model organisms to work out the compli-
cated genetics of coat coloration in all mammals.27

Scientists employed cavies for many other ends as well, to the point 
that the term “guinea pig” came to have the connotation of unwitting 
experimental subject. Cavies still remain useful as laboratory animals 
for certain forms of medical research.28 But for geneticists, the cavies’ 
role as experimental subjects of choice was soon usurped by their much 
 faster- breeding distant cousins: rats, and especially mice.

Figure 12.4 A cavy.
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FROM  MOUSE- TYPE RODENTS  
TO THE HOUSE MOUSE

The house mouse, Mus musculus, and all other “true mice” belong to the 
family Muridae, which includes, in addition, rats, gerbils, and a whole 
lot more. In fact, Muridae is not only the largest rodent family; it is the 
largest family of mammals—at over 1,100 species.35 The murid family 
split off from other mouselike rodents sometime in the Miocene (20–25 
mya); mice and rats parted ways 10–15 mya; and the genus Mus evolved 
about 6 mya36 (Figure 12.5). 

Mus evolved on the Indian subcontinent, which remains the center of 
distribution for many members of this genus, including the house mouse.37 
By the onset of the Neolithic, about 12,000–10,000 BP, there were four 
distinct subspecies of house mice: Mus musculus domesticus in the steppes 
of western Pakistan; Mus musculus musculus in northern India; Mus mus-
culus castaneus in northeastern India  (present- day Bangladesh); and Mus 
musculus bactrianus in central and southern India. All four of these sub-
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Figure 12.5 Murid phylogeny. (Adapted from 

Blanga-Kanfi et al. 2009.)
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tool use, and mastering causal relationships—all crucial in understanding 
the physical world, especially as it relates to acquiring food.21

Hare argues that this delayed cognitive development is linked to 
delayed emotional development (possibly fear) and that it is the reten-
tion of juvenile emotions that renders bonobos so sociable and cooper-
ative.22 Adult bonobos certainly seem to retain juvenile levels of play23 
(high) and aggression (low).

To test this hypothesis, we would have to know much more than we 
do about the common ancestor of these two species. Bonobos and chim-
panzees began to go their own evolutionary ways 1–2 mya, and given the 
paucity of fossil evidence, it is not obvious which of the two more resem-
bles the common ancestor.24 So we need to consider whether chimpan-
zees exhibit peramorphosis (predisplacement and/or acceleration and/
or delayed offset [hypermorphosis]) relative to the common ancestor, 
not just the hypothesis that bonobos are paedomorphic (postdisplace-
ment and/or neoteny [deceleration] and/or early offset [progenesis]) (see 
Figure 13.1). 

HUMAN  SELF- DOMESTICATION?

Hare and others have also proposed that a very similar form of 
 self- domestication occurred during human evolution and explains many 
of our singular features—not least, our unrivaled (among primates) 
capacity to cooperate with each other, and our hypersociality. In essence, 

Figure 13.1 Categories of heterochronic alterations in evolution.

 Paedomorphosis Peramorphosis 
 (trait of juvenile ancestor) (new trait not present in ancestor)

Progenesis (earlier offset) Hypermorphosis (delayed offset)

Neoteny (reduced rate) Acceleration (increased rate)

Postdisplacement (delayed onset) Predisplacement (earlier offset)
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One morphological corollary is a relatively flat face with  forward- facing 
eyes. Like rodents, primates have retained the primitive condition of five 
digits per limb. But unlike rodents, primates have an opposable thumb 
and big toe, useful for grasping branches. For primates initially evolved 
as arborealists, and most still are. Primates are also distinguished from 
other mammals by our fingernails—which replaced claws—and the soft, 
tactilely sensitive pads beneath those nails. Humans are not distinctive 
in leaving individually identifiable fingerprints; the vast majority of pri-
mates have those dermal ridges with  snowflake- like variation.

We primates are most celebrated for our brains, which are larger, rel-
ative to body size, than those of other mammals.30 One part of the brain 
in particular, the cerebrum, which supports much of what we consider 
intelligent behavior, is better developed in primates than in other mam-
mals.31 Perhaps related to this evolutionary brain development, primates 
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Afrosoricida (Hedgehogs)

Macroscelidea (Elephant shrews)

Tubulidentata (Aardvarks)
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Rodentia (Rodents)

Eulipotyphla (Insectivores)

Carnivora (Carnivores)
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Figure 13.2 Mammal phylogeny.
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generally grow slower and live longer than other mammals of comparable 
size,32 affording ample opportunity for learning. Some believe primate 
cortical development is also related to the fact the primates are the most 
social mammalian order.33 Much primate learning is social learning.

The primate branch of mammals can be divided into two sub-
branches or suborders (Figure 13.3). One branch includes the  so- called 
 prosimians—lemurs, bush babies, lorises, and pottos—which are the 
most primitive primates. Some lack one or more of the typical primate 
features already described; in others they are less well developed. The sec-
ond branch contains everything we know as monkeys and apes, includ-
ing ourselves, collectively referred to as anthropoids. The split between 
prosimians and anthropoids occurred in the Paleocene epoch, between 
60 and 55 mya.34 About 35 mya (Oligocene), another split occurred, 
between those anthropoids that were to inhabit the New World, called 
platyrrhines (“broad nose”), and those that remained in the Old World, 
called catarrhines  (“downward- facing nose”).35 Only the latter will con-
cern us further. 

Lemurs

Lorises

Tarsiers

New World monkeys

Old World monkeys

Gibbons

Orangutans

African apes and humans

Strepsirrhini

Catarrhini

Platyrrhini

Prosimians

Anthropoids

Haplorhini

98

Millions of years ago

065 55 36 24 5

Figure 13.3 Primate phylogeny, showing major branching events. 

(Adapted from LIFE 8e, Fig. 33.27, W. H. Freeeman & Co. 2007.)

Domesticated_final.indd   263 3/31/15   1:28 PM



264    D O M E S T I C A T E D

Aegyptopithecus (35–33 mya), which lived in the Sahara when it was 
a tropical forest, was an important transitional species, an Old World 
monkey with many New World monkey features.36 Most important, it 
was clearly a diurnal fruit eater, which had large  forward- facing eyes and a 
somewhat reduced—relative to prosimians—olfactory sense.37 The next 
major branching event occurred about 22 mya, separating Old World 
monkeys, such as baboons, guenons, colobuses, and mangabeys, from the 
hominoids: gibbons, orangutans, chimpanzees, gorillas, and humans. 
Proconsul was a transitional species that combined some features of Old 
World monkeys and hominoids. Most notably in the latter regard, it had 
lost all but a vestige of its tail, a distinctively hominoid trait.38

The meanings of the terms “hominoid,” “hominid,” and “hominin” 
have never been stabilized. Here, “hominoid” refers to a superfamily 
of primates, living members of which include gibbons, orangutans, 
gorillas, chimpanzees, bonobos, and humans. (The term “hominoid” 
is therefore roughly equivalent to the colloquial term “ape.”) On the 
hominoid branch, gibbons were the first to split off from the rest to go 
their own evolutionary way, 19–16 mya. All of the remaining species—
orangutans, gorillas, chimpanzees, bonobos, and humans—belong to 
a single family, Hominidae, and are collectively referred to as “hom-
inids.” Orangutans split off from other hominids 15–13 mya, then 
the gorillas (9–7 mya), and finally the chimpanzees and bonobos (7–5 
mya). Humans, bonobos, and chimpanzees comprise a subfamily called 
Homininae and will be called “hominines,” while humans and other 
extinct members of our direct lineage will be referred to as “hominins” 
(Figure 13.4). 

Figure 13.4 Definitions of “hominoid,” “hominid,” “hominine,” and 

“hominin” as used in this chapter.

Hominoids = gibbons, orangutans, gorillas, chimpanzees, bonobos, and humans

Hominids = orangutans, gorillas, chimpanzees, bonobos, and humans

Hominines = chimpanzees, bonobos, and humans

Hominins = humans and human ancestors since the human-chimpanzee/bonobo split.
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Homo sapiens split from other H. heidelbergensis populations in Africa; 
their (our) epic migration out of Africa commenced between 70,000 
and 60,000 years ago. Neanderthals and humans are of about the same 
height, but Neanderthals were heavier and stronger. The brain size of 
the two species is about the same at birth, but adult Neanderthal brains 
were somewhat larger than those of humans.65

This concludes our brief survey of human evolution. We can now 
turn to the  self- domestication hypothesis, with particular emphasis on 
what occurred after the split between the human and chimpanzee lin-
eages about 7 mya.

HETEROCHRONY IN HUMAN EVOLUTION

Let’s first consider the role of heterochrony in human evolution. It needs 
reiterating at the outset that heterochrony is only one broad category of 
evolutionary developmental alteration,66 and it would be a huge mistake 
to shoehorn all of human evolution into it. Nonetheless, there is ample 

2.2

Europe

Africa and
Near east

H.
 s

ap
ie

ns

Asia and
Australia

Mya
02 1.8 1.6 1.4 1.2 1 0.8 0.6 0.4 0.2

H. antecessor

H. ergaster
?

H. heidelbergensis

H. heidelbergensis

H. heidelbergensis

H. floresiensis

H. erectus
Dmanisi

“early Homo”

H. neanderthalensis

Figure 13.5 Phylogenetic tree for genus Homo, with approximate timelines. (From 

“Before the Emergence of Homo Sapiens” by Giorgio Manzi 2011.)
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bers of the genus. The  large- brained Neanderthals, however, seem to have 
experienced every bit as much difficulty during childbirth as we do.81

There is, of course, more to human brain evolution than an increase 
in brain size. Various forms of neural reorganization have no doubt 
occurred since we diverged from the chimpanzee lineage, but such alter-
ations leave no trace in the fossil record. Recent research has, however, 
uncovered some interesting differences in the development of our brains 
when compared to our closest living relatives. Of particular note is the 
fact that some of these differences point toward a neotenic pattern in the 
human brain. I will focus on the neocortex and especially the prefrontal 
cortex, which mediates planning, executive functions and many of our 
most sophisticated cognitive capacities generally (Figure 13.6). 

Figure 13.7 depicts a typical cortical neuron. The single long projec-
tion is called an axon; it conducts electrical signals from the nerve cell 
to adjacent or sometimes distant neurons. The speed of conduction 
depends crucially on a substance called myelin, which enwraps the axon 
and acts as an electrical insulator, preventing electrical leakage. The tim-
ing of neuronal myelination is a key developmental event, because prior 
to myelination, conduction is slow and inefficient, while after myelin-
ation, electrical conduction is much more rapid. However, prior to 

Neocortex

Brain Stem

Limbic System

Cerebellum

Figure 13.6 Schematic of the human brain.
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myelination the axon is much freer to “explore” a wide variety of connec-
tions with other neurons, which facilitates learning. After myelination 
this plasticity is lost, and with it, the childlike capacity to absorb new 
information. It is noteworthy, therefore, that the axons of the neurons of 
the prefrontal cortex become myelinated much more slowly in humans 
than in chimpanzees during childhood.82 This, then, is a case of neotenic 
development in a particular part of the brain involved in cognition. 

The neotenic development of this part of the brain is not confined to 
myelination. Gene expression refers to the degree to which a particular 
gene is actively engaged in the synthesis of the protein that it encodes 
(see Appendix 12 on page 344). The expression of a particular gene in a 
particular type of cell—such as a cortical neuron—changes as that cell 
lineage differentiates from a stem cell. These changes enable scientists to 
look for heterochrony in gene expression patterns.

A particularly striking case of such heterochrony occurs in the pre-
frontal cortex. A number of genes involved in neural development 
exhibit a heterochronic shift in humans relative to chimpanzees, for all 
of which adult humans resemble juvenile chimpanzees in their expres-
sion profiles.83 In the prefrontal cortex, at least, development is slowed 
(neotenic) relative to chimp development, even while brain growth 
is accelerated. This neotenic dynamic is not  brain- wide, however. In 
another part of the brain, called the caudate nucleus, there is no evi-
dence of neotenic gene expression.

Axon

Dendrites

Cell Body

Figure 13.7 Cortical neuron, illustrating dendrites, cell body, and axon.
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