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As a component of the environment themselves, humans maintain a mutualistic 

modifying process with that environment. The interaction between humans and animals has led 

to different categories of relationships—commensal animals, tame animals, domesticated 

animals, and feral animals. In the study of human-animal interactions, the foremost consideration 

is how the niche construction of humans affects the evolutionary trajectory of other animals, but 

other animals also construct niches within this human-impacted environment to enhance their 

survival. The concept of niche construction provides a useful way of thinking about how humans 

and animals interact in the environment because this concept considers physical changes, 

behavioral changes, and cultural changes. In an animal-centered approach, consideration of how 

the traits and actions of animals play an active role in allowing and encouraging their ongoing 

relationships with humans is just as important as the consideration of actions of humans. 
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The Evolution of Animals through Domestication and other Human 

Relationships: An Animal-Centered Approach 

1. Introduction 

Like all organisms, humans exist in constant mutual interaction between themselves and 

their environment. Humans, like many other species, modify their environment in a process 

known as niche construction, but “humans… are the ultimate niche-constructors” (Odling-Smee 

et al. 2003:28) and have been so successful at this that the present epoch is referred to as the 

Anthropocene (Braje and Erlandson 2013). As a component of the environment themselves, 

humans maintain a mutualistic modifying process with that environment. Anthropogenic changes 

to the environment influence the evolution of all living things and other physical processes 

within that environment, and these changes in turn influence the course of human development. 

The distribution of humans is so broad and the scope of human action so extensive that the 

effects of humans on the environment have touched all parts of the globe (Boivin et al. 2016). 

This thesis will examine one part of that dialogue: the interplay between humans and animals, 

especially how animals have exploited human niche construction processes (c.f. B.D. Smith 

2007), including construction of their own niches within the human modified environment. By 

using an animal-centered approach to examine four broad categories of human-animal 

interaction, I will demonstrate that humans and animals form integral parts of each other’s 

environments and co-create a shared ecosystem. This animal-centered approach recognizes the 

behavior of the animals as well as the intent of the humans as a driving force for that dialogue. 

Anthropologists have used many models to conceptualize the relationships between 

humans, their environment, and the animals in that environment. In the 1970s theories developed 

for evolutionary ecology were applied to human foraging behavior in the start of human 
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behavioral ecology (Winterhalder and E.A. Smith 2000). This theory, and its variants, has been 

widely used to explain subsistence strategies and human interaction with the environment. 

Subsequently, R.C. Lewontin (1983) proposed that organisms not only respond to their 

environment, but are active participants in constructing their own niches, an observation 

constituting the beginning of niche construction theory. Niche construction theory addresses 

many of the shortcomings of human behavioral ecology, such as the way it treats mobility, 

intensification, resource depression, optimality, adaptation (Zeder 2012a), and lack of any 

possible consideration of agency. Niche construction provides an especially helpful framework 

because it allows us to consider a complex image of the multiple interactions that an organism 

has with its environment, rather than a simplistic view of extraction of resource from that 

environment or its being forced to adapt by completely external environmental pressures. 

Many organisms modify the attributes of their physical surroundings, and oftentimes 

these modifications affect other organisms that share their ecosystem. Niche construction theory 

recognizes the active role that organisms play in their evolutionary process and how one 

organism’s modification to the environment to benefit itself will also impact the evolution of 

other organisms that share this modified environment. According to this way of conceptualizing 

evolution, the adaptive path of species that share an environment are intertwined (Laland et al. 

2000). This co-species influence is not only through direct interaction (e.g., the food-prey 

pathway), but also through abiotic intermediaries (Laland and O’Brien 2010). In the study of 

human-animal interactions, the foremost consideration is how the niche construction of humans 

effects the evolutionary trajectory of other animals. However, other animals also construct niches 

within this human-perturbed environment to enhance their survival. Domestication is as much 
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niche construction by the domesticated animal as it is niche construction by the domesticating 

humans. 

Although modern humans are extraordinarily adept niche constructors, our ancestors may 

well have exhibited less intensive niche construction behaviors. The degree of niche construction 

of early hominins, such as Australopithecus, fell within the range of other mammals. The ability 

of Homo erectus to control fire ~1 Mya (Berna et al. 2012) was the beginning of large-scale 

hominin influence on the environment of other animals. The use of fire not only protected these 

hominins from predators, but also provided them with a method for hunting and for habitat 

modification. During the Pleistocene, niche construction allowed hominins to survive in the cold 

habitats of Europe and Asia. As hominins became more proficient hunters, the hunter/prey 

relationship was an environmental factor that shaped animal evolution. With the onset of the 

Holocene, approximately 12,000 BP, increased human population and improved technology 

created an even larger environmental pressure. Since the onset of the Holocene, human 

relationships with other species have become more significant (both in terms of number of 

species and population of animals). All of these relationships alter the behavior (and sometimes 

morphology) of the species involved and have the potential to influence their evolution. This list 

of relationships between humans and animals are characterized by the animals using a survival 

strategy that relies upon human niche construction. There are other relationships between 

humans and animals, such as predation and parasitism, but in these cases the animals’ survival 

strategy is not based on human niche construction. 

The types of relationships between humans and animals have been conceptualized in a 

variety of ways (Hulme-Beaman et al. 2016, Russell 2012, Clutton-Brock 2012, Zeder et al. 

2006, O’Connor 1997). In this thesis, I define four of these types of relationships as follows. A 
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habituated animal is one that lives in close proximity to humans and has a lower level of fear 

towards humans than a wild animal. In a similar vein, a commensal animal is a habituated animal 

that benefits from human niche construction. In both of these cases, the relationship is initiated 

by the animals. A tame animal is one that lives with humans, has been trained to not fear 

humans, and is under the control of humans. Tame animals may be either captured from the wild 

or born in captivity. Using this definition of tame animals, an animal that is being deliberately 

fed by a human and that may even allow the human to touch it is not tame, but a strongly 

commensal one. A domestic animal is one that lives in a mutualistic relationship with humans, 

has its mate choice limited by humans, is under the control of humans, and has always 

experienced behavioral changes, often accompanied by phenotypic alterations. Domestic animals 

are almost always in extremely close and regular interactions with humans as soon as the animals 

are born. These groups define relationships with increasing levels of human control, but the 

boundaries between the groups, as is the case for all classifications, are not sharp. For all the 

groups, I will attempt to consider the human/animal relationship through the lens of the animal: 

that is, I will consider how the traits and actions of animals play active roles in allowing and 

encouraging their ongoing relationships with humans. This work will provide archaeologists with 

a new perspective through which to examine human/animal interactions. 

In the remainder of this thesis, I will provide a summary of niche construction and how it 

relates to the relationships between humans and animals. After this, I will discuss the human 

relationship with habituated/commensal animals, focusing on white-tailed deer, coyotes, and 

rhesus macaques. Then I will turn to the case of tame animals, considering cheetahs and 

elephants. In the following section, I will elaborate on domestic animals, particularly discussing 

three separate pathways to domestication. Finally, I will examine the retrograde relationship with 
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feral animals (ones that were at one time domestic, but are no longer under human control), 

offering information on dingoes, feral dromedaries, and feral horses. By examining these 

relationships with varying levels of human control, I will show that none of them are one-sided, 

and that evolutionary benefits accrue to the animals even in the case of domestication. 

2. Niche construction 

To become better adapted, organisms either change to better survive in their environment, 

or change their environment to better fit their survival requirements. Evolution occurs when 

these changes are passed down through a sufficient number of generations that the change 

becomes a permanent part of the species. Darwin, in his seminal work On the Origin of Species, 

initially published in 1859, proposes that changes in species come about due to the accumulation 

and preservation of small changes of natural variation that are advantageous and the rejection of 

those that are harmful via the process of natural selection (Darwin 1859). Given that organisms 

are in competition for limited resources available in their environment, the better-adapted 

individuals, no matter how small the advantage, are more likely to be in the group of survivors 

and to pass on their traits to their offspring. Natural selection can only cause divergence of 

species if natural variations occur, and if these variations are heritable to the offspring (Darwin 

1859). Although Darwin understood that traits could be passed down from one generation to the 

next, On the Origin of Species was published several years before Gregor Mendel presented his 

work on heredity, and several decades before it became widely known. Therefore, it was up to 

others to join these two concepts in what could be called the birth of the modern understanding 

of the theory of evolution (Huxley 1942). 

Within domestic animals, a similar process takes place in the development of breeds, an 

accelerated evolutionary process carried out through artificial selection. In this case, the 

competition for survival of the parents’ genetic material may have other drivers because the 
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breeding is controlled by humans, and traits that could be deleterious to survival in the wild may 

be chosen for successive generations. Within the relatively short span since the first 

domestications, we have seen that human selection has created breeds with vastly different 

characteristics (e.g., the Chihuahua and the Great Dane). If there were not intermediate forms, 

the small likelihood that these breeds would hybridize would prevent their genetic material from 

mixing and eventually they would be likely to become separate species. 

The changing of the environment by an organism to better meet its survival needs is 

known as niche construction (Lewontin 1983). The niche construction theory fills a gap in the 

theory of natural selection, but still falls within the broader Darwinian sense of evolution and 

survival of the fittest. In niche construction theory, the organism that is most fit may be the one 

that is best able to alter its environment in a manner that enhances its survival (or impedes the 

survival of competing organisms). Niche construction is not always an activity that requires 

mobility, or even thought, on the part of the organism that is constructing.  

Niche construction started almost as soon as there was life on earth. An early example is 

the creation of free oxygen in the atmosphere through the process of photosynthesis carried out 

by cyanobacteria (Laland and O’Brien 2010), an event that triggered the mass extinction of 

anaerobic life forms. Oftentimes, as in the case of cyanobacteria, the changes to the environment 

are inherited by subsequent generations. In this manner, the parent organism passes to its 

offspring not only the genetic code that predisposes it to adjust its environment via niche 

construction, but also the ecological inheritance of the altered environment (Laland et al. 2000). 

For more cognitively developed organisms, there is another type of possible inheritance, the 

learned behaviors that constitute culture. In this mode of inheritance, the parent (or other 

members of an older generation) pass knowledge to the younger generation. Applied to humans, 
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B.D. Smith (2012) calls this cultural niche construction, but this variety of niche construction can 

also be observed in animals (e.g. tool use in chimpanzees, birds learning songs). 

Niche construction sometimes has only a very small effect on other species, such as that 

from a single small bird building a nest in a large tree. The nest provides a warm place for the 

bird to incubate its eggs, a platform to prevent the young chicks from falling, and perhaps 

camouflage to hide the mother bird, the eggs, and the chicks from predators, but it does little to 

perturb the host tree or the environment around the nest. In some cases, niche construction can 

have a direct influence on other species. When a colony of ants establishes a mound, it will 

frequently denude the surrounding area of all vegetation. In other cases, niche construction can 

have an indirect influence on other species through an abiotic intermediary. The cyanobacteria 

example above is one case of this, where the oxygen is the abiotic factor. A shorter-term example 

is the alteration of the riparian environment caused by a beaver dam. In this case, the water is the 

abiotic intermediary that floods and kills nearby standing trees, provides an environment for 

aquatic plant and animal growth, and creates a habitat for a host of terrestrial plants and animals 

to utilize. The beaver that makes a dam does so for the purpose of altering its environment, but 

other times, niche construction is less intentional. When a herd of elephants forages through a 

forest region, it creates a new environment for grasses to grow, and at least temporarily replace 

the woody plants of the understory. It is possible for this type of niche construction to actually be 

detrimental to the species doing the construction—the new growth is not a preferred food for the 

elephants. 

Other methods of niche construction include allelopathy, creating of shade, accumulation 

of detritus, making of cocoons, digging of tunnels/burrows, creating of wallows, herd grazing, 

creating and maintaining pathways, use of tools, wearing of clothing, building of structures, and 
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many other behaviors. As can be seen from the examples above, niche construction is carried out 

by many levels of organisms and is not something uniquely human.  

When animals, including humans, undertake niche construction, they are often attempting 

to moderate environmental fluctuations. Whether this is building a nest to conserve body heat, 

adjusting air flow to cool their habitation, or storing food, the purpose is to allow energy spent 

during times of plenty to be returned during times of shortage (Laland and O’Brien 2010). In 

other words, niche construction is a type of resource management (or perhaps it is better to state 

that resource management is a type of niche construction). Human resource management initially 

focused on wild resources and preserving and storing of wild foods and is not that different from 

a squirrel storing nuts or a beaver storing branches on the bottom of its pond. In the case of 

humans, extension of wild resource management is a likely impetus for domestication, and 

therefore, domestication is an extension of human niche construction (B.D. Smith 2007). 

Resource management in effect increases the carrying capacity of the environment, since 

populations are limited by the average levels of resources instead of by the minimum level. In all 

instances, even the average level of resources is only enough to support a finite population, and 

as the population approaches the carrying capacity of the environment, competition for the 

available resources increases. For short periods of time, it is possible for a given population to 

exceed the carrying capacity of the environment, but this will result in subsequent die-off, unless 

additional resources are added (or previously unusable resources become usable—actually a 

change in the environment and its carrying capacity). Resource augmentation via the addition of 

new resources or development of new technology to extract previously unusable resources, is 

generally a type of cultural niche construction that is practiced mostly by humans, although 

animal tool use and learning to eat human supplied food are non-human examples. 
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From the human point of view, domestication is an example of resource augmentation. 

Domestic plants allow us to extract energy and nutrients from the sun and soil that we cannot 

extract directly at a higher density than is possible with wild plants. The utilization of a preferred 

plant species that occurs with domestication increases the extractive potential of a given area of 

soil because less of the soil nutrients are being utilized by non-preferred species. Domestic 

animals provide us with a readily available means of extracting energy and nutrients from plants 

that we are unable to extract directly. They also provide a way to store that extracted energy so 

that it can be used when it is more beneficial.  

When human niche construction alters the environment, the animals that were exploiting 

the unaltered environment can either migrate away from the area of alteration in order to 

continue their traditional behavior, or utilize it as a means of resource augmentation. This would 

require cultural niche construction on the part of the animals to learn new behaviors or adapt 

existing behaviors to the new environment and pass down these changed behaviors to their 

offspring. Continuation of this cultural niche construction eventually differentiates the groups of 

animals that are exercising it from those that are not and can result in domestic animals. 

Humans perform many different kinds of niche construction, often simultaneously. This 

leads to heavily human-modified environments surrounding areas of concentrated human 

settlement. Human niche construction has increased exponentially over the last 10,000 years. 

During this period, the more sedentary the people, the more their presence resulted in changes to 

the environment. The culmination of this process is the development of urban areas, where 

overlapping niche constructions create a landscape where all areas have been modified. Even in 

this environment, human relationships with commensal (e.g., rats), tame (e.g., circus animals), 

domestic (e.g., pet dogs), and feral (e.g., pariah dogs in India) animals continue to flourish. 



 

10 

3. Relationship with commensal and habituated animals: white-tailed deer, coyotes, and 

rhesus macaques 

Evidence of animals exploiting new niches created by increased human sendentism dates 

back at least to the time of the Natufians (~14,000 BP), the first sedentary society, where the 

common mouse (Mus musculus domesticus) was able to create its own niche within this 

environment and out-compete the Macedonian mouse (Mus macedonicus), another small rodent 

native to the Near East, that was less adept at exploiting the new conditions created by human 

niche construction (Weissbrod et al. 2017). The relationship between the common mouse and 

humans was not one of domestication, but rather one of commensalism, and the common mouse 

was more adept at exploiting this commensal relationship than the Macedonian mouse. This is a 

relationship that continues today, and the common mouse has exploited the relationship so well 

that it is now a globally distributed species, living everywhere that humans do. 

The case of the common mouse (which was eventually fully domesticated as the “fancy 

mouse” for pets and the laboratory mouse) is a clear example in which at least the initial stages 

of the domestication process were entirely driven by the animals’ behavioral capacity, with no 

intentional role played by humans. The early stages of the domestication process for other 

animals could also have been more driven by the behavior and needs of the animals than by that 

of humans. 

It is not too difficult to imagine how the commensal pathway to domestication could have 

unfolded because we have many animals today that are at least taking the initial steps along this 

pathway. Nowhere is this truer than in our modern exurbs with relatively low housing density. In 

these regions, there is ample cover for animals but also a plentiful supply of food in the form of 

enhanced foliage, garbage, food placed out for domestic animals, and purposeful feeding of 
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wildlife. In the case of the white-tailed deer, this commensal animal is taking advantage of both 

of these factors. In the case of the commensal coyote, the dynamic is slightly different: The 

benefit of the cover is direct, but the benefit of the enhanced food supply is two-fold, as some of 

it is directly consumed by the coyote, but it also attracts other animals that can be prey for the 

coyote. Both species have benefited from the human removal of the large predators (wolves, 

mountain lions, and bears). The phenomenon of commensal animals exploiting the niche 

construction of humans is not only one of the Americas, as the final example of rhesus macaques 

illustrates. 

White-tailed deer 

The white-tailed deer (Odocoileus virginianus), the most common wild ungulate in North 

America, occurs in most of the United States and southern Canada east of the Rockies (Russell et 

al. 2001), as well as in Mexico and south from there into Peru and Bolivia (Hewitt 2015). It 

possesses high adaptability in habitat, climate, and diet; sharp senses (smell, hearing, and site are 

used to detect danger); and considerable speed and jumping abilities that allow it to escape 

predators. It is an animal of the edges, prospering in varied landscapes including forests, 

agriculture, grasslands, and metropolitan suburbs (DeNicola et al. 2000). 

Some authors estimate pre-Columbian white-tailed deer densities between 3.1 and 4.2 

deer/km2 (Fletcher et al. 2001). There is plausible documentation from the 19th century of a 

decrease in deer population produced by commercial hunting, which by the beginning of the 20th 

century, even included extirpation of the animal in some areas it had previously inhabited 

(Russell et al. 2001). Indeed, with a high demand among European immigrants for the deer’s 

meat and hides, and the demand for venison greatly increasing with the expansion of the 

railroads in the second half of the 19th century, market hunters were busy harvesting deer to 

meet the demand (Hewitt 2015). As a response, reintroduction of white-tailed deer into suitable 
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habitats (areas with mixed forests and meadows/fields) around the US started in the 1870s and 

1880s (Hewitt 2015). Moreover, the 1930s and 1940s saw the implementation of strict hunting 

regulations (Russell et al. 2001), including short hunting seasons, bag limits, and a bucks-only 

harvest strategy (Waller and Alverson 1997). With female white-tailed deer capable of bearing 

up to 30 offspring in their lifetime (a considerable lifetime fecundity) in habitats free of hunting 

(McShea 2012), these regulations carried great impact. 

The effect of humans on the white-tailed deer goes beyond the mentioned regulations. In 

the 1930s the belief became that managing game required management of the habitat, and gaps 

and grassy openings were established in forest areas (Waller and Alverson 1997). With a diet 

predominantly comprising “easily digestible plant tissue such as forbs, browse and mast, and to a 

lesser extent immature grasses” (Messner 2011), the white-tailed deer have been successful in 

exploiting the agrarian ecosystems established by human niche construction. 

Similarly, the urban sprawl of the second half of the 20th century has contributed to the 

increase of this animal’s population (Messner 2011). Sharing these human-created habitats with 

humans is beneficial to the white-tailed deer (DeNicola et al. 2000). The suburban-rural fringes 

that combine agriculture, parks, woods, and corporate complexes present an ideal habitat for the 

white-tailed deer. As an edge species, it thrives in suburban areas, often free of hunters and 

natural predators, as these zones provide the deer with nutritious food while the neighboring 

woodlands offer shelter and natural foods. Deer become highly familiar with their home range 

and hardly ever leave it. If the habitat is welcoming, a deer might inhabit it for life (De Nicola et 

al. 2000). In this scenario, there was little if any change in the behavior of white-tailed deer, 

instead, human niche construction multiplied the amount of habitat that has always been 

preferred by them. 
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As a result of these land use changes, the density of white-tailed deer in North America 

has increased significantly. In fact, “the primary reason whitetails were able to recover was a 

change in people’s relationship with wild life” (Hewitt 2015: 842). Population densities have 

been estimated by some to exceed 35 deer/km2 in areas which are protected and free of predators 

(Fletcher et al. 2001), while other authors have stated that in certain forests densities by the end 

of the 20th century were two to four times the pre-Columbian densities (Russell et al. 2001). The 

white-tailed deer population in the US has increased from approximately 400,000 in 1900 

(Fagerstone and Clay 1997) to 30 million today (Hewitt 2015). Since the 1930s, densities of 

white-tailed deer have been greatly augmented as a result of changes in the landscape produced 

by human niche construction and game management regulations. In fact, white-tailed deer have 

reclaimed their traditional range and have expanded into areas where they were absent in the pre-

Columbian period (Russell et al. 2001). 

Human-influenced alterations of natural predator-prey dynamics also contribute to 

changes in populations. Concomitantly with widespread efforts to increase ungulate populations, 

the US government implemented programs that led to wolf extirpation from many areas of the 

country. This resulted in a large increase of ungulate population. Corroborating the correlation 

between high white-tailed deer populations and the eradication of the wolf is the fact that wolf 

reintroduction programs have clearly caused a negative impact in white-tailed deer populations. 

For example, five years after its return, the wolf was the principal cause of death for white-tailed 

does in northern Minnesota (McShea 2012). It has been suggested that coyotes have replaced the 

wolf as the apex predator in several areas of the country (Prugh et al. 2009). Coyotes are known 

to prey on adult deer during winter and also on fawns in summer (Messner 2011, Kilgo et al. 
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2010) and to have lessened deer populations in Canada, but there is not clear evidence that deer 

population densities have diminished in all areas now inhabited by coyotes (McShea 2012). 

Judging by yearly numbers of hunters and harvested animals, the white-tailed deer is 

North America’s number one game animal. Between 2010 and 2013 hunters harvested more than 

6 million of these deer in the US alone (Hewitt 2015). Sport hunters are the major contributors to 

the conservation and management of white-tailed deer. 

The population explosion of this animal has created problems that are felt most strongly 

in suburban and exurban areas. Among them are the destruction of crops and gardens, the 

frequent deer-car collisions, and the transmission of illnesses. Some regulations meant for 

conservation that have been entrenched into the hunter population culture have backfired. For 

instance, it is hard to convince hunters to harvest female deer, which creates obstacles to the 

process of number reduction. Thus, regulations like requiring the harvest of a female deer before 

a male deer can be harvested needed implementation (Hewitt 2015). Also, managing populations 

via hunting may encounter complications as issues such as the presence of chronic wasting 

disease in some of the deer population become a deterrent to venison consumption (Riley et 

al.2003). With easily available domestic animal meat, it would be easy for consumers to simply 

omit venison from their diets. 

The situation in the suburbs and exurbs deserve particular attention. Populations of deer 

concentrate near anthropogenic areas and gradually become used to the human inhabitants, living 

near them without fear, resulting in a mutualistic relationship (Messner 2011). This relationship 

does not involve human intent for the most, albeit some feeding of deer is bound to happen. The 

human effort is in the beneficial management of the ecology that has occurred due to niche 

construction. The benefit for people is in the enjoyment derived from the sight of nearby deer 
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(although this can switch to annoyance as deer-car collisions increase or deer damage landscape) 

(Messner 2011). 

According to Messner (2011), the suburban commensal circumstances, with readily 

available food and protection from predators, are similar to ancient circumstances in which 

domestication of animals took place. An extreme case is in the deer farms that are devised to 

produce trophy deer with enlarged antlers. Deer are confined and fed, no longer depending on 

movement to achieve maximum physical potential and eliminating their need for food provision 

and competition for food. Environmental factors are known to alter phenotypes, as demonstrated 

by the fact that in these farms, nutrient rich resources have resulted in improved antlers. 

In their study of Key deer (a subspecies of white-tailed deer) concentrated around urban 

and suburbanite environments, Peterson et al. (2005) note that such mutualistic relationships may 

turn into what they call “inadvertent domestication.” They observed changes in the deer’s 

selective pressures that may eventually cause genetic changes, as well as changes in density, 

distribution, and group size of the deer. 

Coyotes 

Historically, the geographical range of the coyote (Canis latrans) was limited to the Great 

Plains. The European colonists of eastern North America were unware of its existence, and 

Lewis and Clark reported their first encounter with a coyote in 1804 when they reached present-

day Nebraska (Gompper 2002). Moreover, before the European colonization of the American 

West, coyotes were rare in this area of the U.S. (Ripple et al. 2013). Today, coyotes are 

encountered throughout all of North America south of the tundra (Gompper 2002). In the 11 

states of the American West alone, estimates put the number of coyotes at 1 million (Ripple et al. 

2013). Coyotes are late arrivals to the US Southeast, where they did not appear until the 1960s 

(Gompper 2002). 
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A process of “mesopredator release” is in great part responsible for the increase in coyote 

population and the expansion of the coyote habitat. Prugh et al. (2009:780) define “mesopredator 

release” as “the expansion in density or distribution, or the change of behavior of a middle-rank 

predator, resulting from a decline in the density or distribution of an apex predator.” Indeed, 

human efforts to extirpate wolves from their habitat must have diminished the competition for 

prey that until then had limited the coyote’s habitat (Gompper 2002), since coyotes are usually 

absent or in low numbers in areas inhabited by wolves (Ripple et al. 2013). Similar to other 

mesopredators, coyotes are skillful, generalist predators, which makes them highly adaptable and 

capable of achieving high and persistent densities (Gompper 2002). They adapt well to open and 

semiopen areas, and they are also encountered in forested areas (Richer et al. 2002). 

Concomitantly with the extirpation of the wolf, humans began to intensively harvest 

forests in some areas. As a consequence, coyotes, whose populations prosper in open spaces, 

were able to take advantage of this human niche construction (Ripple et al. 2013). Similarly, the 

expansion of agriculture has created open spaces and inviting habitats for the coyote (Gompper 

2002). 

The proximity to human habitats benefits the coyote population in many ways. For 

example, coyotes are often a menace to domestic animals, both pets and livestock (Gompper 

2002), which implies availability of supplemental food. The number of cattle and calves lost to 

coyote attacks in the eastern US in 2005 was 35,000 (Mastro et al. 2012). High numbers of 

domestic ungulates also contribute to the increases in coyote population because often cattle that 

die from reasons unrelated to predation are not disposed of, becoming available carrion for the 

coyotes (Ripple et al. 2013). 
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The significant expansion of coyotes in North America, and the fact that they are now 

present in many metropolitan centers, brings up the question on whether coyotes are a 

synanthropic species or they live in urban areas in spite of harmful effects inflicted on them by 

human activity. Although at least partially coyotes were urbanized by the enclosure of their open 

areas as part of urban sprawl, there seems to be a tendency for coyotes to be rapidly colonizing 

urban areas (for example, they are spreading 78-90 km/decade in New York State during the past 

60 years [Bateman and Fleming 2012]). The majority of the coyote diet in urbanized areas 

consists of small mammals such as leporids and rodents. Research has yielded conflicting 

numbers for frequency of occurrence of anthropogenic food in the urban/suburban coyote diet, 

with numbers varying from 2 to 35% percent, while in rural areas the number is significantly 

lower (0-3 percent in one study) (Gehrt 2007). Nonetheless, coyotes living close to urban areas 

appear to include more anthropogenic food in their diets. Coyotes in urban areas seem to confine 

most of their activity to the night, which is important not only to avoid humans but also to avoid 

traffic (Gehrt 2007), a major cause for coyote mortality (31 percent of mortalities in some areas; 

Bateman and Fleming 2012). On the other hand, an urban life presents two advantages to 

coyotes. First, only 9 percent of urban coyotes die from hunting compared to 22 percent of rural 

coyotes. Second, only 10 percent of urban coyotes die from predation, compared to 25 percent of 

rural coyotes (Bateman and Fleming 2012). Reduced home ranges (in comparison to rural 

populations) and high survival of urban coyotes suggest they can successfully maintain and 

increase population densities in residential areas (Gehrt 2007). 

Unlike other urban carnivores, coyotes do not seem interested in using buildings for 

shelter. Instead, they take advantage of areas of natural forest, vegetation, or underdeveloped 

areas among buildings to dig their dens (Bateman and Fleming 2012), an example of animal 
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niche construction. Although coyotes favor hunting alone, about half of urban coyotes form 

packs (five to six adults and their offspring from that year) to protect their territory. This is an 

example of cultural niche construction (B.D. Smith 2012), and to the extent that the behavior is 

passed down from generation to generation, cultural inheritance (Laland et al. 2000). Modified 

urban behavior implies reduced territoriality, aggression, and home area, as well as more 

dispersal from their natal site, all likely due to abundance of resources and thus less competition 

(Bateman and Fleming 2012). 

Coyotes tolerate well the presence of humans (Prugh et al. 2009). Even as they live in 

close proximity to people, studies in urban areas seem to indicate coyotes tend to generally avoid 

people; thus, it is likely that exceptions to this behavior could imply habituation and result in 

conflict (Gerht 2007). In fact, coyotes are known to attack humans from time to time in the 

western United States, the numbers of these attacks have increased lately in some areas, and 

some attacks have been reported in the Northeast (Gompper 2002). 

Rhesus macaques in India 

In general, monkeys in India enjoy a semi-sacred status as Orthodox Hindus revere 

monkeys due to the important role of the monkey god in the Ramayana epic. Aside from special 

considerations to the monkeys derived from this religious status, the expansion of agriculture 

into areas formerly of natural forests, the absence of natural predators in these areas, and a law 

that prohibits trapping monkeys for export has contributed to higher density in populations of 

rhesus macaques (Macaca mulatta) in areas of human habitation (Imam et al. 2002). 

According to Southwick and Siddiqi (1994: 223), “the rhesus monkey in India … is 

probably the world’s best example of primate commensalism.” Although some of the rhesus 

macaque population is non-commensal, living in forests, away from humans, or in the edges of 

forested areas, much of the population in India is commensal. Commensal rhesus macaques 
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flourish in disturbed habitats and close contact with humans, in locations such as cities and 

villages, including temples and railway stations, and in agricultural zones, adeptly taking 

advantage of human niche construction. These commensal macaques depend on humans for food 

provision (accessing agriculture produce or receiving hand-outs from people; Southwick and 

Siddiqi 1994).  

The traditional human-rhesus relationship, which in India had existed with basis on a 

respect for the monkey given its sacred status, has been strained by the behavior of commensal 

monkeys as a result of the increase of their population and the resulting competition for 

resources, especially food and space. The rhesus are terrestrial monkeys, so they are to an extent 

more apt to establish a niche in urban areas (that generally have a lower tree density than nearby 

areas) than arboreal monkeys in the area (Chauhan and Pirta 2010). Therefore, taking advantage 

of the urban environment did not require a drastic change in their “normal” behavior. Northern 

India is particularly affected by this situation (Saraswat et al. 2015). For example, forest 

department surveys of rhesus populations in the state of Himachal Pradesh show an increase in 

rhesus population from ca. 155,000 in 1998 to ca. 317,000 in 2004 (Saraswat et al. 2015). 

Moreover, according to a 1994 study, about 86 percent of the rhesus population in north central 

India was commensal (Southwick and Siddiqi 1994). 

In agricultural areas, the rhesus raid crops causing significant economic damage (Rattan 

2011 in Southwick and Siddiqi 2011, also personal observation, Talapada, India). This problem 

is “highly seasonal and location specific”: (p. 283), as it is related to the abundance or lack of 

foods depending on the monsoons. In urban areas, the rhesus often harm property in their pursuit 

of food (Saraswat et al. 2015) and have been known to resort to direct contact and agonistic 

behavior against people, even biting. Rhesus are known to even snatch away mobile phones, 



 

20 

glasses, or bags from people, only returning the objects when they were threatened or offered 

food (Chauhan and Pirta 2010). Moreover, temple visitors and tourists voluntarily feed the 

rhesus, exacerbating the reliance of the animals on easy ways of provisioning themselves (Rattan 

2011 in Southwick and Siddiqi 2011). 

Such conflict has angered people. For example, a resolution to trap and translocate rhesus 

was approved in 1992 in a district of Uttar Pradesh. The translocation of 600 rhesus to semi-

natural forest within the same district ensued in 1997. An assertion of the conditions of the 

rhesus sometime after translocation concluded the animals had settled and their behavior was 

“normal” (Imam et al. 2002). This suggests the rhesus macaques are capable of reverting to their 

pre-intensification behavior once removed from the urban environment and released into nature. 

Summary of commensal/habituated animals 

The animals discussed above have benefited from the human niche construction and have 

utilized the human-altered environment to increase their population and/or range. None of these 

animals, however, has progressed far enough down the domestication pathway that they are 

distinguishable from other members of their species that live without close contact to humans. It 

is, however, easy to see how the current relationship could eventually lead to new domestic 

species—given a willingness on the part of the humans to participate in taking the relationship 

further along the domestication pathway. The case of the white-tailed deer is interesting because 

it demonstrates how a change in human behavior (reduction in hunting, especially commercial 

hunting) can have a profound effect on a species. 

 

4. Relationship with tame animals: Asian elephants and cheetahs 

The use of tame animals is a clear indication that humans can benefit from an association 

with that species, therefore making it a desirable domesticate. Some tame species have had a 
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long period of living under human control, but have not become domesticated in the sense that 

their reproduction is not under human control. Two different tamed species are examined. 

Asian elephants 

In the wild, Asian elephants (Elephas maximus) live in matriarchal groups of 8 to 12 

individuals, composed of adult females and their offspring and often led by the eldest female. 

Interaction with related and unrelated families is not uncommon, nor is interaction with male 

elephants. Only female elephants take care of the offspring, and they do so for 10 to 15 years 

which marks female sexual maturity or male dispersal of the offspring. Although teenage males 

travel in groups of similarly aged individuals, adult males are isolated except during breeding 

periods. Males may stay for a while with the female groups pre- and post-mating. Although the 

societal organization of males and females differ, the structures are significantly linked (Schulte 

2000). 

Over 30 percent of the population of Asian elephants exists in captivity, primarily in the 

13 South/Southeast Asian countries where they exist in the wild. These elephants are primarily 

used in logging camps and for tourism. There are about 1,000 Asian elephants in circuses and 

zoos around the world (Csuti 2006). The first elephants brought to North America arrived in 

1796, and today there are ca. 285 Asian and 247 African elephants in North America (Schulte 

2000). Here, an effort is usually, but not always, made to provide similar social groups as in the 

wild, with females clustered together (in groups of two or more [Csuti 2006]) and adult males 

kept separate, although there may be sensorial contact. Sometimes males and females share the 

same space or are placed together to mate (Schulte 2000), but zoos often keep few breeding bulls 

because their aggressiveness during musth presents challenges (Thitaram 2012). However, 

imbalances in sex ratio, low fertility, high offspring mortality, less-than-perfect housing, and the 

appearances of new diseases pose a problem to the sustainability of the populations (Rees 2003). 
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Recently, zoos are increasing birth rates by more closely managing breeding conditions. For 

example, zoos are supplementing natural breeding with artificial insemination of female 

elephants, as well as reducing the age at which female elephants are bred, thus diminishing 

chances of still birth and reproductive pathologies (Thitaram 2012).  

In comparison to elephants in the wild, elephants in captivity in North America live in 

smaller groups, cohabit with unrelated individuals, and the numbers of calves and males are 

lower (Schulte 2000). Still, wild and captive elephants share traits like origination and response 

to chemical signals and vocalization and the establishment of dominance based on size, age, 

personality, and experience (Csuti 2006). 

Taming and training elephants is an old tradition in Asia. After capturing the elephants, 

the process of taming starts. They are fed by hand so they get familiar with human touch and 

learn to receive objects and recognize commands for which direction to move. They are flogged 

when they resist, and rewarded with treats when they submit. A young elephant has the potential 

to accept its tamer as a friend, while an older elephant is not likely to bond, explaining the 

preference for capturing young elephants. During the process of taming, the elephants are taken 

to the water and allowed to lie down as they are taught to obey commands for lying and sitting. 

The elephant then learns to be ridden, often by aping tamed female elephants walking by its side. 

Training completion takes about 7 to 12 years, after which the elephant will obey commands 

given by foot and arm (sometimes with a stick) signs of the trainer or by oral commands (Kurt 

2005). In general, elephants are highly intelligent, quick to learn new skills, and very adaptable 

(Münster 2016). 

The majority of the tame Asian elephants are exposed to nature every day (Lair 1997). 

Thus, if released in the wild, they are highly capable of success: possibly 2/3 would survive (Lair 
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1997). They are physically strong, capable of finding and differentiating food, and 

knowledgeable of the terrain. 

Although the elephant may appear to be domesticated because the taming of elephants 

may modify their behavior in a way that resembles domestication, the definition of domestication 

requires human control over the animal’s breeding, and this is not generally the case. Control 

over breeding is rare, and selective control has not been exercised consistently over time (need 

citation). The long generational interval of elephants (~15 years) also means that any changes 

due to selective breeding take a long time to manifest themselves. Faced with a loss of habitat 

and elephant/human conflict, wild elephant populations are dangerously low (Surovell et al. 

2005). Thus, breeding within the large population of captive elephants in Asia is important, 

especially given the poor success of breeding programs in Western zoos. Management strategies 

vary among countries (e.g., Thailand, India, Sri Lanka, Myanmar, Laos, and Indonesia) 

(Thitaram 2012). 

In the past, several cultural factors created obstacles to the breeding of captive elephants 

in Asia. Among them are prohibition of breeding among Indian elephants in Hindu institutions, 

beliefs that breeding would weaken captive bull elephants (thus only allowing mating with wild 

bulls), fear of reduced productivity in cows during pregnancy and lactation, and reluctance of 

keepers to care for pregnant elephants. New management programs resulting partly from 

education campaigns have yielded higher birth rates. Examples include encouraging cows’ 

breeding with both wild and captive bulls by allowing both captive cows and captive bulls to 

roam the forests during night, allowing captive cows and bulls to interact freely during grazing 

and bath periods, granting the elephants a yearly break from intensive work spanning several 

months a year coinciding with the mating season, offering loggers tractors to replace elephants in 



 

24 

the fields, and breeding lactating cows. Better methods for establishing periods of estrus have 

also been developed. Moreover, several countries make efforts to control in-breeding by 

carefully monitoring pedigrees (Thitaram 2012). 

Cheetahs 

The cheetah (Acinonyx jubatus), the fastest carnivore, originally inhabited India, western 

Asia, and the African savannas. Today, it is only encountered in north, east, and southern Africa 

(in small quantities), as well as in the arid zones of Afghanistan, Turkestan, and eastern Iran in 

Asia (Clutton-Brock 1999: 201). It is an endangered animal, with only 10,000 cheetahs believed 

to remain throughout the world (Wells et al. 2004). 

As far back as 5,000 years ago, the Sumerians kept captive cheetahs and used them in 

their hunting practices. Similarly, “early rulers of Palestine, Egypt, Assyria, Persia, Russia and 

the Caucasus… [and China]” (Norwell and Jackson 1996: 245), as well as the Minoans in 

ancient Greece (Faure and Kitchener 2009), also tamed cheetahs to use them for hunting. The 

Romans exhibited cheetahs in menageries, parades, and arenas. The Moghul emperors in India 

(1500-1800s) were an extreme case. It is believed one such emperor from the 16th century, 

Akbar, possessed 9,000 cheetahs. At the advent of the 20th century, the low rates of reproduction 

had caused scarcity of cheetahs in India and the nobility’s stables had to be filled with African 

importees (Norwell and Jackson 1996). The Indian nobility exploited a unique (in comparison to 

other felines) characteristic of the cheetah: it does not pounce on its victim; tethered and 

blindfolded cheetahs would be transported to the location of the hunt and released upon 

appearance of the game. They would then furtively near the victim and leap in its direction to 

catch it, being allowed a share of the meat as a reward (Clutton-Brock 1999). 

Large cats do not make good domesticates because of the danger they pose to humans, 

with perhaps the exception of the cheetah (Faure and Kitchener 2009). Given the relationship 
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between cheetahs and humans and the animal’s high docility, the reason the cheetah is not a 

common domesticate today is likely due to the difficulties with breeding in captivity (Clutton-

Brock 1999; Faure and Kitchener 2009), which results in the captive population not being self-

sustainable. 

In fact, since the report of a cheetah birth in 1613 in the Mughal court, no other reports of 

a cheetah birth in captivity existed until a 1956 birth at the Philadelphia Zoo (Wielebnowski and 

Brown 1998). Since the 1970s, the situation has improved, with regular success in a few 

locations, albeit small percentages of the adult population reproduce. Success is now regarded as 

an important goal, given the status of the cheetah as an endangered animal. However, the reasons 

for success or failure are poorly understood, especially considering that in comparison to the 

adult non-breeders among the cheetah population, adult breeders exhibit no differences in 

“reproductive tract anatomy, ovarian activity, semen quality, or pituitary function” 

(Wielebnowski and Brown 1998: 194). One possible reason is related to the potential distress 

experienced by the animals in husbandry conditions different than those in the wild. For 

example, the practice of housing female cheetahs in pairs (they are solitary in the wild when not 

caring for young offspring) was identified as a cause of irregularity in ovarian cycles when the 

females were behaviorally incompatible (Wielebnowski and Brown 1998). Interestingly, even as 

the behavior of the female cheetahs was clearly agonistic, there was no concomitant change in 

levels of faecal corticoid excretion, a factor often understood as a sign of stress (Wielebnowski et 

al. 2002). Also, male cheetahs experience negative changes in motile sperm output/ejaculate 

output when exposed to the public or multiple caregivers (Koester et al. 2015). However, these 

circumstances did not affect faecal androgen or glucocorticoid levels that could be indicative of 

physiological stress. Moreover, grouping of male cheetahs did not cause negative consequences, 
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probably related to the fact that free-ranging male cheetahs often live in groups of two to four 

(Koester et al. 2015). 

Summary of tamed animals 

These two examples show that long term close relationships between a species and 

humans (extending over thousands of years) is not necessarily sufficient for the species to 

become domesticated. It appears that the largest impediment to domestication for the cheetah, 

the difficulty in captive breeding, may have a solution as we better learn the factors that inhibit 

it, but there is also an ethical component that could prevent future domestication. For both the 

cheetah and the Asian elephant, the endangered nature of the species will likely result in any 

captive breeding program having as a goal to maintain the “wild” genetic makeup. This goal is 

counter to that of domestication. 

5. Relationship with domestic animals 

Our increasingly close connection to animals through the process of domestication is one 

of the most significant developments of the past twelve thousand years of human history. Figure 

1 shows a timeline of animal domestication (from Larson and Fuller 2014). The approximate 

periods of the different phases of animal domestication (in thousands of years ago) are shown for 

thirty species. Also shown are the location(s) where the initial domestication occurred, the range 

of the wild progenitor, and the pathway to domestication (see below for descriptions). The early 

domestication of herbivores (sheep, goats, cattle, and pigs) roughly corresponds with the 

beginning of plant agriculture. Our connection with animals has had major repercussions on 

ancient and modern societies, as well as being a principal factor in the transformation of the 

Earth’s climate we think of as the Anthropocene (Shipman 2010).  
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Figure 1. Timeline of animal domestication (from Larson and Fuller 2014) 
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The implications of domestication as a form of niche construction have received detailed 

treatment in a number of publications (B.D. Smith 2007, Zeder 2012a, Zeder 2012b). While 

detailed descriptions of the domestication trajectories of different species are not within the 

scope of this thesis, some examples of different pathways which illustrate how domestication 

constitutes a reciprocal relationship between humans and animals in which both parties play 

active roles are provided in the Appendix: Pathways to domestication case studies. 

Definition of domestication  

Driscoll et al. (2009: 9972) present a definition of domestication in line with traditional 

conceptions: “A domestic animal is one whose mate choice is influenced by humans and whose 

tameness and tolerance of humans is genetically determined.” From this definition, we can then 

suppose that domestication is the process in which an originally wild species becomes one that is 

genetically predisposed to tolerate humans through the actions of humans to control its breeding 

by the use of artificial selection. This viewpoint may be true during the later stages of the 

domestication process, but does not provide much insight into the beginning of a process 

involving many individuals (both animal and human) and occurring over multiple to many 

generations. In contrast, Fijn (2011) looks at domestication as the process by which humans and 

animals adapt to mutually benefit from their shared environment, and this evolves into a 

partnership where humans exert influence on mate availability. Within the process of 

domestication there is no clear-cut line dividing a wild animal from a domestic one (Dobney and 

Larson 2006). Even the common domesticates of today are not all domesticated to the same 

degree, or in other words are at different points in the domestication process. The actions of a 

single animal (or a single human) will not lead to a domesticated species, but rather, the 

collective action of groups of animals and people were required to bring about this process. 

Domestication constitutes a mutualistic partnership between humans and animals which has had 
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and continues to have a positive impact for both parties (from the standpoint of reproductive 

success, domestic animals as a population have benefited greatly from their association with 

humans).  

Many domestic mammals experience common morphological changes. These shared 

changes include the appearance of dwarf and giant varieties, the development of piebald 

coloration, changes in reproductive cycle, and the presence of wavy or curly hair, floppy ears, 

and shortened tails with fewer vertebrae—the “domestication traits” (Dobney and Larson 2006). 

Success of domestication 

From examination on a species level, it is hard to argue that domestication has not been 

extremely successful for animals. There are currently ~1400 million domestic cows (FAO 2017), 

while their wild progenitor, the aurochs (Bos primigenius), is extinct. There are currently ~1200 

million domestic sheep, while their wild progenitor, the Asiatic mouflon (Ovis orientalis), is 

listed as vulnerable by the International Union for Conservation of Nature (IUCN 2016). There 

are currently ~1000 million domestic goats, while their wild progenitor, the Asiatic bezoar 

(Capra aegagrus), is listed as vulnerable by the International Union for Conservation of Nature. 

There are currently ~1000 million pigs, and their wild progenitor (Sus scrofa) is also doing well 

in much of its traditional range, but has been driven to extinction in other parts (e.g., the British 

Isles) (Oliver and Leus 2008). Other less populous domesticates that have greatly outperformed 

their wild progenitors include the horse (the tarpan, Equus ferus ferus, is now extinct and the 

Przewalski’s horse, Equus ferus przewalskii, was extinct in the wild until reintroduction from 

zoo stocks) and the dromedary camel (Camelus dromedarius is extinct in the wild). In addition, 

there are ~21 billion domestic chickens worldwide—a tremendous success story. Overall, the 

biomass of domesticated animals far outweighs that of all wild vertebrates (Boivin et al. 2016). 

In the period since the Neolithic the population of humans has risen from ~5 million to 7300 
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million (US Census Bureau 2016), so it could be said that having domestic animals has been 

very successful for people too. 

Pathways to domestication (case studies presented in Appendix) 

To understand how the human/animal relationship of domestication has evolved, it is 

important to examine how it began. Other than dogs, current archaeological research suggests the 

domestication of animals began after humans had become at least partially sedentary and began 

domesticating plants in the early part of the Neolithic. Melinda Zeder (2012b) describes three 

pathways to domestication: commensal, prey, and directed. Commensal domesticates include the 

dog, cat, pig, Guinea pig, golden hamster, chicken, duck, and turkey. Prey domesticates include 

the Old World bovines and New World camelids. Directed domesticates include the horse, 

donkey, Old World camelids, buffalo (American bison), ferret, mink, silver fox, chinchilla, emu, 

ostrich, and fish. In the following sections examples of each pathway will be given along with 

the animal’s role in this pathway. 

Commensal pathway  

Commensal domesticates are animals that became domesticated via a process of 

habituation. These species, for one reason or another, originally became associated with humans 

by their own intent. 

In the commensal pathway to domestication, animals maintained close physical 

proximity to humans with no coercion on the parts of the humans; no enclosures or capture 

devices were used. There were, however, at most a few locations where this kind of 

domestication took place, out of all the possible locations where the wild progenitors of 

commensal domesticates were in the vicinity of humans. Was there something unique about the 

particular group of animals that continued down the commensal pathway to domestication, or 
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was there something unique about the group of people that took advantage of the animals’ choice 

to stay nearby? Were there other initiations of domestication that failed and did not progress far 

enough along the pathway to be evident in the DNA of modern domesticates or the 

archaeological record? For a commensal animal to become a commensal domesticate there must 

be a desire on the part of the humans that are in contact with the animals to advance the 

relationship. If the humans do not obtain a benefit from the advancement, the commensal 

pathway will not be followed to completion. Is it possible that if fashion had dictated adornment 

of our clothing with squirrel tails that the commensal squirrel would have become the domestic 

squirrel? 

Prey pathway 

For prey domesticates, the domestication process followed from the niche construction 

activities of selective hunting and game management. It is possible that this domestication was a 

response to prey scarcity, caused by overhunting (Marom and Bar-Oz 2013) or possibly by non-

anthropogenic changes to the environment such as natural climatic variations. Animals that 

presumably were domesticated via this pathway include goats, sheep, cattle, New World 

camelids, and reindeer (although in some respects, pig and horse domestication (Olsen 2006) 

may also fit into this category). Of the many animals that were hunted from the early Neolithic 

until the present, only a few followed this pathway to domestication. Obviously, there was 

something distinctive about the species of prey domesticates that led to their being domesticated, 

and some aspect of the other prey animals that kept them from being domesticated. For instance, 

none of the many species of cervids or antelope were domesticated in antiquity, although many 

of them are herd animals in the size range of other prey domesticates. 
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Directed pathway  

Once humans learned that it was possible to manage animals and obtain economic and 

social benefit from them without having to hunt or trap them, many other animals have been 

domesticated via the directed pathway. This is the only method of domestication that starts with 

a deliberate act by the domesticators, with the end goal being envisioned. Animals were 

domesticated not only for food, but for other benefits that they could supply, such as 

transportation or traction (horses, donkeys, dromedaries), furs (mink, chinchillas), and fibers 

(silkworm) (Larson and Fuller 2014). In this pathway, it is more difficult to see the role played 

by the animals, but considering all the wild animals that could provide benefit and the relatively 

small number of species that have been domesticated it is most certain that the choice of 

domesticates was not entirely up to the human domesticators. 

Process of domestication 

Darwin (1868: 43) recognized that “we have in selection … a potent means of 

modification.” He pointed out the parallelism among physiological and morphological changes 

associated with different domesticated animals (for example: “there is a strong tendency in many 

domestic animals … for the bones of the face to become greatly shortened” [Darwin 1868: 73]). 

The prevailing theories on animal domestication state that traits associated with domestication, 

including tameness and tractability, have been gradually modified over time by selective 

pressures applied on the animals by humans, either directly or indirectly. This observation is 

based in the notion that human selective pressures gradually elevate the frequency of a large 

number of genes which correspond to tractability, while concurrently decreasing the frequency 

of the genes that relate to apprehension or intractability (Stricklin 2001). Moreover, each of the 

domestication traits has often been studied separately in order to identify the genes directly 

causing the given traits (Dobney and Larson 2006). 
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The Fox-Farm experiment of Belyaev utilizing previously undomesticated silver foxes 

(Vulpes vulpes) began in 1959 in Siberia. Belyaev believed that the domestication traits are 

secondary traits that would arise when selecting only for the primary trait of tameness, and 

conceived the experiment to determine the presence of master domestication genes that exist at a 

higher level and produce a cascade effect of changes (Trut, 1999). Belyaev’s hypothesis was that 

the above-mentioned patterns of physiological and morphological changes caused by 

domestication were the consequence of selection for a behavioral characteristic alone: 

amenability toward humans. Selecting for behavior, he argued, would release changes in the 

body systems that control hormones and neurochemicals, which eventually would result in a 

number of other changes. Selection and breeding of the foxes based exclusively on the trait of 

tameness produced a population of tame foxes clearly different from their wild ancestors. Not 

only was this population produced within the relatively short time frame of twenty generations, 

but concurrently with the behavioral changes, the foxes experienced physiological and 

morphological changes resembling those in other domestic animals. The tame foxes exhibited 

piebaldness, floppy ears, rolled and shorter tails, barked like dogs, and reproduced twice each 

year. The researchers also observed that as the process of domestication advanced, the more 

delayed was the fear response and the more delayed the sharp rise in the level of corticosteroids 

that is associated with adaptation to stress (Trut 1999). 

Acknowledging Belyaev’s results, Crockford (2002) developed a hypothesis, considering 

that the common factor in the considerable effects of the endocrine system on physiological 

characteristics is the thyroid hormone, present in all vertebrates. From the relationship between 

thyroid hormone and piebaldness, behavior, embryonic development, nutrition, and 

heterochronic speciation, she proposes a link between thyroid hormone and domestication. She 
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states that “nonrandom subdivision of populations according to differences in thyroid hormone 

metabolism occur during speciation and that subsequent shifts in thyroid hormone profiles 

constitute the control mechanism by which heterochronic changes are achieved in descendant 

taxa” (Crockford 2002: 144). 

Adam Wilkins et al. (2014) also assume tameness is the main selective pressure in early 

stages of domestication. They point out that hypofunction of the adrenal gland and lower levels 

of stress have been induced and documented in domestication experiments. They believe that the 

development of all domestication traits, adrenal changes included, is related to neural crest cells 

present in all vertebrates. These are stem cells which initially appear during early embryo stages 

and then travel throughout the body, “giving rise to the cellular precursors of many cell and 

tissue types and indirectly promoting the development of others” (Wilkins et al. 2014: 797). 

After identifying correlations between mild neural crest cell deficits during embryonic stages and 

pigmentation changes, smaller jaws and snouts, decreased tooth size, and smaller or floppy ears, 

they hypothesize that a selection pressure based on tameness causes a decrease in the input sent 

from these cells to the changing traits, causing the apparently unrelated phenotypic changes 

involved with domestication. 

Experiments with changes in thyroid hormones in laboratory rats (see Dobney and Larson 

2006) have demonstrated that domestic rats have smaller thyroid glands than wild rats. A 

hypothyroidic rat was not only smaller but also exhibited floppy ears. Based on all this, there 

exists the possibility of a small number of master genes acting early in the developmental 

processes and producing effects in the whole organism (Dobney and Larson 2006). Moreover, it 

could be that “the molecular changes in those genes are unlikely to be found in the coding 

portions of the genes themselves” (Dobney and Larson 2006: 264).  
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6. Feral animals and how they fall into a domestication framework: dingoes, feral 

dromedaries, and feral horses 

Feralization is an additional building block in the process of evolution, not an undoing of 

domestication. Seeing how feralization unfolds helps us to understand the qualities of 

domestication. This is especially true for feral animals that do not interbreed with wild 

progenitors, such as dingos, Australian camels, mustangs, razorbacks, Channel Island goats, and 

cattle. What makes dingos and Australian camels so interesting is that they also are not 

interbreeding with domestics. 

Some groups of feral animals are extremely successful, establishing themselves as an 

independent group that has become a significant component of the ecology (e.g., Camelus 

dromedaries in Australia, McGregor et al. 2013 and Equus caballus in many locations, Goodwin 

2007), while other groups must rely on constant recruitment from domestics to maintain their 

group size (Boitani and Ciucci 1995). In some cases, when feral animals have the opportunity to 

mix with their wild progenitor, hybridization occurs. If this happens frequently enough it makes 

distinguishing the difference between wild, domestic, and feral very difficult from DNA (or 

mtDNA) samples. 

Dingoes (feral dogs) 

The best case-study for feralization is probably that of the dingo. Descended from 

domestic dogs brought to Australia about 3500 years ago, these animals are probably the most 

well-established feral population. Average adult dingos weigh approximately 16 kg, which is 

similar to a mid-size dog and slightly smaller than wolves of southern Asia. There is great 

variability in coat color, but most are reddish brown with some white on their feet and tip of their 

tail (Fleming et al. 2001). They are opportunistic feeders, and are known to eat at least 177 

animal species (Fleming et al. 2001: 20), as well as some vegetable matter, but the vast majority 
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of their diet is made up of only ten species. Dingos are social animals, living in packs that are 

made up of a breeding pair and their offspring of varying age. Within the pack, older siblings 

help with raising new pups (Fleming et al. 2001). 

It is very likely that at least some of the population has had an association with humans 

throughout this time period. Although dingos lived in close proximity to humans, and tame 

individuals were even kept within villages, the dingo was not a domesticated animal nor was it 

always a truly wild animal (B.P. Smith and Litchfield 2009). 

Analysis of dingo mitochondrial DNA suggests that they originated from domestic dogs 

of East Asia and were founded by a population with only one type of mtDNA, suggesting the 

parent population had either gone through a series of genetic bottlenecks or that all dingos are 

descendent from a single mother. There is a remarkable lack of diversity within the mtDNA 

obtained from “pure” dingos sampled across all of Australia (Savolainen et al. 2004). 

Because dingos became feral rather early in the dog domestication process, it is difficult 

to determine if the differences between them and dogs (and the fact that many of their 

characteristics are intermediary of dogs and wolves) is indicative of the state of domestication 

when they became feral, or if there has been retrograde evolutionary pressure to make them more 

similar to their original ancestor. 

Feral dromedaries in Australia 

Dromedaries were introduced into Australia in the middle of the 19th century for use in 

locomotion (either carrying or pulling goods and humans). The climate of the interior of 

Australia is well suited to camels, and approximately 20,000 of them were imported (Saalfeld 

and Edwards 2008 [chapter 2 of DKCRC-Report]). By the mid 20th century motorized vehicles 

had made the use of camels obsolete, and many of them were released into the wild. From this 

initial stock of probably less than 10,000 individuals the population of feral dromedaries in 
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Australia had expanded to nearly 1,000,000 animals by early in the 21st century. It is believed 

that this population is not yet in equilibrium with the carrying capacity of the land, and that the 

current rate of growth is approximately 10% per annum (Saalfeld and Edwards 2008). From 

these statistics, it is clear that the domestication process has not impacted the dromedary’s ability 

to survive without human intervention. Unfortunately, there are no extant wild dromedaries to 

compare with the behaviors and morphology of these feral animals. The success of the feral 

camels has established them as a pest species over much of their range, where they are 

outcompeting native animals for food and water. This depletion of resources is a type of niche 

construction that is having an adverse effect on native species. 

Feral horses 

Although it is true that the high adaptability of feral horses has allowed them to populate 

a variety of habitats set in different altitudes in both the Old World and the New World, the 

social behavior of feral horses changes little from place to place.  Their stable reproductive 

groups (harems) most often include one stallion (although there are a few at times), a number of 

adult mares, and their produced progeny (Van Dierendonck and Goodwin 2005). Observations of 

feral horses by Feist and McCullough (1976) showed the harems are non-territorial, with 

significant overlapping of the spaces used by each harem and little conflict about boundaries 

detected (threats and mild fights between dominant stallions only occurred when groups came in 

contact, while an individual could at times adopt threatening behavior to defend personal space 

within the group). Less stable bachelor bands form as a result of the larger number of mares 

compared to stallions in each reproductive group (Van Dierendonck and Goodwin 2005). The 

offspring rapidly bond with their dam and learn to recognize and socialize with others in their 

group; learning to recognize other individuals within the group and to behave as expected within 

such group, as well as developing preferred attachments, are essential conditions to the stability 
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of the social units (Van Dierendonck and Goodwin 2005). Recognition of other members of the 

harem is clear and occurs sometimes simply by sound (Feist and McCullough 1976). Youngsters 

disperse at an age from 1 to 3 years. Stallions join bachelor groups, and when they are 5 to 7 

years old, they acquire their own mares and start reproducing. In feral societies, stallions study 

each other’s strength in order to circumvent interferences and reduce the risk of harm. Affiliative 

behaviors (e.g. allogrooming, playing, and pest controlling) promote well-being beyond cleaning 

in hard-to-reach areas of the body and providing relaxation and pleasure. They also lessen stress 

(reassuring during difficult times) and result in cardiovascular fitness, physical development, 

learning of survival and anti-predator strategies (Van Dierendonck and Goodwin 2005), and 

perhaps as a means to assess the potential of youngsters for dominance (Feist and McCullough 

1976). 

In general, feral horses are group animals, and “social isolation is always associated with 

social stress” (Van Dierendonck and Goodwin 2005: 67). A harem eats together, albeit 

maintaining small distances between members, sleeps in close groups, and sometimes even 

engages in play with individuals of different harems (Feist and McCullough 1976). 

The clear advantages that domestication brings to horses in regard to food supply, 

protection, shelter, and veterinarian care do not take away the fact that domestication often 

impedes the animal’s natural behavior (Goodwin 2007). In comparison to feral horses, most 

domesticated horses are largely isolated and confined; also, their feeding practices are modified 

(Van Dierendonck and Goodwin 2005). As expressed above, horses are highly inclined toward 

physical socialization, allowing the inference that domestic horses are not an exception and that 

there could be a need for these horses to alleviate this highly motivated desire to socialize. While 

a feral horse can occupy between 60 and 80 percent of its day walking 5 to 10 km in the process 
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of feeding, confined domestic horses are unable to do so. All this could lead to both frustration 

and undesired behaviors (e.g., tongue play, self-mutilation, box walking) as a way of negotiating 

its new living conditions. In fact, while behaving in these undesired ways, horses experience 

changes in heart rate, respiration, and cortisol and endorphin levels. Also, domestic foals are 

weaned much earlier than feral foals (at 5 to 6 months), resulting in shorter contact with the 

adults and thus retention of some juvenile behavior (Christensen et al. 2002). In comparison to 

feral horses, dominant individuals present more aggressive behavior due to the need to vie for 

restricted resources and to the instability in membership (Goodwin 2007). This being said, horses 

are capable of learning behaviors to control their highly motivated urges (Van Dierendonck and 

Goodwin 2005). In effect, observations of feral horses in a natural habitat have indicated that the 

process of domestication has produced little effect on “species-specific behavior” of the horses 

(Christensen et al. 2002: 12). Moreover, the high success of feral groups of horses attest to the 

fact that the behavior of the horse has been mainly unaffected during the millennia since 

domestication (Goodwin 2007). 

The Przewalski (a.k.a. Takhi) wild horse (Equus ferus przewalskii), removed from its 

Mongolian origin in the 1960s, bred in captivity from an original group of thirteen individuals in 

order to save the breed from imminent extinction, and re-introduced to the wild in the 1990s, is 

deemed by some to represent the one breed of wild horse in existence today (the last free-ranging 

specimen was sighted in Mongolia in 1969) (Bhattacharyya et al. 2011, Souris et al. 2007). Van 

Dierendonck et al. (1996) followed a group of re-introduced Przewalski horses in Mongolia, 

observing time budgeting, use of habitat, and behavioral synchronization, concluding that “no 

real differences between the Takhi and feral horses … emerged from this study” (p. 111). 
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Summary of feral animals 

In the examples above the feral populations have been able to thrive in a non-human 

environment (or at least in one that is much less human controlled than was the case for their 

domestic forebears) and establish themselves as a viable population. This implies that the 

changes brought about by domestication in these species (at the time that the feral population 

started) have not been so significant as to make the animals entirely dependent upon humans. 

This contrasts with the findings of Boitani and Ciucci (1995) that feral dogs in Italy lack the pack 

structure and parenting skills necessary for a sustainable population and only ongoing 

recruitment from domestic dogs maintains their population. Whether the difference between the 

feral dogs of Italy and the dingo is due to several thousand more years of domestication, a 

difference in the environment in which they live, or the fact that dingos have had several 

thousand years since their initial feralization to evolve back toward wolf behavior is difficult to 

ascertain. A controlled experiment where a selection of modern dogs was released into an 

environment that mimics that of Australia at the time of the dingo feralization would be needed 

to see if the longer period of domestication has indeed created dogs that are poorly adapted to 

life without human intervention. 

7. Discussion 

The dynamic environment has both structured and been structured by the relationships 

between organisms, particularly in the case of human-animal interaction. Up until ~200,000 BP 

the animal environment exerted a larger influence on the development of humans than the human 

environment did on the development of animals. In the period from 200,000 to ~40,000 BP or 

maybe even until ~12,000 BP there was a nearly equal dialogue. In the more recent times, human 

niche construction has had a greater influence on animal evolution than the other way around 
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(but there is still some animal influence on human evolution, e.g., lactase persistence—the ability 

to digest milk products beyond childhood). 

There are many ways for humans and animals to co-exist other than merely a one-way 

trajectory in which humans purposely induce changes on the animals to fit their own needs or 

designs. As past interactions between humans and animals cannot be directly observed, we must 

rely on proxies to assess the archaeological origin of domestication. Among them are such 

diverse things as changes in kill-off patterns, changes in diet, changes in faunal assemblages, 

changes in range, changes in morphology, and changes in genotype. An understanding of the 

factors that can lead to this archaeological evidence helps archaeologists better define the process 

of domestication. 

The Darwinian theory of natural selection states that in a changing environment, species 

will either evolve to better fit within these new sets of constraints or else become marginalized 

(Darwin 1859). In this sense, evolution does not necessarily imply mutation of the DNA, but 

could also be the result of certain groups of extant genes becoming more common. The world’s 

environment has been undergoing constant change since the dawn of time, but the rate of change 

within the Anthropocene has been higher than in most previous epochs. Niche construction 

theorists would argue that these changes in environment are just as important to evolution as 

natural selection. ‘‘There are in fact two logically distinct routes to the evolving match between 

organisms and their environments: either the organism changes to suit the environment, or the 

environment is changed to suit the organism’’ (Odling-Smee et al. 2003:18). 

Faunal remains can be indicative of domestication, but can also be indicative of one of 

the other types of human/animal interaction. For example, changes in kill-off pattern could be 

indicative of game management that did not lead to domestication or of changes in herd 
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demography due to increased hunting pressure. Stable isotope ratios are a tool that can be used to 

ascertain changes in the diet of animals, but the changes in diet could be the result of 

commensalism that does not lead to domestication (wild animals “raiding” domestic crops). A 

sudden change in the proportion of the faunal assemblage made up of one prey animal over 

another could be indicative of a local scarcity of the rarer animal caused by either anthropogenic 

forces such as overhunting or natural ones such as a shift in the local climate. It could also be 

indicative of one prey animal preferring the “new” foods that are being made available by human 

niche construction and being “lured” into proximity of humans by this food and becoming easier 

to hunt. The presence of new members to the faunal assemblage is usually an indication that 

these animals were purposefully transported to new areas as the result of domestication, but it 

could also be the result of natural changes in animal range due to environmental factors or in 

purposeful transportation of wild animals. An indicator of domestication in many species has 

been a reduction in size (see Appendix). For many mammalian species, there is also a decrease in 

size associated with an increase in environmental temperature because heat production goes up 

with the cube of the size and heat dissipation with the square of the size, so larger animals are 

better able to conserve heat and smaller ones better able to dissipate it. Changes in size could 

therefore also be the result of changes in animal migrations. 

The multi-faceted dialogue between humans and animals has had, and continues to have, 

a profound impact on human society and on the global environment. One of the pursuits of 

archaeologists is to examine the remains of past societies in order to identify the processes 

through which this impact developed. This thesis provides a new viewpoint for examining the 

archaeological record and will shed new light for zooarchaeologists to illuminate the 

interpretation of that record. 
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8. Conclusion 

In this thesis, I have examined various relationships and have demonstrated how human 

niche construction has altered the survival strategies of the animals involved. The scale of human 

involvement within these relationships runs from one of environmental creation for commensal 

animals to one of control and management for domestic ones. None of the relationships are 

totally one sided, benefits accrue to both the animals and the humans (although sometimes it is 

difficult to see what the benefit is). The animals in these relationships have utilized niche 

construction to better fit within the anthropogenic environment. They have also been active 

players in the evolution of the relationships.  
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Appendix: Pathways to domestication case studies 

In this section, the process of domestication of many of the current domesticates will be 

discussed on a species by species basis. The organization follows the three pathways to 

domestication espoused by Zeder (2012b); commensal, prey, and directed. Commensal 

domesticates include the dog, cat, pig, Guinea pig, golden hamster, chicken, duck, and turkey. 

Prey domesticates include the Old World bovines and New World camelids. Directed 

domesticates include the horse, donkey, Old World camelids, buffalo (American bison), ferret, 

mink, silver fox, chinchilla, emu, ostrich, and fish. 

Commensal domesticates 

Commensal domesticates are animals that became domesticated via a process of 

habituation. These species, for one reason or other, originally became associated with humans by 

their own choice. 

Dog 

There is general consensus that dogs (Canis familiaris) were the earliest domestic species 

(Clutton-Brock 1995), but less consensus on when they first became domesticated (Perry 2016, 

Larson et al. 2012, Ovodov et al. 2011). For many domestic species, the use of mtDNA or SNP 

analyses provides an unambiguous result regarding location of origin, but this is not the case for 

dogs. It is highly likely, given the genetic and archaeological evidence, that dogs were 

independently domesticated at least twice, once in Europe or the Near East and once in Eastern 

Eurasia. The lineage of modern domestic dogs dates from about 16,000 BP, but most breeds, 

even in Europe, are descendent from the domestication event of Eastern Eurasia, which was 

several thousand years later (Frantz et al. 2016). There is some evidence that prior to the Last 

Glacial Maximum (approximately 30,000 BP) there were the beginning stages of dog 

domestication in Europe (Germonpré et al. 2009) and Siberia (Ovodov et al. 2011), although 
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whether the remains found in association with humans from these sites were proto-dogs or 

wolves is debated. In any case, when the climate shifted as part of the LGM, this domestication 

pathway reached a dead end. 

It is postulated that the beginnings of all of these dog domestication events was initiated 

by the wolves (Canis lupus), who for one reason of other found it advantageous to stay in close 

proximity to humans. Most certainly, these humans sometimes hunted wolves, either for meat or 

furs, and quite likely they occasionally captured wolf pups and raised them as pets, similar to the 

way that aboriginal people of Australia do with dingos (B.P. Smith and Litchfield 2009). These 

close associations between wolves and humans was the beginning of the domestication process, 

which would have progressed as the tamed wolves bred with other tamed wolves or the nearby 

habituated wolves (Clutton-Brock 1995). 

Pig 

Wild boars, Sus scofra, were, and remain, widely distributed throughout Eurasia and 

Northern Africa during the Mesolithic and early Neolithic periods. The process with which these 

wild boars became the domestic pig took place over a long period of time, and probably in more 

than one location. Early evidence of domestication is in Eastern Anatolia, where the sites of 

Hallan Çemi and Çayönü Tepesi show signs of domestication from ~10,000 BP (Hallan Çemi) 

and ~9,000 BP (Çayönü Tepesi) (Rosenberg et al. 1998, Ervynck, et al. 2001). Studies of ancient 

mitochondrial DNA by Larson et al. (2007) suggest that early domestic pigs came from the Near 

East, but other domestication events could have taken place in Europe and did take place in the 

Far East. At Çayönü Tepesi 2000 years of occupation during the time of pig domestication has 

led to an excellent chronology which shows that this domestication was a long process. Because 

wild boars are omnivorous, this process could have begun with boars being attracted to early 

sedentary habitation sites in order to feed on human refuse. The close proximity to humans and 
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the change in diet could have led to the initial stages of domestication, both behaviorally and 

morphologically. Exactly how the initial husbandry of pigs developed is not known, but a 

modern analogue in New Guinea is one possibility. In this case, domestic females are kept, but 

no breeding males, instead the females mate with wild males. The piglets are born in the village, 

and are coddled within households so that they imprint on their human owners. All of the male 

piglets are castrated, so that humans only control the female half of the breeding couple. When 

the piglets are 4-5 months old they are allowed to forage for food throughout the village 

(Rowley-Conwy et al. 2012). Since wild boars are breeding with the “domestic” sows, this 

process does not lead to significant genetic changes within the pig population. 

Examination of stable isotope ratios within purported early domesticates can provide 

insights into diet differences with their wild progenitors. Cucchi et al. (2016) used this method to 

determine that early domestic pigs in China were being foddered on millet, which was absent 

from the diet of wild boars. However, in Turkey, this type of analysis was inconclusive, as the 

diets of both the wild boars and domestic pigs led to similar isotopic ratios (Rowley-Conwy et al. 

2012). 

Other commensal domesticates (Zeder 2012b, Larson and Fuller 2014) 

Other species domesticated by the commensal pathway include the cat (Felis catus), the 

Guinea pig (Cavia procellus), the golden hamster (Mesocricetus auratus), the chicken (Gallus 

domesticus), the pigeon (Columba livia), the goose (Anser anser), the duck (Anas platyrhynchos) 

and the carp (Cyprinus carpio). 

Prey domesticates 

Prey domesticates are animals that the domestication process followed from selective 

hunting and game management. 
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Goats 

Bezoars (Capra aegagrus), also known as wild goats, were widely distributed throughout 

the Near East during the Mesolithic and early Neolithic periods. This distribution included the 

Fertile Crescent, the area where the Neolithic revolution began, and it is in this area that goats 

were domesticated (Makarewicz and Tuross 2012). Mitochondrial DNA analysis of goats and 

wild bezoars indicate that the domestication process probably consisted of at least two 

independent events, one in Eastern Anatolia and the other in the Southern Zagros 

Mountains/Central Iranian Plateau. Most modern domestic goats are descendants of those that 

were domesticated in Eastern Anatolia (Naderi et al. 2008). The process of domestication of 

goats has been documented through demographic profiling, which shows selective harvesting of 

wild goats, in southeastern Turkey and northwestern Iraq, which may have begun as long as 

12,000 to 13,000 BP (Zeder 2012b), with the selective harvest of large adult males. This game 

management demographic pattern is different from that shown in early domestic herd 

management, which favors the killing of young sub-adult males, which was documented in the 

Zagros Mountains of Iran at about 10,000 BP (Zeder and Hesse 2000). As an intermediate step 

between game management hunting strategies and herd management domestic strategies 

Makarewicz and Tuross (2012) used stable isotopic analyses to demonstrate that humans were 

selectively foddering goats and influencing their pasture sites in order to promote the health of 

goat population in the Southern Levant about 10,000 BP. Whether the goats studied were truly 

domestic or at an intermediate stage in the domestication process is not clear. 

Cattle 

Both taurine (Bos taurus) and zebu (Bos indicus) domestic cattle descend from the wild 

aurochs (Bos primigenius), which has been extinct since 1627. These two races of cattle stem 

from separate domestication events of different subspecies of B. primigenius, the taurine cattle 
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from B. primigenius primigenius, initially domesticated in Southwest Asia, and the zebu cattle 

from B. primigenius namadicus, initially domesticated in India. It is estimated that the most 

recent common ancestor of the two aurochan subspecies was at least 147,000 years ago (Felius et 

al. 2014). The aurochs was a large and fierce bovine, the largest herbivore in Southwest Asia. 

They were herd animals, and naturally followed a lead cow, typically the oldest cow in the herd 

(Anthony 2004). Following the last period of glaciation, aurochs were spread over much of 

Europe, Asia, and North Africa, (Felius et al. 2014) adapted to the forest environments (Hongo et 

al. 2009) that were becoming more plentiful following the retreat of the glaciers. 

Given the large range of the aurochs, there were many possible locations for its 

domestication. Its large size, however, made it a less likely domesticate than sheep, goats, or 

pigs, and it is likely that the initial domestication was carried out by a group of people who were 

both familiar with aurochs from hunting them and familiar with other domestic animals. Marom 

and Bar-Oz (2013) suggest that the impetus for domestication was prey depletion due to over 

hunting. In this scenario, the initial “free for all” hunting strategy would have changed into a 

more game management strategy, and one would expect to see a higher proportion of the faunal 

assemblage consisting of males. At the site of Çayönü Tepesi in southeastern Turkey (the region 

where cow domestication began) there is ~3000 years of occupation that spans from about 

12,000 BP to about 8,500 BP, which encompasses the period of cattle domestication. In the early 

portions of this history the residents were hunting wild aurochs, and all of the Bos bones are in 

the size range of aurochs. Over the next ~1700 years there is a gradual decrease in the percentage 

of the faunal assemblage made up of Bos, perhaps an indication that overhunting is making them 

scarcer, and the bone size corresponds to aurochs. After this time, there begins to be a subset of 

the Bos bones that are smaller, followed by an increase in percentage. This is likely an indication 
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that the residents had shifted from a hunting only relationship with cattle to a hunting plus 

husbandry one. Unfortunately, there were not a sufficient number of bones to allow 

determination of sex ratios in the dwindling percentage periods of occupation (Hongo et al. 

2009). 

While the site of Çayönü Tepesi provides a long history that includes the beginning of 

cattle domestication, it is generally believed that the initial domestication event took place 

slightly to the east in the upper Euphrates watershed. There is about a 500-year lag between the 

initial evidence of Bos management and the reduction of size commonly associated with 

domestic cattle (Arbuckle et al. 2016). One possible reason for the smaller size of early domestic 

cattle is that smaller cattle (and especially smaller bulls) may have been preferentially selected 

due to their reduced aggression. 

New World camelids 

The wild guanaco and vicuña have a lower domesticability than the main Old World 

domesticates (cattle, pigs, sheep, and goats). They are strongly territorial, habituate poorly to 

humans, have a strong flight behavior, and have a low birth rate. During the process of 

domestication, humans and camelids both adapted to achieve the outcome (Moore 2016). The 

strong territoriality of the camelids, including the domestic llama and alpaca, suggest that once 

domesticated (and probably in the process of domestication) there would have been little cross 

breeding between domestic and wild animals. Unlike the Old World domesticates, the llama is 

larger than the wild guanaco and the alpaca is larger than the wild vicuña, but this latter case 

could be influenced by the fact that most modern alpacas have been hybridized with llamas, 

giving them both guanaco and vicuña genes (Wheeler et al. 2006). Evidence for domestication of 

both of these camelids comes from many types of data, including changes in their teeth, bone 

size and shape, fiber analyses, DNA analyses (both mitochondrial and nuclear), percentages of 
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camelid bones in the archaeofaunal assemblages, age distribution of the killed animals, 

depictions in rock art, evidence of corals/pens, and presence of dung layers (Mengoni Goñalons 

and Yacobaccio 2006). In both species the precursor to domestication was increased reliance on 

camelids as prey species, with Mengoni Goñalons and Yacobaccio reporting that camelid bones 

went from an average of ~50% of the archaeofaunal assemblage with great variability from site 

to site to ~70% with little variability at sites in northwestern Argentina between 11,000 BP and 

5,300 BP. The early part of this was clearly the result of camelids being prey species and the end 

of it may have been the beginning of domestication. In central Peru there is evidence of domestic 

alpacas from ~6000 BP at the Telarmachay Rockshelter (Wheeler 2012). The summation of the 

zooarchaeolic evidence points to llama domestication in both the central Andes and the south-

central Andes at approximately 4600-4000 BP (Mengoni Goñalons and Yacobaccio 2006). This 

evidence points to camelids following the prey pathway to domestication, but there is 

ethnographic evidence (Mengoni Goñalons and Yacobaccio 2006) that wild vicuñas have been 

trapped, shorn, and released (a practice that continues today), which may imply that at least the 

alpaca was domesticated for secondary products (wool) and followed the directed pathway to 

domestication. 

While stable isotopic ratio analyses have been applied to South American camelids (e.g., 

Thornton et al. 2011, Mondini et al. 2010, Barberena et al. 2009, Izeta 2008, and Finucane et al. 

2006) none of these provides clear evidence on the time, place, or method of domestication. In 

fact, for camelids isotopic ratios are poor indicators of human intervention in diet (Samec et al. 

2014), perhaps because the types of plants being eaten by domesticates and the elevations where 

they were being raised closely matched those for the wild contemporaries. 
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Reindeer 

Reindeer (Rangifer tarandus) inhabited and moved around Europe, with their range 

extending to the Iberian peninsula in the south, spanning from 20,000 years before present to the 

recession of the glaciers. In that time humans were already hunting these animals. By 10,000 

before present, the reindeer had withdrawn to the northern and arctic areas of Europe and Asia 

(Clutton-Brock 2012).  

Reindeer are possibly the most recent domesticate to enter a prey pathway to 

domestication. It is believed that a domestic human-reindeer relationship only began in the past 

2,000 to 3,000 years (Zeder 2012b). In fact, reindeer are deemed to be only in the early stages of 

domestication (Røed et al. 2008). Hunter-gatherers in northern Europe and Siberia have herded 

reindeer for “traction, transport, as a decoy to hunt wild reindeer, and as a source of milk, meat, 

and hides” (Zvelebil and Pluciennik 2011: 48) for thousands of years (Røed et al. 2008). 

Domestic reindeer in regard to northern indigenous cultures parallel the importance of sheep, 

goat, cattle and horse to agricultural societies (Røed et al. 2008). 

The reindeer’s instinctual migration practices are the likely catalyst of its relationship 

with humans. The reindeer migrate thousands of miles in an attempt to escape attacking biting 

insects in the summers. Human hunters have taken advantage of the fact that these migratory 

routes are unchanged through generations, becoming familiar with the routes and intercepting 

reindeer at bottleneck points (e.g., canyons). There the animals could be killed or directed to 

traps or areas inhabited by humans. The archaeological record attests to the existence of many 

such sites (Clutton-Brock 2012). Husbandry of reindeer probably had its origin in this practice 

(Baskin 2000). 

Reindeer are considered to be one of the most tamable animals, given their sociability, 

amiability, affability, and size. Moreover, they are easily convinced to approach salt or human 
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urine to take a lick and easily attracted by smoke from human abodes (in attempts to relieve 

themselves from the insects that plague them during the summer) (Clutton-Brock 2012). Baskin 

(2000) reports on three reindeer-management systems in Russia, used alone or in combination. In 

the “close” herding system, big herds of animals are followed. In the “free-camp” system, 

reindeer are kept in lower numbers in the proximity of human settlements or camps. In the 

“loose” herding system, animals are collected only seasonally and then moved to good pasture 

areas. 

While the wild forms of most other domesticates are extinct, endangered, or limited to 

small geographical areas, the wild reindeer still inhabit large areas of northern Eurasia and North 

America (caribou). About half of the ca. 3,000,000 reindeer in Eurasia are wild, and domestic 

reindeer are often herded in proximity to wild reindeer (Røed et al. 2008). Hunting wild reindeer 

occurs concomitantly with herding, and domestic females are at times used as decoys (Zeder 

2012b). 

Røed et al. (2008) analyzed mitochondrial sequences and nuclear microsatellites in 

domestic and wild reindeer from 26 different locations throughout Eurasia to address the 

question of where the reindeer was first domesticated. Their results indicated two independent 

places of domestication: Fennoscandia and Russia, with gene pools converging in eastern 

Finland. They also determined that wild and domestic herd gene pools present little dissimilarity 

in some areas, possibly due to stocking of domestic herds with wild specimens (this is thought to 

have happened in the early domestication of other animals like cattle and goats). Moreover, the 

analysis indicated that the domestic reindeer gene pool did not show contributions from the wild 

reindeer population of Finland, central Norway, and the taiga in southeastern Russia, perhaps 

pointing to differences in the degree to which reindeer populations are apt to be domesticated. In 
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fact, reindeer from wild forests appeared to have added little to the domestic gene pool, in 

contrast to reindeer from the tundra areas, where the openness of the ecologic system might 

account for more sociability (Røed et al. 2008). 

Mitochondrial DNA analysis of medieval wild reindeer from the Hardangervidda 

mountain region of Norway shows that a haplotype that is present in modern wild reindeer from 

that region and domestic reindeer was absent during earlier periods. This indicates that there has 

been introgression of genetic material from domestic herds into the wild herds, and that the 

Hardangervidda mountain region was not the source of Fennoscandia reindeer domestication. 

(Røed et al. 2011). 

Other prey domesticates (Zeder 2012b, Larson and Fuller 2014) 

Other species domesticated by the prey pathway include sheep (Ovis aries), water buffalo 

(Bubalus bubalis), the gaur (Bos gaurus), the yak (Bos grunniens), Bali cattle (Bos javanicus), 

the Muscovy duck (Cairina moschata), and the turkey (Meleagris gallopavo). 

Directed domesticates 

Horse 

The time and location of the initial domestication of the horse (Equus caballus) have 

been a controversial topic. The settlements Derevka (Ukraine, ca. 4500-3500 BC) and Botai 

(northern Kazakhstan, ca. mid-fourth millennium BC) have yielded evidence suggestive of horse 

domestication. Marsha A. Levine (2002) contended that the fact that a significant number of the 

horses found at these sites appear to have died at their peak strongly suggests they were hunted 

animals. Reinforcing this, she added, was the absence in the Botai specimens of irregularities in 

the caudal thoracic vertebrae consistent with the use of pad saddles or bareback riding (Levine 

2002). More recently, Outram et al. (2009) offered new lines of direct evidence as proof for the 

controversial hypothesis of early domestication at Botai (Botai is a semi-sedentary settlement 
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that does not point toward the hunting of wild herds, and faunal remains heavily represent 

horses). To start, metrical comparative analysis of horse metapodia demonstrated that the results 

for the Botai horses resemble those of modern Mongolian and Bronze Age domestic horses. 

Evidence of biting damage to the skeletal tissues of the mouth due to the use of a bridle or a 

similar implement was also detected in the Botai collection, and organic residue analysis of Botai 

pottery vessels revealed mare’s milk processing. All these new findings make the case for 

domestication at Botai much stronger. 

Levine (2002) proposes a scenario in which the taming of the horse became the first step 

toward domestication. As humans hunted wild horses for meat, their orphaned offspring were 

kept as pets. She proposes that likely during the Pleistocene, humans realized these animals’ 

potential for labor and subsequently went through periods of losing and acquiring this 

knowledge. The impact of this knowledge on human culture appears to have only started during 

the Holocene, perhaps the Neolithic or Early Bronze Age. Levine argues that this hypothesis is 

substantiated by the fact that the North American Plain tribes favored horse theft and capture of 

wild horses over breeding of horses. She assumes that the domestication process was then 

lengthy and must have required genetic changes in the horse that simplified its breeding in 

captivity. In a way, she says, the process was partially initiated by the horses as well as by the 

humans. Goodwin (2007) posits that the reason that humans may have moved from a horse 

hunting culture toward one with tame and eventually domestic horses was due to dwindling sizes 

of wild horse herds. The people of this region would have already been familiar with domestic 

cows, they had considerable experience with hunting horses, and horses were more suited to the 

climatic conditions than cattle or sheep, which would have provided the impetus to attempt 

domestication (Anthony 2004). 
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Jansen at al. (2002) phylogenetically analyzed a large sequence of horse mtDNA and 

concluded that “several distinct horse populations were involved in the domestication of the 

horse” (p. 10905), “which individually had a lower genetic diversity” (p. 10909). This, the 

authors point out, does not preclude the possibility of the required domestication techniques 

having been developed by a single human group and then having been diffused in combination 

with dispersion of horses. 

Other directed domesticates (Zeder 2012b, Larson and Fuller 2014) 

Other species domesticated by the directed pathway include the donkey (Equus asinus), 

the dromedary (Camelus dromedarius), the Bactrian camel (Camelus bactianus), the buffalo 

(Bison bison), the ferret (Mustela furo), the mink (Mustela vison), the chinchilla (Chinchilla 

lanigera), the rabbit (Oryctolagus cuniculus), the emu (Dromaius novaehollandiae), the ostrich 

(Struthio camelus), the Guinea fowl (Numida meleagris), the silk worm (Bombyx mori), the 

honey bee (Apis mellifera and Apis cerana), and recent aquatic domesticates. 

Summary 

In all of the examples of this appendix, it can be seen that the development of 

domestication was a process that evolved over many generations and involved active 

contributions by both humans and animals. The archaeological evidence for the process of 

domestication has been elucidated through the utilization of such diverse tools as morphological 

measurements, stable isotopic analyses, chemical analyses, and DNA sequencing.  
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