
1 The Origins and Rôles of Today’s 
Livestock Breeds

Natural Selection and Evolution

Animals come in an incredible variety of sizes, 
shapes and colours. Just why this is so has occupied 
many great minds over the centuries. Most biolo-
gists today believe that the species which we farm, 
keep as pets, observe in the wild or see on our 
screens, and those now extinct, evolved by the pro-
cess of natural selection. Although several 19th 
century naturalists and philosophers contributed 
ideas, Charles Darwin is usually credited with put-
ting together a cohesive theory of natural selection 
in 1838. He later explained this in his book On the 
Origin of Species – or On the Origin of Species by 
Means of Natural Selection, or the Preservation of 
Favoured Races in the Struggle for Life, to give it 
its full title – first published in 1859.

The main principles of Darwin's theory of natu-
ral selection are that species can change over time, 
and that their survival or ‘success’ depends on how 
well they ‘fit’ their environment – what one of 
Darwin's supporters, Thomas Huxley, described as 
‘the survival of the fittest’. The key to this process 
is variation between individuals, in particular 
variation which is (at least partly) inherited from 
one generation to the next. Darwin recognized 
the ‘many slight differences which appear in the 
offspring from the same parents’ – it is these differ-
ences which natural selection, or breeders of 
domestic livestock, can act upon. Those individuals 
which have favourable attributes stand a higher 
chance of surviving and reproducing than those 
that do not.

This theory provides an explanation of how the 
huge variety of animal species, and other species, 
has arisen from the earliest primitive forms of life. 
Chance variations in the size or shape or function-
ing of animals, over the course of millions of years, 
has allowed them to adapt to particular environ-
ments, or niches. Some species have been able to 
adapt to and profit from major changes in the 
environment while others, such as the dinosaurs, 

have not and have become extinct. Many new 
species have emerged, usually as a result of physical 
isolation of part of a population – for example, 
when continents drifted apart – or due to isolation 
of other kinds, such as increasing dependence on a 
particular type of food. One of the most famous 
examples of natural selection comes from Darwin’s 
visit to the Galapagos Islands. There, he noticed the 
wide variety in the size and shape of the beaks of dif-
ferent species of finches, which was related to the way 
in which each species obtained its food. Although 
Darwin’s work is usually linked to evolution and 
natural selection of wild animals, he was well 
aware of, and greatly influenced by, the changes in 
domestic animals brought about by artificial selection 
in these species by early livestock breeders, as shown 
in his 1868 work The Variation of Animals and 
Plants Under Domestication (Darwin, 1868).

Darwin’s theory was highly controversial at the 
time, but there is now overwhelming evidence, from 
many branches of science, that it is substantially 
correct. For more details of the background to Darwin’s 
work, and developments from it, see Leakey (1986), 
Clutton-Brock (1987), Futuyma and Kirkpatrick 
(2017) and Walsh and Lynch (2018).

Domestication

Over the last 250,000 years, the human population 
has increased from an estimated 3 million to over 
7.7 billion (Clutton-Brock, 1987; UN, 2019). During 
this time, the life expectancy of humans has also 
increased substantially. The increase in population 
size has occurred in four main surges. The first was 
stimulated when our early ancestors learned to use 
tools and make fire – attributes which allowed 
them to spread from the tropical regions in which 
they first evolved to inhabit colder, northern areas. 
The second surge (the first ‘agricultural revolution’) 
occurred about 12,000 to 10,000 years ago, when 
humans began to cultivate plants and domesticate 
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animals after the end of the last ice age. The third 
surge in population size began with increased indus-
trialization. For example, in Britain the population 
increased from about 5.5 million to about 10.75 
million in the 18th century, with a particularly rapid 
rise in the second half of the century (Hall and 
Clutton-Brock, 1989). The fourth surge in population 
size followed the so-called ‘green revolution’ in the 
mid-1900s, which saw the introduction of new crop 
varieties, chemical fertilizers and pest controls. The 
world’s population is expected to approach 11.0 
billion by the end of this century (UN, 2019). Feeding 
this growing population well, while protecting the 
natural systems on which we all depend, is one of 
the greatest challenges facing humanity – a topic 
we touch on throughout the book and return to in 
more detail in Chapter 14.

When humans first spread northwards, they were 
primarily hunters who adapted their own lifestyle 
to that of their prey (Clutton-Brock, 1987). Some 
groups, such as the Indigenous Peoples of North 
America following herds of bison, or Sámi people 
following reindeer, continued this lifestyle. Others 
learned to modify the behaviour of some of their prey 
species, and so began the process of domestication.

Of the very large number of animal species, very 
few have been successfully domesticated. Francis 
Galton (Darwin’s cousin) wrote an essay on domes-
tication in 1865, and he suggested that the process 
of domestication happened by trial and error. He rea-
soned that ‘..a vast number of half-unconscious 
attempts have been made throughout the course of 
ages, and that ultimately, by slow degrees, after 
many relapses, and continued selection, our several 
domestic breeds became firmly established’. Galton 
also identified six conditions for successful domes-
tication of a species of animals, including their 
ability to breed in captivity, to cope with earlier 
weaning than normal, to adapt to artificial feeding 
and husbandry, to be reasonably placid and amen-
able to being herded and closely confined, and to 
have products valuable to our ancestors (Clutton-
Brock, 1987).

Sheep and goats were probably the first of our 
current farm livestock species to be domesticated, 
about 10,000 years ago, though domestication of 
the dog began about 2000 years earlier. They were 
followed by cattle and pigs, and later still by horses. 
The process continues today with domestication of 
new species used in aquaculture. Domestication has 
led to many differences from the wild ancestors – 
either as a direct result of domestication itself, by 

chance, by natural selection or, directly or indi-
rectly, as a result of artificial selection. Usually, 
there is a much greater diversity in appearance of 
the domestic strains of livestock than in their wild 
counterparts. In many cases the domestic strains of 
terrestrial livestock differ from the wild type in 
physical appearance, including a shortening of the 
facial region of the skull and the jaws, longer ears, 
longer or curling tails, differences in the size or 
shape of horns, differences in coat or feather col-
our, and a wide range in the thickness of the coat, 
depending on the local climate (Clutton-Brock, 
1987). Most domestic species have a higher con-
centration of fat in their carcass than their wild 
ancestors (Fig. 1.1). Also, most breeds of domestic 
sheep have lost the characteristic of completely 
shedding wool in the summer. (In some countries 
where the costs of shearing are high in relation to 
the value of the wool, there is renewed interest in 
this ability to shed wool naturally. See Chapter 10 
for more details.)

Modern livestock breeders are sometimes 
accused of producing maladapted breeds or indi-
viduals (see Chapters 8 to 13), but it is interesting 
to note that as long ago as 450 bc there were 
strains of fat-tailed sheep in Arabia with tails so 
long and fat that shepherds crafted small wooden 
trailers, harnessed to the sheep, to prevent their tails 
from dragging on the ground (Clutton-Brock, 
1987).

The domestication of livestock species continues 
to be a well-researched topic with the inevitable 
appearance of conflicting theories. We do not 
intend to explore these in detail in this book, 
but there are several authoritative treatments of the 
subject. In the initial pages of their survey of the 
state of the world’s animal genetic resources 
the  Food and Agriculture Organization (FAO) of 
the United Nations (UN) (2015a, pp. 5–23) outline 
much of the recent work on domestication of 
livestock species. Needless to say, the advent of 
molecular genomic methods has contributed to this 
debate and the paper by Magee et al. (2014) in a 
whole edition of Animal Frontiers devoted to 
domestication issues is a useful source of informa-
tion. Also, Bruford et al. (2003) and Weiner and 
Wilkinson (2011) put domestication into a modern 
genetic context. The paper by Mignon-Grasteau 
et al. (2005) approaches domestication from a 
resource allocation perspective, whereas Driscoll 
et al. (2009) provide an evolutionary viewpoint of 
domestication.
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Livestock Breeds and Their Origins

A breed of livestock is basically a recognized inter-
breeding group of animals of a given species. In most 
cases, animals which belong to the same breed are 
of fairly uniform appearance. This appearance is 
inherited, and usually distinguishes the breed con-
cerned from other breeds. However, in other cases 
animals are considered to belong to the same breed 
by virtue of their geographical location, and there 
is quite wide variation in their appearance. Breeds 
have been created by ‘reproductive isolation’ – that is, 
the formation of separate groups of animals, where 
mating occurs within the groups but not usually 
between them. This is analogous to the way in which 
new species or sub-species of wild animals evolve, 
except that the reproductive isolation of wild ani-
mals often occurs due to geographical dispersion, 
whereas reproductive isolation of domestic breeds 
is usually imposed by humans.

The UK Farm Animal Genetic Resources 
Committee define a breed as: ‘…an interbreeding 
population of husbanded or formerly husbanded 
domesticated animals of consistent genotype and 
phenotype with a recognized history and administra-
tive framework’ (Defra, 2012).

The FAO (2007) define a breed as:

Either a subspecific group of domestic livestock with 
definable and identifiable external characteristics  
that enable it to be separated by visual appraisal  
from other similarly defined groups within the same 
species or a group for which geographical and/or 
cultural separation from phenotypically similar  
groups has led to acceptance of its separate  
identity.

See FAO (2007, pp. 339–340) for further discussion 
on the concept of breeds, including these cultural 
and geographical distinctions.

Fig. 1.1. Domestication has brought about many changes in animals, including changes in size and fatness. 
This figure shows a Suffolk ram, a breed that has undergone many generations of selection for growth and meat 
production, compared to a Soay ram, a breed that has undergone very little artificial selection and retains many of 
the characteristics of its wild predecessors, including a leaner carcass than many ‘improved’ breeds. (Courtesy of 
Professor John Robinson.)
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Within many breeds there is further subdivision 
into strains or lines. These share a common ancestry, 
but have become reproductively isolated, to varying 
extents, as a result of physical separation or pursuit 
of different breeding objectives. For example, many 
of the strains of black and white Friesian or Holstein 
dairy cattle around the world originate from import-
ations of Dutch Black Pied animals, mostly in the 
19th century. In many countries these local strains 
have been crossed, over the last few decades, to 
North American Holstein strains to increase yield. 
(See FAO (2015a) for more information on the clas-
sification and recent status of livestock breeds.)

Distinct breeds of dogs, cattle and sheep had 
been developed by Ancient Egyptian civilizations 
by about 4000 years ago (Clutton-Brock, 1987). 
In Northern Europe, there is little evidence of the 
presence of distinct breeds until the Roman period 
(about 2000 years ago). The Romans are thought 
to have made positive efforts to improve their stock, 
possibly by selective breeding of favoured animals.

There was probably a slow evolution of livestock 
breeds, with strong regional ties, until a couple of 

centuries ago. In Britain, the impetus for more rapid 
livestock improvement came in the second half of 
the 18th century with the dramatic increase in the 
size of the human population and the need for 
greater food production. By the earlier part of that 
century there were already some notable changes in 
agriculture which increased production, including 
the enclosure of land into fields, drainage of land, 
felling of woodland, improvement of roads, the use 
of root crops as winter feed for livestock, and the start 
of mechanization (Hall and Clutton-Brock, 1989).

Robert Bakewell (1725–1795) is usually regarded 
as the pioneer of livestock improvement as we 
know it (Fig. 1.2). He and his followers employed 
linebreeding – the mating of closely related animals 
– which had been practised quite effectively in race-
horses already. He also appears to have made wide-
spread use of comparisons of growth and feed 
intake to help his selection decisions, and to have 
used both measurements and preserved specimens 
to allow him to chart his progress. Bakewell was 
particularly associated with the improvement of 
the Leicester breed of sheep and the Longhorn 

Fig. 1.2. ‘Robert Bakewell at Dishley Grange’ by John Boultbee. (Courtesy of the Royal Agricultural Society of England.)
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breed of cattle. His Dishley or New Leicester breed 
of sheep (Fig. 1.3) was created from other sheep 
breeds in Leicestershire and Lincolnshire and was 
of uniform appearance by 1770. He selected for 
improved mutton production and, as a result, sheep 
of his own breed were claimed to reach market a 
year sooner than the usual 3 or 4 years of age (Hall 
and Clutton-Brock, 1989). Incidentally, much of 
this early selection in meat breeds, together with 
husbandry methods of the time, produced extremely 
fat animals. Fat was in great demand at that time, at 

least in the high proportion of the human population 
which was engaged in physically demanding work. 
Over the last few decades, with a more sedentary 
lifestyle and consumer preferences for leaner meat, 
reversing the propensity of animals to fatten has 
been a major preoccupation of livestock breeders 
and scientists.

Bakewell began letting out rams for hire for the 
mating season from about 1760. He is reputed to 
have ridden on horseback around his customers’ 
fields, comparing the progeny of different rams, and 

Fig. 1.3. ‘A Dishley ram and a Dishley ewe’, coloured stipple engraving by James Joshua Neele. (Source: Wellcome 
Collection gallery (2018-03-21), available at https://wellcomecollection.org/works/htzkhx5u CC-BY-4.0 (accessed 
7 December 2019).)

https://wellcomecollection.org/works/htzkhx5u
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using the best of these rams at home – an early, infor-
mal example of progeny testing (see Chapter 4). 
Bakewell established the Dishley Society which laid 
down the rules for ram letting for Leicester breeders, 
and was, in many respects, a forerunner for today’s 
pedigree breed societies. Anyone who is shocked by 
the spiralling price records in some of today’s pedi-
gree sheep sales will be interested to know that in 
1789 Bakewell made 1200 guineas from letting a 
single ram for one season (Hall and Clutton-Brock, 
1989). This is equivalent to about £150,000 at today’s 
prices, and it must have caused a few raised eye-
brows at the time! Many British sheep breeds are 
thought to have some New Leicester ancestry, but 
the Border Leicester and Leicester Longwool are 
comparatively pure descendants (Hall and Clutton-
Brock, 1989).

Bakewell had less success in improving the meat 
qualities of the Longhorn breed of cattle, but his 
followers did achieve success with the Shorthorn 
breed (see Fig. 1.4). The Coates Herd Book for this 
breed was founded in 1822 (some 31 years after the 
first stud book for thoroughbred horses), and herd 
or flock books for many other breeds of cattle, pigs 
and sheep around the globe followed (Hall and 
Clutton-Brock, 1989).

For many decades afterwards, in many breeds, 
the new profession of pedigree breeding in Britain 
enjoyed an enviable reputation for producing qual-
ity purebred livestock. The evidence for that is still 
visible today in the wide geographical distribution 
of British breeds and, less obviously, in the contri-
bution they made to the formation of many other 
breeds around the globe. However, there are few of 
these British breeds which still enjoy this reputation 
today. To some extent this is a result of the pre-
eminence of a small number of breeds in today’s more 
specialized agricultural industries. Those breeds which 
have been selected for current market needs (e.g. 
efficient production of eggs, lean meat, milk solids 
or wool of specific fibre diameter) have expanded at 
the expense of those which have not. This process 
has been stimulated by vast improvements in inter-
national communication and transport and acceler-
ated by techniques like artificial insemination and 
embryo transfer. Many people believe that we now 
depend too heavily on a small number of very special-
ized breeds, and that we need to do more to protect 
those which are declining in numbers. The subject 
of conservation of genetic resources is very topical, 
and some of the issues involved are discussed in 
more detail in Chapter 4.

Fig. 1.4. ‘The Durham Ox’ by John Boultbee. The animal was bred by pioneering Shorthorn breeder Charles 
Colling in 1796. (Source: Family collection, Public Domain, available at: https://commons.wikimedia.org/wiki/
File:Durham_Ox.jpg (accessed 7 December 2019).)

https://commons.wikimedia.org/wiki/File:Durham_Ox.jpg
https://commons.wikimedia.org/wiki/File:Durham_Ox.jpg
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The Rôles of Livestock

The rôles that livestock play today are varied and 
diverse, particularly so in low- and middle-income 
countries (Herrero et al., 2013; Smith et al., 2013; 
Hoffman et al., 2014; ILRI, 2019). These rôles include 
supporting livelihoods and economies, food and 
nutritional security, human health and environmen-
tal health (ILRI, 2019), as discussed further below. 
Other rôles that livestock may play in low- and 
middle-income countries are illustrated in Table 1.1.

The majority of farmed animals globally are found 
in Africa and Asia (see Fig. 1.5). Many of the exam-
ples of genetic improvement programmes we give 
later in the book are from Europe, North America 
and Oceania, as this is where they have been applied 
longest and most widely. However, the principles 
usually apply generally, and we hope that these exam-
ples assist those promoting the wider use of sustain-
able livestock breeding globally.

The livestock sector supports the livelihoods of 
more than 1 billion people globally and contributes 
40% of the global value of agricultural output 
(ILRI, 2019). It is estimated that there are around 
770 million poor livestock keepers, living on less 
than US$2 per day (2010 data from Robinson et al., 
2011), the majority of these in Sub-Saharan Africa 
(30%), South Asia (43%) and East Asia and the 
Pacific (22%). The world’s high-value agricultural 
commodities are, in decreasing order of average 
annual values for 2007 to 2016: rice, pig meat, cow 
milk, cattle meat, maize, chicken meat, wheat, potatoes, 
eggs and sugar cane. Thus, livestock-derived foods 
constitute five of the world’s ten highest-value agri-
cultural commodities (ILRI, 2019).

On food and nutritional security, eggs, dairy and 
meat provide the world with 40% of its protein 
and 18% of its calories (ILRI, 2019). In addition, 
livestock-derived foods provide essential micronu-
trients that are absent or at low concentrations, 
or not readily bioavailable, in plant-based diets. 
The consumption of livestock-derived foods in the 
first 1000 days of life (from conception to 2 years 
old) has been shown to lead to clear nutritional 
benefits, particularly in Africa and South Asia 
where undernutrition is highest (Grace et al., 
2018). Human health benefits also derive from the 
livelihood benefits of livestock keeping, which 
allow people to make better choices on diet and 
healthy foods (ILRI, 2019).

Livestock can also enhance environmental health 
by helping to make optimal use of plant biomass. 
The majority (86%) of livestock feed at a global 
level comprises materials that are not edible by 
humans, including grass and fibrous vegetation, 
crop residues (stalks and leaves) after grain harvest, 
and other food waste (ILRI, 2019). Livestock are 
able to covert these to readily available nutrients 
for human use (FAO, 2016). Livestock also provide 
other ecosystem services, for example, livestock 
grazing (when managed correctly) can increase 
land cover and biodiversity as well as help control 
weeds and invasive species, and roaming livestock 
distribute nutrients across landscapes via manure 
and urine (FAO, 2016). Likewise, expansion of 
aquaculture can ease pressures on populations of 
wild marine animals, albeit often with considerable 
environmental impacts on coastal ecosystems 
(Ahmed and Thompson, 2019).

Table 1.1. Examples of rôles of livestock to their keepers in developing and emerging economies. (Adapted from 
Marshall, 2014.)

Rôle Examples

Income Sale of livestock and/or their products
Food security Provision of animal-source foods such as meat, milk, blood and eggs
Vulnerability reduction Diversifying livelihood options, such as in mixed crop-livestock systems
Inputs into crop production Draught power/animal traction, manure for soil fertilization
Savings and insurance Disposal (sale or exchange) in times of need
Transportation Transportation
Shelter, bedding, clothing, 

footwear
Shelter, bedding, clothing, footwear made from fibres, hides and skins

Benefit from common  
property resources

Means for households to benefit from common property resources – such as communal 
grazing areas

Energy/fuel Use of manure as a fuel for cooking or heating; use of manure for biogas production
Ecosystem services Weed eradication, seed dispersal, and bush encroachment control
Socio-cultural Used in festivals/dowry, as a source of pride
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Livestock can also have negative consequences, 
including: overconsumption of livestock-derived 
foods by wealthier sectors of society, contributing 
to obesity; zoonotic diseases (diseases transmitted 
between animals and humans); illness caused by the 
consumption of contaminated food; increased anti-
microbial resistant pathogens due to imprudent use 

of antimicrobial drugs; and environmental harms, 
such as the production of greenhouse gases, contri-
bution to land degradation and biodiversity reduc-
tion (FAO, 2006; ILRI, 2019). Care needs to be taken 
to understand and balance the negative and positive 
impacts of livestock keeping (Herrero et al., 2009) – 
topics we explore further in the final chapter.

CATTLE: 1.49 BILLION GLOBALLY

GOATS: 1.03 BILLION GLOBALLY

CHICKENS: 22.85 BILLION GLOBALLY PIGS: 967 MILLION GLOBALLY

SHEEP: 1.20 BILLION GLOBALLY

BUFFALO: 201 MILLION GLOBALLLY
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Fig. 1.5. Global population numbers and locations of major terrestrial farmed animal species. (From FAO, 
2015b).
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Summary

● The huge variety of animal and other species that 
we see today, together with those now extinct, 
evolved by the process of natural selection.

● The key to natural selection, and to the artificial 
selection practised by breeders, is the inherited 
variation in many characteristics that exists 
between individual animals.

● Domestication of animals began 12,000 to 10,000 
years ago. Whether or not it has been done 
knowingly, artificial selection, as well as natural 
selection, has been practised among domestic 
animals ever since then.

● Although distinct breeds or strains of cattle and 
sheep existed long before then, the practices of 
pedigree recording and selection of related ani-
mals with the aim of breed improvement date 
from the mid-1700s. The formation of herd 
books began early in the following century.

● Livestock continue to have a wide range of impor-
tant rôles globally, with a range of positive and nega-
tive societal and environmental impacts, which 
need to be managed and balanced.
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