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1.1 One Biology

Earth is inhabited by a wide range of organisms, many 
of them sentient beings. Some of these sentient beings 
are human but there is only one biology for all of the 
species and almost all mechanisms in humans are iden-
tical with those in many other species. As a conse-
quence, although many writers have striven to empha-
size the uniqueness of humans, it is very difficult to find 
any human quality that is not shared with some other 
species. Those qualities that some people present as ex-
clusive to humans, such as language, emotions, the no-
tion of culture or society, cooperation, altruism, tool 
use and a concept of the future, are described in scien-
tific publications about various groups of animals 
(Broom, 2003, 2014b; Premack, 2007; Clayton and 
Emery, 2015; de Waal, 2016; McBride and Morton, 
2018). Humans have hardly any ability that is not also 
possessed by other animal species, at least to some de-
gree. It is for this reason that other species can be used 
to better understand humans. Homberg (2013), writ-
ing about neuropsychiatry research aimed at producing 
therapeutic medicines, emphasizes that ‘rodents, whose 
brains and behaviour share striking functional similar-
ities with those of humans, are essential’ for this work.

The human frontal and pre‐frontal cortex have 
some more complex processing capacity than that of 
other animals. Humans have better mathematical logic, 
perception of time, complex reasoning, analytical cap-
acity and prediction of events than most other species. 
But these are differences in degree, not in absolute cap-
ability (Falk and Hofman, 2012).

Each species has differences from all others and the 
DNA of more and more species has been sequenced 
and described. This shows that the genetic differences 
among species, including humans, are small and the 
similarities are large (Boffelli et al., 2004). In addition, 
each complex organism has within its body many 
microorganisms, most of which have positive or neutral 

effects on it. Each human has, intermingled among 
their organs and cells, numbers of bacterial cells similar 
to the numbers of cells with human DNA, so half of the 
cells in your body are bacteria (Sender et  al., 2016). 
Given all of the above information, although unsurpris-
ingly humans favour their own species, the ideas that 
humans are special, or very different from all other ani-
mals, or more important than other animals, are not 
scientifically logical.

The concept of ‘one biology’ mentioned above, like 
those of one health and one welfare discussed in Chap-
ter 2, merely emphasizes that biological processes in 
 humans and non-humans are the same, just as the con-
cepts of health and welfare mean the same in humans 
and all other animals (Tarazona et al., 2020). At pre-
sent, the greatest problem for life as a whole in the 
world is climate change caused by human activities. The 
greatest problem for humans and domestic animals is 
antimicrobial resistance, since many major bacterial 
diseases, such as tuberculosis, formerly controlled by 
antimicrobial drugs, may soon be uncontrollable. 
Mycobacterium tuberculosis could kill a high proportion 
of humans, just as it did before antibiotics were devel-
oped. The numbers of deaths from tuberculosis in most 
years are likely to be much higher than those due to 
SARS-CoV-2 that caused COVID-19 and there are 
several other bacterial diseases with strains resistant to 
existing antibiotics (Broom and Johnson 2019; Broom, 
2020b; https://www.who.int/health-topics/antimicro-
bial-resistance, accessed18 June 2021).

This book is about animals, living beings with a ner-
vous system and other complex mechanisms for obtaining 
energy, using energy and reproducing. Animals derive en-
ergy by consuming other organisms and most have an 
effective means of locomotion and a range of sense or-
gans. Only animals have a true nervous system. The 
word ‘animal’ elicits different images and concepts for 
different people, who may erroneously use it to mean 
farmed animals, owned animals, mammals, or 
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warm-blooded animals. It is logically incorrect to say 
‘humans and animals’ when humans are animals. Some-
times when people refer to an animal, they imply a 
being that is more aggressive, less controlled, or more 
subject to lust than the average human. However, it is 
now known to be quite wrong that humans control 
their emotions but non-humans never do so (Broom, 
1998; Hofman, 2014).

1.2 Genes and Environment

For many years, some scientists have emphasized that 
every characteristic of humans, and of every other 
animal, results from interactions between genetic and 
environmental information. For example, Broom 
(1981) referred to the ‘universality of environmental 
effects on behaviour’. However, a few scientists and 
most of the general public still believe that some 
qualities of themselves and other individuals are inde-
pendent of environmental effect. Research results 
now show that each step in the translation of genetic 
information into proteins, and hence characteristics 
of individuals, can be altered by environmental fac-
tors (Alexander, 2017; Broom and Johnson, 2019). 
Some characteristics are affected by epigenetic effects 
that can be passed from one generation to another by 
routes that do not involve DNA (Tatemoto and 
Guerrero-Bosagna, 2018). This means that no aspect 
of anatomy, physiology or behaviour of an animal is 
genetically determined, instinctive or innate, as these 
terms mean independent of environmental effects. 
All characteristics are affected by genetic information 
in the DNA but it is incorrect for a person to excuse 
their own antisocial behaviour as being in their genes 
and so unavoidable. Neither is it correct to say that 
any breed of dog is always aggressive. Whilst prob-
abilities of characteristics related to gene complement 
differ amongst individuals, all qualities also depend 
on the environment during the expression of genes 
and some qualities are affected by non-genetic factors 
passed from one generation to another. An important 
consequence of such mechanisms is that when  parents 
are stressed, for example during gamete production, 
their offspring, and sometimes further generations, 
can be affected. Poor welfare in domestic animals 
that results from difficult living conditions or treat-
ment can have effects later in life and effects on 
 offspring.

Adult phenotype can be altered by the conditions in 
which an embryonic animal develops. Not only can 
starved embryos develop abnormally but also embryonic 
conditions can alter growth and there may sometimes be 
‘developmental origins of adult health and disease’ (Ham-
mond, 1932; Gluckman and Hanson, 2004; Gardner 
et al., 2009). The behaviour of offspring can be affected; 
for example, a high-fibre diet in mother pigs was associ-
ated with less aggressive behaviour in the offspring (Ber-
nardino et al., 2016). Offspring can be affected by adverse 
or enriched conditions during sperm or egg production. 
Exposure to adverse conditions in utero can lead to DNA 
methylation and other epigenetic effects that affect off-
spring development, disease risk and brain pathology 
(Cao-Lei et  al., 2017; Delgado-Morales and Esteller, 
2017). An epigenetic trait is a stably heritable phenotype re-
sulting from changes in a chromosome without alterations in 
the DNA sequence (Berger et al., 2009). An interesting as-
pect of some recent work is that the effects on offspring of 
poor welfare of the parent during early development and 
gamete production can be as great as, or greater than, in 
fathers as in mothers. Semen quality in mammals is ad-
versely affected by high temperatures and poor nutrition 
(Wilson et al., 2004; Kunavongkrit et al., 2005; Sinclair 
et al., 2016). Boars with a high fear of humans have worse 
growth, immune responses and reproductive perform-
ance (Paterson and Pearce, 1992) but socialized boars 
with good welfare had better semen quality (Flowers, 
2015). Stressed male mammals have different DNA 
methylation that is preserved in the zygote, in the adult 
offspring and in the following generation (Jeong et  al., 
2007; Østrup et  al., 2013). Adverse conditions during 
sperm production in boars affect offspring emotional-
ity (A.J. Zanella, personal communication). The occur-
rence of these paternal effects indicates epigenetic 
inheritance whereby epigenetic variation, mediated via 
DNA methylation, post-translational histone modifica-
tions, or small non-coding RNAs induced in the male 
germline, is transmitted to subsequent generations with 
consequences for a broad range of phenotypes, such as 
metabolism, behaviour and neurobiology (Braun and 
Champagne, 2014; Bohacek and Mansuy, 2015). Some 
effects on the fathers involve glucocorticoids altering 
small RNA molecules in sperm and cause increased anx-
iety or depression and effects on glucocorticoids in off-
spring (Dietz et al., 2011; Short et al., 2016; Chan et al., 
2018a). The seminal fluid microbiome can also have an 
effect on offspring (Javurek et al., 2016). Effects such as these, 
involving male and female parents, have been reviewed 
by Chan et al., 2018b).
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1.3 Ethics

Something is moral if it pertains to right rather than wrong 
and ethics is the study of moral issues. Humans and other 
animals, especially social animals, have many biological 
mechanisms that enable them to behave in a moral way. 
It is not possible to live successfully in a social group 
unless the individuals have the ability to avoid harming 
others (Fig. 1.1) and perhaps to collaborate. As a conse-
quence, morality has evolved and natural selection has 
favoured genes that promote abilities such as recogni-
tion of individuals and memory of moral and immoral 
actions (de Waal, 1996; Ridley, 1996; Broom, 2003, 
2006c, 2019c). Two other biological mechanisms that 
may promote moral actions are empathy and compas-
sion (Würbel, 2009). People are more likely to feel em-
pathy with fellow humans and with other animals per-
ceived to have a capacity for feelings similar to those of 
humans. They are likely to show compassion to those 
whom they perceive to need compassion (Davis, 2018). 
Most domestic animals, like humans, are social species 
well adapted to living in groups. Caring behaviour by 
cows, other domestic animal mothers and other social 
group members has long been used in human societies 
as an example of moral behaviour that should be cop-
ied, so it is a longstanding idea that there is a moral 
structure in some non-human societies and a capacity 
for empathy in individuals (Broom, 2019c). Since it is 

clear that individual domestic animals frequently avoid 
causing harm and sometimes help others, it seems logical 
to say that the individuals concerned are moral agents. 
Even for people who do not think of non-humans as 
being moral agents, each individual can be the subject 
of moral actions and so has moral value.

Two underlying approaches in thinking about how 
to behave towards people or other animals are known as 
deontological and consequentialist. The deontological 
approach to the organization of human conduct is one 
in which the structure is a set of duties pertinent to all 
individuals. Hence, the individual should assess what 
action duty dictates, using rational thought, and carry 
out that action.

Consequentialism in ethics implies that the extent 
to which an act is morally right is determined solely by 
the goodness of the act’s consequences. This approach 
was extended into utilitarianism by J.S. Mill (1843), 
who argued that the right act or policy is that which 
will result in the maximum utility, or expected balance 
of satisfaction minus dissatisfaction, in all the sentient 
beings affected.

Although many aspects of utilitarianism are helpful 
when deciding what is morally right, as a general ap-
proach it may be viewed as incomplete (Broom, 2003). 
Acting in such a way that general happiness or general 
good is promoted will be entirely desirable in some cir-
cumstances, but following such a philosophy implies 

Fig. 1.1. These Longhorn cattle carry dangerous weapons and spend much time close together but they are very careful not to harm 
one another (photograph D.M. Broom).
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that decisions are taken only on the basis of the average 
or overall good of collections of individuals. This view 
does not take account of the fact that humans and other 
animals interact with and have concerns for individuals. 
The mechanisms underlying moral codes are based on 
effects on individuals as well as on collections of indi-
viduals. An example of the flaw in the extreme utilitar-
ianism approach is that, following this approach, an 
individual could be caused extreme pain or other poor 
welfare, or could be killed, if the overall effect on a col-
lection of individuals was good. This individual might 
be a dangerous criminal or an entirely innocent person, 
but should they be tortured, caused prolonged misery 
or killed? Most people would not wish an innocent per-
son to be killed, however great the resulting good, and 
those who hesitate on the issue might be swayed to-
wards that view if the person were their neighbour, their 
mother or themselves.

Criticisms of the utilitarian position have been 
made by many, including Williams (1972) and Midgley 
(1978). Those who would consider themselves deonto-
logical ethicists would maintain that certain rights, 
rules, principles or obligations take precedence over 
utility. However, a wholly deontological approach also 
has flaws. Broom (2003) concluded that elements of 
both deontological and utilitarian approaches are ne-
cessary in order for each individual to act in a moral 
way and organize life successfully.

It is the author’s view (Broom, 2003, 2006b, 2010b, 
2014b) that all human behaviour and laws should be 
based on the obligations of each person to act in an ac-
ceptable way towards each other person and to each 
animal with which that individual interacts. If we use a 
living animal in a way that gives us some benefit, we 
have some obligations to that animal. We have some 
obligations to any individual considered to have an in-
trinsic value and further obligations whenever we have 
concern for the individual’s welfare. We should avoid 
causing poor welfare in the animal except where the ac-
tion leads to a net benefit to that animal. In some cases, 
we might cause poor welfare because of a net benefit 
when we also take account of other animals, including 
humans, or of the environment.

It is better for strategies for living to be based on 
our obligations rather than to involve the concept of 
rights. This is because many so-called rights can result 
in harm to others. Arguments about the importance  
of freedom to control one’s life led to the idea that  
such freedom is a ‘right’ which all should have. Strong 

proponents of a rights structure for determining what 
are proper actions regard the stated rights as absolute, 
so they cannot be mitigated by other circumstances. A 
key issue here is the establishment of what is a right. 
There are few so-called rights that would be accepted as 
valid in all circumstances. The oft-proclaimed right to 
free speech can cause great harm to certain individuals 
and hence can be morally wrong, in my view, as can 
the ‘right’ to drive a car as fast as you wish, or to carry 
a gun, or to determine the sex of your children. The 
concept of rights causes many problems. All behaviour 
and laws should be based on the obligations of each 
person to act in an acceptable way towards each other 
person or other sentient individual. Arguments based 
on obligations are better than any attempts to assert a 
‘right’. Laws and other such statements should provide 
guidelines for the behaviour of each person rather than 
stating what the individual who is the object of an action 
can demand.

People keep non-human animals in captivity as a 
source of food, for products such as clothing, for 
draught and other work, as companions, for research 
and medicine production and for entertainment. Most 
of these animals are domesticated (see Chapter 6.1), so 
are the subject of the chapters of this book. However, a 
few are kept in or near people’s homes but are taken 
from the wild or are only a few generations away from 
the wild. When considering the ethical issues of keep-
ing animals captive, perhaps considering them as pets, 
three principles of ethics can be considered (Beauchamp 
and Childress, 1994): (i) the welfare of the individuals 
involved; (ii) the autonomy and freedom of choice for 
each individual; and (iii) the justice for each action in-
volving respect for the principle of fairness to all. Using 
these principles, Mepham (1996) proposed that they 
should be applied to the animals that are kept, the 
people involved in the trade, the consumers (for ex-
ample, the pet keepers) and the environment, including 
that from which the kept animals originated. The wel-
fare of wild and domestic animals and conservation of 
the environment are major factors in ethical decisions 
about trade for the public, for example in the EU as 
indicated by Eurobarometer surveys in relation to farm 
animal welfare and the killing of seals for producing 
sealskins (Broom, 2016; Eurobarometer, 2016;). Eth-
ical issues concerning domestic and recently wild ani-
mals used by people as companions or for entertainment 
are discussed further in Chapters 34–41. The Recom-
mendations and Guidelines of the Council of Europe’s 
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Convention for the Protection of Pet Animals have 
been described and discussed by Steiger (2006).

Some species of animals used in research are also 
used as companion, farm or working animals, so their 
behaviour and welfare are discussed in other chapters. 
The assessment of welfare is the same whatever the 
human use of the animals, so information about the 
effects of housing, management and procedures that 
might cause pain or other poor welfare is relevant to 
laboratory animals. A key ethical issue is that while 
some decisions about what is acceptable in research 
should be evaluated using cost–benefit analysis, some 
levels of poor welfare are never acceptable whatever the 
potential benefits, so cost–benefit analysis alone is not 
sufficient (Broom and Johnson, 2019). The ethical as-
pects of animal behaviour research were discussed by 
Dawkins and Gosling (1992).

1.4 Attitudes to Domestic  
and Other Animals

Although humans are anthropocentric (Fraser, 2019) 
(see also Chapter 42), a significant part of human inter-
est in the world is focused on non-human animals, not 
just as resources but also because of empathy for them 
and fascination with what they can do and how they 
function (Podberscek et al., 2000; Serpell, 2004; Fraser, 
2008; Broom, 2014b). The farming of animals has 
played an important part in the development of human 
civilization. Food, clothing and transport are obtained 
by humans from a wide variety of species. It is thought 
that humans have had an even longer relationship with 
wolves, or dogs as we now call one form of the Middle- 
Eastern grey wolf (Clutton-Brock, 1999; von Holdt 
et al., 2010). This relationship – and we may speak of 
wolves domesticating humans just as correctly as hu-
mans domesticating wolves (Broom, 2006a) – seems 
likely to have been mutually beneficial to both species, 
as has other domestication (see Chapter 6.1). Dogs, 
cats, other companion animals and many farmed ani-
mals have long been treated as companions and viewed 
with affection by those whose job it was to care for 
them and there have been many studies of the various 
consequences of their interactions with people (Hosey 
and Melfi, 2014). Good stockmanship has always in-
volved knowing how to respond to the behaviour of 
animals when handling them or identifying their prob-
lems (Grandin, 2019).

By the start of the 20th century, farm animal use 
had increased with the expansion of the human popula-
tion and consumption of animal products. Animals 
began to be kept in concentrated populations and, by 
50 years ago, intensive animal husbandry had arrived in 
the form of close confinement for cattle, pigs and 
poultry under new husbandry systems. The innovations 
in management are characterized principally by larger 
livestock numbers kept together in markedly reduced 
space. Such conditions have effects on disease transmis-
sion and they require considerable physiological and 
behavioural adaptation by the animals (Broom, 2006a). 
It was assumed that the animals could adapt to the en-
vironmental restrictions, but both adaptation and fail-
ure to adjust have come to be recognizable when welfare 
is assessed. As Mason (2010) explained, animals kept in 
captivity vary greatly in how well they can adapt and in 
the extent of poor welfare resulting from the captivity. 
Knowledge of the behaviour of livestock under inten-
sive husbandry systems is needed to assess these systems 
of management, just as information about behaviour is 
needed to manage animals extensively. This knowledge 
can then be applied in the agriculture industry in order 
to improve production and welfare. Many animal hus-
bandry problems are not soluble by investigation of nu-
trition, body physiology or disease control, but require 
investigations of the behaviour of the animals before 
progress can be made towards a solution.

The attitude of people to dogs (Serpell, 1995; Serpell 
and Hsu, 2016) ranges from viewing the dog as a  
cause of vicious and unprovoked attacks on children, of 
pollution of our streets and of serious disease risks, to 
considering the dog as a family member, an archetype 
of affectionate fidelity and a source of unconditional 
love. People who use animals as companions, or for 
some form of work or entertainment, are aware of the 
behaviour of the animals. In some cases, the behaviour 
is not what the people want and is viewed as a problem. 
In other cases, the behaviour is the reason why the ani-
mal is useful, whether or not this use results in good 
welfare for the animal. Behaviour can be an indicator of 
good or poor welfare for any animal. The term ethology 
means the observation and detailed description of be-
haviour with the objective of finding out how biological 
mechanisms function.

The scientific study of animal behaviour has pro-
ceeded very rapidly during the past 60 years. Some of 
the changes in ideas that have occurred during this 
 development are described by Jensen (2009), Broom 
(2011) and Lawrence and Vigors (2020). There have 
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been substantial advances in the precision of behaviour 
description and the understanding of behaviour organ-
ization in relation to physiological and evolutionary 
processes. Modern techniques in ethology and in ex-
perimental psychology mean that we now have a much 
more extensive knowledge of sensory analysis, motor 
control, hormonal effects, motivation, body mainten-
ance behaviour in good and difficult conditions, repro-
ductive behaviour and social structure. This knowledge 
and many other methods of animal welfare assessment 
are used in animal welfare science, applied to domes-
tic animals and taught in many parts of the world  
(Mota-Rojas et  al., 2018; De Briyne et  al., 2020;  
McKay, 2020).

1.5 Sentience and Animal 
Protection

The mechanisms underlying the behaviour of animals, 
and most of those involved in welfare, are located in the 
brain. Perception, cognition, awareness and feelings 
occur in the brain and result from, or lead to, sensory 
mechanisms, muscular responses, glandular responses 
and other bodily changes. The organs of the body, such 
as the heart, influence brain function but thoughts and 
feelings are in the brain and not in the heart or any 
other part of the body. No emotions are in the heart 
and it is incorrect and logically harmful to say, ‘I know 
in my heart’ or, when referring to a feeling, ‘My heart 
told me ...’. All of the analysis, thought and emotional 
aspects of brain functioning are closely interlinked, so it 
is not useful for the concept of mind to be considered 
separately from the brain (Panksepp, 1998, 2005; 
Broom, 2003, 2014b; LeDoux, 2012).

During the development of individual humans and 
of other more complex animals there is a stage when 
they become aware of themselves (DeGrazia, 1996) 
and of their interactions with their environment. Some 
of this awareness occurs early, for example when the 
individual learns to avoid a painful action like chewing 
their own foot. There is the point when they have abil-
ity to experience pleasurable states such as happiness 
and aversive states such as pain, fear and grief, i.e. they 
become sentient. Kirkwood (2006) proposed that to 
have sentience, the individual must have the capacity 
to feel, thus implying a level of awareness and cognitive 
ability rather than just the sense of touch. Sentience 

means having the capacity to have feelings. This capacity 
includes having the levels of awareness and cognitive 
ability necessary to have feelings. Kirkwood also said 
that ‘to be sentient is to have a feeling of something’, 
but sentience does not mean actually having the feel-
ings, as an individual can be sentient when it is not 
having feelings. The abilities needed in order to have 
the capacity for feelings were described by Broom 
(2014b, slightly modified after Broom, 2006c). A sen-
tient being is one that, in order to have feelings, has some 
ability: to evaluate the actions of others in relation to itself 
and third parties, to remember some of its own actions 
and their consequences, to assess risks and benefits and to 
have some degree of awareness.

New information about the cognitive and emo-
tional functioning of a wide range of animals is reported 
in scientific papers each year. It is now known that pigs, 
magpies and perhaps cleaner wrasse fish can use infor-
mation from mirrors; crows and bees can count; young 
cows show emotional responses to having learned 
something new; and very many non-human species rec-
ognize individuals of their own and other species 
(Broom, 2014b; Kohda et  al., 2019). The similarities 
between the level of human cognitive ability and that of 
many non-human species (Trestman, 2015; Broom and 
Johnson, 2019) are much greater than almost all people 
had previously thought.

Human opinion as to which individuals of our own 
and other species are sentient has changed over time in 
well-educated societies to encompass, first, all humans in-
stead of just a subset of humans, and then: certain mam-
mals that were kept as companions; animals that seemed 
most similar to humans, such as monkeys; the larger 
mammals; all mammals; all warm-blooded  animals; all 
vertebrates; and now some invertebrates in addition.

The general public has been ready to accept some 
guidance about evidence for sentience from biologists 
who have collected information about the abilities and 
functioning of the animals. Animals that are shown to 
be complex in their organization, capable of sophisti-
cated learning and aware are generally respected more 
than those that are not, and such animals are less likely 
to be treated badly. However, some people view animals 
solely on the basis of their effects on, or perceived (ex-
trinsic) value to, humans and have little concern for 
them as individuals. The decisions about sentience are 
important because, where laws protect the animals as 
individual beings rather than just as property, sentient 
animals are better protected by law.
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1.6 Sustainability

When considering a system for exploiting resources, for 
many years an increasing proportion of members of the 
public have been asking whether or not that system is 
sustainable (Aland and Madec, 2009). The fact that 
something is profitable and there is a demand for the 
product is no longer sufficient reason for the continu-
ation of production (Broom, 2010a). Currently, sus-
tainability has a much wider meaning than it had in 
early writings on the subject (Herrero et  al., 2010; 
Broom, 2017a,b). The ethics of the production method 
are now included and a system can be unsustainable 
because of negative impacts on human welfare, on ani-
mal welfare, or on the environment. A definition of sus-
tainability is: a system or procedure is sustainable if it is 
acceptable now and if its expected future effects are accept-
able, in particular in relation to resource availability, con-
sequences of functioning and morality of action (Broom, 
2014b, modified after Broom, 2001d, 2010a).

An animal usage system might not be sustainable be-
cause: (i) it involves so much depletion of a resource that 
this will become unavailable to the system; (ii) a product of 
the system accumulates to a degree that prevents the func-
tioning of the system; or (iii) members of the public find an 
action involved in it unacceptable. Where there is depletion 
of a resource or accumulation of a product, the level at 
which this is unacceptable, and hence the point at which 
the system is unsustainable, is usually considerably lower 
than that at which the  production system itself fails. A sys-
tem could be unsustainable because of harm to the perpet-
rator, other people, the environment or other animals. The 
criteria for sustainability are also used when consumers are 
evaluating the quality of goods. Quality still includes im-
mediately observable aspects and the consequences of con-
sumption but for many people the ethics of the production 
method is also included. Modern consumers require trans-
parency in commercial and government activities and take 
account of the ethics of production when they evaluate 
product quality (Broom, 2010a, 2017a,b).

A food production system can be unsustainable and 
product quality judged as poor because of various nega-
tive impacts. Some of these are described here.

1.6.1 Adverse effects on human 
welfare, including human health
Food products are not acceptable if they cause people to 
become sick, so a system for such production is not  

sustainable and the food quality is considered to be poor. 
For example, consumption of processed meat increases 
the risk of colorectal cancer (Boada et al., 2016) but a key 
factor here is the extent of the effect. As well as foods that 
cause direct harm, some foods are regarded as being better 
for the health of the consumers because of the nutrients 
present in them. A major effect on animal production in 
recent years, as a result of attempts to provide a healthy 
diet for people, has been the dramatic increase in the pro-
duction of farmed fish, in part because they contain poly-
unsaturated fats (Wall et  al., 2010). Another impact is 
that in all aspects of life, because of the rapid development 
of antimicrobial resistance (see Chapters 24 and 42), the 
use of antibiotics and other antimicrobials will have to 
decrease, in most countries via new legislation.

1.6.2 Poor welfare of animals used  
in food production
Many consumers will not buy animal products if they 
were produced using close confinement of animals,  
individual rearing of social animals such as pigs and  
cattle, and other systems for housing and managing 
animals that do not meet the needs of the animals. In a 
Eurobarometer survey, 95% of EU citizens said that 
farm animal welfare was important to them (Euroba-
rometer, 2016). Some people refuse food in a restaurant 
if they think that the animal has not been kept or killed 
in a humane way. A result of this is that there has been 
an increase in the number of people who decide to be-
come vegetarian or vegan. Other people just decide not 
to buy particular animal products but there is wide-
spread lack of knowledge about how food is produced 
and this affects choices about buying it (Clark et  al., 
2017). Despite this, there is increasing condemnation 
of some widely used animal housing systems, so they 
are becoming unsustainable (Broom, 2017a). Animal 
welfare is a key aspect of sustainability and product 
quality and for many consumers it is the first consider-
ation when deciding what they will purchase.

1.6.3 Unacceptable genetic  
modification
An organism is genetically modified if its genetic mater-
ial has been altered using a method that does not occur 
naturally, but excluding chemical or physical mutagen-
esis. Gene editing is one of the more precise methods of 
genetic modification. The use of genetically modified 
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plants is not accepted by some consumers and few 
people accept the use of genetically modified or 
cloned animals. All cloning of farm animals is associ-
ated with poor welfare of animals and this is the rea-
son why it is not permitted in the European Union 
(Broom, 2014b, 2018a). The public’s antipathy to 
genetic modification and cloning is partly dislike of 
modifying what is natural. Another aspect is that 
modified organisms may have allergenic proteins and 
many of the public do not believe that proper checks 
on such possibilities are in place (Lassen et al., 2002). 
A third aspect is that animals which are genetically 
modified may have welfare problems. In consequence, 
there should be checks, using a wide range of welfare 
indicators, before modified animals are used in any 
way (Broom, 2008b, 2014b).

1.6.4 Harmful environmental effects
In recent years, a rapidly increasing proportion of the 
public have changed their purchasing habits and, to 
some extent, their way of life, because of concern about 
their own negative effects on world climate, pollution 
and decline in biodiversity. Information about the produc-
tion of greenhouse gases resulting directly from human 
activities has been available for many years (e.g. Preston 
and Leng 1989). People produce carbon dioxide by  
burning oil, gas, coal and wood. It is still the case that 
almost all road motor vehicles, aeroplanes, trains and 
ships burn oil and produce greenhouse gases. The vast 
majority of systems for heating or air-conditioning 
buildings produce greenhouse gases. Disturbance of soil 
by tillage and ploughing for agriculture (Pagliai et al., 
2004; Nawaz et al., 2017) and by excavation for land 
use change and mineral extraction produces greenhouse 
gases. Ruminants and, to a lesser extent, all other ani-
mals produce greenhouse gases in their gut. All of these 
must be reduced if damaging climate change is to be 
avoided. Greenhouse gas production can be reduced by 
modified feeding and land management systems. Main-
taining resources, such as soil with good structure, and 
retaining water that might be lost from the soil are im-
portant objectives, as are minimizing usage of car-
bon-based energy and imported fertilizers. In some 
areas the change caused by greenhouse gases is increased 
temperature and desertification. In others it is increased 
occurrence of violent storms. The melting of the polar 
ice-caps and mountain glaciers is increasing water flow 
and sea-level so that areas are temporarily or permanently 

flooded. Information from the United Nations on cli-
mate change can be found at http://www.un.org/en/
sustainabledevelopment/climate-change (accessed 18 June 
2021). No reputable scientist now doubts that the cli-
mate change that is occurring at present is caused 
mainly by human action and that greater disasters lie 
ahead if there are not large changes in human ways of 
living, including food production.

Pollution of rivers, lakes, land areas and oceans is a 
consequence of industrial and other activities, includ-
ing agriculture. Industrial chemicals, human sewage, 
nitrogen and phosphorus from agricultural activity and 
plastics and other household materials are polluting all 
parts of earth, even the deepest oceans (Gerber et al., 
2015). Agricultural methods that result in low bio-
diversity are a consequence of widespread herbicide and 
pesticide use and are perceived to be the norm by many 
farmers and some of the general public. However, such 
a change is far from inevitable and agricultural systems 
that lead to much greater biodiversity on farmland 
could be used. Biodiversiy sampling is becoming more 
sophisticated and is using human resources more efficiently 
(Callaghan et al., 2019). There has been over-exploitation 
of all open-water fish and of whales. Widespread ex-
tinction of species is occurring very rapidly now. In 
some cases this occurs because of a specific use, e.g. fea-
thers, ivory, rhino horn, pangolin scales or donkey skin, 
but whole habitats are disappearing because of human 
activity. A livestock farming component that has led to 
a dramatic environmental effect is the widespread death 
of vultures in India caused by the use of the veterinary 
drug diclofenac (Green et  al., 2004). The population 
declined to only 3% of its former level but is starting to 
recover following legislation. In temperate and tropical 
countries a dramatic example is that in the past 30 years 
we have seen the greatest decline in farmland birds, 
butterflies, bees and wild plants ever recorded (Benton 
et al., 2003). This is principally because of the use of 
herbicides but also because of pesticide use (Butler 
et al., 2007; Geiger et al., 2010). These examples raise 
the question of what we want in our environment. Do 
we need vultures in India or farmland birds and butter-
flies in the UK and USA?

Every product and most human activities are now 
starting to be evaluated for greenhouse gas impact, pol-
lution and biodiversity reduction. Many consumers re-
fuse products and practices of commercial companies 
because of negative environmental impacts, thus mak-
ing them unsustainable.

http://www.un.org/en/sustainabledevelopment/climate-change
http://www.un.org/en/sustainabledevelopment/climate-change
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1.6.5 Inefficient usage of world 
resources
Some foods use much more land, water and other re-
sources than others (Balmford et  al., 2018). The sys-
tems used to produce a particular kind of food can also 
vary. For example, when the land area required for four 
beef production systems throughout life was com-
pared, one widely used system used 12 times as much 
land as the most efficient system (Broom, 2019a). In 
the same study, the system that used the least con-
served water per unit of beef production used eight 
times less than the system that used the most. Water 
has long been in short supply throughout the year in 
some areas of the world and for part of the year in in-
creasing numbers of locations. The value of water is 
becoming appreciated more and disputes over water 
are predicted to be the cause of future wars between 
countries. Hence the assessment of the amount of 
water used in agricultural and other production sys-
tems is becoming more important.

At present, there is often very inefficient usage of 
food and energy resources. Much human food used in 
homes, sold in restaurants and sold in shops is wasted. 
Some food for farmed animals is wasted. Almost all of 
this waste could be prevented. Circularity in food pro-
duction systems should be the aim (de Boer and van 
Ittersum, 2018) and life-cycle analysis methods used to 
evaluate all systems (Ciambrone, 2018). For example, 
human food waste can be treated to prevent disease 
spread and then fed to animals such as pigs (zu Ermgas-
sen et al., 2016). In addition, much food that humans 
could eat is fed to animals that are then eaten by people. 
This is a much less efficient process than for the humans 
to eat the food directly. What can be done in animal 
production to exploit existing resources better (Herrero 
et al., 2010)? The most important animals for food pro-
duction are those that eat food that humans cannot eat. 
Hence herbivores eating forage plants, not cereals, are 
much more important than pigs or poultry that com-
pete with humans for food (Broom et al., 2013). Simi-
larly, herbivorous fish are more important than those 
fish that eat other fish. Land used for agriculture is 
sometimes degraded because of poor management, for 
example repeated tillage and use of the same crops, so is 
not exploited efficiently. Too much energy from fossil 
fuels is used in cultivation and transport of feed and 
products, as well as in production of fertilizers and 
other materials and equipment.

1.6.6 Not ‘Fair Trade’ – producers  
in poor countries do not receive  
a fair reward
Consumers in many countries have now discovered 
that producers of food in poor countries are often not 
properly rewarded for their work. For some products 
bought by many people, only a small proportion of the 
price paid by consumers goes to the producers and a 
large proportion goes to large companies. This is con-
sidered morally wrong by most consumers and, as a 
consequence of publicity about unfairness to poor pro-
ducers, products like coffee, cocoa and fruit are among 
those that are independently checked and have a Fair 
Trade label (Nicholls and Opal, 2005; Broom and 
Johnson, 2019). Under these schemes, the producers 
receive a larger part of the money paid by shoppers.

1.6.7 Not preserving rural  
communities
Small-scale rural farmers are often out-competed by 
large-scale production, with the result that local com-
munities disappear. The general public often find this 
unacceptable, so schemes are introduced by govern-
ments to safeguard such communities. Consumers may 
also buy locally produced products, regarding this as a 
part of product quality. In the European Union, subsid-
ies to preserve rural communities have prevented rural 
people migrating to towns and hence large cities be-
coming ever larger, as has happened in most of the 
world – a major success of the EU Common Agricul-
tural Policy (Gray, 2000; Broom, 2010a).

1.6.8 Scoring components  
of sustainability
Some studies of sustainability consider one or a small 
number of its components (Smith et al., 2013). Other 
studies look at several components but not all. For ex-
ample, Sonnesson et al. (2016) considered what changes 
are desirable in pig production. They pointed out that 
less food is required if there are more piglets per litter and 
if the pigs grow faster and that these changes also result in 
less nitrogen and phosphorus being produced in the pig 
manure. While these reductions in negative environmen-
tal impacts are positive consequences, another result is 
likely to be poorer pig welfare and a further factor to 
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consider is that the food given to these high-producing 
pigs is mainly food that could have been eaten by hu-
mans or that is grown in areas that could produce a 
greater quantity of food for humans than that from pig 
production. A scientifically based scoring system that in-
cludes all components of sustainability is of value for pol-
icy makers, researchers, producers, organizations aiming 
to improve sustainability and the general public. It is 
helpful if the scoring system is simple, even if the analyses 
upon which it is based may be complex (Broom, 2021b).

Agriculture is the main activity on most of the land 
in the world and has resulted in much loss of biodiver-
sity, so it must be considered in most discussions of 
wildlife conservation (Balmford et  al., 2012) and the 
sustainability of many of its practices is questionable. 
Currently, animal welfare is one of the major reasons 
why certain methods used in animal production and 
management are unsustainable. Aspects of production, 
such as the welfare of the animals, are now important 
when evaluating the quality of animal products. Con-
sumers expect supermarket companies and restaurant 
chains to guarantee that the methods used to produce 
products are not negative in relation to animal welfare 
or any other aspect of sustainability and product qual-
ity. Efforts are now being made to design animal pro-
duction systems that are sustainable in all ways, so 
statements about sustainability should be based on 
scores taking account of all components.

1.6.9 Organic farming  
and sustainability
One of the early efforts in relation to some aspects of  
sustainability was organic farming. Organic standards 
initially prohibited the use of chemicals in food produc-
tion because these were perceived to be damaging to  
consumers and to the environment. The standards even 
prohibited giving medicine to farm animals. While 
widespread use of chemical growth promoters was later 
shown to be very harmful, the failure to use therapeutic 
medicines for farm animals caused very poor welfare. 
As animal welfare became incorporated in organic 
standards, therapeutic medicines were controlled but 
permitted in organic farming. The current organic 
standards take account of many aspects of sustainabil-
ity. However, eating too much organic food causes 
obesity and organic food can have other negative ef-
fects, such as increasing the risk of heart disease, so an 
organic diet does not solve all problems. Organic food 

production can lead to too much greenhouse gas pro-
duction and does not always promote innovative farming 
systems, but the general movement in organic farming is 
to take account of more and more components of sus-
tainability (Vaarst, 2015).

1.6.10 An example: the dairy  
industry and sustainability
Production methods in the dairy industry can have 
negative welfare impacts, which need to be properly 
understood and addressed, and also broader environ-
mental impacts that have welfare implications. There 
are already hotter and drier conditions related to cli-
mate change that have to be faced by livestock (Pryce 
and de Haas, 2018). Consumers concerned about the 
effects of dairy products on their health can now access 
good information about how to manage cholesterol 
levels, avoid obesity and also take advantage of the nu-
tritional benefits of dairy products. If labelling and 
traceability are accurate and effective, consumers can 
choose to buy products that are high-welfare, have low 
greenhouse gas emission, are indicated as ‘fair trade’ and 
are otherwise sustainable. The future survival and suc-
cess of dairy farming depends on success in doing this.

Herbivorous animals such as cattle and sheep can 
consume material that humans cannot consume (e.g. 
grass) and convert it to human food, such as meat or 
milk. Many parts of the world are not suitable for arable 
crop production but can support pasture, so extensive 
pasture-based dairy production can be an efficient and 
sustainable use of available world resources (Marshall and 
Collins, 2018). However, although pasture plants dom-
inate feed resources for livestock production globally, 
feed from sources such as grain may represent around 
30–40% of the diet of dairy cattle in some regions, such 
as North America (Blümmel et  al., 2017). Because of 
competition for land and other resources with crop pro-
duction for food, questions are being asked about the use 
of grain and other crops as feed (Herrero et  al., 2010; 
Broom, 2018b; Balmford et  al., 2018). It is estimated 
that 45% of greenhouse gas production from cattle pro-
duction comes from feed production and processing, 
39% from cow digestion and 10% from their faeces 
(Stoll-Kleemann and O’Riordan, 2015). Feeding energy- 
dense, highly fermentable diets to optimize milk produc-
tion can also have welfare implications.

Feeding excess grain can lead to digestive disorders 
such as rumen acidosis, which has been estimated to 



One Biology, Ethics, Sentience and Sustainability

13

have a prevalence rate of up to 60%, depending on the 
stage of lactation (Penner, 2018). Intensive production 
systems have also been linked to other problems, such 
as high energy and input use and lower levels of bio-
diversity. There can also be increased rural poverty and 
inequality because of the consolidation of many smaller 
farms into a few large, resource-intensive farming oper-
ations (Scott and Gooch, 2017).

How can dairy farming be made more sustainable 
in terms of welfare and environmental impact? Housed 
cattle fed on highly digestible crop-derived feeds have 
high growth rates and feed-use efficiencies. The land 
required for such intensive systems, taking account of 
land used for feed production, uses a similar amount of 
land to fertilized pasture systems and substantially less 
than extensive grazing systems (Broom, 2019b; Woolf, 
2020). If there is high dairy production per unit of 
land, more land is made available for other uses such as 
nature reserves (Balmford et  al., 2018). Efforts are 
being made to increase grazing efficiency and optimize 
product quality while reducing greenhouse gases such 
as methane, protecting biodiversity and maintaining 
good animal welfare, including animal health (Wood-
field and Judson, 2018). Ruminant diets can be 
changed so as to reduce populations in the rumen of 
the microorganisms that produce methane. There is 
also increasing interest in the potential advantages of 
integrated crop–livestock systems in combating cli-
mate change and improving resilience in agricultural 
production (van Wijk, 2020). This includes agrofor-
estry practices such as silvopastoralism (Moreno and 
Rolo, 2019). Areas of land can produce more edible 
plant material and more meat or milk when trees and 
shrubs with edible high-protein leaves as well as pas-
ture plants are grown in semi-intensive silvopastoral 
systems than when pasture-only systems are used 
(Murgueitio et al., 2008; Broom et al., 2013; Broom, 
2017c). In areas where climate is favourable, dairy cat-
tle can be managed on pastures with shrubs such as 
Leucaena leucocephala (Radrizzani et al., 2016). Where 
there is a dry season, cut leafy branches of trees such as 

ramón (Brosimum alicastrum) can be an important 
source of food (Ku-Vera et al., 2013). Other benefits of 
semi-intensive silvopastoral systems are that biodiver-
sity is much higher than in pasture-only systems, with 
more tick and fly predators, so reducing cattle disease, 
as well as the potential to better conserve forest re-
sources (Burgess, 1999; Múnera et  al., 2008; Rivera 
et al., 2008; McAdam and McEvoy, 2009; Sutherland 
et al., 2018).

1.7 Numbers of Domestic 
Animals

Although the scientific concepts discussed in Chapter 2 
are the same for every individual animal, many people 
value individuals less when the animals are very numer-
ous. As in most areas of the world, the commonest ani-
mal kept by humans in Europe is the chicken for meat 
production: there are approximately 4000 million 
(Broom, 2017a, using information from Eurostat and 
www.statista.com). The other domestic fowl include 
about 400 million laying hens and tens of millions of 
parent birds kept for breeding broilers and laying hens. 
The second and third commonest farmed animals  
are fish: about 1000 million rainbow trout and about 
440 million Atlantic salmon. Other farmed animals are: 
340 million rabbits; 170 million ducks; 150 million tur-
keys; 148 million pigs, 88 million bovines, 83 million 
sheep and 10 million goats. There are many fewer com-
panion animals than farm animals, the largest number 
of individuals being aquarium fish, followed by 99  
million cats, 65 million dogs and, next in number,  
‘ornamental’ birds. About 11 million animals are used 
for experimental purposes.

Further Reading: Broom, D.M. and Johnson, K.G. (2019) 
Stress and Animal Welfare: Key Issues in the Biology of  
Humans and Other Animals, 2nd edn. Springer Nature, 
Cham, Switzerland.

http://www.statista.com

