Lucriri stiintifice Zootehnie si Biotehnologii, vol. 42 (2) (2009), Timisoara

THE ROLES OF INDUSTRY AND SCIENCE, INCLUDING
GENETIC SELECTION, IN IMPROVING ANIMAL WELFARE

ROLURILE INDUSTRIEI SI A STIINTEL INCLUZAND
SELECTIA GENETICA, IN IMBUNATATIREA BUNASTARII
ANIMALE

D.M. BROOM

Centre for Animal Welfare and Anthrozoology, Department of Veterinary Medicing,
University of Cambridge, Madingley Road, Cambridge CB3 OES, U.K.

Animal producers have to predict future situations and be aware of changing public
views. At present, those in the animal industry are often trying to fight off change
rather than preparing for and pre-empting it. As a consequence, many animal
producers have bad public images. It is better to be proactive than reactive.
Producer groups should be aware of new developments in knowledge and in public
attitudes to animal-related activities. They should inform their members about how
to manage animals in such a way that the welfare of the animals is good and the
people involved in animal care are well-respected in society. This is especially
important also for those who design and manufacture housing and equipment and
those who breed animals for they can have substantial effects on animal welfare. It
is important for animal welfare scientists to provide objective information about the
welfare of animals, so that decisions can be taken about how animals should be
bred, housed and treated. Animals use a wide range of coping mechanisms and
these involve high-level brain function, with associated good and bad feelings.
Where welfare is poor, the best overall assessment of welfare is a function of how
bad is the effect on the individual and the duration of that effect. Conventional
breeding, cloning and transgenesis can all have effects on the welfare of the animals
produced. Selection for fast growth and high feed conversion efficiency in broiler
chickens and other meat producing animals leads to too high an incidence of leg
and other disorders. Selection for high milk yield in dairy cows leads to poor
welfare associated with leg disorders, mastitis and reproductive disorders. These
effects should be evaluated using a range of animal welfare measures and if there
are adverse effects of genetic engineering, the usage of the animals should not be
permitted except for research. In the case of genetically modified or cloned animals,
any effects on function or welfare should be fully specified in documentation that
should accompany the animal.
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How People View Animals

During the last thirty years, and especially in the last ten years, there has been an
increase in public concern about animal welfare in many countries. The evidence
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for this includes: letters from the public to government, media coverage, references
in parliamentary discussions and government statements, requests for scientific
evidence concerning animal welfare, activity of scientific and other advisory
committees, funding of scientific research on animal welfare, increased teaching
and conferences and more legislation (Broom 1999).

When people who run or work on farms are deciding on or executing their housing
and management policies, they are influenced by a variety of factors. Attitudes of
animal users depend upon early training, traditional practices, acquisition of
knowledge from others subsequent to any training, personal experience and general
beliefs and philosophy (Broom 2004). Training did not, until recently, include
much information about animal welfare except where it impinged on profitability.
Even diseases were often mentioned in agriculture training only in relation to
effects on growth, offspring production or product quantity and quality.

Farmers and other animal users usually listen to the views of their families, friends
and neighbours. If these people are critical of the effects on the welfare of animals
of the methods used, the farmer may change these methods. The views of the
general public are largely made known to farmers and others involved in animal
production via the media. There is frequent coverage of animal welfare issues in
newspapers, on radio and on the television and this, by bringing scientific
knowledge about animal complexity to the attention of most people, affects the
attitudes of people and then comes to represent it. Farmers see themselves
portrayed as uncaring in some respects. In many recent surveys in Europe, animal
welfare has been shown to be an important issue for the general public.

Laws

Pressure from voters on elected politicians is normally the first step towards new
legislation (Radford 2001). The politicians would usually seek advice concerning
proposed new legislation from civil servants before formulating and, in recent
years in Europe, whenever any legislation on animal welfare is proposed, advice is
sought from committees or working groups of scientists. The non-government
organisations who lobby the politicians, whether they are producers' organisations
or animal protection organisations, will have some access to scientific advice so it
is important for the legislators to know the latest state of scientific knowledge on
the subject. As a consequence, the European Union has set up, via the European
Commission, scientific committees on a range of subjects. The former committees
were the Scientific Veterinary Committee, Animal Welfare Section and the
Scientific Committee on Animal Health and Animal Welfare. The present
committee is the European Food Safety Authority Scientific Panel on Animal
Health and Welfare. Legislation within European countries and E.U. Directives and
Regulations have often been preceded by Recommendations from Council of
Europe committees such as the Standing Committee of the European Convention
on the Protection of Animals Kept for Farming Purposes.
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The effect of legislation on the welfare of animals depends upon the responses of
those owning and managing the animals. This response, in turn, depends upon the
nature of any enforcement. Some systems for farm animal production will not
continue if they are made illegal because they depend upon large manufacturers
who are easily forced to change to a legal system. Other aspects of legislation can
be enforced only by checks on farm, transport vehicles, markets, slaughterhouses
etc. and the extent of law-breaking will be significantly affected by the frequency
and quality of the checks. For many transgressions, unannounced inspections are
necessary if transgressors are to be discovered. There are regional and national
differences in the extent to which legislation is viewed seriously by those involved
in the animal production business. The general direction of movement within the
European Union in this respect is towards better enforcement in all member states
because it is manifestly unfair for there to be significant differences in the extent of
compliance with the law.

Codes of Practice

Animals or production of milk, eggs etc. are often sold by farmers to single
purchasers who represent large retail chains or wholesale distribution companies.
The increase in direct selling to supermarket chains has led to considerable power
being placed in the hands of these supermarket companies. These purchasers can
lay down conditions for animal production and enforce these by inspection. The
standards set by the supermarket chains are determined by what people will buy
and by their reputation with the public. The public image of large companies which
sell food directly to consumers, including supermarket chains and fast-food
companies, is of great importance to them. Bad publicity can be very damaging.
When these companies receive many letters from consumers complaining about a
product that they sell, they have to take notice of the points which are being made.
The enforcement of standards by food retailers tends to be more rigorous than the
enforcement of many laws by state veterinary services etc. so it has led to
substantial changes in the welfare of animals on farms because every producer has
to conform to the standards in order to sell their products. The rapid development
of such schemes in several countries has, in general, been based on scientific
evidence about animal welfare.

Proactive actions

A first general conclusion from the situation described is that it is in the interests of
the public and animal producers for legislation and codes of practice to be trusted
by the public and based on scientific evidence. Hence there should be in each
country a national committee of animal welfare scientists who can provide
authoritative reviews of the international scientific literature on particular issues
where laws or codes are needed. In the European Union, such a committee exists
but in much of the world there are no such committees.
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A second conclusion is that action needs to be taken quickly before there is a wide-
ranging increase in mistrust of animal producers. Producer organisations should be
proactive in considering animal welfare issues before they are forced by public
opinion to act defensively.

The role of animal welfare scientists

Objective information about the welfare of animals is needed from animal welfare
scientists. Most welfare indicators will help to assess the state of the animal
wherever it is on the scale from very good to very poor. Some measures are most
relevant to short-term problems, such as those associated with human handling or a
brief period of adverse physical conditions, whereas others are more appropriate to
long-term problems. Tests of avoidance and positive preference help in the design
of better conditions and procedures.

There is individual variation in attempts to cope with adversity (Koolhaas, Schuurmann
and Fokema 1983; Mendl, Zanella and Broom 1992) so it is necessary to take account
of this in welfare assessment and in evaluating the effects which adversity has on the
animal. When pigs have been confined in stalls or tethers for some time, a proportion
of individuals show high levels of stereotypies whilst others are very inactive and
unresponsive (Broom 1987). The amount and type of abnormal behaviour shown may
change over time (Cronin and Wiepkema 1984) and be associated with different
sympathetic and para-sympathetic physiological responses. As a result of differences in
the extent of different physiological and behavioural responses to problems it is
necessary that any assessment of welfare should include a wide range of measures.

The general methods for assessing welfare are summarised in Table 1 and a list of
measures of poor welfare is presented in Table 2.
Table 1
Summary of Welfare Assessment
from Broom and Fraser (2007)

Direct indicators of poor welfare How poor?

Tests of (a) avoidance (a) Extent to which animals have to live with
avoided situations or stimuli
(b) positive preference (b) Extent to which that which is strongly
preferred is available
Measures of ability to carry out How much important normal behaviour or

normal behaviour and other physiological or anatomical development
biological functions cannot occur?

Other direct indicators of good How good?

welfare

Some signs of stress and poor welfare arise from physiological measurements. For
instance increased heart-rate, adrenal activity, adrenal activity following ACTH

535



challenge, or reduced immunological response following a challenge, can all
indicate that welfare is poorer than in individuals which do not show such changes.

Table 2
Measures of welfare
from Broom and Fraser (2007)

Measures of welfare

Physiological indicators of pleasure

Behavioural indicators of pleasure

Extent to which strongly preferred behaviours can be shown
Variety of normal behaviours shown or suppressed

Extent to which normal physiological processes and anatomical development are
possible

Extent of behavioural aversion shown

Physiological attempts to cope

Immunosuppression

Disease prevalence

Behavioural attempts to cope

Behaviour pathology

Brain changes

Body damage prevalence

Reduced ability to grow or breed

Reduced life expectancy

Short-term problems, such as those that occur during handling and transport of
farm animals, case assessed using a range of physiological indicators (Table 3).

Table 3
Physiological indicators of short-term problems
from Broom and Fraser (2007)
Stressor Physiological variable
Food deprivation T FFA, 0 3-OHB, J«glucose, T urea
Dehydration Tosmolality, Ttotal protein, T albumin,
TPCV
High exertion bruising T CK, T LDHS,T lactate
Fear T cortisol, T PCV T heart rate,T h r
variability,T resp, T LDH5
Motion sickness 7T vasopressin
Inflammation acute phase proteins, e.g. haptoglobin,

C-reactive protein, serum amyloid-A
Immune responses
Hypothermia / Hyperthermia change in body and skin temperature,
prolactin
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Disturbance to the animal changes some of these measures, for example blood
samples cannot easily be taken without disturbance so physiological measurement
in urine or faeces can be useful. Faecal cortisol can be assayed and provides
information about responses over a period of hours. There are also physiological
indicators of good welfare, for example measures of oxytocin. Oxytocin, whose
concentration is higher during some pleasurable events, is synthesised in the
paraventricular nucleus (PVN) of the hypothalamus and in the supraoptic nucleus.
Oxytocin increase is associated with: ACTH and glucocorticoid decrease,
lymphocyte proliferation, brain GABA increase, and cardiac vagal tone increase.

Behavioural measures are also of particular value in welfare assessment. The fact that
an animal avoids an object or event strongly gives information about its feelings and
hence about its welfare. The stronger the avoidance the worse the welfare whilst the
object is present or the event is occurring. An individual which is completely unable to
adopt a preferred lying posture despite repeated attempts will be assessed as having
poorer welfare than one which can adopt the preferred posture. Other abnormal
behaviour such as stereotypies, self mutilation, tail-biting in pigs, feather-pecking in
hens or excessively aggressive behaviour indicates that the perpetrator's welfare is
poor.

In some of these physiological and behavioural measures it is clear that the
individual is trying to cope with adversity and the extent of the attempts to cope
can be measured. In other cases, however, some responses are solely pathological
and the individual is failing to cope. In either case the measure indicates poor
welfare.

Disease, injury, movement difficulties and growth abnormality all indicate poor
welfare (Broom 2006). If two housing systems are compared in a carefully
controlled experiment and the incidence of any of the above is significantly
increased in one of them, the welfare of the animals is worse in that system. The
welfare of any diseased animal is worse than that of an animal that is not diseased
but much remains to be discovered about the magnitude of the effects of disease on
welfare. Among the newer measure of poor welfare in animals are acute phase
proteins in blood for short-term and disease related problems. Some new long-term
measures are faults in teeth such as linear enamel hypoplasia and measurements
indicating asymmetric growth in the animals, perhaps fluctuating asymmetry.

Much of the evidence used in welfare assessment indicates the extent of the
problems of individuals but it is also important to recognise and assess good
welfare, i.e. happiness, contentment, control of interactions with the environment
and possibilities to exploit abilities. Good welfare in general, and a positive status
in each of the various coping systems, should have effects which are a part of a
positive reinforcement system, just as poor welfare is associated with various
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negative reinforcers. We should try to assess the specific functioning of the brain
when welfare is good (Broom and Zanella 2004); the methods of recognising when
welfare is, or is likely to be, good; and the factors which contribute to good welfare
in man and other species. Welfare is normally better when animals can avoid the
aversive and utilise resources for which they have a strong preference. The
methodology for assessing what is important to animals has been studied as the
early ideas of Dawkins (1990) have been developed. For example Kirkden et al
(2003) explained the relative values of the consumer surplus and elasticities of
demand measures and values such as substitutability and diminishing marginal
utility are now measured.

Each assessment of welfare for a human or other animal will pertain to single
individual and to a particular time range. In the overall assessment of the impact of
a condition or treatment on an individual, a very brief period of a certain degree of
good or poor welfare is not the same as a prolonged period. However, a simple
multiplicative function of maximum degree and duration is often not sufficient
because the most severe effect of poor welfare may be brief whilst there is a more
prolonged milder effect. If there is a net effect of poor welfare and the severity, i.e.
intensity, of the poor welfare is plotted against time the best overall assessment of
welfare for that individual animal is the area under the curve thus produced (Broom
2001a).

The impact of genetic selection on welfare

Conventional breeding and genetic engineering have effects on welfare, some of the
changes involving impacts on the possible limits of resource availability (Broom
2008).

Conventional breeding methods sometimes do not affect welfare but they can change
animals in such a way that they have more difficulty in coping or are more likely to
fail to cope (Broom 1994, 1995, 2001b). Examples of such effects are the sensory,
neurological or orthopaedic defects found commonly in certain breeds of dog.
Further examples are the effects of the genes promoting obesity in mice, double
muscling linked to parturition problems in cattle and many examples of selection
promoting fast growth and large muscles in farm animals. Strains of pigs in current
commercial usage have relatively larger muscle blocks, more anaerobic fibres and
smaller hearts than have the ancestral strains (Ddmmrich 1987). They are more likely
to die or to become distressed during any activity. The broiler strains that are widely
used today grow to a weight of 2-2.5 kg in 35 days as compared with 12 weeks thirty
years ago. Their muscles and guts grow very fast but the skeleton and cardiovascular
system does not. As a consequence, many of the birds have leg problems, such as
tibial dyschondroplasia or femoral head necrosis, or cardiovascular malfunction such
as that which gives rise to ascites.
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It is clear that for meat producing animals that are growing too fast for their legs
and heart, the welfare is becoming poorer and poorer because of this genetic
selection and the continuation of this trend is morally wrong. The competitive
nature of the industry makes it difficult for individual producers to take action to
reverse the trend. There is pressure on those concerned with genetic engineering to
make such animals grow even faster. Hence well- enforced legislation or retailer
codes of practice are needed to prevent the occurrence of the poor welfare.

A further example of conventional breeding leading to a substantial change in
production in a farm animal, with consequential risks of poor welfare for the
animals, is that of the dairy cow. The average energy-corrected milk yield for
Swedish dairy cows (Fig. 1) increased from 4200 kg to 9000 kg between 1957 and
2003 (see Pryce and Veerkamp 2001). On many farms the average production per
cow is over 10,000 kg of milk and individual cows may produce twice as much.
The beef cattle average is 1000-2000 kg, Webster (1993). The dairy animal is
producing considerably more than its ancestor would have. This raises questions of
the consequences for resource allocation within the body of the cow and the extent
of any resulting welfare problems. The peak daily energy output of the dairy cow
per unit body weight is not very high in comparison with some other species such
as seals or dogs but the product of daily energy output and duration of lactation is
very high indeed. Hence long-term problems are the most likely to occur (Nielsen
1998). This is what we see because, although some cows seem to be able to
produce at high levels without welfare problems, the risk of poor welfare indicated
by lameness, mastitis or fertility problems is greater as milk yield increases.

10000

- -
5000 M

4000

EC Milk/cow (kq)

Figure 1. Average energy corrected milk yield for Swedish dairy cows over time
(from Oltenacu and Algers 2005).
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The National Milk Records in the UK show that there has been an increase in
average yields of dairy cows of about 200 kg/year in recent years and 50% of the
increase in milk yield is attributed to genetics (Pryce and Veerkamp 2001). The
situation is similar in the United States where, between 1993 and 2002, the average
milk production per cow increased by 1287 kg and 708 kg of this increase, or 55%,
was due to genetics. This increase in dairy cow productivity has been associated
with increases, over the expected levels resulting from veterinary progress, in leg
and foot problems, mastitis, reproductive problems and metabolic disorders
(Broom 2004, 2008).

Data from two large-scale studies on the relationships between milk yield and
production measures are presented in Tables 4 and 5.

Table 4
Positive correlations between milk production level in England
and indicators of poor welfare (from Pryce et al 1997)
Milk yield from 33,732 lactation records:
calving interval 0.50+0.06
days to first service 0.43+0.08
mastitis 0.21+0.06
foot problems 0.29+0.11
milk fever 0.19+0.06
Table 5

Positive correlations between milk production level in Scotland
and indicators of poor welfare (from Pryce et al 1998)

Milk yield from 10,569 lactation records:

calving interval 0.28+0.06
days to first service 0.41+0.06
mastitis 0.29+0.05
somatic cell count 0.16+0.04
foot problems 0.13+0.06

The decline in fertility, reflected in increased calving interval, and in longevity,
measured by proportion of cows alive at 48 months of age, in Holstein cows in the
North-eastern United States from 1957 to 2002 are shown in Figure 2.
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Figure 2. Average calving interval and proportion of cows alive at 48 mo of age
over time for Holstein cows in the Northeastern United States
(from Oltenacu and Algers 2005).

The review by Ingvartsen et al. (2003) examined the relationship between milk
production and production-related diseases as defined by Kelton et al. (1998):
dystocia, parturient paresis, ketosis, displaced abomasum, retained placenta,
ovarian cyst, metritis, mastitis and lameness. The review of 11 epidemiological
studies showed clear evidence that cows with high yield in the previous lactation
are at increased risk of mastitis and ovarian cysts in the subsequent lactation, but
for other diseases the phenotypic association was weak because of the large
variability between studies. It was concluded that cows producing more milk are
also likely to eat more and make greater use of their body reserves in early
lactation (Veerkamp 1998).

Cloning, transplants and welfare

Cloning can be associated with poor welfare for various reasons including: the
procedures described above, adverse effects on the mothers carrying the cloned
young, the production of extra-large offspring, reduced life expectancy of the cloned
animals and the possibility of adverse effects on the cloned animals unless they
receive extra care. "Large offspring syndrome" or "foetal oversize" is a phenomenon
found occasionally in calves and lambs that are born following embryo
manipulations. There may be increased incidence of developmental abnormality in
cloned animals. It is not easy for stock-people to meet the particular needs of animals
produced by cloning. These needs may be associated simply with the greater growth-
rates in the animals, and the special care associated with such high performance.
Alternatively, abnormalities may be generated through cloning which go
unrecognised initially yet may be stressful for the animals. However, such adverse
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effects of cloning techniques may be counterbalanced by a reduction in the number
of animals used in research, for at present, some of this research relies on more
random genetic modification techniques.

Transgenesis can result in: (i) better welfare, (ii) no change from the average for
unmodified animals, or (iii) poorer welfare (Broom 2008).

(1) Some genetic manipulations can be beneficial to the modified animals. If genes
conferring disease resistance are inserted into the genome of an individual, for
example by making it possible for the modified animal to produce antibodies to
bacterial toxins (Clark 2001) or conferring avian leucosis virus resistance, then the
welfare of the modified individual is better than that of the unmodified individual.
If the animal can cope with disease challenge better then its welfare is slightly
improved for most of the time and very much improved in the circumstance where
disease challenge occurs.

(il)) When the transgenic animal is modified so that it can produce a novel protein
in its blood or milk, there may be no effect at all on its welfare. No evidence of
adverse effects on the behaviour of transgenic sheep was found (Hughes et al
1996). However there could be some other adverse effect and the predictability of
that effect will vary according to the precision of the transgenesis procedure. Gene
transfer by introducing embryonic stem cells into a blastocyst are more predictable
in their effects than the introduction of genetic material by micro-injection.

(ii1) The production of disease susceptible animals by transgenesis, so that the
animals can be used in medical research, will result in poorer welfare whenever the
gene is expressed. The extent of the poor welfare will differ considerably according
to the level of expression and the disease state. If the animals produced as a result
of transgenesis were modified in a way which increased their growth rate, or the
growth of a particular organ, or differential growth in such a way that an already
productive genetic strain was made even more productive, there is a serious risk
that the welfare of the animals would be worse as a direct consequence of the
manipulation. Those carrying out such work should consider whether the animals
are already close to some biological limit to adaptability before proceeding. When
Pursel et al (1989) produced transgenic pigs with the human growth hormone gene
added, the resulting animals had major joint and other limb disorders as they grew
so the study could not be continued.

The most clearly documented side effects of BST and PST are on disease incidence
and on reproduction (Broom 1993, Simonsen 1993, Willeberg 1993). Meta-
analyses of studies of BST effects and studies using large data sets showed
substantial increases in both mastitis and lameness (Willeberg 1997). The increase
in the risk of clinical mastitis above the risk in non-treated cows in five studies
was: 15-45%, 23%, 25%, 42% and 79%. In studies of foot disorders, a large
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scale study with multiparous cows showed 2.2 times more cows affected and 2.1
times more days affected in BST-treated cows than in cows not treated with BST
(E.U. Scientific Committee on Animal Health and Animal Welfare 1999).

Resource limitations, genetic selection and welfare

The possible limitations to adaptation have been considered by evolutionary
biologists in relation to natural selection ever since the writings of Darwin. A
development of this approach is the idea presented by Beilharz that selection of
domesticated animals for certain characteristics that led to the utilisation of a
substantial proportion of available resources, could have consequences for how
well other systems could function. The negative collateral consequences of
selection for increased production were presented by Goddard and Beilharz (1997)
who suggested the “Resource Allocation Theory”. The resources an animal has are
limited and as a result, if output is increased through one biological process, such
as producing more milk, other functions such as fertility, maintenance, movement,
immune defence, etc. will be affected. The resources that one process demands can
be increased to a certain extent. Management factors, such as increasing access to
feed and nutrients, could increase fitness of the animal until resources became
limited again. Any further increase in fitness would imply a reallocation of
resources and thus modify other outputs such as disease resistance or behaviour
(Beilharz et al. 1993). Reviewing the negative side effects of selection for high
production, Rauw et al. (1998) concluded that “when a population is genetically
driven towards high production,”...” less resources will be left to respond
adequately to other demands like coping with unexpected stressors; i.e. buffer
capacity is negatively affected”.

It will not be adequate to depend upon the moral consciences of those who use
transgenic animals and specific legislation is needed concerning testing before
usage. There should be legislation requiring that no genetically modified animals or
animals treated with biotechnology products should be used commercially unless
their welfare has been assessed using an adequate range of measures at suitable
intervals throughout life and on through the next generation. If there is a net benefit
for the welfare of animals, including humans, then the genetic manipulation should
be permitted. This is a stricter criterion than just to say that any harm to the animal
must be weighed against any benefit because this latter criterion could allow severe
effects solely for financial gain. Modifications of animals which are carried out for
commercial purposes only but which result in poor welfare, should not be
permitted.
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