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Breeding and biotechnology in farm animals — ethiddssues

C. Gamborg & P. Sandge

Introduction

Over the last century, and especially since th@&&Vorld War, animal production has become evaemo
efficient. Broiler chickens can grow to a weight2okg in about five weeks, while 40 years agodkto
twelve weeks to reach the same weight, and ovesaire period milk yields in most dairy cows haveeno
than doubled. These achievements derive in part ingproved management techniques, but to a larde an

still increasing extent they are the outcome afifanimal breeding, i.e. genetic improvement.

Recently, traditional selective breeding — using lblest specimens of each generation as pareritsefaext
generation — has been increasingly supplementagifigus forms of biotechnology. Thus today’s bresde
employ techniques such as artificial inseminatiod embryotransplantation to control animal repradiduc

In a not very distant future it seems likely thahg technology will be exploited commercially iroatine

manner as well.

The tremendous growth in productivity has addeluiman wealth. It has also allowed farmers to make
good use of the natural resources at their dispbleatever, farm animal breeding has also had ativega
impact — on animal health and welfare, and on deiwétersity. And these drawbacks mean that we teed
ask whether some ways of using the tools delivbyeginimal genetics are morally unacceptable. In

particular, we ought to ask: is economically maggbanimal breeding that concentrates on improved
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productivity and carries costs in genetic diversityl animal health and welfare defensible? Whatdito
acceptable practice should we set in this area?wrad other issues in breeding need to be lookedtae

future? Greater control in this area is accompahied heavier burden of ethical responsibility.

These ethical questions must be faced by breedensers, and ultimately the rest of us. To anslentwe
need to understand both the science and currectiggraf animal breeding. This understanding wibere
that the worries on which we focus are factuallyugrded and not based on erroneous assertionshiBis t
not enough. We also need to reflect on the vahegslie behind attitudes to animal breeding — thtsat
is, that drive the search for improved productivitgd those that cause people to have misgivingstabat
search. For we need to resolve the ethical cosflcivhich these values often give rise, and tbesdlicts
will never be resolved while the parties to thegklenutual understanding of one another’s perspestand

values.

Animal breeding and biotechnology

In prehistoric times wild beasts were tamed, andufjh generations of selection domesticated animals

evolved. The domestication of animals has playeeraimportant role in the development of our crdtu

Ideally animal breeding allows us to design futyeaerations of domestic animals. This can, for gam
be done with particular regard for production, ogfuction, health and functional traits. Breedinglgoary
with species, local conditions and time. Thus amtqeeoples were primarily concerned to obtain raeal
skin, and to develop working animals, from cafflee cows they kept produced little milk. Today in
Western Europe, by contrast, specialised cattléime to produce either milk or beef. In many paftdsia
and Africa oxen are still bred for characteristitat improve their quality as transport animalgsPwhich
are always bred for meat, are subjected to bredduigqiques that produce high quality pork or baattie
lowest possible cost. Poultry have also followad gattern of specialisation, and many breeds ave n

designed either to produce eggs (laying hens) praduce meat (broilers). In laying hens, genetlection
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has been for traits ensuring that more eggs adupeal. In broilers the main breeding goal has been

improve juvenile growth rates and to encourageeffieient conversion of feed to meat.

Breeding techniques have developed dramatically elast century. Systematic recording of the
productivity of dairy cows started in the late rigenth century. Other species, such as pigs amghshad to
wait until the early twentieth century. It was la¢ tbeginning of the twentieth century, when Meradeli
genetics was rediscovered, that breeding begavoteestowards more advanced breeding practiceseSin
then several changes have occurred that are wetithgn First, there has been a growing focus on
production rather than the physical appearanckeeo$élected parent animals. Secondly, the genatiniial
of animals has come to be measured by lookingegpéinformance of ancestors, sibs and offspringrath
than looking at the performance of parent-animtérdly, advanced biometrical models have beertgut
use to estimate the genetic potential of possiaternt animals. Finally, modern biotechnologiesiuding

molecular genetics, have been exploited by breeders

In biotechnology a distinction can be made betwepnoductive technology and gene technology. The
former aims to control (and often accelerate) ttuegss of breeding. The first technology of thisckio be
developed was artificial insemination, which allalweproduction to take place without natural mating
the 1950s a technique for freezing semen enhahegootential of artificial insemination. Semen atge
made it possible to pass on valuable traits frofereeeding animals to a greater number of indiadsiu
and to transfer genes over time and across lockgktal geographic boundaries. Contemporary breede
are, therefore, no longer restricted by the locallgilable gene pool. Worldwide, 110 million adiéil

inseminations are carried out in cattle each y€hib{er & Wagner, 2002).

Similarly, technologies have been developed to lerfaimale animals to produce many more progeny than
they would naturally. These include superovulatishich allows several embryos/eggs to be produeed p
selected donor, and embryo transfer, which endbkebreeder to shuttle embryos to recipients ttisas
surrogate mothers. A technique has also been deelihat makes it possible to remove immature eggs

from female animals, mature and fertilise thigseitro, and then transfer the fertilised eggs to recigien
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which serve as surrogate mothers. These technslbgiee been of particular interest to cattle breede

because in cattle there are long generation irearad each cow normally produces only one calfyper.

Let us turn now to the other type of biotechnologgd in animal breeding: gene technology. Gene
technology makes it possible to ‘map’ genes. Thait identifies the precise location of genes on
chromosomes. Such mapping — which either usestdiedection of major genes or makes use of sodalle
genetic markers, i.e. a segment of DNA with anfifiable physical location on a chromosome whose
inheritance can be followed — promises to be a vatyable aid in selective breeding. For it wilbal
selections to be made on the basis of genes ridiieion the basis of properties of the animalshiwhvthe

genes give rise.

Largely as a result of widely reported disputesr @¥#®1 crops, the use of gene technology with théédag
public profile is genetic engineering, i.e. theedirmanipulation of an organism’s genetic makeeugréate
genetically modified animals. Here genes from times or another species can be introduced intdiksked
egg so that the organism that subsequently develbpsits genes of mixed origin. The mature organis
might, for example, be an animal with disease-taste genes originating in another species. loigw
emphasising at once that, until now, animals haanlgenetically engineered mainly for the purpdse o
biomedical research. At present there are no conialgravailable genetically engineered farm ansnal

And fish breeding is the only area in which gersljcmodified animals appear to be in the pipeline.

As we mentioned in the introduction to this chaptiee main objective of farm animal breeding waslun
recently to improve production and efficiency. Argasther things, the pursuit of this objective haal#ed
farmers to become more cost effective and mairataiilmcome in spite of the falling prices of farnoghucts.
Quite often farmers have not really had any chbee. They have had to rely on modern breedirgif t
are to survive economically. However, at the same the technological developments we have destribe

have caused varying degrees of concern among isge@d@sumers and special interest groups.
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The concerns in question relate to the negativaangf breeding on the health and well-being ofriedl
animals. Consider two examples. First, over theHaadred years milk yield in dairy cattle has eased
substantially, from approximately 2000 kg to ne®&0@0 kg per cow per annum, thanks partly to imedov
management and partly to intensive breeding. Tévgldpment is welcome, both from the point of vigiw
human standards of living and from a resource petsge. However, it has become evident that exeessi
breeding for high milk yields leads to animal hiegdtoblems, including increases in digestive dismdnd
the incidence of mastitis, and reduced fertilitg @alving performance. Secondly, as we indicatexapa
huge acceleration in the growth rate of broilers b@en secured by modern selection techniquedirbe
required for broilers to attain commercially delleaweight has, as a result, been cut substantBilyas an
unintended side-effect the birds now suffer fromese leg problems. Over recent decades companies
involved in broiler breeding have invested consitdée resources in breeding for leg-health. Thelprob
persist, however. Some conditions have becomecteason, but at the same others have become more
prevalent. In a recent Danish study it was repattatinearly one third of the birds had a signifiba
reduced ability to walk normally. There is evergsen to believe that this impairment is painfulne
animals. And a number of other problems seem twheaected directly or indirectly with accelerated
growth. For example, the parent animals used tdym® eggs from which the broiler chicken are hatche
endure strict food restrictions under which they permitted to eat about half of what their appetit
motivates them to eat. In the absence of thisicéisin the animals become obese with dramatic mesyat

effects on both animal welfare and production.

The genetic correlations between production anttth&aits appear in some cases, then, to be uofabte

in the sense that the genes that bring increaga®dtuctivity introduce dispositions to disease atitbr
health problems. Even so, carefully designed bregpiogrammes might allow breeders to improve healt
and increase production at the same time — alththiggincreases in production generated by prograanme
of the latter kind may be smaller than they wowdgédhbeen if the animal health issues had beendgn&ut

just how important is it to breed animals in a wlagt ensures good health? Are we morally obligedbto
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this? Or are those who worry about the plight afreahs on modern intensive farms misguided
sentimentalists? To answer questions of this Kinginecessary to look at the ethical principled tinderpin
concern about modern breeding practices directly stall do this in the next section. In practieahts we

also need to examine alternative development fattibe future. We shall do this in the sectioreafiext.

Ethical limits to breeding

Ethical problems relating to breeding differ maikefdom those connected with the way animals a ky
the farmer (Sandgat al, 1999). The ethical issues raised by animal hudflyaconcerrexistinganimals.
They include questions about the treatment of alsiramd more specifically about housing systenss, th
opportunity to exercise ‘normal’ behaviour, theid®nce of disease and so on. Here the relevantignés
roughly this: bearing in mind that some husbandagctices cause pain or discomfort, what kinds of

treatment are acceptable in the efficient farmihthis animal?

By contrast, ethical questions concerning farm ahimneeding relate tpotentialanimals. The relevant
guestion is: what sort of animals should thereT®answer this question we need to clarify the pseg for
which it is acceptable to alter the genetic compmsiof animals (to a greater or lesser extengraer to
improve their utility to us. And we need to ask wkiads of concern should be considered in this
connection. To some observers the mere thougnterftionally changing genetic composition through
breeding is ethically unacceptable. Interferingwiite ‘natural’ selection process is ‘playing Godl'more
widespread and moderate attitude to breeding rsifigllaws. We cannot undo our earlier interventione
the animal kingdom. Farm animals are in any casady domesticated and recognisably distinct frioair t
wild relatives or ancestors. So the key ethicaktjoa is not whether we should abandon animal tinged

but how we should breed. In particular we needadfg the ethical limits of breeding.
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In scientific and public debate three (as it wenagjiliary topics are repeatedly raised when modeeeding
and reproductive technology are under discussibas@& are: animal welfare, animal integrity and

biodiversity. Let us examine these topics, and ttedevance to breeding, in turn.

The precise definition adnimal welfareis the subject of intense scientific and philogoghdiscussion
(Appleby & Sandge, 2002). However, it is fair ty siaat both physical health and the ability to eisr a
range of normal behaviours are important measureglfare (e.g. Sandeat al, 1997), and there is
widespread agreement that pain and other formaftg#rang impair welfare. The welfare problems
encountered in animal husbandry relate in pargready indicated, to breeding goals connected gh
levels of productivity (Christiansen & Sandge, 200urkeys bred for muscular development suffer
increased leg disorders and other health problbtake birds are sometimes too heavy to mount females
without damaging them, which makes artificial ingation necessary. Clearly these side-effectswafdale
breeding goals may reduce the welfare of turkegmi\ the breeding of double-muscled cattle forf bes
lead to calving difficulties. In many cases Caesargections are required (Broom, 1998) and thizages
the risk of welfare problems. Finally, reproductteehnologies can also have a negative impact dfange
Embryo transfer makes surgery necessary in shekpigs, andn vitro fertilisation has several unintended
and unwelcome results: it leads to an increasedpunf late, spontaneous abortions and other birth

problems (McEvoet al, 2001).

Most people would readily acknowledge that animelfare is an ethical concern with a direct beagng
the issues raised by livestock farming and farnrmahbreeding. Is it, however, the only such coneekn

example involving laying hens suggests that it n

Modern egg production systems are notorious fanahwelfare problems. Often the laying hens live in
battery cages, with limited possibility to walk.t&lnatively, they are kept in large groups wheezdhs a
better opportunity for exercise, but this resuitédather pecking, which in turn leads to damagaumage
and ultimately flesh wounds. Cruelly, these wouedsourage additional pecking from other hens, hackt

is in the worst cases a real risk of cannibalism.
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Several attempts have been made to alter produsyigtems to mitigate these negative effects, layt tiave
been largely unsuccessful. A common containmensuareas to mutilate day-old chickens by removing th
tips of their beaks. Another approach involves tireg it is to breed blind hens. For according to a
Canadian study (Ali & Cheng, 1985), congenitallynbichickens do not face the same problems of éath
pecking, cannibalism and other associated probésmo sighted ones. Purely from an animal welfare
perspective, the breeding and use of these hersepio be quite unproblematic. Studies also shahe
blind hens have no problem finding feed and wditave a lower feed intake, a body weight simildagong
hens with unimpaired vision, and produce more @gggiay. Even though they might miss out on some of
the pleasures and joys of chicken life, it is ppehgeasonable to expect that they will adapt aad &elife

that is unobjectionable from the point of view daflfare — at least, compared to the feather-pecking

alternative.

Whether it really is better, for the birds’ welfate create congenitally blind hens, depends on &owal

welfare is defined. Welfare may be, and often &ired with an emphasis on the absence of disewke a
pain. But it may also be defined so that it invelvgood functioning’ — that is, so that an essdmiament
of it is the ability to exercise ‘normal’ biologiceapacities (normality being relative to the spsti Plainly,

the second of these definitions would have theicapibn that blindness in hersa welfare problem.

But the objection to breeding congenitally blindoklens may be of a very different nature altogetiier
many people the objection to breeding blind herenigure that they can be accommodated within an
intensive production system is not about welfares dboutanimal integrityand its violation (Sandgst al,

1999). How powerful is this second kind of objenfio

The concept of animal integrity is difficult to deé (Christiansen & Sandge, 2000). A notion of fdughe
following kind captures a widely felt worry: “We calefine the genetic integrity of the animal as the
genome being left intact. This seems to be a mgardinotion in view of the fact that we can clegplyint
out some factors or actions by which the genomeddwoot be left intact” (Vorstenbosch, 1993). Whaed

leaving the genome intact mean? One obvious wapnderstand this is that we should abstain from



Danish Centre for Bioethics and Risk Assessment
This is a post-print of a chapter from the book
Key issues in bioethics. A guide for teachers.
Published by RoutledgeFalmer
For more articles on animal ethics, sagw.animalethics.net

technical interference with the genome. Then tbiinition only covers cases in which genetic chahae
been brought about through gene technology, atfteicase of the blind hens technology of this kitad

not involved. It therefore seems that the idea &néthals have a certain nature, or range of nateaglires
(e.g. sight), is essential to the notion of animsdgrity. To violate an animal’s integrity, on srexpanded

definition, is to breed an animal in which thisurat or range of natural features, is no longexcint

It remains to be seen whether the notion that anampossesses an essential nature can be sustaitséde
a religious context — that is, without defining winatural by reference to the intention of aatoe But
the concept of integrity is not without other prarols (Sandge & Holtug, 1998). A scientific objectiorthe
concept is that it fails to take into account thet that genomes exhibit a high degree of plagtigithin
changing environments. A more philosophical obggttasks whether the concern for animal integrity is
about what we do to individual animals or about twha do to entire species/races. In any case the
‘conservatism’ involved in the whole idea of preseg existing genotypes can be questioned. Whst is
special about these genotypes? Returning to amelédre for a moment, it might be asked how resfigct
integrity benefits the animals. Currently, broilesgperience leg problems as a result of over-rapienile
growth, as mentioned earlier. What would justifiefusal to initiate selective breeding programnees t
eliminate this problem and improve animal welfaWé@uld the desire to maintain the integrity of eixigt
breeds be enough? Is it not plausible to holdlihe¢ding for improved health and a reduction in

susceptibility to naturally occurring diseasesrisuaconditionally good thing?

If animal integrity and animal welfare are both siolered relevant, a balancing of the two concegainat
each other will often be necessary. This raisgbdéurgquestions. Are the two concerns equally inguft Is
one more important than the other — or should ahienately, be regarded as ethically irrelevant and

abandoned?
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Let us now turn to the third thing that people wabout when they have misgivings about the modern
breeding industrybiodiversity Concerns about biodiversity are not about théamelof individual animals.
Nor can they be adequately captured by talk albmuintegrity of individual species. They focus @&l on
the existence and value of whole populations. Andenparticularly, they focus on the variation and
variability of life forms, functions, structuresdprocesses that populations embody at the spaotes

genetic level.

The importance of biodiversity to breeders canduel ho gauge. To many in the industry, breediralis
about retaining genetic information and resouroeduture use. However, there are signs that thersiity
of the gene pool within breeds and species is bbirgatened by intensive selection pressures.mple,
variation within breeds has decreased followingesptead use of artificial insemination in Holste#iry

cattle, where the overriding purpose has been teradealthy breed available to farmers.

The number of extinct or endangered cattle breadsrdeed increased dramatically over recent dec#ue
several European countries three breeds or fewke mamore than 90% of dairy herds. Advanced bregdi
programmes typically focus on a limited number i&fdals, discarding other, more traditional breedsmF
1970 onwards a breeding programme in Norway fogusinthe Norwegian Red Cattle ensured that more
than twenty-five indigenous breeds went out of paibn within just two decades — leaving the Noriaeg

Red Cattle as the only commercially viable dairtfledreed (Christensen, 1998).

Losses of biodiversity provoke anxiety for a varief reasons. First, and most simply, many peami& |
upon biological diversity in itself as somethingtihas intrinsic, or fundamental, value. Secondly,
countries that possess a wide variety of, sayledatéeds, such as Norway, the loss of breeddda of
regarded as destructive of the local cultural bgat Thirdly, some observers have speculatedfttieree is
insufficient genetic variation within or betweerebds, it will become more difficult to go back aethedy
existing trait-related problems with, for exam@ajmal welfare; and that it will be difficult to agt breeds

to new production systems and management techniques
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One way to meet these concerns would be to conadirbeceds, or at least breeds of special impogan
perhaps using cryopreservation techniques. Howévwsris not very likely to happen at the momenis i
expensive and in any case it is unclear who (brs@dbe food industry? society as a whole?) shiogiat
the costs involved. In reality, then, prioritiedivimave to be identified in anticipation of futuneeds. We
will, for example, need to predict whether certgémes will become important for quality charactarssand

performance at some point in the future — sometbamger said than done, of course.

The way forward

The mains goals of twentieth century animal bregeliere to produce highly productive and feed-
conversion efficient livestock and to develop angwehich in other ways meet market demand, such as
leaner pigs. However, these aims are likely touppemented by others in the twenty-first centéry.
number of changes have been apparent over thievastecades. The values we examined in the lagbeec
— animal welfare, animal integrity and biodiversity are one of the drivers of change here. So ikitap
towards future trends it makes sense to ask witgtives are being taken to deal with the ethprablems

we have identified in real life.

To begin with it is important to realise that, whenost species are concerned, the breeding ssator i
longer very attached to the local farming commumityestern Europe and North America. Animal
breeding is an industry operating under unforgivimayket forces, and in some areas, such as poultry,
breeding is entirely in the hands of a very smathber of multinational companies. At the same time,
however, legislation governing animal protectiod arelfare is not international — at least, if we paide
European Union initiatives. These conditions, thgetvith the difficulty of finding objective meass of
animal welfare and exercising effective regulatoontrol, make it difficult to ensure that breedadsliress

welfare-related problems.
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In the Nordic countries efforts have been made thepast twenty-five years, in framing the bregdjoals
of dairy cattle, to bring in traits other than th@nhancing productivity: health and welfare haserb
included among the parameters of successful brgetihis has been financially feasible because healt
problems in dairy cattle give rise to economic éssstemming from treatment costs and lowered ptmguc
Thus an essentially economic motive has made giplesto combine health-related and income-related
breeding aims. However, in other branches of fanimal breeding it may turn out to be much moreiclifit
to find ways to breed for increased health andavelthat are economically attractive. This wouldegy to
be the situation in the case of poultry, for exampthere any economic losses to poulterers gerkbgte

reduced health and welfare are stubbornly offsetdsyesponding gains.

Breeders operate in an environment in which ibsodutely necessary to cater for ethical concerittsouwt
compromising economic competitiveness. This neeeddsgnised in a recent, ongoing EU project (2000-
2003) on sustainable farm animal breeding and cemton (Liinamo & Neeteson, 2001). In this projant
attempt is being made to map the concerns andtgsof various stakeholders, such as citizensanous

countries around the world, animal welfare orgaiosa, retailers, farmers and the breeding indusseff.

The notion ofsustainabldarm animal breeding cannot be defined with jusd specific set of values or one
specific list of moral concerns, because ethidaihdinas lie at the core of sustainable development.
However, if they are pursued sensibly, discussafrsistainability that refer to animal ethics and
biotechnology will open up the discussion of ethisgues and help to set an agenda. If these disnssare
to be fruitful, and if sustainability is to be mdrean a marketing ploy or an empty rallying cryiragrest
groups, it will be necessary for all parties toalweare of their own priorities and the values onchitthese
priorities are based. Equally, a meaningful diskursamong stakeholders in animal breeding will regju
those stakeholders to state their values in ageaeat manner. And obviously, an open-minded altitio

other stakeholders’ views will be very importantimy dialogue that takes place.
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