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M ANDATE

The EU Commission has asked the Scientific Committee on Anima Hedth and Animd
Wedfare to prepare a report on the welfare of non-human primates used for experiments.

The Scientific Committee, taking into account the most recent scientific information should
propose how the wefare of these animds can be improved, and identify the most
important issues within the EU.

BACKGROUND

In 1986 the Council adopted Directive 86/609/EEC on the protection of animals used for
experimenta and other scientific purposes. The Directive seeks to improve the controls
on the use of laboratory animds, to set minimum standards for housing and care, and
addresses in broad terms the training of personnd handling animas and supervising
experiments. It aso ams a replacing animas with non-animal methods wherever
posshble, as wel as encouraging the development and vdidation of such replacement
methods. Where animals have to be used, the Directive ams to ensure thet it is only the
minimum number, and that any animd suffering is the minimum necessary to achieve the
scientific objective i.e. avoidable suffering should not be caused.

The Directive contains two Annexes. Annex | listing the species of animals that have to be
purpose bred, covered by Article 21 of the Directive, and Annex Il containing the
guidelines for the housng and care of laboratory animas. These Annexes are of a
technicad nature, and rely on scientific knowledge of the needs of the animds, including
those to show certain behaviours, as wdl as the influence of the environment on their
welfare.  The guiddines need periodic updating in line with the latest scientific and
technica developments.

The Commission acknowledges the fact that Directive 86/609/EEC requires afull revison.
Since the scientific basis of the Directive dates back more than 15 years, some provisons
require revision based on more recently available scientific data. Furthermore, the scope
of the Council of Europe Convention goes beyond that of Directive 86/609/EEC and
covers animas used for the purposes of education and training. The Directive would need
to be digned accordingly. At the same time the Commission could fulfil its commitments
to improve the controls and welfare of certain species such as non-human primates, and to
revist some of the definitions and exigting provisons.

PREAMBLE

The Report is divided into chapters that cover the scae of experimental use of non-human
primates in the EU (4), their generd biology (5), generd welfare assessment (6), current
husbandry practices (7), breeding and supply (8), specific welfare problems (9), hedth
Issues (10), trangport (11), and specific issues relating to their use in science (12). These
are followed by conclusions (13), recommendations (14), priorities for future research
(15) and an executive summary (16). In this report the term *primate’ is used to cover dl
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non-human primates; ‘monkey’ to cover both Old World and New World non-human
primates except the prosmians, Great Apes to include bonobos, gorillas, chimpanzees and
orang-utans, and ‘man’ to mean ‘human’ rather than inferring a mae human being. There
are varying views on the ethical consderations regarding the use of primates in research
and the members of the Scientific Committee are concerned with the ethical issues
regarding the use of primates in research. However, it was not within the Committeg's
mandate to review the ethica issues of whether or not primates should be used in
research. Rather their mandate was to make recommendations on how the welfare of non-
human primates can be improved whenever they are used in research. It should be noted
that the Decison of the European Parliament and of the Council establishing the Fifth
Framework Programme laid down an ethica framework for Community funded research.
It stated that “all research activities conducted pursuant to the Fifth Framework
Programme shdl be carried out in compliance with fundamenta ethica principles, including
animd welfare requirements, in conformity with Community Law” (EU, 1999; EC, 2002).
Possible socio-economic consegquences of modifying the use and management of primates
in research have aso not been specifically considered within the context of this report. The
report focuses primarily on the welfare of primates used in research, dthough, since poor
health will result in poor welfare, brief consderation is dso give to some important generd
animd hedth issues. It should aso be noted that some of the generd issues concerning the
use of primates in research (eg. vdidation of dternatives to ther use ethicad
congderations etc.) will dso goply to other animas used in research. The Scientific
Steering Committee has dready published a statement regarding the need for non-human
primates in biomedica research which stresses that “unnecessary and duplicated or
redundant research using non-human primates should be avoided a dl costs’ (SSC,
2002).

According to the European Union Treaty of Amsterdam, animals that are kept for
commercia purposes are consdered as living and sentient, in the sense that they are able
to experience pleasure and suffering. In order to safeguard welfare as far as possible in
experimenta conditions, animals should be kept in environments that respect their needs,
including their needs to show certain behaviours.

The wefare of an anima depends upon its biologica festures and the housing and
management conditions under which it is kept. The biological features of present day
animds are the outcome of the process of evolution that has resulted in animals that are
adapted to their natura environment or ‘niche. Thus the behaviourd characterigics
displayed by animas are essentid to their survival and reproduction in their natura
environment. Some eements of this adaptation process are common to al animal species,
such as orientation, foraging and feeding, whereas others are specific to a particular
environment, such asaforest. Since environmenta niches have many festuresin common,
egpecidly in terms of temporal and spatid features, adgptive behaviour is usudly
aufficiently flexible to dlow an animd to adapt to different environmenta conditions from
the ones in which it has evolved, provided that they bear sufficient smilarities to the
origind environmenta niche. Domegtication makes use of this flexibility but primates have
not been domesticated and are in essence till wild animals (Poole, 1992, 1997).

The wdfare of an anima will become poorer if it cannot successfully adept to the
conditionsin which it is kept and this can occur in severd ways. At the behaviourd levd,

an anima can be prevented from developing some dements of its species-gpecific
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behaviourd activities because of lack of stimulation, restricted space, or the lack of an
appropriate outlet for these activities (Dawkins, 1990). These last two restrictions result
in the thwarting of needs to show certain behaviours and will often induce suffering, the
extent of which depends on the importance of the activity in the behaviourd repertoire of
the species in quetion (Dawkins, 1980, 1990). At the physiologica level, excessve
condraints upon an anima’s adgptive ahilities trigger a non-specific neuroendocrine
response that is usually referred to as the stress response, especidly in unpredictable and
uncontrollable Stuations (Hennessy and Levine, 1979; Dantzer and Mormede, 1983). In
al these cases, adaptation failure usudly results in a number of dtered body functions, of
which the visble manifestations can be used to assess wedfare.  Whether this is
accompanied by dtered emotiond states and fedings depends on the emotiona and
cognitive ahilities of the animal under consideration (Dantzer, 2002).

In line with these very generd principles, welfare has been defined as the state of an anima
as regards its attempt to cope with its environment (Broom, 1993; Poole, 1998). Welfare
therefore varies from good to bad, or more precisdy from ease of coping to difficulty
coping or some fallure to cope. Pleasurable mental states will often accompany good
welfare and unpleasant mental dtates are generdly associated with coping fallure.  For
many it is these menta states which are the essence of anima welfare (Dawkins, 1980,
1990; Duncan and Petherick, 1991; Mason and Mendl, 1993; Fraser, 1995). Trying to
assess anima welfare may therefore involve making inferences regarding mental sates in

particular.

It is thought that a balance between environmental novelty and predictability is important
for anima wefare.  Environmenta conditions that sgnificantly depart from an animd’s
‘nicheé can be the source of wdfare problems, the extent of which depends on their
prevaence, duration and intengity, and on an animd’ s ability to adjust to them. The extent
of such welfare problems can be assessed in the subjected animals by a combination of
measures, taking into account their physica hedlth, biologica functions and behaviour. In
generd, minimum premature mortality, low morbidity, minimd risk of body injury, the
ability to express vaued species-specific activities (including socid interactions, good
mothering behaviour, grooming, foraging, exploration and play) and a lack of abnormal
behaviour and of physiologica sgns of dress, induding dterations in immunity, indicate
that there are no mgor anima welfare problems.

EXPERIMENTAL USE OF PRIMATESIN THE EU

Non-human primates are maintained in Europe for a wide variety of purposes ranging
from fundamenta to highly applied research, and testing for regulatory purposes.
Sgnificant advances have been made in recent years in collating information on the use of
animas in research across Europe, dthough there continues to be scope for further
harmonisation of data collection. Issues of particular importance, when consdering
research involving non-human primates, include sources of animals and species selection.
The avallable source of amalgamated EU data (EC, 2003) indicates that non-human
primates accounted for less than 0.1% of al the laboratory animas used in 1999.
Although this is a relaively smdl percentage, there are speciad consderations associated
with their use and these have been considered e sewhere in this document.



Table 1 (EC, 2003) summarises the number of non-human primates categorised as
prosmians, apes, Old World monkeys (OWM), and New World monkeys (NWM)
reported to have been used for scientific purposesin EU Member Statesin 1999. For the
15 Member States, in 1999 9,097 primates were used out of atota of 9,814,171 animals
used in scientific experiments. The data shows that more non-human primates are used in
the United Kingdom (UK), France and Germany than dsewhere in the Community,
athough recently published gatistics for both the UK and France (Home Office, 2001,
Ministére de la Recherche, 1999) suggested a decrease in the number of primates used.
However, care should be taken in the interpretation of these trends since they are liable to
congderable fluctuation. Furthermore, there are difficulties in andysing the data since there
are varying definitions between countries of what conditutes an ‘experiment’, and an
animal can sometimes be re-used in more than 1 experiment in the same year.

Table 1: Total number of non-human primates used for experimental purposesin
EU Member Statesin 1999

Country Prosimians | NwWM* OWM? Apes Prosimians+ Use of primates
monkeys+apes asa % of total
Total animalsused °
Austria 0 0 7 0 7 0.01
Belgium 0 21 469 0 490 0.06
Denmark 0 0 0 0 0 0.00
Finland 0 0 9 0 9 0.00
France 455 53 1814 0 2322 0.10
Germany 271 1813 0 2084 013
Greece 0 0 0 0 0 0.00
Ireland 0 0 0 0 0 0.00
Itay 0 62 450 0 512 0.05
Luxembourg 0 0 0 0 0 0.00
Netherlands 0 42 272 6 320 0.05
Portugal 0 0 0 0 0 0.00
Spain 0 96 0 0 96 0.02
Sweden 0 6 60 0 66 0.02
United 0 1073 2118 0 3191 0.17
Kingdom
Total 726 1353 5199 6 9097 0.09 (M ean)

'New World monkeys (Ceboidea), 0Old World monkeys (Cercopithecoidea), ® Prosimians+
monkeys+apes as a % of total animals used for experimental purposes in that Member State, * In the
case of Germany, a combined figure for both Old and New World monkeys is given and so these
animals are not included specifically in either the NWM or OWM totals

Some information is available on the sources of non-human primates used in research,
including their importation into Europe from breeding colonies located in a diverse range of
countries such as China, Indonesa, The Philippines, Mauritius, Israd and the USA.
Primates used within Europe are sourced from ether sdlf-sugtaining in-house colonies,

other Europe-based breeding colonies or breeding and holding establishments outside
8



Europe. Table 2 (EC, 2003) shows some data on the sources of primates used in
scientific experiments within the EU, athough data for Germany is not included.

The country of origin where primates are sourced has implications for the quality of
animals sourced, the duration of trangport the anima endures, the genetic profile of the
animas and individua subspecies, animd hedth issues (diseases endemic in area where
sourced), and the practices employed in their breeding and handling in the establishments
of origin, with consequent impacts on their welfare.  Even if such breeding and supply
edtablishments are located outside the EU, their involvement in accreditation schemes
could help to safeguard the welfare of primates held there for eventua use in Europe.

Table 2. Place of origin of primates used for experimental purposes in EU
Member Statesin 1999 (A portion of thetotals comprisere-used animals)

Place of Origin Prosimians | NWM | OWM | Apes
From registered breeding or supplying establishments within the EU 323 1169 2274 6
From elsewherein the EU 0 46 181 0
From other origins 132 56 2736 0
Number of re-used animals within overall total 0 364 595 1

Table 3 (EC, 2003) shows collated available data on the primary scientific purpose for
which primates are used (German data are not included). Bottrill (2000) has published an
andysis and commentary on primate use in Europe based largely upon corresponding data
for 1996/7.

Table 3: Number of primates used in experiments for specifically identified
scientific purposesin EU Member Statesin 1999

Pur pose of experiment Prosimians [ NWM | OWM Apes Total
Primates
Biologica studies of a fundamental nature 455 355 469 0 1279
Research and development of products and devices for human 0 410 483 6 899
medicine, dentistry and veterinary medicine’
Production and quality control of products and devices for human 0 0 895 0 895
medicine and dentistry
Production and quality control of products and devices for veterinary 0 0 2 0 2
medicine
Toxicological and other safety evaluations® 0 568 3119 0 3687
Diagnosis of disease 0 0 22 0 22
Education and training 0 0 4 0 4
Other 0 8 198 0 206
Total 455 1341 5192 6 6994

“excluding toxicological and other safety evaluations, “including safety evaluation of products and
devices for human medicine and dentistry and for veterinary medicine




Although not explicitly categorised in the data gathering for most states, the OWM species
used most frequently are macaques and, of these, Macaca fascicularis hasin recent
years become the OWM most commonly used in regulatory investigations. Macaca
mulatta is the second most frequently used species and relatively smal numbers of other
macaques are used. Over the last decade Callithrix jacchus has replaced Saimiri
sciureus as the most frequently used NWM species. From the data reviewed, it appears
that that there is no current biomedica research involving chimpanzeesin Europe. Inthe
two EU countries where chimpanzees have been kept for research purposes, namely
Austriaand The Netherlands, such experiments are to be ended and the animas are being
‘retired’. In The Netherlands alaw isin preparation prohibiting the use of chimpanzeesin
biomedica research.

Current datasets concentrate on the number of animals used in scientific procedures, the
primary purpose of conducting those procedures and, for some countries, data on the
sources of the primates used are also available. They do not capture data on the number
of primates maintained for scientific purposes or on the actud severity of experimenta
procedures to which the animals are exposed. However, as an example, some figures
from The Netherlands are presented on the predicted severity of research involving
primates (see Table 4). A more detailed breakdown of the number of individua species
of primates used would facilitate the identification of trends regarding their use and alow
breeding programmes to be planned accordingly. However, categorisation of what counts
as ‘experimentation’ and the degree of pain, distress, discomfort and suffering, caused can
vay. The cdassficaion of the adverse effects into a very smdl number of categories
presents obvious difficulties, and interpretation and classfication can vary between
countries.

Table 4: The predicted degree of discomfort of primates used in research in The
Netherlands (Anon., 2001)

Predicted Degr ee of Discomfort
Species Little Little/ Moderate M oder ate/ Serious Very
Moderate Serious Serious
Prosimians - - - - - -
NWM 1 33 44 21 63 1
OWM 130 101 151 84 107 -
Apes - - 9 2 1

Fectors influencing the sdection of a particular species are a centrd issue and have
enormous implications for anima wefare and the quality of anima-based science. In some
countries specid judtification for the use of non-human primates is required as part of the
ethica review process and involves consdering both the sdection of non-human primates
in preference to non-primate species or humans, as well as sdection of the particular
species of non-human primate proposed to be used.

4.1. Reason for use and severity

Currently available data differentiate imperfectly in terms of breskdown of why
non-human primates are used, dthough those animas used for toxicologica studies
are reported separately from those used in fundamental research. Non-human
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4.2.

primates are used in fundamental and gpplied research and the levd of intervention
of studies involving primates deserves particular condderation. Such studies can
range from wholly non-invasive ethologica observations in large enclosure settings
to highly invasve sudies, for example ranging from toxicologicd sudies involving
drug adminigtration and repeated blood sampling, to studies resulting in very poor
welfare and possibly the ultimate degth of the anima. Data are not routingly collated
on the dassfication of levels of severity of procedures to which individua animas
have been subjected. The levd of pain and suffering for an animd during its lifetime
in a laboratory will depend on severd factors including the husbandry conditions,
the type of experiment being carried out, the intendty and duraion of any pan,
digress or lagting harm, and the number of times an animd is re-used in the same or
adifferent procedure.

At present, the leve of anima suffering is poorly recorded and often is a matter for

prospective evaluation i.e. aprediction of what will happen, and not the degree and

duration of suffering that actualy occurred. A better system would be to have a
retrogpective reporting system, with reports by anima wefare officers and

veterinarians in an inditution being collected and reviewed. Furthermore, any

methods to dleviate or avoid such suffering could also be identified, and applied. It

is difficult to obtain such information a present because it is not required to be
written up as a scientific paper as it does not form part of a ‘standard experiment’

but rather congtitutes good clinical observation data. Neverthel ess such a reporting

system and database would enable experiences to be shared, potentialy to the

benefit of the welfare of dl animas used in research, which in turn would benefit the

science.

Use of the Great Apesin research

Opinions vary as to whether Great Apes should ever be used in invasive research.
One approach would be to redtrict their use to where it is likely to be in the best
interests of those individua gpes to be used, or of the long-term surviva of that
species.  Such an approach would lead to fundamenta changes and redtrictions in
their use in biomedicd and biological research. An dternative position would be
that the option of their use in biomedica research in the future should remain open,
If no dternative research models are available for specific critica research in the
future. To ded with such unforeseen requirements, a significant number of primates
would need to be held in resarve to serve such scientific purposes if they arose.
The necessity of such research and absence of dternative research modes would
need to be assessed and their use approved by scientific regulatory bodies
following an ethica review assessment of the research proposed. There is concern
that a prohibition of the use of primates for research in Europe could lead to such
research being performed in countries where their welfare could be further impinged
upon, if they are used in other countries where the standards of animal care and
welfare are lower than in Europe. Specia consderations may aso apply when
evauding the vdidity of experiments involving chimpanzees. However, such ethica
issues are beyond the mandate of this Committee and scope of this Report.
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4.3.

4.4.

In vitro studies

Additiondly, non-human primates are sometimes humanely killed to obtain tissue
for in vitro studies. Available databases do not currently provide information on
animas culled soldy for their tissues. When animals are used in this way, there
could be co-ordination, optimisstion and refinement of primate usage by
establishing tissue banks and data exchange networks.

Although such a sysem is extant in the USA (Primate Info. Net
http:/Aww.primatewisc.edu/pin/) currently, there are no comprehensive pan-
European databanks on the use of non-human primates and non-human primeate
derived tissues and cells, and such a venture would have considerable potentid to
optimise the information gained from individud animas.

Networking

In the USA there is along-established system of regiond primate centres that offers
potentia for co-ordination of primate related breeding and research activities. In
Europe, a number of Primate Centres and other primate-related research centres
from France, Germany, Italy, UK and The Netherlands have begun a collaborative
programme to address some of the issues regarding primate research on a
European bass under the aegis of the European Primate Resources Network
(EUPREN) which was founded in 1993. EUPREN networking activities at nationa
and cross-community levels have involved holding scientific meetings and facilitating
a survey of primate supply for biomedicd research in the UK (EUPREN UK
Working Party, 1997). A number of cross-disciplinary workshops were held in the
late 1990s which included joint workshops with the European Marmoset Research
Group (web page at http://dpz.gwdg.de/femrg/emrgcons.htm), one of a number of
European groups with particular involvement in non-human primate research. The
European Federation of Primatology (EFP), established in the mid-1990s as an
umbrella organisation for various nationa primate societies and groups, is another
important cross-disciplinary group involved in the discusson of issues reléing to
primates.

When using primates in scientific experiments, inter- as well as intra- |aboratory
collaboration could dlow grester  scientific  benefits  from  the
physiologica/behaviourd measures, and from the tissues'samples taken from
animds during and after the end of the research. Research facilities could ensure
that samples of primates tissues are widdy shared within and also outsde an
indtitution and bodies funding research could further encourage such cooperation.
By fostering and supporting collaborative research efforts, better use of the animals
in asngle project can be made, as a greater breadth of anaytical measures can be
caried out on each animd utilisng the available expertise from a broader scientific
base. This could help to reduce the overdl number of primates required to be used
In research.
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45, Re-use

The classfication of what counts as a‘use of animds varies consderably between
countries and covers the spectrum of studies outlined in chapter 4.1. As aresult,
the term ‘re-use’ is open to a wide range of varying interpretations. The issue of
re-use of primates raises particular concerns that need to be addressed. The
amount of information obtained from one anima could be maximised by performing
more than one experiment at a time where this does not detract from the scientific
objective or result in poor anima welfare.  This would reduce the overdl tota
number of animds required to be used. However, the objective of maximising the
data acquired from individud animas must be judged agang minimisng any
adverse affects on their welfare. The leve of severity of the effects of scientific
procedures to which animals have been subjected will be an important determinant
of the appropriateness of ther subsequent re-use, ether in further scientific
procedures or by their return to captive breeding colonies. In addition, the longer
lifespan of non-human primates, compared with some other laboratory anima
Species used, is an important consderation when managing their use and possble
re-use in experiments. Some collated data are available concerning the re-use of
primates in research (EC, 2003).

5.  GENERAL BIOLOGY OF PRIMATES
5.1. Taxonomy and phylogeny

Man and approximately 200 species of non-human primates are placed together
taxonomicdly in asingle order caled Primates. Today, non-human primates are
found naturaly in Africa (including Madagascar), South and East Asia, and in South
and Central America - there are no naturaly-inhabiting primates in Antarctica or
Audrdia Although a few species can live in more temperate aress, like Nepa and
Northern Japan, the vast mgority live in areas of tropica or sub-tropica climates
with evergreen forests (Oates, 1987; Fleagle, 1999). The primate order
encompasses a great variation among species in aspects such as body size (259 to
200 kg), food eaten (ranging from leaves and grass to meat), patterns of
locomotion (from arm brachiation in trees to quadrupedic locomotion on the
ground) and szes of naturaly occurring socia groups (from solitary to large groups
with more than 200 individuds in complex socid organisations) (Harvey et al.,
1987; Burton, 1995).

The order of Primates is commonly divided into two mgor groups, or suborders.
Prosmii (lemurs, lorises and tarsgers) and Anthropoidea (monkeys, apes and
humans). Although specidised in many respects, prosmians preserve more
primitive features, such as agpects of dentition, skulls and limbs, smilar to those
found in primate fossils dating back 40-50 million years (Heegle, 1999). Proamians
are the primates mogt geneticdly distant from man. They live in Centrd Africa,
(lorises and gdlagos), Madagascar (lemurs and lepilemurs for example) and South-
East Ada (tarsers). Except for species from Madagascar, extant prosmians are
nocturna with speciaised night vison and good hearing.

13



5.2.

The greatest abundance and diversty of prosmians occur on the idand of
Madagascar. This idand not only has a greet regiond diversity in flora, but it has
aso been separated from the African mainland for many millions of years and has
not been inhabited by ether larger carnivores or ungulates, or by any of the more
advanced primates (anthropoids). Prosmians on Madagascar have, therefore,
evolved into both nocturna and diurnal species (Richard, 1987; Fleagle, 1999).

The New World monkeys, or platyrrhines (broad-nosed monkeys like marmosets
and tamarins, howler monkeys, spider monkeys, squirrel monkeys, owl monkeys
and cgpuchins) have an evolutionary history extending back nearly 30 million years
and they have been genetically isolated on South and Centrd America from the rest
of the anthropoid monkeys for many millions of years. Due to this genetic isolation,
New World monkeys are dso geneticdly distant from man. In dentd and crania
anatomy, platyrrhines ill have primitive festures, logt in the evolution of Old World
monkeys and apes, such as having three premolars (Fleagle, 1999). Due to the
great diversty of habitats and the absence of other primates (like prosmians),
platyrrhines have aso evolved to fill a diverse array of ecologica niches and today
include both nocturna and diurnal species and exist in sizes from 100g to over 10kg
body weight (Smith and Jungers, 1997).

Anthropoid monkeys and gpes of Africaand Ada are al included in the infraorder
Catarrhini (narrow-nosed primates). The catarrhines are further subdivided into
two superfamilies, Cercopithecoidea (Old World monkeys such as macagues,
baboons, guenons and colobines) and Hominoidea (hominoids, Lesser Apes -
samang and gibbons, Great Apes and man). They dl have the dental formula of
two premolars and a tota of 32 teeth, just like man, and are the primates most
cosdy gendicdly rdaed to man. Even though a great diverdty exids in habitats
and patterns of adaptation, catarrhines are diurnd, generdly larger, and some
species are dso partly terrestrial (Fleagle, 1999).

Primate habitats and adaptations

The habitat is the specific environment in which a primae is found within its
geographic range of didribution. Primates are found in avariety of habitats, ranging
from deserts and open grass savannahs to dense, tropicd rainforests. Even though
most primate species live in forests of one sort or another, these forests are not
uniform, and come in many different forms, with variations in dimate, dtitude,
topography and soil type, as wdl as in the characteristics of the flora and fauna
Furthermore, greet variaion exigts within asingle forest as different primate species
are adapted to live in various ecologica niches in a given habitat. For example,
species can be adapted to live on different types of food in the same forest, to live
a different heights in the trees or even on the ground. They can be adapted to
different modes of locomotion when travelling in the forest and to qudlitatively and
quantitatively different types of predation (Oates, 1987). The large range of
different habitats to which primates are adapted, combined with a sub-speciaisation
to occupy different ecologicad niches within a given habitet, are the bads for the
great diversty of adgptations found within the primate order. The most important
forms of primate diversity are mentioned below (Fleagle, 1999).
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L ocomation:

There are four basic types of primate locomotion. Quadrupeda primates use al
four limbs, with pamsflat, to wak, as do most primarily ground-dwelling primates.
Chimpanzees and gorillas knuckle-wak, a specidised verson of quadrupeddism.
Some larger primates travel through the trees by hanging below the branches. An
exceptiona form of such suspensory locomoation is caled brachiation and is shown,
for example, by gibbons. Verticd clingers and legpers prefer smal tree trunks and
can jump from one trunk to ancther. They sometimes have claws ingtead of nallsto
fecilitate grip, asin marmosets. Some species show occasiond bipedalism, but man
Is the only primate adapted to continuous bipeddism. Even though primates are
adapted to chiefly use one of the four major types of locomotion, they may use
other types & least some of the time, eg. when a quadrupedd anima climbs into
the trees for the night.

Social organisation:

The socid organisation refers to how an individua relates to other members of the
same species. Primates are dl, in one form or another, socia animals but they are
adapted to many different forms of socia Structures depending on the species and
the habitat in which they live. They recognise each member in their group and
edablish different socid relationships with each of them. Ther socid bonds are
based on attachment, friendship and kinship. They have the capabilities to learn
from conspecifics, compete, cooperate with, and appease each other, prevent
conflict escalation and can form coditions. Ther socid organisations represent
complex networks of relationships that vary according to age, sex, familiarity, kin-
rel atedness and dominance status of individuas (Smuts et al., 1987; Fleagle, 1999,
Aurdi and de Wad, 2000). The availability of companions of a particular age-sex
class and engagement in certain kinds of interactions and socid relationships have
psychologica and physiologica consequences for individuas.

As the name implies, solitary foragers often forage alone and the only more stable
socid group is that between the mother and offspring. Solitary foragers use a home
range and often the home range of a mae overlgps the home-ranges of severd
femaes, as for the orang-utans. Inter-male competition is prominent.

In a one maelone femde socid organisation, the socid group consss of a
monogamous pair and their offspring, often in a territory defended againgt other
members of the same species. Gibbons from South-East Asia, and titi-monkeys
and the nocturnd owl monkey from South America live in monogamous pairs
(Robbins-Leighton, 1987; Robinson et al., 1987). Sometimes even sexualy
meature offspring remain in the territory to help the parents with their young. Thisis
found, for example, in the South American common marmosets (Goldizen, 1987).

One maéemulti-femade groups represent a common form of socid organisation.
Two types of these groups can be distinguished. In one, several related or bonded
femaes remain in a group and may defend their resources. An adult male may join
the group, mate with the femaes and defend the femaes and their offspring againgt
other males. In the other type of group, unrelated females may join amale, aslong
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as he can succesfully defend the femdes and their offspring.  There is a strong
sexua sHection in males, as the males have to repeatedly fight againgt other malesin
order to get access to and defend a harem-group of females. In these species,
infanticide by drange or newly arived maes is not uncommon. The maes in
species adapted to live in a one mae/multi-femae socia organisation are often
equipped with very large canines and are subgtantialy larger than the femaes (by
75-100% in the gorillafor example).

Severd types of multi-mae/multi-female primate socid groups exist. In macaques
and in some baboons, related femaes build up the core of the group, they remainin
the same group in which they were born and they inherit their rank from their
mothers. The maes, even though bigger and dominant to femdes, leave their nata
troops a maturity and emigrate to a new troop to gain access to unrelated fertile
femaes (Mdnick and Pearl, 1987). A multi-mae/multi-female socid organisation
with more fluidity is the so-cdled fisson-fuson community, seen for example in
South American spider monkeys and the African chimpanzees. Reated mdes
forage together and patrol and defend a common territory in which unrelated
femaes forage done or with thar offspring. Occasiondly, the whole group can
meet and forage together a a rich feeding Ste (Nishida and Hiralwa-Hasegawa,
1987) In multi-mae/multi-female primate socid groups of these types, promiscuous
matings often occur and a single femae may mate with severa maes at the time of
oestrus, and the males dso try to mate with as many females as possible. Males of
primates with an evolutionary background of promiscuous mating have evolved
larger testicles and short copulation times, and femaes more often show sgndled
ovulations (Sillén-Tullberg and Mdller, 1993).

The basic foraging and reproductive unit of the hamadryas baboon is a one
mae/multi-female group, but severd such units with related males form acdan. A
hamadryas baboon herd, containing up to 400 individuas, conssts of severd such
cans.

An important disadvantage of living in socid groups is the increased risk of conflict
and aggression, as competition between group members for limited resources, such
as food, partners or deeping stes, will be more pronounced (Kappeler and van
Schaik, 1992; Aureli and de Waal, 2000). An important aspect of the socid life of
primates is therefore various forms of behavioura drategies used to encourage
socidity (thereby maintaining group structure) and to reduce tenson and conflict
within the groups. Apart from a diverse variety of behaviours sgndling dominance
or submisson, socid grooming is an important behaviour used to establish and
maintain socid bonds.  In recent years, reconciliatory behaviours, i.e. affiliative
behaviours shown in the period directly following a conflict, such as socid grooming
or body contacts, have been shown to be of great importance in reducing the
impact of conflict and aggresson in primates (Kappeler and van Schaik, 1992,
Aurdi and de Wadl, 2000).

In generd, primates are xenophobic, meaning that primates in groups are very
retrictive in accepting and incorporating newcomers from outsde into the group.
How acceptance of newcomers is undertaken in the wild is not very well
understood.
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Diet:

Wha a primate edats is determined by its Sze, teeth, and the anatomy and
physiology of its gastro-intestinal tract (Oates, 1987; Fleagle, 1999). Only
primates with a gastro-intesting tract that, with their gut flora, can digest cellulose
can edt leaves, sems and grass, and they are commonly caled folivores. Among
anthropoids, folivores exist among both New and Old World monkeys. Folivores
are less redricted by food avalability and can therefore live in more dense
populations (Oates, 1987). Primates with an acidic ssomach cannot support
commensals and cannot digest cellulose, and consequently need to find high energy
foods, such as carbohydrate-rich fruits or very young leaves and protein-rich
insects. They are commonly cdled frugivores. Larger frugivores have problems
finding food containing adequate amounts of protein, and show many adaptations to
overcome this problem, and will aso eat birds eggs, tree-lizards and tree-frogs,
and even hunt and kill other mammals as food. Unless larger frugivores can
overcome this problem of sourcing food, they are forced to live in smaler socid
groups or even litarily, like the orang-utan. Some primates, marmosets and
tamarins for example, feed to a large extent on plant exudates, such as exudates
from gum trees. They have specidised teeth, with which they regularly gnaw holes
in the trees to induce exudate production (Goldizen, 1987; Fleagle, 1999; Ah-King,
2000).

The home range is approximately the amount of land used by an individud or a
group throughout the year and in which al necessary food-items for survival and
reproduction can be found. Home ranges can overlap between groups but a
territory comprises a home range actively defended againgt other groups or
individuals. Home ranges vary from 0.1 ha for some prosmians to up to 1,000 ha
for orang-utans (Rowe, 1996).

In very generd terms, primate females are exposed to higher energy demands than
meales, due to giving birth and nursing ther offspring for along time. Depending on
the availability and digtribution of food and the occurrence of predators, females will
digtribute themselves so as to maximise food inteke and reduce the risk of
predation. Maes, on the other hand, will distribute themselves to maximise their
access to fertile femaes. Due to these differences, dl the various forms of socid
organisation described above have evolved in the various habitats in which primates
live (Wrangham, 1987; Fleagle, 1999).

Life histories;

Every primate species has a characteridic life higory, which includes timing of
events such as gedtation length, age at weaning, age at separation from the mother
(NB separetion differs from weaning, see adso chapter 8.4), sexud maturity and
totd life gpan. The age a which the femde hasiits first offspring and time of leaving
the natal troop, are included in this concept. A greet diversty aso exigts in life
higories for different primate species, for example, weaning occurs from
goproximately 2 months of age in marmosets, while it usualy occurs between 3 and
5 years of age in chimpanzees (Harvey et al., 1987; Rowe, 1996). The lifespan of
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5.3.

primates in captivity is often longer than ther life expectancy in the wild, where they
may die from predation, disease, injuries or Sarvation.

Time budget:

A time or activity budget is a list of proportions of time spent in regular daily
activities, such as feeding and foraging, traveling, resting, grooming etc. As an
example, rhesus macaques have been shown to occupy 20-35% of their time
foraging and an additional 10-25% of their time travelling in search of food. Socid
contects are dso important and 5-10% of the time is usudly spent in socid
grooming and socid play (Chopra et al., 1992). There is likely to be consderable
Inter-gpecies variation in time and activity budgets, especidly between species that
are ether folivores or frugivores, with available data suggesting that time occupied
by foraging behaviour can vary between 7 and 65% in different species (Milton,
1980; Strier, 1987; Maik and Southwick, 1988, Marriott, 1988; O' Neill et al.,
1989).

Biology of primate species most commonly used in biomedical research
within the EU

PROSIMIANS
L esser mouse lemur:

Lesser, or grey, mouse lemurs (Microcebus murinus; average adult body weight
100g) are solitary nocturnal foragers, but individuas deep together during the day.
They are frugivores and eat fruits, flowers, exudates, nectar, and insects. During
the breeding season, femdes live done or with familiar femaes on smal home
ranges (0.1-1 ha) while maes compete to overlap one or more female home ranges
(Martin, 1972; Rowe, 1996). Seasond reproduction is regulated by photoperiod
and outside the breeding season, testosterone levels decrease in males and the
gametogenic activity stops (Perret, 1992). Thetota life-gpan is gpproximately 15
years (Harvey et al., 1987; Rowe, 1996).

PLATYRRHINES- NEW WORLD MONKEYS
Owl monkey:

The nocturnd owl monkeys (Aotus trivirgatus, average adult body weight 1kg)
live in monogamous pairs in which the father is the primary caretaker of the infant.
The family defends its territory (about 3 ha) aganst neighbouring groups and in
territorid digoutes, maes fight with males and femaes with femaes (Wright et al.,
1989). It is a frugivore and egts fruits, insects and animd prey. The life-gpan is
reported to be up to 20 years with the offspring emigrating from the natd group
when gpproximately 3 yearsold (Harvey et al., 1987; Ross, 1991).

Marmoset and Tamarin:

Common marmosets (Callithrix jacchus) are smdl (adult body weight range 250-
400g), highly arbored and diurnd. In the wild, they live in family groups of
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between 5 and 20 individuas. They exhibit a cooperative breeding system in which
individuas remain with their natal groups into adulthood, helping to rear the
subsequent offspring of the dominant mae and femae. Mature offoring rank as
subordinate to their parents for as long as they remain in their origina family groups
(Goldizen, 1987). Reproduction is redtricted, by behaviourd and hormona
mechanisms, to the dominant parent par, who actively prevent any pair-bond
formation between any other male and femade combination in the group (Hearn,
1983; Abbott, 1993). Both polyandric (femade mating with several maes) and
polygynic (mae mating with severd femaes) family groups have, on occasion, been
found. Marmosets are frugivores, egt insects and are specidised in tree gouging
and gum feeding. Their naturd home ranges are between 1 and 4 ha. Foraging and
feeding occupy up to 50% of their time budget and one fifth of their food can come
from gum feeding (Goldizen, 1987; Feagle, 1999). The life-gpan ranges from 10 to
15 years. Marmosets in the wild give birth to twins, but in captivity triplets are often
born, and the gestation length is 5 months (Harvey et al., 1987; Ross, 1991).

Tamarins, for example the cotton-top tamarin (Saguinus oedipus) or the saddie-
back tamarin (S. fuscicallis), are Smilar to marmosets in many respects, but they
are dightly larger (average adult body weight 400-500g) and have larger home-
ranges (up to 50-100 ha), related to a more frugivorous diet and less dependence
on gum-feeding. They can dso live in multi-mae/multi-femade socid groups. Most
marmosets and tamarins show reluctance to descend to the ground and they display
frequent anogenital scent marking.

Squirre monkey:

The common squirrd monkey (Saimiri sciureus) inhabits tropica rainforests a
various dtitudes and exigts in severd subspecies with differences in coat colour and
facemasks. Body weight of adults ranges from 600 to 1,100g, with maes being
heavier than femdes. They are arbored and live a different levels in the canopy,
depending on the temperature, and seldom visgt the ground. In the wild, they livein
farly large mixed multi-mae/multi-femae socid groups composed of 20 to 100
individuds. Femdes reman in ther natd group and have matrilined hierarchies.
Mades dso keep a drict dominance hierarchy, sometimes forming groups of ther
own in the periphery of the females (Badwin, 1985). Squirrel monkeys associate
predominantly with members of their own age and sex, and femaes may carry and
care for infants other than their own. Squirrd monkeys engage in mating activities
during a brief period each year and, in the wild, maes gain weight in the months
preceding the breeding season. Circulating gonadal hormones increase and the rate
of mixed mdefemae socid interactions increase during the breeding season
(Dukelow, 1985). Outsde the breeding season, femaes aggressively expe maes
at the periphery of the group. Squirrd monkeys are frugivores but apart from fruit
they dso eat alarge proportion of various forms of anima prey. They have awide
range of high frequency vocdisations for communication. Their home ranges vary
from 65 to 130 haand daily foraging trips of 1,500 m are not uncommon. The life-
spanisup to 20 years (Harvey et al., 1987; Ross, 1991).

Capuchin monkey:
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The tufted or brown cgpuchin monkey (Cebus apella) is sometimes used for
research within the EU, but is more regularly used in other countries, for example in
the USA. It has an adult body weight range of 1.5-4.5 kg, with maes being
condderably heavier than femdes. It isafrugivore and is found in virtualy al types
of neotropica forests in South America It lives in multi-mae/multi-femae socid
groups usudly conggting of 10 to 35 individuas (Robinson and Janson, 1987;
Heagle, 1999). Capuchin monkeys are opportunistic and use their manipulative
abilities to obtain food unavailable to other species. Apart from apes, the capuchin
monkey is the only species tha has been shown to solve experimental tasks
requiring abstract cooperation between individuals (de Wad and Berger, 2000).
The capuchins live in large home-ranges (25-40 ha) and, in relaion to their body
gze, have a dow life higtory schedule with long lactation periods, long interbirth
interval, and along life span of up to 45 years or more (Harvey et al., 1987; Ross,
1991).

CATARRHINES-OLD WORLD MONKEYS

Severd different species of Old World monkeys are used in biomedica research
within the EU. The different species used show some generd similarities in biology,
but aso some important differences and they are therefore described separately.

M acaques:

The four species of macagques most commonly used in biomedica research are dl
from Ada; the rhesus macague (Macaca mulatta; adult body weight range 4-10
kg), the crab-edting or long-tailed macaque, sometimes aso caled the cynomolgus
monkey (M. fascicularis, adult body weight range 2.5-8 kg), the sump-tailed
macaque (M. arctoides,; adult body weight range 7.5-10 kg), and the pig-tailed
macaque (M. nemestrina; adult body weight range 5-15 kg). With the exception
of the sump-tailed macaque, maes are consderably heavier than femdes. The life-
gpan of macaquesis 30 to 35 years (Ross, 1991).

All members of these pecies live in multi-malemulti-femae socid troops which
range from 10 to over 100 individuas under natura conditions (Menick and Pearl,
1987; Fedigan and Fedigan, 1988; Bercovitch and Huffman, 1999). Females
outnumber adult maes and they remain for the course of ther lives in their nata
group, forming kinship subgroups, with strong socia bonds within the subgroup.
The exigence of gtrong coditions between the individuds determines the reative
ranks of kin subgroups and makes the immigration of strange conspecifics difficult.
Mdes dso form hierarchies, competing for access to femades, and mating
associations between males and femaes range from a few minutes to severa days.
In macaques, dominant individuals exert a control role that can decrease rates of
aggresson by intervening in conflicts. For example in pig-talled macaques, it was
shown that entirdly femae groups disolay more aggression than groups containing
an adult mae (Dazey et al., 1977).

Femdes usudly give birth every one or two years and sblings and relatives may
care for infants. Maes migrate from the group on reaching maturity. In species
undergoing seasond reproduction (eg. M. mulatta), testosterone levels and rates

20



of wounding incresse in maes during the 2 to 3 month long mating season
(Bercovitch and Goy, 1990). All these species are frugivores, dthough they aso
feed on insects, bird eggs and anima prey when accessible. Their home ranges are
usudly large and can range from 200 to 400 hain Sze, and troops in the wild have
been observed to move severa km each day (Harvey et al., 1987; Chopra et al.,
1992; Rowe, 1996).

Some differences between these species dso exis.  For example, the long-tailed
macague is the most arbored of the species and lives exclusvely in tropicd aress.
Other species live in areas with more variable temperatures, and often forage and
travel on the ground. Rhesus macaques have a more hierarchid and dominance-
based socid system, whereas sump-tailed macaques have a more egditarian and
flexible socid system, which is partly based on an extensve use of post-conflict
reconciliation (de Waa and Ren, 1988; Matsumura, 1999).

Vervet monkey:

Vervet monkeys (Chlorocebus aethiops; adult body weight range 2-6 kg) are a
amilar type of African monkey and are sometimes kept in [aboratories. They are
frugivores with a life gpan of 35 years (Ross, 1991) and live in multi-maée/multi-

femae socia troops with smilar socid dynamics as the macaques, and their troops
comprise from 10 to 50 individuas under naturad conditions (Harvey et al., 1987;

Melnick and Pearl, 1987).

Baboons;

Savannah baboons (Papio spp.; adult body weight range 12-25 kg) are frugivores,
but they dso hunt and eat animd prey. They live in complex multi-mae/multi-
femae socid troops, which can contain up to 150 individuads. Ther socid
dynamics resemble that of the macagues (see above) and maes form dominance
hierarchies and are subgtantialy heavier than femdes. They are quadrupedd and
modtly terrestrial and can aso inhabit semi-deserts and open savannahs. They have
large home-ranges (examples up to 4,000 ha have been described), and they can
move up to 10 km each day in search of food (Melnick and Pearl, 1987; Harvey et
al., 1987; Rowe, 1996).

The hamadryas baboon (P. hamadryas; adult body weight range 10-20 kg, maes
being consderably heavier than femaes) is dso sometimes used in research within
the EU. Socia organisation and foraging patterns are quite different compared with
savannah baboons and macaques. The hamadryas baboon is terredtrid, lives in
arid sub-deserts and savannah woodlands, and the basic socid unit isa single male
with 1-4 femdes plus ther offsoring and the mae jedoudy guards the femaes.
Severa such one-mae groups, probably led by related males together with
bachelor maes, associate and form bands or cans. Individud harems forage
separatey during the day in large home ranges, up to 2,800 ha in size (Rowe,
1996), but saverd harems and clans aggregate during the night and share a
common deeping Ste on rocky cliffs. The socid group at the deeping Sites can be
up to severa hundred individuas (Stammbach, 1987; Feagle, 1999). Thelife span
of baboonsis 35-40 years (Ross, 1991).
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Table 5 gives an overview of the classfication in the primate order of species which
have been used in biomedica research in the EU.

Table5: A classification of the primate order, showing the speciesthat have
been used in biomedical research within the EU

Suborder Infraorder Species Common name
Prosiimi Lemuriformes Microcebus murinus L esser or grey mouse
lemur
Anthropoidea Platyrrhini Aotustrivirgatus Owl monkey

(New World primates)

Callithrix jacchus

Common marmoset

Saguinus oedipus

Cotton-top tamarin

Saguinusfuscicollis

Saddle-back tamarin

Saimiri sciureus

Common squirrel

monkey
Cebus apella Tufted or brown
capuchin
Catarrhini
(Old World primates)
Cercopithecoidea Macaca mulatta Rhesus macague

(Old World monkeys)

Macaca fascicularis

Crab-eating or long-
tailed macaque or
cynomol gus monkey

Macaca arctoides

Stump-tailed macague

Macaca nemestrina

Pig-tailed macague

Chlorocebus aethiops

Vervet or green monkey

Papio spp.

Savannah baboon

Papio hamadryas

Hamadryas baboon

Hominoidea (Apes)

L esser Apes

Hylobatidae

Gibbons and siamang

Great Apes

Pan troglodytes

Chimpanzee

5.4.

Hominoids: Chimpanzees

Of the hominoidea, only the common chimpanzee Pan troglodytes) has been
extensvely used in biomedica research involving non-human primate species. It has
been clearly shown that the chimpanzee, more than other species, possesses menta
capacities resembling those of humans (Goodall, 1986) and may even understand
the mentad states, intentions and emotions of others, as suggested by Premack and
Woodruff (1978), Byrne (1997), and Cal and Tomasello (1998). The chimpanzee
species are a0 the nearest rlatives to humans.

The human and the chimpanzees are both members of the primate superfamily of
the Hominoidea or the ‘Manlike Primates , together with the other Great Apes. the
bonobo (pygmy chimpanzee, Pan paniscus), the gorilla (Gorilla gorilla), the
orang-utan Pongo sp.), and the Lesser Apes Hylobatidae): the gibbons and
gamang. It has long been accepted in science that there is a close phylogenetic
relationship between the Great Apes and the human species. This has been based
on the condderable smilarities described in comparative morphology and
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physology and recently even more convincingly on behaviour and comparative
molecular genetic evidence.

The human and the two chimpanzee species (bonobos and chimpanzees) share
98.4% of their genetic substance, DNA. In measures of genetic distance, both
chimpanzees and humans are closer to one ancther (an index of difference of only
1.63%) than each one with the next most closdly-related primate species, the
gorilla humans-gorillas 2.37; chimpanzees-gorilla2.21. Each of theseis again more
closdly reated than with the last Great Ape, the orang-utan: humans-orang-utan
3.60; chimpanzees-orang-utan 3.58; gorillas-orang-utan 3.55 (Sibley and Ahlquigt,
1987). These data have led to are-arrangement of the hominoid phylogenetic tree.
The African gpes and the human species have been placed together in the same
family, the Hominoidae, and some authors argue that man and chimpanzee should
be ordered in the same genus Homo (e.g. Goodman et al., 1998, 1999). The life-
span of the Great Apesisover 50 years (Ross, 1991).

Many of the smilarities between chimpanzees, bonobos and humans have long
been recognised. Ther closeness, especidly in physiological and immunologica
respects, has been an important reason for using the apes in biomedica studies,
particularly the chimpanzee. In various countries biomedica companies or primate
research inditutions have kept colonies for this purpose, sometimes comprising
more than a hundred individuas.

In addition to these physca amilarities, chimpanzees adso resemble humans in ther
psychology and behaviour. During the last few decades a number of studies have
led to discoveries emphasising the driking smilarities between the human and the
chimpanzee (Wise, 2000). These smilarities concern their mentd (i.e. emotiona
and cognitive) capacities, their socia sophigtication, and their cultura development.

54.1. Mental capacities

Chimpanzees and bonobos resemble humans more in their menta
capacities than any other species. They possess not only such primary
emotions as anger and fear, but dso many that have often been regarded
as typicd for the human species, such as sadness, joy, despair, jedlousy,
and sympathy (Goodal, 1986). They express these by means of
expressve behaviours that are very smilar to those of humans, such as
ther facid digplays for example, they can laugh in Smilar contexts as
humans (van Hooff, 1967, 1989).

Since the 1970s, when the firg successful studies were performed in
which chimpanzees were taught a language system (Gardner and Gardner,
1971; Premack, 1971; Rumbaugh, 1977; Fouts and Mills, 1997), it has
been gradudly appreciated that these creatures have eementary symbolic
thought. For example, a bonobo who has been living in intimate contact
with humans understands some 1,000 words and can use a great many of
these in active communication (Savage-Rumbaugh and Lewin, 1994).
Smilarly chimpanzees can count (Boysen and Berntson, 1989; Boysen
and Capaldi 2002; Matsuzawa et al., 1991) and they have demonstrated
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basc crossmodd (i.e. concrete and symbolic) numericad and
computationa competence (Biro and Matsuzawa, 1999).  Unlike
monkeys, and many other animas, they are able to recognise themselves
in mirror images and video recordings. They show a fascination with their
own facid expressions and other festures (Galup, 1970, 1982) and thus
they demondrate an awareness of ther own behaviours. This same
capacity is undoubtedly at the root of ther ability to show true imitation.
They may aso teach one another (Boesch, 1991), which forms a basis for
cultural development.

There is srong evidence that the Great Apes, at least both chimpanzee
Species, can view a Stuation from the perceptual perspective of others
(Boesch and Boesch-Achermann, 2000; Hare et al., 2000, Tomasdllo et
al., 1999). However, there is some dispute (Hare et al., 2000) as to
whether this dso means that they can form a menta representation of the
mental states of others and thus may know what others know, and aso
know about the intentions of others, that is they can have a ‘theory of
mind’ (as suggested by Premack and Woodruff, 1978; Byrne, 1997,
Heyes, 1998; Cal and Tomasdlo 1998). Such capacities might aso
enable them to fed forms of empathy, as in behaviours such as socid
consolation and other forms of atruism (Goodal, 1986; de Wad, 1982,
1996; Nishida, 1994).

These characterigtics undoubtedly enable them to develop the complex
societies that we see epecidly in the genus Pan.  These traits aso enable
them to negotiate with, to manipulate, and even to deceive others. They
diglay a Machiavdlian type of intdligence, involving both loydty and
opportunism, in regulaing their socid relationships (de Wad, 1982;
Nishida, 1983; Byrne and Whiten, 1988). In ther palitics adult mae
chimpanzees show tactical negotigtion and sdective tolerance and
permissiveness (e.g. in access to sexua mates) towards codlition partners
(de Wad, 1982). Mutua support and the exchange of services and
favours take the form of implicit socia contracts based on expectations
about one another's behaviour and a sense of obligation (de Wadl,
1991ab). These expectations can thus acquire a normative character.
Here, it has been sad, the roots of mordity are encountered (de Wad,
1996).

Behavioural Flexibility

In 1963 Jane Goodd| reported that chimpanzees in the wild not only use
tools, but aso manufacture them. Since then, such behaviours have been
extensvely documented, both in wild chimpanzees, bonobos and orang-
utans, and in captive colonies (Beck, 1980; Haandtra et al., 1984;
McGrew, 1992; Sabater-Pi, 1974; van Schalk et al., 1996). The ability
to make and use tools is gpplied in flexible and adaptive ways, especialy
for the acquidtion or modification of foods, but dso for weapons and
displays of intimidation (Kortlandt, 1980; Goodall, 1986). Instrumental
knowledge is shown as well, for ingance, when chimpanzees become ill
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they eat specific herbs or the bitter pith of certain plants. Chemica
andyses have shown that these plants contain dements tha can Kkill
bacteria (Huffman, 1998). Chimpanzees, bonobos and gorillas dso
svdlow hary leaves to mechanicdly evacuae intesind hdminths
(Huffman, 2001). Thus, the Grest Apes engage in sdf-medication,
making use of experience, which undoubtedly is passed on in the form of
culturd habits.

Culture

These examples dready emphasise the role of culture in Great Ape
societies, a phenomenon which has only just recently come to be fully
appreciated (Wrangham et al., 1994; Boesch and Tomasdllo, 1998; de
Wadl, 1999; Whiten et al., 1999). Chimpanzees in different regions of
Africashow many behaviours that appear to be specific to these regions
and are passed on as acquired traditions (Whiten et al., 1999). For
example, the technique of nut-cracking using hammer and anvil stones is
found only in some parts of West Africa, the use of sticks in digging for
termites is known only for the chimpanzees of Centrd Africa, and fishing
for arboreal carpenter ants is limited to two Stesin Tanzania. Thus there
are many cultura variations in food repertoire and food extraction
techniques. In addition chimpanzees dso show large locd variations in
socid behaviour patterns, eg. in courtship gestures, grooming postures,
intimidetion displays, caling behaviour, paradte removad and water-
contact behaviour (Boesch, 1996; Mitani et al., 1992; Nakamura et al.,
2000; Nishida, 19804, b, 1994; Whiten et al., 1999). Such behaviourd
differences between loca populations have dso been shown to exigt in
other Great Apes, especidly recently in populations of orang-utans (van
Schaik et al., 1996).

These advanced characteridtics, which they share with humans, have led
to a re-gppraisd of the ways in which they are dedt with. It has
confronted humans with the question whether it is moraly acceptable to
subject beings a this levedl of sentience and sgpience to the treatments
involved in invasive biomedica research (Goodall, 1995; Boyd Group,
2002). Some propose that apes, especidly the chimpanzees, should be
given aspecid mord status and in various countries philosophers and law
theorists are advocating that this must dso have legd implementation
(Cavdieri and Singer, 1993; Peterson and Goodal, 1993; Wise 2000).
Such proposads are based on the conviction that these beings have
advanced conscious persondities (Taylor and Leonard, 1998).

An additiond congderation is tha during the past few decades their
numbers in the wild have dwindled dramaticdly. Of most ape
(sub)species there are only afew tens of thousands l€ft, or —in the case of
the chimpanzee — about one hundred thousand individuds (Ape Alliance,
1998). Ther habitats are being destroyed by logging, mining and forest
converson and mogt of the remaining habitats are being partitioned into
fragments that are too small to support viable populations. Poaching and
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the trade in bushmeat are dso contributing to bringing the remaining
populations to the brink of extinction. The predictions are that the Greet
Apes will become extinct in the wild in the coming decades unless society
takes vigorous action (Marshdl et al., 2000; Rijksen and Mejaard,
1999). Such action is greatly hindered by the fact that most remaining
habitats are in areas of politica ingtability, economic hardship and lacking
legal control. A mgor effort is, therefore, required to boost research of
natural populations of Grest Apes. Such efforts are aso demonstrably
effective in protecting natural populations. However, for some species,
breeding in captivity has been very successful and such animals may in the
future be used to re-populate the wild. The use of non-human primates in
science mugt be carefully assessed with regard to their long-term survival,
athough animals used in research should be purpose-bred. If Great Apes
are kept in captivity they need to be kept in ways that provide for dl their
needs within the context of the overdl scientific objectives (e.g. isolation of
animals may be required for certain infectious disease research).

Much fundamenta knowledge has dso been gained from Sudies on
‘naturdly housed’ captive colonies, such as the Arnhem Zoo community
(de Wadl, 1982) or the socid colony of Matsuzawa, used for comparative
cognition research (Matsuzawa, 1998). It is clear that chimpanzees that
are kept in captivity need socia representativenes and environmental
variation and enrichment (Brent, 2001).

6. GENERAL WELFARE ASSESSMENT.

6.1.

Introduction

Working evauations of wefare are based on measurements of various indicators
presumed to be related to the extent of failure to cope, or difficulty in coping, with
the environment. Such measures that can be used as indicators of anima welfare
have been proposed to include:

I) physical or somatic values such as longevity, growth rate, susceptibility to disease,
reproduction and infant care, wound healing, occurrence of gadtric ulcers, hair coat
and body condition, €tc.;

i) physiologicd measurements such as heart rate, blood pressure, body
temperature, serum levels of various so-caled ‘stress hormones’, such as cortisol
and noradrendine, and immunological functions including rates of lymphocyte
proliferation or suppression of their activity, etc.; and

iif) behavioural studies, documenting the behavioura repertoire used by an anima
under those specific housng conditions in order to invedtigate if  abnorma
behaviours are shown.

Even though a synthess of dl such measures would give the most complete
evaduation of wefare, a combinaion of indicators i) and iii) is used in most
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laboratories, and assessment of welfare is based on a combination of physiologica
and ethological methodol ogy.

In order to be able to trandate these indicators into welfare, it has to be assumed
that some kind of ‘normality’ exists, which can be used as a reference point for
good wdfare. Deviations from such normdity may then be interpreted as poor
welfare. In most cases, data collected for each species of primate in the wild isthe
reference for the standard values of ‘welfare’. Therefore, a good knowledge of the
natural biology of primates, with a specific knowledge of each separate species
(and taking account of variation between different ages) used in the laboratory, isan
essentia requirement in order to achieve a high standard of welfare for primates
kept in captivity. With knowledge of how different species of primates live in the
wild, conditions in captivity can be modified to mimic as closdy as possble
conditions in the wild. By doing o, the primates kept in captivity can perform a
wide repertoire of their species-typical-behaviour, which previous experience has
shown to be rdaed to good welfae The wefare of primates requires
congderation in a number of Stuations breeding, preparation for scientific use,
maintenance in captivity, trangport, handling, restraint, capture and use in scientific
procedures.

Needs are requirements, which are a consequence of the biology of the animds, to
obtain a particular resource or respond to a particular environmental or bodily
dimulus. To have a‘need’ isto have adeficiency that can be remedied by obtaining
a specific resource or stimulus (Broom and Johnson, 1993). However, enrichment
goes beyond smply mesting an animd’s needs. In establishing guiddines for animal
welfare two extremes are possible, poor welfare and good welfare (or as
optimal/good as possible) (van Hooff, 1986). The minimum option can be defined
as the conditions guaranteeing that an animd is free from avoidable suffering, in the
form of pan and didress, and that it can fulfil its necessary vitd needs. It is
generdly recognised that such conditions are necessary to ensure the vdidity of the
scientific research performed (Novak and Petto, 1991). The maximum option is
amed a providing aqudity of life that goes beyond these minimum requirements, it
might concisaly be described as the sat of podtive conditions which ‘make life
worth living', by providing, for example, stisfaction, joy, and fascination for the
animas. These are grand terms, which many il reserve for human experience,
however, saverd behavioura biologists are dso using these terms in connection
with animas experiences.

It is generdly acknowledged that good wefare reflects the behavioura and
physiologica propengties of the particular species under consideration in the wild,
and is based upon a thorough understanding of the biology of that species, including
physologica functioning. Whilgt this provides a reasonable frame of reference, it
must be remembered that there are significant knowledge gaps in the understanding
of wild populaions and scant data on objective measures which can be directly
extrapolated to Stuations in captivity. Furthermore, behavioura and physiologica
indices are known to be context-specific and while there is rdatively little
information on short-term basdlines for measures, such as metabolic profiles and
biochemica/immunologica parameters, much less is known about trends in such

parameters over months and years. It is unredistic and unacceptable to await such
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information being avalable from wild population studies before taking action to
increase the qudity of lives of laboratory-based primates. A pragmatic interim
measure would be to develop and extend research on such species in semi-natura
environments, including zoologica collections and safari parks dthough, dearly,
there are limitations on the naure and level of invasveness of such dudies.
Significant advances have dready been made (Chamove et al., 1982) by means of
such an agpproach and there are a number of examples of synergies between
zoologicd and laboratory investigations (Markowitz and Spindlli, 1986; Chamove
and Anderson, 1989).

Hedlth satus is also one of the measures that has implications for assessing welfare.
It encompasses such aspects as growth profiles and maintenance of body mass, a
range of biochemica markers, freedom from disease and breeding success.
Standard ranges of some biochemica indices for macagues and common
marmosets are well-established and accepted as basdline vaues in regulatory
toxicologica sudies (Taylor Bennett et al., 1995; Woolley, 1994; McAnulty,
1997). However, little information is cited on the dietary, housing and husbandry
conditions under which these standards have been determined and which would
undoubtedly influence basdine vaues. Furthermore, despite the importance of
colony management and outcomes, relatively few data have been published on such
Issues (Box and Hubrecht, 1987).

Even though the life of primates in the wild is used as the reference for normdity,
this method is aso associated with some problems leading to poor welfare. For
example infanticide and vigorous fighting among maes for access to femdes are
naturally occurring activities, and hunger, thirst and disease will of course occur
naturaly. Furthermore, exposure to and attacks from predators is a naturd
phenomenon.  When primates are kept in captivity, such naturd circumstances
associated with poorer welfare can be avoided and prevented. The exact point at
which behaviours and physiologica reactions in the wild are included and accepted
when dedling with welfare of primatesin captivity is gill an ongoing discussion.

Behavioural indices

Abnorma behaviours are generdly regarded as indicative of poor welfare and of an
Inadequate environment. They can be of two types, elther quantitative abnormdities
or quditative abnormdlities (Poole, 1988). A quantitative behaviourd abnormdity
occurs when a behaviour normaly performed by a species is carried out a an
abnormd frequency in a dngle individud. Reference vadues for the normd
occurrence of that behaviour would be deduced from that found in wild
populations. An example of this is that when a primate in captivity is only given
monkey peletsit will eat Al its necessary nutrients in a few minutes, wheress in the
wild, foraging can occupy from 7 to 65% of a primate' s awake time (Milton, 1980;
Herbers, 1981; Strier, 1987; Malik and Southwick, 1988; Marriott, 1988; O’ Neill
et al., 1989). A captive monkey will rest for most of its awake time compared
with less than 30% of their timein the wild (Maple and Finlay, 19874).

On the other hand, quditative behavioura abnormadlities are said to occur when
monkeys in captivity are peforming behaviours that are not found in wild
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populations. One of the most characteristic behaviours of this type is a Stereotypy,
which is a behaviourd act that, even if its background can often be found in the
animd’s normd repertoire, is performed in arepetitive fashion and out of its origina
context and seems to serve no useful purpose. An example is the repetitive pacing
in macagues and cage-circling in marmosats. However, the behaviour may not
aways be abnormd, it may be norma behaviour merely physicaly congtrained by
the physica space of the environment. If primate infants are separated early from
their mothers they may show hyperaggresson and an inability to teke care of their
own infants as adults. These are dso other examples of qualitative behavioura
abnormdities (Poole, 1988). An important aspect of abnorma behaviours is that
actua deviations of behaviour can reflect both past and present environments. As
mentioned above, it is wdl-known that redricted socid environment during
development, and early infant separation from the mother, will cause behavioura
abnormalities (Ruppenthd et al., 1976; Mineka and Suomi, 1978; Reite et al.,
1981). Animds that are suffering in some way will be physologicdly and
behaviouraly responding to a ‘hogtileé  environment, and this is likely to be an
additional and unwanted variable in any research protocol. It may be possible to
promote good welfare in primates by enriching their environmen.

Time budgets are frequently used to compare and relate captive populations to
those in the wild (Chamove and Anderson, 1989). It is relatively essy to quantify
objective measures of activity such as socid interaction, feeding and drinking,
deep/wake cycles, and patterns of cage use, using automated, semi-automated and
manua techniques of varying degrees of sophidtication.

Such observationa approaches enable aternative provisons such as dtered lighting
levels, cage design and dtrategies for environmenta enrichment to be evaluated. It is
essentid in such crcumstances to monitor meaningful indices objectively over long
periods of time in order to identify good welfare practices. Of course, good
experimenta design is dways essentid to evaluate the benefits or otherwise of
environmenta manipulations such as cage desgn or provison of enrichment. A
scientific demonstration of the benefits to the animals and to the science, or at lesst
S0 that neither are compromised by the environmental manipulation, is necessary
before dternative practices are accepted in many aress of primate use, especialy in
regulatory toxicology. Manipulation of environmental complexity to promote good
welfare in primates has been reviewed extensvely by the US Depatment of
Agriculture (USDA, 1999).

There are numerous examples of providing various species of primates with
enclosure furnishings and objects (often referred to as ‘playthings’) which can be
manipulated by the animas However, it is not adways essy to predict the
preferences of particular species or indeed of individua animals. It has been
reported that squirrd monkeys (Williams et al., 1988) and rhesus macagues
(Kopecky and Reinhardt, 1991) spend more time on rigid perches than on non-
fixed Structures such as ropes or swings dthough such observations should not be
used as evidence to limit provison of less predictable furnishings. Novelty is an
important element in terms of the use and manipulation of furnishings (Taylor et al.,
1997; Cardinad and Kent, 1998) and some eement of dternation of facilities is

generally recommended (NRC/ILAR, 1998).
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Unfortunately, many studies to examine the impact of environmental manipulation
are relatively short-term and so can offer little unequivoca advice on the long-term
welfare implications of their use. Nonetheless, there is clear evidence of dtered time
budgets and decreases in abnorma behaviour following provison of foraging
opportunities and objects to manipulate, and this may be of particular importance
for animas who are socidly redtricted (Boinski et al., 1994; Eaton et al., 1993;
Kessel and Brent, 1998). Care must be taken to ensure that devices and cage
furniture, if not being used, do not have an adverse effect in terms of minimising the
usesble cage or enclosure space. This emphasises the importance of rigorous
observation.

There are ratively few published studies that describe patterns of cage use. For
example, Ely et al. (1998) and Scott (1991) showed the benefits of smple
modifications such as rigid cage extensons for marmosets, and showed that these
animals exhibit sgnificantly different patterns of spontaneous activity when housed in
upper compared with lower cages.

Information on feeding and drinking paiterns, consdered alongside hedlth records,
can be invduable in informing discussons on diet and welfare. There are sgnificant
opportunities for dtering presentation of food, to provide more species-appropriate
feeding sysems, for example presenting marmosets with an atificid gum tree
(McGrew et al., 1986) and providing foraging opportunities (Chamove et al.,
1982). A baance is required between the provison of a complete nutritional diet
and foodstuffs that enable animals to express choice and yet encourage them to
spend a grester proportion of their time engaged in food-related activities. In the
wild, primates may spend widdy varying amounts of the hours during which they
are awake searching for and eating food (Clutton-Brock and Harvey, 1978) and
the pattern of foraging and feeding varies between species and with time of day.

Although aredatively unsophidticated index of welfare, the avoidance of behaviourd
abnormdities, such as sereotypies, saf-mutilation or coprophagy (Erwin and Deni,
1979) is dso an important objective in the captive management of primates.
Therefore the avoidance of some specific stereotypies such as stereotypical sdif-
biting can be an indicator of improved welfare. Bayne (1989) remarked that
“dereotypic behaviour is conddered undesirable in any primate management
program, but that does not mean that the absence of stereotypies is prima facie
evidence of mentd or psychologica hedth”.

It has long been known that small cages increase the incidence of stereotypies, as
well as other types of anorma behaviour not involving locomotion (Draper and
Berngtein, 1963; Paulk et al., 1977). Providing environments of greater size and
complexity can dleviate these abnorma behaviours. For example, squirrd
monkeys, which displayed the speciestypica stereotypies described by Hopf et al.
(1974), showed dmost no stereotypies in a larger, more complex enclosure
(Salzen, 1989).

Equipment and technica approaches for remote non-invasve or minimaly invasve
monitoring, which have been designed to refine research involving primates, offer
the potentia to invedtigate the impact of scientific procedures and housing and
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husbandry practices. For example, the use of implanted radio-telemetry devices
enabled Line et al. (1989) to show that changes in cardiovascular parameters that
perssted for many hours were observed following routine husbandry procedures
such as cage cleaning, and veterinary checks such as tuberculoss testing.  Such
trangent changes in physiological and eectrophysiological measures, which result
from human intervention, scientific procedures and even interactions with
conspecifics, were not unexpected. Moreover, the biological sgnificance of
changes demondtrated aso needs to be interpreted. Whils they might have
implications for the interpretation of scientific outcomes, for example certain
pharmacologica studies, the gpproach offers potentid to provide an improved
understanding of the impact of different housng and husbandry practices, and if
consdered dongside other indices it could ad in the identification of good practices
and ensuring good wefare.

Implantable radio-telemetry devices have adso been usad to facilitate measurement
of deep patterns in common marmosets and in rhesus macagues (Crofts et al.,
1999, 2001). These studies have demonstrated that deep architecture in primate
species and humans are smilar and that they are disrupted by drugs in Smilar ways.
In man, deep is recognised as an extremey vauable indicator of welfare, and
characterigic patterns of deep disruption are observed in conditions such as
depresson. Thus, degp monitoring in primates offers another potential avenue for
asessing the psychologica impact of scientific procedures, housing and husbandry
practices. Of course there are physiological burdens associated with the surgica
implantation of radio-telemetry devices and this severely congrains their usefulness
for routine use. Non-invasive monitoring of 24 hr activity profiles represents an
dternative opportunity to investigate a key chronobiologica indicator thet reflects
an animdl’s responses to the laboratory environment. Work in progress on smdll
non-invasive dataloggers (Mann et al., 2001) offers an dternative approach to the
collection of 24 hr activity profiles and some information on deep profiles can be
inferred from these data.  This approach obviates the need for surgery and time-
intensive retrospective video analyss and shows thet it is possible to collect such
data on behaviour over many days from unrestrained animas. The use of radio-
telemetry in marmosets (Schnell and Wood, 1993) has re-written the accepted
measures of resting cardiovascular parameters and aso demondtrated (Schnell,
1997; Schndl and Gerber, 1997) the impact of modified housing and husbandry
practices. Overdl, there is agrowing body of evidence relating changes in biologica
parameters to the prevailing environmenta conditions. The chalenge, as ever in
such research, is to determine the biologica significance of any changes observed.
Nevertheless, this gpproach is starting to determine how the animal perceives and
responds to its environment and is important for both animd wefare and
Interpretation of scientific data

Work is in progress (Crofts et al., 2001) on a multi-faceted study, including
assessment of deep patterns, performance of a complex cognitive task, muscle
function, immunologica responsveness and a range of neuroendocrine and
biochemica indices in a group of marmosets over 18 —24 months.  This could
provide a potentialy vauable context for assgning functiona significance to changes
observed in these measures. This sudy may dso form a bass with which to
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compare dternative practices in this species and inform discusson on the
identification of good practices for the housng and maintenance of marmosets
under laboratory conditions. The opportunities to minimise the impact of scientific
procedures provided by training non-human primates to co-operate with
researchers and technicians should not be underestimated. For example, the work
of Joekd  (1989) condders training macagues to co-operate in applied
psychopharmacologica research in an indudtrid setting (Bloomamith et al., 1998;
Goodwin, 1997; Kessd-Davenport and Gutierrez, 1994; Klaber-Schuh and
Welker, 1997; Mendoza, 1999; Reinhardt, 1990a; Taff and Dolhinow, 1989;
White et al., 2000). Traditiondly, pharmacologica studies have necesstated
housing animasin specialy designed individua cages to facilitate urine collection. In
the case of marmosdts, it is possble to train animas to co-operate with urine
collection that obviates the need for prolonged single housing (Anzenberger and
Gossweiler, 1993). This technique adso overcomes the problems of providing
information on neuroendocrine indices without the additiond stress of blood

sampling.

To obtain a complete picture of the impact of husbandry on primates maintained for
experimenta  purposes, there must be a fuller understanding of the interplay
between physologicd, psychologicad, immunologica and behaviourd factors.
Whilg it is possble to extract rdevant information on control groups in studies
designed for other purposes, tangible benefits would accrue from a more focused
and targeted research approach. It isinevitable that a cross-disciplinary approach
will be needed to agree on the key questions and research priorities and then to
conduct, interpret and disseminate the outcome.

Some progress has been made and further efforts are underway for marmoset and
tamarin species, under the auspices of the European Marmoset Research Group
(website: http://Aww.dpz.gwdg.de/emrg/emrgcons.htm) and such an initiaive could
aso beingtigated for other groups of primates such as macaques.

What arethe requirements of the animals concer ned?

It has long been acknowledged that relying upon breeding successin a colony is an
imperfect measure of good wdfare, as is freedom from overt illness and disease in
laboratory housing. A more generaly accepted concept is that of animals being
able to exhibit as many aspects of their natura, non-injurious behaviourd repertoire
as possible. In the laboratory Stuation this freedom to express natural behaviours
can be in conflict with the scientifically and economicaly determined congraints of
the management Stuation. Degpite this it is important to guarantee that the most
essentid welfare agpects are satisfied. This necessitates a thorough understanding of
the biology and naturd history of the species under discusson as well as careful
routine monitoring of behavioura atributes under laboratory conditions. For most
primates, the ability to engage in socid interactions is of the utmost importance and
should be the accepted norm. It is preferable to avoid prolonged single housing,
but when it is deemed to be necessary justification is needed on a case-by-case
basis. This could be one of the issues to be considered during the ethicd review of
the research before permission to proceed is granted.
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Ovedl, there is a condderable deficit of objective information on the optima
conditions for maintenance of primates. This is particularly true for long-term
assessments of comparative housing and husbandry practices, for example, how to
monitor, and then minimise the impact of husbandry, laboratory maintenance and
scientific intervention on the welfare of primates. The enclosure sze should dlow
for aufficient environmenta complexity and expresson of Speciestypicd
behaviours, and a minimum enclosure sze exigs (Annex |l of Council Directive
86/609/EEC). However, socidisation, enclosure structure and complexity and the
provison of species-gppropriate environmental enrichment are probably more
important than the available space (Bayne et al., 19924), provided that minimum
space allowances are respected.

HOUSING AND CURRENT PRACTICE FOR HUSBANDRY AND CARE OF PRIMATES

The mgjority of primates used in research are housed in pens or cages, either in groups or
occasondly singly, for al of ther lives. Consequently, it is important that their husbandry
conditions meet their biologica and behavioura needs, and provide for good wefare,
given any scientific, safety and practica condraints, eg. unless a specific scientific
congtraint, gpproved for example by an ethicd review process, precludesthis.

The current European legidation (Directive 86/609/EEC) and the Council of Europe
Convention (1986) define standards for the maintenance and care of hon-human primates
used for experimental purposes within Europe.  Moreover, nationa legal bodies and
organisations from different countries have issued guidelines and recommendations that
have dso resulted in improved husbandry conditions for non-human primates (Home
Office, 1989, 1995; O’ Donoghue, 1994). In 1997, the Multilatera Consultation of the
Council of Europe (Council of Europe, 1997) adopted the “Resolution on the
accommodation and care of laboratory animas’ which gives further emphasis to aspects
of laboratory anima welfare such as socid interaction, activity-related use of space and
gopropriate stimuli and materias.  With specid reference to primates the Resolution
indicates, as issues of particular importance, the volume of cages, the environmenta
enrichment, and the socid grouping of competible animas, taking into account the species
diverdty in socid dructure. In addition, the Resolution specifies that sngle caging should
be avoided unless a specific scientific judtification is provided.

Under the enforcement of the lega requirements and recommendations, the professona
standards of the management and care of non-human primates have evolved consderably
sgnce 1990, leading to an improvement in captive primate welfare and refinements in their
use (Hubrecht, 1995, 1997). From the available data, it gppears that the quality of the
animas environment in terms of noise, temperature, light and relative humidity etc. are
within their comfort zones.

7.1. Facilities

Various housing systems are used for non-human primates, from indoor cages to
outdoor enclosures. European inditutions, maintaining and using nor-human
primates for scientific purposes, show a great diversity in housng sysems and
husbandry procedures. The dimensons and design of primary enclosures are
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extremdy variable, differing greatly between and within facilities. They vary mainly
depending on nationd legd requirements and on the purposes for which the non-
human primates are being kept - whether for breeding, stock or use, as well as on
the nature and length of the experiments performed. Within Europe, a reatively
smal number of facilities are devoted to the breeding, maintenance and use of non-
human primates. Although official data on current husbandry practices in European
countries are extremely scarce (Blrge et al., 1997; Hubrecht, 1995, 1997), the
housing systems most frequently utilised can be summarised as follows.

- Individua housing in asingle cage

- Pair and connected cages for two primates or asmall group of animals
- Pensfor group housing

- Indoor-outdoor enclosures

- Semi-free ranging corrals with an indoor enclosure

The choice of indoor, indoor-outdoor or outdoor facilities will take into account the
species of primate, locd dimatic conditions, pest control, frequency of anima
handling and observation, and security considerations (Taylor Bennett et al., 1995).
If time budgets are used as a measure of welfare, it must be ensured that the
primates are presented with as many choices and options as possible within the
congraints of the laboratory housing. The growing awareness of the importance of
socid  access, complex housng sysems, variety in diet and methods of
presentation, and the potentia of training animals to co-operate with procedures,
has encouraged modifications of housng sysems with podtive implications for
animd wedfare and scientific quality. It should dso be noted that primates have the
capacity to adapt to various environments and it is not necessary to gtrictly mimic
the naiurd environment. Artificid environmentd eements may dimulae the
perceptiveness and cognitive potentids of the animas and dicit new adaptive
behaviours, while gtill safeguarding good welfare (Roder and Timmermans, 2002).

Individual housing:

This housing system has been the most commonly used and is Hill frequently used,
particularly for Old World primates, when experimental procedures are performed
(Hubrecht, 1995). The dimensions of cages are required to conform to Directive
86/609/EEC but some may comply with nationd guiddines recommending larger
gpace alowances (Home Office, 1989, 1995). In generd, the minima dimensions
of the cages recommended by the current European legidation for one or two
primates prevent the expresson of a wide behaviourd repertoire. It is
acknowledged that the single cage, normaly congtructed of meta with amesh floor,
has some advantages,

it can be easily and effectively cleaned and sanitised,

it reduces the risks of tranamission of infectious and parasitic diseases between
animdls,
34



it minimises wounding due to aggresson and fighting between incompetible
subjects and

in femades, the oestrous cycle is easlly detected thus enabling timed-matings to
be performed.

However, individud housng limits to a great extent the norma activity and
behavioura patterns of animas, and it aso gppears to dter some physiologica
measures (ILAR, 1998). In stuations of prolonged socid deprivation (e.g. sngle
caging) and an impoverished physical environment, some animals exhibit abnormal
behaviours and atypica activity patterns (Bryant et al., 1988; Bayne et al., 1995;
Bayne and McCully, 1989) (see “The socid environment” in Chapter 9). Rearing
infants in isolation aso has dramatic consequences on their psychologica
development and renders them unable to display normd socid interactions with
conspecifics (see “Separation of infants’ in Chapter 9, dso Bayne et al., 2002).
Pacing cages in double-tiers impairs the naturd vertica flight reactions of primates
and aso contributes to poor illumination of cages (Roder and Timmermans, 2002).

Some facilities have successfully adapted the system whereby single cages are
attached to a common exercise-play area where the animals can be grouped when
there is no need for confinement or separation. However it must be recognised that
a standard, isolated, sparsely equipped laboratory cage, regardiess of dimensions,
when occupied by asingly housed animd, with acomplete diet available ad libitum
dill presents that animd with limited options for interaction. It may meet the animd’s
physical and physiologica needs, but presents no opportunity for socia interaction
and satisfying various behavioura needs and leads to poor welfare.

Pair housing and connected cages:

Permanently housing non-human primates in compatible pairs or dlowing them to
spend part of the day in physical contact, by joining adjacent cages, will provide the
animds with some socid companionship. In most indtitutions, marmosets are kept
in unrelated mae-femae pairs with one or two sets of offspring (Price and Samson,
1997). For these species, this is close to the naturd socid Stuation. These
husbandry practices enable the performance of many speciestypicd behaviours
and offer some variaion, chalenge and contral of the environment (see “The socid
environment” in Chapter 9). Also in other species the formation of a pair of adult
animas s often more practicable than the condtitution of a group of three individuds
where a codition formed againg the subordinate individuad might have severe
welfare consequences in terms of aggression and fighting. Criteria for compatibility
include food-sharing, lack of serious injuries and an absence of signs of depresson
(Reinhardt et al., 1987b, 1989; Reinhardt, 1991, 19944, b). The connected cage
sysem dlows for the temporary separdtion of animas when dosing, sample
collection or experimenta procedures are performed.

Pensfor group housing:

Pens can be large cages, rooms or corras enclosed by fences, walls, bars or
meshed wire and are generdly used for housing groups of animas for stock and
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breeding. These enclosures are frequently structured, for example with at least a
perch or shdf, and ae large enough to dlow the incluson of a variety of
environmenta enrichment devices.

Non-human primates housed in socid groups display a wide range of behavioura
and activity patterns. Their reproductive capability is enhanced, and parenta care
ensures anorma psychologica development of infants. Once the stability of asocia
group is established, the incidence of aggresson and injuries is generdly low (see
“Risks of socid housng” in Chapter 9). However, changes in hierarchies and
relationships can adways occur resulting in fights and physcd atacks.  Group
housing increases the risk of disease transmisson in colonies where new individuas
are continualy being introduced. Depending on the system of provisioning used to
supply food, the access of food resources to subordinate or margindised animas
can be limited. In addition, access to individua animals may require specid capture
procedures, or animas being trained to cooperate, when sampling or hedth
monitoring is needed. However, if animas are trained to cooperate during capture,
hendliing of individuds may not be more difficult (Bloomamith et al., 1998;
Goodwin, 1997; Kessd-Davenport and Gutierrez, 1994; Klaber-Schuh and
Welker, 1997, Mendoza, 1999; Reinhardt, 1990 & Taff and Dolhinow, 1989;
White et al., 2000).

Indoor -outdoor enclosures:

An outsde area is connected to an indoor heated space, where animals can find
protection from inclement westher and hide from threats and attacks. Outdoor
enclosures are usudly made of metd or solid wals, but other weather-proof
materials can be used. The system is mainly utilised for socid groups of non-human
primates intended for breeding and stock that do not require frequent access or
intervention. Various European fecilities utilise this kind of enclosure for housing
breeding groups of Old World monkeys.

It should be noted that the variety and stimuli perceived from the externd
environment (eg. vaying weether conditions including temperature changes,
contact with trees, grass, insects etc.) may themsdlves form dements of enrichment
for the animas. In addition, the costs of ingdlation and mantenance are low.
However, the direct contact with the outsde environment incresses the risk of
disease transmisson from vectors (insects, wild rodents and birds, etc.) and
consequently appropriate disease-prevention measures need to be taken.

Semi free-ranging corralswith an indoor enclosure:

A large naturd area with ingde quarters can be used for socid groups of animals.
In this housing system there are limited possibilities of access to individud primates
or human intervention. It is the ided environment for ethologica observations of
captive non-human primates in that their behavioura repertoire is more likely to be
closer to that observed in the wild. Facilities maintaining primates for biomedical
research in Europe do not generdly include this type of enclosure as it requires
large areas and does not guarantee controlled and standardised conditions with
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7.3.

regard to the genedlogy, hedth and care of the animas. However, some inditutions
do maintain primates for research in a semi-free environmen.

Environmental complexity

Besdes socid enrichment, which is consdered the most important contributor to
good wefare in non-human primates, the physicad enrichment of the environment
simulates sdf-initiated activities, cognitive capabilities and dlows the animas to
display a wide behavioura repertoire (see “The physca environment” in Chapter
9).

Physcad enrichment encompasses a variety of techniques that vary according to
each species. Although there are very few reports on the procedures employed in
Europe to enrich the environment of primate enclosures (Hubrecht, 1995, 1997),
the generd tendency is towards supplying cages with perches, shelves and swings.
The provison of these devices is consdered to improve the animas comfort sSnce
they are enabled to assume natura postures and locomotory patterns, such as
dimbing and jumping (especidly young animas), perching and resting a a certain
distance from the cage floor. In manipulative species, objects and playthings are
beneficia to promote tactile, visua and ora exploration, provided that they do not
pose hedth risks to the animas (see “The physica environment” in Chapter 9).
When primary enclosures of non-human primates are equipped with one or more
elevated resting surfaces, the height of the enclosure is then determined by such
resting surfaces. They must be indaled in such a way that an individud can St on
them comfortably without touching the calling and move under them comfortably
without touching them, and for long-talled species St on them without the tall
touching the floor. There is unequivoca evidence that al species make substantial
use of fixed devated resting places (Reinhardt et al., 1996; Reinhardt and
Reinhardt, 1999), athough such evidence may not be available for swings ingdled
in standard cages.

Devices and methods to simulate foraging activities are commonly used and include
spreading food in a wood chip subdrate, offering puzzle-feeders and foraging
boards, placing the food in different locations in the enclosures, and providing a
vaiety of different and novel foods. In non-human primate fecilities there are
different gpproaches to the type of environmentd enrichment and how it is
implemented. In some establishments eements that mimic the naturd environment
of the species are provided, while others have adopted materials and devices that
do not necessarily resemble those present in the wild. Further study is needed on
which sysem might be the mos beneficid to animas in terms of ensuring good
welfare.

Personnd involved in animal care and use

The relationship that develops between the care-giver and the anima has scientific
as wdl as wefare implications (Davis and Bafour, 1992), and this reaionship
could be made into a more positive experience, for both anima and human, given
due congderation. For example, the provison of a reward after an injection or
other scientific procedure can result in a positive reponse to a potentidly aversve
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dimulus  (Bloomamith et al., 1998; Goodwin, 1997; Kessd-Davenport and
Gutierrez, 1994; Klaiber-Schuh and Welker, 1997; Mendoza, 1999; Reinhardt,
1990g; Taff and Dolhinow, 1989; White et al., 2000). This positive reward
scheme dso gives a pogtive reinforcement to human-animd interactions. Allowing
daff adequate time to interact with the primates, especidly when the animas are
young, can help to assure the subsequent welfare of the experimentad animd.
However, it musgt be noted that handling by humans is likely to be stressful to non-
human primates and gppropriate measures need to teken to avoid negetively
affecting their welfare.

Appropriate knowledge of the naturd behaviour and biology of the species for
which they are in charge is essentid for personnd involved, a every leve, in non-
human primate care and their use in scientific procedures.  Indeed it is a
requirement under the EU Directive 86/609/EEC Article 16 for a competent person
to care for the animals. An adequate training and education programme for al
those involved, imparts information on the speciestypicd characterigics, and
provides practica skillsin husbandry techniques and experimental procedures to be
performed, as well as occupationa hedth issues such as bites, scratches and
zoonotic diseases. A knowledge of normd conditions is crucid to recognise Sgns
of illness, distress or @norma behaviours and assgts in identifying their origin in
order to minimise the adverse effects on welfare. Inditutions are responsible for
adequate training and qudification of personnd involved in the care and use of non-
human primates, as well as for providing information on hedth and safety for the
gaff. The education, training and competence of the technical staff, who look after
the animals and who carry out the scientific procedures, is an important factor in
securing good anima welfare and good science. In addition, poorly trained staff
may run an increased risk of beng injured when in contact with primates, and
possible consequent exposure to zoonotic diseases. Specific training programmes
for primate hushandry are needed as these animals are not domesticated, and differ
greatly from other commonly-used laboratory animals, such as rodents and dogs.

Competence in a scientific technique is essentid to carry out good science and
protect animal welfare. FELASA (2000) have initiated a syllabus for a training
programme, but the issue of assessng the competence of individuals carrying out a
scientific procedure on an animal needs to be addressed.

Caretakers:

Personnel involved in the daily care of non-human primates are generdly assgned
to tasks summarised as follows (FELASA, 1995):

- Cleaning and sanitation of cages, rooms, enclosures, including furniture,
equipment, environmenta enrichment devices etc.,

- Remova and digposal of waste and dirty materias,

- Feading the animds, i.e. providing them with the necessary nutrients and
supplements,
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- Monitoring and maintaining records of the environmental parameters and control
of the optima conditions, and checking functioning of the equipment (e.g. automatic
watering device, ar conditioning etc.),

- Observations of the animas and attention to any deviation from normad to be
reported to the supervisor and veterinarian.  The caretakers are in daily contact
with the animds and are often the firg to identify any dgn of disease, injury,
abnormd activity and behaviour, and improper intake of water and food,

- Handling and regtraint of animals for examination, trestment and experimenta
procedures,

- Assstance in experimental procedures, necropsy, sample collection etc.,
- Provison and evauation of furniture and devices as environmenta enrichment.

In addition, the following eements could be congdered: training of non-human
primates to collaborate in hedth monitoring and experimental procedures, and
interacting with the animals to promote a good working relationship and gain the
confidence of the animads. Training primates to ‘work’ in a research project,
habituating them to procedures and environments (e.g. the laboratory) rather than
amply taking them out of their home environment and then carrying out a scientific
procedure is likely to be better for both the animals wefare and the science
(Damon et al., 1986; Reinhardt, 1997).

Thetraining of animals to a procedure so that it can anticipate to some degree what
is going to hgppen has been shown to minimise the distress that may be caused in
an experiment (Wiepkema and Koolhaas, 1993) and anima behaviourists have
been influentid in advancing this idea to the benefit of both science and the animals
welfare.

Technicians performing experimental procedures:

Besides acquiring an adequate competence and skill in the tasks mentioned above,
personnel carrying out experimenta procedures perform techniques associated with
the experiment, such as the adminigtration of substances, remova of body fluids,
data collection, keeping records of responses to the procedures, peri-operative
care, anaesthesia, andgesia, euthanasia, necropsy, etc. They are aso responsible
for taking gppropriate measures to minimise factors interfering with the experiment
and for taking action when adverse effects occur to the anima during or following
the procedure. It is crucid that they are cgpable of recognising signs of pain and
digtress and assessing the wefare of the animas (Morton and Griffiths, 1985;
FELASA, 2000) with appropriate reporting of any unexpected consequences.

Scientists:

The project leader and the researchers are responsible for designing and planning
the experiments and for supervising the procedures performed.  Although
experimentation on non-human primates frequently entails various degrees of
unavoidable pain or digtress to the animd, investigators are required to anticipate,
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minimise, dleviate, and avoid conditions that threaten the wefare of the animals.
They should dso be aware of animas behaviourd responses to humans in order
not to distress any anima (eg. response by a primate to a direct stare from
humans). In undertaking research, scientists are also obliged to consder the
availability and gpplicability of dternative methods to the use of living animas.

Even though a formd animd care and use or ethical review evauation procedure
may not be in place within an inditution, project leaders must provide an assurance
that the experimental subjects will not be subjected to avoidable suffering (i.e.
auffering which can be avoided through employing good practices), while ill
ataining the scientific objective.

Veterinarians

Under the EU Directive and the European Convention a veterinarian or other
competent person is charged with advisory duties in relation to the welfare of the
animas.  This means that only those veterinarians, with adequate training and
experience in non-human primate medicine, should be responsible for the veterinary
care of the animas. A comprehensive and careful programme of veterinary care
includes policies and procedures regarding aspects of husbandry, nutrition,
handling, enrichment, anima wefare, training of the animals, quarantine, hazard
containment, occupationd hedth, and safety (ILAR, 1998). Veterinarians define
and develop a hedth monitoring programme in order to provide hedth and fitness
tests for individuad animals, and in order to maintain the good hedlth of the colony
by preventing spread of dissase.  The programme will dso include protecting
humans from possible injury or exposure to a zoonctic disease. Guidelines have
been recently published on the hedth monitoring protocol of non-human primate
colonies (FELASA, 1999). The veterinarian is aso respongble for the welfare of
the animals and for implementing procedures amed a improving their welfare under
the husbandry conditions in place, and minimising any pain and distress during the
life of the anima from birth until death.

Ethologists

Ethology is the branch of biology in which behaviour and behavioura mechanisms
ae dudied in a scentific framework using both descriptive and quantitetive
methods. Ethologigts, i.e. persons formally educated in ethology and trained and
experienced in the behaviour of non-human primates, can asss in defining
procedures related to socid dynamics, such as. socid compatibility, group
formation, separation and reintroduction of animas. In addition, ethologists can
document and evauate the psychologica welfare of the animas and be responsible
for the oversaght of basic environmentd enrichment. Furthermore, they can give
advice on the implementation of an environmentad enrichment plan.  They may
identify behaviours and activities that deviate from the species norma patterns,
determine their cause and offer recommendations on the methods to correct them.
Veterinarians and ethologists can work in tandem to ensure that anima welfare is
safeguarded, as some diseases may lead to abnormal behaviours and vice versa.
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7.4. Experimental facilitiesand procedures

Various housing systems are utilised depending on afacility’s policy and on the type
and duration of the experiments. A system 4ill very commonly used is sngle
housing that dlows close obsarvation and easy access to individud animas. The
current European legidation (Directive 86/609/EEC) indicates minimad cage
dimensions based on the weight of the primates, and does not take into account the
species-specific behavioura needs, the arboreal nature of these animals, or their
age (young animas need conspecifics to develop norma socid behaviours and
space to carry out play activities).

Single cages vary in design and dimensions depending on species, age, and the type
of research programmes. They normaly have moveable backs so that the animas
can be safely restrained for anaesthesia, trestment, or experimental procedures
(Taylor Bennett et al., 1995). Individud caging is dso the most commonly used
system to quarantine newly acquired non-human primates. Cages vary from minima
incluson of accessories, such as perches, to the addition of environmenta
enrichment devices (playthings, swings, ropes, puzzle feeders, etc.). Individua
caging is frequently sdected for infectious disease research, experiments tha
involve surgery, pharmacologica and toxicological studies, and vaccine production
and control. In recent years, housing systems used in these research areas have
been evolving from single to group housing, with larger and enriched cages and
limiting individud caging excdusvely to the time of the experiment. This dlows
animals to have access to a larger enclosure and to compatible conspecifics when
single housing is not gtrictly necessary (Fuchs, 1997; Woolley, 1997).

The use of implantable telemetry devices has enabled the collection of physological
datain unrestrained animals housed in asocid context (see “Behaviourd indices’ in
Chapter 6.2). Since socid interactions are consdered to be one of the most
important factors promoting the welfare of non-human primates, it is reasonable to
condder that the adverse effects of socid deprivation might profoundly influence
experimentd results. In some establishments, the training of primates to collaborate
In minor interventions during experimental procedures has been successfully
introduced to reduce the sress on the animas of handling and the risks of
aggression to personnel.  Training sessons, where positive rewards are offered to
the animas, can contribute to creeting trustful relationships between the animas and
their caregivers (Reinhardt et al., 1991; Reinhardt and Cowley, 1992).

Connected cages or modular systems (two or more adjacent cages that can be
connected when individua housing is not required) are aso utilised ether for stock
or experimental animas, in that they enable the animals to be isolated only for the
period necessary to perform the scientific procedure or for sample collection.

Group housing is generdly utilised when animas are maintained for breeding and as
stock, i.e. before, after or between experiments. In these cases, the animas may be
housed in indoor-outdoor enclosures when the species involved can often easly
acclimate to the local dlimatic conditions.
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7.5. Weédfareimplicationsfor primatesin captivity

Even though some primates travel and search for food on the ground, most are
arbored and dl primates seek shelter by climbing into trees where possible and, for
example, when being chased by a predator. For primates in captivity, it is therefore
not only the physicad space of the cage that is important but aso thet the cage is
furnished so that animals can make use of the space as advantageoudy as possble.
As primates climb for security when chased, it is important that they can seek
shelter in captivity by reaching a high pogtion in their cage, preferably higher than
the eye-leve of their keepers.

Primates remain wild animas and, unlike the commonly used mammads, they have
not adapted or been genetically sdected for domedtication, and on reaching
adulthood they normdly struggle for dominance. The interaction with primates in
research should be based on positive training, which is possible because of their
high intelligence. They can then habituate to their keepers so that interactions that
occur during the research, such as handling and experimental procedures, can be as
dressfree as possble. It should be emphasised, however, that tamed individuas
may become dangerous for human beings. Such animas have logt any inhibition in
their physical contacts with humans and they can severdly bite their human handlers
(and humans they come into contact with). It is worth habituating primates as early
as possible to the presence and behaviour of human beings, but with care. The
animas should be sociaised with their conspecifics, so they learn from them which
socid behaviours are rewarded or punished

8. BREEDING AND SUPPLY
8.1. History of supply

Higoricaly the supply of non-human primates worldwide for research and testing
purposes took place in three phases. The first phase began in the 1950s when the
search for a polio vaccine required the use of large numbers of non-human primates
as experimental animals.  This need was met by the importation of wild-caught
(ferd) stock, particularly rhesus macagues (Welshman, 1999).

The second phase garted in the 1970s when many countries, notably India,
introduced a ban on the export of monkeys. The reaction to thiswas two-fold. In
many cases the research community shifted to the use of long-tailed macagues,
which were 4ill readily avalable from countries such as The Philippines and
Indonesa.  Secondly, some end-user countries, especidly the USA, established
their own breeding colonies (Welshman, 1999).

The third phase began in the late 1970s when it became clear that in order to
consarve the feral monkey population and till ensure a continuing supply of Smians
for biomedical research, large-scale programmes of primate breeding needed to be
initiated (Hobbs, 1972; Neurauther and Goodwin, 1972; Schmidt, 1972). This
was accentuated during the 1980s by an awareness of conservation issues, and
reinforced by the rapid disappearance of the natura habitats of monkeysin South-

Eagt Ada In anticipation thet countries still supplying wild-caught animals would
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8.2.

prohibit the export of ferd animas, breeding centres were established to supply
captive-bred monkeys (Welshman, 1999).

Self-sustaining colonies

In order to obtain sdf-sustaining captive colonies, it is necessary to produce
successful breeders at adulthood. To this end, individuds must grow in socid
conditions that mirror naturd conditions. Mirroring, however, does not mean
merely copying. The socid environment should be adapted to the congtraints of
captivity. By maintaining groups of non-human primates in captive conditions, their
demographic gructures are artificidly fixed and they are required to remain in close
proximity to each other. In the wild, individuas establish dominance relationships to
meake their behaviours mutually predictable and to resolve conflicts. In a restricted
pace, however, dominance relaionships can induce a socid tension from which
individuas cannot escgpe as they would in their naturd environment in the wild.
This may dicit stress, aggresson, and impair reproduction. It follows that captive-
born animals cope better with husbandry conditions than wild-caught animas (Ha
et al., 2000). Specid attention must, therefore, be given to the socia needs of
individuas, which will differ according to the relationships and the breeding systems
used for each species.

L esser mouse lemurs:

The species mogt sendtive to crowding are those who normaly live solitary lives.
When lesser mouse lemurs are maintained under high density, they may die from the
stress caused by crowding (Perret, 1982). It has been found that dominant males
suppress the sexud activity of subordinate males. Not only is the sexua behaviour
of the latter inhibited, but dominant maes dso employ a urinary pheromone to
inhibit the rise of blood testosterone levels in subordinates during the breeding
season (Perret, 1992). Outside the reproductive period, lesser mouse lemurs may
be kept in mixed groups that should not exceed a dozen individuas. Animals can
deep together in a smal number of nest boxes but it is better to provide them with
one nest box each, as individuas can then choose a partner. To improve breeding
performance, a female in oestrus should be placed with several males in order to
ensure amating.

Owl monkeys.

Owl monkeys have to be maintained in mae-femde pars. Adults should not be
housed with adults of the same sex because of aggresson (Wright et al., 1989;
Bagr 1994), and neighbouring pairs threaten each other so it is preferable if they
have no visud contact. Femdes can give birth every 9-12 months and maes
should not be removed after the birth because the mother can rgect its infant if the
father is not present to cary it. Nest boxes should be large enough to
accommodate parents and offspring when adeep and offspring should be removed
when they reach 2 years of age as after this age, severe conflicts may occur
between parents and offspring (Wright et al., 1989).

Marmosets and tamarins:
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The most successful method of breeding callitrichids is to house mature animas as
mae-femde pairs and dlow them to reproduce naturdly (Epple, 1978; Evans
1983). Paired females give birth to and raise 2-3 offspring every 5-8 months under
laboratory conditions (Gengozian et al., 1978; Koenig et al. 1990). If the offspring
remain with their parents, the family increases steadily and o, in turn, the number of
non-reproductive helpers. In cotton-top tamarins (S oedipus), surviva retes of
offgoring are higher in extended families compared with offpring (immatures) raised
by a parent pair or in a nursery of peers (Johnson et al., 1991). In common
marmosets (C. jacchus), surviva rates were found to be better in groups of no
more than 11 group members (Rothe et al., 1993). Larger family groups are
usudly ungtable and suffer from socid conflicts between femaes.

Besdes family groups, marmosets and tamarins may be kept in captive groups of
unrelated post-pubertal or adult animals (Abbott, 1993). Overt socid conflict is
respongble for the suppresson of sexua behaviour in subordinate maes. The
dominant male imposes its status on dl other males in the group through aggression
and it attacks copulating maes. The hormona system of subordinate maes is
impaired, and they have lower plasma testosterone concentrations, and reduced
sexud behaviour and fertility. In femaes the most dominant one suppresses the
sexud activity of the others in the group and atacks them if they copulate. The
reduced ability of subordinate femaes to secrete luteinising hormone (LH) from the
pituitary gland stops ovulation. Reates of intra-sexud aggresson may be eevated,
especidly towards unfamiliar conspecifics. Overt conflicts are more severe among
femaes than maes. In astudy on the common marmoset, subordinate females had
to be removed to avoid serious injury to them in three-quarters of newly formed
groups (Abbott, 1984).

Squirrel monkeys:

Squirrel monkeys should be bred in socid groups containing various age and sex
classes. Ther sexualy segregated socid Structure isretained in captive populations.
Adult femdes clugter into severad subgroups, while adult maes are less socidly
cohesive but form stable hierarchies. The formation of mixed male-female groups
can induce breeding readiness; it modifies the timing of annua reproductive changes
S0 that subsequent breeding seasons occur in the same months as those of the initia
group formation (Mendoza et al., 1991). When individuas are singly housed but
alowed to hear and smdll other subjects from mixed groups, they still display smilar
reproductive annual changes (Schiml et al., 1999).

Larger socid groups make a ggnificant contribution to squirrel monkey welfare and
reproduction (Mendoza et al., 1991). Compared with animds living in mixed
mae-femae parrs, the presence of multiple femaes in a socid group heightens the
proportion of females exhibiting ovarian cydlicity and increases testogterone levelsin
maes. Adult maes and femdes that stay in mixed mae-femae pairs behave largely
as if they are living done - they are unaffected by separation from their mate and
quite often do not reproduce. Mendoza et al. (1991) reported that a maority of
femdes living in mixed maefemde pars never become pregnant whereas most
group-housed femaes give birth. When femades|living in pairs conceive, about 40%
produce viable offspring compared with 70% for group-housed females.
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Macaques, baboons, vervets and capuchin monkeys:

In species forming multi-male socid organisations, severd unrdlated adult males
may be present in a captive mixed group. When housing space is limited to some
dozens of cubic metres, however, the optima number may be only one fully adult
made with femdes. Having additiond maes in a amdl area may lead to them
auffering from stress and wounding, and they could fal to mate. Severa adult
femaes should be present in asocia group and alowed to raise their offspring.

Asagenerd rule, the more space that is provided for a group, the better will be the
welfare and hedth of its members. Allowing animas to escape the attention of
others by increasing inter-individua distances or by being separated by visud
obstacles can relieve socid tenson. The relaionship between rates of aggression
and the amount of space, however, is not a smple one (de Waal, 1989; Judge,
2000). Anincreasein the spatid dendty of animals often devates the frequency of
conflicts, but individuals may cope with a heightened socid tenson by increasing
their rates of submission and appeasement behaviours, thus reducing the causes of
conflict. Beddes quarntity, the qudity of space is important. In one study in pig-
talled macaques, levels of aggresson were lower in individuds housed in a sngle
room in comparison with those housed in a double room with a partition wall in the
middle. Although the latter had access to twice as much space, the partition
impaired the mal€' s ability to control femae aggresson (Erwin, 1979).

Severd sudies have reported a relationship between socid status and reproductive
success. The reatively crowded conditions of captivity may exacerbate the effects
of socid competition. Reproduction rates are often higher in dominant females
compared with lower-ranking femaes, and subordinates may experience delayed
firsd conception, reduced number of offgoring and increased infant mortaity
(Abbott, 1993). In rhesus macaques one study found that the presence of the
dominant female decreased the number of copulationsin subordinates (Michagl and
Zumpe, 1984) whereas another study reported no link between femae social status
and the number of copulations (Wilson, 1981).

To keep sef-sustaining populations in captivity on along-term badis, it is necessary
to maintain genetic variability and prevent the deleterious effects of inbreeding. The
Guiddines of the Captive Breeding Specidist Group of the International Union for
Conservation of Nature and Natura Resources (IUDZG and CBSG, 1993) date
that:

1) the founder group of wild-caught animals should consst of at least severd dozen
animas,

2) the sex ratio of the reproduction individuals must remain as close as possble to
1:1, and socid exchange of maes should ensure such an effect in polygamous
Species,

3) inbreeding through meting in closdly rdaed individuals must be avoided; and

4) a smdl number of individuds unrdated to the population should be regularly

added to the pool of animals.
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8.3. Breeding systems

While there is usudly an available supply of New World monkeys and most Old
World monkeys, some shortages of common marmosets are observed, and the
supply of macaques can be difficult. The breeding and export of macagues has
become an important economic factor in many source countries and there is,
therefore, a pressure to breed under economical conditions, which can ultimately
impact on the quality and wedfare of the animas. The Internationd Primatologica
Society (IPS) has produced guidelines for the acquisition, care and breeding of
non-human primates to define minimum standards, and to ensure a uniformity of
animals bred and supplied from the different countries (IPS, 1993D).

Four different methods are generdly used to produce sdf-sustaining primate
populations:

free-ranging idand colonies,
semi-free-ranging corra colonies,
pen or run-type single-male harem colonies and

colonies where animas are cage mated in pars (Hendrickx and Dukeow,
1995a).

8.3.1. Freeranging colonies, idand-breeding

By the 1940s a free-ranging colony of rhesus macagues of Indian origin
had been egtablished on the idand of Cayo Santiago, Puerto Rico
(Carpenter, 1972; Rawlins and Kesder, 1986). It is one of the very few
fecilitiesthat is dedicated as a unique Ste for the study of primate biology
under semi-naturd conditions. Much of what is known about rhesus
macague socia and reproductive behaviour is derived from studies of this
colony (Hendrickx and Dukelow, 19958). Studies of the net reproductive
rate over a period of 7 years (Rawlins and Kesder, 1986) suggest that
semi-free-ranging rhesus macagues are more successful in producing live-
born infants than those kept in smaler enclosures (Hendrickx and
Dukdow, 1995b). This colony has recently become very important
because in AIDS research it has been shown that rhesus macaques of
Indian origin are a much better modd for the disease than Chinese rhesus
macagues, but very few animds of Indian origin are avallable due to the
ban on exports by India.

Another very successful free-ranging population of rhesus macagues is
located on a densely wooded idand off the coast of South Carolina (Taub
and Mehlmann, 1989). From 1979 when 1400 animads were
trandocated there from the Carribean Primate Research Centre, the
colony grew to roughly 4,000 animals and about 3,150 were shipped to
other government biomedica programmes.
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8.3.2.

8.3.3.

8.3.4.

Corral breeding

The Cdifornia Primate Research Centre (CPRC) and other Regiond
Primate Primate Research Centres in the USA have had an active
breeding-programme in corrals since 1972 (Hendrickx and Hendrickson,
1988; Small and Smith, 1986). Macagues have been bred successfully in
these enclosures, and large numbers of animals can be produced very
economicaly in areas where the climate is suitable (Baskerville, 1999).

The disadvantages of keeping macagues in this way are those of
identification of individuals, monitoring illness and injury, infection from
indigenous parasites and diseases, capturing, associated adverse effects
on wefare and determining parentage of offspring (Welshman, 1999).

Harem groups

A smaler scale method of macague production is by the establishment of
permanent harem groups, each in a separate pen or enclosure. There is
wide variation in the composition of macague, baboon and vervet harem
groups reported in the literature (Vaerio and Dagard, 1975; Erwin,
1977; Goodwin and Coelho, 1982; Kesder et al., 1985). The most
common keeping system in the US-Primate Centres are the ‘corn-cribs ,
large metal structures originaly congtructed to store corn and with alarge
amount of vertical space. Continuously modified over time, they are used
to keep harem groups of 12 to 24 animals (Hendrickx and Hendrickson,
1988). The harem group system is dso very commonly used in Europe
and in Adan countries. These systems of housing dlow more accurate
monitoring of hedlth status and breeding. However, the restricted space
means a greater potentiad for ingtability of the hierarchy, with subsequent
harassment of particular individuds. This, in turn, can lead to lower
ranking animals being deprived of access to food and water (Welshman,
1999).

Timed-mating strategies

To maximise conception rates, severa timed-mating strategies have been
used. They are based on the redtriction of time the femade and mae are
housed together during the ovulation period (Hendrickx and Kraemer,
1970). The mogt common mating schedule for both rhesus and long-
talled macaques is to place the femae in the ma€e's cage for 2 hrs every
other day over a 3-day period (i.e. two times). Using this method, the
conception rate for rhesus macagues exceeds 70%. However, several
facilities have had very successful rhesus macagque breeding programmes
by keeping dl the mades in one room (a sud room) and bringing the
females there for mating without the need for such timed-mating Srategies
(Hendrickx and Dukelow, 1995b). When animds were singly housed
timed-mating drategies were frequently used. When animas are group
housed these drategies have implications for poor welfare due to the
remova of animas from thelr socid groups. Unless the time of mating
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needs to be accurately known for the scientific research being performed,
timed-mating strategies should not be required.

8.4. Weaning

Naturd weaning is a gradua process through which the infant primate becomes
independent from its mother, firgly with regard to nutritional needs, then by gaining
behaviourd autonomy. As the infant grows, the diet is increasingly supplemented
with solid food. Nutritiona weaning age varies according to the body weight of the
species. It occurs between the ages of 2 and 6 months in marmosets, tamarins, owl
monkeys and squirrdl monkeys, and takes place between the ages of 6 and 15
months in vervets, macagues, baboons and capuchins (Fedigan and Fedigan, 1988;
Fragaszy et al., 1991; Mendoza et al., 1991; Hendrickx and Dukelow, 1995a, b).
In the last months of the process, nutritional salf-sufficiency is completed but the
infant dill suckles for reassurance as it is psychologicaly dependent on its mother.
The birth of the next offspring often completes the process of weaning. Weaning
represents a sressful stage for the infant since it implies some degree of rgection by
its mother. In the context of the socia group, the growing infant may seek comfort
and help from other group members.

When primates are being bred for research there is a commercia pressure that the
femaes produce as many offspring as possible, and to wean infants as early as
possible, especidly in the bigger species like macagues and baboons where
development isdow. Thereis no specific scientific criterion, however, to determine
a which age weaning would be optimd in terms of safeguarding welfare for each
animd. In many breeding colonies, it is usud to separate and forcibly wean infant
macagques at ages ranging from 3 months to one year. The age a which infants are
weaned may have an effect on reproductive productivity, particularly in seasondly
breeding species like rhesus macaques (Baskerville, 1999). It was found (Goo and
Fugate, 1984) that the interbirth interva in femae rhesus macagues was sgnificantly
related to weaning age, and that femdes who had ther offspring weaned a 6
months had higher reproductive rates than those who were weaned at 8, 10 or 12
months. In Japanese macaques, femaes having dillborn infants had the shortest
inter-birth interval (Kotera et al., 1975). On the other hand, Reinhardt (2002)
assrted that the percelved benefits of permanent pre-weaning mother-infant
separaion were not supported by scientific data and that artificia weaning may be
an economicaly unsound management practice. In a study of savannah baboons,
separating infants a sx months did not improve productivity of mothers, most
females had resumed their reproductive cycles before infant remova (Wallis and
Vdentineg, 2001). The benefit of early weaning on reproductive rates might be
margind. Since separation from the mother incurs negetive psychologica
consequences for the infant (see Chapter 9), any dight increase in reproductive rate
Is inggnificant compared to the abnorma behaviours induced in the offgpring and
the potentid impact this may have on their subsequent use in science.

The maturation of primates is rather dow and infants are psychologicaly dependent

on their mothers for a long period. Early weaning is very dressful. It has been

demongtrated (Harlow and Harlow, 1965; Ruppenthd et al., 1976; Goldfoot,

1977) that infant rhesus macaques which had ether been separated shortly after
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8.5.

birth and raised in peer groups, or that had been raised with their mother in single
cages for 3-12 months and subsequently alowed very limited daily access to other
infants, showed poor reproduction performance, poor materna behaviour and
Increased aggression as adults.

The dress of weaning at 4.5-6 months in pig-tailed macaques causes not only
behavioural changes such as activity and deep disturbances but dso physiologica
changes for up to 28 days (Sackett and Terao, 1992). It was found (Goo and
Fugate, 1984) that infant rhesus macagues weaned a 6 months were lighter in
weight at 12 months than infants left with their mother until that time.

One suggestion is that the best compromise is to wean most infants at about 6
months, which adlows good productivity, but to leave individuds who are
performing poorly compared to their peers (e.g. based on behaviour, body weight
etc.) with their mothers for alonger period (Baskerville, 1999).

Ancther system for the management of harem groups is to replace the existing
femdes gradudly by leaving young femae offsaring in their materna group until they
become sexudly mature, but periodicaly changing the maes to prevent excessive
in-breeding. This system reflects what happens in wild troops (Baskerville, 1999)
but has the lowest productivity of al described systlems. The advantage, however,
is that animas in this system show few socid abnormdities, and S0 it is particularly
suitable to establish permanent salf-sustaining colonies,

Use of wild caught animals

The “Internationa Guiddlines for the Acquisition, Care and Breeding of Nonhuman
Primates’ of the Internationd Primatologica Society (IPS, 1993a) distinguish
between three categories of origin of primates used in research:

1) ‘Ferd primates congst of stock caught from the wild; these show the greatest
genotypic and phenotypic diversty,

2) ‘Captive-bred primates have been bred and raised under more or less
controlled conditions in captive colonies (whether in classcd laboratory Stuations
or in corrds),

3) ‘Purpose-bred primates - such primates are derived from stock which has been
placed in semi-ferd conditions, such as an uninhabited idand previoudy free of
primates, from which weaned individuals can be taken, as soon as a sustainable
population has been achieved.

Firgt generation of primates bred in captivity (F1 generation) is interpreted as being
the firs generation of offspring born in captivity from wild-caught parents (i.e.
animds that have been caught in the wild and hdd in captivity for breeding
purposes). It should not be necessary to replace breeding primates for research
with wild-caught animas, as dternatives exist such as the exchange of animas
between research breeding colonies. Exceptionally for the sake of conservation of
a species it may be necessary to take animas from the wild (e.g. for the storage of
gametes and embryos).
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8.6.

The sources of primates (breeding and supplying) for research include registered
establishments within the EU, as well as idand colonies with renewable breeding
stock, some of which may occasionaly source replacement breeders from the wild.
Idand breeding colonies exist in a semi-wild sate, but for the purposes of
classfication these are considered as captive-bred.

The Philippines and Indonesia banned the export of wild-caught primates in 1994,
but wild-caught animals have been sometimes used for breeding purposes. In this
sysem, breeding animas ae replaced by wild-caught animds efter their
reproductive phase has finished, sometimes not to maintain genetic diversity but for
economic reasons. Asdl primate species are endangered to some extent and many
are listed as such (IUCN, 2000 http://mww.redlist.org/search/search-basic.html),
there is a position that no wild-caught animals should be used, not even for breeding
purposes (dternatives exist through captive-bred colonies exchanging animals). Itis
even more important to avoid capturing animals from the wild for anima welfare
reasons, since trapping the animas in the wild often causes death and injuriesand in
al cases an enormous dtress for the captured primates. Also the catching of wild
animds risks introducing pathogens from the wild into breeding colonies. Moreover
as the genetic background is unknown there is a further danger of introducing
unwanted genetic chacterigtics.

The IPS therefore discussed the CITES (Convention on Internationd Trade in
Endangered Species of wild flora and fauna) definition of ‘captive-bred’” during its
congress in 1994. It was agreed that the term * captive-bred” should only apply to
those animas concelved and reared in a managed environment.  The identification
of any such anima must be known as must thet of the mother and, if possble, the
father. Individud life higories must be avallable, together with documentation of
any vird, bacterid or paragtic infections and any headth screening protocols that
had been undertaken (Welshman, 1999). To discourage the use of wild-caught
animds the biomedica community should only accept captive-bred animas that are
of the second or higher generation bred in captivity as being classified as “ purpose-
bred’. This would help to prevent the use of wild-caught animals as breeders and
support the effort to diminate early weaning systems, as in generd early weaned
primates do not become competent breeders (see chapter 9.4)

Accreditation of facilities

Accreditation of breeding facilities could help to ensure that standards of animal
welfare and hedlth are observed in breeding centres in Europe, as well as abroad.
A system of accreditation would give the user of the animals some reassurance that
the animals would meet health and quality standards that are necessary to carry out
high quality science and ensure that good animd welfare is safeguarded. Some
breeding facilities in non-EU countries have dready received 1SO 9000
accreditation.

In verifying criteriafor accreditation, it may be difficult to decide whether a breeding
female has been wild-caught or was purpose-bred, or if hygienic deficits have been
compensated for by an excessive use of antibiotics. However, the opportunity to
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ingpect facilities and to withdraw accreditation, could improve standards and lead
to better science and anima welfare

SPECIFIC ANIMAL WELFARE PROBLEMS

All animals maintained in captivity are by definition condrained and their freedom to
engage in the full panoply of speciestypicd behaviours is limited by physcd
congderations such as enclosure sze and desgn. When non-human primates are
maintained for purposes of research, it is particularly important to take into account the
impact of their captive environment. Only then is it possble to conduct a proper
asessment of the welfare impact to consider the balance between the overal impact of
husbandry, laboratory maintenance and the necessary scientific procedures, and the
possible beneficid outcome of the research for man and animdls.

Someissues that need to be addressed are as follows.
What are the requirements of the researcher?
What are the requirements of the animals concerned?
How can these two sets of requirements be reconciled?

How to monitor and minimise the impact of husbandry, Iaboratory maintenance and
scientific intervention on the welfare of the anima?

Once identified and agreed, how should good practices be implemented?
9.1. What aretherequirementsof the researcher

This requires a robust andlysis of the problem that a researcher is investigating and
whether this is a fundamenta investigation of an anima’s biology or a regulatory
requirement to identify the pharmacologica profile of a particular drug. However,
the questions to be asked are broadly smilar.

Can the necessary outcome be achieved without the use of animals?
Why are non-human primates required to be used?
Are there opportunities to consider the use of dternative animal species?

If the fundamentd requirements for udng a paticular species have been
established, there are a number of important questions that need to be considered.
These include the availability of animals of the gppropriate ‘qudity’, for example,
hedth datus age, genetic profile, weight, condition and level of biographica
characterisgtion.  Whether the animas are suitable for maintenance under the
conditions necessary for conducting the study is aso important. For example some
dudies will necesstate frequent intervention for drug administration or blood-
sampling. Thus, an animd’s prior higtory and housing and husbandry practices
before, during, and after the scientific procedure need to be considered.
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9.2. Podtive agpects of husbandry: welfare and environmental enrichment

The unnaturd redrictive environments and husbandry practices in research
laboratories have raised a concern about the possible negative welfare aspects,
both for reasons of ethics and of experimentd vdidity. There is a growing
gppreciation that pogtive welfare conditions aso reward in terms of good science
(Chance and Russdl, 1997). Pogtive welfare conditions can be achieved by
programmes of environmental enrichment which are in line with the behavioura
needs and natural inclinations of the respective species. It leads to the opposite of a
life of boredom, frustration and apathy (see Wemesfelder, 1984) and recently
much congderation has been given to how such enrichment can be achieved. The
two most relevant aspects are i) the socid environment, and ii) the physicd
environmen.

9.2.1. Thesocial environment - Social housing

Mot primate species are highly socia and live in complex societies. The
position of anindividud in the socid network is determined by its sex, age,
its dominance postion and that of its close rddives and its efiliative
relationships, in the firgt place with kin. These, in turn are determined by
the higory of the group and its members, and its demographic and
genedogica development. They provide an environment for an individua
in which it can become absorbed and chalenged. It meets competition
and rivdry on the one hand, and effiliation, affection and enjoyable
contects (eg. play) on the other. The harmonious fluctuations of
excitement and tranquility, of stress and relaxation, determine the qudity of
that animd’slife.

Having compatible companions is recognised as being one of a primate’'s
most important needs. “The remarkable socidity of the primate order in
generd is the mog rdevant characteridic of ther humane housing”
(USDA, 1999), “Socid deprivation should not be considered any more
norma than say, water or food deprivation” (de Waa, 1991b), “A
compatible conspecific probably provides more appropriate stimulation to
a captive primate than any other potentia enrichment factor” (IPS,
1993a).

Solitary housng dealy negatively affects many aspects of wdfare
including hedith, in comparison with housing in pairs or in groups. Thus
aggression (Chase et al., 2000), abnorma behaviour and stereotypies
(Bloomamith et al., 1998; Belanca and Crockett, 2001; Chase €t al.,
2000) are higher in socidly impoverished conditions (Reinhardt et al.,
1988; Lineet al., 1990a; Bayne et al., 1991, Eaton et al., 1994; Baker,
1996; Kessdl and Brent, 2001). This agpplies in particular to sdf-
aggression, a pathologica behaviour in which the monkey ‘threatens  its
own body and even hites itsdf, sometimes inflicting wounds as a result
(Russl and Russdll, 1985; Bushong et al., 1992; Jorgensen et al., 1998;
Novak et al., 1998; Reinhardt, 1999; Reinhardt and Rossell, 2001).
Cardiovascular physiology, however, was closer to the naturd condition in
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these socidly impoverished conditions (Codho et al., 1991). Singly
housed rhesus macaques showed longterm  features  of
immunosuppression (Line et al., 1993; Lilly et al., 1999) and neuro-
endocrinological indicators of stress-induced anxiety and of depresson
(Lilly et al., 1999). Reinhardt et al. (1990) showed that in a large colony
of rhesus macaques, 23% of those caged individually required medica
treatment, compared with only 10% of those housed in pairs.

Many dudies for various species report an increase in good welfare
indicators after sngly-housed animals were transferred to a socia Stuation
(Reinhardt et al., 1988; Line et al., 1990a; Kessel and Brent, 1997,
2001). These include decreased automutilation (Reinhardt, 1999), and
decreased susceptibility to disease (Reinhardt, 1990b; Schapiro and
Bushong, 1994), which aso seems to be reflected in enhanced immune
responses (Schapiro et al., 2000). In a study involving corn cribs,
abnorma behaviour, age-directed activities and self-directed activities
were dl seen to decrease. Locomotion and normal behaviour as well as
enrichment directed activities and socid behaviour al increased (Kessd
and Brent, 2001). Adult female rhesus macagues that were temporarily
taken out of their group and that showed strong stress responses,
recovered significantly faster when re-united with a preferred companion
(Gudt et al., 1994; Coe et al., 1982). Grooming a socid partner lowered
heart rate more than saf-grooming in a pig-tailed macaque (Boccia et al.,
1989). When offered the choice between food and socid companionship,
a normdly-fed tufted capuchin monkey reliably preferred a companion.
This indicates that socid companionship is not a luxury but a necessity
(Dettmer and Fragaszy, 2000). Thisis recognised in the recommendation
of the Nationa Research Council of the US (NRC/ILAR, 1998), namely
that “Socia interactions are considered to be one of the most important
factors influencing the psychologicd well-being of most nonhuman
primates’.

The differences in various measures of physica and psychologica welfare
between singly-housed primates and those living in the wild clearly are of
sgnificance with regard to the generd validity of research in such aress,
given the fact that most of such data have been acquired from singly-kept
animds (Schapiro et al., 2000; Rosenberg and Kessdl, 1994). All this
judtifies the recommendations dready made by, for ingtance, the Anima
Wedfare Inditute (1979), and the International Primatologica Society
(19934) that “monkeys should, unless there are compelling reasons for not
doing 0, be housed socialy” (IPS, 1993a).

The presence of socid partners is the mgor enrichment and socidly-
housed animas show both higher rates, and more variety, of activity, and
less illness and pathologicd symptoms than singly-housed anima as
dready outlined. The benefits of living with socid partners are clear, but
not solely for the primates concerned. Hartner et al. (2001) reported that
there was an important difference between singly- and socidly-housed

long-tailed macagues. Not only did the latter show less sdlf-directed
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activity, they were dso more a ease and more relaxed in handling and
training procedures; in short, they were better anima modd's as they were
less stressed and so gave more precise and relevant data.

Some individuas cannot be paired or integrated in a socid group due to
insurmountable incompatability with other animals and a solitary life may
be less stressful for them (Coe, 1991; NRC/ILAR, 1998). Experimental
and hedth condraints may adso require the separation of individuas.
When it can be explicitly judtified that sngle housing is necessary, then
limited regular access to a large complex area with conspecifics may be
beneficid (Jaekd, 1989), or, at leadt, the opportunity to meet partners
severd times a week (Jerome and Szostak, 1987; Gilbert and Wrenshall,
1989). In one study, the provison of socid stimulation heightened activity,
and possibly aso the frequencies of stereotypies (Schapiro et al., 1995).
It should be verified, however, that individuas, when in close contact, are
compatible, as when an animal is near a threstening partner, a subordinate
individua may be stressed and develop abnorma behaviours (Lipman,
1992). In addition, frequent human aitention in some forms and
appropriate care can partly compensate for the detrimenta effects of
isolation (Baker, 1997; Wolfle, 1987; Choi, 1993; Bayne et al., 1993).

Where there is no dterndtive to sngle housing of primates, it is advisable,
when possible, to dlow animas to have tactile contacts with conspecifics
through mesh (Crockett et al., 1997, 2001). Again, it should be checked
beforehand that partners are compatible, as otherwise aggressive contact
might cause wounds and injuries to fingers. In baboons, the blood
pressures of companions able to contact each other have been found to
be lower than those of conspecifics housed ether singly or with socid
srangers (Coelho et al., 1991). Another option is to give animds the
opportunity to meet partners severa times a week (Jerome and Szostak,
1987; Gilbert and Wrenshdl, 1989). If sngle housng of non-human
primates cannot neither be avoided nor the consequent adverse effects on
welfare minimised, euthanasia can be considered as an option to prevent
prolonged poor welfare. This option may apply where repesated attempts
to re-sociaise the anima have failed and severe Sgns of socid deprivation
develop (eg. self-muitilation, severe abnormal and stereotypic behaviours)
and cannot be otherwise resolved.

Risks of social housing

Socid housing can introduce socid tensgons (Reinhardt et al., 1986) and
the risk of wounding through aggresson (Rolland, 1991). Whether thisis
the case depends on a number of socid factors. Baker et al. (2000)
found in a study on chimpanzees comparing different housng systems that
group-living chimpanzees incurred the highest level of minor wounding, but
serious wounding levels were not affected by housing condition. They
found that the mgjor factor isthe socid compaosition (sex, age and method
of rearing) of a colony.
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Any reocaion to an unfamiliar enclosure with different configurations,
escape opportunities and places of conceament are dl liable to increase
hodtility (Judge, 2000). The reationship between enclosure size, on the
one hand, and crowding stress, fighting and injuries is a complex one (de
Waal and Berger, 2000; Judge and de Waal, 1997). Thus Boyce et al.
(1998) found that rhesus macaques living in a large outdoor enclosure
during the summer showed a five-fold increase in injury incidence during
confinement in a smdler indoor enclosure in winter. A Smilar result was
found for baboons by Elton (1979). By contradt, levels of aggression and
anxiety scratching did not differ when a group of hamadryas baboons was
transferred between their pacious outsde enclosure and their smdl
indoor quarters (Judge et al., 2001). However, it should be noted that this
speciesis not known for its aggressve traits. Smilarly the chimpanzees of
the Arnhem Zoo colony did not show an increase in agonigtic behaviour in
their much smdler indde hdl. On the contrary, their levd of afiliative
interactions went up, seemingly buffering the ‘ expected’ increase in tenson
(Nieuwenhuijsen and de Wad, 1982; Catlow et al., 1998). Caws and
Aurdi (2001) even found that space restriction by indoor confinement in
chimpanzees reduced the levd of aggression; “they seem to inhibit
aggresson by not joining ongoing conflicts and by sdectively decreasing
the targeting of common victims”

Group composition and stability

Socia groups are dynamic networks. Sudden outbreaks of aggresson
are dways possible, even in stable groups structured by kinship bonds in
captivity, as seen in the wild (Samuels and Henrickson, 1983; Ehardt and
Berngtein, 1986; Samudset al., 1987). In macague groups, for instance,
traumeas inflicted by conspecifics represent the main cause of veterinary
intervention (Rolland, 1991).

Severa dudies have documented the importance of group compostion.

Thus Dazey et al. (1977) reported that in a group of pig-tailed macagques
there was ggnificantly less aggresson between group-living femaes in the

presence of adult males. The same has been found by Erwin (1979). He
found that this was due to the exertion of a‘control role’ by the dominant

male. If the group had access to two rooms instead of one, there was a
dramatic increase in aggresson between the femaes because the mae
could no longer exert his role in inhibiting conflict. The above example
aso highlights the importance of a spatid sructure.

A dable group compostion is essentid and frequent rearranging is
disruptive and can lead to increased fighting and mortdity. This was the
case in a breeding colony of rhesus macaques where there was regular
remova of pregnant femaes and introduction of non-pregnant femaes
(Kaplan et al., 1980). Comparable observations are reported by Kesder
et al. (1985).
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Visual withdrawal and escape options

The gructure and furnishing of the enclosure has an important influence on
socid interactions and relaionships. In the natura Stuation, individuas or
subgroups can avoid others by moving out of reach or out of sight. In the
usud captive Stuation this possihility is greatly limited. Thus animas may
not be able to evade stressful confrontations with their companions, yet
the risk can be reduced consderably by appropriate structuring of the
cages. In pair-housed rhesus macagues, it has been shown that partners
spend more time in close proximity and in affiliative interactions when a
privacy pand is provided (Reinhardt and Reinhardt, 1991).

Multiplying shelters and sources of food and water may lower socid
competition. Enriching the environment with perches and visud bregks
also reduces aggression rates (Neveu and Deputte, 1996; Maninger et
al., 1998; Nakamichi and Asanuima, 1998; Westergaard et al., 1999).
Providing visua barriers and cover has proven to be an effective means
for reducing aggresson. This can be achieved in the form of barriers or
screens behind which animals can hide, without the risk of being cornered,
and alowing them to see others through peep holes without being seen
themsalves (Erwin, 1977; Ricker et al., 1995), and to escape to a place
where their adversaries are not prepared to follow them (Maninger et al.,
1998; Miller-Schroeder and Patterson, 1989; McCormack and Megna,
2001). The divison of the living space in compartments is another
technique and Westergaard et al. (1999) found that this led to significantly
lower rates of wounding in rhesus monkey breeding groups. However,
Erwin (1979) found the opposte effect in a study on pig-tailed macaques.
Here the compartmentdisation of the space adlowed femaes to express
their mutua hodtilities without the dominant male being ale to exert his
conflict-interfering control role.

These species-specific agpects emphasise a very important point, namely
that the application of such measures should be sdlected on the basis of a
good ethologica understanding of the role patterns in the socid dructure
of agiven species (see chapter 6.3).

In nature, animals can decide to leave a group temporarily or definitively.
They do s0 & a cost (leaving the security offered by being in the group)
which their enemies are not prepared to take. Also in the captive Situation
one can devise structures that dlow animas to escape from the hodtility of
companions. O'Neill-Wagner (1996) proposed that eectric fencing may
be a very economica and effective way to protect vulnerable animals.
Such animas may accept the momentary risk of being shocked when
wanting to escape, and to return when the behaviour of companions ‘on
the other sde indicates that it is safe to return. The shock wires
protecting trees in the Arnhem Zoo Chimpanzee Consortium are, on rare
occasions, used in Smilar ways (persona observation van Hooff) and the
use of such baricades dso informs caretakers of evolving tensons
alowing timely measures to be taken to resolve this.
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The physical environment

9.25.1. Cagedze

Primaes are amongst the most inteligent creatures, a
characteridic that derives its adgptive vaue from their flexible
and opportunistic way of life, in terms of both the exploitation
of resources and ther natura habitat that often requires
locomotory versdility. The posshility to display these
flexibilities in enclosures of adequate sizes and with gppropriate
furnishing is a condition for psychologica wefare. The reliance
on body weight in the exiding guiddines as a determinant of
cage Sze is inadequate. Far more important factors include
pecies, age, X, and individua biography of the animd and its
previous experience. Another important factor to consder is
the Structure of the enclosure and the useable space. For most
non-human primate species, the volume of available space and
the vertical height of the enclosure are more important than
floor area, due to the arbored nature and the verticd flight
reaction of these species.

The relationship between redricted space and abnormal
behaviour has long since been redised (van Wagenen, 1950;
Draper and Berngtein, 1963). Individua cages that redtrict
movement and do not permit dimbing, jumping and running
result in reduced weight and Sze, muscular arophy (van
Wagenen, 1950; Faucheux et al., 1978), reduced joint mobility
(Turnquist, 1985), repetitive stereotyped movement patterns
(Draper and Berngtein, 1963; Paulk et al., 1977; Kitchen and
Martin, 1996), and in apathy and depresson (van Wagenen,
1950). In generd, provison of additional pace, irrespective of
the cage furnishings, leads to more movement and greater
activity (Brent, 1992; Kerl and Rothe, 1996), as well as to
better reproductive performance (Boot et al., 1985;
Westergaard et al., 2000). In conclusion, enclosures that
dlow norma patterns of locomotion are an essentia factor for
the welfare of captive primates.

Even when the research absolutely demands that animds are
temporarily housed in individud cages, these should contain
perches indaled at an appropriate height, offering a minimum of
cimbing opportunities, and the facility to avoid Stting on the
floor. When they were housed in cages containing no perches,
angly-housed long-tailled macaques spent Sgnificantly more
time suspended from the cage wdl (Shimgji et al., 1993). In
addition the arrangement of cages should alow animasto move
to a pogtion higher than the levd a which they perceive
threstening factors, eg. humans that may frighten them. The
consequences of double-tier cage arrangements must also be
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considered (Heger et al., 1986; IPS, 1993; Mahoney, 1992;
NRC, 1996; Reinhardt and Reinhardt, 2000b). For example
such cage arrangements may impair the naturd flight reactions
of primates and dso contribute to poor cage illuminaion
(Roder and Timmermans, 2002).

Cage structure and furnishings

It is evident that, in addition to the availability of space, the
dructure and furnishing of the available space greetly influences
the behaviour of captive primates. The socia importance of
visud and physcd bariers has aready been noted. A
diverdfication of the environment may offer incentives for
exploration and play, and thus both prevent boredom and
abnorma behaviours, such as dereotypies (self-aggression,
coprophagy) as wdl as diverting animas from aggressve
tendencies.  This may be achieved through varidion in
environmenta eements and by giving access to naturd and
suitable artificid structures and objectsin the enclosure. Simply
trandferring animals from an indoor to an outdoor environment
may have this effect, especidly when the outdoor environment
Ismore naturdigtic. This has been documented for a number of
species, e.g. chimpanzees (Clarke et al., 1982; Jensvold et al.,
1999), gorillas (Goerke et al., 1987), mandrills (Fried and
Whitehouse, 1992) and squirrd monkeys (Marriott et al.,
1993). The beneficid effect isillustrated by a study on gorillas
by Maple and Finlay (1987b): after being trandocated from
barren cagesto a new naturdistic enclosure, play wrestling was
recorded for the firgt time, and regurgitation and re-ingestion
were no longer observed.

Exigting cages can be modified to satisfy the need to explore,
manipulate, locomote and be occupied in various ways, for
ingance, by supplying bedding materids, such as woodchips,
sraw and shredded paper, dlowing nesting behaviour (eg.
chimpanzees. Brent et al., 1991). When small food items, such
as gran, ae scatered in these materids this stimulates
prolonged occupation by foraging (chimpanzees. Baker, 1997;
rhesus macagues. Bayne et al., 1992a). Such time-consuming
foraging tasks temporarily disract the anima from showing
abnorma behaviours (chimpanzees: Bloomsmith et al., 1998;
rhesus macaques. Bayne et al., 1991, 1992b; pig-tall
macagues. Chamove et al., 1984; Boccia, 1989; Boccia and
Hijazi, 1998).

However, once dl food has been retrieved or eaten, the subject

may resume an habitua disorder. Inanimate enrichment,

including feeding enrichment, has not been shown to cure

subjects from behaviourd pathologies, unlike animate
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enrichment. For additiond reviews and data regarding this issue
See the website database
(http:/AMmww.awionlineorg/Lab _animag/hbiblio/findex.html )

Instead of easlly consumable foods such as pellets, foods that
require extensive manipulation, such as corn-on-the-cob, were
effective in reducing the amount of stereotypy in singly-housed
baboons (Nennett and Spector, 1989). Animas can be made
to work for desirable food and in various zoos different types
of provisoning devices have been inddled. These devices
require animas to be perceptudly det and to apply
complicated motor skills in order to find, retrieve and process
food items, for example, bamboo pipe feeders for tamarins
(Steen, 1995) and atificiad ‘termite mounds for chimpanzees
that promote fetching and using tools (Nash, 1982). Such
foraging tasks were dso found to be effective in laboratory
colonies (Boccia, 1989; Boccia and Hijazi, 1998). Perceptua
and cognitive chalenges can be presented by introducing food-
puzzle foraging devices (Bloomstrand et al., 1986; Maki et al.,
1989; Brent, 2001; Crockett et al., 2001).

Objects of various kinds can be presented as playthings.
Usudly the novelty effect wanes gradudly (Line et al., 1991a,
b; Line and Morgan, 1991). Destructible objects and materids
maintain their fascination for longer because they keep on
changing in shape and Sze as they are being manipulated (Brent
and Stone, 1996). Foraging tasks and puzzles do not suffer
from habituation (Poffe et al., 1995). A certain amount of
unpredictiveness combined with commensurate announcing
sgnds can keep animas on the aert. For instance, a sgnd
indicating that food items are going to gppear, but keeping the
anima uncertain of when precisdly. Alternatively requiring a
speedy response before access to the food is shut off, but again
keeping the animal uncertain about which of a number of access
options should be chosen. It should be noted that this
uncertainty associated with anticipation and aertness for
competence does not normally lead to pathological stress.

Training as enrichment

Severd dudies on different species indicate that non-traumatic training
tasks, gpart from adapting the animas to experimenta routines, can have a
beneficid effect on welfare. Not only can this reduce the sengtivity of the
animas to stressful circumstances and procedures (Elvidge et al., 1976),
it can aso promote the efficiency of these procedures because an animal
can be encouraged to cooperate, for instance in procedures such as blood
collection, physiologica measurements or entering a restraining gpparatus
(Michad et al., 1974; Reinhardt, 1992; Schnell and Gerber, 1997).
Physologicd measurements can now be taken even without removing
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animas from their enclosure and restraining them (Reinhardt et al., 1990,
1991; Reinhardt and Cowley, 1992). All this promotes safety and valid
and efficient data collection, diminishing data variability and reducing the
number of animas required to obtan datidicdly Sgnificant results
Although handling aways involves some form of dress to the animd, by
fecilitating the ease and efficiency of procedures these training procedures
do promote the good welfare of the animals and the carrying out of good
science (Brockway et al., 1993; Chance and Russdl, 1997; Hau and
Carver, 1994; Klein and Murray, 1995).

Even comparatively short-lasting but regular exposure to an adequately
enriched and varied environment can have long-lasting beneficid effects.
Thus sngly-housed long-tailed macaques showed marked behavioura
improvements when they were given dally access for 15 minutes to a cage
containing exercise and play equipment (Leu et al., 1993; Wolff and
Ruppert, 1991). Comparable results were obtained by O’'Neill (1989)
and Storey et al. (2000) for rhesus macagues, and by Tustin et al. (1996)
for Japanese macaques.

It isimportant to mention that measures should be adapted to the species-
specific requirements and characteristics of a species. Thus the provision
of opportunities for an individua animd to get away from others may not
aways lead to a reduction of aggresson. The opposite may be true, for
instance in groups of a species where the dominant male exerts a control
role, interfering with, and punishing, individuds involved in conflicts
(Erwin, 1986). In this Stuation aggresson may increase when they can
confront one another out of Sght of the mae.

9.3. Socialisation procedures

Interfering with the socid rdaionships of individuds is an inevitable part of some
husbandry and experimental procedures. This may lead to the formation of new
groups from recently acquired animas for breeding, the grouping of immature
animals to creste pathogen-free colonies, the introduction of animas to avoid
inbreeding, the re-introduction of subjects after completion of experiments that have
needed temporary separation, and the re-pairing of individuas who have become
incompatible.

Managing socid groups of non-human primates is a difficult task that requires
training in the speciesspecific behaviours, the consequences of any socid
disuption, and the procedures that dlow the manipulaion of individuds and
groups. As dated by Visdberghi and Anderson (1993) “The range of possble
reactions to socid simuli is condderably greater than to inanimate stimuli, going
from enthusagtic and lasting acceptance to extreme injurious aggresson. In
generd, it is easer to predict what an animal will do with something new than with
somebody new.” Each individua contributes to that unpredictability and the
response of a group is a combined outcome of esch of its members
unpredictabilities. Thus, it is understandable that the same human intervention may
actudly produce different consequences in two gpparently smilar groups. Given
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that there are no rules that hold true in dl Stuations, any introduction or reunion of
animas mugt be carefully planned and monitored. Compatibility and incompatibility
between individuds are crucid when devisng socidisation procedures. The
breeding and supplying establishments should be involved in any socidisation
programme as they can initiate it when the animals are young.

One method of dedling with the possibly harmful consequences of first encounters,
upon introduction to a group, isto blunt the canine teeth of adult males. However,
exposing the pulp cavity of atooth could lead to the development of an abscess,
and the extraction of canine teeth can damage the jaw bones, as they have long
roots and ther extraction can lead to infection with consequent negetive effects on
welfare (NRC/ILAR, 1998). It has also been proposed to use sedative drugs to
reduce aggression during first encounters (Moran et al., 1993). It should be borne
in mind that the Stuation is highly demanding for animals and the drugs used may
interfere with the animas  physical and cognitive responses. Moreover, it is difficult
to find a dosage that does not handicap the animas too much. The use of
anxiolytics presents grave risks and should be prohibited as they tend to remove an
animd’s normd inhibitions (cause a dignhibition).  This may decrease an animd’s
fear of amore dominant animal and lead to an increased aggression and consequent
implications for poor welfare.

9.3.1. Pairingindividuals

When group-housing is not possble, animas may a least live in pairs.
Even the presence of only one other companion can replace the socid
group to a considerable extent. Where two individuas are kept together
they need at least twice as much space as that required for singly-housed
animas, to dlow the subordinate to increase its digance from the
dominant companion in case of socid tenson and incompatibility, although
compatible pairs may require less space (Reinhardt, 1994b, 1998;
Reinhardt and Reinhardt, 2000a). When establishing pairs, knowledge of
natural sex and age-class affinities in the species is necessary. In species
condtituting strong breeding pairs like cdlitrichids, for instance, males and
females are more tolerant of each other than same-sex individuds. As a
genad rule, paring is much esser if the individuds are younger, but
pairing immatures is not risk-free. On the other hand pairing between
adults and immatures has been shown to be successful in a mgority of
cases (Reinhardt et al., 1995; Magjolo et al., 2001). Pairing is easier in
marmosets, tamarins, and squirrd monkeys than in macagues and
baboons. Paring of unfamiliar adults without due care raises a high
probability of injurious aggression in the latter pecies. In addition, the use
of a progressive socidisation procedure minimises the likelihood of
wounding (Reinhardt et al., 1995). Compatibility between prospective
cage-mates should be assessed through a series of gradua steps. Firdly,
both individuas should be alowed to become familiar with each other in
adjacent cages permitting visud and auditory communication. At this
dage, it should be checked whether one individud establishes a clear
dominance relaionship, through the expresson of assartive behaviours

and threats by one partner, and the display of avoidance behaviours and
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submission sgnds by the other. Individuas exhibiting mutual aggresson
should not be conddered suitable partners. After such screening,
individuas showing complementary dominance-subordination behaviours
may be reunited in a cage other than their previous home-cages, to
weaken the assertiveness of both partners. An additiona intermediate step
may be added, that of individuas being adlowed to contact each other
through wire mesh before reunion. This socidisation procedure has
proven to yield high rates of successful pairings, even among animas who
had been singly-housed for long periods. In several macaque Species,
pairs gppear compatible in the magority of cases (Line et al., 1990a;
Crockett et al., 1994; Eaton et al., 1994; Reinhardt, 1994a, 1998;
Reinhardt et al., 1995; Byrum and St. Claire, 1998; Watson, 2002).

Although the above adult/adult pairing procedure was developed in
macaques, it would be vauable to apply it to other primate species. An
additional precaution is to house pairs of maes in mae-only areas since
the presence of femaes may trigger sex-related aggressive competition
(Coe, 1991; Reinhardt et al., 1995). Also, when pair-mates have been
temporarily separated, a brief stage of non-contact familiarisation
diminishes the likeihood of conflict on reunion (Reinhardt et al., 1995;
Jackson, 2001).

Establishing groups

The formation of groups can be a most draméatic event for animas.
Difficulties are amilar to those encountered in the formation of pairs but
enhanced by the higher number of individuds involved. The same factors
as previoudy mentioned affect the probability of success of group
formation i.e. Species, persondity, experience, age, sex and familiarity of
individudls. Reuniting animas familiar to each other is the eesiest way of
congtituting groups (Erwin, 1986; Vermeer, 1997). In squirrd monkeys,
svere fights are uncommon a group formation even with animds
unfamiliar to each other (Williams and Abee, 1988; Lyons et al., 1994;
Mendoza et al., 1991). Mixing young macagques does not raise serious
difficulties (Ranhardt et al., 1995) but attempts to establish new groups of
adult macagues, baboons and vervets have produced a long record of
deep trauma, deaths and group disbanding (Else, 1985; Else et al., 1986;
Lineet al., 1990b; Clarke and Blanchard, 1994; Reinhardt et al., 1995).
These species gppear quite xenophobic; they behave hierarchidly, and
individuds can make powerful coditions and join agang others.
Escalated aggresson due to these coditions is a mgor concern when
forming new groups of macagues and baboons.

The integration process should be conducted in an unfamiliar area

enriched with many objects to didract the attention of individuds. It

should not include ‘dead ends but rather circular escape routes and visua

barriers (Watts and Meder, 1996; Westergaard et al., 1999). Food and

water should be available from several locetions to prevent some

individuas from monopolisng a single source. The number of people
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viewing the initid encounter should be limited to avoid contributing to the
tenson of animas. All means necessary to separate animals should have
been prepared in advance. However, some aggression is likdy and
individuals should be alowed some time to resolve conflicts.  The daff
should aways be able to intervene and terminate the process as soon as it
gppearsthat serious physica injury may occur.

In species forming multi-male/ multi-femae groups, the main method used
to form new groups has been to smultaneoudy release dl the unknown
individuals together. This provokes a generd disorder with many
individua conflicts, but the overdl god is to prevent the formation of
coditions that would target the aggresson on afew victims (Berngein and
Gordon, 1977; Erwin, 1986). A staged procedure has also proved to
yield a lower level of wounding in severd cases (Westergaard et al.,
1999; Wadllis and Hartley, 2001). Animas are fird socidised in small
groups for severa days and once they are stabilised, they are merged into
alarger group. It may be advisable to first condtitute unisexua subgroups
that are dlowed to establish hierarchies, and then to reunite sexes
(Mendoza et al., 1991). The presence of femaes in oestrus must be
avoided when severd maes are present.  Blunting canine teeth can
decrease the severity of wounds during initid encounters but if the
harassment perssts, even cutting the canine teeth will not prevent serious
injuries (Clarke and Blanchard, 1994; NRC/ILAR, 1998).

Merging two pre-existing groups will provoke violent fights between two
drong coditions. This drategy has produced a number of falures in
various species and is not advisable (Erwin, 1986; Rhine and Cox, 1989;
Watts and Meder, 1996).

Removal and introduction of individuals

When conflicts arise and persst in a group, careful monitoring should
identify the animals respongble for the attacks. The remova of aggressors
can bring peace back into the group (Reinhardt et al., 1987a; Judge et
al., 1994), but, in some cases, removing key individuas from the socid
network can destabilise the whole group. Sometimes, it is advisable to
remove the victim (Vermeer, 1997) but often a new anima then replaces
the previous one as a victim and target for aggresson (NRC/ILAR,
1998). A removed individua can be returned to the group if it is harmed
only occasondly. If, however, it suffered from chronic harassment before
remova, the chances of a successful reintegration are low as the initid
aggressors are dill present in the group.  As some experimental
procedures require that group members be temporarily removed, the
longer an individud is away the riskier is the return. If a ggnificant re-
ordering of the group structure occursiin its aosence, it may be difficult for
an individud to reclam its former socid podtion (Berngein et al., 1974;
Gordon et al., 1992; NRC/ILAR, 1998). The outcome of the
reintroduction depends on the socia tatus of the individua and it is easier
for group members having a high rank or many dlies. If a new group has
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to be condituted with animas originating from an established group, the
best way to avoid de-stabilisng the origina group is to remove individuas
as subgroups of kinrdaed partners, following the maernd lines
(Bernstein and Gordon, 1977).

In most species, the introduction of strangers into a socia group may dicit
consderable aggression from the group members (Berngtein et al., 1974;
Morland et al., 1992; Reinhardt et al., 1995; Watts and Meder, 1996).
The difficulties are smilar to those encountered in pairing and forming
groups from unfamiliar individuas, with the additional problem that many
individuas may support each other in targeting a sngle newcomer.
Newcomers should be dlowed time to explore and habituate to the
introduction area in the absence of the host group (Watts and Meder,
1996). A staged procedure may be advisable to familiarise a newcomer
with different subsets of the host group before introducing it to the whole

group.

An individud chdlenging every group member meets a stronger resstance
than another accepting immediate low rank and trying to establish
reldionships (Berngtein et al., 1974). This explains why adult individuas,
especidly maes, may meet repeated attacks. As a generad Statement,
new adult maes should be introduced only into a group where no other
adult males are present (Berngtein et al., 1974; Watts and Meder, 1996).
Thisistrue even in tufted cgpuchin monkeys and squirrd monkeys, where
the introduction of unfamiliar immatures and adult femaes raise only low
levels of aggression, but if resdent males are present, they direct strong
aggression againg the male intruder (Fragaszy et al., 1994; Williams and
Abee, 1988; Cooper et al., 1997). Similarly, in marmosets and tamarins,
introducing a new adult, either male of femde, into a family group isrardy
successful (Watts and Meder, 1996).

It is worth noting that the introduction of unweaned infants is possible
provided that conditions are favourable (Watson and Petto, 1988). In
many species, a lactating femde tha has just logt her offspring will
generdly be ready to adopt another infant. Introducing an infant in such
circumstances leads to a high likdlihood of successful fostering (Marsden
and Vessey, 1968; Taub et al., 1977; Thierry and Anderson, 1986).

9.4. Detrimental consequences of social disruption

Any separation, introduction or change in membership induced by husbandry and
experimenta procedures is lidble to induce dress and negative wefare
consequences.  Each time a monkey is separated from its companions, it will incur
short-term and long-term negative consequences irrespective of age - infancy,
adolescence or adulthood. On the other hand, the introduction of individuas with
no prior experience of one another generates uncertainty, which is a potent dicitor
of psychologica and physologica stress (Mendozaet al., 1991).
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Separation of infants

The impact of separation from the mother is quite profound in the infant
primate and is wel-documented in infant macaques. They typicaly
display a biphasic response characterised by an initid stage (‘protest’) of
hyperactivity associated with distress vocdisations, followed by a
depressive stage (‘' despair’) featured by socia withdrawal, a decrease in
play, and the development of a typicad douched posture (Mineka and
Suomi, 1978; Capitanio, 1986). This is accompanied by physologica
disturbances in the regulation of heart rate, body temperature, deep
patterns, cortisol secretion and the immune system (Laudendager et al.,
1981; Reite et al., 1981; Kaplan, 1986; Coe, 1993). The intendity of the
response depends on severa factors such as age, species, novdty of the
environment and presence of other companions. The presence and care
provided by group mates may buffer the detrimenta effects of the loss of
the mother figure (Kaufman and Rosenblum, 1969; Drago and Thierry,
2000). Providing separated infants with companions or surrogate mothers
aleviates distress and depressive behaviours (Harlow and Harlow, 1965;
Coe et al., 1985; Hennessy, 1985; Koyama and Terao, 1992). Although
behavioural signs appear less marked in squirredl monkeys and tufted
capuchin monkeys, they are accompanied by physologica effects smilar
to those found in macaques (Coe et al., 1985; Coe, 1993; Mendoza et
al., 1991; Byrne and Suomi, 1999).

According to the guidelines of the IPS (1993 ab), young individuas
should not be separated from their mothers at an early age (i.e. lessthan 6
months). They should remain in contact for one year to 18 months in
monkeys like macagues, baboons and capuchins. The guidelines of the
Primate Vaccine Evaluation Network aso state that infants should not be
weaned before 6 months and recommend separation & 12 months old
(Poole and Thomas, 1995).

On a long-term basis, rearing infants in isolation induces pervasive
behavioura problems. They develop abnorma behaviour patterns like
motor Stereotypies, bizarre postures, sdf-clasping or self-aggression.
Later in life, they appear unable to respond appropriately to congpecifics,
they display abnormd reactions to stimuli, heightened fear or aggression,
and inadequate mating and parental behaviour (Mitchell, 1970; Capitanio,
1986). Severd reports indicate that socia deprivation may aso ater
neurobiological systems (Struble and Riesen, 1978; Kraemer et al.,
1984). This pathology persists into adulthood and cannot be cured,
athough re-socidisation with companions may decrease the frequencies of
abnorma patterns.  Long-term effects may differ according to species,
squirrd monkeys appear less affected by early socia deprivation than
macagques (Hennessy, 1985).

Allowing infants to grow with their mothers in a socid group is necessary

to warant norma behavioura development. In the absence of the

mother, the presence of peers or adult conspecifics from an early age, and
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daly contacts with them, may promote a relatively norma development
(Champoux et al., 1991; Ruppenthd et al., 1991; Worlein and Sackett,
1997). Infant macaques reared with peers do not show the self-clasping
and sereotypies shown by the single reared infants. However, they may
disolay excessve mutua dinging, fer and aggresson. In rhesus
macaques, peer-group reared femaes show a 25% probability of falure
to rear their firgt infant. This contrasts with less than 5% in females reared
by their own mother. Moreover, most femdes reared in isolation exhibit
inadequate maternal care (Ruppenthd et al., 1976). A femae macague
needs to be reared by an adult femade, or observe other adult females
caring for infants, to perform at least the basics of maternal care. Contact
with conspecifics, ether with peers prior to adulthood or with one's own
infant later in life, greatly reduces the probability of inadequate maternd
care (Ruppenthad et al., 1976). Marmosets and tamarins who have been
removed from their groups before they had the opportunity to help their
parents care for infants dso have a lower likelihood of rearing their own
offspring successfully (Snowdon and Savage, 1989).

9.4.2. Social disruption injuvenile and adult individuals

Digruption of socid bonds invariably provokes sgns of distressin juvenile primates.
In rhesus macagues, removing juveniles from their socia group induces an acute
stress as measured by adrenal cortisol response, and a long-term depression of the
Immune systems that lasts for severd months (Gordon et al., 1992; Gust et al.,
1992; Lilly et al., 1999). Even severd-year-old juveniles may undergo depressive
behavioursif they are separated from their mothers (Kaplan, 1986). The responses
of young macaques become worse if separations are repeated (Mineka et al.,
1981). When individuds are removed dong with other companions and placed
together in apeer group, their stress is attenuated (Coe, 1991; Gust et al., 1996).

Among adult individuds, the sgns of didress induced by separation from familiar
partners are more congpicuous in marmosets and tamarins than in rhesus macagues
and quirrd monkeys (Gust et al., 1994; Mendoza et al., 1992; Norcross and
Newman, 1999; Shepherd and French, 1999). In rhesus macagues, however,
femaes introduced into a new breeding group show eevated adrenocortical
responses for as long as three months after relocation (Goo and Sassenrath, 1980).
Re-uniting individuals with prior companions generdly relieves the dress of
separation.  However, the return to the socid group after severd months of
absence has the potentia to induce stress and a depression of the immune system,
depending on how the individud is received by its group members (Gordon et al.,
1992; Gust et al., 1993).

Socid interactions involved in the formation of dominance relationships can dter
hormond (eg. cortisol) and autonomic activity in various primate species in a
manner dependent on the relative rank atained by each individua (Mendoza et al.,
1991). Group formation, separation, reunion or any event modifying attachment
bonds and dominance relaionships may produce behaviourd and physiologica
ggns of digtress for a long time afterwards (Raeigh et al., 1984; Steklis et al.,
1986; Coe, 1993). Freguent moves increase aggresson by preventing the
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establishment of stable hierarchies. On along-term basis, unstable socia conditions
impair immune responses and increase the susceptibility to infection and disease
(Kaplan, 1986; Coe, 1993; Capitanio et al., 1998; Haet al., 1999).

10. ANIMAL HEALTH

The primary focus of this report is the welfare of primates used in research, dthough some
relevant anima hedlth issues are briefly outlined in this chapter. It is clear that the hedlth of
non-human primates can impact on their welfare as wel as the science, since animads that
are in poor hedth will, by definition, dso have poor welfare. Veterinarians, with adequate
training and experience in non-human primate medicine should be primarily responsible for
their veterinary care. A comprehendve and careful programme of veterinary care includes
policies and procedures regarding aspects of: husbandry, nutrition, handling, enrichment,
anima wdfare, traning of animads quarantining newly-introduced animas, hazard
containment, and occupationa hedth and safety (ILAR, 1998). Veterinarians may define
and develop a hedlth monitoring programme in order to provide hedlth and fitness tests for
individud animds, and in order to maintain the good hedlth of the colony by preventing the
goread of dissase. The programme will aso include protecting humans from zoonoses.
Comprehensive guiddines have recently been published on the hedth monitoring protocol
of non-human primate colonies (FELASA, 1999). For effective research hedthy animals
are needed and purpose-bred animals should have amore assured health status than wild-
caught animals. The veterinarian is dso responsible for the welfare of the animas and for
implementing procedures amed a improving ther wefare and minimisng pan and
digress. For primates in particular, a health programme will include consderation of the
menta hedth of the animas and ways of improving this, as well as ther physica hedth
(Weber et al., 1999).

On occasons it will be necessary to carry out periodic fitness checks on animds eg.
before they are used in breeding programmes, or used in aresearch project. Such checks
would be fadlitated if each anima was uniquey identified and eesly identifidble
(FELASA, 2002, www.felasa.org). An individud file (so-cdled ‘passport’) that might
accompany an anima wherever it goes could include details such as identity number,
species, sex, generation of captive breeding, genedlogy, date and place of birth, date of
acquigtion, origin (country and inditution), age of weaning, history of trangportation,
breeding scheme employed, reproductive history (e.g. number of offspring, pregnancy
diagnogs, veterinary interventions), present and previous housing system (type, size and
sructure of the enclosure), composition of the group (number of adult males and femaes,
juveniles and infants), rank in the group, presence and type of environmenta enrichment,
research project history (eg. starting and ending dates of the experimenta protocol,
nature and severity of procedure, handling technique, detalls of involvement of the animal
in any traning progranme and the ability demondrated, those scientists or groups
reponsble for the project), and any injuries, negative experiences, or particular
characterigtics or preferences of the anima concerned. If the animd has had any
pathologica investigation, acopy of the pathologist’ s report should be attached.

It would be beneficid if these files on individud non-human primates were supplied to the
indtitutions where the animas were to be used, together with generd information regarding
the esablishment of origin itsdf. These could incdlude name and location of the
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establishment, the purpose for which the animas were kept (eg. breeding for interna
experimenta purposes and/or as supplier for other inditutions, with or without commercia
interests), and details of anima care and routine procedures. The retrospective review of
such individud files would give a vauable ingght on the hisory and eventud fate of
primates used in research.

The formd egstablishment of a comprehensive hedth control programme is essentid to
reduce the risk of transmisson of zoonoses to personnd and scientists handling the
animas, and help to safeguard the hedlth and, consequently, the welfare of primates at the
breeding ste, during transport and at the research centre.  In addition, variables of the
hedlth status might influence the outcome of an experiment and so should be known and
documented. Any hedth control programmes may need to be amended to take into
account developments in the use of non-human primates in biomedical research aswell as
the emergence of potentiad new pathogens. A dgnificant number of non-human primates
bred for research may be the first generation offspring of parents captured in the wild and
held in captivity for breeding, and so may be potentia carriers of microbiologica agents
endemic in wild populations. In any event, primates are dso susceptible to many of the
same infectious agents as humans and, therefore, may acquire those through close contact
with humans. The following are examples of examinations that could be performed in the
context of acomprehengve hedth programme.

Physical, behavioural and clinical examination:

This examination could include generd signs of good clinical condition: body weight and
body condition score, temperature, appearance, Sgns of genetic abnormdlities or diseases,
behavioura observations when on its own and with group (e.g. evidence of postion in
hierarchy, stereotypies, aggresson, specific companions), temperament, ease of handling
and whether the animdl is trained to cooperate in procedures. Immunologicd tests (e.g.
Tuberculin test) may complete the physical examination and should be performed upon
ariva and subsequently every 6 months or yearly.

A management drategy for deding with such problems as fight injuries or nutritiona
imbaances, which may be encountered with increasing use of foraging and group housing,
should be developed and incorporated into any primate health management programme.
The benfit of socid housing is that the environment is dynamic, unpredictable and variable
s0 there is little habituation, but there are increased risks of infection, wounding and
competition for food. With good management Strategies these risks can be minimised but
not atogether removed (Schapiro and Bushong, 1994).

Laboratory tests:

Laboratory tedts, in conjunction with observation of a quarantine period, could help to
identify hedth problems, dlowing appropriate control and treatment measures to be
indtituted to safeguard health and welfare. Tests should be performed upon arriva of the
animds a the research centre and subsequently at regular intervas.  The following
Investigations are examples of procedures that may be carried out (Weber et al., 1999)
athough individud control programmes will be modified a each facility depending on the
rsk eg. a cdosed colony may experience a lower risk of introducing infection than one
regularly importing animals.
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Tests could include the following.

- haematology for Sgns of infection, leukaemia etc.;

- biochemica tests for enzyme, hormone, metabolite levels for example;
- urinary tests,

- serology to check for disease exposure, immunity, carrier satus etc.,;

- bacteriological tests with regard to Campylobacter, Leptospira, Mycobacterium,
Salmonella, Shigella, Yersinia, Pseudomonas, Mycoplasma as examples,

- virologica tests for example concerning Herpesviruses, Hepatitis A and B, Simian virus
40 (SvV40), Smian haemorrhagic fever, Ebola Reston-Marburg viruses, Smian
immunodeficiency virus (SIV), Smian T-cdl lymphotrophic virus (STLV-1), Smian
retrovirus type D virus (SRV/D), Foamy virus, Monkeypox virus, Lyssavirus (Rabies
virus), Ydlow fever;

- parasitologica tests for ectoparadites, such as mites and lice, and endoparasites, for
example Entamoeba histolitica, Toxoplasma gondii, Giardia spp., Plasmodia spp,
Srongyloides stercoralis, Trichuris spp., Prostenorchis elegans, Pneumonyssus
sinicola, and fungd tests; and

- gendtic profiling, for example using DNA probes, in order to identify animas which may
cary a geneticaly recessve disease or particular genotype, which could be relevant to
their usein research.

TRANSPORT

One of the main threets to good wefare regarding importing non-human primates from
oversess is their prolonged trangport. Even though some improvements have been made
concerning the shipment containers and their equipment during the last few years, transport
causes an enormous stress for the animals (Wolfensohn, 1997; Prescott 2002). In contrast
to the trangport of farm animals, there has been little systematic research designed to
assess the impact of transport on non-human primates (Wolfensohn, 1997) athough there
has been much speculation on the potentiad impact of this practice The Scientific
Committee on Anima Hedth and Anima Welfare has dready produced a report on the
welfare of animas during transport, which gave details for horses, pigs, sheep and cettle
(SCAHAW, 2002). A report is in preparation consdering the welfare during transport of
other species not considered in that previous report.

The transport procedure may start at the breeding centre some two to three weeks before
shipment. The animals are separated from their groups and taken into single cages for
medica investigations and quarantine. At the end of this period they are placed into
trangport crates that are very smal. The sze of these crates for smaler species is only
25x40x50 cm, and for young macagues it is 30x50x65 cm. If they are being imported
from outside the EU they can spend a minimum of 36 hours in these crates but it is often
more than 50 hours. Thisisthetimeit takes for the journey to the airport, to check in and
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load, the flight to the European dedtination, to check out with customs and after
appropriate veterinary checks, and trangport to the end-destination. During this time food
and drink are restricted, they can be exposed to an extreme range of temperatures, and
draughts and noise cannot dways be avoided. The animas may sometimes have to wait
on the runway for hours before they are loaded into the arcraft. Land journeys can dso
be very sressful for the animals. As only one example, most road transport vehicles are
not fully air-conditioned and the animals may be exposed to extremes of temperature and
humidity.

Another factor is that some international airlines have in recent years decided to cease
trangporting non-human primates. Possible contributory factors to such decisons may
have been safety concerns following the shipment of a conggnment of primates infected
with an Ebolalike virusin the early 1990s, as well as campaigning by animd rights groups.
Consequently it may be more difficult to import non-human primates and this can have
serious welfare implications if trangport conditions are not optimised. To safeguard the
welfare of non-humn primates during trangport, daff that are sufficiently trained or
experienced in the transport of non-human primates, and the necessary expertise and
infragtructure are important consderations. IATA Guiddines can be a useful tool to advise
arlines of specific congderations regarding the trangport by arr of non-human primates
(Www.iata.org).

There is some work in progress on monitoring the behavioural and biomedica sequelae of
trangport (see chapter 12.1) but it is clear that it must have negative effects on welfare.
Diarrhoea, which isthe main clinical problem during quarantine of imported primates, may
be due in part to the stress of transport.

SPECIFIC USESIN SCIENCE
12.1. Sourcing of Animals/Quality Assurance | ssues

Broadly spesking, gpart from marmoset and chimpanzee production, there is a
sgnificant shortfall between the requirements for research and the production of
other species of primates, notably macaques, within Europe, and research
indtitutions are obliged to import animas from oversess to satisfy requirements.
Sourcing animals raises issues regarding animal quality, animd welfare and trangport
stress (Wolfensohn, 1997; Prescott, 2002).

As discussed in chapter 4, there are difficulties in assessing the number of primates
bred in Europe for use in research and predicting the number and species required
for future research needs. Although the number of animals used in research and
development is difficult to predict, it may not fal and could even rise over the next
10 years. This is because the development of pharmaceutical products may
become more dependent upon experiments with animals whose genomic basis most
closdly resembles that of humans (e.g. gene therapy, cancer research, genomic
basis of neurological diseases, new vaccines).

A ‘zero option’ for non-human primate use in Europe has been suggested (Bdls,
1995), proposing that the use of primates be gradudly reduced to zero over the

next 10 years or 0. In considering this option the possible consequences of doing
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S0, without the use of validated dternative methods in place, must be carefully
assesed as otherwise human health could be jeopardised. For example, primates
are used in testing polio vaccine safety and not to do so could result in the use of a
vaccine that ether falls to induce an adequate immunity in children, or puts humans
at risk of disease because the virus retains some virulence. An dternative to the use
of primates for this testing, using a transgenic mouse, is being developed but has not
yet been adequately validated for regulatory acceptance.

Apart from changes in the overal numbers of primates used, the balance of species
used could be dtered. It might, for example, be possible to use marmosets rather
than long-tailled macaques in some aress of regulatory testing. Such a step would,
of course, be dependent upon the regulatory acceptability of the marmoset in this
context. If thiswere to occur, the need to import the current large numbers of long-
tailled macagues would decline and breeding of marmosets within Europe could be
increased accordingly.

The factors that influence the sdlection of species of primate for research and testing
are diverse and include practicd consderations such as avallability of subjects,
background data, regulatory acceptability, and species-specific biological attributes
and propengties. Selection of a particular species undoubtedly reflects a balance of
these factors. For example, regarding the use of marmosets in regulatory tests, there
may be difficulties concerning the lack of historical background data for this
gpecies, avalability of animas, high individud variaion (files on individud non-
human primates might help in this regard see Chapter 10), stress experienced on
dosing or handling and unsuitability for specific procedures such as repested blood
sampling. A thorough gppreciation of the advantages and disadvantages of a
particular species rdlative to other primate, aswell as non-primate, species, is of the
utmost importance.

It is dso important for the researcher that the species-specific attributes which
influenced the sdlection of a particular species as a research model and the quality
and welfare of the experimenta animals are safeguarded (RAder and Timmermans,
2002). It will dso be important to anticipate possble future requirements for
geneticdly modified primates for research as well as research involving sem cdlls
from non-human primates. Such issues will inevitably arise in the future and
congderation should be given to the predicted trends in research and associated
ethical issues. For the foreseeable future, research involving non-human primates in
Europe may continue to necessitate the importation of animals for research and
breeding stock from oversess. The issues of quality and hedth status of non-human
primates for research purposes are important considerations with regard to imports.
The level of characterisation of primates in research will aso very much depend
upon scientific requirements of the investigation, for example, histocompatability loci
(MHC) typing might be a very important condderdtion in many aress of
immunologica research but would not generaly be consdered as being required in
regulatory testing.
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12.2. Legal and regulatory issues concerning the use of non-human primates in
resear ch

12.2.1. Lawsregulating the use of non-human primatesin Europe

In addition to the scientific judification of research and the potentia
benefits that may accrue, the impact on the animas should be taken into
account when deciding which species should be used, egpecidly an
assessment of the impact on the animd’s welfare. Experiments involving
primates as defined in Directive 86/609 are subject to the same
requirements as those undertaken on other species. In particular, the
Directive specifically dtates that efforts must be undertaken to replace
anima experiments with dternative methods. Furthermore, in Directive
86/609/EEC (Article 7) it is stated that “in a choice between experiments,
those which use the minimum number of animals, involve animas with the
lowest degree of neurophysological sengtivity, cause the leest pain,
auffering, didress or laging harm and which are mogt likely to provide
satisfactory results shdl be sdlected”.

The requirement that efforts must be taken to replace anima experiments
with dternative methods, was subsequently highlighted by the 50%
reduction target proposed in the Europesn Commisson's 5"
Environmental Action Programme but not ultimately adopted. Directive
86/609/EEC specifies that the use of these species is permitted only when
it could be shown that no replacement dternatives could be used in place
of an in vivo study and the objective of the study would not be achieved
by usng another species. Sometimes, more redtrictive regulations are
adopted by individud countries. In the UK, for example, the use of
primates in studies requires specific authorisation from the Home Office
and if animass are to be kept for long-term studies then users are strongly
encouraged to group house them.

Under Directive 86/609/EEC only purpose-bred primates can be used,
and specid exemption has to be obtained in order to import wild-caught
animas. In some countries, endangered species can only be used in
Sudies to ensure the survival of that species, or additiondly, for example,
for essentia biomedical research when no other suitable species could be
found. In addition, the use of wild-caught primates would be considered
only in specific and exceptiond circumstances and, as only one example,
in the UK would be referred to an Anima Procedures Committeg, as is
any study on primates which might entail procedures that cause substantia
severity. The use of an Old World speciesis only considered when a New
World species could not be used, due to the difficulty in providing for the
behavioura needs of Old World species rather than a selection based on
cognitive abilities. When animas are imported from third countries, the
importer must provide proof that they have been purpose-bred. In some
countries when the severity limit for a protocol has been exceeded, the
experiment (e.g. anima dosing) is required to be stopped. However such
end-points will vary between countries. Although the great mgority of
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12.2.2.

toxicity studies are termina, because of the necessty to examine tissues
and organs for pathology, reuse may be possble after some
pharmacokinetic, toxicokinetic and metabolism sudies.

The CITES regulation adds an additional control over trading of primates
and dl primates that are listed on either Appendix | or Appendix Il of the
CITES Treaty are endangered species. This means that they are either in
danger of extinction or may reach that category in the foreseeable future,
unless action is taken to protect current populations. Conservation issues
may adso influence the use of non-human primate species in research,
separate from dl welfare congderations.

Main biomedical areas using non-human primates

Primates are required in safety testing of pharmaceuticals and other
chemicals, in the production and quality control of vaccines, in the testing
of dental materias, in the neurovirulence testing of polio vaccines, and in
fundamenta biomedical research.

A comparison can be drawn between the statistics for 1999 on the use of
non-human primates for experimenta purposes in individua Member
States (EC, 2002, see Chapter 4) and corresponding data data for
1996/1997 (EC, 1999; Bottrill, 2000). Although in 1999 the UK and
France were 4ill confirmed as the magor users of non-human primates
(35% and 25% respectively of the total number were used in these two
countries), a sgnificant increase (+21%) in primate use was reported for
Germany, representing in that year the third mgjor European user (23%).
The remaining animas were mainly used in Italy, Belgium (both 5%) and
The Netherlands (3.5%), whilst in 5 out of the 15 reporting Member
States no non-human primates had been used.

In 1999, the greatest proportion of non-human primates (53%) was used
for toxicologicd and other safety evduations, followed by ther use in
research and development of products and devices for human medicine,
dentistry and veterinary medicine (26%), and in biologica studies of a
fundamenta nature (18%). In totd, gpproximatey 95% of non-human
primates used in 1999 were used for regulatory requirements, either for
the production and quality control of products and devices or in
toxicological sudies.

It is noteworthy that 97% of non-human primates used in 1999 for
toxicologica and other safety evauation were used for the development of
products or devices for human medicine, dentistry and veterinary
medicine, and no animas were used in the fidds of chemicds,
agrochemicas, food and additives, cosmetics, toiletries, and household
products.

Animas used for fundamentd research in 1999 were distributed as
folows research involving the human nervous sysem and menta

73



12.2.3.

disorders (15%), human cancer (3.6%), human cardiovascular diseases
(2.4%), other human diseases (79%). Itislikely that alarge proportion of
this group of ‘other human diseases includes research into the
mechanisms of HIV infection, AIDS, the devdopment of anti-HIV
vaccines, and other re-emerging infectious diseases (eg. maaria,
tuberculosis etc.). Other aress include research into shock, including
septic shock, development of techniques, mainly for PET (Postron
Emisson Tomography) scans, investigations into reproductive function,
dental research, immunological, anatomica and higtologica investigetions,
organ transplantation, invedigations of codiac disease, diagnostic
procedures, ophthalmology and metabolic diseases. Findly, a number of
animas were used for studies on ageing, hepatic cirrhoss, and gene
aivery.

Regulatory requirements for the use of non-human primates

There are two different steps in the research and development process
where primates are used; pharmacology studies to investigate efficacy,
and safety studies requested by regulators. Studies may have to be
performed on primates when efficacy cannot be established in other
species. Regulators from al the three mgor geographic areas (Europe,
US, and Jgpan) defined a lisg of pharmacological and toxicologica
investigations that are necessary to define safety and metabolic patterns of
new drugs in animas. Basad on that daa, safety margins can be
cdculated for their use in humans. According to ICH (Internationa
Conference on Harmonization of Technical Requirements for Registration
of Pharmaceuticals for Human Use) Guidelines that were adopted in 1995
(ICH 3, Closing Report issued in Y okohama), the toxicity of dl new drugs
should be invedigated following both a single adminigration (acute
toxicity) and repesated exposure that best mimics the thergpeutic use in
man. In addition, toxicologicd effects on the reproductive sysem and
potential adverse effects on mgor organs and systems (CNS
cardiovascular, excretory, gastrointestind, etc.) need to be investigated in
animds throughout the devel opment phases of new drugs.

It states that both single and repested-dose "toxicity tests must be
conducted on at least two mammaian species of known strain using equa
number of both sexes’, one being a non-rodent. In the sdection of
species, it is desrable that, with regard to the metabolism and the
pharmacokinetics of the substance (including the biotransformation of the
product), the species chosen should be as closdy smilar to man as
possible within the usud spectrum of |aboratory animals used for safety
testing. In the definition of the number of animals needed, regulators
indicate that the sze of the experimenta groups should be such that al
toxicologicaly important effects due to the trestment should be revesled,
and should dso be large enough to permit taking animas a intervas
before the end of the study without interfering with the fina evauation of
the study.
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For studies amed a reveding reproduction toxicity in mammaian species,
the predominant species used are rats and rabhbits, both for practica
reasons (length of pregnancy, litter Sze, etc.) and the large amount of
background knowledge available for these species. Although primates are
not generdly used for these sudies having severd disadvantages
(insufficient higtorical background data, often numbers too low for
detection of risk), there could be a case for their use in reproductive
toxicity testing. In these studies the objective is to characterise arddively
specific or probable reproductive toxicant, rather than detect a hazard,
and primates may be the only sensitive species.

A vey smilar gpproach to detect potentiad adverse effects was
established for biotechnology products, such as hormones, cytokines,
blood products, monoclonal antibodies, vaccines, etc. For these
particular classes of compounds, selection of the anima species should be
based dso on their immunoreactivity and species-pecific pharmacological
effects Pre-exising knowledge, where available, on the suitability of
anima species in relaion to specific product groups should be taken into
account. Where it is not possble to predict the vaue of a particular
anima species for safety tegting, initid investigations may be carried out in
any of several rodent and non-rodent species, including primates.

12.2.3.1. SdAfety testing of human pharmaceutica's and other chemicas

Internationa Guidelines and regulations for testing the toxicity of
pharmaceuticas require that safety data are obtained in a
second non-rodent species for acute, subchronic and chronic
toxicity testing. Although the dog is usudly the default non-
rodent species and in some cases is aso the preferred species,
primates need to be used in cases where the dog is very
sendtive to the effects of the test compound or has a very
different metabolism from that seen in humans. In most cases,
unless contra-indicated on scientific grounds, when a primate
species needs to be used the usua choice is the macaque or the
marmoset.  The macague is likely to be the species of choice
where there are background data on the materia or Smilar
materids in the macague. When the test materia is shown to
be different between the two species, or due to technica
limitation, usudly the smaler speciesis used (marmosst).

An important point to note is that primates have become the
automatic second default non-rodent species to be used when
the dog is inappropriate, sSince regulators are less willing to
accept data obtained from pigs or ferrets and may ill require
such studies to be repeated in primates (Weber, 1997). The
Japanese Minigtry of Hedth and Welfare Guiddines (1995)
date that the dog is often the appropriate non-rodent speciesin
acute toxicity dudies, but that monkeys may aso be
consdered. The species sdlected should be the most suitable
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to characterise the intringic toxicity of the test substance. For
repeat-dose toxicity studies, the non-rodent species should be
capable of demondrating the principa pharmacologica effect
of the test substance, but it is dso important to take into
account smilarity to the species used in the single-dose studies.
European regulations do not identify a specific non-rodent
species, while the US FDA has not published any forma
guiddines on the testing of pharmeceuticals in animds. In
genera, study protocols are designed to satisfy regulaory
agencies throughout the world, dthough there are differences in
the minimum numbers of animas that are acceptable per study.
Among regulatory agencies the US Food and Drug
Adminigration (FDA) is generaly considered to have the most
extensve requirements, as evidenced by the following example.
European requirements specify a group sze of 6 animds of
both sexes to be usad in sub-chronic toxicity studies in non-
rodents, but the FDA may require 8 or more animas per
group. Longer-term supplementary anima studies may be
required during Clinicd Phases Il and |11, and if the drug is
intended for chronic use in man, then studies of 29-32 weeks
may be required, but the FDA may indst on a 52-week study.
Chronic non-rodent studies require four animals per sex in each
group, giving a minimum of 40 animds per sudy, athough the
FDA may require up to 56 animals to be used.

The development of human-specific biotechnologica products,
may in some cases result in substances which do not show
cross-reactivity even in macagues. For example regarding HIV,
it has been demonstrated that macagues are not the appropriate
modd to mimic the chronic form of the disease in humans,
athough they are used in other parts of AIDS research.

Although there are no specific references to non-human
primates as the non-rodent species in European, US or
Jopanee regulations on toxicity testing of indudrid or
agriculturd chemicds, the Guiddines for Toxicity Teding of
Chemicds issued by MITI (the Japanese Environmenta
Agency) specificdly mention the monkey as well as the rd,
rabbit and dog as suitable species for toxicokinetic studies, and
date that these studies should use the same species as used in
other toxicologica tests of the chemical.

In regard to food additives, the dog, pig and non-human
primate are referred to in the Reports of the Scientific
Committee for Food: Safety Assessment Guidelines, published
by the European Commission in 1980 (SCF, 1980), in a
statement that sub-chronic and chronic studies in these species
may need to be extended to 1.5-2 years. The Presentation of

an Application for Assessment of a Food Additive Prior to its
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Authorization published by the European Commission in 1989
mentions that dogs or non-human primates may be useful for
chronic toxicity studies “when the nature of the toxicity or the
procedures required necessitate the use of large species’. The
US FDA Toxicologica Principles for the Safety Assessment of
Direct Food Additives and Color Additives Used in Food (Red
Book) of 1982 mentions the rabbit, dog, cat and primate as
possible species used, in addition to rodents for acute toxicity
teting. However, the 1993 Draft Red Book Il assumes the
dog to be the usual second species.

12.2.3.2. Biotechnology-Derived Pharmaceuticas

The International Conference on Harmonisation (ICH)
Guiddine S6 Preclinical Safety Evaluation — of
Biotechnology-Derived Pharmaceuticals dates that the
specific characterigtics of these products may preclude the use
of rats and dogs, and the species selected must be one which
expresses the relevant receptor or demondtrates a Smilar tissue
cross-reectivity profile to that of human tissue. In addition, the
guiddine discusses the problems that might arise from the
production of neutrdising antibodies to the test substance.
While these sections of the guideline do not refer specificaly to
primates, the comments nevertheless imply that these might be
the only appropriate species in certain cases. The sdlection of
the species for these studies is based on the results of atissue
cross-reactivity screen.

12.2.3.3. Teding of denta materids

The tesing of dentd materids fdls under the fidd of two
International Standards, 1SO 7405:1997 Dentistry - Preclinical
evaduaion of biocompatibility of medica devices used in
dentistry - Test methods for dental materias, and the 20-part
ISO 10993:1997 Biologicd evauation of medicad devices.
ISO 10993 does not include any tests on primates, but three
tests, dl termind, are lised in 1SO 7405. Monkeys, dogs,
ferrets and miniature pigs are lised as dterndives, but the
choice of species, and indeed the choice of which tests to
perform, is left up to the company making the submission.

12.2.4. Production and quality control in polio vaccine

The production and qudity control of polio vaccine, specificdly the
attenuated ora vaccine, is of specid interest to any condderation of the
use of primates in Europe, because these animals are used on alarge scale
in this area and because many of the vaccine manufacturers are based in
Europe. Principa species used are the African Green monkeys and long-
taled macagues for the production and quaity control mainly in
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neurovirulence testing. Monkeys are aso used for the neurovirulence
testing of live mumps, meades and rubella vaccines. However, the test is
carried out only on individua seed lots approximately every 5-10 years, in
contrast to the necessity of testing each fina batch of oral polio vaccine.

Addressing the issue of monkeys, the European Pharmacopoea
recommends that manufacturers produce larger seed lots which will last
for many years, pecificdly to reduce the numbers of animas used for
teting. Following the implementation of aternative biotechnology
methods, testing of some vaccines in monkeys was diminated (eg.
Hepatitis B vaccine).

Two types of polio vaccines are available, the inactivated Salk vaccine
(inactivated polio vaccine, IPV) and the attenuated Sabin vaccine (ord
polio vaccine, OPV). Both can be produced in primary monkey kidney
cdls, in amonkey kidney cdl line (Vero) or in human diploid cdll cultures.
OPV is chegper to produce and is administered by the more convenient
ord route as opposed to the injection required with IPV.

According to the EU Pharmacopoeia, each lot of OPV has to be tested in
monkeys before being released for use, to guarantee that the vaccine does
not contain the neurovirulent wild-type virus.

IPV is used routindy in the Netherlands, Canada and Scandinavian
countries, as wel as for the vaccination of immunocompromised
individuds In the rest of Europe, the US and most of the rest of the
world OPV was, and dill is, the vaccine of choice, dthough the US
Centers for Disease Control and Prevention and the American Academy
of Pediatrics have announced that only the IPV is to be used in children
from January 1, 2000.

Polio vaccines were firg produced in primary kidney cdl cultures from
wild-caught rhesus macagues. Following the discovery in the 1960s that
batches of the vaccine were contaminated with the SV40 (Simian virus
40) virus, gregter attention was given to ensuring that the animas used
were as virusfree as possble. One solution was to use captive-bred
long-tailed macagues. Other companies shifted to using wild-caught
African Green monkeys from Barbados that, due to their historica origin,
have remained relatively virusfree- for example they are free from SvV40
and SV (Smian immunodeficiency virus).

In contrast to polio vaccines, where the mgority of manufacturers use
monkey kidney cdls (Griffiths, 1999), other virus vaccines are mogly
produced in human diploid cdlls (Hayflick, 1999).

Based on egtimations made by manufacturers, about five million doses of
vaccine may be produced from the kidneys of one monkey, and one
monkey is used to test 2.5 million doses, giving a totd of three monkeys
used for the production and testing of five million doses. When vaccines
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are produced in cell lines, one monkey is required to test every 0.5 million
doses, giving a tota of ten monkeys required to test five million doses.
Although technicdly it might be possble to produce lots larger than 5
million doses, this would require regulatory gpprova that would have to
be preceded by apardld validation and testing

Since the early 1960s, human diploid cells (WI1-38 cells) have been used
for the production of polio virus, followed by other strains such as MRC5,
TIG1 and 2BS, but only in the 1970s did the use of such cells become
accepted. Meanwhile, the fibroblast-like Vero cell line had aready been
established from the kidney tissue of an African Green monkey. Since the
DNA of these cdlls may contain endogenous tumour virus sequences and
may undergo further changes and release oncogene products or other
growth-promoting proteins (Griffiths, 1999), the cells are checked for the
presence of vird DNA and tested for tumourigenicity.

While testing of 1PV is necessary to detect the presence of resdud live
virus, this may be done in primary monkey kidney cdls or in the cdl lines
used for vaccine production. For OPV, monkeys are used to test
neurovirulence. This test is conducted both on the seed lot, and on each
monovaent bulk, i.e. on each of the three polio vaccine serotypes, which
together make up the complete vaccine. Monkeys are injected with the
tes vaccine or reference preparaion intraspindly, or in the case of
Japanese regulations, intracerebrally and observed for 17-22 days. They
are then killed for histologica examination of the nervous system tissue.
Current requirements only state that animals should be killed when they
become moribund or severely paraysed. The monkeys usualy begin to
auffer from paralyss after only a short period, however, the observation
period of 17-22 daysis considered to be necessary in order to ensure that
histopathologica sgns of neurovirulence have developed.

The severity of the lesions induced by the vaccine is scored in order to
asess whether its pathogenicity is different from that of the reference
preparation.  The production of a trivalent find bulk according to the
requirements of the European Pharmacopoeia involves the test has being
carried out at least three times in atotad of 110 monkeys. Primates are
used for this purpose, as they are the only species that are naturaly
susceptible to the virus.  Long-tailed macaques are used for historica
reasons, but African Green monkeys can aso be used.

Although the potency test required by the European Pharmacopoeia is
conducted in chickens or guinea pigs, it should be noted that the US
requirements (CFR 630.3, 1993) are that potency testing must be carried
out in monkeys. The US requirements for monkeys to be usad in the
potency testing of 1PV may have increased relevance following the
decison that only IPV isto be used for vaccinating children in the US. If
any of the US vaccine supplies are to be provided by European
manufacturers, they will need to be tested in monkeys. Nevertheless, any
congderation of the lack of harmonisation between Europe and the US
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must take into account the criticism of the current European test, namely
that the immune responses of guinea pigs and chickens are not
comparable with that of humans. However, the cited source for this
gatement (Minor, 1990) aso suggests that the immune response of
monkeys may differ from that of humans. The response of ras is
consdered to resemble the human response, and therefore this species
might be a suitable aternative to the use of monkeys. The PEI report dso
rased the posshility of usng suitable strains of mice for this purpose.
Current initiatives are focusng on the use of guinea-pigs for combined
tesing.  Although a WHO collaborative study did not succeed in
vadidaing an in vitro method for the measurement of IPV D-antigen
(Wood et al., 1994, 1995), the method is still considered to hold promise
once modifications have been introduced. Sawyer et al. (1997) have
reported the development of a series of monoclona antibodies which may
be useful for the improved standardisation of this assay. There may dso
be prospects in the long term for developing a test based on the
observation that human periphera blood lymphocytes can be stimulated to
produce serotype-specific antibodies against wild-type polio virus in
vitro.

Based on a report of the WHO Expert Committee on Biologica
Standardization (1999), transgenic mice could offer a relidble dternative
to the use of monkeys in testing neurovirulence. Following the full
vaidation of the procedure and the establishment of a new internationa
reference materid for the assay, manufacturers and nationa control
authorities would be encouraged to use transgenic mice instead of
monkeys for neurovirulence testing. Another method currently under
serious congderation is the MAPREC assay (Mutant Andysis by PCR
and Redtriction Enzyme Cleavage), to detect the presence of mutations
that are associated with a reverson to neurovirulence in type 3 vaccines.
This assay is dready well-established and widely used by a number of
manufacturers and control authorities to characterise virus seeds and
monitor production consstency. The mgor advantage of the MAPREC
assay isthat it does not require the use of any animals.

12.3. Modifying the use of primatesin scientific experiments

There are practica ways in which the use of primates might be improved, from the
viewpoint of gaining more scentific information from the use of individud animas
while ds0 reducing any suffering caused to the anima by their usein research. One
of these ways may be to have specidised centres that are well-equipped in terms of
facilities and expertise. Such a concentration of resources could well produce better
science as well asimproved anima welfare.

The concept of the Three Rs ams to ensure that animas are only used when no

Replacements are available; that the number of animas usad is Reduced to the

minimum needed to achieve the scientific objective; and that the experiments are

Refined so that only the minimum degree of anima suffering is caused. These three

ams are legdly mandated within the EU through the Directive that regulates
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research using animas (EU Directive 86/609/EEC). Research projects should be
evaluated in detail for their gpplication of the Three Rs principle, and for the
standards of experimenta design and research. However, conflicts may arise where
pharmacopoeid requirements might require more suffering than is strictly necessary
to achieve the scientific objective (eg. rabies, pertusss, polio, eryspeas and
tetanus vaccine potency testing).

There is the opportunity to reduce the number of animds used in scientific
experiments, and to refine these experiments so that less suffering to primates is
caused eg. through improved husbandry, better experimenta design, and the use of
earlier endpoints thus minimising the degree and duration of suffering. In recent
years there has been a mgjor change in available knowledge and attitudes due to
the rapid development of animal welfare science (Broom and Johnson, 1993). The
result is that refinement possibilities are now much more sophigticated and the third
R of refinement has become more applicable.

The recognition and assessment of pain and distress in animas impacts on how
humane endpoints in research are defined and implemented. Humane endpoints,
that is when an animd is killed or withdrawn from an experiment, may be the point
a which the scientific objective has been achieved, or when an animd is no longer
scientificaly useful (Hendriksen and Morton, 1999).

The development of initiatives to identify the earliest point a which an experiment
can be terminated (define endpoint criteria) is of mgor importance, as to prolong
the experiment causes animds to suffer unnecessarily and for no scientific benefit
l.e. it causes ‘avoidable’ suffering (Morton, 2000; OECD, 2001).

Smilarly, desgning experiments carefully in a way that causes less harm can be
beneficid to the animd’swelfare. 1t involves both agatistica (Festing et al., 2002)
and a practica approach not involving gatistics (Morton, 1998) for example,
whether drugs are effective with minimum insults before greater ones are gpplied
(eg. a noxious simulus when tesing an andgesc, tumour Sze in anti-cancer

therapy).

The requirements of the researcher will, of course, be dependent upon the nature of
the research being undertaken. If, for example, the experimentd protocol
necesstates animas being dngly housed, mantaned under high leves of
biocontainment or restrained for prolonged periods, the researcher has particular
responsbilities and wherever possible needs to seek cregtive solutions to mitigate
any adverse effects on wefare of the experimenta dtuation. This is important not
only from an animd wefare perspective but aso sgnificantly impinges upon the
qudity of the research outpui.

The use of regtraint chairs for non-human primates is a case in point. ‘Primate
chars in a plethora of designs and with various degrees of restraint are routinely
used in some aress of research, for example to facilitate sngle cdl recording from
conscious animas in neurophysiologica research or to enable time-critical blood
sampling in pharmacokinetic sudies. There are, however, numerous reports which
cite adverse eectrophysiologica, neuroendocrine or immunologica sequelae as a
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consequence of such regtraint (Bouyer et al., 1978; Gauquelin-Koch et al., 1996;
Golub and Anderson, 1986; Mason, 1972; McNamee et al., 1984; Morrow-
Tesch et al., 1993; Morton et al., 1987; Nakamura et al., 1982; Rabot et al.,
1997; Whedler et al., 1990). Moreover there are clear suggestions that habituation
to the chair does not prevent the adverse biologica impact of the procedure.

It isessentid that the potential impact on the animal is acknowledged and taken into
account during the assessment of the wefare impact of the research being
undertaken, as well as any potentid problems in the interpretation of the results.
There will be Stuations when the use of some form of restraint is unavoidable and in
such circumgances, there is an imperdive to investigate dternaive desgns that
address an animas physologicad and morphologica propensties and to dso
reduce the degree of restraint required by pursuing options for training subjects to
co-operate with experimental procedures.

Smilarly, the need for long term single housng must aways be criticdly examined
and generdly considered very much as an exception rather than the rule. Options
for pair or group housing during periods appropriate to the experimenta protocol
should be investigated where practicable.

Food and water deprivation is frequently used in studies that require animads to
exhibit conditioned behaviours in order to gain access to gppetitive rewards. Such
deprivation is not aways required if the reward offered is sufficiently attractive to
maintain performance: Pearce et al. (1999) have trained marmosets to respond to
gimuli in order to gain access to a preferred foodstuff (banana milkshake) thet is
not encountered elsewhere in the diet. This reward has been used to sustain daily
performance on the task for up to 18 months. It aso has to be recognised that
deprivation itsef may have adverse effects on an animd’s physologicd as well as
psychologicd welfare, which in turn may affect the scientific data being collected.

As discussed in chapter 4.4, prioritising and supporting collaborative projects could
ensure the best use of primates, decreasing totd number of animals required and
safeguarding anima welfare. This gpproach could aso help to promote good
practices between participating laboratories. The sharing of in-house data, where
commercid interests dlow, and better reporting of experiments in the scientific
literature (Morton, 1992) could aso help to reduce and refine the use of primates
and other animds in scientific experiments. This could involve reporting ‘ negative
results and providing detalls of any suffering to the animas, and how it can be
recognised, avoided and aleviated. The provison of more precise and accurate
detalls in scientific papers could aso promote the best use of animds in science.
Severd papers have been criticised for giving inadequate detalls, leading to the
work being repeated in another laboratory (Smith et al., 1997), as well as for
insufficient or inadequate analysis of the data (Festing, 1992, 1994) and, regrettably
also for poor science (Hampson et al., 1990; FRAME/CRAE, 1987).

Furthermore, new developments in science increasingly enable more data to be
ganed from animas. Non-invasve methods such as the use of NMR, PET, and
CAT scanning give the opportunity to gain new and more relevant data. The
miniaturisation of research methodology so that more results can be obtained from a
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single sample or better profiling in drug studies can be made as more samples can
be taken, has been a ggnificant advance. The mgor advances in telemetry and
data logging are providing more accurate and vauable scientific information, as
Studies can now be performed on conscious animas for prolonged periods, while
they are in their own cage or in another familiar environment.

However, the impact of some of these ‘advances on the animas have to be
balanced againg the potentia for repeated use of that animal, as wdl as the pain
and digtress caused by implanting the dectronic device in the firgt instance as well
as the burden of carrying such adevice in or on its body.

13. CONCLUSIONS
Husbandry

1. Even though primates are taxonomically placed within a Sngle order, a great variation
exids between species. In order to improve the wefare of primates in captivity,
knowledge of the life and adaptation of the species under natural conditions is essential
(Ch.5).

2. Aswith other mammas in captivity, primates have basic physiological needs, as well as
behavioura needs associated with living in groups, adapting to their surroundings, and
security and socidisation during the neo-nata period (Ch. 5).

3. Mog primates are highly socid and intelligent animas and their cognitive skills have
been shaped by evolution to find and handle food, and to relate to other individuas in a
socid group. Having socid partners is one of the most significant needs of primates and
they develop abnorma behaviour patterns when socidly deprived.  Providing socid
partners is an important way to provide simulation to animas and to enrich ther
environment (Ch. 5and 9).

4. Primates need an enriched and stimulus-enhanced environment in captivity to explore,
manipulate, play, forage and search for food, merdy saisfying minimum space
requirements is inadequate (Ch. 7). They need some unpredictability in their environment,
alowing them to make choices and have some control over any likely outcome. Primates
normaly move and live to exploit to a maximum the potentid of tri-dimensond pace
avalable to them. Enclosures that alow norma eaborate patterns of boisterous
locomotion (e.g. outdoors) are essential to ensure good welfare of captive primates

(especidly if young) (Ch. 9).

5. Dominance hierarchies can be expressed through feeding order in primates and so
some animals may not receive sufficient access to food. Therefore, it is important thet all
animals in agroup have adequate access to food resources (Ch. 7).

! Conclusions are numbered and a figure in brackets indicates the relevant chapter from which they have
been drawn.
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6. Improvements have been made in captive primate housing conditions beyond the
currently required standards, but despite this, some of these conditions may gtill only partly
meet the animasS needs with respect to behavioura, physicd and physiologica
requirements (Ch. 8).

7. Outdoor housing can be used for primates, particularly stock and breeding animals, and

sometimes experimenta animals, in combination with indoor housing, as it is beneficid for

their welfare. However, the climate has to be suitable and the animas provided with a
choice of indoor or outdoor accommodation. This gpproach increases the variety of

gimuli in an animd’s externd environment but raises some concerns relaing to disease
control (exposure to disease vectors, wild birds etc.) (Ch. 7)

8. When primates cannot express their norma behaviour and satisfy their needs to show
certan behaviours, ether because of a lack of environmentd diversty, or an insufficient
amount of space, they develop abnorma behaviour patterns (e.g. stereotypies) (Ch. 9).
When manifestations of ingppropriate and abnormal behaviours are observed they tend to
be severe but there is evidence that they can be, a least partly, ameliorated by attending
to that animas socid and environmental needs, and by husbandry modification (Ch. 6).

9. Since primates are usudly socid animas, sngle housing is dways detrimentd to their
welfare, and placing them in cages in double-tiers impairs their naturd vertica flight
reaction and contributes to poor illumination of cages (Ch. 7). The consequences of socia
deprivation can be especidly negative for infant macaques raised in isolation, as they may
become fearful and aggressive in adulthood (Ch. 9).

10. Aggresson and competition are a norma part of primate socid life but in captivity
primates are confined, and an individual may not be able to escgpe from the aggressor.
Providing visud bariers and cover has proven to be an effective means of reducing
aggresson. Modifying the compogtion of a socid group is sometimes necessary but the
consequences are often difficult to predict. When changing group composition or
introducing individuds to each other, there is dways arisk that animas will fight and inflict
wounds on each other, thus resulting in poor welfare (Ch. 9).

11. The behaviour and responses of animas depend not only on individua characterigtics
(e.g. age, sex, persondity) but dso on an animd’s rearing experience, higory, rank in the
group, and relationships with congpecifics and handlers.  The management of primates
needs a good knowledge about the biography of the individuads. The advice of an
ethologig in any enrichment programme and on socidisation procedures would be
beneficid (Ch. 9).

12. Socid ingability is dresful and has negative behaviourd, physologicd, and
immunologica effects in primates (Ch. 9). The compostion of a socid group may be
disrupted, for example, when an anima has to be removed for hedth or experimenta
reasons. Re-introduction of these animals needs to be carefully monitored, and sometimes
it may not be possible because of potentia adverse welfare consequences caused by
aggresson on re-introduction to the group (Ch. 7). The use of anxiolytics and blunting of
canine teeth in primates, to limit the effects of aggresson upon introduction of animas to
socid groups, can have serious adverse effects on their welfare (Ch. 9).
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13. It is possible to assess primate welfare through a range of generd measures but more
research needs to be carried out to determine the appropriate measures for each species
(Ch. 6). Moreover, there is a lack of integrated research programmes into housing and
husbandry of the various primate species, as well as environmentd enrichment. This is
important as it may impact on both the animas and on the research being carried out on
them (Ch. 7).

14. Detailed data on the care and use of primates would assst studies amed at
safeguarding their welfare.  Although some data is collected within the EU, further
information could be provided on the country of origin of primates used, the number
maintained for scientific, sock and breeding purposes, the system of housing, the severity
of experimenta procedures performed, the scientific judtification for their use, as well as
the sdlection of aparticular species (Ch. 4).

15. The exchange and dissemination of technica information would help to ensure good
welfare and to identify good practices relaing to husbandry, rationde for use, severity of
procedures, sharing of tissues and experimental data, and validation of dternatives to their
use and any re-use (Ch. 4).

Breeding and supply

16. In terms of the welfare of macagues, the best system of management is to have harem
groups and to replace the exiding femdes gradudly by leaving young femde offspring in
their maternal group until they become sexualy mature. The maes have to be changed
periodicaly to prevent excessve inbreeding. While this system has the lowest productivity
of dl described systems it has the consderable advantage that animals show few socid
abnormdlities, and so it is a particularly suiteble system to establish permanent sdlf-
sugtaining colonies and the provison of high quaity animas for science (Ch. 8).

17. When individua primates are kept in single cages for prolonged periods and infants
are reared without peer contact their welfare is poor. Infants raised under this system are
subsequently serioudy abnorma both socidly and sexudly. Moreover, early weaning and
separation is very stressful and such animals often show poor reproductive performance,
poor materna behaviour and increased aggressiveness when adults (Ch. 8).

18. As welfare is poor where wild-caught primates are brought into captivity, purpose
breeding and a system of breeder accreditation would help to promote good anima
welfare. It would aso give stientists reassurance that the animals would meet health and
quaity standards that are necessary to carry out good and humane science (Ch. 9).

Human-primate inter actions

19. All primate species are wild animas and are not domesticated, and so close contact
with humansis likely to be stressful. Socidisation of these animals isimportant for them to
adapt to captivity, to develop norma socia relationships with conspecifics, and to become
habituated to human beings (Ch. 7).

20. Congiderable stress can be caused to primates if caretakers and research staff are not
familiar with the biology induding the behaviour of the species. Steff traning and
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competence are therefore very important to ensure gppropriate handling and care of
animas (Ch. 7).

21. In many cases experimenters and keepers can produce better science and reach their
gods with better animal welfare by obtaining the cooperation of animals and investing in
good relationships with them (eg. training to co-operate in procedures, provison of
rewards), rather than using restraint and coercion (Ch. 7 and 9).

Animal Health

22. The establishment and coordination of anima hedth programmes within primate
research, breeding and holding facilities will help to safeguard the hedth and wefare of
both the primates and in-contact humans, and will provide information on identifying and
applying good practices (Ch. 10).

Transport

23. The trangport of primates can be extremely stressful, especialy prolonged transport
from overseas, and can result in very poor welfare for a variety of reasons e.g., confined
pace, long journey duration, deprivation of food and water, possibility of experiencing
extreme temperatures, exposure to draughts and noise. Very limited scientific data are
available on the amount of transport-related stress experienced by non-human primates
(Ch. 11).

Scientific aspects

24. The carrying out of research in specidised centres that are well-equipped in terms of
facilities and expertise could produce better science as well as improved animad welfare
(Ch. 12).

25. Chimpanzees and other Great Apes have consderable emotiond, cognitive and socia
abilities and are particularly susceptible to mental disiress in captivity. This may also apply
to other species but insufficient research has been carried out to clearly confirm this. The
level of cognition and consciousness of chimpanzees and other Great Apes poses ethica
questions regarding their use in invasve experimentd research. If Great Apes are kept in
captivity they need to be kept in ways that provide for al their needs within the context of
the overdl scientific objectives (eg. isolatiion of animas may be required for certain
infectious disease research) (Ch. 5).

26. The man biomedicad ressarch areas udng primates are safety testing of
pharmaceuticals, quaity control of vaccines, and fundamental research. At present some
scientific procedures require the use of primates eg. polio or Hepatitis C vaccine
production, HIV research, investigations into higher cognitive function (Ch. 12).

27. The use of primates in EU Member States is permitted only when replacement
dternatives do not exis or have not been vadidated but new trends may lead to an
increased requirement for their use in research involving HIV/AIDS, tuberculoss and
maaria (Ch. 12).
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14.

28. Poor primate welfare will impact negatively on any scientific data collected and is very
likely to increase the number of animas required, therefore, good anima welfare needs to
be encouraged whenever primates are used (Ch. 9). There is dways a need to carry out
an assessment of the wefare impact of an experimental procedure on the species
proposed to be used (Ch. 12).

29. There are inadequate Strategies in place to establish and maintain non-human primate
tissue banks and primate-derived cell culture collections in order to optimise the use of this
materid. A limited and gtrictly controlled re-use of primates offers the potentid to reduce
the total number of primates used in research (Ch. 4).

30. For regulatory toxicity tests only purpose-bred primates are used in the EU (Ch. 12).

31. There is a need for a srengthened and more forma network to serve as a focus for
non-human primate research matters in Europe.  Such a network could promote good
practices through informed discussion on the use and dternatives to the current use, and
Srategies to recognise and assess the level of severity imposed by scientific procedures
and systems of husbandry. This would aso help to avoid any unnecessary duplication of
experimental work carried out in different countries (Ch. 4).

32. Although harmonisation of experimental protocols for safety testing has been largdy
achieved, no clear definition of early and humane endpoints has been established for many
protocols (Ch. 12).

RECOMMENDATIONS?
Husbandry

1. Where primates are kept in captivity and used in science, the needs of the species,
including the need to satisfy physiologica, physca and behaviourd needs, should be
recognised and catered for in their husbandry. For example their management and
housng should be designed to facilitate socidisation and formation of norma socid
rel ationships with their conspecifics (Ch. 5).

2. A rich and simulating environment should be provided to cater for the intelligence and
curiogity of primates (Ch. 5 and 9). Requirements and recommendations regarding housing
conditions should be based on scientific evidence concerning the effects on animd welfare,
but where scientific evidence is lacking, guidelines and codes of practice should be based
on good practices (Ch. 9).

3. If Great Apes are kept in captivity they should be kept in ways that provide for dl their
needs within the context of the overall scientific objectives (Ch. 5).

4. All housing of primates should be designed to alow the expresson of speciestypica
behaviours and postures. Enclosures for non-human primates should be equipped with

? Recommendations are numbered and a figure in brackets indicates the relevant chapter from which they

have been drawn.
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one or more eevated resting surfaces (to a postion higher than the level a which they
perceive thregtening factors, eg. humans) and ingdled in such away that an anima can st
on them comfortably. Perches or shelves should be provided in al cages. Arbored
species should be given adequate verticd space to dlow the expresson of norma
locomotory behaviour. Primates should not be placed in double-tiered caging unless the
cage arrangement permits adequate vertical movement for the anima (Ch. 9).

5. For animas housed in groups the environment should be furnished with devices
minimisng socid competition and favouring the escape and privecy of threstened
individuds. Animas should have adequate access to food resources so that
monopolisation and feeding-related serious aggression and conflict do not occur, therefore
multiple feeding points are usualy necessary (Ch. 9)

6. When deciding how to house primates, including the need to show certain behaviours, a
vaiety of criteriaincluding the biology of the species, age, sex, and an individud’s history
based on its previous experience should be considered, as opposed to smply applying a
mathematical standard based on body weight (Ch. 9).

7. Whenever possble a combination of both indoor and outdoor housing should be
provided for al animas, where it has no adverse welfare consequences for the animas
concerned or the science. When outdoor housing is chosen a programme of disease
control should be implemented, to take into account the added hedlth risks due to direct
contact with the outside (Ch. 9).

8. Where group housing is applied, the naturd socid organisation of the species should be
taken into account. The compostion of a socid group should be maintained as stable as
possible in order to minimise the risk of aggresson associated with socid disruption. The
membership of paired and socialy-housed groups of primates should be as sable as
possible to provide optima conditions regarding anima welfare and hedlth, and to alow
the production of reliable scientific results (Ch. 9).

9. Since re-introduction of animals can create Stuations adversdy affecting anima welfare,
before an animd is removed, condderation should be given to whether it will be re-
introduced and, if S0, in what way. Care should adways be taken when re-introducing
individuals into a group and the behaviourd responses of dl animas should be observed
for the firs few hours, and then periodic observations should be carried out more
frequently than normal until compatibility seems assured (Ch. 9).

10. Primates should not be housed singly unless fully justified by hedlth consderations (for
the anima or human handler) or research procedures, as advised following an ethical
review process. If primates have to be sngly housed, the animas should have visud,
olfactory and auditory contact with conspecifics and the period of sngle housing should be
adopted only for the minimum time period required (Ch. 9).

11. Following a period of single housing dl efforts should be made to re-socidise the
animd to minimise the adverse effects on wefare that result from being singly housed (Ch.
9).

12. An appropriate welfare and health programme involving veterinarians and ethologists

should be established at each ingtitution using primates in research (Ch. 10).
88



13. An environmenta enrichment programme should be drawn up by the inditution
responsble for the animas, and implemented by dl those involved in ther care. An
ethologig should advise on any enrichment and socidisation programme, and this
programme should aso involve veterinarians (Ch. 9).

Breeding and supply

14. For aslong as the use of primates in research is necessary, only purpose-bred animals
should be used. Such purpose breeding should be planned in order to meet the projected
research requirements and breeding centres should be accredited (Ch. 8, 12). Only
animals of the second or subsequent generation bred in captivity should be accepted as
being classified as ‘purpose-bred” and supplied for research. Any exceptions should be
based on their approval following an ethicd review process (Ch. 8).

15. Primates should not be imported from outside the EU until a specific scientific use or
essentid breeding use for them has been approved, to avoid prolonged journeys or their
being held for prolonged periods in holding dations before being sent to ther find
degtination. When imported they should move directly to the fina degtination and not via
third parties to be ‘sold on’, where this may involve additiond transport and consequent
adverse effects on their welfare. A possible exception is where quarantine measures
preclude delivery to their ultimate destination (Ch. 11).

16. In congdering breeding Strategies, specid attention should be given to the socia needs
of individuds, which will differ according to the species, ther reationships, and the
breeding systems used for each species (Ch. 8).

17. Macaques should not be weaned and separated from their mothers before they are
10-12 months of age and they should then be placed into peer groups. Animals destined
to become future breeders should be left with their mothers until they are no longer
dependent on them for food and have had time to learn important behaviours such as
mothering. In principle this is likey to be true for other primate species gpart from
macaques, but there is less scientific data available (Ch. 8 and 9).

18. Those animals destined as future breeders should be kept in socidly-structured groups
until maturity, as this is the best way to establish long-term breeders that will lead to sdif-
sugtaining colonies (Ch. 8).

19. When egtablishing breeding colonies, preferably semi-free-ranging or corra breeding
systems should be chosen.  All harem groups should be closely supervised to avoid
aggresson.  Timed-mating srategies should not be followed unless the time of mating
needs to be precisaly known for scientific purposes (Ch. 8).

20. Suppliers should provide users with al the information that is important for the welfare
and the hedlth of the animals and for working safely with the animals supplied (Ch. 10- see
aso Recommendation 31).

Human-animal interactions

21. Since primates are not domesticated, they should be habituated as early as possible to
the presence and behaviour of humans. and o unnecessary physical contact should be
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avoided because it is dressful.  However, that does not preclude training primates to
cooperate in experimental procedures which can reduce stress and so provide for better
welfare (Ch. 9).

22. Within the congraint of human safety, experimenters should am to build up a postive
relationship with primates being used in their reseerch. When performing experimenta
procedures they should use rewards and positive reinforcements rather than coercion (Ch.
9).

23. Sdection of suitably trained staff together with a comprehengve training programme in
the socid management of primates and the requirements of species and individuas should
be pat of the policy of al primate facilities. Training programmes should be revised
periodicaly to include the most up-to-date knowledge of the different aspects of the care
and use of animds, including their behaviour (Ch. 9).

24. The animd care staff should carefully monitor newly-grouped animas, and regularly
monitor established groups in order to intervene a an early stage when an animd suffers
from attacks by conspecifics (Ch. 9).

25. Those in charge of primatesin breeding and supply establishments should be aware of
the welfare requirements of species and individuas, and manage their breeding sysems to
ensure good welfare (Ch. 9).

Trangport

26. Persons involved in the trangport of primates (e.g. by air) should be informed of the
requirements for the transport of primates, and appropriate trained staff, equipment and
fecilitiesare required (Ch. 11).

27. Based on available scientific data, conditions during transport should be modified to
minimise adverse effects on welfare. Primates should only be trangported when their
welfare can be good and trangport conditions optimised e.g. direct flights by the shortest
possble route, minimising waiting times, creating acceptable environmental conditions,
good dietary care, and ensuring competence of those handling the crated animas (Ch.
11).

28. In order to avoid poor welfare due to prolonged transport from overseas, the supply
of primates for research within Europe should idedly be met from European breeding
progranmes.  The planning of this breeding programme should be in line with the
projected requirements for the future use of primates in research so that neither a shortfall
nor a surplus of animals is creeted. If indtitutions using primates in research were located
close to such breeding/holding centres the necessity to transport primates over long
distances would be additionally reduced and the consequent adverse effects on their
welfare reduced (Ch. 11).

29. Importation and movements of primates should be coordinated between indtitutions to
fecilitate the sharing of fadilities and dlow a number of smaler condgnments to be
synchronised and moved a the same time. This should reduce the tota number of
consgnments and optimise the alocation of resources and expertise a the time of
trangport to safeguard anima welfare (Ch. 11).
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Animal Health

30. Cooperation and sharing of information on anima wefare and hedth should be
encouraged between inditutions usng primates in research and should involve
veterinarians and ethologists. An appropriate welfare and hedth programme should be
edtablished at each indtitution using primates in research.

31. Each non-human primate should have an individud higtory file (‘ passport’) that gives a
detailed biography for each primate, including any previous pathologica investigation. The
file should accompany that animd if it is moved between inditutions. Information from
these individud files should be used to form part of a database to anayse primate care and
use in practice, and to review the adequacy of the systems in order to establish good
practices. This history file should record dl basic information for each animd in a colony
including reproductive and medicad information, and also socid information, i.e. dl socid
partners, rank in the group, moves and events that have occurred in the life of that animal,
including any previous pathologica investigations, and details concerning the compatibility
and incompatibility of individuas (Ch. 9 and 10).

Scientific aspects

32. The carrying out of research in speciaised centres that are well-equipped in terms of
facilities and expertise should be encouraged, to promote good scientific and husbandry
practices, which should result in good science and good animd welfare (Ch. 12).

33. Coordination between research centres and promotion of tissue banks and data
exchange networks should be encouraged as a means to reduce the number of primates
required to be used in research (Ch. 4).

34. Animas should be acclimated to their surroundings and habituated to the procedures
caried out on them when this will reduce the stress they experience and improve the
reliability of the scientific results (Ch. 9).

35. Harmonisation of experimenta protocols should continue, e.g. establishing the group
sze of experimenta protocols and defining experimentd and humane endpoints. In
addition, criteriafor deciding when euthanasia has to be performed or the animal has to be
withdrawn from a study should be clearly established (Ch. 12).

36. According to internationd guiddines the toxicity of dl new drugs should be
investigated a least in two mammadian species, one being a non-rodent. A critica
evauation on the use of a second species is required and its use fully and satisfactorily
judtified for the species chosen (Ch. 12).

37. Replacement alternatives to the use of primates should be resourced, developed, and
then vaidated and implemented as a priority. Where primates are used in research their
use should be refined so that as little suffering as possible is caused to an anima — using
both in vivo (eg. by the use of a species with a lower neurologica senstivity) and in
vitro dternatives. Possble future requirements for the use of geneticaly modified
primates should be anticipated and the consequences for primate wefare carefully
conddered. In terms of animal welfare, the criterion to be used when deciding which
species should be used is the extent of poor welfare that islikely to result (Ch. 12).
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38. A number of objective measures of anima wefare should be characterised,
appropriate concerted research conducted, and information collected in order that good
practices be identified and then applied in research involving primates ( Ch. 6). The results
should then be disseminated perhaps through the use of animal care guidance and Codes
of Good Practice to ensure good welfare.

39. The use of primates in research and their maintenance for scientific purposes in an
ingtitution should be considered by an appropriate ethica review process (Ch. 12).

40. Due to their amilarities with humans and their status as endangered species, specid
consderations should apply to any proposed use of chimpanzees in invasve biomedica
research. The possble use of Great Apesin biomedica research, clinical research amed
a the treatment of an individual Great Ape or research that will benefit the species as a
whole, will al require careful consderation and judtification (Ch. 5).

41. Project leaders should give an assurance that the experimental subjects will not be
caused avoidable suffering within the context of the scientific objective. The rationale for
the research and projected harms and predicted benefits should be assessed by an
independent ethical review process (Ch. 12).

42. Cooperation and sharing of information on anima wefare and hedth should be
encouraged between inditutions usng primates and should involve veterinarians,
ethologigts, animd care staff and scientists (Ch. 10 and 12).

43. The exchange of information between ethica review systems should be facilitated and
encouraged, helping to harmonise primate use, and avoiding duplication of research
between different countries (Ch. 12).

44. To better inform assessments of the welfare of primates used in research in the EU,
collection of data should additiondly include a detalled breskdown of the number and
gpecies of non-human primates used (Ch. 9), for example specific categories of:

Prosmians,

within New World monkeys individua categories such as marmosets, tamarins and
other New World monkeys,

within Old World monkeys individua categories such as rhesus macaques, long-tailed
macagues, other macaques and other Old World monkeys,

Great Apes,
the number of primates maintained for scientific and/or breeding purposes.

45, Particular attention should be given to classifying both ‘use and ‘re-use’ of primatesin
experiments, as well as to darifying definitions of ‘re-use’, its impact on science, animal
welfare, the tota number of primates used, and setting limits on any re-use (Ch. 4).

46. Regarding experiments involving the use of primates, consideration should be given to
the necessity of the research, the ethica issues involved, and promoting the welfare of the

animasused (Ch. 4).
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15.

47. The impact of the scientific procedures on the welfare of the animas, and data on the
severity of procedures should be collected through a retrospective reporting system. Data
should aso be collected on the impact of the conditions of husbandry and care on the
welfare of the animas, incduding data on the adverse effects, such as Stereotypies,
morbidity, mortdity (Ch. 4).

48. The coordination and concentration of resources and expertise should be promoted
between inditutions using primates in research in different countries. This would facilitate
the implementation of various recommendations dready outlined (e.g. avoiding duplication
of research, implementing good practices, exchange of information, use of tissue banks
etc.) (Ch. 12).

FUTURE RESEARCH

In order to meet the physiologicd, physicd and behavioura needs of a given primate
species in captivity, further study is needed on their emotiona, cognitive and socid
abilities, their sdif-awareness, and their susceptibility to mental distress in captivity.
Research is dso needed for the commonly used non-human primate species on their
physiology, environmenta preferences, behaviourd repertoire, socia organisation and
behavioura ecology in the wild in order to establish good practices. There is a need for
investigetion of physological and ethologicd stress messures that reliably reflect an
individua anima’s physiologica and behavioura gatus in a given husbandry Studtion. It is
not the intention of the Committee to recommend an increase in the number of primates
used in research. However, certain critica gaps in the available scientific knowledge are
highlighted below, since these limit the ability to recommend precise environmentd,
housing and husbandry parameters to ensure good welfare. In particular, further research
IS needed on the welfare impacts of:

different housing systems (e.g. dimensions and design of enclosures, type of equipment
provided) and husbandry procedures used;

environmental  enrichment techniques (eg. devices provided, mode and time of
presentation etc.);

methods used to train animals to cooperate during experimenta and husbandry
procedures,

various capture and restraint procedures used for non-human primates,
weaning and separation from the mother;

whether the welfare needs of chimpanzees in captivity are grester than other primate
Species,

the assessment of primates welfare in breeding establishments;,

the assessment of primates welfare during transport and the optima conditions that

ensure good welfare.
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As a priority, research work is needed on the development, validation and acceptance of
aternatives to the use of primates in research (e.g. use of transgenic rodents for toxicity

testing).
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16. EXECUTIVE SUMMARY

The Scientific Committee on Anima Hedlth and Animal Wefare was asked to prepare a
report on the welfare of non-human primates used in scientific procedures, and to propose
how the wefare of these animals could be improved by taking into account the most
recent scientific information available. 1t was not within the Committee's mandate to
review the ethica issues of whether or not primates should be used in research.

In 1986 the Council adopted Directive 86/609/EEC on the protection of animals used for
experimenta and other scientific purposes which seeks to improve the controls on the use
of laboratory animds, to set minimum standards for their housing and care, and addresses
in broad terms the training of personnd handling animals and supervisng experiments. It
adso ams a replacing animas with non-anima methods wherever possble, as well as
encouraging the development and vaidation of such replacement methods. Where animals
have to be used, the Directive ams to ensure that it is only the minimum number, and that
any animd suffering is the minimum necessary to achieve the scientific objective. Since the
Directive dates back more than 15 years, some provisions require revision based on more
recently available scientific data and current good practices. Improving anima welfare will
often lead to more effective research in terms of its rdiability and accuracy, while at the
same time it has the potential to reduce the numbers of animals used and to minimise any
auffering that may be caused by the scientific protocol.

The Report of the Scientific Committee is divided into chapters that cover the scale of
experimental use of non-human primates in the EU, their generd biology, generd wefare
asessment, current husbandry practices, breeding and supply issues, specific welfare
problems, anima hedth issues, trangport, and specific issues rdating to their use in
science. These are followed by conclusons and recommendations, priorities for future
research, and an executive summary.

Recommendations of the Report include the collection of more detailed data on the use of
primates in research within the EU, including a retrogpective reporting sysem on the
severity of procedures carried out. Coordination between research centres and the
exchange of information will help to identify good practices regarding safeguarding the
welfare of non-human primates in research. The management and housing of non-human
primates in captivity could aso be modified to ensure good welfare and provide for their
physologica, physcd and behaviourd needs, through the provison of a simulustich
environment and appropriate care. Staff should be adequately trained and be competent
in the care and handling of primates. Only purpose-bred animas should be used in
research, and breeding systems should be designed to ensure good welfare. A
combination of indoor-outdoor housing is recommended where it has no adverse welfare
and hedlth consequences and is compatible with the scientific use. It is concluded that
sgnce non-human primates are socid animas, single housing is dways detrimentd to the
animd’s wefare. It is recommended that each primate should have a detailed individua
file with records rdlevant to its life history (including health records) and use. A number of
recommendations are made regarding minimising the adverse effects of prolonged
transport on the welfare of non-human primates. A network between facilities usng non-
human primates in research could aso coordinate discusson on matters relating to the use
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of non-human primates, identify good practices and safeguard their welfare. This would
fecilitate the exchange of technica information regarding their use in research and help to
avoid duplication of their use, enable sharing of resources, facilitate the development and
validation of aternatives, and help implement the Three Rs (Replacement, Reduction and
Refinement). A number of areas where further research isrequired are dso highlighted.
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