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Abstract

Primates are bred in captivity for a number of purposes, from zoo-based captive breeding programmes for conservation to
breeding for biomedical research. In each case, breeding animals that are fit for purpose, either as viable candidates for rein-
troduction or as valid research models, has presented challenges and resulted in steep learning curves. The breeding of animals
for biomedical research has become increasingly focused on the production of animals that are less stressed by captive (specif-
ically laboratory) environments. This is because elevated, particularly chronic, stress responses can result in altered physiolog-
ical, neurological and behavioural states that have the potential to compromise the validity of scientific results. Selective
breeding in captivity to, for example, maximise production, select for docile temperament or specific genotypes for biomedical
research, is likely to be counter to natural selective pressures for evolutionary fitness. Given that many natural selective
pressures active in the wild are absent in captivity, this paper reviews the selective breeding of primates (especially Old World

monkeys) in captivity, its potential negative effects, and options that exist for ameliorating these negative effects.
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Introduction

Primates are bred in captivity for a variety of reasons. In
zoos it is for potential reintroduction (eg golden lion
tamarins [Leontopithecus rosalia]; Kleiman et al 1986) and
to improve scientific understanding about the reproductive
biology of endangered species (eg aye-aye [Daubentonia
madagascariensis]; Coffman et al 1993, woolly monkeys
[Lagothrix lagotricha]; Mooney & Lee 1999). In biomed-
ical research, primates are bred to provide research subjects,
with individuals either representing their species (in its own
right) or acting as models of disease or process in humans
(see various contributions in Wolfe-Coote 2005). In both
instances, the animals produced by these breeding
programmes exhibit traits which are the result of both
planned and unplanned selective breeding, the nature and
diversity of the programme’s founder population, and the
effect of captive conditions and husbandry.

This paper focuses on the breeding of primates, particularly
macaques (Macaca spp), for biomedical research though it
will inevitably make reference to the breeding of primates
in other contexts. It highlights many significant welfare
effects of planned and unplanned selective breeding under
artificial, captive conditions and ways in which some of
these challenges might be addressed. Most examples are

taken from the literature but additional information is drawn
from the breeding colony of long-tailed macaques (Macaca
fascicularis) of Bioculture Ltd (BCM) on Mauritius.

Recent estimates for the number of primates being used
globally in biomedical research place the figure at around
200,000 (Carlsson et al 2004). This figure is likely to have
risen since 2004 and also does not include animals held,
either not ‘on study’ or in breeding facilities. Therefore, the
total number of primates dedicated to research is likely to be
nearer 400,000. Under some regulatory frameworks (eg
UK, EU) there is a ban on the use of wild-caught primates
for research, save in exceptional circumstances (Prescott &
Jennings 2004). This position is based on three major points
which together have increased the demand for captive-bred
high health status animals:

* Wild caught individuals suffer significantly more under
restrictive captive conditions and imposed husbandry
regimes than captive-bred animals (Crockett et a/ 2000; Ha
et al 2000);

* Captive-bred animals have better known health status and
clinical histories (Bourne & Golarz de Bourne 1975); and

* Self-sustaining breeding centres help reduce the impact on
wild populations (Morton ef a/ 2005) and are strategic
resources (Wolfensohn 1997).
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A thorough review of the history of the development of the use
of primates in research is provided by Fridman (2002). Whilst
research centres were established as early as 1913 (Tenerife,
Canary Islands) and 1923 (Pastoria station, Pasteur Institute,
French Guinea), the first ex situ primate centre focused on
research and breeding was established in the Soviet Union
(Sukhumi Primate Centre) in 1927 (Fridman 2002; Dewsbury
2006). However, the strategic establishment of ex sifu primate
breeding and research centres was started in the USA as early
as 1916 (Yerkes 1916). As a result of the energies of Robert
Yerkes, the Anthropoid Experiment Station of Yale University
was opened in 1930 in Florida for the breeding and study of
chimpanzees (Yerkes 1935). This facility has become one of
the most important primate breeding and research centres in
the world having moved to Emory University (Georgia, USA)
and being renamed: The Yerkes National Primate Research
Center. By 1968, there were seven Regional Primate Research
Centers in the USA (California, Oregon, New England,
Tulane, Wisconsin, Washington, Yerkes) and an eighth
(Southwest) was added in 1999 (Johnsen 1995; Fridman
2002). In the UK, perhaps the first breeding centre established
was at Cambridge University in 1959 (Anderson & Simpson
1979). Other primate centres established in Europe include:
the Dutch Primate Centre (Biomedical Primate Research
Centre, Rijswijk, The Netherlands) in 1970 (JARAM van
Hooff [2009] citing Cicero [1988]); the German Primate
Centre, (DPZ: Deutsche Primatenzentrum, Gottingen,
Germany) in 1977 (www.dpz.gwdg.de); Centre de
Primatologie (Strasbourg, France) in 1978
(http://pin.primate.wisc.edu/idp/idp/entry/126); and the
Istituto di Neurobiologia e Medicina Moleculare/Italian
National Research Council (INMM CNR: Rome, Italy) in
1981 (http://www.euprim-net.eu/management/con_inmm.htm).
In 2006, eight European primate facilities established
EUPRIM-NET to form a virtual European Primate Centre;
sharing resources and promoting and implementing the 3Rs
(Www.euprim-net.eu).

The combination of the establishment in 1973 of CITES
(Convention on International Trade in Endangered Species),
the 1978 embargo on primate exports from India (previously
supplying up to 100,000 rhesus macaques [Macaca mulatta]
per year to the USA), and the 1981 World Health
Organisation opinion on the need for self-sustaining breeding
colonies, increased the pressure for breeding in importing
countries. It also led to the establishment of facilities for
breeding primates in many countries with a history of the
export of wild-caught indigenous primates including
Indonesia (eg Tinjil Island, 1988: Kyes 1993), Philippines
(SICONBREC, 1983: Hobbs 1989), Mauritius (Bioculture
1985: Stanley 2003), and a number of countries in continental
Asia (eg China, Vietnam, Nepal etc: Prescott & Jennings
2004; Morton et al 2005). For example, long-tailed
macaques, widely distributed in Malayo-Indonesia and
Indochina, were introduced to Mauritius by the Portuguese in
the 1500s (Tosi & Coke 2007). It is generally accepted that
the small founder population originated from Java based on
pelage (Sussman & Tattersall 1981) and mitochondrial DNA
(Lawler et al 1995) comparisons. However, while not totally

rejecting a Javan origin, recent phylogenetic analysis
indicates a Sumatran origin (Tosi & Coke 2007). As an alien
species it has had a significant impact on Mauritius’s endemic
wildlife and agriculture (particularly sugar cane production:
Tattersall et a/ 1981; Stanley 2003) and initial population
control centred on bounty killing and extensive culling.
However, since 1985, trapping for use in biomedical research
has been used. In most cases these animals are incorporated
into breeding colonies and then either their F1 or F2 offspring
exported for research, primarily to the USA and Europe.

Breeding practices and consequences

Breeding for production

There are a number of housing/grouping configurations
used in the captive breeding of primates. These vary from
solitary housing with timed breeding (monitoring female
reproductive status and moving her to a breeding male’s
cage for mating around ovulation), permanent or semi
permanent pairs, small harem groups (eg outdoor cages
including corn cribs, breeding rooms), expansive corrals,
and free-ranging island settings (eg Cayo Santiago, Puerto
Rico). In the wild, macaques typically live in multi-male-
multi-female groups. Female macaques have strong social
dominance structures with related individuals forming one
or more matrilines within the group with a small number of
breeding males (approximately 1-4) (Fooden 1991; Hill &
Okayasu 1996; Fooden 2000). There is usually a positive
relationship between dominance rank and male reproduc-
tive success, which is negatively related to the number of
male competitors (Cowlishaw & Dunbar 1991; De Ruiter
et al 1994). Young males leave the natal group on maturing,
forming peer groups or moving into existing groups
(Melnick et al 1984). Traditional captive breeding has
typically weaned all infants out of the natal group often for
production or space availability reasons.

Group housing has a number of benefits in terms of efficiency
(staff time) and cost (caging infrastructure) savings as well as
assisting with regulatory compliance and developmental
benefits for the animals (Wallis & Valentine 2001;
Wolfensohn & Honess 2005). However, while it is not
uncommon to house breeding animals in groups it is rare that
the composition of the group, or changes to it over time,
reflect the situation present in the wild. For example, immi-
gration and emigration opportunities do not exist in all but the
most expansive of configurations. However, it has been noted
that Japanese macaques (M. fuscata) escaping, or attempting
to escape, from corrals were predominantly young males;
matching the pattern of natural emigration from natal groups
in the wild (Lehman & Taylor 1992). In addition, where
groups are kept as harems and males may hold group tenure
for life, the ability of females to exercise mate choice is
significantly limited or non existent. Under such conditions,
sexual selective pressures that commonly operate between
female and male polygamous primates (Kappeler & Van
Schaik 2004) cease to exist and the artificial selection of
males by their human keepers takes over. Males are then
selected for a range of characteristics including research
model traits (eg genetic), health status, and temperament.
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It is the authors’ experience that fear of intragroup aggres-
sion appears to be the major reason why adult males are not
moved between captive breeding groups on a regular, non-
essential basis. This aggression could manifest itself in
infanticidal behaviour by the new male or fights between
adults resulting in trauma injuries requiring veterinary
attention. This instability may in turn have an impact on
productivity. However, in the wild, male tenure of a
breeding group may last only two to three years (the time it
takes his daughters to mature). Macaque breeding systems
appear to be strongly driven towards a regular replacement
of breeding males for genetic and inbreeding avoidance
functions (Zumpe & Michael 1996). This is achieved
through a reduction in reproductive behaviour with familiar
mates which can be reversed by a novel partner (Zumpe &
Michael 1984; Goy 1992; Zumpe & Michael 1996).
Aggression, including infanticide, is not uncommon in
primates during group takeovers even in the wild, however
in captivity a combination of careful planning (including of
male suitability and maturity), gradual familiarisation and
introduction, monitoring and intervention, and temporarily
flooding the housing with visual barriers can successfully
minimise aggression, injury and instability (eg Watts &
Meder 1996; Honess & Marin 2006b; Jennings et a/ 2009).
Under well-designed, high health, high welfare captive
breeding strategies it is possible to achieve high produc-
tion levels that may exceed those reported from the wild.
For example, at BCM, the average birth rate is 70%
(minimum: 58%, maximum: 102.3%) which compares
favourably with birth rates reported for wild long-tailed
macaques of 71% in good years, and 38% in bad (van
Noordwijk & van Schaik 1999).

Interest in theoretical aspects of differential maternal
investment (Trivers & Willard 1973; Silk 1983) has led to
examination of secondary sex ratio in a number of primate
species. In particular, researchers have examined the effect
of social rank on sex ratio at birth. It would appear that
wild and captive contexts can produce contradictory
evidence for the debate; for example, M. fascicularis is
one of a number of primate species that in captivity show
a more skewed sex ratio toward male births among high-
ranked females than low-ranked females, which is not
born out in the wild (Bercovitch 2002). It has also been
suggested that females may produce more males when
subjected to ‘stress’ and also when they have surplus
resources (McGinley 1984) and it may be that captive
conditions combine these factors (Bercovitch 2002).

Birth and birth weight

It is clear that housing conditions and stress can have a dramatic
effect on pregnancy outcomes for captive-bred primates.
Prenatal mortality (stillbirths) for primates housed indoors
ranged from 5.9-20% (in several Old World species, including
five macaque species) compared to 2.7% in free-ranging rhesus
macaques; a difference that may be attributable to housing
conditions (Hendrickx & Dukelow 1995). Cage size itself has
been demonstrated to have an effect on pregnancy outcomes in
female long-tailed macaques housed in 45 x 45 x 60 cm

Selective breeding of primates 59

(length x breadth x height) (68% successful) versus
70 x 70 x 100 cm (90% successful) (Boot ez a/ 1985). It should
be noted that the former cage size falls below any currently
acceptable caging for macaques in Europe or the USA, indeed
the bigger cage is below existing EU/UK standards.

Genetics studies have demonstrated the heritability of birth
weight in macaques (eg Ha et al 2002). It is therefore not
surprising that the reproductive performance of a daughter
can be influenced by her own mother’s birth weight, with
birth weight being a feature of particular matrilines; more
dominant matrilines produce heavier offspring (Price & Coe
2000). Females born light produce their first infant about
one year later than others and carry more risk of stillbirth
and light or premature neonates. In view of this, it might be
suggested that breeding selection should favour those matri-
lines with heavier daughters at birth. Price and Coe (2000)
suggest there may be a link with prenatal stress, therefore if
more than one matriline exists in a breeding group the
dominance relationship between them will most likely
ensure that one is always dominant over the other and the
subordinate matriline will therefore produce light daughters
at birth. Further support for the role of social stress is
provided by Ha ef a/ (2002) who found that birth weights
were lower in group-housed animals than in those housed
singly. This potentially provides a conflict for those wishing
to maximise psychological well-being as well as produc-
tion. However, it should be noted that the mean birth weight
reported in this study for infants of socially-housed animals
(468.5 g) is not meaningfully lower than that reported
elsewhere for this species (473 g; Lee 1999) and may not
therefore indicate reduced welfare. Indeed, the mean birth
weights reported by Ha er al (2002) for singly-housed
females’ infants at 513 and 501 g are considerably higher
than the weight reported by Lee (1999) and is likely to
reflect reduced feeding competition and (although Ha et al
do not define the size of the single caging; likely to be
around the regulated size of 0.56m* x 0.81 m high [NRC
1996]) decreased activity in smaller caging.

Weaning

Natural weaning is a process involving a gradual with-
drawal of milk resources and care allocation, over a period
of weeks or months, from the infant by the mother (Lee
1996). The timing of weaning is largely determined by
bodyweight and is predicted by the infant’s weight at birth
(Lee 1999). In practice, for most macaque species, this point
is reached at about one year of age (Reinhardt 2002). In
captive breeding ‘weaning’ typically refers to the permanent
removal of the infant from its mother. It is common practice
for this to take place at about 6 months of age, although
increasingly recommendations are that it should take place
around 12 months (NC3Rs, IPS Guidelines). Other factors
that are taken into consideration when planning the weaning
are: i) the animal’s bodyweight (at BCM: not less than
1.2 kg), and ii) readiness for weaning of any half-siblings
with which they are housed (Wolfensohn & Honess 2005).

The perceived wisdom in many facilities is that early
weaning (3—8 months) is necessary to break lactational
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amenorrhea and return females to breeding condition
(Wallis & Valentine 2001; Reinhardt 2002), as well as to
reduce risk of vertical transmission of B-virus (Mansfield
2005). Although Kotera et a/ (1975) (for Japanese macaques
[Macaca fuscata]) found that early weaning (from 3
months) increased female productivity, these findings
compared populations on islands for which insufficient
information was presented to ensure that this observation
was not confounded by other factors. Indeed, only one study
(Goo & Fugate 1984; M. mulatta) has demonstrated exper-
imentally improved productivity with early weaning
(6, 8 and 10 months versus 12 months) but the authors also
point out the highest production rates they found are still
lower than those reported for wild rhesus macaques. On the
negative side, this study also reported a weight difference
(average: 200 g) at 12 months between those weaned at six
and 12 months though this did not translate to any differ-
ence in survival between these groups at two years of age.
There is also evidence that contradicts the suggestion that
early weaning increases productivity: in baboons (Papio
hamadryas), mothers of naturally weaned infants had on
average shorter (though not significantly so) intervals for a
number of parameters (eg interbirth interval) which would
improve production compared to those whose infants were
weaned at around six months (Wallis & Valentine 2001).
There is also evidence that mothers of early weaned infants
suffer stress or depression that could hinder their ability to
return to breeding condition. For example, bonnet macaque
(Macaca radiata) mothers with infants weaned at six
months exhibited apathy, restlessness and poor appetite
(Nagarajan et al 2004). Not least there is a substantial body
of research which demonstrates the negative consequences
for the primate infant that is separated prematurely from its
mother, in terms of its psychological development, future
social and reproductive behaviour, and reactivity to
stressors (eg Mineka & Suomi 1978; Wallen et al 1981,
Mineka et al 1986; Higley & Suomi 1989; Goin & Gust
1998; Latham & Mason 2008).

A number of enlightened breeders are beginning to retain at
least some of the female offspring within their natal group
with the intention of creating naturalistic matrilineal groups
with a periodic replacement of the breeding male(s). Over
time, groups originally composed of largely unrelated
females become increasingly homogeneous in relatedness
as expanding group size can be managed by splitting the
group along matrilines. This strategy, mimicking that in the
wild, promises a number of significant benefits in breeding
rate (via mate-boredom alleviation; Zumpe & Michael
1984), maternal education (especially of primiparous
females; the most important factor in mothering quality:
Tsuchida et al 2008), reduced aggression among females
(due to inheritance of rank) and between males and females
(female protection via kinship-based coalitions) (Gouzoules
& Gouzoules 1987). All of these benefits will be accompa-
nied by a general reduction in stress levels.

Since January 2008, BCM has been examining the conse-
quences of retaining selected females in their natal groups
(selection is based on their mother being in the colony more

than 10 years and having a production rate of above §0%, ie
8 births in 10 years). To date, none of the retained females
(217 of a total of 321) have received treatment of aggres-
sion-related injuries. The weaned animals, also without
significant injury, are still in peer groups, being below the
age at which they are formed into breeding groups.

Breeding for models

Primarily due to their phylogenetic proximity to humans, and
in the absence of alternative options, non-human primates
continue to be used as research models for a range of human
medical conditions. There are significant physiological and
anatomical similarities between them; however, it has long
been recognised that for animals to be valid research models
they must be both clinically and psychologically healthy. As
discussed above, there is a substantial body of literature on
the negative psychological and developmental consequences
of maternal deprivation, raising animals in inappropriate or
socially deficient environments, and keeping adults in social
isolation or inappropriate groupings.

There are a number of natural variations among even closely
related primate forms that can inform their selection as
research models. For example, rhesus macaques from two
different origins account for most of the rhesus macaques
used in research: Indian and Chinese. While currently classi-
fied as the same species (2 Indian and 4 Chinese subspecies:
Groves 2001) there are nevertheless differences between
these forms, not least in their diagnostically different
genetics which allows identification of the ancestry of
captive animals (Smith 2005). In fact, mitochondrial DNA,
but not nuclear DNA (Groves 2001), suggests that Chinese
rhesus may be more closely related to both the Japanese (M.
fuscata) and the Taiwanese (M. cyclopis) macaques than to
rhesus macaques from India (Smith ef a/ 2007). Evidence
also exists of the genetic differentiation between captive and
wild populations of rhesus macaques in China, as a result of
captive breeding strategies (Satkoski et a/ 2008).

The significance of differences between Indian and Chinese
rhesus were seen when attempts to use more Chinese rhesus
in AIDS research, in response to reduced availability of
those of Indian origin, uncovered a different response to
SIV infection. Those of Chinese origin survived signifi-
cantly longer than those of Indian origin (Trichel et a/ 2002)
with Chinese rhesus representing a better model for HIV
infection in humans (Ling et a/ 2002). Significant genetic
differences also exist between populations of long-tailed
macaques, in particular between those from the Philippines
and those from Indochina. Those from Mauritius exhibit the
lowest genetic diversity of any long-tailed macaque popula-
tion (Smith et al 2007) and differ from Asian forms in a
range of morphological characteristics related to their matu-
ration and larger body size (Drevon-Gaillot et al 2006).
Mauritian macaques may represent a valuable model for the
study of diabetes as some individual free-ranging macaques
exhibit a predisposition to diabetes as a result of a high
sugar diet (Tattersall et a/ 1981).

While it is not yet possible to breed usable numbers of
genetically modified primates for specific disease models
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(eg Parkinson’s disease), recent research has not only
demonstrated the feasibility of producing transgenic
primates (Chan et a/ 2001) but also that germline trans-
mission of a transgene is possible (Sasaki et a/ 2009).
Inevitably, this raises new and significant ethical
questions for the selective breeding and use of primates in
research (Cyranoski 2009).

Primates are however already selectively bred in captivity
as models for a range of human conditions, including ather-
osclerosis and arteriosclerosis. One study examined the
effect of selective breeding on cholesterolemic response in
baboons (Papio spp) (McGill et al 1988). Breeders were
selected for their high or low blood lipoprotein cholesterol
concentrations in response to diets high in cholesterol and
fat. Six males and 64 females were formed into six breeding
groups of either high or low responders. The direct animal
costs in this selective breeding programme can be seen in
that of 96 live births (over 32 months) 32 subsequently
either died or were excluded from the study for health
reasons (McGill ef al 1988). Baboons (Papio cynocephalus
cynocephalus and P. c. anubis) have also been used to selec-
tively breed lines with significantly differing (high/low)
blood pressure (Carey et al 1993). These models were
produced for the comparative study of physiological,
biochemical, metabolic and genetic factors involved in the
control of blood pressure. Heritability of another condition
was demonstrated by selectively breeding animals with
either high or low historical intraocular pressure associated
with glaucoma (Dawson et al 2003).

Biomedical research has also identified value (eg for HIV
and SIV research) in selectively breeding primates to
produce offspring that have identical MHC (major histo-
compatibility complex) genes. This process is facilitated by
breeding from a source with naturally restricted MHC
diversity, such as Mauritian long-tailed macaques (Mee et al
2009). The MHC gene family is known to play an important
role not just in the immune system (Slierendregt et al 1993),
but also in inbreeding avoidance and co-operation via kin
recognition (Brown & Eklund 1994), and reproductive
success (Knapp et al 1996). Knapp et al (1996) found that
shared parental MHC antigens predicted over 70% of
pregnancy loss in less reproductively successful pigtail
macaques (Macaca nemestrina) and conclude that identifi-
cation of MHC genes could benefit primate breeding colony
management. Similar reproductive consequences may arise
from breeding that consciously or unconsciously selects for
identical MHC genes thereby counteracting natural
selective pressures for MHC diversity with resulting
benefits for reproductive success.

Breeding for health

Since the beginning of formalised primate breeding there
has been an awareness of the dangers to both human and
animal health of bringing them close together in artificial,
confined and often indoor environments. This problem has
been addressed through a mixture of hygiene and health
practices, screening and controls. Establishing the clinical
health of animals and staff is a starting point for the welfare
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of both, however these practices can themselves have
significant impacts on welfare, particularly when they are
disproportionate. For example, keeping monkeys on grid
floors may limit the accumulation of faeces, urine and waste
food but it also limits the provision of enrichment opportu-
nities that a scattered forage, forage substrate or deep litter
can provide (Anderson & Chamove 1984). Equally, single-
housing of animals may prevent wounding or transfer of
many infections but prevents species-typical social
behaviour and elevates stress and abnormal behaviour
levels (Novak & Suomi 1988; Reinhardt & Reinhardt 2000;
Honess & Marin 2006b). While frequent cleaning and
health screening, and the wearing of high levels of Personal
Protective Equipment (PPE), will keep pathogen transfer
down, the intensity of operation and barrier equipment can
be reduced when working with animals of a high defined
health status enabling more welfare-friendly practices
(Wolfensohn & Honess 2005).

There are a number of pathogens which non-human
primates can carry which have significant health implica-
tions for humans as well as the ability to confound
programmes of research (Mansfield 2005). Among the most
important of these are simian herpes B (B virus) and Ebola
viruses; both of which are associated with high rates of
fatality in humans. Breeding primates that are free of
defined pathogens (specific pathogen free: SPF) has been
the goal of many captive breeding facilities and while the
processes involved do not represent selective breeding in
terms of focused altering of the genetic profile of the
colony, nevertheless this is likely to be the result over time.
The breeding of SPF primates for research was, in the first
instance, largely driven by the need to produce healthy
animals for human occupational health reasons. There was
an increasing perception of the risk of simian herpes B virus
in macaques that were experimentally (or naturally)
infected with HIV or other retroviruses (SIV, STLV-1 and
SRV), causing immunodeficiency and activation and
shedding of B virus (Johnsen 1995). Efforts to prevent
maternal infection of infants has frequently meant that
animals produced for SPF breeding stock are removed from
their mothers at, or shortly after, birth and then hand-reared.
However, this strategy can result in the development of
clinical and behavioural problems as well as significant
extra husbandry burdens (Mansfield 2005). In addition to
wishing to avoid the exceptionally high welfare burden of
early weaning and hand-rearing it would appear that leaving
the infant with its mother until it is 812 months old has
additional benefits of transferred immunity from the mother
and the fact that most do not seroconvert until two-years old
or later (Mansfield 2005). Mansfield (2005) details a
strategy for the formation of an SPF macaque colony in
which infants are weaned at 8—12 months and then singly
housed until initial testing results are reported, at which
point those testing seronegative are placed in peer groups of
3—4 animals and B virus tested every three months for a
minimum of two years before then being formed into
breeding groups at around three-years old. If any individ-
uals test seropositive then it is recommended that the whole
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group is returned to the conventional (non-SPF) colony. The
seronegative animals remaining in the SPF colony continue
to be tested regularly up to the production of Level 2 SPF
offspring. Most SPF colonies maintain a regime of
screening and testing on at least an annual basis. It should
be pointed out, however, that there are still consequences of
peer-, rather than hand-, rearing for breeding animals,
including deficient maternal behaviour and lower infant
survival, when compared to breeders raised in their natal
group (Goin & Gust 1998).

In the most extreme examples of the production of gnotobi-
otic animals (ie with no pathogens, or only those of known
identity) animals have to be delivered by caesarean section
and maintained, probably alone, in expensive isolating
housing (Bourne & Golarz de Bourne 1975). Monkeys
raised in these conditions typically develop substantial
behavioural problems and may become withdrawn and fail
to complete or attempt experimental tasks (Bourne &
Golarz de Bourne 1975).

The establishment of an SPF colony gives sufficient
security for staff health and it is then possible, with appro-
priate staff training (eg early recognition of aggression and
stress) to relax barrier systems enabling closer interaction,
assisting the socialisation and training of the animals
(Wolfensohn & Honess 2005). The alternative strategy is
to work with animals bred from a founder population
naturally free of the pathogens which SPF breeding is
designed to eradicate. This has the benefit of SPF status
without the need for the derivation practices which can
compromise welfare. One example is the long-tailed
macaques (M. fascicularis) on Mauritius which are free of
Ebola, B virus, SIV, SRV and STLV-1.

Breeding for temperament

In captive breeding there may be active or inadvertent
selection for animals with docile, less aggressive tempera-
ments (Mehlman et al 1994) because they are easier to
manage. Equally, more aggressive animals may get culled-
out as they present an additional risk to cage mates or staff.

Temperament selection also relates to the refinement of
procedures. The increasing uptake of positive reinforcement
training to reduce the need for chemical and physical
restraint, benefits animal welfare but also increases model
validity and the quality of research (Jennings et a/ 2009).
However, it has also been established that there are differ-
ences in training success between animals of different
temperament; more exploratory animals being easier to
train than those that are more inhibited (Coleman et al
2005). However, selection of animals for ease of training
may be at odds with other efforts to select for less aggres-
sive individuals: serotonin levels (higher levels of which are
associated with affiliative and friendly behaviour) are nega-
tively correlated with tendencies towards more aggressive
and risk-taking behaviour (Mehlman ef a/ 1994). Therefore,
selection for passivity for husbandry and social manage-
ment may be selecting for animals that are harder to train.
Indeed, there is also evidence that in long-tailed macaques,
friendly, affiliative and explorative behaviour are positively

correlated with serotonin-binding potential (via PET scan)
in different sides of the anterior cingulated cortex (Shively
et al 2006). Selection of animals for their docile, friendly
temperament, potentially at the expense of inquisitiveness,
a trait positively correlated with training success (Coleman
et al 2005), might therefore be expected to have an impact
on the application of training for clinical and husbandry
procedures. It is also likely to affect the ability to train
animals for data collection, for example in behavioural
neuroscience, although this has not yet been tested.

Animal welfare implications and conclusion

Captive breeding of primates for biomedical research has
reached a crossroad; there is no indication that demand for
research subjects is decreasing; to the contrary, it is antici-
pated to rise (Carlsson et al 2004). There are therefore
pressures on breeding facilities to meet this demand while at
the same time complying with demands for the highest
standards of health and welfare and restricting the captive
generation (second generation or later) of supplied animals.

The argument that high standards of health and welfare have
beneficial effects for research quality is not a new one (Poole
1997). In recent years, there have been significant increases
in understanding of the impact of housing and husbandry, via
elevated stress, on welfare and the quality of science (eg
Honess & Marin 2006a,b). It can also be seen, as discussed
above, that both production levels and model quality are
compromised by poor welfare in the breeding context. There
are inevitable restrictions placed on management practices
when trying to breed primates in captivity. The social and
reproductive systems of the species are the product of many
millions of years of natural selection and to work with, rather
than against, their adaptations is likely to produce less stress
and hence better production and better research models.

The selection of animals from high health status stock not
only benefits research validity and occupational health but
can also positively influence the use of expansive housing
systems and the quality of interaction that care and research
staff have with the animal, with significant animal welfare
benefits (Wolfensohn & Honess 2005). If these animals are
from naturally high health status stock the animal welfare
and animal waste issues associated with some SPF deriva-
tion practices are also avoided. Where animals are selec-
tively bred for specific research models raising specific
welfare challenges, this must receive separate, specific justi-
fication, as required by many regulating bodies. This paper
highlights the importance of refining breeding practices as
part of the overall package of welfare improvements for
animals being used in, or to supply, laboratory research.
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