
215

© 2006 Universities Federation for Animal Welfare
The Old School, Brewhouse Hill, Wheathampstead,
Hertfordshire AL4 8AN, UK

Animal Welfare 2006, 15: 215-238
ISSN 0962-7286

Refinement of the use of non-human primates in scientific research.

Part II: housing, husbandry and acquisition

AE Rennie and HM Buchanan-Smith*

Department of Psychology, University of Stirling, Stirling FK9 4LA, Scotland, UK
* Contact for correspondence and requests for reprints: h.m.buchanan-smith@stir.ac.uk

Abstract

In order to safeguard the welfare of laboratory-housed non-human primates, refinement techniques should be applied to every aspect
of the life of animals used in the laboratory, from birth to death, with the aim of both minimising harm and maximising well-being.
In this second part of a three-part review we summarise published information on housing and husbandry practices, and describe
ways to minimise contingent inhumanity associated with the use of primates in laboratories and their breeding and supply (where
inhumanity is defined as the infliction of distress). We also discuss methods by which the welfare of these animals can be maximised
on a day-to-day basis. The principles of enrichment, aspects of the housing environment, social and physical enrichment and acquisi-
tion are discussed. Refinement of the influence of humans and experimental procedures are discussed in Parts I and III of this review,
respectively.
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Introduction

With the aim of harmonisation, the essence of Russell and

Burch’s (1992) original concept of refinement and the most

progressive recent concepts of refinement since have been

incorporated into the following definition of refinement,

proposed by Buchanan-Smith et al (2005). 

“Any approach which avoids or minimises the actual or

potential pain, distress and other adverse effects experi-

enced at any time during the life of the animals

involved and which enhances their well-being”

(Buchanan-Smith et al 2005).

Refinement techniques that can be used to minimise harm

and maximise the well-being of animals during procedures

are discussed in part III of this review. However, in order to

satisfy the ethical and scientific need to reduce contingent

harm, arising indirectly as a result of the use of animals in

science, and to maximise well-being on a day-to-day basis,

refinement must also be applied to routine housing,

husbandry and care practices, and during the process of

acquisition and transportation. Such practices are consid-

ered likely to have a particular impact on the welfare of non-

human primates (henceforth primates) destined for, or

currently in use in, laboratories because of their capacity for

suffering in inadequate environments, the manner in which

they may legally be acquired and the relatively large

distances over which they are often transported.

Although many of the refinements discussed in this review

have been discussed previously in the literature, informa-

tion regarding the use of refinement in primates can be

difficult to find as data on primate species are published in

a diverse selection of journals. This second part of a three-

part review summarises published literature on housing and

husbandry, and provides a sample of the types of refine-

ments that could be incorporated into normal practice in

laboratories. With a focus on Europe, it also includes a

description of current practices still in common use globally

(eg single housing) and summarises the scientific evidence

as to why these should not be continued. With careful use,

based upon knowledge of species-specific needs, these

refinements have the potential to greatly improve the

welfare of laboratory-housed primates, whilst reducing

contingent harm, in accordance with the definition of refine-

ment proposed by Buchanan-Smith et al (2005).

Primate housing and husbandry and the use

of enrichment

The environment in which primates are kept has a signifi-

cant effect on their well-being. The concept of environ-

mental enrichment has been applied to the laboratory

environment in an effort to promote well-being. In the USA,

the legal requirement to consider the psychological well-

being of laboratory-housed primates has resulted in a signif-

icant change in attitude to housing and husbandry of

primates in the laboratory and provided momentum for the

use and development of enrichment strategies.

Environmental enrichment was defined by Shepherdson

(1998) as: “an animal husbandry principle that seeks to

enhance the quality of captive animal care by identifying

and providing the environmental stimuli necessary for
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optimal psychological and physiological well-being”

(Shepherdson 1998, p 1).

Thus, environmental enrichment is a refinement which

maximises the well-being of laboratory-housed primates.

The scale of enrichment techniques varies widely, from the

complete redesign of housing to the introduction of small

toys but, according to Shepherdson’s definition, all are

considered enrichments if they can be shown to positively

affect the well-being of laboratory-housed primates

(Shepherdson 1998). Evidence shows that the proper use of

enrichment can improve the psychological well-being of

laboratory-housed primates (Snowdon 1991), indicated by

increases in the animals’ ability to cope with challenges,

reduction in aberrant behaviours, increased frequency of

species-typical behaviour (Pyle et al 1996; Wright 1995)

and improvements in health and reproductive success

(Erwin 1986; Wallis 2002). Despite the potential positive

effects of enrichment, misguided attempts at enrichment

have the potential to cause harm, for example by causing

injury (see review by Bayne 2005; Nelson & Mandrell

2005), causing aggression (Honess & Marin 2006) or when

enrichment opportunities are provided but then removed

(Bryant et al 1988). Other enrichment strategies may be

impractical for use in the laboratory environment, for

example those which take up too much staff time or which

have the potential to affect the outcome of experiments

(Newberry 1995; Bayne 2005). Thus, all enrichment strate-

gies must be tested to ensure that their introduction affects

welfare positively and that they are practicable in the labo-

ratory. An understanding of species-typical behaviour and

physiology is essential for proper assessment of enrichment

success and imagination, innovation, motivation and some

resources are a requirement during design (Markowitz &

Line 1990). The literature on environmental enrichment is

vast and cannot be comprehensively covered within the

scope of this paper (see Lutz & Novak 2005 for a recent

review). However, the range of enrichment strategies and

evidence of their effects will be considered and sources of

conflict and difficulties that may be encountered during the

development of proposed enrichments will be discussed.

Psychological well-being

The ability to express species-typical behaviour and to fulfil

behavioural needs has been considered important to the

psychological well-being of laboratory-housed primates

(Snowdon & Savage 1989; Eaton et al 1994; Newberry

1995). The capacity for control and the degree of

complexity and predictability of the enrichment are also

thought to be important (O’Neill 1989; Sambrook &

Buchanan-Smith 1997; Vick et al 2000; Bassett &

Buchanan-Smith in press). The view of the relative impor-

tance of these concepts has changed since the earliest use of

environmental enrichment and it is well accepted that the

success of enrichment strategies is very much dependent

upon the individual and species concerned (Markowitz &

Line 1989).

Behavioural needs

As the aim of enrichment is to increase an animal’s behav-

ioural opportunities and to prevent or reduce the expression

of abnormal behaviours (including stereotypies), discus-

sions of the concept of behavioural or ethological needs are

inevitably and correctly included in the analysis of enrich-

ment strategies. Indeed, the ‘needs’ concept has been incor-

porated into the European Directive (86/609/EEC), which

states that “any restriction on the extent to which an exper-

imental animal can satisfy its physiological and ethological

needs shall be limited to an absolute minimum” (European

Union [EU] 1986, Article 5, paragraph b).

Thus, European law supports the use of enrichment for

laboratory animals. The concept of behavioural or etholog-

ical needs was first introduced by Brambell (1965) in a

report on the welfare of farm animals in intensive

husbandry systems. In this report, it was considered that

prevention of the expression of behaviours which the

animal is highly motivated to perform could result in frus-

tration and that the degree of frustration experienced would

dictate welfare. The performance of such behaviours could

therefore be considered an ethological need. Later, Dawkins

(1983) attempted to pinpoint exactly what was meant by the

concept of behavioural or ethological needs, defining etho-

logical needs as the effect of high levels of causal factors to

perform a particular behaviour pattern. Dawkins (1983)

argued that true needs (as opposed to ‘luxuries’) could be

identified using the principles of consumer demand theory

applied to operant and preference tests. Using this principle,

only those behaviours that the animal would work hard, or

overcome aversive stimuli, to perform could be considered

needs. The frustration of behavioural needs is considered to

be one of the main causes of stereotypical behaviours in

captive animals, where animals are motivated to perform a

pattern of behaviour that they cannot perform normally or

completely (Mason 1991b). Abnormal and stereotypical

behaviours are also likely to occur when the animal is

subject to experiences over which it has no control and

cannot therefore respond appropriately (Mason 1991b).

Thus, the presence of abnormal and stereotypical behav-

iours has been used as an indicator of poor welfare and inad-

equate housing and care (Mason 1991a). Abnormal

behaviours including stereotypic circling and pacing, eye

prodding, self-sucking, depilation, self-mutilation,

coprophagy and regurgitation have been observed in labora-

tory-housed chimpanzees, Old World monkeys and

callitrichids (Baskerville 1999; Fritz et al 1999; Poole et al

1999). The occurrence of abnormal and stereotypical behav-

iours can be reduced (Watson et al 1993; Eaton et al 1994;

Crockett 1998; Lutz et al 2003; Novak 2003; Bourgeois &

Brent 2005) or prevented (Lutz & Novak 2005) by the use

of carefully considered enrichment strategies, supporting

the hypothesis that these behaviours occur as the result of

the thwarting of behaviours that the animal is highly

motivated to perform (Marriner & Drickamer 1994).
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Performance of natural behaviours

The term behavioural need is commonly misused, often in

conjunction with the assumption that captive animals must

show a full repertoire of species-specific behaviours for

optimal welfare (Chamove & Anderson 1989; Veasey et al

1996). This proposal falls short if we consider the welfare of

animals foraging without success during periods of food

shortage or animals showing species-typical predator

avoidance behaviour. Veasey et al (1996) discussed this

misrepresentation of the term behavioural need in the

context of wild versus captive behaviour and concluded that

the expression of wild-type behaviours may be correlated

with good welfare rather than being the cause of good

welfare, as is often assumed. Thus, the performance of the

full range of species-typical behaviour is not necessary in

itself, but the ability to respond in a species-typical manner

to stimuli encountered in the captive environment is critical.

This idea is developed in analyses of enrichment strategies

in terms of control, complexity and predictability.

Control, complexity and predictability

The concepts of control, complexity and predictability are

also considered to be important facets of enrichment strate-

gies. However, despite general acceptance that these factors

have some bearing on the efficacy of enrichment attempts,

few studies have studied their importance in detail. The

purported importance of control was stressed by Snowdon

and Savage (1989) who stated that “animals cannot

passively receive environmental events; they must be able

to act on the environment and consequences must result

from their actions” (Snowdon & Savage 1989, p 81).

The idea that control was necessary for well-being was

established in studies using aversive stimuli in which

animals learned that performance of a selected behaviour

caused the aversive stimulus to cease (see Overmier et al

1980 for a review). In primates, Hanson et al (1976) used

high intensity noise to test the effects of control of a

stressful stimulus in rhesus macaques (Macaca mulatta).

They found that those animals which could influence the

duration of exposure to the noise, by pushing a switch to

turn it off, had a plasma cortisol concentration similar to

that of animals which were not exposed to the noise. In

contrast, those animals which were exposed to the unpre-

dictable noise but could not influence the duration of

exposure showed significantly higher plasma cortisol

concentrations. A lack of control over aversive events can

result in ‘learned helplessness’ or depressive behaviour in

which the animal ceases to attempt to respond to its envi-

ronment and shows reduced learning capacity (Bloomsmith

et al 2001).

Despite the availability of evidence indicating that the

control of stressful events is critical for well-being, there are

few such studies in which the need for control of positive

events has been examined. However, those studies which do

consider control over positive events indicate that this

control can have far-reaching positive effects on well-being

and development. For example, Mineka et al (1986) studied

the long-term effects of a rearing environment in which

infant rhesus macaques had control of the schedule of

feeding, water availability and provision of treats, in

comparison with yoked individuals which had no control of

the schedule. In subsequent behavioural tests, individuals

which had had control of their feeding schedule showed less

fear in the presence of novel objects and in novel environ-

ments and showed more exploratory behaviour than yoked

subjects. Also, individuals which had had control were more

active in their attempts to regain social contact in a separa-

tion test than yoked conspecifics. The responses of yoked

controls were similar to those observed in infants reared in

standard laboratory cages with variation in access to rein-

forcers, indicating that the ability to control had positively

affected the behaviour of the young macaques. However, in

the laboratory environment, where the provision of enrich-

ment is dependent upon the availability and motivation of

staff, it is also important to consider further the results of the

study by Hanson et al (1976). Despite evidence of positive

effects of control of the noisy stimulus, Hanson et al (1976)

also found that if control was taken away from the individ-

uals which had previously had control over the noise, the

concentration of cortisol in plasma increased to levels

similar to the individuals that had never had control. This

increase in cortisol was associated with the expression of

aggressive behaviours that were not observed in yoked

animals, suggesting that loss of control is more stressful

than never having had control in the first place.

Sambrook and Buchanan-Smith (1997) agreed that animals

need to have a degree of control over events that affect

them, but argued that having complete control over all

events is also sub-optimal. They proposed that the concepts

of novelty and control are linked and that the novelty of an

object could be defined in terms of the degree to which the

animal has control over it. Thus it is the process of learning

to control and overcome the novelty of the stimulus that is

rewarding. Once an animal has gained control, its expecta-

tions of control rise to meet its ability to control and thus

loss of control is stressful, whilst the ability to control

everything in its environment results in predictability and

regression into boredom. Sambrook and Buchanan-Smith

(1997) suggested that a balance between total control and

lack of control is optimal and that, by providing objects and

environments that suggest controllability but that resist

control, responsiveness can therefore be maintained. In

1996, Sambrook and Buchanan-Smith investigated the

relative importance of control and complexity to four

species of guenons in a novel object study. The results of

this study supported the idea that control is important and

that an object whose responsiveness is contingent upon the

animal’s behaviour towards it becomes the target of more

attention than an object that is identical in appearance but

does not respond. However, this study also suggested that

the complexity of an object per se is not important.

However, it could be argued that, if the complexity of the

object or environment increases its resistance to control,

then complexity contributes to enrichment. Sambrook and

Buchanan-Smith (1997) also argued that there is an
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optimum degree of predictability of events; total

predictability may result in behavioural frustration and

boredom whereas complete unpredictability results in

stress. This view is supported by the work of Markowitz and

Line (1989) who found that an apparatus that rhesus

macaques can control, but that is also responsive to manip-

ulation, was used by more individuals and for longer than

one that is unresponsive. Older animals which have been

housed singly for a long period of time do not respond

greatly to passive forms of enrichment, but when given even

a limited amount of control they show sustained use of

responsive equipment and recover more quickly from

stressful encounters (Markowitz & Aday 1998). Chamove

(1989) also found that objects that responded to manipula-

tion by captive chimpanzees were favoured over inanimate

objects and that objects that responded unpredictably were

also favoured. This is consistent with the theory that a

variable schedule of reward is more reinforcing than a fixed

schedule of reward and is likely to reflect the animals’

ability to adapt to dynamic natural environments in which

animals must learn to respond in effective ways in order to

survive (Markowitz & Aday 1998).

Housing conditions and enrichment

In accordance with the European Directive (86/609/EEC),

“all experimental animals must be provided with housing,

an environment, at least some freedom of movement, food,

water and care which are appropriate to their health and

well-being” (EU 1986, Article 5, paragraph a).

Details of how these provisions should be met are given in

Appendix A to the European Convention (ETS 123), which

lists acceptable ranges and minimum standards of provision

for most aspects of the housing environment including cage

size, ventilation, temperature, humidity, lighting, noise,

alarm systems, health monitoring, feeding, watering, the

provision of bedding, cleaning and the provision of exercise

(European Commission [EC] 1986). These recommenda-

tions are currently being revised, but their present status

dictates the minimum standard of housing conditions for

laboratory-housed primates in Europe. In practice, the

selection of housing and husbandry practices is dependent

upon many factors, including the use of the animal at the

time and the related need for human contact, age, research

needs, personnel safety, animal safety, staff experience,

economic considerations, climate and the degree of urbani-

sation. For example, breeding and stock animals are usually

held in different accommodation from that in which animals

on experiment are held (Baskerville 1999). The cages used

for experiments are commonly the most restrictive an

animal will experience (Baskerville 1999). Implicit within

the European guidelines are the practicalities associated

with laboratory use of primates. Whilst providing a bare

minimum of protection for primates housed in laboratories,

they promote the needs of the institute, scientist and care

worker. It must be accepted that the needs of staff involved

in the use of primates in laboratories are important, espe-

cially in terms of safety, but it is also critical in the revision

of the guidelines to find a better balance between the needs

of staff and those of the animals. Laboratory housing must

take into account costs, practicality and experimental

requirements as well as the needs of the laboratory-housed

animals.

Environmental parameters

Temperature and humidity

Appendix A to the European Convention (ETS 123)

includes recommendations on the rate of ventilation of

animal rooms and acceptable temperature and humidity

ranges. A ventilation rate of 15–20 air changes per day is

considered adequate for all species in this guide. It is also

stated that relative humidity should be maintained at

55 ± 10% and that humidities below 40% and above 70%

should be avoided. These very general recommendations do

not take into account the very different ecology of the range

of primate species kept in laboratories. For example, New

World species typically inhabit warm but very humid

habitats in the rainforest, whereas baboons may live in

comparatively arid climates. However, control of the range

of humidity within the suggested bounds is likely to be

more easily maintained than more extreme states of

humidity. Similarly, the current Appendix A recommends

that the temperature of primate housing should be main-

tained at 20–28°C for New World species, whereas Old

World primates should be housed in rooms kept at 20–24°C

(EC 1986). Although maintenance of the environment at

this temperature is unlikely to adversely affect welfare, this

recommendation does not take into account the range of

temperatures at which primates would live in the wild. The

maintenance of temperature and humidity within the

currently required ranges is practical in that they ensure that

the working environment is not uncomfortable for the staff.

It is noted in the current Appendix A that the temperature

and humidity range suitable for very young primates is

smaller than that for adults, a difference that must be taken

into account (EC 1986). The species-specific differences in

environmental requirements are recognised in the ongoing

revisions of Appendix A. It is noted that fluctuations in

humidity are less well tolerated by marmosets (Callithrix

spp) and tamarins (Saguinus spp) and that these species

should not be exposed to humidity of less than 30% as respi-

ratory disorders may result. Poole et al (1999) noted that the

relative humidity should be in the range 40–60%. In the

revised Appendix A, species-specific variations in tempera-

ture requirements are also recognised. A temperature range

of 23–28ºC is recommended for housing marmosets and

tamarins and similar temperatures are considered appro-

priate for squirrel monkeys (24–26ºC). A wider range of

temperatures is considered appropriate for the majority of

macaque species used in laboratories and for baboons

(16–25ºC). However, it is noted that a temperature range of

21–28ºC is more appropriate for the long-tailed macaque.

Lighting

Although recommendations regarding the appropriate

temperature and humidity for housing primates in laborato-

ries are given in the current Appendix A to the European
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Convention (ETS 123), little consideration is given to light

intensity in primate housing (Reinhardt 1997a). Instead,

Appendix A states that there is a need to satisfy the biolog-

ical needs of the animals and to provide a safe working

environment. Evidence shows that lighting levels can affect

both the breeding success of laboratory-housed primates

and their behaviour. For example, in common marmosets,

bright conditions have been shown to increase breeding

success and activity, whereas dim conditions inhibit

breeding and result in reduced activity (Heger et al 1986).

In contrast, however, Schapiro et al (2000) found no statis-

tically significant differences in behaviour in long-tailed

macaques (Macaca fascicularis) housed in cages that varied

in illumination. In natural conditions light intensity varies

from 100 000–150 000 lux in bright sunlight to 5–10 lux in

dim moonlight (Clough 1999). Recommendations for the

light intensity of animal rooms range from 150 to 400 lux in

the centre of the room (Clough 1999). However, lighting

levels in animal rooms are not constant and those housed in

lower tier cages may experience light of a much lower

intensity than those in the top tier (Reinhardt & Reinhardt

2000a). Consideration should also be given to the wave-

length of light as different types of bulb emit light of

different wavelengths (fluorescent lights emit more

green–yellow light [500–650 nm], whereas incandescent

lamps emit light at the red end of the spectrum

[600–700 nm]) (Clough 1999). The range of colours that

primates can see should thus be taken into account when

selecting the lighting system (Strasser 1970 cited in Clough

1999). It has been shown that exposure to natural light can

reduce the occurrence of abnormal behaviours in young

rhesus monkeys (O’Neill 1989) and it has been suggested

that choices of the intensity and potentially the wavelength

of light should be provided, matching the choices made by

primates in the wild between sunlight and shade (Buchanan-

Smith 1997). If it is not possible to provide natural light in

the laboratory (for physical or scientific reasons), it has

been recommended that artificial light that provides a wide

range of wavelengths in a natural way (without introducing

harsh contrasts) should be used (Clough 1999). However,

care should be taken when selecting an appropriate lighting

regime for primates. Lights that simulate sunlight are

available commercially but it has been found that the use of

these lights has both positive and negative effects on the

behaviour of primates with comparison to artificial fluores-

cent lighting. Novak and Drewsen (1989) compared the

behaviour of laboratory-housed rhesus macaques before and

after exposure to a lamp designed to simulate natural light.

They found that monkeys exposed to both the light and

radiation from the lamp showed an increase in affiliative

behaviour which persisted when the animals were returned

to normal artificial light. In contrast, monkeys which were

exposed to the light from the lamp but were protected from

the ultra-violet (UV) radiation showed an increase in affil-

iative behaviour which declined again when the animals

were returned to fluorescent lighting. Monkeys exposed to

UV radiation also showed more aggressive and sexual

behaviour and showed greater urinary cortisol responses to

stress than those exposed only to the light from the lamp.

Thus, it appears that, in rhesus monkeys, exposure to a light

source which simulates natural light can result in changes in

behaviour that are likely to be indicative of increased

psychological well-being but exposure to UV radiation

from these light sources may not be so beneficial. In

contrast, marmosets and tamarins benefit from exposure to

UVB radiation, which reduces the incidence of metabolic

bone disease and improves immunity (Hampton et al 1966;

Lopez et al 2001). However, no empirical data on the effect

of UVB radiation on the behaviour and psychological well-

being of marmosets and tamarins have been found.

It has been recommended that light should be faded in and

out at the start and end of each day to simulate dusk and

dawn, so that the animals are not plunged into darkness or

light (Buchanan-Smith 1997). As most primate species

naturally inhabit regions close to the equator, a 12-hour

light/dark cycle is considered to be most appropriate, but

low intensity light should be provided at night to allow

animals to readjust their position without danger.

Adjustment of day length can also be made to simulate

natural seasonal changes, which may also aid breeding

(Buchanan-Smith 1997). The need to control lighting within

the laboratory has been acknowledged in the revision of

Appendix A to the European Convention (ETS 123).

Noise

Ventilation, heating systems, automated washing machines,

alarms, and general human and animal activity all create

noise. The use of easily cleaned stainless steel caging and

hard surfacing on walls and floors makes the job of the care

worker easier, but it also increases the noise levels in the

environment. It should be noted that the ability of humans

to perceive sound is very much less developed than that of

most other animals and the level of sound that we perceive

in the laboratory is likely to be very much less than that

which primates perceive (Clough 1999). This is particularly

true of New World species, which communicate using high-

pitched frequencies and are known to be able to hear ultra-

sonic frequencies (Sales et al 1999). Sudden loud noises can

cause fear and continuous exposure to loud uncontrollable

noise has been found to be stressful to primates (Hanson et

al 1976). The current European recommendations do not

include specification of acceptable noise levels (EC 1986),

but UK guidelines recommend that background noise in the

laboratory should not exceed 50 dB (Home Office 1989)

and in the draft revision of Appendix A of the European

Convention (ETS 123) it is recommended that background

noise in the laboratory should not exceed 65 dB for more

than short periods of time. The limits on noise recom-

mended in the UK guidelines are supported by Clough

(1999), who considered that if background noise is main-

tained below 50 dB, adverse effects on biology should be

prevented. The use of bedding, floor substrate and wooden

furniture can dampen noise to some extent but sources of

ultrasound, for example from dripping taps and computer

monitors, should be identified and shielded or removed

where possible (Clough 1999). The provision of low-level
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background noise, like soft music or the radio, has been

investigated as a means of masking sudden, loud and/or

unfamiliar noises and as a form of enrichment. For example

in a recent study, Howell et al (2003) found that exposure to

music, loud enough that the lyrics and melody could be

heard, resulted in a decrease in aggressive or agitated

behaviours and in active and exploratory behaviours and in

an increase in affiliative inactive behaviours like grooming

in chimpanzees (Pan troglodytes). Howell et al (2003)

noted that the reduction in aggressive or agitated behaviour

was most pronounced in the morning, when routine

husbandry procedures were carried out, and that the

increase in affiliative behaviour was most pronounced in

groups composed entirely of females. An increase in affilia-

tive behaviour was also recorded in rhesus monkeys during

exposure to jazz music and occurred irrespective of whether

the monkeys could or could not control their duration of

exposure to the music within a 2-hour period (Novak &

Drewsen 1989). O’Neill (1989) noted that abnormal behav-

iours associated with confinement in winter housing,

including stereotypical behaviours and self-mouthing, were

reduced when young rhesus macaques were exposed to

classical music.

Although music and masking sounds have apparently

positive effects in some studies, not all attempts to enrich

the lives of captive primates with music and other sounds

have produced clear results. For example, after exposure to

rainforest sounds adult lowland gorillas (Gorilla gorilla)

showed more frequent locomotion, thought to be indicative

of agitation, whereas infants spent less time clinging,

suggesting that the sound successfully masked the noises

produced by caretakers, ventilation systems and other

animals. It was concluded that the rainforest sounds were

enriching for the infant gorillas but increased agitation in

the adults (Ogden et al 1994). It is possible that the masking

of routine husbandry noises induces stress because the

animals are no longer able to monitor the position and

activity of staff. It should also be noted that such masking

noises must be selected to suit the species concerned. Much

of the sound produced by a radio is of a frequency that is

thought to be imperceptible to rats (Clough 1999) and may

also be imperceptible to New World primates (McDermott

& Hauser 2004). It has also been suggested that the sounds

intended to mask aversive noises in the laboratory may

inadvertently mask communications between conspecifics

(Newberry 1995), the effects of which are likely to be

dependent on the nature of the communications that are

masked.

Cage size

According to Appendix A of the European Convention (ETS

123), the vertical height of cages provided for primates

should be the greatest dimension and is considered to be just

as important as the floor area, although this is emphasised

only for simian primates and apes. The guidelines also state

that it is important that the animal can stand fully erect and

that those species that brachiate can extend their bodies

fully without their feet touching the floor. Recommended

sizes range from that for primates weighing less than 1 kg

(callitrichid species), for whom the minimum required cage

size is 0.25 m2 with a height of 0.60 m, to that for primates

weighing 15–25 kg, for whom a floor area of at least 1.5 m2

and a cage height of 1.25 m are recommended. According to

the guidelines, these cages can hold either one or two

animals.

The minimum standards are considered by many to be inad-

equate because they are based upon the weight of the animal

and do not consider the animals’ linear dimensions. This is

problematic for certain species, for example the minimum

required cage height for the relatively light long-tailed

macaque is actually less than the head-to-tail length of the

animal. This means that long-tailed macaques housed in a

cage of minimum size cannot perch in the cage without their

tails touching the ground (Buchanan-Smith et al 2004). The

current minimum cage size also does not allow for adequate

exercise, species-specific differences in behaviour or the

incorporation of adequate environmental enrichment (Poole

et al 1994; Baskerville 1999).

The assumption in Appendix A of the European Convention

(ETS 123) that lighter animals require less space than heavy

animals is also refuted when we consider that the weight of

an animal is closely associated with its age, and that

younger lighter animals are generally more active than older

adults (Poole et al 1994). In response to these criticisms of

the 1986 guidelines, experts at the 1993 Berlin Workshop on

the Accommodation of Laboratory Animals in Accordance

with Animal Welfare Requirements developed new recom-

mendations for cage size, allowing for proper extension of

body parts in all species and the incorporation of cage

furniture that would allow for the expression of more

species-typical behaviour (Poole et al 1994). For marmosets

a minimum of 1.0 m2 of floor space was recommended for

one to two adults and 0.25 m2 extra space was required for

each additional animal. A recommended cage height of

1.5 m was proposed. In larger species, 3 m2 of floor space

was recommended for adult cercopithecoids of more than

5 kg with a cage height of 1.5 m (Poole et al 1994). Thus,

the importance of vertical height in the cage was empha-

sised for the small and naturally arboreal species but not

prioritised to such an extent for Old World primates, many

of which live semi-arboreal lives in the wild. In practice, it

is important that a distinction is made between different

species of Old World monkeys as the extent to which the

vertical dimension of the cage is used varies between even

the most commonly used species of macaque. Rhesus

macaques are naturally the most terrestrial of the macaques,

whereas long-tailed macaques are a mainly arboreal species

(Baskerville 1999). The importance of cage height to

common marmosets was demonstrated by Ely et al (1998),

who found that they used the upper part of the cage in pref-

erence to the lower half. Although the provision of vertical

space appears to be important, the positive effects of

increased cage height can be negated if a tiered caging

system is used. Cage height is thought to be important to

accommodate primates’ need for a vertical escape response.

© 2006 Universities Federation for Animal Welfare

https://doi.org/10.1017/S0962728600030451 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600030451


Refining primate housing, husbandry and acquisition   221

It is also likely that animals in the lower tier are inspected

less thoroughly because they are not as easy to see, both

because of limited lighting and because the carer must bend

to see clearly (Reinhardt & Reinhardt 2000a). Poole et al

(1999) and Baskerville (1999) stated that marmosets,

tamarins and Old World monkeys show a preference to look

down on handlers. From this vantage point they can

properly assess the magnitude of danger. The restriction of

the vertical flight response in lower tier caging may be a

source of stress as the individual is unable to respond in a

species-appropriate manner to perceived dangers, for

example the sudden appearance of a handler (Baskerville

1999; Poole et al 1999). Ely et al (1998) examined this pref-

erence in habituated common marmosets and found that the

preference for height in the cage was associated with the

height of the handler’s face, suggesting a desire to interact

with the handler rather to retreat beyond their reach. These

results demonstrate that if a positive working relationship is

developed (Rennie & Buchanan-Smith 2006) vertical flight

should not occur in response to caretakers entering a room

but that in fact the presence of handlers in the room can be

enriching (Ely et al 1998).

In an investigation to determine the effects of cage size on

behaviour, appetite and urinary cortisol in pig-tail macaques

(Macaca nemestrina), Crockett et al (2000) found that

appetite and urinary cortisol were unaffected by housing in

cages ranging from 22% to 148% of the recommended size

(USA recommendations). The study also found that

behaviour was unaffected in all but the smallest of the

cages, which was so small that it effectively prevented any

locomotion at all. However, it was noted in this study that

no cage furniture (for example perches) was included.

Bayne and McCully (1989) found that housing rhesus

macaques in the next available cage size (USA standards), a

change in cage size that might practically be offered, in fact

increased the occurrence of self-directed, abnormal behav-

iours. This demonstrates that increased cage size alone does

not constitute an enrichment if no further enrichment is

provided to enable the animal to respond appropriately to

challenges associated with life in the laboratory. In contrast,

Draper and Bernstein (1963) found that, in rhesus

macaques, large increases in cage size had a significant

effect on behaviour and greatly reduced the occurrence of

stereotypical behaviours. The cages used in this study were

much larger (0.91 × 0.91 × 0.91 m, 1.2 × 0.91 × 2.44 m and

7.32 × 14.63 × 2.44 m [length × width × height] for small,

medium and large cages respectively) than those studied by

Crockett et al (2000) and Bayne and McCully (1989) but,

perhaps more importantly, were constructed from wire on

which the monkeys could climb and hang. Thus, when

housed in the larger cages the monkeys were able to make

use of the whole space in a species-typical manner.

Buchanan-Smith et al (2004) argued that a suite of charac-

teristics (including morphometric, physiological, ecolog-

ical, locomotor, social, reproductive and behavioural

characteristics) should be used to determine minimum

cage size.

Cage furniture

In order to ensure that primates use their allotted space to

the fullest extent, the furnishing of the cage must be consid-

ered carefully. It is also essential that the furniture does not

unduly interfere with cleaning, feeding, capture and, impor-

tantly in the laboratory, easy inspection of the occupants. In

the smallest cages, the opportunities for enrichment are

obviously fewer, but small changes can have a dispropor-

tionately positive effect on welfare. The principles of

enrichment of cage design and structure are the same

regardless of the size of the cage.

The provision of perches adds a vertical dimension to a

barren cage and gives the occupant a vantage point and in

rhesus macaques (Reinhardt 1994b) and New World

monkeys (Buchanan-Smith 1997) offers space to groom.

Where space will allow, the provision of multiple perches of

different diameters has been recommended (Roder &

Timmermans 2002) and introduces variety that can

stimulate very different behaviours. For example, Caine and

O’Boyle (1992) found that red-bellied tamarins (Saguinus

labiatus) tended to show more wrestling play on flat hori-

zontal perches and more chasing play on thinner branch-like

structures. In New World monkeys the provision of swings,

slings, ladders and ropes, which move in response to

movement by the cage occupant, adds an element of

controllable unpredictability to a very simple enrichment

(Buchanan-Smith 1997). Such structures can be made of a

variety of materials including PVC (Reinhardt 1997b),

rubber, wood (Buchanan-Smith 1997) or metal (Kelley &

Hall 1995). In the case of marmosets, the provision of

wooden branches allows the performance of species-typical

gnawing and scent-marking and in macaques, the provision

of wooden perches or blocks has been recommended

because it increases species-typical manipulation and

gnawing, a possible element of dental care (Reinhardt

1997c). The use of wooden furniture is important for all

callitrichid species as they have claw-like rather than flat

nails on all digits except for the thumb and therefore have

difficulty gripping smooth metallic and plastic surfaces.

Although wooden structures will need to be replaced more

frequently than the highly resistant PVC and metal alterna-

tives, they are cheap (Baskerville 1999) and can still be

cleaned in standard cage-cleaning machines or by hand

(HM Buchanan-Smith personal observation 2006). They

also provide a higher degree of responsivity and texture as

well as dampening noise (Baskerville 1999; Poole et al

1999; Eckert et al 2000). It is commonly supposed that the

animals prefer wood to metal and plastic substrates

(Baskerville 1999; Eckert et al 2000), but no published

empirical data on such a preference could be found.

Although studies have shown that Old World primates can

benefit from the provision of structural enrichment, their

response varies depending on the enrichment offered. For

example, Dexter and Bayne (1994) reported no change in

the occurrence of abnormal behaviour in adult rhesus

macaques which were provided with different types of

swing. The authors concluded that swings do not constitute
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an enrichment for singly-housed adult rhesus macaques. In

contrast, Kopecky and Reinhardt (1991) compared the use

of swings with that of perches as means of enriching cages

of paired, adult, female, rhesus macaques. They found that

perches were used eight times more often than swings and

that swings distracted the animals for a negligible time

period. The authors proposed that this preference arose

because perches allowed the macaques to sit in a species-

typical, relaxed posture near the front of the cage from

where they could view the environment outside the cage

more easily. This demonstrates the need to consider species-

typical behaviour when selecting appropriate enrichments

for primates of different species.

Wild marmosets and tamarins seek security by climbing

high into trees and hiding in dense vegetation. Caged

callitrichids benefit from the provision of similar refuges by

the inclusion of wooden nest boxes high in the cage (Poole

et al 1999). Thus, callitrichids typically retreat into nest

boxes to rest for the night, a habit which is beneficial for

human carers as the animals remain active during the day

and thus the nest box does not normally prevent easy

inspection of the cage occupants. Similarly, families of owl

monkeys (Aotus spp.) naturally seek the shelter of a hollow

in a tree trunk or in dense foliage in which to sleep during

daylight hours and benefit from the provision of a nest box

in which the whole family can rest (Erkert 1999). However,

because owl monkeys are only active at night it is beneficial

to maintain their 12-hour light/dark cycle so that at least

some of the animals’ waking hours occur during working

hours (Erkert 1999). Low lighting must be provided to

allow inspection of the animals. Wood is preferable for

construction of nest boxes because, unless well ventilated,

breath condensate can collect on the inside of metal and

plastic boxes and on the fur, making the animals wet, and it

has been suggested that wet fur falls out more easily (Poole

et al 1999). Screens can also provide refuge, particularly

from aggressive encounters (Chamove 1984), and resulted

in increased affiliative behaviour in groups of marmosets

and tamarins (McKenzie et al 1986). The beneficial effects

of screens were found to be less in stable social groups

(McKenzie et al 1986). Care must be taken that screens do

not interfere with inspection of the animals. Indeed, retreat

to a refuge for long periods of time and avoidance of

companions can often be a sign of a health and/or welfare

problem (Wolfensohn & Honess 2005).

A further means of enrichment, which has been used mainly

with the common marmoset (Callithrix jacchus), is the

addition of a small veranda to the front of the cage. This

provides additional space in the cage but also provides a

vantage point from which individuals can see the activities

of conspecifics in other cages and of staff more clearly.

Studies have shown that verandas are the most highly

preferred area in the cage (Ely et al 1998). However, their

placement must be carefully considered as they bring indi-

viduals into closer proximity. This has the potential to lead

to arousal and redirected aggression towards cagemates

(HM Buchanan-Smith personal observation 2006).

The selection of a good floor substrate can encourage the

animals to use the floor space, even in arboreal species like

the common marmoset that are naturally less inclined to do

so (McKenzie et al 1986). This effectively increases the

amount of usable space in the cage (Chamove and Anderson

1989). Many authors recommend a solid floor and suggest

that it should be covered with wood shavings, straw or a

similar substrate (McKenzie et al 1986; Buchanan-Smith

1997; Poole et al 1999; Roder & Timmermans 2002). Food

can be scattered amongst such substrates to provide

foraging enrichment (McKenzie et al 1986; Newberry

1995).

Enrichment can be provided for animals housed in small

cages by allowing them access to a separate large play room

or cage on a rotational basis. In studies in rhesus macaques,

Japanese macaques (Macaca fuscata) and capuchins (Cebus

apella) (Bryant et al 1988; Tustin et al 1996; Wolff &

Ruppert 1991) such cages were used to provide enrichment

for singly housed animals. Although this system of rota-

tional enrichment resulted in an increase in active behav-

iours in both the play cage and the home cage (Tustin et al

1996) and could be managed safely for the majority of

singly caged animals (Wolff & Ruppert 1991), the positive

effects appear to be less for older animals which had been

singly caged for a long period of time before visits to the

play cage were introduced. These individuals sat in one

place for the entire exercise period.

It should be noted that although the use of such cages has

the potential to be beneficial, the removal of a primate from

his or her home cage can be stressful (Reinhardt et al 1990),

especially if the animal is unused to the procedure. Care

should be taken to ensure that the animals get used to

moving to the play room or cage on a regular basis and that

transfer is achieved using the least stressful possible means.

It is proposed that, although the rotational use of a play cage

may appear beneficial whilst in use, it is possible that the

loss of enrichment on return to the home cage is more

stressful than the lack of such enrichment in the first place,

in accordance with evidence showing that loss of control is

stressful (Hanson et al 1976). This theory is supported by

Bryant et al (1988) who concluded after examination of

several enrichment strategies that rotational group use of a

play area was less beneficial not only than continuous

access to a pair-mate within the home cage but also than the

introduction of enrichment to the home cage. However, this

should not be taken to imply that animals destined for single

housing should not be socially housed whenever possible.

Primates will be better socially adjusted and better able to

cope with the challenges that they face in laboratory exper-

imentation if they have a secure social environment. The

work of Novak (2003) and Lutz and Novak (2005) shows

that the age at which rhesus macaques are put into single

housing impacts on whether they will develop abnormal

(stereotypical and self-injurious) behaviours. Therefore,

maintaining primates in species-appropriate social condi-

tions for as long as possible is advisable.
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Cage space can be increased in standard caging systems by

linking more than one cage together with tubing. This has

been achieved with both New and Old World monkeys

(Baskerville 1999; Poole et al 1999). Such tubing moves

when the monkeys move through it, creating a responsive

substrate and a degree of unpredictability. It has been found

that monkeys spend a large proportion of their time in cage

links which can be used as a vantage point from which more

of the colony room and other animals in the colony can be

seen (Scott 1991).

Novel objects and feeding enrichment

Toys and other enrichment devices have also been intro-

duced to cage environments to increase species-typical

behaviour. Their provision is dependent upon cost and the

motivation and time of staff and therefore must be cheap (or

free) and easy to deliver. It is imperative that such toys are

relatively safe, even on destruction, so that attempted

enrichment does not result in harm. Examples of enrichment

toys and devices include interactive computer games

activated by a joystick (Bloomsmith et al 2001), moving

and standing water (Parks & Novak 1993), pools for diving

(Anderson et al 1992), mirrors, both hand-held and attached

to the wall (Brinkman 1996), Nylaballs® and other items

suitable for chewing (Tustin et al 1996), phonebooks

(Brinkman 1996), cardboard or plastic tubes and containers

(Buchanan-Smith 1997). In a study of a wide range of toys

provided for single-housed, male, long-tailed macaques,

Brinkman (1996) found that those toys that were manipu-

lable and could be carried around were used most

frequently. Species-specific differences in the use of such

objects should be considered if maximum enrichment is to

be gained from their use. For example, interactive toys

given to the common marmoset must be small and light

enough for the animal to move or carry around (Buchanan-

Smith 1997). Rotation of toys can help to maintain novelty

(Brinkman 1996; Buchanan-Smith 1997).

Primates are adapted to spend most of their waking hours

foraging and feeding (Anderson & Chamove 1984). For

example, long-tailed macaques spend more than 50% of

their time either foraging or feeding (Wheatley 1980 as

cited by Baskerville 1999). In the laboratory, food is often

provided in an easily accessible form and much of the time

that should naturally be spent feeding remains unused.

Furthermore, when primates are housed in social groups, it

is common for the more dominant individuals to monopo-

lise easily accessible food sources (Tardif & Richter 1981;

Michels 1998). Thus, extending the time spent feeding has

been one of the main targets of enrichment strategies for all

captive and laboratory-housed primates (eg Snowdon &

Savage 1989). All or a proportion of the daily allowance of

food can be presented in enriched feeding systems. Care

must be taken that all animals are still able to obtain suffi-

cient food. This can be achieved by feeding specifically

designed complete foods in the morning with enriched

feeding provided later in the day as it is important to ensure

that the animals continue to obtain balanced nutrition

(Wolfensohn & Honess 2005). The provision of a foraging

substrate in which small items of feed (eg grain or

sunflower seeds) can be scattered and then foraged for has

been found to increase species-typical foraging and to

reduce aggression (Chamove et al 1982; Anderson &

Chamove 1984). Similar foraging opportunities can be

provided by means of foraging trays, which may be easier

to remove and keep clean (Spector et al 1994). Food can

also be buried in straw, or placed in puzzle feeders from

which the primate can obtain a desired food item simply by

persistent manipulation or by learning the ‘trick’ to solve the

puzzle (eg Murchison & Nolte 1992; Box & Smith 1995;

Murchison 1995; Pyle et al 1996; Buchanan-Smith 1997;

Glick-Bauer 1997). More simply, food can be given in a

form that requires manipulation and processing before

eating, for example by feeding nuts in their shells and fruit

that has not been peeled (Buchanan-Smith 1997), or by

freezing juice (Schapiro et al 1996) or small items of food

within ice cubes. Spreading feeds over a wider area and

ensuring that items take longer to eat also makes it more

difficult for dominant animals to monopolise the feed.

Frozen items may also aid cooling if primates are exposed

to warm climatic conditions. These feeding enrichments not

only increase the time taken to feed but also increase the

animals’ choice about when to feed and what to feed on.

Species-specific feeding enrichments have been designed

and used with great success. For example, McGrew et al

(1986) developed a wooden gum-feeding device for

common marmosets, in which the marmosets could gouge

through the wood in a naturalistic manner to obtain gum

arabic. Anecdotal evidence in the white handed-gibbon

(Hylobates lar), and quantitative evidence from preference

studies in stump-tailed and rhesus macaques and in chim-

panzees indicate that primates may prefer to work to obtain

their food rather than obtain it more quickly for free

(contrafreeloading) (Markowitz 1982; Anderson &

Chamove 1984; Menzel 1991; Reinhardt 1994a). Studies

have shown that the predictability of feeding has a signifi-

cant effect on the psychological well-being of laboratory-

housed primates. It has been shown that highly predictable

schedules of feeding can be associated with food anticipa-

tory activity, characterised by increases in arousal and

activity and the occurrence of stereotypical behaviours

(Mistlberger 1994; Bloomsmith & Lambeth 1995). Bassett

(2003) found that common marmosets showed more signs

of arousal and anxiety prior to feeding when they were fed

on an unreliable temporal schedule and with unreliable

signals than control animals. This feeding schedule is

analogous with schedules commonly seen in laboratory

husbandry systems, where noises associated with food

preparation and delivery may be associated with the

delivery of food, with the food being delivered to other

animals or being delayed. In contrast, those marmosets that

were fed on an unreliable temporal schedule but were given

a reliable signal informing that feeding would occur showed

no change in behaviour with respect to controls. Bassett

(2003) suggested that the provision of a reliable signal

given just prior to feeding could therefore be used to reduce

stress associated with food anticipation and frustration of
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feeding motivation. Bassett and Buchanan-Smith (in press)

provided a thorough review of the behavioural and physio-

logical effects of the predictability of aversive and appeti-

tive stimuli, and the application of experimental findings to

animal husbandry in practice.

Section summary and conclusions

The introduction of enrichments has been found to reduce

stress and frustration, increase primates’ ability to cope with

stressful experiences and improve their health and repro-

duction. To be most effective, enrichments must be appro-

priate for the species concerned but also should not hinder

laboratory practice unduly. The complexity and

predictability of enrichments are important as these charac-

teristics affect the rate at which the animal can learn to exert

control over the enrichment.

The temperature and humidity must be appropriate to the

species and age of primates. Natural wavelengths of light

are most appropriate, although the effects of exposure to

UVB radiation vary with species. The provision of choice

between light and shade and an artificial dawn and dusk are

thought to be beneficial. Background noise should be kept

to a minimum and ultrasonic noise should be eliminated

where possible. Music can be beneficial to mask sudden

noises but may reduce ease of communication and predic-

tion of significant events.

The animal’s size, age and natural propensity for activity

and arboreality should be taken into account in determining

cage dimensions. Cage height is considered to be important

to highly arboreal New World primates, although relation-

ships between staff and animals should be such that care-

takers do not cause a vertical flight response. Cage furniture

should maximise useable space and facilitate expression of

a range of species-typical postures and behaviours. Object

enrichments must be appropriate to the species but, with

thought and motivation, can easily be delivered on a routine

basis with little cost. Feeding enrichment should be used to

increase foraging time and food manipulation and reduce

the possibility of food monopolisation.

Social enrichment and husbandry of primates

No method of enrichment for laboratory-housed primates

has been found to be as effective as the presence of

conspecifics (Hennessy 1984; Reinhardt 1990; Schapiro

et al 1996), especially those favoured by the individual

(Smith et al 1998), and an inherent need for social compan-

ionship has been recognised in most primate species (eg

Harlow & Harlow 1962). However, it has been noted that,

although all infant primates require social contact, species-

specific differences exist in the optimal social grouping

(Novak & Suomi 1991). For these reasons, guidance on the

ideal grouping and social dynamics for laboratory-housed

primates should be taken from natural populations

(Buchanan-Smith 1997), matching their social environment

as closely as possible with that to which they are adapted

through evolution.

Single housing

Single caging of primates has traditionally been the housing

method favoured by researchers, in an attempt to minimise

experimental variation (Hartner et al 2001). Single caging

also allows relatively easy and safe access to the animals,

facilitates monitoring and reduces the risk of injury and

disease transmission associated with social housing

(Kessler et al 1985; Line 1987; Hartner et al 2001), thus

further reducing experimental variation (Baskerville 1999;

Hartner et al 2001). It is now widely recognised that single

housing of primates is detrimental to psychological well-

being in the majority of primate species, preventing social

interaction and, because single cages are typically small and

barren, reducing scope for enrichment and the expression of

species-typical behaviours (Hartner et al 2001). The

evidence of psychological distress as a result of social

isolation is extensive and dates back to the early 1960s

when the effects of social isolation on primates were the

subject of considerable interest in relation to human devel-

opment (eg Harlow & Harlow 1962). Harlow and Harlow

(1971) described several abnormal behaviour patterns in

socially deprived rhesus macaques of all ages, including

self-sucking and biting, rocking, abnormally passive

behaviour and stereotypical behaviours. Similarly, studies

by Gluck and Sackett (1974) showed that the occurrence of

self-aggression was more common in socially isolated indi-

viduals of both sexes. Single caging can result in loss of

condition, nervous behaviour and an increased incidence of

injury, disease and mortality in both New and Old World

primate species (Reinhardt 1990; Poole et al 1999). Such

effects are likely to increase experimental variation rather

than reduce it (Garner 2005). For example, Gwinn (1996)

found that singly housed squirrel monkeys lost more weight

after the application of a test substance than those that were

housed in pairs. Detrimental effects of poor psychological

well-being on the immune system have also been indicated

(Laudenslager et al 1982, 1990; Coe 1993; Clarke et al

1996; Gust et al 1996; Johnson et al 1996a). For example,

individuals experiencing social stress have been found to be

more susceptible to disease whereas those receiving affilia-

tive behaviour showed more rapid immune system recovery

(Gust et al 1996). Contrary to the belief that single housing

reduces injury and disease transmission, Reinhardt (1990)

found that, during one year, only 10% of socially housed

rhesus monkeys required non-experimental veterinary

treatment. In contrast, more than 25% of singly housed

rhesus macaques required such veterinary treatment

(Reinhardt 1990). Serious wounding occurred in only 0.8%

of socially housed animals in 36 months. Further, Schapiro

et al (2000) found that socially housed rhesus macaques

showed enhanced immune responsiveness in comparison

with singly housed individuals following challenge with

gastrointestinal pathogens and Staphylococcus aureus. They

therefore argued that immunological studies carried out on

singly housed animals may be more difficult to interpret

and that, in order to study the effects of ecologically

relevant immune challenge, primates must be housed in an

ecologically relevant environment, for example a stable
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species-typical social structure and management system

that minimises stress.

Old World monkeys continue to be housed in single cages

more frequently than the smaller callitrichid species, mainly

because of their size and the comparatively higher risk asso-

ciated with handling them. However, the traditional view

that primates, particularly macaques, are dangerous and

aggressive is changing (Reinhardt 2002) and more of those

involved in primate care accept that aggression directed

towards handlers is most likely to occur when the animal

feels threatened or insecure (Hartner et al 2001).

Breeding in single cages

Although single caging is most commonly used for animals

on experiments, some establishments continue to house

primates in single cages full-time. Baskerville (1999)

described how timed breeding of Old World monkeys can

be carried out in a single caging system by introducing the

female to the male’s cage for mating and removing her

again when mating has taken place. This system allows the

production of infants to suit demand and ensures that the

pregnant female can be easily monitored. For competent

mothers, the birth of an infant probably improves well-

being as the infant provides social contact and a natural

focus for her maternal behaviour. However, for these

mothers, the return to single housing when the infant is

taken away at weaning has considerable adverse effects

(Seay et al 1962; Coe et al 1983). In contrast, for new

and/or incompetent mothers, continuous exposure to the

infant may represent a source of stress (Capitanio et al

1985). Therefore, this system not only has significant detri-

mental effects on the adults involved but also results in

abnormal physical, behavioural and psychological develop-

ment in infants, as normal social interaction with numerous

conspecifics of varying ages is prevented (Harlow &

Harlow 1962). Satisfactory (or normal) socialisation,

including experience of normal maternal care and play

(Fagen 1993), has been shown to be critical for the mainte-

nance of health and growth (Green 1990) and to prevent the

development of abnormal and stereotypical behaviours

(Harlow & Harlow 1971). Abnormal or inappropriate social

behaviour, incompetent or absent sexual behaviour as an

adult and reduced maternal aptitude occur in individuals

which are not raised maternally (Harlow & Harlow 1962;

Mitchell et al 1966; Suomi 1978; Capitanio 1986;

Ljungberg & Westlund 2000). Ruppenthal (1992) showed

that the offspring of singly caged mothers are more likely to

be subordinate when socially housed.

Timed breeding has not proven to be a successful produc-

tion strategy in squirrel monkeys (Mendoza 1999) or in

marmosets and tamarins (Poole et al 1999). Meanwhile in

nocturnal lemurs, males and females naturally meet only to

breed and thus timed matings may be the most appropriate

means of breeding these animals in the laboratory (Bearder

& Pitts 1999).

Social enrichment in single cages

It is noted that some experimental protocols may still

require single housing and that it is not always possible to

house primates in alternative systems if a suitable partner(s)

cannot be found (Line et al 1991; Watson 2002). In these

circumstances, refinements to reduce the detrimental effects

of isolation must be used. Numerous potential methods of

inanimate enrichment are described above but in addition it

is vital to provide some social enrichment in single housing

systems and complete social isolation should never occur.

The ability to observe other singly housed conspecifics can

be beneficial and physical contacts (eg holding hands or

grooming) between individuals in adjacent cages are

commonly observed (Wolff & Ruppert 1991; Brinkman

1996; Crockett et al 1997). Anderson and Chamove (1986)

found that the provision of a mirror to isolated infant stump-

tailed macaques partially compensated for the lack of social

interaction with conspecifics, although these individuals

were still less responsive than individuals raised with a peer

(Anderson & Chamove 1984). Interaction with humans can

be seen as a form of social enrichment and animals which

develop a bond with their regular carers may actively seek

such interactions (Waitt & Buchanan-Smith 2002). This

may explain why animals take part in positive reinforce-

ment training sessions voluntarily, as it provides an oppor-

tunity for social interaction as well as an opportunity to

learn and to gain rewards.

Isosexual pairing

As an alternative to single housing, primates in laboratories

can be housed in isosexual pairs. Such pairing is considered

to be a useful means of keeping stock animals (Baskerville

1999; Poole et al 1999). Although this grouping is unnatural

for the species most commonly used in laboratories,

evidence shows that such pairing can improve well-being.

Isosexually pair-housed rhesus macaques spend more than

20% of their time grooming one another (Reinhardt &

Cowley 1990; Reinhardt 1991), a behaviour used to

maintain social cohesion and known to reduce heart rate and

tension within groups of primates (Nieuwenhuijsen & de

Waal 1982; Schino et al 1988; Boccia et al 1989).

Grooming has also been shown to result in the release of β-

endorphin, indicating a physiological basis for reward in

both groomer and groomee (Keverne et al 1989). The tran-

sition from single housing to pair-housing has also been

reported to stop the occurrence of self-biting behaviour in

rhesus macaques that had been observed self-biting over a

period of 4 years (Reinhardt 1999) and to reduce other

abnormal behaviours including abnormal postures, stereo-

typic actions, stereotypic locomotion and self-abuse (Line

et al 1990). Further, Schapiro and Bushong (1994) showed

that isosexually pair-housed rhesus macaques had diarrhoea

less frequently than singly housed individuals. Hennessy

(1984) found that isosexually pair-housed squirrel monkeys

showed reduced responsiveness to stressful stimuli in the

presence of a newly introduced pair-mate than they did

when exposed to the stressor in isolation, even if they had

experienced little social contact prior to pairing. Thus,

during any stressful experience associated with laboratory

use, including routine husbandry and procedures, the

presence of a companion may increase the ability of indi-

vidual primates to cope.
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Factors influencing isosexual pair formation

Studies by Erwin (1986) indicated that bonds between

female macaques and baboons can endure despite separa-

tion for up to 2.5 years. This work also demonstrated that

relations between familiar males tended to be more

amicable than those between unfamiliar males. Several

factors influence the ease with which pairs may be formed,

including the species concerned and the age, sex and

previous experience of the individual.

In rhesus macaques, the social experience of individuals can

significantly affect their compatibility during pairing or

grouping, as socially inexperienced individuals show less

appropriate social behaviour than those reared naturally

(Mitchell et al 1966). Species differences in the ease with

which primates will accept unfamiliar individuals must be

considered. For example, in callitrichid species it has been

suggested that marmosets are likely to be more difficult to

mix than tamarins because young tamarins tend to migrate

to new groups whilst marmosets remain in their natal group

(Poole et al 1999). Aggression tends to occur more

frequently and to be more serious between sexually mature

primates (Goosen et al 1984; Lynch 1998; Majolo et al

2003b). In macaque species aggression tends to be more

severe between sexually mature males (Crockett et al 1994;

Watson 2002), although females are also aggressive to unfa-

miliar females. In marmosets and tamarins, females have a

tendency to be more aggressive to female conspecifics than

to males and males are less aggressively reactive overall

than females (French & Inglett 1989; Rothe & Darms

1993). Owl monkeys of the same sex should not be housed

together as aggression is common, resulting in severe injury

(Erkert 1999). These differences are the result of species

differences in social dynamics and behavioural ecology.

As an alternative to pairing adult primates, several studies

have shown that mature animals can be successfully paired

with sexually immature, but socially experienced, animals

of the same sex (Reinhardt et al 1987; Majolo et al 2003b).

As play behaviour is most often observed between infants

or between an adult and an infant (Voland 1977; Fagen

1981), this cross age pairing may result in the added benefit

of increasing play and socially directed activity in the older

individual (Majolo et al 2003b). Alternatively, immature

animals can be paired with conspecifics of the same age and

sex. In marmosets, the simplest and least disturbing means

of pairing is to take the oldest same sex pair of twins from

a family group and to house them together (Poole et al

1999; Majolo et al 2003b). Sub-adult long-tailed, pig-tail

and rhesus macaques of the same sex have also been intro-

duced and paired without serious aggression (Reinhardt

1995; Cardinal & Kent 1998; Watson 2002). It has therefore

been recommended that where isosexual pairing of primates

is the only alternative for social enrichment, the pairing of

socially experienced but sexually immature individuals with

either a peer or with an adult should be preferred

(Baskerville 1999; Poole et al 1999). However, although

adults do show more aggression (Majolo et al 2003b), the

supposition that all previously isolated adult primates of

limited social experience are impossible to pair is

unfounded (Harlow & Harlow 1962), although compati-

bility varies with species, age and sex (Crockett et al 2001).

Studies have shown that, in a period of non-contact famil-

iarisation in socially neutral surroundings (ie not within the

home cage/room of either individual), respective

dominance statuses can be established through behavioural

displays whilst contact aggression is prevented. Gwinn

(1996) also found that previously singly housed squirrel

monkeys could be paired after gradual introduction, using a

pole and collar to control aggressive interactions initially,

and with careful observation to identify compatible pairs.

Rhesus, stump-tailed, long-tailed and pig-tail macaques and

female common marmosets have all been successfully

paired in the laboratory environment (Line et al 1990;

Reinhardt 1994c; Reinhardt et al 1995; Byrum & St Claire

1998; Cardinal & Kent 1998; Lynch 1998; Watson 2002;

Majolo et al 2003b). Using these techniques, it has been

concluded that compatible social partners, showing clear

and stable dominant/subordinate relationships can be found

for most individuals (Reinhardt 1994b; Marks et al 2000;

Hartner et al 2001).

Despite the evidence that compatible pairs can be formed

between primates of the same sex, care must be taken that

the pairing is beneficial for both partners. Lack of aggres-

sion, depression or injury and the occurrence of food

sharing can be used to monitor the continued compatibility

of the paired rhesus macaques (Hartner et al 2001) and

aggression arising between pairs can be reduced by the

provision of enrichment (Majolo et al 2003a), although care

must be taken that sufficient enrichments are provided so

that they are not monopolised by the dominant individual.

Although overt aggression may not be apparent, questions

about compatibility must constantly be asked and the pair

monitored on a regular basis. This is particularly true in

same-sex marmoset pairs and male–male macaque pairings

which deviate significantly from the natural tendency of

these species (Crockett et al 1994; Majolo et al 2003b).

Ideally compatible group mates should affiliate (eg groom,

huddle) with each other.

Heterosexual pairing

Heterosexual pairing is most frequently used for common

marmosets and other callitrichid species (Poole et al 1999),

owl monkeys (Erkert 1999), and galagos, lorises and

tarsiers (Bearder & Pitts 1999). It is not generally used for

Old World species in the laboratory (Baskerville 1999). In

common marmosets, heterosexual pairing represents a

much more natural grouping than isosexual pairing and this

is reflected in the comparative ease with which such pairs

can be formed and maintained. Even without a pre-pairing

familiarisation period, sexually mature male–female pairs

of marmosets have been formed simply by the introduction

of two animals to a home cage (Johnson et al 1996b).

During the first weeks of pairing sexual and affiliative

behaviours predominate in common marmosets, although

the frequency of sexual behaviour declines over time

(Woodcock 1982; Johnson et al 1996b). However, it should

© 2006 Universities Federation for Animal Welfare

https://doi.org/10.1017/S0962728600030451 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600030451


Refining primate housing, husbandry and acquisition   227

be noted that previously heterosexually paired marmosets

may take longer to pair up with new partners if a partner is

lost through naturally occurring or experimentally induced

illness or death, as a stable, monogamous pair-bond

develops between long-term partners (Smith et al 1998;

Gerber et al 2002). Introduction to potential new partners

can be associated with aggression as well as sexual

behaviour (Gerber et al 2002). It is likely that the formation

of heterosexual pairs of marmosets would also benefit from

some pre-pairing familiarisation, if not to ease pair-

formation directly, then at least to ensure that individuals

that show particularly high aggression towards one another

are not placed together. Owl monkeys are also monogamous

and heterosexual pairs can also be housed together success-

fully (Erkert 1999). Tamarins, including the saddle-back

tamarin (Saguinus fuscicollis) and the cotton-top tamarin

(Saguinus oedipus), breed best in monogamous pairs (Price

& McGrew 1990) but can also be successfully housed in

stable sexually active, compatible triads comprising one

female and two males (Caine 1993). Galagos (Galago spp),

lorises (Loridae) and tarsiers (Tarsius spp) are not naturally

monogamous species. In the wild males and females live in

their own (sometimes overlapping) territories. However,

because these species show some social behaviour and may

play and sleep together, it has been recommended that these

primates also be kept in heterosexual pairs (Bearder & Pitts

1999). Further empirical studies examining the most appro-

priate and practical method of housing prosimian species in

the laboratory would be of benefit.

Families and harem groups

Heterosexual pairs of callitrichids and their offspring can be

kept together in a family group of 8–10 individuals, with

juveniles from previous litters remaining in the group to

help rear the most recent infants (Poole et al 1999). This

system is close, although not identical, to the social

dynamics of callitrichids in the wild (Stevenson & Rylands

1988) and is the most appropriate system for housing

callitrichids used in laboratories (Price & McGrew 1990;

Rothe & Darms 1993). Similar small, family groups have

been recommended for housing owl monkeys (Erkert 1999)

and for galagos, lorises and tarsiers (Bearder & Pitts 1999).

Harem grouping, of one male with several females, is the

most natural housing system for macaques in laboratories

(Baskerville 1999). This system provides the most appro-

priate housing system for breeding and rearing infants,

allowing a full range of appropriate social interactions to aid

proper development of social, sexual and parental

behaviour (Harlow & Harlow 1962; Mitchell et al 1966;

Suomi 1978; Capitanio 1986). If there are many females in

the harem group, juvenile males can be introduced, ensuring

that, when older males are removed from the group, disrup-

tion is minimised (Baskerville 1999). Harems can be

contained within large pens with indoor and outdoor areas,

large cages and within rooms. Very large corral enclosures

containing harems tend to be used by source-country

breeders (Baskerville 1999). In the laboratory, animals can

be housed in such group-housing systems during some

experiments, particularly if a single caging or handling

facility is attached. In this way individuals can be isolated

for short procedures, before being returned to the group

(Baskerville 1999).

Population control in harems and family groups

In breeding colonies, conception normally occurs sooner

after the birth of offspring than in wild populations because

of the ready availability of nutrients. In this situation,

contraception may be used to increase the inter-birth

interval, ensuring that females regain condition between

births and that infants are born in accordance with demand.

The condition prior to pregnancy is particularly important in

callitrichid species where twins or triplets are the norm and

lactation is therefore particularly energetically costly. The

relative welfare benefits and risks associated with

vasectomy, contraceptive implants, prostaglandin injec-

tions, intrauterine devices and immuno-contraception as

methods of population control in primate species were

reviewed by Sainsbury (1997) and Glatston (1998). The

suitability of different methods of contraception will vary

on a case-by-case basis, depending primarily upon the use

of the animal at the time and upon the health and reproduc-

tive status of each individual. It is unclear which of the

contraceptives mentioned might be considered to have the

least impact on well-being as all appear to have significant

disadvantages. Extension of inter-birth intervals is a refine-

ment from the perspective of the individual but if more

animals are then needed in breeding establishments in order

to cope with demand, a conflict between refinement and

reduction becomes apparent.

Weaning

In contrast, in commercial breeding groups, it is often

considered necessary to reduce inter-birth intervals in order

to maximise production (Goo & Fulgate 1984). One of the

methods by which this is achieved is by the early weaning

of infants. In the wild, weaning refers to the point when the

infant stops suckling but usually refers to the time that the

infant is removed from the mother in captive situations

(Wolfensohn & Honess 2005). In the wild, weaning usually

occurs at around 14 months in cynomolgus macaques but

youngsters remain with their mothers until the next baby is

born, which can be for up to 2 years (inter-birth intervals

being between 12 and 24 months for both rhesus and

cynomolgus macaques) (Smith & Boyd 2002). In Old

World monkeys artificial weaning may be as low as 90 days

(Welshman 1999) and guidelines vary considerably

(Wolfensohn & Honess 2005). Social contact is particularly

important for development, when the motor, sensory and

emotional systems of youngsters begin to mature and

become fully integrated and they become extremely

involved in exploratory behaviours and social learning

(Wallis & Valentine 2001). Such early weaning is stressful,

resulting in overt behavioural and physiological manifesta-

tion of distress in rhesus and long-tailed macaques,

including 6.6% weight loss, a transient rise in cortisol,

depression-related behaviour lasting at least 7 days,

increased locomotion (a behaviour associated with arousal
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and agitation) and close contact with peers (Seay et al 1962;

Koyama & Terao 1986). These changes were alleviated to

some extent by the presence of a nurse female, although

some effects were still apparent in these nursed juveniles

(Koyama & Terao 1986). Therefore, the welfare costs of

early weaning outweigh the potential benefit of increased

production as a commercial practice and natural weaning

should be promoted. Further, whereas in macaques early

weaning has been reported to result in the earlier onset of

fertility in females (Goo & Fulgate 1984), studies in

baboons have shown that the earlier the infant was

separated from the mother the longer the interval before

postpartum oestrus and the later the next infant was born

(Wallis & Valentine 2001). The shortest inter-birth interval

was found when the infant remained in the natal group until

maturity and weaning occurred naturally (Wallis &

Valentine 2001). It is possible that this difference was asso-

ciated with distress in the mother as a result of separation

from her infant and shows that early weaning may not

always improve production. Careful investigation is needed

to ensure that early weaning is necessary to reduce inter-

birth intervals in other primate species and is not the

product of misapplication of theory from species to species.

Hand-rearing

Some mother–infant separation may be used routinely in the

laboratory for welfare reasons. In common marmosets, the

female may often produce more infants than she is able to

feed and assistance or hand-rearing may become necessary.

This may be done either by rearing one individual entirely

artificially or by providing the mother with assistance by

giving infants supplementary feeding on a rotational basis.

Studies have shown that separation, even for the short time

required to feed the infant, can result in significant stress

and significant behavioural abnormalities and in long-term

differences in the ability of the individuals to cope with later

psychosocial stress (Dettling et al 2002a, b). This increases

the variability in animals used and hence in the experi-

mental results. Further investigation is needed to evaluate

the relative welfare costs and benefits of this practice but

currently the practice of selective euthanasia of the weakest

individuals in triplet and quadruplet marmoset litters may

prove to be a more humane, and more scientifically sound,

option than rotational hand-rearing. This is already

practised in some laboratories in the UK. It has been shown

that in some circumstances adult marmosets will accept

infants that are not their own (Watson & Petto 1988). Such

fostering might provide an alternative to rotational hand-

rearing and euthanasia of some infants from large litters or

for orphaned individuals. Further data on the feasibility of

fostering on a larger scale and of the comparative behav-

ioural, physiological and psychosocial effects of fostering

and rotational hand-rearing would be of use to fully

evaluate the costs and benefits of each. It may also be

possible to use positive reinforcement to train marmosets to

station while their infants are given supplementary feeding

while still on the carrier’s back.

Gang housing

Weaning may also be required when family groupings of

laboratory-housed primates become too big. Weaned

juvenile primates could be housed in pairs but it is also

common practice to house sexually immature primates in

large, same-sex ‘gangs’ of unrelated individuals. In the case

of common marmosets, these social groupings may also be

made up of the oldest offspring removed from social groups

that have become too large (Poole et al 1999). This

grouping is also unnatural and aggression escalating to

serious fighting is common, resulting in severe stress in the

majority of individuals. Johnson et al (1996b) studied the

effects of such social grouping on the adrenocorticotropic

hormone, cortisol and behaviour of common marmosets and

found that cortisol was elevated with respect to that seen in

stable paired marmosets. Social relationships are most

critical during development, and deprived or defective

social contact during development can have serious conse-

quences for psychological well-being and the ability to cope

with stress in later life (Johnson et al 1991, 1996a). In

contrast, in squirrel monkeys large groups of same and

mixed sex individuals that are all of a similar age occur

naturally (Mendoza 1999). In these groups aggression

occurs only rarely and is more common (although less

severe) between females. Conception and infant viability

have been reported to increase in this system of housing

(Schiml et al 1996). However, it should be noted that

naturally occurring groups have essentially unrestricted

space in which aggression can be avoided. In the restricted

space of the laboratory setting, agonistic encounters may

occur more frequently and must still be monitored. It has

been reported that agonistic encounters usually occur at

times of excitement and Mendoza (1999) recommended that

the individual that initiates arousal should be removed from

the group when aggression occurs frequently, rather than

removing the most aggressive individual, as group stability

can usually be regained.

Westergaard et al (2000) reported that reproductive

performance was better in multi-male multi-female groups

than in harem-housed groups of rhesus macaques. However,

there were many factors, other than group composition, that

could have influenced infant survival in this study. These

included the number of animals in each group, which was

higher in the harem system, and the degree of enrichment,

which was less in the harem grouping. The success of peer

group housing is therefore dependent upon the needs of the

species but enrichment and group size also have an

influence on the potential success of this housing system.

Need for monitoring and management of social
housing

The benefits of housing primates socially are clear and

animals housed in appropriate social combinations can, if

successfully managed, be free from injury, high rates of

disease transmission, social distress and under-nourishment

(Reinhardt 1990). Maintenance of social colonies is

dependent upon careful observation for changes in social
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compatibility. It should be noted that negative interactions

are part of social relationships and aggression can result in

both injury and mortality. Subordinate individuals can show

signs of chronic social stress including depressive behav-

iours (Shively et al 1997). Care must be taken that such

negative interactions do not get out of hand in the laboratory

environment. Any destabilising influences, including birth

of an infant, movement of the group and rehousing, removal

or introduction of an individual, may result in an increase in

aggression in the group (Erwin 1979; Hambright & Gust

2003). Dominant animals can monopolise food and

preferred resources (Tardif & Richter 1981; Brennan &

Anderson 1988; Deutsch & Lee 1991) and care must be

taken to ensure that the introduction of an enrichment

device does not therefore adversely affect welfare of subor-

dinate individuals. Extra resources must be provided so that

subordinate animals can go to another resource if they are

moved on by a dominant animal. Sufficient social space

must be provided so that subordinate animals can show

appropriate subordinate behaviour towards dominant indi-

viduals, moving away to an appropriate distance when chal-

lenged (Reinhardt & Reinhardt 2000b). The importance of

the ability to control social interactions was shown in

studies by Bloomsmith et al (2001) who examined the

effects of control of enrichment devices in chimpanzees. In

this study chimpanzees which had control over the appear-

ance of a video of conspecifics showed more solitary play

than yoked conspecifics. At the same time, more scratching

(considered a sign of anxiety in primates [Maestripieri et al

1992; Cilia & Piper 1997]) was observed in individuals

which could not control the appearance of the video of

conspecifics. The inclusion of visual barriers within the

cage can allow subordinate individuals to retreat in response

to movement or threatening gestures from the dominant

partner, thus increasing the relative social space (Reinhardt

& Reinhardt 2000b). Although the value of such cage

enrichments is generally accepted, it cannot be assumed that

such visual barriers will prevent outright aggression

entirely, as any significantly destabilising event is likely to

result in transient increases in aggression (Baskerville

1999). Further, McCormack and Megna (2001) found that

the provision of barriers resulted in a reduction in non-

contact aggression including threats, vocalisations and

chases but no change in the frequency of contact aggression

including biting and grabbing. Such barriers may also

reduce the visibility of the primates to technicians, making

routine welfare checks more arduous. It is imperative that

all individuals in the group are frequently observed to

ensure that none are subject to stress-inducing levels of

aggression, particularly during transitions in social

groupings. Caution should be exercised when animals are

removed and then reintroduced to groups after procedures,

especially if the animal is compromised in any way, as

abnormal behaviour may result in aggression from other

members of the group and the dominance hierarchy within

the group may be disturbed (Hambright & Gust 2003).

Reintroduction is possible even after long-term absences

but staff must be on hand to observe and separate animals

which are agonistic if necessary (Kessler et al 1985).

Individuals, particularly adult males, which experience

frequent agonistic responses from the group have been

shown to experience significant stress, in terms of both

hypothalamo-pituitary-adrenal (HPA) activation and

immune cell measures (Gust et al 1993). It should also be

noted that, for scientific reasons, long periods (up to a year)

of acclimatisation to new social systems should be allowed

where possible, because the effects of changes in social

environment can take time to become apparent (Schapiro

et al 2000). Overcrowding in social groups has the potential

to increase agonistic encounters but studies have shown that

social dynamics are more important to the nature of social

interactions in the group than group size (McIntyre & Petto

1993). Indeed, rhesus macaques have been shown to be able

to adapt their behaviour to avoid conflict during short-term

crowding (Judge & de Waal 1993). Despite potential

problems, evidence shows that, if well managed with

consideration of species, sex, age group and experience on

an individual basis, appropriate social enrichment can be

provided for all species of laboratory-housed primate

studied (Reinhardt 1990). With appropriate husbandry and

management, social enrichment can improve psychological

well-being and reduce the stress associated with experi-

ments, thus increasing their validity.

Outdoor housing

Access to outdoor enclosures is generally considered to be

beneficial for laboratory-housed primates (but see

Wolfensohn & Honess 2005), mainly because of the

increased scope for enrichment in this environment. The

space provided for each individual is increased because all

of the animals in the enclosure must be able to access an

environmentally controlled portion of the enclosure at all

times. This area must fulfil the space requirements appli-

cable to entirely indoor facilities. Within this larger

enclosure, there is space to provide more structural enrich-

ment allowing the primates to express more species-typical

locomotive behaviours. There can also be more opportunity

for feeding enrichments like scatter feeding. The environ-

ment itself is more enriched, with the primates being

exposed to a much wider range of sensations including

natural light (including radiation), different background

noise, smells, insects, birds and weather. The controllability

of all environmental parameters is dramatically reduced

when laboratory-housed primates are allowed access to the

outdoors, particularly in temperate climates. All primates

should have access to shelter from both sun and inclement

weather. This, and the ability to return inside to an environ-

mentally controlled, draught-free enclosure, ensures that the

animals benefit from a choice of environment. Contact with

wild animals (including contact with faecal material) should

be prevented to ensure that the health and well-being of

laboratory-housed primates is not compromised by diseases

transmitted from such contact. Access to outdoor enclosures

may not be a feasible option for specific pathogen-free

animals (Wolfensohn & Honess 2005).
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The benefits of outdoor housing have been demonstrated in

a range of species (eg chimpanzees, Clark et al 1982; rhesus

macaques, O’Neill 1989; common marmosets, Pines et al

2002). For example, O’Neill (1989) showed that the occur-

rence of abnormal behaviour was greatly reduced in young

rhesus macaques which had been reared without mothers

and with 5 hours of contact with peers each week when

housed outdoors. However, O’Neill also found that

returning the juveniles to indoor enclosures resulted in an

increase in self-mouthing and the expression of stereotyp-

ical behaviours, such that the expression of these behaviours

occurred more frequently than had been recorded prior to

outdoor housing. These results are in agreement with the

proposal that loss of control (in this case access to the

enriched environment) may be more stressful to laboratory-

housed primates than never having had control in the first

place (ie never receiving access to the outdoors). This

conclusion supports the work of Bryant et al (1988) who

found that home cage enrichment was more beneficial

overall than the provision of rotational access to an enriched

playroom. Further evaluation of the use of outdoor facilities

in temperate climates, including the security implications,

would be valuable.

Section summary and conclusions

Social enrichment is the most effective form of enrichment

but must be managed in an appropriate manner for the

species concerned, with reference to natural populations.

Single housing is used mainly to facilitate research but is

recognised to be detrimental to physical and psychological

well-being, reducing the range of species-typical behaviour,

resulting in inhibition of the immune system and a higher

frequency of expression of abnormal behaviour. Single

housing systems are used more commonly for Old World

primates because of the perceived danger associated with

handling them. Timed breeding in single cages is considered

inappropriate for most primate species because social space

is limited, both for the mother and her infant, the opportu-

nity for social development is greatly reduced and the

mother must be returned to isolation when the infant is arti-

ficially weaned. If unavoidable, singly housed primates

must be socially enriched by housing them in close

proximity, allowing visual, auditory, olfactory and physical

contact. Isosexual housing is also relatively unnatural but is

preferable to single housing as the presence of a compatible

conspecific has been shown to reduce stress and increase

the ability to cope. Compatibility of individuals is

dependent on species, age, sex and social experience. Non-

contact familiarisation/socialisation can be used to assess

compatibility and allow dominant/subordinate relationships

to be established without aggression. Heterosexual pairing

is more natural for callitrichid species and is recommended

for owl monkeys and for some prosimian species. In these

cases, if the pairs breed they can be kept with offspring in

family groups. Harem housing is the most natural system

for housing Old World monkeys. It is particularly appro-

priate during breeding and for the development of infants.

Contraception is important in group housing systems to

ensure that the supply of infants matches demand and to

allow females to maintain condition. Early weaning to

increase interbreeding intervals should be avoided where

possible to allow juveniles to develop socially, especially if

they are to be used for breeding themselves. Separation for

hand-rearing is stressful and can influence development and

the ability of the animal to cope with challenges in later life.

As an alternative to rotational rearing of marmoset triplets,

supplementary feeding of all infants on the carrier’s back,

euthanasia of the smallest infant or fostering could be

attempted.

Gang-housing is more stressful than pair or family group

housing in marmosets but is a naturally occurring grouping

in squirrel monkeys. Reproductive success in macaques can

also be higher in this system than in harems. Outdoor

housing provides greater environmental variability and may

provide greater scope for enrichment but must be carefully

managed, particularly in temperate climates. All socially

housed primates should be observed frequently to ensure

that social stability is maintained and that no individual

receives excessive social stress.

Acquisition and transportation

The process of the acquisition of primates and their trans-

portation to the research facility is another aspect of the life

of a laboratory-housed primate that could be significantly

refined (Wolfensohn & Honess 2005). Many factors have

the potential to affect the welfare of the primates during

acquisition and transportation. First, the individual is

captured, in many cases isolated and confined and access to

food or water may be restricted. During transportation the

primate may be exposed to a range of environmental

stressors including fluctuations and extremes in temperature

and humidity, excessive noise and novel movements.

Husbandry is carried out by unknown handlers, which may

be particularly important if stopovers are required (Malaga

et al 1991). Finally, on arrival at the destination, the indi-

vidual will be exposed to a novel environment, unknown

handlers and, in some cases, to unknown conspecifics.

However, the magnitude of the effect of exposure to such

stressors on the welfare of primates is not yet fully under-

stood. The stress associated with transportation can result in

inhibition of the immune system and, as a result, clinical

signs of disease may develop in previously apparently

healthy animals (LABA/LASA 1993) and thus pre-trans-

portation health checks must be thorough and stress must be

minimised. This is particularly important in wild-caught

animals which are likely to be harbouring sub-clinical infec-

tions and for whom the novel process of capture, confine-

ment, transportation and subsequent captivity is likely to be

more stressful. Studies of transportation in calves have

shown that health monitoring must be continued for several

weeks as clinical signs of disease may develop some time

after the transport event (Knowles 1995).

By law in Europe, wild-caught primates may only be used

in science in exceptional circumstances (EU 1986). The

transportation of animals for use in research must be carried
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out within the provisions of the European Directive

(91/628) on the Protection of Animals during Transport

which is currently under revision, the European Convention

(ETS 123) and according to the Resolution on the

Acquisition and Transport of Laboratory Animals adopted

by the Multilateral Consultation in May 1997 (Council of

Europe 1997). These are general provisions applying to all

animals and include the requirement that the travel should

be carefully planned and carried out without avoidable

delay, that all animals should be fit to travel, handled

carefully and that they must be protected from inadequate

ventilation, extremes of temperature, lack of feed and water

and should be transported in suitable containers. If the

animals are to be transported by air, the International Air

Transport Association (IATA) Live Animal Regulations

must be followed (International Air Transport Association

[IATA] 2003). These regulations include husbandry

standards for animals being transported and provide specifi-

cations for containers that should be used. Enforcement of

these regulations in India resulted in a considerable

reduction in transport-related deaths in macaques (Cullum

1966).

The common marmoset breeds well in captivity (Poole et al

1999) and is more commonly bred ‘in-house’ than other

primate species (Rennie & Buchanan-Smith 2005),

although breeding of other primate species is carried out

across Europe. Provided that the housing and husbandry

used are appropriate for the species concerned, ‘in-house

breeding’ is an important refinement of laboratory practice,

as the need for long distance transportation is eliminated

(although animals are still likely to be relocated from time

to time) and exposure to the majority of the stressors asso-

ciated with transportation is avoided. Furthermore, by main-

taining standardised husbandry routines across the research

establishment (as far as possible) and using positive rein-

forcement to socialise and habituate the young primates to

staff, other animals and procedures from an early age, the

stress associated with relocation of in-house-bred primates

could be greatly reduced (Prescott & Buchanan-Smith

2003).

In contrast, a much greater proportion of the Old World

monkeys that are used in research are imported from source

countries (Owen et al 1997; Rennie & Buchanan-Smith

2005). New World monkeys are also imported, to a greater

or lesser extent, depending on the country concerned

(Rennie & Buchanan-Smith 2005). All imported primates

must be transported by air and road to the user establish-

ment in journeys that can last several days (Malaga et al

1991). These animals are more likely to experience stress as

a result of transportation than those relocated within estab-

lishments, as the degree of change and the duration of

exposure to stressors are greater. However, by careful use of

species-appropriate refinements, the degree of stress experi-

enced can be reduced. Details of general measures that can

be used to reduce the stress experienced by primates during

transportation are provided in the LABA/LASA guidelines

for the care of laboratory animals in transit (LABA/LASA

1993) and in the IATA Live Animals Regulations. More

detailed species-specific recommendations are made in The

UFAW Handbook on the Care and Management of

Laboratory Animals (Baskerville 1999; Erkert 1999; Poole

et al 1999) and by Wolfensohn and Honess (2005).

In the revision of European regulations relating to the trans-

portation of animals, it has been recognised that animals are

exposed to the most stress during confinement, and loading

and unloading. These regulations refer mostly to primates

being transported for agricultural and domestic purposes but

data from laboratory-based studies indicate that loading and

unloading are likely to be the most stressful components of

the transportation process applied to primate species. It has

been shown that capture, confinement in a transport cage

and relocation to another room, even within the same estab-

lishment, can result in activation of the HPA axis, diarrhoea

and injury (Line et al 1987; Luttrell et al 1994). Although

the severity of these problems can be reduced with the use

of positive reinforcement training (Klein & Murray 1995;

Reinhardt 1992; Scott et al 2003), elevated cortisol has been

recorded in trained macaques confined in a transport cage

for as little as 5 minutes (Line et al 1987). Although it is

generally considered that the degree to which individual

primates are affected by transportation is dependent upon

the distance travelled, duration of the journey, degree of

social contact permitted, degree of protection afforded by

the transport container (Swallow 1999) and competence of

the staff involved, one quantitative study of 450 wild-caught

owl monkeys suggested that the duration of the journey may

not be as important as the age of the animals (Malaga et al

1991). On arrival, younger owl monkeys (juveniles and sub-

adults) had lost more weight than adults regardless of the

time spent in transit (3–4, 6–7 or 9–14 days). However,

when the animals were weighed again after 30 days in their

new laboratory environment the younger animals appeared

to have adapted better, showing a gain in weight with

respect to their pre-transit weight. In contrast, adults did not

regain the weight they had lost during transit. Younger

animals may be more reactive to novelty because they have

less experience of the changes which may have contributed

to the greater magnitude of weight loss in these animals

during transportation. It was supposed that adult animals did

not regain the weight lost during transportation as a result of

social stress as they were unable to establish appropriate

boundaries by scent-marking because of the close proximity

of the other animals. Honess et al (2004) compared the

behaviour of cynomolgus macaques in an overseas breeding

facility and following transportation by air to a new

location. The transport and relocation caused significant

changes indicative of stress, with no return after 1 month to

behavioural patterns observed at the breeding centre. These

studies illustrate the need to determine the most appropriate

age for transportation and the need to ensure that animals

are fully acclimatised to their new environment before they

are included in scientific studies.

It has been shown that the presence of a favoured conspe-

cific can reduce stress associated with confinement, novelty
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and procedures in both New and Old World primates

(Crockett et al 1993; Smith et al 1998). Wolfensohn and

Honess (2005) suggested that transporting affiliating pairs

together allows for mutual support. They argued that

keeping affiliating primates together should extend beyond

the transport phase to the destination housing. This is a clear

refinement of previous recommendations. Baskerville

(1999) and the LABA/LASA guidelines for the care of labo-

ratory animals in transit recommended that Old World

primates should be transported in individual containers to

minimise the risk of injury as a result of fear-related aggres-

sion. Both sets of guidelines recommended that unweaned

infants should be carried with their mothers but that they

should be checked on a regular basis to ensure that the

infant is not being harmed (LABA/LASA 1993; Baskerville

1999). Under IATA regulation, pregnant females and those

with suckling young are not accepted for transport.

Conversely, it has been recommended that marmosets and

owl monkeys be transported in compatible pairs or family

groups (Erkert 1999; Poole et al 1999), thus eliminating

stress associated with separation from favoured

conspecifics and exposure to unknown conspecifics on

arrival at their destination.

The value of positive interactions with care staff for the

well-being of laboratory-housed primates has been

discussed at length above. The benefit of positive

human–animal interaction and the presence of a known

handler during transportation of primates was stressed anec-

dotally in a report of the translocation of a group of 10

gorillas from the Netherlands to Australia, in which known

handlers accompanied the gorillas throughout the journey

(Kartzoff 1997). Although it is noted that such careful

involvement of known handlers during each phase of trans-

portation is rarely feasible in the commercial transportation

of primates, the importance of the competence of any

handler encountered during the transportation process is

illustrated by Kartzoff’s report. Handler training is also

critical for the safety of the handlers themselves. In fear-

inducing circumstances primates can become particularly

dangerous (Reinhardt 2002) and there are many diseases

carried by primates which are transmissible to humans

(Weber et al 1997). Where possible, habituation or desensi-

tisation to transport cages prior to the day of transit is also

likely to be beneficial (Laule 1999) and transportation

should be avoided where possible.

Section summary and conclusions

Transportation results in the exposure of primates to a wide

range of stressors, from capture, isolation, environmental

extremes and novelty. The effects of transportation are

likely to be more severe in wild-caught animals. The effects

of relocation of primates bred ‘in-house’ can be reduced by

standardising husbandry and management and by social-

ising young animals to both humans and conspecifics.

Social contact can reduce stress during transportation. The

presence of known handlers and habituation to the transport

container may also be of benefit.

Conclusions and animal welfare implications

Refinement techniques must be applied to all aspects of the

life of non-human primates in the laboratory, from birth to

death, to fulfil our ethical and scientific responsibility to

minimise harm and maximise well-being. Thus, refinement

of housing, husbandry and care is of great importance.

Basic guidance on appropriate housing and husbandry

practices is outlined in Appendix A to the European

Convention (EC 1986), which is currently being revised.

However, these guidelines do not take into account differ-

ences in species-specific needs. Many refinements could

feasibly be introduced to improve on basic husbandry

practices but all must be introduced with the specific needs

of the species and, where possible, the individuals in mind.

This simple principle applies to the housing environment

and caging facilities, object, feeding and social enrichments

as well as to breeding practices and the transportation

process.

Although many of the refinements discussed in this review

are not novel, the best available practices with respect to

primates are less well known. In this review we have

provided an overview of current thinking on refinement of

practice applicable to the housing, husbandry and care of

laboratory-housed primates. Used appropriately and in

combination with refinement of the procedures in which

primates are used and of the impact of humans, both during

husbandry and in procedures, the refinements discussed in

this review have the potential to both minimise harm

imposed upon the primates used in laboratories and to

maximise their well-being.
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