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Abstract. Environmental enrichment is a critical component of Refinement, one of the 3Rs underlying hu-
mane experimentation on animals. In this paper | discuss why primates housed in laboratories, which often
have constraints of space and study protocols, are a special case for enrichment. | outline a framework for
categorising the dierent types of enrichment, using the marmoset as a case study, and summarise the methods
used to determine what animals waméfer. | briefly review the arguments that enrichment does not negatively
affect experimental outcomes. Finally | focus on complexity and novelty, choice and control, the underlying
features of enrichment that makes it successful, and how combined with a thorough understanding of natural
history we can put fective enrichment into practice in laboratories. Throughout the paper | emphasise the
need to evaluate enrichment to ensure it is having the dediiect.e

1 Introduction enrichment. | shall provide a framework for categorising
the diferent types of enrichment, with a focus on labora-
I once read a student essay that said “There are many researtdry settings, providing specific examples for marmosets.
papers that can be used to enrich primates”. This tickled me&hall summarise the methods used to determine what anima3
no end. Papers are actually a very good way to enrich priwanyprefer, and argue that in most cases enrichment does n
mates because the primates can destroy them — they can Ipegatively &#ect experimental outcomes. Finally | shall fo-
ripped up, food can be hidden between the pages, scent catus on the underlying features of the enrichment that makg
be added, the primates might add them to their bedding mateit successful, and how we can put these into practice in labd
rial, and paper changes texture in water!! Unfortunately theyratories. The need to evaluate enrichment, and environment
may block drains and one has to be aware of safety concernsnd husbandry changes to ensure they are having the desif
(e.g., staples removed, and non-toxic ink etc.). Of courseeffect, is emphasised throughout.
what the student had meant was that there is a vast litera-
ture on diferent types of c_enrichment that have been used tQ jq¢ of primates in laboratory research and testing,
promote the welfare of primates.

So what can | add to this literature? My intention in this
paper is to focus on providing enrichment for primates in aThe main species of primate bred and used in laboratg
laboratory environment, which hasfiirent constraints than ries for research and testing will be the focus here, namel
zoos which has received more attention in the enrichmenghimpanzees Ran troglodytes still used in USA), rhe-
literature. Compared with zoos, enclosures in most laboratosus macaquesMacaca mulatty, cynomolgus macaques
ries are smaller, often with no outdoor access, have the condMacaca fascicularis common marmosetsCallithrix jac-
straints of study protocols and the research subjects houseehu9 and tamarins§aguinusspp.). Chapters in the UFAW
within them are often subjected to procedures that have th&landbook edited by Hubrecht and Kirkwood (2010) pro-

and enrichment resources

potential to cause pain, 8aring, distress or lasting harm. vide excellent up-to-date accounts on all these primates

To tackle this topic of enrichment for primates in the lab- @nd Young's (2003) book onEnvironmental Enrichmeht
oratory, first, | shall define environmental enrichment, andis still, in my view, the best source to read on the topic.

then summarise why primates may be special candidates fofhe Shape of Enrichment websitettp;/www.enrichment.
org/) provides a range of very useful and practical informa-

tion including the process of planning enrichment, a safety
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Table 1. Behaviours that may indicate poor welfare in primates (NB: not all behaviours are applicable to all species).
Adapted from JWGR (2009).

An abnormal behavioural repertoire and time budget

— Restlessness or hyperactivity (e.g., circling) or general inactivity (lethargy)
— Unresponsiveness or little curiosity towards novelty or fear of novelty

— Limited use of the environment (e.g., spending most time in one area)

— Little or no vocalization

— Excessive eating (hyperphagia)

— Psychogenic excessive water drinking (polydypsia)

— Increased scent marking

Inappropriate social behaviour

— Increased aggression or excessive fear towards or withdrawal from conspecifics
(e.g., hiding at the back of the enclosure, hiding within or behind enclosure furniture)

— Over grooming, or hair plucking of conspecifics leading to hair loss

— Killing or neglect of young

— Fear, aggression or withdrawal in response to humans

Other abnormal behavioural patterns

— Postural stereotypy (e.g., saluting, floating limb, head tossing and rocking)

— Locomotor stereotypy (e.g., excessive pacing, weaving, circling and somersaulting)
— Self-injurious behaviour such as self-biting

— Urine drinking

— Consumption of faeces (coprophagy)

— Teeth clenching or grinding (bruxism)

— Ear or eyebrow holding for extended periods

— Excessive digit sucking

enrichment can be searched on the Animal Welfare Institute’ond Naturé, described environment enrichment am“an-
Primate Enrichment Databasbttp;/labanimals.awionline. imal behavior principle that seeks to enhance the quality of
org/SearchResultsSjenrich.aspx captive animal care by identifying and providing the envi-
ronmental stimuli necessary for optimal psychological and
physiological well-being” (p. 1). The Enrichment Work-
ing Group of the Behavior and Husbandry Advisory Group
(BHAG), a scientific advisory group of the American Zoo
21 Definitions and Aquarium Association, defines enrichment asdy-
namic process in which changes to structures and husbandry
In 1925, Robert Yerkes wroteThe greatest possibility for practices are made with the goal of increasing behavioral
improvement in our provision for captive primates lies with choices available to animals and drawing out their species-
the invention and installation of apparatus, which can be appropriate behaviors and abilities, thus enhancing animal
used for play or work (cited in Shepherdson 1998, p. 7). welfare’ (BHAG, 1999). What these definitions have in com-
Some twenty five years later Hediger (1950) wrote the bookmon (as do the many others, e.g., Newberry, 1995) is the ul-
“Wild animals in captivity” addressing many of the issues timate goal of enhancing animal welfare.
that are still pertinent today, such as the problem of confined
space, the quality of the environment in relation to the nat- Indeed enrichment is a part of the Refinement R of the
ural adaptations, quantity and quality of food in relation to 3Rs, Replacement, Reduction and Refinement (Russell and
method of delivery and timing, and the animals’ relationship Burch, 1959), which underlie humane experimental tech-
with humans. Although the term environmental enrichmentnique and are now enshrined in legislation of many coun-
had not been coined back then, these authors were pioneersires (e.g., European Directive and UK Homffice). Re-
paving the way for a burgeoning discipline which addressedinement is defined as: Ahy approach which avoids or
how to promote the welfare of animals in captivity. minimises the actual or potential pain, distress and other
There have been numerous definitions of environmentahdverse fects experienced at any time during the life of
enrichment. Shepherdson (1998), co-editor of the b&#c*  the animals involved and which enhances their well-being

2 The definitions and categories of environmental
enrichment
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| Refuges, elevations, viewpoints, visual barriers, sleeping sites |

Enclosure size,

Physical design & | Enclosure furnishings (climbing, texture, orientation, motion) |

complexity

| Climatic gradients (light, temperature, humidity etc) |

Contact
— |
Social

| Non-contact | | Visual, auditory, cooperative devices

| Novelty, variety, processing and presentation |

| Frequency, scheduling, predictability |

| Puzzles, novel objects |

Cognitive/

occupational | Positive reinforcement training session |

| Visual - windows, television, coloured light, sight of prey

|

_ | Auditory — conspecific vocalisation |

|
|

| Olfactory & taste —scent (e.g. natural, conspecific), novel food

| Tactile — vet bed, cloth, brush hoard

Figure 1. The categories of environmental enrichment for primates in laboratories (adapted from Bloomsmith et al. (1991) and The Shape
of Enrichment website).

(Buchanan-Smith et al., 2005, p. 379-380). Enrichment—en2.2 Categories of environmental enrichment
hancing well-being — is at the centre of Refinement, although i ) o )
given the context of Refinement in laboratories, there is alsd ©" €nrichment to be successful it must be holistic. Itis helpy

a focus on avoiding or alleviating negative consequences al!l t0 think of enrichment in categories — physical, social,
a result of conducting scientific procedures. food, cognitive and sensory — to ensure that all aspects of|a

Animal well-beingwelfare however, is a multi- primate are being considered in relation to his or her natu
dimensional construct, which we have fiiulties in '@l adaptations. Figure 1 outlines these fiveiatent types

measuring! Welfare lies along a continuum from Jabr of_ enrichme_nt, _vvhich are not mutually excl_usive. Withir_1
to good. BagPoor welfare may be characterisied by a this categorlsatlon_the key concepts (_)f enrichment are in
restricted behavioural repertoire, an abnormal time bud-roduced: complexity and novelty, choice, and control (ang
get, inappropriate social behaviour, increased aggressioﬂ‘e'r relgtlonsh|p tq predictability, see Sect. 6).. It is helpful
to conspecifics and other abnormal behavioural patternd? Planning any enrichment programme to consider what ca
(JWGR, 2009 and see Table 1). Indicators of good welfardd€ done to improve each category. Itis c_r|t|(_:a_l to remembe|
include the primates appearing to be relaxed, inquisitive,inat what may improve the welfare of an individual may not
having a diverse behavioural repertoire, and spending tim&€ aPpropriate for another — carefstaust get to know indi-
in affiliative allogrooming, body contact and play or foraging vm_iuals, and the provision of choice is vital for group-housed
(JWGR, 2009). Dawkins (2004) simplifies animal welfare Primates.

into two questions “Are the animals healthy?” and “Do they

haye what they Want?”._ Whilst i_m_proving welfare is the 3 Gyals of enrichment
ultimate purpose of enrichment, it is usually broken down

into specific goals (see Sect. 3) but first we must considefyjist definitions of environmental enrichment are needed
the range of enrichment possible. to ensure we know what we are talking about, it is better tg
break down enrichment into more specific, and more meg
surable goals, which should be assessed. If the overarching
purpose of improving welfare is not met, the enrichment at
tempt has been unsuccessful. The underpinning goals of e
richment depend upon how specific (e.g., a feeding device, ¢
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the addition of new shelves) or broad (e.g., move to a larger
more complex enclosure, introduction of a human socialisa-
tion programme) the changes are. None-the-less the follow-
ing list, adapted from Young (2003) is imperative to focus
on what enrichment is designed to achieve, and to consider
how to measure its success. As with thffatient categories

of enrichment, these goals are not mutually exclusive.

Increase diversity and performance of normal (wild,
desired) behaviours

In many captive environments especially in laboratories,
the primate is restricted, physically and socially such
that its behavioural repertoire becomes limited. With-
out opportunities anfdr the appropriate external stim-
ulation to engage in certain behaviours, and without
the perception of control such that actions may result
in change, then animals can become listless, unexplo-
rative, disengaged, and their days may be limited to ba-
sic functions. They become bored. The provision of
more complex, dynamic physical and social environ-
ments, with elements of responsivity, and by providing
more choice, will give the primates this perception of
control. Making some positive events less predictable
(e.g., feeding), and providing novelty will prevent or re-
duce boredom.

The term “normal” is used in the above goal, with the
bracketed description that “wild, desired” is what is
meant. In fact, deciding what is normal is extremely dif-
ficult for captive primates, which are not domesticated
nor are traits intentionally bred specifcially for laborato-
ries in a similar way as strains of rats or mice. Certainly
for primates, an understanding of natural behaviour is
critical, in relation to how the primate has adapted to
its ecological niche (e.g., locomotion, posture, forag-
ing, nutritional requirements, food processing, hiding
from threatgpredators, breeding and interacting with
conspecifics etc.). But care must be exercised asiitis un-
likely to be desirable to get captive primates to exhibit
wild-type activity budgets given that their captive envi-
ronments are so flerent (Shepherdson, 1998; Veasey
et al., 1996). In any case, there are few data giving
definitive wild activity budgets for a given species as
they vary across habitats, there are often observational
difficulties, small sample sizes, and genetitettences.
The approach assumes also that wild animals have suf-
ficient welfare, which is not always the case, as wild
animals may be preyed upon, injured, diseased fiesu
malnutrition and receive no veterinary care! Most crit-
ically captive animals adapt to their environment, but
this behavioural change is not necessarily indicative of
decreased welfare. i

Quantifying whether this goal has been achieved is rel-
atively easy — as it focuses on behaviour alone, and the
researcher can draw up a list of behaviours they wish to
see increase, and compare the frequencycaudiration
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before and after enrichment. The methods and welfare
consequences of increasing behavioural diversity must
be carefully assessed. It may be natural, and indeed de-
sirable, to allow primates to mob an object they perceive
to be threatening, or to be cautious of a novel object
or feeding device, thus increasing locomotor behaviour.
What is critical in these instances is that the primate has
perceived control, that he or she is able to remove them
self from the situation and approach in their own time.

ii. Increase positive utilisation of the environment

Many captive primates do not fully utilise the enclo-
sures provided. For example, marmosets and tamarins
are often reluctant to utilise the lower halves of their
enclosures (e.g., Prescott and Buchanan-Smith, 2004);
marmosets may spend the majority of their time in “ve-
randas” or “turrets” which fiords them a better view of
the surroundings, or macagues may be so fearful that
they spend much of their day at the highest point at
the back of the enclosure. Anyfert to increase util-
isation of the environment must be done with a thor-
ough assessment of what is limiting the primates’ use
of the full environment — for example fear (e.g. threats
from group mates, neighbours or caref§teor a lack

of interest in that enclosure part (as poorly furnished,
poor view, etc.). Given the comparatively small size of
laboratory enclosures, ensuring all parts are used is im-
portant (Buchanan-Smith et al., 2004), although it must
be accepted that certain parts are preferred, and making
such preferred parts less desirable to encourage utilisa-
tion of other parts is not an enrichment solution! Instead
enrichment should aim to enhance the attractiveness of
the under-utilised areas, whilst accepting that there are
always going to be preferred areas. It is also important
to note there may be circadian rhythms in patterns of
use.

For primates in laboratory enclosures, understanding
what the primates are doing when you are not present
is critical, and the use of cameras may assist you in de-
termining whether your presence is a significant factor
in where the primates spend their time, and indeed how
they behave. Your presence may influence the primates
such they spend all their time at the top front (or back)
of the enclosure, being vigilant, and when the laboratory
is quiet they may engage in a broader range of social
and other desirable behaviour patterns and more fully
utilise the enclosure as there are no external noises or
humans, which may provide (often unreliable) signals
as to events, to attract their attention.

. Prevent abnormal behaviour developing

This third goal is proactive, and not reactive. Of course,
if abnormal behaviours are already present then the goal
is to reduce their frequency afad diversity, and the re-
duction is measurable. Preventing abnormal behaviours

www.adv-sci-res.net/5/41/2010/



focuses on promoting good welfare and positive emo-
tions. We should be beyond attempts to repairing, or
limiting the damage, and proactively be providing a life
worth living. That said, it is important to know your pri-
mates well enough that you know when they are “out of
sorts”, and can respond before the very first signs of any
abnormal behaviour patterns arise. Permanently remov-
ing ingrained abnormal stereotypic behaviours is rare
S0 prevention is far better than cure. Again to achieve
such a goal it is critical to understand and avoid the trig-
gers for display of abnormal behaviours in relation to
presence of key individuals, or certain events (such as
feeding, cleaning, time of day etc.).

There are a number of factors that increase the likeli-
hood of abnormal behaviours developing including ma-
ternal factors, early rearing environment, single hous-
ing, handling and restraint. Even before the primate is
born, if the mother is stressed the infant has a higher
predisposition to develop abnormal behaviour. For ex-
ample, Schneider et al. (1999) socially isolated pregnant
rhesus macaques for 10 min, five times week in dark-
ened room with random noise. In the short term this
caused decreased infant weight, poorer attention and
neuromotor maturity (e.g. slower development of coor-

dinated movement, response speed etc.) compared to

controls. Longer termsfiects included social deficits
(e.g. inappropriate interactions with conspecifics), in-
creased abnormal behaviour and responsivity to stres-
sors. Early deprivation leads to increased likelihood of
stereotypical and self injurious behaviours developing
as well as depression and an inability to cope with ad-
versity. It also impacts negatively on the animals’ phys-
iology, and its reaction to stress (e.g. a heightened acute
response and longer term lower cortisol levels) and im-
mune function (reviewed in Pryce et al., 2005; Sanchez,
2006; Suomi, 1997) thereby limiting the primates’ abil-
ity to fight disease.

A large survey of laboratory-housed rhesus macaques
reported that 89 %n(= 362) of rhesus macaques show
at least one abnormal behaviour (Lutz et al., 2003). Lo-

gistic regressions on a smaller sample of 239 macaques,

showed that high risk factors in the development and
maintenance of these abnormal behaviours were: indi-
vidual housing at “an early age”, longer time spent indi-

vidually housed, greater number of blood draws and lo-

cation changes, and if the macaques were nursery reared

(with other young macaques), as opposed to mother-

reared. They also noted that males showed a greater

predisposition to abnormal behaviours with self injuri-
ous behaviours being 8-9 times higher. Therefore en-
richment must occur at every stage of the life of a pri-
mate, destined for use in the laboratory, as these early
life experiences have long-lasting consequences. Good
early rearing and life experiences will lead to increased

www.adv-sci-res.net/5/41/2010/
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resilience to face the challenges of the laboratory en
vironment and testing protocol. Even if early maternal
separation has occurred, enrichment may still be ben
eficial. In rats, enrichment during the peripubertal pe-
riod completely reversed thdfects of maternal sepa-
ration on both the hypothalamic-pituitary-adrenal and
behavioural responses to stress (Francis et al., 2002).
the primates are not bred in-house, it is recommende
that breeding facilities and laboratories work closely to-
gether to ensure the primates are not predisposed to d
veloping abnormal behaviours on study. Once on study
increasing the signalled predictability of negative events
is desirable (reviewed in Bassett and Buchanan-Smith
2007), as well as providing appropriate compatible in-
dividuals for social support (e.g., Sdf@er and Smith,
2005), and a stimulating environment which actively en-
gages individuals.

Increase the ability to cope with challenges in a more
normal way
Primates in captivity, and indeed more so in laboratorie

numerous challenges. Primates in laboratories may

captured on a regular basis for handling, weighing an
dosing; the stability of their groups may be regularly al-
tered as individuals are moved onto study, and aspec
of their physical and social environment may be ma-

than most other captive environments, are faced witti
e

nipulated for scientific purposes. As noted above, the

importance of the early rearing environment must nof
be underestimated in the development of primates int
resilient adults. Furthermore, as many challenges in th
environment involve humans (for capture, dosing etc.)
good human socialisation and a positive reinforcemen
programme is likely to be a venyftective form of en-
richment (e.g., Bassett et al., 2003).

There are several ways you can measure whether su
enrichment has been successful in increasing copin
capacity. If physiological measures are being take
then there may be decreases in cortisol baseline and r

sponse, heart rate or blood pressure. Signs of fear (su¢

as fear grimacing, or vocalisation) may decrease, an
the time taken for behaviour to return to normal after,
the stressful event will also decline.

Whilst it is critical that enrichment is designed so that
it is goal driven, once again it is important to empha-
sise that not all of the goals outlined above may bq
achieved simultaneously. The means of achieving th
goals should be carefully considered, and individual dif
ferences must be taken into account. As we shall se
below, although it is easier to assess one change at
time in an individual’'s environment, enrichment plans
should be holistic and address the complexities of pri
mates’ cognitive and social needs.
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4 Are primates special candidates for enrichment? lated to age-related arthritis, deteriorating visiorffidilties

in thermoregulation etc. Younger individuals too require spe-
All animals need special consideration for enrichment, butcial provisioning to allow them to engage more in play, to ex-
in this section | shall outline some characteristics of pri- plore and to learn contingency between behaviours and their
mates that make them challenging (and exciting!) to enrich.outcome. For example, it is known that having control over
Like other animals, understanding the primate’s biology andaspects of the environment improves the welfare of younger,
behaviour underpins successful implementation of environ-more than older, individuals (Badihi, 2006).
mental enrichment. In summary, whilst the evolutionary closeness to our-

On a general level, primate brains are larger (in relation toselves, and potential for greaterfiaring, and potentially
body size) than other mammals used in laboratories, and theglso for pleasure, are good reasons why primates are special
are considered to be cognitively more complex (e.g., Dunbakases, | feel the strongest argument is the need to challenge
and Schultz, 2007). Bigger brains and complex cognitionthe large brains, designed to deal with social and physical
does not necessarily in itself mean that they cafesumore  complexity in their worlds. Enrichment can, and must, di-
(see Mendl and Paul, 2004). Bek¢2002) stated that suf-  rectly address this.
fering may be as great in an individual which experiences
“this is painful as one which is consciously aware arfdéls
pain’. Indeed Broom (2010) has argued that more cogni-5 Knowing what primates want, and whether getting
tively complex individuals may actually help them to cope ~ What they want benefits them
with adverse conditions and therefore noftsuas much as
a less cognitively complex individual. None-the-less, cogni- There are many arguments as to why we should provide en-
tively complex individuals such as great apes, may also pdichment for primates — the first being an ethical responsibil-
able to empathise with the §aring of others, and dread fu- ity to animals in our care. As primates in laboratories are
ture events increasing their own ability toféar (Mend! and used primarily for the benefit of humans (e.g., in toxicol-
Paul, 2004; Smith and Boyd, 2002). Primates certainly expe29y and safety evaluations, applied studies for human and
rience pain and negative as well as positive emotions, but thi¥eterinary medicine and fundamental studies; Rennie and
does not set them apart from other mammals used in laboraBuchanan-Smith, 2005), itis our duty to ensure that they suf-
tories although Broom (2010) suggests that more compleﬁer the least, and we proactively try to improve their welfare
brains may allow for more possibilities of pleasure. TheseSO they lead the best lives they can within the constraints of
arguments are not fully evaluated in relation to good welfarethe laboratory environment and study protocol. To do this we
and stfering but may suggest that primates are indeed a SperJeed to know what they want enrichment-wise, and we need
cial case. What sets them apart, | would argue, is the intri-evidence that enrichment benefits them.
cacy of adversefiects resulting from inappropriate rearing
and that .their Iarger brains ha}ve evolved for anling with the5_1 The benefits of enrichment
complexity of social and physical world. Providing appropri-
ate rearing and such complexities in the laboratory environ-As the overarching goal of enrichment is that it improves
ment can be very challenging, given the constraints of labowelfare, it should come as little surprise that there is a wealth
ratory life, and the study requirements. As a result, primatesof evidence to prove that it can and does! (e.g., see Pri-
can stfer from boredom and fear, and the consequences ofnate Enrichment Database, Young, 2003). There are nu-
this, and inadequate rearing histories and environments camerous examples of the goals outlined above (see Sect. 3)
lead to poor welfare. being met — through the measurement of behaviour. As be-
As already noted one of the greatest influences on an anikaviour is, as Dawkins (2004, p. S4) put thé result of all

mal’s development and resilieniceping ability as an adult, of the animal’s own decision-making processéss hardly
is his or her early rearing environment. Although some pri- surprising that the underlying physiology, immunology, neu-
mates are bred and subsequently used as research subjectsafogy is also changed by enrichment, as this impacts on be-
the same laboratory, many are bred in special centres (oftehaviour and health. Enrichment has been show to reduce
overseas), and the laboratory of end-use does not have diretite so-called stress hormone, cortisol, and to improve the
control over for example, social groups, weaning age, andmmune response (Schapiro et al., 1993, 2000), and to re-
conditions (although many countries have legislation to coversult in desirable body mass gain without a comparative in-
designated breeding centres). Primates are also very longrease in food consumption (Schapiro and Kessel, 1993).
lived compared with other laboratory animals which posesThere is evidence in many non-primate species that enrich-
challenges for care dtdo provide for good welfare through- ment also positively impacts brain cell density, increase brain
out their lives, and as their needs change. Waitt et al. (2010plasticity, improves speed and recovery from brain dam-
provide a list of considerations for designing environmentsage, and enhances memory and other cognitive process (re-
for aged primates that includes accessibility issues, positionviewed in Young, 2003), and a wealth of literature in hu-
ing, size and type of furnishings, to avoid poor welfare re- man and non-human primates emphasising the importance of
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“enriched” environments on infant development (e.g., Ven-a variety of non-primate species (e.g., Hansen and Jeppesq

tura and Buchanan-Smith, 2003). 2006; Spruijt et al., 2001; van der Harst et al., 2003, 2005).

Anticipatory behaviour can be useful as it tells us how ex-
cited the primates get when they know something good wil
happen, with the strength of their excitement indicating how
Let us return to Dawkins’ (2004) argument that animals with much they are looking forward to it. In some preliminary
good welfare are healthy and have what they want. Healthresearch with common marmosets (Badihi and Buchanar
is measured by a battery of measures which include physiSmith, 2005), six pairs of marmosets were studied in each d
cal factors (e.g., growth, body condition), immune and auto-three events (stimuli) known to be positive (marshmallow)
nomic parameters (e.g., temperature, heart rate, blood presreutral (primate chow) and mildly negative (2 s of hairdryer

5.2 Determining which enrichment to give primates

sure), neuroendocrinology (e.g., cortisol, adrenaline), as welblast) to the marmosets. Pavlovian conditioning (pairing the

as reproduction and lifespan. But how can we determinestimuli with the signal) was used so the marmosets learnt th
exactly what primates want — and how much they like it? signal that announced each oncoming stimulus. The mor
The amount of time a primate engages with a specific enkeys behaved tfierently in the anticipation phase between

—

1]

1Y

richment device, how it engages with it behaviourally andthe signal and the occurrence of the forthcoming positiv
vocally or where animals position themselves spatially inevent compared with the neutral and negative events. F

r

relation to the environment are simple enough to measurexample, the marmosets spent more time eagerly awaiting

and give a good indication of their preferences. There arethe positive stimuli — compared with the neutral and aversiv
however, more sophisticated techniques to determine hovgtimuli they spent more time in agitated locomotion, hangin
much an animal likes the enrichment, which have great valueat the cage front and watching the observer when they kne
but also have some limitations in interpretation. Dawkins something positive was coming. These studies indicate th
(2004) and the FELASA (2006) working group document anticipatory behaviour is a useful method for assessing th
summarise a number of techniques to determine how we camalue of environmental enrichment for monkeys.
tell what animals like and want. Such techniques include The critical point to re-emphasise is that choice must bg
preferencgehoice tests, consumer demand studies, and anmaintained. Once tests have determined what animals war
ticipatory behaviours towards enrichment. and what choices are besfared, the opportuity to choose
Choic¢gpreference tests for example, which may give anmust continue. Individual preferences, hierarchical status

animal a choice among fiiérent types of enrichment, may time of day, current health are all factors that may influence
tell us which they like the best of the choice$ased. Know-  your choice. This, combined with the arguments that havf

ing what to dter the primates in the first instance should be ing choice is important, are all reasons whjesing choices
based on a good understanding of their natural history (seghould be a part of the routine.

Sect. 7). Even if choicediered are appropriate, such prefer-

ence test_s cannot inform us of the strength of the choice,_ ang_3 Enrichment and experimental outcomes

their choices may not be independent of the set of options

available in the test (Bateson, 2004). Furthermore such testeVithin laboratories, there is an additional concern that en
do not inform us of the underlying motivation. The choice richment may have unwantedfects on experimental out-

an animal makes may be a result of the animal’s motivationcomes (Benefiel et al., 2005). As | have argued above, that

to minimize deprivation, to maximise pleasure, or to monitor enrichment has an impact on underlying brain structures an
potential risk (Hubrecht, 2010). Furthermore, if the majority can alter physiology, and the immune response, does inde
of animals choose one sort of enrichment this does not measuggest that experimental outcomes may kEedint (re-
that it should be given exclusively — individual preferencesviewed in Sherwin, 2004 and Hubrecht, 2010) although nq
exist, and hence choice must be maintained. research has explored this specifically in primates. Most g
Another approach is consumer demand, where for examthe arguments come from researchers who are concerned tl
ple, the primate has to indicate the strength of their motiva-their science will be adverselyfacted. Below | refute three
tion by paying for it (e.g. by pushing a weighted door to get common arguments why enrichment cannot be used.
access to it, see Cooper and Mason, 2000). This approach The first argument against enrichment is that it may bia
also has some problems as the demand curves derived magsults, as enriched animals will producefelient results
not accurately reflect the value of their choice (Cooper andfrom those living in unenriched environments. But if we turn

Mason, 2001). It is also known that the preferences of anithis concept on its head, primates living in barren, undert

mals and willingness to pay for resources will be influencedstimulating environments that lead to stress and abnorm
by, for example, their stage of development, sex, temperaeonditions will adversely fect studies that are designed to

ment, and past experience (Bateson, 2004). be conducted on normal animals. The normal, evolved state

Animals use signals to predict events, and anticipatory beis one of enrichment, and as ibel (2000) and Garner
haviour seen prior to a known event has also been used to a§2005) argue, animals raised and living in enriched environ
sess the rewarding properties of environmental enrichment iments should be better (not worse) models, and the resul
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from such animals should have improved external validity. of the database relies on your contributions, so do use the
Enrichment should improve data from experiments designediatabase to inform your own enrichmeffioets and to share
for normal healthy animals. your experiences to help to avoid potentiaffeting of ani-

A second argument is that enrichment may influence themals.
variability of the results as between-subject variability in-  Ensuring that there are no serious adver$ects of en-
creases; such increases in variability can lead to reduced serichment is one reason why evaluation is so critical. Another
sitivity and hence a larger sample size required to achieveeason is to provide evidence of its beneficidgieet. Whilst
statistical significance. This opposes Reduction, one of thenrichment need not cost a great deal of money, it often needs
3Rs. There are some reports of enrichment increasing, desome, and may involve changes of routines. Having good ev-
creasing or having nofect on variation (e.g., Eskola et al., idence to show laboratory managers that the enrichment has
1999 for rats; van de Weerd, 2002, for nieet on variation  worked, will likely increase the chances of receiving further
in mice). In some cases, scientific output (such as heart rattunding and motivation for such positive changes. Any fi-
in restrained marmosets) may be at ceilifigeets for highly ~ nancial investment is oftenfiset by improvements in wel-
stressed animals, and improving welfare will increase variafare, and subsequent reduction in animal management and
tion, through more relaxed monkeys. Again, rather than uswveterinary bills. Some sff set in their routines, are often re-
ing the argument of enrichment potentially increasing varia-luctant to get involved with enrichment arguing it is too time
tion as a reason for not enriching primates, concern should beonsuming, but enrichment can become a part of the routine,
given to the reason the primates are being tested, and whetheuilt into the standard operating procedures, and not as is
external validity is important, as it will be in most cases. If sometimes seen, an add on when there is time left over. In
the results are only applicable to and replicable in a certaimearly all cases, the benefits of using enrichment outweigh
unenriched population, then their value will be limited. If the potential negativeféects, if all precautions are taken to min-
results come from highly stressed animals and are at a ceilingmise potential adverse outcomes, and the enrichment pro-
level, their validity to a normal population can be questioned.gramme is well planned and involves team work.

This leads us to the third and final point that enrichment
may reduce replicability across laboratories, and across time. ) _
That enrichment reduces replicability across time or labora8 What concepts underlie successful enrichment?
tories has no good evidence to support it, as even when condi- ) . ) i )
tions are rigorously standardised across laboratories, the rd- have categorised enrichment into fivefférent types
sults from mice still difer significantly (Crabbe et al., 1999). (Fig- 1), but the underlying themes, are concepts that relate
My overall conclusion is that enrichment should be used, butl© the biological functioning of mammals. These concepts
there is a need for case-by-case study in determining whicl&® complexity and novelty, choice, and control (and their
enrichment may be used without adverskeets on experi- relatlonshlp to predictability). They _relate well to_ Poole’s
mental outcomes or sample sizes. Indeed, enrichment, and-998) basic needs of mammals which are security (a safe
improved welfare may lead to an increase in the amount of2"€2 in which to rest and feel secure), complexity, achieve-

experimental data that can be collected, and the data will, if"€nt (control), and novelty (to satisfy curiosity and prevent
most cases, be of higher quality. boredom). Specific examples of how to use the enrichment

categories, and achieve the goals, through consideration of
the underlying concepts are given using marmosets as a case
study in Table 2. In planning any enrichment programme,
such a table might be drawn up for the specific species in
Evaluating any changes made to the environment is criticaU€stion, and once a programme is in place and agreed upon
to ensure that enrichment is reallffective (i.e. improves by the Whole team, rotas developed so there is a clear line of
welfare), and does not have adversieets on the animal's €Xpectation.

welfare or experimental outcomes. Unfortunately some en-

richmenft may have ur_wdesirablﬁ?m:ts, such as inf:reases in g1 Complexity and novelty

aggression (e.g., Erwin, 1979; Honess and Marin, 2006), or

other adversefiects such as increasing stress, injury diseaseAlmost all attempts at environmental enrichment introduce
and infection through access to outdoor areas or if the enrichadditional complexity. The complexity of the captive en-
ment acts as a vector for disease transmission, or adverseljironment includes several dimensions: the physical struc-
affects nutritional balance (Etheridge and O’Malley, 1996; ture of the enclosure, the presence of other individuals, the
Hahn et al., 2000; Murchison, 1993; and see Baer, 1998 fopresence of manipulable objects (Sambrook and Buchanan-
an excellent review). In many cases, such adveffeets go  Smith, 1997). Novelty adds to the complexity of an envi-
unreported, but The Shape of Enrichment website providesonment and as information gathering about relevant aspects
a Safety Database with vital information (in an anonymousof one’s world is a critical part of daily life, novelty pro-
form) and can be searched by several criteria. The succesddes such opportunities to explore and learn. Although it

5.4 Evaluation of enrichment and potential adverse
effects
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Table 2. Examples of applying the fierent enrichment categories (see Fig. 1) to common marmosets. Note that all examples include
increasing complexity, and hence choice, as an enrichment goal.

Enrichment Subcategory Specific example for marmosets Enrichment goals, concepts and behavioural opportunity

category

Physical Enclosure size, design and\dequate size to allow to appropriate group size, arixpression of normal social behaviour, locomotor behaviour, and security (perceived
complexity furnishings to promote quadrupedal locomotion, andontrol) with height; full use of the space.

clinging and leaping, and height above humans.

Turrets and verandas. Improved visual stimulation with>366wpoint in turret, satisfying curiosity,
increasing predictability of husbandry events.

Visual barriers such as hanging screen, and rubber Perceived control over visual access to cage mates and room mates; unpredictable
matting (to which marmosets can cling) and refuges. movement of screen; opportunities for play (e.g. hide and seek, ambushing).

Outside runs or exercise rooms, connected by ducting. Opportunities to engage in wider range of normal behaviours through increased space,
insect capture, and experience of wider range of climatic gradients if outdoors. Rotation
increases novelty, and may introduce new odours, and stimulate senses.

Windows to give visual access to outdoors, Opportunities for pleasurable sunbathing, visual stimulation, perceived potential

care stf areas etc. predators (e.g. birds) and control over response (e.g. ability to ¢badpe

Variety of enclosure substrates to ensure space is — Natural (safe) branches of various diameters and orientations to encourage natural
fully utilised. gnawing. Include bark when possible as this is eagerly removed!

— Large horizontal areas allow grooming, and alternative area to sleep from nest box
(best if higher in enclosure for sleeping, and urine can drain).

Vet beddishcloth hammocks allow play, comfortable resting places and tactile
stimulation.

— Vertical branches to allow clinging and leaping, including to the ground level to
encourage use through secure escape if startled. A wooden picnic table is very
effective in providing secure escape routes as well as opportunities for social in-
teraction, if space allows.

— Rubber mattingvooden trellis to cover smooth enclosure walls to increase useable
space.

— Substrates hung from roof which move to provide unpredictability to encourage
balance.

— Sawdust, deep litter, bark or other floor covering to encourage foraging.

Localised additional heat afat light. Opportunities to choose preferred light or shade, and temperature for “sun bathing”.

Social Contact Breeding group, or compatible group (preferably r€aring for infants is natural and time consuming. Groups give security through numbers
lated if same sex), or opposite sexed pairs (breeding prend social support. Opportunities fdfibation (e.g. grooming and play).
vented using contraception or vasectomy if required).

Positive interactions with humans, such as hand feetinproved ability to cope with challenges through loss of fear of humans; achievement,

ing, positive reinforcement training. and perceived control from training.
Non-contact Peep-hole to neighbouring group. Opportunity to view marmosets in an adjacent enclosure. Non-contact and lack ¢f
response reduces possibility of redirected aggression, but provides meaningful visual
stimulation.

Olfactory stability by maintaining own scent-markedEnvironmental stability, together with species-relevant conspecific olfactory novelty.
substrates in enclosure following cleaning, and stimu-
lation by introductiopaccess to others’ scents.

Auditory play back of &iliative chirp vocalisations at a Increasing #iliative interactions through ecologically relevant auditory stimulation.
natural rate.

Food Novelty, variety, Vary type of food and location. Pleasure in taste of food; positive utilisation of environment.
processing, presentation

Whole fruits and vegetables speared on bamboo, diatural foraging adaptations, physical exercise and balance.
hanging on a string.

Artificial gum tree — syringe gum into holes drilled in Natural foraging adaptations, physical exercise. A simpler solution isiéo gum in
wood. paper cups, hooked inside the enclosure.

Insect (e.g. cricket) or meal worm dispensers. Natural foraging adaptations and movement requiring hand-eye coordination. Unprg:
dictable access to crickgtsealworms as they naturally drop from dispenser, and have
to be caught.

Frequency, scheduling and Several meals spread out throughout the day — may i®ccupies time more usefully and reduces boredom,
predictability clude hand feeding. reflecting the natural feeding patterns.

Timing — gum is usually eaten early morning and befordlatural adaptations; may assist with digestion overnight.
retiring.

Conveyor belt outside cage so food occasionally movésnpredictability of food simulating insect foraging, movement, eye-hand coordination.
across it, and the monkeys have to “catch” it.

Cognitivg/ Puzzles, novel objects Novel objects and furnishings that respond to the rarceived control through contingency of behaviour and object response. Exploration —
occupational mosets in some way — e.g. feathers, cardboard tubeballenge to work out properties of object, unpredictable movement.

dishcloth hammocks. Rotate objects so they remain

novel.

Cooperative device — two individuals are required to sichallenge, social cooperation (appropriate for cooperative primates!), and achievement.
multaneously pull to access food (or other resource).

Positive reinforcement Training for neutral, but useful husbandry tasks, such &erceived control and achievement; occupies time more usefully;
training session in-home cage weighing, collar cleaning or vet inspedielps to deal with challenges better.
tion (e.g. of body parts) obviates the need for capture.

Sensory Visual, auditory, See examples above. Sensory stimulation is an enrichment goal itself.
olfactory, tactile
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is difficult to quantify complexity (Sambrook and Buchanan- between indoor and outdoor, and between small and large in-
Smith, 1997), enclosures for primates in laboratories are obdoor cages gaining information on the monkeys’ preferences
viously less complex than their natural environments. We(together with the gects of these preferences on their be-
should be aware that not all aspects of complexity in the wildhaviour). Marmosets choose the smaller outside cages over
is good (e.g., inclement weather, predators), and in the labolarger inside cages. This may be due to the greater complex-
ratory we select the positive aspects of complexity to mimicity outdoors (e.g., climatic changes, visual stimulation) than
(e.g., physical and social complexity). A consequence ofindoors together with opportunities to engage in insect forag-
lack of complexity is an increase in predictability of stimula- ing. What the researchers do not explore are the welfare ben-
tion, which often leads to boredom. Therefore, environmen-efits of such choice; to do so they would need to determine if
tal complexity and predictability are inversely related; when the marmosets behavedidrently in the outdoor enclosure
one declines, the other usually increases. Consequently, amhen there was a choice to be elsewhere, rather than hav-
abrupt increase in environmental complexity is not desir-ing no choice to be there. Such research on enclosure choice
able, as high levels of unpredictability may lead to tensionhas been conducted on giant pandas (Owen et al., 2005) and
and stress (Buchanan-Smith, 1997a; Chamove and AndeiHustrates that choice is important.
son, 1989). The provision of choice for captive primates may have
Novelty is a key aspect of complexity, but it is known to be many benefits (Hutchinson, 2005), many of which are linked
both enriching and stressful, depending upon what is noveto complexity. Choice allows individuals to have an alter-
and how much control animals have in responding to it. Nov-native place to rest (play, run, sit, eat or any other activity)
elty is also time-limited; animals learn the properties of theif the usual resting place is occupied (potentially by a dom-
objectenvironment rendering it familiar and no longer novel. inant individual). Individual preferences will vary, and pre-
The rate of this learning of the properties and hence continferred options may change. Choice may also reduce boredom
ued interest in the objeemnvironment will depend upon a through exercising the mind. As Markowitz (1982, p. 197)
number of factors such as complexity, predictability and re-said ‘we should leave as many decisions as possible to the
sponsiveness. animals to increase their behavioural opportunities. Finally,
There is good evidence that more complex environmentsan important aspect of choice for animals is that there is per-
have a positive impact on the behaviour and welfare in aceived control. For care dfathe provision of choice means
range of primate species (e.g., Jensvold et al., 2001; Kerthat they do not need to invest time in identifying each indi-
and Rothe, 1996; Kitchen and Martin, 1996). As well as vidual's need, although careful observation must continue to
the positive behaviouralfiects, Kozorovitskiy et al. (2005) ensure the choicedfered are appropriate.
found the biochemical structure of the brain of common mar- Choice and control are so closely inter-linked in most cap-
mosets was enhanced, after only one month in a more comntive situations that they are identical. When we increase com-
plex, enriched environment. However, doubling the size ofplexity, in physical, social, food, cognitive or sensory do-
the enriched cage did not elicit further physical changes.mains, we are also increasing the choices available, and vice
This backs up the arguments that it is complexity of the versa.
cage that is important, not its size per se (e.g., Badihi et al.,
2007; Buchanan-Smith, 1997a; Kerl and Rothe, 1996; No-g 3 ~ontrol
vak, 1989; Poole, 1990). Complexity is such a broad concept
it can be applied to all categories in Fig. 1. Control is dificult to define. In an attempt to enable the mea-
surement of control, Sambrook and Buchanan-Smith (1997,
p. 208) dtered this operational definition: “.the djference
in likelihood of an event occurring depending on an animal’s
Complexity and choice are closely related, and therefore bottbehaviour. If the animal’'s behaviour does not influence the
complexity and choice are more limited in captivity com- likelihood of the event then the event deemed uncontrolfable
pared to the wild. What is critical about choice in relation As with complexity and choice, control is diminished in cap-
to welfare is that there is pleasure to be gained in the act ofive environments (Carlstead, 1996; Chamove and Anderson,
choosing, and the very fact that choice exists allows the ani1989), while the main adaptive aspect of behaviour is the
mals to control a major part of its environment based solelyability to control (Sambrook and Buchanan-Smith, 1997). As
upon its desire at any given time. So, for example, choicesuch, many researchers have highlighted that control is crit-
of substrates for primates may have an underlying motiva-ical to good welfare (e.g., Barber and Kuhar, 2006; Bayne,
tion of comfort, to sun on a perch, and then then move t01989; Buchanan-Smith, 1997b; Line et al., 1990; Rosenblum
the shade to rest on a cooler substrate, such as rubber mathd Andrews, 1995; Scott, 1991; Warburton, 1991).
ting. Research on primates however, is limited to identify- Control and predictability are inextricably linked — if an
ing what primates prefer, rather than theets of choice or  animal can control something, he or she can predict that it
the motivations underlying choice. For example, Pines andwill happen. Most of the research on controllability has ex-
his colleagues (2007) allowed common marmosets to choosamined control over aversive stimuli (e.g., electric shock),

6.2 Choice
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and demonstrated that allowing control over aversive eventsveight. Furthermore, animals may become obsessed with the
improves the animal’s welfare (Overmier et al., 1980). Han-new feeding opportunity. Markovitz and Line (1989) found
son and co-workers (1976) showed that allowing rhesus monthat rhesus macaques would touch a control switch severg
keys control over high intensity noise, resulted in lower lev- thousand times to receive a food reward. The desirability
els of the stress hormone cortisol, relative to a yoked groupf such behaviour is questionable, and it could be consid
(that received identical high intensity noise) but had no con-ered as another type of stereotypic behaviour (Sambrook and
trol. Overmier and Seligman (1967Xfered the “Learned Buchanan-Smith, 1997).
helplessness” theory to explain the detrimental outcomes of Research on control over novel objects has shown that pr
exposure to uncontrollable aversive events. According to thismates prefer objects that they can control, or in other words,
theory, these detrimental outcomes are the consequence objects that respond to their actions towards it (e.g., by mak
motivational, cognitive, and emotional deficits due to pro- ing a noise), or are manipulable (Sambrook and Buchanan-
longed exposure to noncontingent (uncontrollable) eventsSmith, 1996; Videan et al., 2005; Vick et al., 2000). Line and
Positive reinforcement training is one way to increased per-co-workers (1990, 1991; Markowitz and Line, 1989) found
ceived control as the animal learns to cooperate (Bassett anithe behaviour of adult rhesus macaques improved (a signifj-
Buchanan-Smith, 2007). cant decrease in negative or undesirable behaviour patterns,
As enrichment is more focussed on adding positive el-such as cage manipulation, abnormal behaviour and autp-
ements rather than removing or minimising negative ele-grooming) when they were given control over food and 4
ments, we should explore control over positive events, suchradio set (turning it on andff) through manipulation of a
as control over the delivery of food, over novel objects, device. These monkeys also exhibited lower cortisol levelg
visual and auditory stimulation. Providing control over and heart rate values in response to restraint, and a faster fe-
the delivery of food, water and treats improved the be-turn to normal heart rate value after restraint. The welfare of
haviour of rhesus macaque peer-reared infants. They ineommon marmosets given control over additional illumina-
creased their exploratory behaviour, coped better when setion in their enclosure improved compared to yoked groups
arated from peers, and displayed less fear after being subwho received the same increases in illumination but no con
jected to provocative events (Mineka et al., 1986). In atrol (Badihi, 2006).
similar study, Roma and co-workers (2006) found that sur-
rogate peer-reared (individually—houseq with daily access tq_osing control
peer group) rhesus infants that were given control over food
delivery (by lever pressing) were significantly more active Despite the positivefiects of having control, one must take
(including locomotion and exploratory activities) and exhib- care with the choice of environmental elements that one give
ited significantly lower cortisol reactivity compared to yoked primates control over. Think about what it is like when some-
monkeys, when exposed individually to a novel enrichedone else is channel flicking through television programmesg!
environment. To emphasise th€ext, there was a posi- One of the dficulties in providing captive animals with a de-
tive correlation between the amount of lever pressing in thevice that controls environmental variables (such as music g
home cage and behavioural activity in the novel environmenttelevision with the sound on) is that often only one membef
whilst cortisol reactivity to the novel environment was neg- of the group controls the device, and all other group mem}
atively correlated. Reinhardt (1993) found that rhesus mon-bers are fiected by the stimuli. The same probleffieats
keys preferred to work for their food (i.e. invest affiogt in primates housed in a colony room. If the control over thg
acquiring it), even when the same food was also freely avail-stimuli is given to members of only one cage, other indi-
able dfortlessly. This behaviour was interpreted as a desireviduals within the colony room have no ability to control it,
for control. which may be detrimental to their welfare (Buchanan-Smith
However, Sambrook and Buchanan-Smith (1997) arguedlL997a).
that the animal’'s tendency to work for their food does not Furthermore, you should be aware of the potentitdats
reflect a desire for control, as by performing the behaviour,of loss of control — when the controllable device is removed
the likelihood of reward occurring is actually lower than if or the primate is transferred to another facility. Losing con
the animal gets some of the free food available (i.e. somdrol has negative consequences especially for loss of contrp
of the time that might be spent eating the freely availableover negative stimuli (e.g., Mineka and Hendersen, 1985).
food is taken up with performing the behaviour necessaryWhen rhesus monkeys lost control over high intensity noisg,
to control its delivery). Instead, contrafreeloading is more cortisol levels were significantly higher than when the sam¢
likely to be a form of exploration and assessment of poten-animals had control over the noise, and than monkeys wh
tial food sources, that may become more valuable in futurenever had control over the noise (Hanson et al., 1976). Al
(e.g. Inglis and Ferguson, 1986; Inglis et al., 1997). In addi-though no work has been done on the loss of control ove
tion, whilst feeding captive animals in ways that best improvepositive events in primates, Zimmerman and Koene (1998)
their welfare is critically important, allowing control over showed that loss of controllability over light and food led
feeding has limitations as many captive animals are overto higher levels of gakel-calls (which indicate frustration) in
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laying hens, compared to control sessions. In contrast, Hodgfood, informing them of ripeness, or warning them of preda-
son and Bond (1994) did not find any significanffeliences tors (e.g., Buchanan-Smith et al., 1993; Buchanan-Smith,
in the behaviour of rats that were exposed to loss of controR010). Simply providing a scent that has no meaning is there-
over food delivery to that of individuals who were exposed fore unlikely to change behaviour in a positive way for long
to uncontrollable food delivery. periods. If scent alone was enriching, we may spend con-
The links between complexity, choice and control (and siderable time simply sffing perfumeaftershaves from the
their relationship with predictability) are extremely compli- bottle! Rather we are more interested in scent when it is as-
cated, but the review serves to highlight the importance ofsociated and provides clues to a person or informs us of the
each, and the negative consequences of their removal. Thi@cation or tastiness of food! In a similar way, for scent en-
final section highlights how such concepts should be put intarichment to be ffective for primates, it needs to be put in
practice, dependent upon species adaptations. a meaningful context in relation to natural history. For ex-
ample capuchins will enthusiastically rub smelly objects on
themselves, as it is a natural behaviour with the potential for
7 Making enrichment relevant: concept to practice insect repelling purposes (Fragaszy et al., 2004).
A similar case could be made for television or auditory
Planning enrichment must involve clearly defining the goals“enrichment”. To use the latter as an example, we should re-
and considering how the intended enrichment will relate tomember that what is music to humans may simply be an un-
the concepts underlying successful enrichment. A thorouglpleasant noise to non-humans. Indeed music is not received
understanding of the natural history of primates in your carein the same way by all humans; given my background | en-
is absolutely vital to planning relevant enrichment. As criti- joy listening to the Scottish bagpipes (in the distance) but |
cal for success is ensuring all members of the team are emrealise it is not to everyone’s taste! In laboratories where pri-
powered and involved in the enrichment programme. Enrich-mates are involved in procedures that may make them feel
ment should not be an add on to daily husbandry routinesunwell (e.g., in some toxicology, following surgical proce-
but a vital part of primate care (Rennie and Buchanan-Smithdures), such noise may act as an additional stressor over
2006a). Enrichment initiated by a single person, howeverwhich they have no control. Evidence to back up the lack of
well meant, usually fails. The animals mayffaw when the  positive défect of music comes from a study on théeets of
individual is on holiday, or ill, due to loss of enrichment, recorded harp music on African Green monke@&lproce-
and the number of primates that one individual can enrich ishus aethiops There were no beneficiaffects on heart rate,
fewer if there is only one person delivering enrichment. Hav-mean blood pressure, respiratory rate, and body temperature
ing a team that includes involvement of all carefisStwho  (Hinds et al., 2007). Furthermore, McDermott and Hauser
are often the instigators of such programmes given the sat2007) showed that cotton-top tamarir@aguinus oedipis
isfaction they gain from improving welfare), named animal preferred slow tempo to fast tempo music, but overall they
care and welfarefficers, veterinarians, scientists, as well as preferred silence! Even attempts to play natural sounds
the facility inspectors, is the key to success. Sharing ideashave met with limited success. Rainforest sounds played to
and the positive changes resulting from such programmesdult lowland gorillasGorilla gorilla) resulted in the infants
is important for momentum. It is also important to ensure spending less time clinging (and the authors regarded this as
the enrichment does not interfere with scientific output (seepositive) whilst there was increased agitation in the adults,
Sect. 4), and for food enrichment care must be taken to eneonsidered to be negative (Ogden et al., 1994). However,
sure the nutritional content (including calories) is appropri- there are some studies that have found positffeces of au-
ate. ditory stimulation in laboratories. Howell et al. (2003) found
Table 2 gives examples of enrichment that are based othat when chimpanzees were played music, loud enough
a good understanding of natural history, and hence are ecdhat the lyrics and melody could be heard, they showed less
logically relevant for common marmosets. Evidence of theactive behaviours including aggression, agitated behaviours
importance of understanding natural history comes from ex-and exploratory behaviours and morélative behaviours
amples of where the enrichment has not been relevant antikke grooming. Rhesus macaques have also been found to
hence has met with limited success. One example is thengage in morefhliative behaviour when played jazz mu-
addition of scent to an enclosure (e.g., Ostrower and Brentsic (Novak and Drewsen, 1989) and O’Neill (1989) noted
1997; Wells et al., 2007). Scent in the wild is used becauseghat abnormal behaviours including stereotypical behaviours
it is informative. In marmosets and tamarins the chemicaland self-mouthing, were reduced. Part of the accrued bene-
signals deposited are important for communication as theyfits may come from masking other laboratory sounds (Ren-
contain useful information on individual identity, rank and nie and Buchanan-Smith, 2006b) which act as unreliable sig-
reproductive status, they play a role in reproductive compe-nals to events, and such unreliability is known to have neg-
tition, and may also aid territorial defence, inter-group spac-ative welfare &ects (Bassett and Buchanan-Smith, 2007).
ing and provide cues as to mate quality for marmosets anduch sounds intended to mask aversive noises in the labora-
tamarins. Scent may also play a role in leading animals tatory may also inadvertently mask communications between
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