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Abstract

There are numerous guidelines recommending thaivegmimates live in complex
environments in which they have the opportunitynke choices and the ability to
control aspects of the environment, despite thie diciuantitative evidence to suggest
these qualities improve welfare. Complexity, chaoe control (the ‘Three Cs’) are
inter-related and therefore it is complicated tpasate their effects. The main aim of
this thesis was to examine how the ‘Three Cs’ affeslfare, using the common
marmoset Callithrix jacchug as a model. Behavioural measures and prefereste t
were used to determine the impact and significaricke ‘Three Cs’ on welfare.
Experimental manipulations were natural (i.e. agteutside runs), or unnatural
(e.g. pressing a button to control additional ilination). In a series of different
studies, marmosets were moved to larger and manplea enclosures, were allowed
to choose between indoor cages and outdoor complelasures and were able to
control additional white light or coloured lights their home enclosures. The results
of these studies show that appropriate levels df @athe ‘Three Cs’ had a positive
influence on the welfare of the marmosets, espgg@al youngsters. Although having
control over light, and increased illumination ifseproved welfare, providing a
choice of access to outside runs (which were mongptex and allowed the
marmosets greater control over their activitiesytted in the greatest welfare
improvement for marmosets of all ages. Loss of sx;oar control, did not appear to

have a negative impact.

The marmosets were housed in pairs or in familyigspin the different

studies. A cross-study comparison shows that thgosition of the groups affected

Xi



the behavioural response of adult marmosets tao@mwiental enrichment.
Unexpectedly, it was also found that, when housextandard laboratory conditions,
adult marmosets were more relaxed when housedri than when housed with their

offspring.

A secondary aim of the thesis was to quantify weliadicators and activity
budgets of common marmosets in a range of diffeseaial and physical contexts,
and to compare this with the behaviour of wild masets, to increase our
understanding of what is “normal” in captive sitaas. It is concluded that it is
critical to sub-divide locomotion and inactivityendifferent levels to interpret these
measures accurately. Levels of calm locomotiongased in enriched environments,
while levels of relaxed inactivity and scent madkotecreased. A number of

recommendations for the care and housing of martm@se made.
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Chapter 1

The Welfare of Captive Animals

“Experiments using animals have played a crucilel mthe development of modern
medical treatment, and they will continue to beassary” (Botting & Morrison,
1997, p. 83). As a result, a huge number of nonmuamamnals including nonhuman
primates are being used every day in medical, pdggical and biological research.
Our basic duty as human beings is to ensure thamsadf those individuals who
serve to fulfil our egocentric desires (Remfry, Z9Reinhardt, 1997a). The overall
objective of the present thesis is to seek moresw@ymprove the welfare of captive
animals in general, and that of common marmogeadithrix jacchug held in

research facilities in particular.

1.1 THE SIGNIFICANCE OF THE WELFARE OF ANIMALS IN

RESEARCH
The belief that animals (at least vertebrateskantient has raised the matter of
animal welfare (Dawkins, 2006; Webster, 2006). #ren ‘animal welfare’ “arose in
society to express ethical concerns regardingrdsrhent of animals” and has been
“adopted as a subject of scientific research asdussion” (Duncan & Fraser, 1997,
p. 20). Accordingly, the fundamental motivation the study and promotion of
animal welfare is ethical (Tannenbaum, 1991). Hewewith the development of the
study of animal welfare it has been shown thattbiare of the research animals is
significant not only for ethical reasons, but disothe quality of the research (e.g.

Coe et al., 1987; Baumans, 1997; Chance et alZ;3®mpermann et al., 1997,



Morton, 2000; Weed & Raber, 2005; Kozozrvitskiyaét 2005), and for economic

reasons (e.g. reduced mortality rates, Mantec&§)199

Good animal research is based on normal, healtinyads (unless the study is
of a diseased animal). Scientific methods assumaltsence of confounding factors
and uncontrolled variables. However, it is cleat fhoor psychological well-being of
the study animals or the presence of non-uniformooridentified stressors might
introduce unwanted variables into an experimesyltig in increased variance and
non-repeatable data (Poole, 1997; Weed & Rabeg)2G0rthermore, a decrease in
the variation of the study animals would reducerthimber of individuals used

(Baumans, 1997).

1.2 THE DEFINITION OF ANIMAL WELFARE

The welfare of an animal refers to the state ofahienal in relation to its environment
(Broom, 1991a, 1996), and to the animal’'s qualitiffe (Duncan & Fraser, 1997).
These factors involve various elements such asvimainal repertoire, physical health
and condition, and mental health, and can be medsnrthe short and long term
(Broom & Johnson, 1993). Broom (1988, 1991a, 19214y stressed that the welfare
of an animal is a characteristic of the individwald not something given to it, and
hence, can be measured. However, Dawkins (1998fnbat it is clear that no single
measure of welfare is sufficient on its own, buréhis still disagreement regarding
the significance of each measure and the link batvwikem. Further, she argued that
“there is a persistent tendency to believe thai@gneasure of welfare...is attainable

if we only knew how to construct it” (p.307).



Several scientists stated that it is impossiblédiine the term ‘animal
welfare’ as we might define a technical term, arglaad we have to “set out the
underlying values” (Duncan & Fraser, 1997, p. 2&8nienbaum, 1991; Sandge &
Simonsen, 1992; Mason & Mendl, 1993). On the otizerd, Broom (1988) defined
the welfare of an individual as “its state as relgars attempts to cope with its
environment” (p. 5). Webster (1994) argued thaglsisentence definitions such as
Broom’s do not really advance our understandingd,taen gave his own single
sentence definition: “the welfare of an animal mustdefined therefore not only by
how it feels within a spectrum that ranges fronfexirig to pleasure but also by its
ability to sustain physical and mental fithess aagreserve not only its future quality
of life but also the survival of its genes” (WebistE994, p. 11). Whilst defining
animal welfare is important, in order to improveearch on animal welfare,
definitions alone are not sufficient and we havedanore practical. Duncan and
Fraser (1997; Fraser et al., 2000) presented theae approaches of conceptualising
animal welfare: the subjective experience approtehbiological functioning
approach, and the natural living approach. Thesetmain schools of thought are

discussed in further detail.

1.2.1 The subjective experience approach

Most people believe now that animals can experisnbgective feelings such as
pleasure and suffering, hence it is natural tosudgective experience when
evaluating the treatment of animals (Duncan & Frak@97). The animals’ capacity
to experience suffering and happiness is centridleéa@oncern about animal welfare
(e.g. Singer, 1990). Similarly, the subjective ifleg$ of animals have been

emphasized as a key component in the researchrodlawelfare (Dawkins, 1980,



1990, 1998; Duncan & Petherick, 1991; Duncan & &ra%997), or even as the only
thing that matters (Duncan, 2006). However, Barraard Hurst (1996) argued that
animal welfare will always be difficult to measurecause it relies on the
understanding of other species’ perception andsaectrules. In the absence of such
fundamental understanding, it may be impossiblatrpret behavioural,

physiological, and clinical measures.

Methods to assess welfare according to the subgetkperience approach
According to the ‘subjective experience’ approasyative subjective states such as
pain, fear, frustration, hunger, and thirst willluee animal welfare, while positive
experience such as comfort, contentment, and pleagll improve animal welfare.
However, there is still much research to be dorerder to reach a sufficient
understanding of these subjective feelings of alsrflauncan & Fraser, 1997).
Several methods have been suggested in order &vstadd the feelings of animals.
One of these methods is the study of animal preéa®for different environmental
conditions, and the strength of the animals’ mdibrato obtain or avoid certain
features of the environment. The fundamental assompf the research of
preference tests is that animals will prefer enwinents in which they experience
more comfort and pleasure and less negative enaitspates (e.g. Broom, 1988;
Cooper & Mason, 2000; Mendl, 2001; and see beldwnwdther method which can
provide information about animals’ feelings towaeshwironmental features or events
is the anticipatory behaviour that animals perfarithe gap between a given signal
and the occurrence of a forthcoming event (Spetigl., 2001; van der Harst et al.,

2003).



A different approach is to link the performanceabhormal behaviour as a
symptom of some form of negative affective state.iRstance, the performance of
stereotyped behaviour by captive animals or theamgmce of behavioural patterns
out of context have been interpreted as an indicHtdifferent types of negative
affective state such as boredom and frustratiom(éfsfelder, 1990, 1993; Mench &
Mason, 1997; Mason & Latham, 2004). However, itriportant to point out that the
presence of stereotyped behaviour is not necegsarindicator of poor welfare, and
may, for example, remain as ‘scars’ of previousatieg experience (Mench &
Mason, 1997; Mason & Latham, 2004). Further, ca@hservations of normal
behaviour can provide us with a great deal of imiation about the animal’s
preferences, requirements, dislikes, and the arsnmérnal state, as behaviour is the
first reaction of an animal to the environment (lgn1998b). Similarly, vocal
signals can also provide information about the afisrsubjective experience
(Mulligan et al., 1994; Weary & Fraser, 1995). Damtand Morméde (1983)
suggested that the reactions of animals to enviesah situations are expressed in
hormonal and behavioural changes, and as theselasses of responses are closely

related, both of them can be used in order to medbe animals’ subjective state.

Wemelsfelder (1997b, 2003) suggested that the stssed of ‘whole animal’
expressions allows us to describe emotional expegias a dynamic, fluid, multi-
faceted process. Wemelsfelder and co-workers (26@éljated the welfare of captive
pigs using categories of attentional style (e.gh@siastic, timid, curious, or bored)
which provided (according to the authors) empiraaess to the quality of the
animal’'s experience. One criticism of the above t@yhat qualitative assessment of

the animal’s experience may be affected by theatige interpretation of the



observer. However, studies have shown consistaiglyintra- and inter-observer

reliability (Wemelsfelder, 1997b).

Objections to the subjective experience approach

The fundamental objection to the subjective expereeapproach (and even to the
overall idea of animal welfare) is the view thanhaman animals are not sentient.
Dawkins (2006) described some scientific evideceegate this view; however, she
also stressed that the study of sentience (in latians and other species) is one of
the hardest problems in biology, and more reseiarnbeded. A more moderate
objection to the subjective experience approathasscientists are unable to evaluate
the mental state of an animal as humans canndy tealerstand other species’
perceptions (Curtis, 1985). However, Duncan (2G0§ped that in order to assess the
welfare of a captive animal, an indication of howspive or negative that animal is
feeling would be necessary. Further, these indioativould have to be indirect as
“the feelings and emotions of animals, like the sroent of subatomic particles,
cannot be observed directly” (Duncan & Fraser, 1g923). In addition, new
research methodologies may provide us with addiliknowledge regarding different
aspects of the subjective experience of nonhumemads For example, the study of
animal cognition should help us to understand thmals’ points of view, and
therefore improve our understanding of animal welf@8ekoff, 1994, 2000;

Kirkwood & Hubrecht, 2001). Further, neurophysmiteal research has provided an
insight into the similarities between the brairhafman and nonhuman animals, and
may therefore help to clarify what kind of feelinrgsimals are likely to experience

(Manteca, 1998).



1.2.2 The biological functioning approach

A second view is that the welfare of an animalagelated to the biological
functioning of the individual. According to thisew, disease, injury, and malnutrition
will be signs of reduced welfare of an animal, whiigh levels of growth and
reproduction, ultimately high rates of longevitydaniological fitness, and normal
functioning of physiological and behavioural proxesll indicate good welfare
(Duncan & Fraser, 1997). Different scientists haslepted the biological functioning
approach for various reasons. For instance, Cir®#85) argued that the assessment
of welfare cannot include an evaluation of mentdfesing, simply because scientists
are unable to measure it. According to Curtis ()9B8& evaluation of welfare should
take into account available evidence such as ploggeal, immunological,
behavioural, and anatomical indicators of stressdastress (although how to interpret
these indicators must still be developed and rdjinéwo further reasons are given by
Duncan and Fraser (1997) for the adoption of thépical functioning approach.
First, scientists attach little or no importancéntav an animal feels. Second, the
organization of different indicators of welfaredarhierarchically ordered manner put

the physiological needs in the highest positionr{€ul1985).

Methods to assess welfare according to the biodddinctioning approach

It is relatively easy to evaluate animal welfarengghe biological functioning
approach. It is easier for example to indicate #maanimal is in a poor physical state
than that it is unhappy (Duncan & Fraser, 1997jthar, it is possible to measure
biological functioning in the short and long ter@&tort term measurements will
include, for example, behavioural indicators ofrpdieart rate, body temperature, and

levels of stress related hormones. Long term measemts will include, for instance,



reproductive success, longevity, weight changessomes of the functioning of the
immune system, condition and quality of skin andtcgait pattern, rate of growth

and aging. (Novak & Drewsen, 1989; Broom & Johng®93).

Many scientists who use the biological functionagproach to animal welfare
have been greatly influenced by the concept o§stfPuncan & Fraser, 1997). For
example, it has been suggested that “if an anisnaliffering from stress, its well-
being is jeopardized” (Moberg, 1985, p. 46). Mobgr§85) also argued that the pre-
pathological state can be used as an indicatdregsand a risk for the animal’s well-
being. However, it has been suggested that the‘stress’ is not suitable in relation
to animal welfare for several reasons. First, gmnt'stress’ itself is not easy to define
or to measure. Second, activity that is associtdustress may be pleasant or
unpleasant. Alternatively, the term ‘distress’ wsaggested as more suitable, as
distress is always disagreeable, and it may be agpeopriate and more specific to
characterize welfare as the absence of distre$ge(3974; Novak & Drewsen,

1989). However, even the use of the term distreassociation to welfare is
problematic as it is possible to find a situatiomihich an animal might neither
experience distress nor good welfare, for exampiederately bored monkey (Novak
& Drewsen, 1989). Another way to link the biolodifanctioning of an animal to
welfare is by the fulfilment of the animal's negdtsr survival, health and comfort). It
has been suggested that these needs differ in temar for the animal, and humans
cannot easily assess the relative importance aitffegent needs (Duncan & Fraser,
1997). However, the more adequately the animaksis@re met, the longer that

animal may be expected to live (Duncan & Frase®,7)9



Objections to the biological functioning approach

There are few objections to the biological funcimgnapproach. However, in some
cases the interpretation of biological functionanyl its link to animal welfare are not
clear. When the animal’'s immediate functioningasnpromised there is likely to be
little disagreement that the quality of the lifetbé animal is affected. However, the
opposite is not always true; an animal can be lhalhd still experience poor
welfare. Therefore, the biological approach carvigi®only information concerning
poor welfare, with fewer indicators of good welfahe addition, the link between
other aspects of functioning, such as growth @té&vels of stress hormones is less
obvious, and there is little consensus on the es#iat should be used in assessing
such measures (Duncan & Fraser, 1997; Mench, 1888lly, different measures do
not always co-vary, the significance of some measig difficult to interpret, and
sometimes a repeated study might yield differesuilts, as a small change in the
environmental conditions which might be impercelptio humans, may play a

significant role for animals (Mason & Mendl, 19 shen, 1991, 2003).

1.2.3 The natural living approach

An alternative approach is that of ‘nature knowsthevhich means that animals
experience enhanced psychological functioning whew display the full behavioural
repertoire shown by the same species under natongiitions, and that to promote the
welfare of animals we should raise them in nateraironments (Novak & Drewsen,
1989; Lindberg & Coe, 1995; Duncan & Fraser, 199he fundamental rationale
behind this approach is that the species typidaheur is what the animals have
been programmed to do or to be (Morton, 2003). Béegfson (1990) suggested that

natural behaviour is desirable for two reasonstFis performance indicates that the



captive environment is providing similar charad®es to those found in the wild
(e.g. complexity and control), and most animalsehavolved the physiology and
behaviours necessary to cope with their naturatdizsb Second, natural behaviour is
desirable because animals have ‘behavioural needsan environment that does not

cater for these needs may cause frustration amerswgf (Hughes & Duncan, 1988).

Methods to assess welfare according to the nativialg approach

The most common welfare assessment according taatioeal living approach is the
comparison of the behavioural repertoire of capéimgnals to that of wild
counterparts; this comparison includes the actisplaly of a certain behavioural
pattern, and the frequency and duration of itsqrarhnce. Dawkins (1998) argued
that there are no general rules to predict whedlggven behavioural patteper seis
important for enhancing the welfare of captive aalsnHowever, if one takes the
moderate view to the natural living approach, tthenmeasure of the preferences of
an animal and its motivation to perform certaincsge typical behaviour in certain
circumstances or to reach a specific feature o&timmal’'s natural habitat would lead
us to possibilities of better housing and manageémenditions in captivity. In this
respect methodologies are similar to that of thgesive experience approach.
Another method is to examine the probability theitore animals would survive in
their natural habitat, shown by reintroductionttNovak & Suomi, 1988); however,

the logistics and ethical considerations of thisrapch preclude its use in most cases.

Objections to the natural living approach

There are many objections to the view that caivenals should exhibit a full range

of species typical behavioural repertoire. Filsé, phrase ‘range of species typical
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behaviour’ is vague and unspecified. It is unclghether the exact frequency and
duration of a specific behaviour should be congddNovak & Drewsen, 1989).
Second, if a full range of species typical beharabtepertoire is required in order to
conclude good welfare, then in most populationsagitive animals the welfare will

be considered poor. Further, the composition oficagopulations is often different
from that of wild population because of space anadtber restrictions. For instance,
when animals are housed in single sex groups,difernmance of hetero-sexual
behaviour patterns is prevented. Would the welfdiich animals always be
considered poor as a consequence? Third, a stigagtion to the natural view is that
not all species typical behaviours are necessargdptive animals, and the absence of
a particular behavioural pattern would not necelysesmpromise animal welfare
(Rosenblum, 1991; Veasey et al., 1996a, 1996b; esyk998). Moreover, some
natural behavioural patterns (e.g. infanticideyrigus aggression) may harm the
welfare of animals in captivity (Novak & Drewser88B) and would be considered as
undesirable in captive environments. Poole (198ysested that animals experience
severe and even fatal problems in nature, and mlag¢iral behaviour “most often
represents a life and death struggle for surviyal218). Therefore, the assumption

that natural behaviour is an indicator for goodfarel is unrealistic.

Furthermore, natural environments themselves aiedjaand do not always
offer the best quality of life for wild animals. Hee, the notion that if an element is
present in the natural habitat it is desirableaptivity is not necessarily accurate.
Besides, the natural environment of an animal fileenhuman’s point of view is often
different from the animal’s conception of this natithabitat (Rosenblum, 1991), and

when designing an exhibit in the interest of adgthwturalism from an
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anthropomorphic perspective it may offer few bebakal opportunities to the
animals (Shepherdson, 1998). In addition, many alsimow live nearer to human
settlements in the wild in habitats different togé in which they originally evolved.
In many of these wild populations previously unsbehaviours, such as feeding from
rubbish tips, may be observed. The performancedi behaviours, like the
performance of new behaviours (or the same behes/iaudifferent contexts) by
captive populations, is not necessarily a sigredticed welfare; instead it may
indicate adaptation to the different environmeastaaimals will modify their
behaviour to best fit their environment (Veaseglgt1996b). Finally, captive animals
may be eager to perform activities, such as legrainon-natural foraging task, which
may be highly artificial but would offer a challem¢p the animals’ intelligence and

ingenuity (Poole, 1991a, 1996; Wemelsfelder, 1997a)

In addition to the above theoretical disadvantaifebe natural living approach,
there are some logistical problems in comparingoiteaviour of wild and captive
animals. The main problems are that: 1) there neag bias in data recorded in wild
populations as the animals will naturally avoid laums and they are often more visible
when carrying out particular behaviours, providarginaccurate wild activity budget;
2) the behaviour of wild animals may be affectedéayporal and geographic
variations and therefore it is difficult to genézalacross a whole species from wild
studies; 3) different observation methods usedilith and captive studies may
preclude valid comparisons and 4) variation in pebges together with genetic and
individual differences between wild and captive plapons may also affect results

(see Veasey et al., 1996a, 1996Db).
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To sum up, the performance of a natural behaviquatiern has aesthetic and
educational advantages (especially in zoos), atthats significance from the welfare
point of view is not always clear. Even though ptme@ animal performing the full
natural behavioural repertoire is more likely tovddoetter welfare than one that is not,
the opposite may not be true; an animal not peifagrthe full natural behavioural
repertoire is not necessarily suffering (VeasegletL996b). In addition, more
research is needed concerning the importance offgpeharacteristics of the natural
habitat and the significance of the performancpasficular behavioural patterns in
certain circumstances, in order to allow accunatigggments of animal welfare
(Duncan & Fraser, 1997). Nevertheless, the studyildfpopulations in natural
habitats can give us an important benchmark foatisessment of the welfare of
captive animals, and ideas for the improvemenigpftige environments (Mellen et

al., 1998; Roush et al., 1992).

1.2.4 Integrated approaches for animal welfare

The three approaches to the study of animal wel&dtigough based on different basic
principles, will often lead to similar conclusiosisce both natural behaviour and
subjective feelings are adaptive and should gelgggedmote biological functioning
(Duncan & Fraser, 1997). However, the differentecia for animal welfare do not
always produce similar conclusions. In some capivaronments the performance of
natural behaviour may no longer be the best waagckieve functional outcomes
(Duncan & Fraser, 1997). With regard to domestimats, genetic changes may also
lead to conflict between the different approaclwesahimal welfare. A common

recommendation to address the contradiction betweedifferent criteria for animal
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welfare is the usage of multiple measures (Noveku@ami, 1988; Crockett, 1998;

Dawkins, 1998).

Dawkins (2003, 2004) suggested that for an integrapproach to assess the
welfare of an individual we really have to answelydwo questions:
1) Is the animal healthy?

2) Does the animal have what it wants?

According to Dawkins, these two questions are bebwbem a succinct way of
capturing both the physical and mental aspectsioia@ welfare and the key to
answering them is the behaviour of the animal. By Webster (1994) suggested
an integrative approach for the welfare of capamenals, well known as the ‘Five
freedoms’
1) Freedom from thirst, hunger, and malnutrition (frtima subjective
experience approach).
2) Freedom from discomfort (subjective experience).
3) Freedom from pain, injury, and disease (biologiaattioning).
4) Freedom from fear and distress (biological fundtigrand subjective
experience).

5) Freedom to express normal behaviour (natural living

Again here, the different approaches have beegnated to provide a fuller picture of

animal welfare.
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1.2.5 The behaviourally integrated animal welfare approab taken in the

present thesis
In the present thesis a behaviourally integratgaagrh is adopted in the contexts of
both the nature of the attempts to improve the avelbf captive common marmosets
(Callithrix jacchug and in the methods used to evaluate their weli#ne thesis does
not aim to integrate across physiological and behaal domains; rather it attempts
to synthesise different behavioural perspectives/tduate welfare as expressed in
behavioural outcomes. Many aspects of the natataitdt cannot be reproduced in the
captive environment (for practical, financial, oamagement reasons), and therefore,
at the end of the day, captive animals live infiaréil environments (Shepherdson,
1988). Further, it is not clear whether the perfange of a specific natural behaviour
per seis beneficial for captive animals, or the consemes of this performance
(Veasey et al., 1996b). Thus, it may be more beiafior captive animals to restore

natural contingencies even by the performance natural behaviours.

In the present thesis different aspects of chanatts of the natural
environment are provided to the marmosets. Howekiese natural characteristics do
not simply refer to the physical elements of theural habitat, but also the natural
contingencies that wild animals’ experience. Howgeiresome cases (see Chapters 7,
8, and 9) an unnatural behaviour is needed tothaimatural contingency (i.e. a
behavioural engineering approach is used, see belowarticular, the effects of
three natural features on the behaviour and thenemces of the marmosets are
investigated:

1) The effects of physical (Chapters 4, 5, and 6)swowhal (Chapter 4)

complexity.
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2) The effects of choice between different parts ef¢hge (Chapter 4), or
between different environments (Chapter 6).
3) The effects of controllability over different aspeof the captive

environment (Chapters 7, 8, and 9).

In all studies, behavioural measures are useddlate the welfare of the monkeys,
and a comparison to the natural behaviour of walch@mon marmosets is carried out
in the General Discussion (Chapter 10). Behavisur very easily observed, non-
invasive, and non-intrusive measure of welfare @arlprovide good cues about the
internal, subjective, state of animals, togethehwheir preferences and needs (Mench
& Mason, 1997; Dawkins, 2004). Further, comparitothe natural behavioural
pattern may give us an indication for both posiavel negative welfare states. On the
other hand, the performance of abnormal behavi@unsatural behaviours out of
context or in unnatural frequency or duration, nmadicate disturbance (Mench &
Mason, 1997). Finally, Dawkins (2004) argued trettdviour is “the result of all of
the animal’'s own decision-making processes...thenale phenotype” (p. S4). In
addition to the behavioural measures, in Chaptenrsd6 the preferences of the
marmosets are measured, and these preferencesemaiubnced by the subjective

experience of each individual.

1.3 ATTEMPTS TO IMPROVE THE WELFARE OF CAPTIVE

PRIMATES
Appleby (1999) and Fraser (1995) argued that ssismut too much effort and
attention into the definition of animal welfare Wehwe should concentrate more in the

attempt to solve animal welfare problems. The mpogtular way to describe the
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attempts to enhance welfare is by using the termifenmental enrichment’.
“Environmental enrichment is the improvement ofnaali welfare through
manipulation of the captive environment” (Shepherg4.990, p. 42). There are two
main approaches for the study of environmentakcénment. The first one is the
natural approach, which relies upon the attemptitaic the wild habitat in captivity
to provide natural stimulations for captive anim@sgy. Mallinson, 1975, 1982;
Markowitz, 1982; Chamove 1989; Chamove & Rohrhuth©g9; Moore, 1997,
Rothe, 1999; and see Young, 1998, 2003). The seapmebach is that of behavioural
engineering, which relies upon providing artifictdvices that the animals can
operate to receive a reward (Forthman-Quick, 198Mgill et al., 1991; Ogden et al.,
1993; and see Young, 1998, 2003). It is very comfooscientists to favour just one
of these approaches and criticise the other (Fath@uick, 1984). Criticism
concerning the natural approach comprises the aguthat “the provision of natural
stimuli does nothing to establish the all importemtnection between behaviour and
its natural end point” (Young, 2003, p.8). On thkes hand, criticism against the
behavioural engineering approach claims that “beh&sl engineers only succeed in
promoting the performance of abnormal behaviourgiung, 2003, p.8).
Nevertheless, Forthman-Quick (1984) suggestedlhiea¢ is nothing mutually
exclusive in the two approaches, and the two metimaidht be combined to solve

problems encountered in the life of captive animals

An example for the combination of the two approadsegiven in the present
thesis (Chapters 7, 8, and 9). The concept behmdbiea of providing captive animals
with control over aspects of their captive envir@mmis rooted in the natural

approach of adopting elements of the natural hainita the captive environment.
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However, in this thesis, the way this approacheidggmed is by giving the animals
control over light by touching a touch sensitiveétbn, which is artificial in both the
behaviour required to control it and its resultweéwer, Barber and Kuhar (2006)
suggested that animals use their natural behavicepartoire even when using
artificial enrichment items “because after all, gfrecess of using behaviour to exert

control over their environment is entirely naturgd’ 17).

Most of the attempts to enhance the welfare ofieaghllitrichids have
involved feeding enrichment (e.g. McGrew et al8@:9Scott, 1991; Kelly, 1993; Box
et al., 1995; Forster, 1996; Glick-Bauer, 1997; &=pt, 1998; Roberts, et al., 1999;
Herron et al., 2001; Queyras et al., 2001; Vigrted.2001; de Rosa et al., 2003;
Chamove & Scott, 2005; Rensing & Oerke, 2005). famrattempts have involved the
provision of various novel objects or cage furret¢e.g. Menzel & Menzel, 1979;

Box, 1984a, 1988; Kitchen & Martin, 1996; Vitaleadt 1997; Ventura & Buchanan-
Smith, 2003; Hardy et al., 2004), or the adoptibalements of the natural habitat
into the captive environment (e.g. Mallinson, 197Y982; Stein et al., 1979; Chamove,
1989, 2005; Chamove & Rohrhuber, 1989; Chamove &de, 1990; Price &
McGrew, 1990; Moore, 1997). In Chapter 2, only egsh on the effects of the
physical and social complexity of the environméogether with the effects of the
provision of choice or controllability are discudsas these are the main topics of the

present thesis.

When studying animal welfare, it is necessary taldish a set of goals prior

to the implementation of the environmental enrichm&or the present thesis these

goals are:
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1) Preventing or reducing abnormal behaviour, or grdopmance of natural
behaviour out of context, or at abnormal frequesidigrations.

2) Increasing the range (number) of desirable spégpesal behaviour
patterns.

3) Increasing the normal distribution (i.e. specigsdsgl duration of

performance) of behaviour patterns.

(Modified after Chamove & Moodie, 1990).

The General Discussion of the thesis (Chapter 2@nees the effects of complexity,

choice and control on the behaviour of the marnsoisethe light of these goals.
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Chapter 2

The ‘Three Cs’: Complexity, Choice, and Control

“When | use a word,” Humpty Dumpty said, in rathescornful tone,
“it means just what | choose it to mean, neitheramor less.”
“The question is,” said Alice, “whether you can reakords mean so many different things.”

“The question is,” said Humpty Dumpty, “which islie master-that's all.”

(Lewis Carroll, Through the Looking-Glass, 187 yrieted in 1971, p.190)

The terms complexity, choice and control, in thateat of animal welfare, are being
used repeatedly in theoretical and experimentdigatibns as well as in legislation.
Nevertheless, the exact meaning of these termethtegwith the differences and links
between them are not clear. There is no one apptodak these terms, and no
obvious way to distinguish between them. One catdtke that the three terms are
equivalent in relation to behaviour, saying thaewlan organism lives in a complex
environment, it has a choice between the variongpoments of its environment, and
by having some choice, the organism can experisoce control. However, this is
only one of many ways to link these three termstaede various ways will be
discussed in this chapter. The term predictahgitglso frequently used in the context
of animal welfare, and is associated with compleaitd control; however, as the
effects of predictability are not discussed inphesent thesis, the meaning of this

term and its links to complexity and control wi# bdiscussed only briefly.
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2.1 THE IMPORTANCE OF COMPLEXITY, CHOICE AND CONTROL

IN LEGISLATION
The significance of complexity, choice and contfoolat least aspects of them) is
mentioned in British and European legislation anthternational guidelines for the
welfare of primates in captivity. British legiskati points out that “...a complex and
unpredictable cage environment is therefore necgssaHome Office, 2005).
European legislation also refers to the importasfamplexity for captive primates,
“...they require complex, enriched environments tovalthem to carry out a normal
behavioural repertoire”. In addition, it stresdest t...opportunities for achieving
objectives (some control over the environment) &hba provided” (revision of
Appendix A, Council of Europe, 2004). The Internatill Guidelines for the
Acquisition, Care, and Breeding of Nonhuman PrimgtEeS, 1993), similarly to the
European legislation, mention the importance otimn”...the animal should also be
able to exert some control over its environmentittkermore, in their reference to the
importance of a complex environment, these guidsliistinguish between the social
and the physical environment, “Ideally, monkeysudtidoe kept in large cages or
compounds where a complex social and physical enment can be provided”

(International Primatological Society, IPS, 1993).

In contrast to British, European, and Internatidaglslation and guidelines,
US legislation does not mention the importanceoofglexity, or that of control.
None of the above legislation and guidelines mestite significance of choice for
captive primates. Moreover, none of them specdresxplains their statements
regarding the significance of complexity of the tbag@environment or of control over

the environment in regards to the welfare of preman captivity.
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2.2 USE AND OVERUSE OF THE TERM ‘CONTROL’

Similarly to legislation that uses the word ‘cotiti@ithout any explanation of the
meaning of it, many animal welfare scientists umewords ‘control’ and
‘controllability’ in a wide rage of contexts. In mgof these cases, one could argue
that the word choice or even complexity might beerappropriate. The use of the
word ‘control’ appears to be increasing among s@enin the study of environmental
enrichment. For instance, in th8 hternational Conference on Environmental
Enrichment (New York, 2005) several researcherd tise term ‘control’ to describe
a wide range of studies. Reiss (2006) “provided@as group of bottlenose dolphins
(Tursiops truncates..with an underwater keyboard system that was desligo give
them rudimentary choice and control over some enwirental contingencies” to
investigate the developmental and functional aspeictlolphin vocal learning (p. 27).
Coppola and co-workers (2006) provided shelter eduogs with the opportunity to
experience social contact and argued that “sooiatlact is one aspect that allows for
some individual control” (p. 232), while others uke term social complexity or even
social enrichment for identical conditions (e.gN@ill, 1988; Schapiro et al., 1996;

Rennie & Buchanan-Smith, 2006b).

Similarly, Bosso and colleagues (2006) presentetksenrichment items (e.g.
leaves, ropes, balls, etc.) to a single male jaqudirHerpailurus yagouaroungl and
also argued that “an enriched environment offerapive animal a degree of control
over its environment because it allows the animahake choices” (p. 290). In
contrast to the above, other researchers havetlhiseédrms environmental complexity

or simply environmental enrichment to describe Bintechniques to enhance the
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environment of captive animals (e.g. Westergaakt&aszy, 1985; see Young, 2003

for review).

In the same conference, Gilbert-Norton and Geegppfesented a study in
which they used the contrafreeloading (CFL) metiooallow Abyssinian ground
hornbills Bucorvus abyssinicdisind barefaced currasowsréx fascioloata “a
simultaneous choice of visible (free) and hiddearrfed) mealworms in a
compartmented foraging box”. They also stressed_“QfFdates information about
unpredictable resources, giving control over stetiba@nvironments...” (p. 40), while
others have argued that the animals were simpiyvalll to choose between different

feeding opportunities (e.g. Osborne, 1977; Reirthd:@b4).

Other researchers have also confused the meanthg @ford ‘control’ with
those of the words ‘choice’ and ‘complexity’. Owand co-workers (2005) provided
giant pandasAiluropoda melanoleugawith the choice between an outdoor exhibit
and an off-exhibit area, saying that “in the chaloadition the pandas had access to
greater stimulus diversity...and they also had cdwiver where to spend their time”
(p.479). Another example is the study of Videan emlteagues (2005) in which
captive chimpanzee®4én troglodyteswere provided with different types of
enrichment (fixed, moveable, malleable, and deshie}. The chimpanzees showed
higher levels of usage of the destructible itemsl, the authors concluded that the
chimpanzees preferred the most controllable itéinsvious studies have shown very
similar results concerning the preference for desivle items, but did not mention
the aspect of controllability of those objects (@r& Stone 1992, 1998; Shefferly et

al., 1993). The difference between Videan and cdcers’ study (2005) to the similar
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previous ones was that Videan and her colleagues the ‘Grades of controllability
in novel objects’, a scheme offered by SambrookBunchanan-Smith (1997, p. 212).
However, they used only the lowest grades (i.eed;iMovable, and Malleable), and
ignored the two highest grades (i.e. Analogue aigitdl) of controllability that
Sambrook and Buchanan-Smith (1997) suggested dithanstudy, Sambrook and
Buchanan-Smith (1996) studied the qualities of demity of, and control over, novel
objects (children’s toys) on the interest showrfdayr species of guenons
(Cercopithecus dianaC. hamlynj C. neglectusandAllenopithecus nigroviridys As
the authors note, one can only have control owspamesive entities. Therefore, whilst
investigating whether control was enriching, theanipulated the responsiveness of
the objects. They manipulated the levels of respensss and complexity of novel
objects and suggested that controllability (as meskby responsiveness) is more

effective than complexity in eliciting the monkeysterest.

My last example for the usage of the word contiokisearch on the welfare of
captive primates is the study of Vick and colleay(2000). In this study the authors
offered one group of each of two macaque speblesdca arctoideandM.
sylvanu$ a fruit shaker in three different conditions: dilled with peanuts (made
a rattling noise, but peanuts could not fall oat)d ‘foraging’ (peanuts could fall out
through a tube). The authors found that the macaqgsed the fruit shaker the most
when it could be used as a foraging device, andestgd that their results “support
the importance of control and complexity as featwknovel object enrichment” (p.
190). In contrast, there is a large collectiontatiges on the effects of feeding
enrichment, which have not considered the effect®ntrollability on the welfare of

captive primates (see Young, 2003 for review).dmhn research, there is also

24



confusion between the words ‘control’ and ‘choidedr instance, in two different
studies, students were allowed to choose the s&glerder of a pack of tests that
they had to take. In both studies, the researahergioned that the participants were

given personal control over their tasks (MandleWatson, 1966; Burger, 1987).

To sum up, since the importance of controllabiigy the welfare of captive
animals was raised in the 1980’s (e.g. Markowi@82, Chamove & Anderson, 1989;
Snowdon & Savage, 1989; Novak & Drewsen, 1989a& become quite popular to
use this term in various contexts where it wasused before. Moreover, many
scientists use this term almost without considenatif the exact meaning of it. The
aim of the present chapter is to illustrate thefesion between the terms complexity,
choice and control (especially between choice amtrol), and to raise questions
concerning the meanings of these three words tegetith the differences and the

links between them.

2.3 COMPLEXITY

2.3.1 Complexity in the natural environment

“The ‘environment’ for a social animal includes motly other species of animal and
plant (setting problems if they are predators, cetibprs, parasites, or food) and the
physical world (setting problems of temperaturetanlight and dark, and so on),
but also its own companions” (Byrne, 1995, p. 1@%)nsequently, it has been
suggested that the term ‘environmental complexitgy be divided into two separate
terms: ‘physical complexity’ and ‘social complexi{Byrne, 1995; Sambrook &
Whiten, 1997). The physical environment of wildraals is complex, and they must

deal with seasonal and daily changes. For exartieyeather changes with the
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seasons, and animals may have to cope with ramg and fog as well as sunshine.
These weather conditions are also unpredictableh&umore, the times of sunrise
and sunset may vary, leaving the animals diffeangunts of time to engage in
various activities. One crucial activity is foragifor food that is not always available
in the same places or in the same quantity ortyu&dven the immediate physical
environment of wild animals is complex and may hpredictable; for example,
broken or growing branches on familiar paths magmtie animal needs to find new

routes.

The social environment of wild animals is also cterparguably more so
than the physical environment, as the animal hae#d with other individuals, who
may respond to the animal’'s behaviour in many ckifie ways, while physical objects
are more limited in response. In other words, tisividual’'s conspecifics may be
serious potential competitors for both food resesirand mates. Furthermore, the
behaviour of social companions may change rapiddlia response to the
individual’'s actions, and also may present challegpg@roblems as conspecifics are
likely to have similar intelligence to the anim@salf (Byrne, 1995). In addition, the
presence of other nonhuman animal species, andaflermans, can also be seen as

part of the animal’s social environment (e.g. You2g03).

2.3.2 Complexity in the captive environment and its implcations for animal
welfare

The complexity of the captive environment, simyad that of the natural habitat,

also includes several dimensions: the presencthef mdividuals, the presence of

manipulable objects, and the physical structurth@®enclosure (Sambrook &
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Buchanan-Smith, 1997). The importance of the playsiomplexity of the captive
environment for the welfare of its occupants haanlbemphasized by several scientists
(e.g. Snowdon & Savage, 1989; Novak & Drewsen, 1988e complexity of the
rearing environment may have significant effectsh@ndeveloping animal, and may
find expression in behaviour, reproduction, physgyl and brain morphology
(Faucheux et al., 1978; Turnquist, 1983, 1985;<I@ald & Shepherdson, 1994;
Benefiel & Greenough, 1998). One of the main ddferes between the natural habitat
and the captive environment is the degree of coxiglef these environments.
Although quantification of complexity is problema{iSambrook & Buchanan-Smith,
1997; Sambrook & Whiten, 1997), it is obvious tbaptive environments are less
complex than natural environments. However, itipartant to emphasize that not all
aspects of complexity in the wild habitats are g(@d. extreme weather conditions,
predators), and in captive environments we tryefiicate only the positive aspects of

complexity (e.g. physical complexity, social grazgmposition).

The social environment of captive animals is ategdiently less complex than
that of wild animals, as the size of captive groigpsften smaller in comparison to
wild populations. However, this depends very muchle social structure of the
species, and some species are much easier tdaratiean others in respect to social
needs. Two examples of species with large grougéacomplex social organization,
which are difficult to replicate in captive envimoents, are described. First, a troop of
rhesus macaqueb@caca mulattamay include up to 110 individuals (with an
average group size of 59 individuals) in the wiab(thwick et al., 1996), but it is
very rare to see such big groups in captivity. 8dctnamadryas baboor2gpio

hamadryas hamadryasave a very complex four-level social structlree basic unit
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is one male with multiple females, and two to fbasic units with bachelor followers
make up a clan. Several clans form a band (aboutddduals), and several bands
form the final social level, a troop (Kummer, 19%Igg & Stolba, 1981). Here again,
most captive environments are not big enough, aaragtive groups contain enough
individuals to form such a complex social structue a solution, Novak and
colleagues (1994) and Young (2003) suggestedftihasiimpossible to mimic the
size and complexity of wild troops in captivity,tneal subgroups are a preferred

option.

The importance of social companionship to the welts captive social
animals in general and captive primates in paicigl widely documented in
scientific publications (e.g. Wolfensohn & Hone2805; Rennie & Buchanan-Smith,
2006b), and in international guidelines (IPS, 1988ited States Department of
Agriculture, 1991; Council of Europe, 2004; Homdi€, 2005). Social interaction is
critical in many primate species (Novak & Drewsg889), however, there is more to
consider about the social environment of captivgies than just housing animals in
groups, as the composition of the social group aisy affect the psychological well-
being of the animals. A common attitude is thatdleser the social environment in
captivity is to the natural social environment, badter for the welfare of the captive
animals (e.g. IPS, 1983; Bennett & Davis, 1989;|&,a090; Visalberghi &
Anderson, 1993; Buchanan-Smith, 1994, 1997a; Nevtalt., 1994; Wolfensohn &
Honess, 2005; Honess & Martin, 2006; Rennie & BuamSmith, 2006b). However,
this is a debatable view (Dawkins, 1990; Mend| &Werry, 1997) as social housing
entails potential advantages together with disatages for the individual (Coe, 1991,

Mendl & Newberry, 1997), and surprisingly littlesesarch has been done on the
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effects of group composition on the welfare of aapprimates (but see below). The
differences in the physical and the social compyelxetween the natural and captive
environments also lead to a decrease in the compleithe behavioural repertoire

exhibited by captive animals (Poole, 1998; Bucha®amth, 1997b).

2.3.3 The relationship between complexity and prediability

As mentioned above, the complexity of the captivérenment is reduced compared
to natural environment. This reduction in complgi#ads to an increase in
predictability of stimulation, which is considertaallead to boredom. Therefore,
environmental complexity and predictability areamsely related; when one declines,
the other usually increases. Consequently, an abrcygase in environmental
complexity is not desirable either, as high lewdlsinpredictability may lead to

tension and stress (Chamove & Anderson, 1989; Buaah&mith, 1997b).

2.3.4 Effects of the complexity of manipulable objects

Almost all research on the effects of environmeetaichment could be considered to
be research on the effects of environmental conigldxowever, only studies on the
effects of objects of different levels of complexitill be reviewed here. Further,
there are two different types of studies that exantihe effects of object complexity
on the behaviour or preference of captive anintdie. first is the study of the effects
of visual complexity on the preferences of animhighis type of study animals have
to indicate their preferred object; they may intkkca different ways. The other type
is the study of the effects of tactile complexiénd frequently in these studies the
animals are observed and the effects of the contplekthe objects on their

behaviour are examined. Although it might be expet¢hat complex objects might
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evoke more interest from captive primates than krapjects, the results of previous
studies are contradictory. In a study of the effedtthe visual complexity of an

object, Butler (1954) showed that monkeys (the igga@as not mentioned) preferred
stimuli (judged by opening a door to view the stins) that were more complex
(another monkey, or an electric toy train) over ensimple stimuli (food or an empty
incentive chamber). Similarly, Humphrey (1972) skowhat rhesus macaques
preferred complex over simple visual patterns witery were given the choice by
pressing a button that allowed the chosen stiouemain on a screen. Sackett (1966)
not only showed that infant rhesus monkeys predecemplex visual patterns (judged
by visual attention) over simple patterns, but ke ahowed that this preference

increased with the age of the monkeys.

Jaenicke and Ehrlich (1972) studied the effecth@tactile complexity of
manipulable objects and showed that animate stifoati snake) elicited much more
interest in great galago&élago crossicaudatyisnd slow lorisesNycticebus
coucang, than inanimate stimuli (an empty box). Weld aoeworkers (1991) found
that the shape and the substance of manipulaldetsiplayed a significant role on
their effectiveness as enrichment devices for l@ignacaqueshMacaca
fascicularig, as the monkeys preferred more flexible objentstae ring shaped ones
(which were probably the easiest to manipulategointrast to the above, Sambrook
and Buchanan-Smith (1996) found no effects of theal complexity of novel objects

on the interest of captive guenon monkeys.

Environmental change may also have beneficial effen captive animals.

For example, Line and co-workers (1991b), PaguettePrescott (1988), and Morgan
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and colleagues (1998) suggested that rotationraftenent objects may result in
higher levels of use, and continuation of the pasiffects of the enrichment.
Rotation of objects increases the environmentasiglay variability and complexity,
which in turn, reduces predictability, and thusuesgs boredom. However, Bayne
(1989b) enriched the cages of several macaqueespptacaca mulattaM.

arctoides andM. fascicularig with nylon balls. She mentioned that laboratory
technicians reported great difficulties in removthg balls from the monkeys’ cages,
and suggested that the rotation of enrichment tbj@ay inject an element of stress
into a program designed to improve the psycholdgved-being of the animals by
periodically removing part of the animals’ terryaand replacing it with a novel
object. Weld and Erwin (1990) studied the effedtproviding pet toys in rotation to
long-tail macaques. In contrast to Bayne (1989%®y did not report any effects of the
rotation procedure. However, although they foumddaction in abnormal behaviour
in the presence of the enrichment objects, thlaenice reduced after the enrichment
was removed. Furthermore, the same reduction iaratad behaviour was found
when the monkeys were exposed to two objects longperiod (18 weeks) without
rotation. The manipulation rate (but not the lesiehbnormal behaviour) decreased,
when one object was removed (and the monkeys meetdmad any choice). Hence,
the rotation procedure did not have a significafluence on the behaviour of the

monkeys.

2.3.5 Effects of physical complexity
One of the problems of the research of effectoaffexity on the behaviour of
nonhuman primates is that stimuli that may appeanptex from the experimenter’s

point of view may not be received as such by theearmental animals (Fetterman,
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1996). Another problem is the difficulty of an exjgl quantification of environmental
complexity (Sambrook & Buchanan-Smith, 1997). Néweless, in all the studies that
are reviewed in this section, the authors defitnedeinvironment as complex. Several
researchers studied the effects of floor beddintherbehaviour of captive primates,
and the common outcome of these studies was positfects of more complex floor
bedding on behaviour as compared to bare concregedofloors Callithrix jacchus
andSaguinus oedipudcKenzie et al., 1986; Dettling, 199Wtacaca arctoides
Anderson & Chamove, 198€ebus apellaWestergraad & Fragaszy, 1985). In
contrast to the above, Hardy and co-workers (2604)d that common marmosets
spent more time on the cage floor, and visitedaterfrequently, when the floor was
comprised of a wire grid than when it was a sawdlstl tray (which is more
complex, at least from a human point of view). Tdesnonstrates species differences
in response to complexity, which in this case mayddated to the callitrichids’ being

better able to grip on a wire grid.

When considering the complexity of the whole cap®nvironment there is a
strong agreement on the positive effects of mongpdex environments on welfare
(Callthrix jacchus Kitchen & Martin, 1996; Kerl & Rothe, 199€0ngo pygmaeus
Tripp, 1985; Perkins, 199%orilla gorilla gorilla: Ogden et al., 199%an
troglodytes Jensvold et al., 200Macaca mulattaSchapiro et al., 1997). In addition
to the behavioural effects of physical complexiKgzorovitskiy and co-workers
(2005) showed that a one-month stay in a complex@mment (larger cage which
was equipped with straw nests, vegetation, anduenadpjects) enhanced the
biochemical structure of the brain of marmosets @kact species was not

mentioned). However, when the size of the enrictaage was doubled, it did not elicit
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more physical changes. Further, it has been ar@rigdNovak, 1989; Poole, 1990;
Buchanan-Smith, 1997a), and shown empirically (IReRothe, 1996; Gaspari et al.,
2000), that the complexity of the cage has a graealeence on welfare than the size

of it.

Another element of complexity in the natural hatbigeenvironmental changes
which may affect the animals in either positivenegative ways. In captive
environments there are also daily events, botrspladle and aversive to the animals
(e.g. feeding; lights coming on and off; healthatieg and cage cleaning). Line and
co-workers (1991a) found rhesus monkeys to be taffidoy all these events (heart
rate and activity levels increased rapidly in res®). However, the responses to less
frequent procedures (e.g. tuberculin testing amg cdanging) were larger in
magnitude and longer lasting than for frequent @doces. The difference in response
may be because these latter events were more stibstaerceived more aversively,
or less frequent. Alternatively, it may be the peeability of the daily events that

minimizes their effects on monkeys’ well-being.

2.3.6 Effects of social complexity

The importance of social interactions in general ahnatural social housing in
particular was discussed above. The social enviesnmof primates in captivity may
be comprised of relationships with conspecificghvainimals of different species, or
with humans. However, only the first and the Igpet of relationships will be

discussed as they are relevant to the laboratosyeemment.
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Individual housing

The negative impact of social isolation has beeawshin many studies (e.g. Harlow,
1958, Harlow & Harlow, 1966; Anderson & Chamove8@9Caine & Reite, 1981,
Ridley & Baker, 1983; Reite & Capitanio, 1985; Ghals & Locke-Haydon, 1986;
O’Neill, 1988; Bellanca & Crockett, 2002). Poole@D) even argued that marmosets
are usually housed in social groups because thgydmeaf kept singly for too long.
Several studies have also demonstrated the intendmttween social conditions and
the effects of environmental enrichment. Chamowk $eott (2005) found that
individually housed common marmosets used a fogadevice for larger proportions
of time than socially housed individuals, which nsayggest that individually housed
individuals were more bored. Queyras co-worker®{2@ound that an unfamiliar
enrichment device (box filled with coloured dringistraws) was not effective for
common marmosets which were separated from theialsgroup, as the activity of
the monkeys tended to decrease and the frequenaeef(contact) calls increased.
The same device did not elicit the same negatiaetian when introduced to the
marmosets in their social group, suggesting thatakoompanions reduced anxiety of

the marmosets.

Pair housing

The housing of primates in pairs (except in monagasrspecies) is also viewed as
inappropriate (Wolfenshon & Honess, 2005). Althotiggn housing of young with
their mothers is important, in species in whichnygare usually brought up in
complex social groups, the housing of infants imgpaith their mothers was also
found to cause abnormalities in the behaviour efythung individual later in life

(Mason, 1991) or in the relationship between thannhand the mother (Castell &

34



Wilson, 1971). Further, for marmoset monkeys, Renand Oerke (2005) suggested
that different sex pairs can be housed togetheveler, the housing of female-female
pairs was considered to be undesirable as themobitnefits of this group
composition appeared to be limited. The authorsidened the levels of aggression
(within female-female pairs) reported in Majolo asalleagues (2003) to be too high,
and the levels of allogrooming too low to demortstigood affiliative relationships.
Similarly, Mallapur and co-workers (2005) showedttlon-tailed macaquediacaca
silenug performed higher level of allogrooming when haugegroups than when
housed in pairs (of different or same sex). Howgeseveral studies have shown that
pair housing may be beneficial even for speciesliv&in large groups under natural

conditions (Reinhardt, 1989, 1990, 1991).

Group housing

The argument that natural social composition walinbost beneficial for captive
primates does not always rely upon scientific enoe and previous research on the
effects of group composition is contradictory. Bnfl979) found that the absence of
males in captive groups of macaques can elicitesgiwn between the females, as
male macaques normally regulate female aggresBetit.and Thierry (1994) showed
the same effects upon the absence of an adulyjiowp of juvenile Tonkean
macaquesNlacaca tonkeanaIn addition, de Vleeschouwer and colleagues 3200
found that social groups of golden-headed lion tamglLeontopithecus chrysome)as
are less stable when there is a high proportianaiés or a large number of sons. The
level of aggression is even higher when all offsprare older than one year, or when

the dominant female is treated with contraception.
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However, Young (2003) noted that although it iséhadd that parenthood is in
itself an enriching experience, there is no sdiengvidence to support this
suggestion. Further, Baker and co-workers (2008)vsl that the housing of
chimpanzees in large and more natural social groapsed a significant increase in
levels of minor wounding as compared to small aediom groups, while the
composition of the group had no effects on levékseoious wounding. This suggests
that the optimum group size may depend upon endasge and a compromise may
have to be reached. In addition, it was found f#atale golden-lion tamarins
(Leontopithecus rosaligFrench & Inglett, 1989) and Wied’s black tuftea-e
marmosetsallithrix kuhlii, Schaffner & French, 1997) exhibit higher levefls o
aggression towards intruders when housed in la@epg than when housed in pairs
or in small groups. One suggestion to improve te#age of group-housed primates is
to divide the enclosure into several smaller atedscilitate visual and social
separation for individuals (Rumbaugh et al., 198@stergaard et al., 1999). This
method not only allows the existence of the natso&lal composition in captivity,

but also provides the individuals with natural stgges to cope with social problems.

Social interaction with humans

The significance of the interaction between capamgnals and the humans around
them has been emphasized by many authors. Theer@tbhuman-animal interactions
may affect the well-being of both animals and huspamd may improve science (e.g.
Roberts, 1989; Hemsworth & Gonyou, 1997; Bayne 2200aitt et al., 2002; Rennie
& Buchanan-Smith, 2006a). Cosgrove (2004) evenettdbat interaction with
humans is the most important form of environmeetaichment that can be provided

for animals in captivity. Another important aspetthe human-animal interaction is
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that animals appear to adapt more readily to tiginivhich also may serve to reduce
stress for both animals and humans (Bassett &0413), when they have been

habituated to human contact (Scott, 1991).

2.3.7 The study of environmental complexity in thg@resent thesis

In the present thesis, | demonstrate the effecisonéasing both physical and social
environmental complexity on the behaviour of cagtt@mmon marmosets. In
Chapter 4, a study on the effects of the size hadeight of the cage on the
behaviour of pair-housed individuals is presented physical complexity is
manipulated). Another study describes the effetteecomposition of the captive
group (pairs, small family groups, and large fangiipups) on the behaviour and the
welfare of adult animals (social complexity). In&pher 5, the effects of the transfer
of a family group of marmosets from their standatzbratory cage to a larger and
more complex enclosure (and back to a standard cagne behaviour of the animals

is described (physical complexity).

2.4 CHOICE

It is obvious that wild animals in their naturabftat experience a great amount of
choice in their everyday life (food, mates, slegpsite, etc.). However, even in the
natural habitat the choice is sometimes restrifiiedted food resources, competition
with counterparts, risk of predators, limited tenies, etc.). Nevertheless, an
important point is that choice availability in tbaptive environment is much more

restricted, primarily because of limited space dfcand social opportunities.
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2.4.1 The joy of choosing

Previous research has shown that humans and aremjaisthe act of choosing.

Bown and co-workers (2003) showed that people pagigons that allow them to
make further choices over options that do not. Winamans had the choice between a
solitary item and a pair of items between whiclytiveuld then make a further

choice, they preferred to have the option to makeenshoice. Similarly, when

pigeons had to choose between pecking one ‘freeehkey, which led them to two
other keys (which could be pecked to obtain foadyl another ‘fixed-choice’ key,
which led them to a single key (which also providead when pecked), they showed
preference for the ‘free-choice’ key, even though tltimate result was identical

(Cerutti & Catania, 1997).

Another study showed that the choice between outeiibit and an indoor
off-exhibit was beneficial for giant pandas. Owexl @o-workers (2005) pointed out
that both enclosures provided benefits for the pandnd suggested that “the fact that
pandas were exposed daily to all stimuli and behaail opportunities present in both
enclosure areas renders the ethological needsiandiss diversity hypotheses less
plausible, leaving the choice/control as perhapsithst parsimonious alternative” (p.
480). However, this suggestion is arguable for teasons. First, before the study
commenced the pandas usually had the choice betwedwo enclosures, and only
for the baseline phase of the study was the atodhbs off-exhibit enclosure blocked.
Hence, in the baseline phase of the study, thegsaexberienced loss of choice that
might have affected their behaviour. Second, tsaraption that pandas were
exposed daily to all stimuli and behavioural oppoities was not accurate since

exposure to the indoor off-exhibit area during diag provided the pandas with
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benefits that the outdoor part of the enclosurddcaat offer, such as refuge from zoo
visitors, or from non-preferred weather conditiohkerefore, perhaps it was not
simply the ability to choose between two partshefénclosure which affected the
behaviour of the pandas, but the benefits thaindheor enclosure provided them.
Thus, although it is likely that choice is benedlcfurther research is required to
determine how important it is, and how best to rpooate choice into captive

environment to improve welfare.

2.4.2 Choice for primates and its implications fowelfare

“Choice is not something that can be directly olsér The individual does this or
that and in consequence, is said to choose. Tireltas unfortunate overtones of
conscious deliberation and weighing of alternatiegsvhich the behaviour itself-
response A or response B- provides no direct eeilefbtaddon & Cerutti, 2003, p.
133). Most studies on the choice of nonhuman pesat particular, and animals in
general, do not study the effects of chqyee seon welfare, nor the motivations for
the animal’s choice, but simply identify the indivals’ preferred choice (with the

exception of Owen et al., 2005, and Reiss, 2006).

One study that showed that rhesus monkeys weigbaihgequences (or at
least the immediate ones) of their choice is th&/mholm and co-workers (2001). In
this study, two adult rhesus monkeys had to depols#ins into slots in order to get
food. The monkeys were given a choice between tifferent slots, in one the tokens
were kept (but food was obtained), while in theeotbne the tokens were returned to
the monkey (together with food reward). In mostesashe monkeys chose the ‘token

returned’ slot. Only when the amount of obtaineddfevas six times larger in the
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‘token kept’ slot compared to the ‘token returnsldt, the monkeys chose the former
slot. Therefore, the monkeys chose to increasauh@er of reinforcers earned, even
when this preference reduced the rate of food sezeiment. Hence, the tokens
appeared to act as reinforcement in themselvegbeanonkeys may have associated
having more tokens with the potential of obtainmgre food. In addition, Washburn
and colleagues (1991) showed that rhesus monkégblyeperformed better on video
tasks if they were allowed to choose their tasthemathan if the task was assigned to

them.

Further examples of choice studies on callitriclaids the studies of Pines and
his colleagues (2002, 2003), in which common masat®eould choose between
indoor and outdoor, and between small and largeandages. However, in these
studies, again, no effects of the chqyez sewere studied, but rather the monkeys’
preferences, together with the effects of theseepraces on their behaviour (these
studies will be discussed in more detail in Chap)ePetto and Devin (1988) studied
food choice in a group of marmosets, and showedr{&om the outcomes of the
preferred food items) that the choice of each imttial in the group was affected by
the choice of his/her group mates. This conclusibetto and Devin’s study is even
more valuable than the finding of the preferreddf@dems, since it raises an important
difficulty of choice research. Most choice studaes defined as preference tests, and
although many scientists use this method to evaloaptive environments and
environmental features (e.g. Bayne et al., 1992be&n & Kacelnik, 1995; Van de
Weerd et al., 1998; Widowski & Duncan, 2000; Watbar& Mason, 2003; Taylor et
al., 2006), the value of these studies is debat&ulth sides of this debate are

presented below.
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2.4.3 The pros and cons of preference tests

“An animal is generally deemed as preferring atoopif it spends more time with it,
chooses it more often, or has a shorter lateneyppvoach it. The usual assumption in
the welfare literature is that the rank and maglataf these behavioural preference
measures are likely to reflect the animal’'s undagymotivational priorities...”
(Bateson, 2004, p. S115). Alternatively, Van Raoij#984) argued that preference
tests can be used to put environmental factorssmale ranging from those the
animal experiences as very positive to those threesadividual experiences as very
negative, but they do not measure motivation. Aditwgy to either of the above points
of view, when we provide an animal with a choicevafious options, we presume that
the animal will go to the one where he/she wouldegience greater well-being.
Nevertheless, many factors such as previous experi€ost of options, availability

of cues, the number and type of options, the asincahdition and situation, and the
nature of the choice test itself, may affect thienatis choice (Lockard & Haerer,
1968; Novak & Drewsen, 1989; Fraser & Matthew, 19&arburton & Mason, 2003;

Bateson, 2004; Kirkden & Pajor, 2006).

In addition to the above disadvantages of prefereests, the animal’s
preferences may not always indicate the best dondifor its well-being. For
instance, choices that would be adaptive for wilohels may not be beneficial for the
same animals when in captivity (Bateson, 2004)tHeur lower animals cannot be
expected to weigh up the long-term consequenctd®ofdecisions as human beings
would (Duncan, 1978), and the link between the atshthoice and their welfare
may break down if they are required to choose betvehort-term and long-term

benefits (Fraser & Matthews, 1997). However, Batd@®04) argued that as long as
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the physical health of the animal is not sevenefpenced, the welfare of the animal
may still be improved by experiencing its own clegieven if the long term
consequences of the choice are not adaptive. Fortie, it is important to

distinguish benefits that derive from the act ada@sing and the meaning of the choice

itself (Novak & Drewsen, 1989).

To sum up, when carrying out preference tests,important to consider their
down sides, and to take a number of independensunesiin order to assess the
animal’s preference. However, although the inteégtien of preference tests is
debatable and scientists should consider the o@sahpreference tests very
carefully, according to Duncan (1978), the arguntkat ‘the animal itself preferred’

a particular option, is extremely powerful and pdeg the best reason to continue the

practice of preference tests in the research ohalnivelfare.

2.4.4 Benefits of the provision of choice for capte animals

“Modern western culture seems devoted to the maanthe more choice the better.
Thus it is not surprising that certain explanatorydels in both biology and
economics are generated by the assumption thaa#nand humans prefer choice.”
(Hutchinson, 2005, p. 74). The significance ofabdity to choose has not been
determined in nonhuman animals but there are a auoftarguments to suggest that
choice is important for welfare. The provision dbece for animals in captivity may
be beneficial for several reasons (Hutchinson, 20f&d many of these have links
with complexity. First, individuals can have areattative place to sit (stand, rest, eat
or any other activity) when other places are ocetijoy cage mates. Second, the

provision of variety saves keepers and researdt@mrshaving to identify individuals’
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preferences. Third, different individuals may hahféerent preferences, and favoured
options may vary between individuals in the san@osure. Fourth, preferred options
may change. Fifth, it has been suggested thatuiorains one important attraction of
choice is that people feel in control, which maytioe for animals also (but again, it

is important to define choice and control and thksl between them).

Hutchinson (2005) pointed out that the ability hmase is frequently a part of
environmental enrichment, but it is still unclednether the ability to choogeer seis
what is important. However, the same author algaed that opportunity to choose
between various options might be attractive in eis@rg the mind of a bored animal.
Further, Markowitz (1982, p. 197) emphasized tha Should leave as many
decisions as possible to the animals” in ordertwide them with increased
behavioural opportunities. However, it is importamteiterate that in most situations,
choice is identical to complexity. Hence, by pronglcaptive animals with a more

complex environment we actually provide them witbrenchoice, and vice versa.

2.4.5 The study of the effects of choice in the @ent thesis

In the present thesis, | present the results ofstwdies (Chapter 6) in which family-
housed marmosets were allowed to choose betwerrstéiedard indoor home cages
and larger and more complex outdoor cages. In thieskes, similar to previous
studies, the effects of the chojger sewere not studied. However, the comparison
between the results of these studies and the sedulhe study on the effects of cage
size and complexity on a family group of marmogets/ides a nice illustration of the

beneficial effects of choigeer se
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2.5 CONTROL
Control is the most complicated term of the ‘Th@s. As mentioned above, many
scientists use it in the context of animal welfa®well as in research on human

psychology, in various ways and on many levels.

2.5.1 The definition of control

There are several different definitions of contesld they may refer to different levels
of control. Seligman and colleagues (1971) arghat‘tAny time there is something
S [subject] can do or refrain from doing that cheswgvhat it gets, it has
control...when a response will not change what S, gle¢sresponse and reinforcer are
independent...subject cannot control the reinforcerthe outcome is defined as
uncontrollable.” (p. 350). Seligman talked aboubhatthe subject gets’, which could
refer to anything from getting some food, to chagghe whole environment.
Weinberg and Levine (1980) were rather more spe@fihough they related control
only to aversive stimuli, particularly electric stks), and wrote, “Control can be
defined as the ability to make active responsemguaversive stimulus. These
responses are frequently effective in allowingdhemal to avoid or escape from the
stimulus; but might also provide the animal onlyhwopportunity to change from one
set of stimulus conditions to another (i.e. to matkithe environment) rather than to

escape from the shock entirely.” (p. 45).

Sambrook and Buchanan-Smith (1997) emphasizedQioattrollability is
clearly an interactive property.” (p. 208), andeoéfd an operational definition to
enable the measurement of control, “...the differendikelihood of an event

occurring depending on an animal’s behaviour. éfdhnimal’s behaviour does not
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influence the likelihood of the event then the éxaemed uncontrollable.” (p. 208).
Other scientists have provided other definitionsciontrol (see Skinner, 1996, p.
567), however, all these definitions are more ss ke same. Rosenblum (1991)
added the point that “given the inter-specific &ioin in cognitive, perceptual, and
motor capacities, control over the environment rmessommething quite different for
one species than for another...” (p. 49). This pisinery significant when studying

the welfare of animals in captivity.

From the above definitions, it appears that theeadéferent ways in which an
individual might control its environment. The fingay is controlling an object inside
the environment. The second is controlling différaspects of the environment and
the third way, according to Weinberg and Levine8@)9 is when the animal can
control its surroundings by moving to another eowment. Moreover, even within
each category there are different levels of cona®has been suggested by Sambrook
and Buchanan-Smith (1997). These different wayslewels of control will be

discussed more thoroughly in the General Discus&itapter 10).

2.5.2 Implications of controllability for animal welfare

The main difference between captive and wild emmments lies in the differential
availability of control (Chamove & Anderson, 19&aristead, 1996), while the main
adaptive aspect of behaviour is the ability to portSambrook & Buchanan-Smith,
1997). Consequently, several scientists sugges&tdvie should provide captive
animals with as many opportunities to control tlevironment as possible (Bayne,
1989a; Line et al., 1990a; Scott, 1991; Warburi®91; Rosenblum & Andrews,

1995; Buchanan-Smith, 1997a; Barber & Kuhar, 2086pwdon and Savage (1989)
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even argued that controllability “is a key aspéatost good environmental
enrichment” (p. 81), as “animals cannot passiveteive environmental events; they
must be able to act on the environment and consegsanust result from their

actions”.

The development of a sense of control over therenment is a critical
component of psychological well-being (Snowdon &&ge, 1989), and it is a “deep
seated motivational variable of phylogenetic ad a®lontogenetic origin” (Overmier
et al., 1980, p. 1). Burgers (1975) described iq@ortance of controllability saying,
“Life can be viewed as a struggle against randosin@s attempt to acquire the
freedom to make choices or exercise control” (@) 1@vermier and co-workers
(1980) explained the significance of the abilitycohtrol and said that control
modulates the affective value of event; it enhamuesitive affective value and
decreases negative value. Mandler and Watson (I#66)e other hand, suggested
that when an organism has some control over an ¢geen if it is an unpleasant and
potentially interrupting event), it gives him/hé&etopportunity to plan the sequence of
events to occur and as the potential interrupt@eoines part of the plan it is no

longer an interruption.

Another approach to show the significance of cdlatibdity is to describe the
negative impact of lack of control. When an organéxperiences uncontrollable
events, it may undergo subsequent motivationalniteg, and emotional disturbance.
This disturbance would be likely to increase arnxietthe immediate sense, and to
cause chronic anxiety following a history of unaotiable events (Chorpita &

Barlow, 1998). Similarly, a reduction in controlility (or predictability) appears to
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be the main cause of typical stress symptomsrasaciion to uncertainty (Wiepkema,

1987).

An animal’s early experience of control or lackcohtrol may have serious
implications for the welfare of the animal laterlifie (Mineka & Zinbarg, 1996).
Snowdon and Savage (1989) argued that individubts experienced some control
over their environment would develop a sense ofrogrihus, would be more ready
for the challenge of novel situations. Lewis anddBerg (1969) argued that for
human infants, the contingency between their behaand their mothers’ response
enables them to learn that their behaviour does bhausequences. Further, they
showed that when mothers responded more rapidhfdats’ behaviour (infants had
control over the event since their activities afbelcthe probability of its occurrence),
they tended to be more efficient in processing aggxk signal information, hence,
developed a sense of control and became readoep with novel situations.
Similarly, Wheatley and co-workers (1977) showedt tlats that had learnt to
associate their response (contacting a food cughetaelivery of food were faster to

acquire the bar pressing response in a novel e@rpetal chamber than naive animals.

2.5.3 The relationship between controllability andpredictability

There is a great confusion between the effect®wotrollability and predictability
(Overmier et al., 1980), and different scientigeswthe link between the two in
various ways. Mineka and Hendersen (1985) suggéstedbecause control and
predictability are very closely related a full urstanding of the effects of the two can
only be achieved by examining them both togetherth@ other hand, “the traditional

view of control makes the assumption that contasinot be present without
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predictability - an event may be predicted withbeing controlled, but may not be
controlled without being predicted” (review by Bags& Buchanan-Smith, 2007). In
contrast, Nickels and colleagues (1992), and Ded<salleagues (1983), presented a
set of studies in which the effects of control anedictability were (according to the
authors) clearly separated, showing the posititedifterent effects of controllability

and predictability.

Overmier and colleagues (1980) and Bassett anddéBiaactiSmith, (2007)
presented several theories to explain the reldtipesand interactions between
controllability and predictability. First, the effis of predictability and controllability
are additive. Second, control is important to orgi@s because it provides
predictability. Third, predictability is importabecause it allows efficient control.
However, it is difficult to manipulate control apdedictability independently for
technical reasons and in addition, the three theanakes identical predictions for the
outcome of experiments designed to separate tbetefdf the two factors. The
greatest behavioural and physiological influencelldde seen in animals that
experienced neither control nor predictability omarevent. Animals that could either
predict or control the event should show intermediafluence, while animals that
could predict and control the event are expecteshoov the least severe influence of
the event (Overmier et al., 1980). In conclusiors very unlikely that researchers
will ever be able to provide experimental evidetwsupport or negate any one of the

above theories.
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2.5.4 The study of control over aversive stimuli

Most of the research on controllability has exardinentrol over aversive simuli (e.g.
electric shock), and demonstrated that allowingrabiover aversive events improves
the animal’s welfare (Overmier et al., 1980). Matydies have been published on the
effects of controlled and uncontrolled electric ghon the behaviour and physiology
of rats (e.g. Maier et al., 1982; Williams & Leirfe986; Seligman et al., 1971; Weiss,
1968), and dogs (e.g. Dess et al., 1983) showimgl¢trimental effects of the
exposure to uncontrollable electric shock. Weisk @tworkers (1975) showed
similar effects of the exposure to an uncontroflad®ld swim. Hanson and co-
workers (1976) showed that allowing rhesus monkeydrol over high intensity
noise, resulted in lower levels of the stress hawnoortisol, relative to a yoked group
that had no control. Conversely, Helmreich and cokers (1999), and Maier and
colleagues (1986) did not find large behavioura aaurochemical differences

between rats that were exposed to escapable aschpable tail shocks.

Some of the outcomes of exposure to uncontrollabéesive events are a
reduction in activity and lack of reaction to comgsent exposure to controllable
aversive events (Anisman et al., 1978; Maier & 3ack 1979; Overmier et al., 1980).
Overmier and Seligman, 1967; Seligman, 1975) off¢he ‘Learned helplessness’
theory to explain the detrimental outcomes of eyp@$o uncontrollable aversive
events. According to this theory, these detrimeotétomes are the consequence of
motivational, cognitive, and emotional deficits doeprolonged exposure to

noncontingent events.
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2.5.5 Effects of controllability on captive primates

Little research has been done on the effects dfalaover positive stimuli on the
welfare of captive animals in general and of cappvimates in particular. Previous
research can be divided into three categoriesralover the delivery of food, control

over novel objects, and control over various asgpetthe environment.

2.5.5.1 Effects of controllability over the dely of food

Rhesus macaque peer-reared infants that were gorgrol over delivery of food,
water and treats showed increased exploratory @irawoped better after being
separated from peers, and displayed less fearlsdbeg subjected to provocative
events (Mineka et al., 1986). In a similar studgnf& and co-workers (2006) found
that surrogate peer-reared (individually-housedh wdily access to peer group) rhesus
infants that were given control over food delivéloy lever pressing) were
significantly more active (including locomotion aegploratory activities) and
exhibited significantly lower cortisol reactivitpympared to yoked monkeys, when
exposed individually to a novel enriched environmmémaddition, the amount of lever
pressing in the home cage was positively correlatidul behavioural activity in the
novel environment, and negatively correlated waltisol reactivity to the novel

environment.

The importance of having such control was backetygualitative
observations made by Markowitz (1982). He showedl gibbons llylobates lay and
Diana monkeysGercopithecus diangoreferred to earn their food rather than being
dependent on the staff. Although no formal obs@ownatwere carried out, Markowitz

mentioned that the monkeys were more active amek'ah the presence of the
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enrichment. Similarly, Reinhardt (1993) found tHa#sus monkeys preferred to work
for their food (i.e. invest an effort in acquiriny even when the same food was also
freely available effortlessly. This behaviour waterpreted as a desire for control.
Other researchers have had similar results forpniomate species (Jensen, 1963; Stolz
& Lott, 1964; Singh, 1970; Inglis & Ferguson, 19&®d see Osborne, 1977 for a

review).

However, Sambrook and Buchanan-Sniitfi97) argued that the animal’'s
tendency to work for their food does not reflectesire for control, as by performing
the behaviour, the likelihood of reward occurrisgactually lower than if the animal
gets some of the free food available (i.e. sont@@time that might be spent eating
the freely available food is taken up with perfangithe behaviour necessary to
control its delivery). In addition, whilst feedirmgptive animals in ways that best
improve their welfare is critically important, alling control over feeding has
limitations as many captive animals are overweighbtthermore, animals may
become obsessed with the new feeding opportunigyk®Vitz and Line (1989) found
that rhesus macaques would touch a control swégaral thousand times to receive a
food reward. The desirability of such behaviouguestionable, and it could be
considered as another type of stereotypic behay®ambrook & Buchanan-Smith,

1997).

2.5.5.2 Effects of controllability over novel etis
Sambrook and Buchanan-Smith (1996) found that mgmkecaptivity preferred
responsive objects, which they could control incHjieways (i.e. to elicit noise),

rather than non-responsive objects. Similarly, ¥iend colleagues (2005), and Vick
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and colleagues (2000) also found that primateseped objects that they could
control, or in other words, objects that responidagaction to the animals’
behaviour, or were manipulable (see paragrapha2.@dtails). More research has
been done on the effects of control over visuahsli (computers, video sets) on the

behaviour of primates in captivity; this researdh e reviewed in Chapter 8.

2.5.5.3 Effects of control over aspects of tharenment

Line and co-workers (1990a, 1991a; Markowitz & Li®89) gave adult rhesus
macaques control over a supply of banana-flavoediétp and a radio set (turning it
on and off) through manipulation of a device. Therals showed much interest in
the device, and spent a quarter of their time usitigpth feeder and radio set
together). They continued to use the device througthe whole study period (12
weeks). Additionally, negative behaviour patteswgh as cage manipulation,
abnormal behaviour and autogrooming, decreasedisattly. Furthermore, the
monkeys exhibited lower cortisol levels and heaté values in response to restraint,
and the return to normal heart rate value aftdraies was faster. Markowitz and
Aday (1998) also mentioned in relation to the abstuely that the monkeys showed
quicker physiological recovery from routine souroéstress in their everyday lives.
More research on control of positive events to io#lieas of the animals’ environment

IS required.

One of the difficulties in providing captive anirmalith a device that controls
environmental variables (such as music) is tharodtnly one member of the group
will be able to control the device, while all otlggoup members will be affected by

the stimuli. The same problem affects primates @dus a colony room. If the control

52



over the stimuli is given to members of only ongegadther individuals within the
colony room have no ability to control it, which ynlae detrimental to their welfare

(Buchanan-Smith, 1997b).

2.5.6 Effects of loss of control

A major problem with providing captive animals wibntrol is that at some point the
controlled device may have to be removed; hencanimals may be exposed to loss
of control which might have negative consequenbéisgka & Hendersen, 1985;
Overmier et al., 1980; Dantzer et al., 1980). tdarend colleagues (1976) found that
when rhesus monkeys experienced loss of contraltugé intensity noise, cortisol
levels were significantly higher than when the samienals had control over the
noise, and than monkeys who never had control twenoise. Similarly, Zimmerman
and Koene (1998) showed that loss of controllabditer light and food led to higher
levels of gakel-calls (which serve as a sign fastration) in laying hens, compared to
control sessions. In contrast, Hodgson and Boné4)18id not find any significant
differences in the behaviour of rats that were sgpdo loss of control over food
delivery to that of individuals who were exposedit@wontrollable food delivery.
Brady (1958) exposed monkeys (species was not ar&ad) to brief electric shocks.
In each pair of monkeys one (“executive” monkewldastop the shock by pressing a
lever, while the other one served as the yokedrabfihese monkeys had a dummy
lever and they lost interest in it quite quicklyhe study procedure comprised of
several hours (the exact number was changed inrepébation of the study) in

which the monkey could control the shock, followsdseveral hours in which the

animal had no control over the shock. Only exeeuthonkeys developed ulcers;
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some even died. It is likely that these physiolag@mnsequences were the outcome of

the experience of loss of control that only thecexee animals experienced.

2.5.7 The study of the effects of controllabilityn the present thesis

In the present thesis, | present the results ekttudies that examined the effects of
controllability over different aspects of the captenvironment on the behaviour of
marmosets. In the first study, the effects of aalibility over additional illumination
and heat (as the additional light produced heatherbehaviour of family groups of
marmosets is reported (Chapter 7). In the secaratystamily groups of marmosets
were able to control a visual stimulus, i.e. thejgetion of coloured lights into their
home cages (Chapter 8). In the third study, pairsed marmosets in two tier caging
system were able to control additional illuminatamd heat in their cages (Chapter 9).
In the first two studies, groups that had contr@rahe stimulus were compared to
unaffected groups that had no treatment at alllenthithe third study, groups (pairs in
this case) that had control over the light in tlsaige were compared to both
unaffected pairs and yoked pairs that had additiagtat but had no control over its

operation.

2.6 SUMMARY- The Definitions of the Terms Complexit, Choice, and

Control and the Confusion between Them
As has been discussed above, it is possible tmglissh between complexity, choice,
and control, however clear definitions and bouretaare needed. It is important to
emphasize that the division between the study ofpdexity, choice, and control,
which was made above, is quite artificial, and sainthe examples might reasonably

have been placed in other sections of the revieheMising any of these terms
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(especially complexity and control) it is essentaaprovide a clear definition of the

term and to clarify its use.

The links between these three terms are extrenosghplicated, particularly
those related to control. When animals are housedmore complex environment
they experience more opportunities to make choldesvever, when can we argue
that animals have control over their captive enuinent? Do they experience more
control when they live in a more complex environin@s has been argued by
Carlstead & Shepherdson, 1994)? Do they experignace control over the
environment when they have more choice (as hasdmegped by Bayne, 1989b)?
Alternatively, it may be that control is a complgtseparate aspect of captive

environments.

2.7 DEFINITIONS FOR THE PRESENT THESIS
As mentioned above, it is important to define #reris to avoid ambiguity.

The following definitions are used in the presdiatsis:

Complexitywill be separated into two forms: physical andialoc mplexity.

Physical complexityThe physical complexity of the captive environiinsrcomposed
of two environmental features. The first is theistural characteristics of the
environment (e.g. cage size, cage height, matefalage itself, etc.). The second
feature is the furniture inside the cage (mateonkhe furniture, quantity of devices,
etc.). The physical complexity is lower in barrelesures and higher in larger and

more equipped enclosures.
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Social complexityrefers to the size and the composition of theasgecoup (e.g.
number of individuals, age and sex of the individutamilial relationships between

individuals, etc.).

Choice Animals are considered as having choice when #éineyrovided with at least
two environmental options. In particular, in Stutin Chapter 4 the marmosets were
able to choose between lower and upper parts ofitbene cage, and in Chapter 6
they were able to choose between their indoor hoages and outdoor cages, while

they had free access between these two enclosures.

Control: Animals are considered as having control over #@vironment only if an
overall aspect of their entire enclosure is charaged consequence of their own
response (in this case touching a touch sensititen). The marmosets are not
considered to have control if they can choose batvakfferent environments, or if
they can manipulate a puzzle feeder or any otlsporesive object inside their

enclosure.

2.8 GENERAL AIMS OF THE PRESENT THESIS

The central aim of the present thesis was to inyats the importance of physical and
social complexity, choice, and control, togethethvie relative significance of each
of these aspects, for the welfare of captive pasatising marmosets as the study
species. In addition, as a result of the natuth@different studies, the effects of
other environmental components are discussed. &p€h 4, the effects of the level of
the cage in a two tier housing system on the belawaf pair-housed marmosets is

discussed. In Chapter 6, the effects of exposuoaitdoor conditions together with
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the effects of occasional access to an enriched asgadded to the effects of choice.
Further, in Chapters 7 and 9, the effects of illugion on behaviour are discussed,
and in Chapter 8, the effects of visual stimulesadded to the effects of control over
this stimulus. A secondary aim of the thesis wasréate a better understanding of the
normal behaviour of captive common marmosets, qdatily in relation to rates of

locomotion, inactivity and scent marking.
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Chapter 3

General Methods

3.1 THE COMMON MARMOSET

Common marmoset<€allithrix jacchug are the study animals of the present thesis;
hence, it is necessary to be familiar with the @gplof wild populations in order to
get a better understanding of the behaviour ofie@pbharmosets. Furthermore, the
effects of group composition on behaviour are stidiherefore the social system of
wild populations is relevant. The common marmoseitne of the six species of the
genusCallithrix (Rylands et al., 2000). It is a diurnal, small rkey (around 3179 for
males, and 3229 for females, in the wild, #oceet al., 2000), with average body
measurements of 25cm from neck to tail base, aad l@ngth of 28cm (Stevenson &
Rylands, 1988). The pelage is brindled black, brawa dark yellow with large white
ear tufts, and alternating dark wide and pale mabvands on the tail (Plate 3.1), and
there is no visual sexual dimorphism (Hershkowi®77). The pelage of young and

juvenile animals is brown, grey, and lacks the ahalrkings (Plate 3.2).

The common marmoset is found in northeast Braad has been introduced
into the state of Rio de Janeiro and several giads of the southeast of Brazil. It
inhabits a wide variety of habitats such as theelostrata of gallery forests, and
secondary forests (but also goes to the top ofresds on occasion), scrubs, swamps,
and tree plantations (Hershwokitz, 1977; Stevegs®&ylands, 1988). It is arboreal,
but has also been recorded on the ground to coosstfclearings, and to pick fallen
fruits (Stevenson & Rylands, 1988). It is probatbiat the common marmoset is one

of the most adaptable species of the genus, arldssified at Lower Risk by the
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IUCN (Rylands et al., 2000). The home range of wilgbulations is 0.5-6.5ha, and the
home range of neighbouring groups overlaps (Hulbyd&85; Stevenson & Rylands,
1988; Scanlon et al., 1989; Ferrari & Digby, 1996has been suggested that the
home range is small, compared to that of otheiteliids because of the marmosets’
ability to use the stable food resource providedrbg exudates (Hubrecht, 1985). The
marmoset has specialized teeth for gouging treesni@o-Filho & Mittermeier,

1976, 1977), and the exudates they consume argoa paat of their diet; they also

eat fruits and insects (Stevenson, 1978; Ferrdigby, 1996).

The social structure of wild populations is a neklly stable (Ferrari & Lopes
Ferrari, 1989) extended family group with a groige ®f three to fifteen individuals
(Hubrecht, 1984; Scanlon et al., 1989; Digby & B&wr 1993; Pontes & Da Cruz,
1995), but sizes are varied as a result of immignat(Hubrecht, 1984; Arruda et al.,
2005), emigrations, births and disappearancesdf&rDigby, 1996; Digby &
Barreto, 1993). In captivity social groups of commarmosets are usually
monogamous (Poole, 1990; Gerber et al., 2002a,088d sexual behaviour is
inhibited in subordinate females (Abbott, 1984; ks/& Hodges, 1984; Saltzman et
al., 1997). However, some spontaneous departwasrionogamy, resulting in
polygyny, have been observed in captivity but tieugs were often unstable (Rothe
& Koenig, 1991). In wild populations, monogamousgyss have been documented
(Albuquerque et al., 2001); however, more (compaoechptive populations) cases of
two reproductive females in one group were repofibagby & Ferrari, 1994; Digby,
1995; Ferrari & Digby, 1996; Roda & Pontes, 1998ufla et al., 2005; Sousa et al.,

2005).
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Plate 3.1 An adult common marmoset

Plate 3.2 Young common marmosets
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These situations may indicate a stable polygynoatsngn system (Ferrari & Digby,
1996), but may also indicate a transitional statg/ben two monogamous phases
(Pontes & Da Cruz, 1995; Dighy, 1999), especialhewthe offspring of the
subordinate reproductive female do not survive (da et al., 2005; Sousa et al.,
2005). Further, extra-group mating is relativelynzoon, but usually performed by
subordinate females (Digby, 1999; Lazaro-Pereal 20there is no evidence for
polyandry in common marmosets, although this matygiem has been reported in

other callitrichids (e.gSaguinus fuscicollisTerborgh & Wilson Goldizen, 1985).

Common marmosets reach sexual maturity at th@b®-24 months (Hearn,
1982; Rensing & Oerke, 2005), and usually produges;, which have better survival
than singletons and triplets in both the wild aagtwity (Hearn et al., 1975; Jaquish
et al., 1991; Sousa et al., 1999). In captive gspiips advisable to leave young in
their natal group until the next set of offsprirrg &orn and weaned since previous
experience has been found to be important for éveldpment of good parental
behaviour (Hearn et al., 1975; Tardif et al., 19&4)group members take part in the
carrying of infants (Box, 1977a; Rothe et al., 1998mamoto, 1993; Ximenes &
Sousa, 1996), and adults often encourage the ytarsgs carry the infants (Hearn et
al., 1975). There is no breeding seasonality inieityg and usually inter-birth
intervals are five to six months (Epple, 1970ay8tson & Rylands, 1988). In the
wild, the inter-birth interval is similar (HubregHt984), but births occur mainly at the
beginning of the dry season, and near to the stéine wet season (Hubrecht, 1984;

Sousa et al., 1999).
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Common marmosets are used widely in biomedicabrekeo investigate
immunology, virology, teratology, endocrinologyunebiology and behaviour
(Deinhardt, 1971; Poswillo et al., 1972; Hearnlgtl®75; Boyd Group, 2002). There
are many advantages to their use in laboratorees & practical perspective. Their
small size (although captive individuals weigh mtran their wild counterparts,
Araiijo et al., 2000), makes them relatively easy tadleand economical to maintain
(Hearn et al., 1975; Poole & Evans, 1982). Furtheder suitable conditions they will
breed rapidly (Stellar, 1960; Epple, 1970a; Taediél., 1984), and although the life-
span of wild individuals is 11.7 years (Ross, 19@aptive individuals may reach the
age of 20 years (Kirkwood & Stathatos, 1992). A# marmosets used in UK
laboratories are captive bred, mostly in the UKwad-caught marmosets are not
available (Boyd Group, 2002). Further, over thé tes years there has been an
overall downward trend in the number of callitrdfiused in scientific procedures in
Great Britain. For instance, 643 callitrichids wesed in 2005 compared to 1060 in

2000 (Home Office, 2006, and 2001, respectively).

The common marmoset is used as the study anintia¢ ipresent thesis for
several reasons:
1) Its frequent use in captivity leads to wider apgiicn of findings.
2) A large sample size was available for the study.
3) The range of group compositions and enclosuredinhwit is housed in
captivity allows the study of the effects of so@ad environmental

complexity.
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3.2 STUDY ANIMALS

Study animals were common marmosets housed at ¢laechl Research Council
(MRC) Human Reproductive Sciences Unit, Bush Estatinburgh, Scotland. It is
standard for the marmosets at the MRC to wear ariag chain around the neck to aid
identification; numbers on these tags are uselarhesis for the animals’
identification. A total number of 238 common marmiss(all captive bred) were used

for the different studies of the present thesis (Bable 3.1).

Table 3.2 Number of animals and group compositions in titles

Number and composition of Total number of animals

study groups

Chapter 4
Study | 32 pairs 64
Study I 19 pairs 38
Study Il 19 pairs 38
8 small family groups 16 (adults only)
12 large family groups 30 (adults only)
Chapter 5 1 large family group 8
Chapter 6
Study | 4 large family groups 25
Study I 8 large family groups 46
Chapter 7 12 small family groups 43
Chapter 8 12 large family groups 44
Chapter 9 36 pairs 72
Total number of animals-
238

* Animals from the studies in Chapter 4 are not idetliin the total number of study animals as all
animals in these studies were part of the etuidi other chapters (see Chapter 4 for more dtail

Animals were housed in pairs, small family groups(individuals), and large family
groups (5-8 individuals). Animals were divided itwa age groups of adults and
youngsters. Youngsters were defined as less thamohths (300 days) old, following

Ingram (1977a, 1977b). Infants (younger than 45adg) were not included in the
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study as they were still dependent on other groembers and spent a considerable
amount of time being carried. Although Ingram (18)/defined infants as younger
than eight weeks (64 days), youngsters older thatags were observed since captive
common marmosets become independent earlier teanatd conspecifics
(Stevenson & Rylands, 1988). On a few occasiommalsiwere used for two different
studies. When a whole group was used twice fosthdies in Chapters 7-9, it used at
least once as an unaffected group (no treatmentgpeeated treatment of the same
animal may markedly influence behaviour (Martin &tBson, 1993). In a few cases a
single animal was used twice, but as this was ifterdnt studies it was not

considered to adversely impact on the results.

3.3 HOUSING AND HUSBANDRY

Marmosets were housed in different cage sizes dowpto the size of the group.
Pairs were housed in single cages (one quartbeajuadruple cage, Figure 3.1, and
plate 3.3), with the exception of pairs in StudynllChapter 4 that were housed in
double cages. Small family groups were housed ubdocages (half of the large
cage), and large family groups were housed in qurelicages (a whole cage as seen
in Figure 3.1, and Plate 3.4). The exact measurenudithe cages are given in Table
3.2. Cages were furnished with wooden logs, a nusbelf mounted on the front of
the cage, a metal nest box, and sometimes a p$ditand/or a short bamboo
bridge. The metal tray on the floor of each cage flked with wood shavings to
promote foraging, and to provide soft floor beddiAl quarters of the quadruple
cages were similar and therefore, larger cagesowa more furniture (but only one
nest box was provided for each group, regardlegs size). Cages were positioned

side by side in colony rooms while each colony rammtained eight large cages, four
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along each opposite wall (see Figure 3.2). Thisimgusystem allowed visual contact
between animals of opposite sides of the colonynid®@ome cages were fitted with
mesh verandas which enabled the animals to besiralcontact with neighbouring
groups. Marmosets had auditory, and sometimes hMsudact with personnel while

in the corridor or in other laboratory rooms.

Table 3.2 Measurements of all cage types used in the diftestudies

High Width Depth
Single cage 1.15m 0.75m 1.1m
Double cage 2.30m 0.75m 1.1m
Quadruple cage 2.30m 1.50m 1.1m

Temperature in the colony room was maintained é222Z, and humidity at around
55%. The rooms were maintained on a twelve-hott/itark cycle (700-1900h).
Water was availablad libitum and marmosets were fed once daily at around 1300h
The diet consisted of a mixture of New World primaellets and fresh fruits (banana,
apple, orange, grapes, tomato, and pears). Foas @mveek monkeys were also given
dry fruits (dates, raisins), peanuts, and occa#iipheead, and on the other three days,
they were given ‘porridge’, consisting of yoghuoéby rice and protein mixture with
added vitamins and minerals. Food was served iarghpking cases’ and was placed
on the cage floor. Food leftovers were taken frages daily, and colony rooms were
cleaned daily between 800h and 1030h (excludinkeveds). Wood shavings were
changed weekly, and whole cages were replacedolgtin cages every fourth week.
During this procedure, used cages were cleanedaga washing machine. Any other
experimental or husbandry routine procedures {&gghing, blood sampling or

manual palpation to detect pregnancy) were usgallsied out before 1300h.
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Figure 3.1 Schematic diagram of four single cages (not &de3c
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Figure 3.2 Schematic diagram of a colony room (not to scale)
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3.4 BEHAVIOURAL OBSERVATIONS

3.4.1 Observation protocol and data collection

Behavioural data were recorded in all studies ariéated on a Psion Workabout (a
hand-held computer) running THE OBSERVER 3.0 eveobrding computer
programme (Noldus, 1995). | spent several houiden$e colony room over at least
three consecutive days before the beginning of saaly to allow habituation of the
animals to my presence. However, as marmosetsivese completely habituated to
my presence, and tended to spend considerable awiotime watching me during
observations, one of the recorded behaviours watching the observer’. During
observations | sat on a stool around 1.5m fronirth& of the cage. Circadian
rhythms in the behaviour of marmosets have beeorteghin captivity (e.g. Erkert,
1989, 1997; Menezes et al., 1993) and in the weild.(Stevenson & Rylands, 1988).
Observations took place between 1030h and 160ah @nbreak between 1230h and
1400h to avoid feeding time) and were evenly distied within and/or matched

between groups to minimise this potential confoahtime of day.

3.4.2 Sampling methods

Continuous focal animal sampling was used. Obsrvaessions for individual
animals lasted four minutes in all studies, with &xception of the study described in
Chapter 5, in which five-minute focal observatigres animal were possible because
of the small sample size (one family group). Obagow length was based on three
criteria. First, increasing the sample size impsostatistical power and offsets the
loss due to individual differences (Martin & Batasd993). Second, thanks to the
large number of marmosets at the MRC Unit, it veasible to have a large sample

size in each study. However, because of the lag®e size, it was impossible to
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devote a large amount of time to the observatiosagh animal. Third, to ensure this
was appropriate, a pilot study was carried outxemm@ne whether there was a
significant difference between a single four-minfateal animal observation session

per day and two separate two-minute focal animaéplation sessions per day.

In the pilot study nine adult female and nine adudle marmosets were
studied and each individual was observed duringetisonsecutive days. On each day,
every animal was observed three times for a twasteifocal observation session.
Two of the three sessions were continuous whereathird was carried out either
earlier or later in the day. Data from the two amnbus sessions were combined, and
data from one of these sessions were combineddatdn from the third session.

Paired samples t-tests were performed for femaldsvales separately. No

significant differences were found between the tifferent data collection methods
for any behaviour. Therefore, the more conveniama @¢ollection method of a single
four-minute observation session was applied istaillies (with the exception of the

study in Chapter 5).

In order to increase the reliability and the vajicdhf the results, and to avoid
possible influences of individual differences, datae collected in three phases for
all studies: baseline phase, enriched phase (wiashdifferent in the various studies),
and post-study phase. This method allowed the padnce of within-subject
comparisons in addition to the between-subject @imspn when animals of different
study groups were exposed to different treatmesas Table 3.3). The behaviour of
each animal was likely to have been influencednay of its cage mates, and so data

from each individual could not be treated as ind€jpat. For this reason, statistical
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tests were carried out for all members of eachg(adults and youngsters
separately), i.e. each group was effectively tgbaseone individual in the analysis,
with the exception of the studies in Chapter 6 (ails below). Further, when study
groups were family groups comprised of adult andngpanimals (see Table 3.1), the
effects of the study treatments could have bedardifit for marmosets from different
age groups. Therefore, statistical analyses waredaut for adults and youngsters
separately (with the exception of Chapter 5). Haya&in, adults or youngsters from

each group were effectively treated as one indadiduthe analysis.

Table 3.3 Types of analyses used for the different studies

Within-subjects Between-subjects Additional data
Chapter 4
Study | v
Study Il v Preference for cage
locations
Study I v
Chapter 5 v
Chapter 6
Study | v Usage of outdoor cages
Study Il v
Chapter 7 v v Preference for cage
locations, duration and
frequency of light
usage
Chapter 8 v v
Chapter 9 v v Duration and frequency

of light usage
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It was not possible to treat groups as separatepaants in the studies in Chapter 6,
because during the test phase of these studiedd@uphase), the marmosets had free
access between their indoor home cages and thearutdges. For this reason
different individuals were observed in every datflection session, and the number
and identity of individuals which were observed avgrconsistent. In these studies,
data were analysed for each individual separaaeigt,no analysis was carried out for
whole groups. In addition, only marmosets that vedrgerved at least three times
outdoors were used for the behavioural analysiallistudies, Kolmogorov-Smirnov
tests were carried out to check whether the data n@mally distributed, and when
needed, log transformations were applied to allavametric tests. Various types of
ANOVAs and t-tests were applied as appropriatééostudy questions and the data.
In none of the statistical analyses was Bonferconiection carried out as although
they reduce the probability of Type | error, at Hagne time they increase the

probability of Type Il error (Caldwell et al., 2005

The duration and frequency of all behaviours weemrded. Although Martin
and Bateson (1993) distinguish between reportingdo duration states and short
duration events, the results of all studies aregnted as percentage duration, even
when the behaviour was of relatively short duraice scent marking and
scratching). However, for these two behaviours Ile¢hfrequency and percent of time
were analysed to ensure percentages correlateawitlelfrequencies. To illustrate
this, data from Chapter 9 are analysed and preséstent marking: Pearson r=0.98,

P<0.001; scratching: r=0.95, P<0.001, see Figu&sid 3.4).
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Figure 3.3 Scatter-plot of frequencies of scent marking asfapercents of time per

f

our-minute observation session

Frequency

4.00

3.50

3.00 -

= n N

a1 o a1

o o o
L L L

1.00 -

0.50 A

0.00
0.00

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

Percent of time

Figure 3.4 Scatter-plot of frequencies of scratching aggestents of time per

four-minute observation session
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From these graphs, the relationship between thenteasures can be calculated. For
example, 1% of time spent scent marking meangliieatnarmosets scent marked for
a mean of 1.28 times per four-minute observati@sisea (equivalent to a rate of 19.2
scent marks per hour). 1% of time for scratchin@msethat the marmosets scratched

for a mean of 0.79 times per four-minute observasiession (11.85/hour).

3.4.3 Recorded behaviours

Since behavioural observations were the main saefrcdormation in all studies, it
was important to obtain a wide range of differeghdwioural categories and types
(see Table 3.4). Behaviours in each category wert@aily exclusive. Additional
behaviours such as aggression, stereotyped behgeigu moving rapidly in circles
along a specific path), and time inside the nestvere observed and recorded.
However, these behaviours were shown at such legldeind no significant
differences between study conditions were foundafor of them in any of the studies.
Foraging behaviour (e.g. animal looking for foodeating was recorded for relatively
long durations, but no significant differences wienend in any study, with the
exception of the studies in Chapter 6, where a ewispn between the study phases
was not valid for this behaviour (see Chapter @Ger&fore, these behaviours will not
be discussed. Vocalisation was very difficult tbatdy record and therefore is not

discussed.

The results of the statistical analyses are gingables for all the behaviours

noted in Table 3.4 in each experimental chaptewéder, only behaviours in which a

significant difference was found for the particudémdy are presented in figures.

74



Table 3.4 Behavioural categories and definitions used fostadies (based on
Stevenson & Poole, 1976, and Cilia & PipeQ7)9

Category Behaviour Definition
Locomotion Agitated Animal moving between locations rapidly while ititys
and Inactivity locomotion not relaxed

Individual

behaviour

Social

behaviour

*Location

inside the cage

Device
orientated

behaviours

Calm locomotion

Inactive alert

Inactive rest

Explore

Autogroom

Scent mark

Scratch

Solitary play

Tree gouge

Watch obs.

Allogroom

Contact

Social play

Lower

Upper

= Close to device

*Manipulate
device

= | ook at device

Animal travelling between locations by walking, nimg,
climbing, or jumping and its gait is relaxed

Animal is stationary, awake and aware of the surdowgs
Animal is stationary, usually the tail curled ardithe body
or through the legs, with eyes open or closed

Animal investigating objects in its environmentdnjffing,
licking, biting, or handling the objects, or atiémy to them
whilst walking around them

Animal cleaning its own fur and/or skin with harod,
mouth

Animal rubbing anogenital area along a substrate

Animal repeatedly moving its hand or foot whilsiwk
rapidly drawn across its fur and/or skin

Animal hanging from or moving objects accompanigd b
rapid movement around the enclosure

Animal gnawing on wooden logs

Animal visually attending to the observer whiletistaary
or moving

Animal cleaning another animal’s fur and/or skinhaiand
or mouth

Animal is stationary and in physical contact wittother
individual

Animal engaging in high activity interaction witther
individuals, involving non-aggressive physical @it

Animal is in the lower half of the double or quagleicage

Animal is in the upper half of the double or quaileucage

Animal sitting on the rubber shelf close to (almiostching)
the light or coloured light box

Animal touching the light box and/or switching tight on
or off, or trying to “catch” the coloured light'gflection
Animal following the light’s reflections on the ozlg walls

with its eyes

* Relevant to Chapters 4, 7, 8; ** Relevant to Cieap 7, 8, 9; *** Relevant to Chapter 8
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3.4.4 The significance of the performance of behamirs
In order to understand the effects of the studgttnents on the welfare of the
marmosets, it is necessary to interpret the meaofitige performance of the various
behaviours. However, it is also important to empteathat the performance of a
single behaviour has little meaning by itself, @nd necessary to consider the overall
behavioural repertoire of an animal and the corttefre reaching any conclusions
concerning the animal’s welfare state. Shepher@®89, 1990) suggested factors for
judging the importance of a given behaviour fomzadiwelfare:

1) The proportion of the behaviour in the activity et of wild individuals

2) The short-term survival value of the behaviourhe tvild

3) The degree of the internal (as opposed to extestiaduli to perform the

behaviour
4) The consequences of performance of the behaviophgsiological health

5) The correlation of the behaviour with other welfaréicators

According to Shepherdson (1989), and under theeabateria, behaviours such as
foraging, resting, locomotion, and social interatare likely to be important to most
captive animals. In addition, Poole (1988a) suggkthat an increase in the animal’'s
behavioural repertoire (desirable behaviours irridiet context) may indicate an
improvement in welfare. Now | will describe thersificance and functions of the
behaviours that | recorded in the different studdesummary list of desirable and

undesirable behaviour is given in Table 3.5.

Locomotion and inactivity
Locomotor activity is a desirable activity thatgedher with other positive changes,

may indicate better welfare for primates in capyiyBayne, 1989a; Snowdon &
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Savage, 1989; Buchanan-Smith et al., 2004). Coalyersrge proportions of
inactivity, in species that are usually activeha wild, are not desirable and are
considered as indications of poor psychological-lweing (Chamove 1989; Chamove
& Anderson 1989; Broom & Johnson 1993). The mealy gath of wild common
marmosets is 0.5-1.0km (Hubrecht, 1985), and locmmactivities occupy 35% of
their time budget, while they are stationary fo%&8f their waking time (Stevenson
& Rylands, 1988). The achievement of a similarribstion between locomotion and
inactivity is also desirable for captive populagpalthough different distribution may
result from factors other than welfare conditiorg(alifferent data collection
methodology, see section 1.2.3). It is also ciiticalistinguish between different
types of locomotion and inactivity, in relationttee individual animal. For instance,
when an animal is apathetic and inactive an iner@aactivity levels is desirable, but
on the other hand, hyperactivity should be red{Bedle, 1988a). Further, in the
present thesis a distinction is made between cathragitated locomotion (excluding
play) and between inactive rest and alert. In wel&tudies such discrimination
between different types of locomotion and inacyiyatterns is not common (but see
Chamove & Rohrhuber, 1989; Johnson et al., 199%) tlaerefore the interpretation of

results may be contradictory.

In general, it is desirable to increase levelsabfiiclocomotion and inactive
rest, and at the same time to decrease levelstated) locomotion and inactive alert
behaviours which may indicate a stressful situatibowever, it is essential to be
aware of other behavioural changes, as a reduictiagitated locomotion (or overall
level of locomotion) and an increase in levelsnadtive (both rest and alert) may

indicate variation in physiological functioning whicannot be easily mapped onto
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welfare state. Further, Moodie and Chamove (199@&nive & Moodie, 1990)
suggested that an exposure to brief threateningteye.g. an exposure to over-flying
bird model), which would increase levels of agithiecomotion and inactive alert,
may be beneficial to captive primates, as it mingilesnents from the natural habitat,
and keeps the animals aroused (as opposed to bbladgver, Chamove and
Moodie’s work (1990) received criticism (e.g. Rowglal., 1992), and the desirable

levels of arousal in captive primates are not clear

Explore

Exploratory behaviour is also usually judged asrdbt for captive primates
(Chamove & Anderson, 1989). The performance of@gibry behaviour may
indicate lower levels of stress. For example, Baaod co-workers (2001) described
an increase in exploration in marmosets after baspi(an anti-anxiety agent)
treatment. Further, the opportunity to perform stigative behaviour meets one of
the basic internal animal needs of information-gatiy, and has a significant
influence on welfare (Wemelsfelder & Birke, 1997eih, 1998a). Complexity is
one of the most important stimuli that elicit exjatory behaviour, as it provides more
potential opportunities for responding (Berlyne6@9Dember & Warm, 1979;
Hughes, 1997). Therefore, it could be concluded hifggher levels of exploratory
behaviour indicate a more complex environment. Hewdevels of exploratory
behaviour may also be affected by factors other tha characteristics of the animal’s
environment. Kaplan and Rogers (1999) found thatraon marmosets that had
received less anogenital licking by their motharsarly infancy were less likely to
explore novel objects later in life. One explanatior this positive correlation may be

that anogenital licking reduced stress levels fants. The idea that stress inhibits
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exploratory behaviour was also suggested by vamtidest and co-workers (2003),
when rats showed decreased levels of exploratiale ahticipating a negative
stimulus (forced swimming). Barros and colleagi890) also found that common
marmosets increased frequency of exploration oftdy an anxiolytic treatment,

when they were exposed to a fearful situation (syp®to a stuffed natural predator).

Autogroom

Autogrooming behaviour is a natural behaviour dffsare; however, when
autogrooming appears in high levels and/or oubotext, it could be considered as a
displacement activity which may indicate poor wedfar even stress (Maestripieri et
al., 1992; Barros et al., 2000). Aureli and vandikl(1991) found that long-tailed
macaques increase levels of autogrooming afteghém victim of an agonistic
conflict, probably as a tension reduction strat&jgilarly, Schino and co-workers
(1996) found that long-tailed macaques showed Idexezls of autogrooming after
being treated with anxiolytic drug. However, nodance for autogrooming as a

displacement activity in callitrichids has beenrfdu

Scent mark

Scent marking is a well known natural behavioumafmosets in captivity (Epple,
1975; Box, 1988) and in the wild (Lazaro-Pered.et1899), mainly performed by
adults (Lacher et al., 1981; Stevenson & Rylan@8)9Epple and colleagues (1993)
studied the scent marks of saddleback tama8ag\finus fuscicolljsand found that
these marks communicate a large body of informadloout the individual that
produces them. Different functions have been offdoe the performance of scent

marking: orientation in the environment (Epple, 29 marking important food
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sources (e.g. Lacher et al., 1981), intra-groupraamication (e.g. Epple, 1970a;
Lazaro-Perea et al., 1999), inter-group commurdocasiich as territorial defence (e.qg.
Nogueira et al., 2001) and familiarization with @tlndividual to form new groups
(Epple, 1972). In captive callitrichids, scent magkfrequently occurs when animals
are highly aroused, but may also occur under cmmsitof normal or low arousal
levels (Mack & Kleiman, 1978). Barros and co-wok€é001) found that scent
marking disappeared after administration of buspmr@and Cilia and Piper (1997)
labelled scent marking as an anxiety related behayvafter they found that diazepam
(another anti-anxiety agent) treatment reduceddesethis behaviour. Further,
Bassett and colleagues (2003) found that commomosats showed increased scent
marking after being exposed to mildly stressfulgadure (capture and weighing). In
addition, Sutcliffe and Poole (1978) argued thaselvisual contact between
marmoset groups may increase frequencies of scankimg. Similarly, Woodcock
(1982) found that marmoset pairs which were visuablated from other pairs
showed no scent marking behaviour. Therefore, ktamngion may increase levels of
scent marking, as a consequence of a stressfatisit,l or as a vestige of the natural

behaviour of marking territorial boundaries.

Scratch

Scratching, although present in non-stressed iddais, is known to increase at times
of stress (e.g. Chamove, 1996), and has beenfaasas a displacement activity; a
behaviour that is irrelevant to the situation ara/nmdicate stress (Cilia & Piper,
1997). Several researchers found levels of scragdioi be reduced in response to
anxiogenic agent treatmentddcaca fascicularisSchino et al., 199X allithrix

jacchus Cilia & Piper, 1997C. penicillata Barros et al., 2000). Bassett (2003;
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Bassett et al., 2003) found that the mildly stnelssfutine procedure of capture and
weighing induced significant increases in amoumtsetf scratching in untrained

common marmosets.

Tree gouge

Wild marmosets gouge holes in trees in order to glint exudate which provides a
significant part of their diet (Stevenson & Rylanti888). A strong association has
been found between scent marking and tree goudit, of tree gouging bouts being
immediately followed by scent marking (StevensoRyands, 1988). However,
Rylands (1985) argued that gouge holes attract soarking only because they are
certain to be visited by other group members. Tilg explanation | found in

previous literature for the performance of goudiygyoung) captive marmosets was
to investigate objects in their environment (Steseen& Poole, 1976). As tree
gouging is a natural behaviour of wild marmosetsjay be viewed as desirable in
captivity, indicating an increase in natural bebaval repertoire. It may also be seen
as an expression of a proximate need of the matsjaseen though the ultimate need
of avoiding death by starvation is not relevantaptive conditions (Dawkins, 1983).
On the other hand, in captivity marmosets usuadlygym tree gouging out of
context, as they do not gain gum out of the hdias they gnaw. Further, my
observations showed that frequently the marmosmigegywooden logs when they are
agitated or in conflict with neighbouring groupserde, | would suggest that tree
gouging may also be viewed as a displacement gcf{lvased on Maestripieri et al.,
1992 and Schino et al., 1991, 1996). To sum upfuihetion of tree gouging

behaviour in captive marmosets is not clear andoaisly further research in which
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the context is investigated is needed. Therefbigs ehaviour will not be interpreted

in terms of welfare state.

Watch observer

Caine (1990) found that red-bellied tamari8aguinus labiatysreacted similarly to
the presence of either familiar or unfamiliar obees; in both cases they delayed
entry into their nest box, which could be explaisdanti-predator behaviour. An
increased amount of time spent watching the obsenag also indicate boredom, and
thus that the observer represents a positive sisnlih either of these responses, the

interpretation of this behaviour in terms of animalfare is not clear.

Allogroom

Wild common marmosets spend 10-14% of their wakimg in social activities
(Stevenson & Rylands, 1988; Digby, 1995). Allograngnhas been also frequently
observed in captive marmosets (Woodcock, 1978).(®8X5b) pointed out that
social grooming is a frequent source of socialratBon and maintenance of health.
In addition, Cilia and Piper (1997) reported arréase in allogrooming in marmosets
following diazepam (anxiogenic agent) treatmemnivds also suggested that
allogrooming may serve as a tension-reduction mashain other primates (Terry,
1970; Schino et al., 1988); however, there is ndence for this in marmosets.
Therefore, higher levels of allogrooming will béeneed as an indicator of better

welfare.
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Contact

Social contact may be seen as a positive soc&laaotion, as marmosets tend to rest
in close proximity to each other (Stevenson & Ppd8/6), and in the wild they
spend the whole night on a tree fork piled on tbpaxh other (Stevenson & Rylands,
1988). On the other hand, Cilia and Piper (199@dried a decrease in social contact
following diazepam treatment. Further, Smith anevookers (1998) noted that
separated marmosets showed higher levels of clos@nuty (contact) upon reunion,
and interpreted this behaviour as a method to eedtress. The interpretation of
social contact is difficult, as it may be seen @®sitive natural social behaviour, but

it may also serve as an indicator of a stressfuason.

Social and solitary play

Play behaviour is usually considered as an extiedesirable behaviour for captive
primates. Lee (1983) argued that social play téa@gpear in relaxed circumstances
when stress is minimal. Play behaviour is also irtgpd for the development of young
animals, and Chalmers and Locke-Haydon (1984) fabatisocial play promoted
specific skills (e.g. locomotor and social skilils)young common marmosets. Play
was observed in wild marmoset populations at lowasrs than in captive groups, and
play patterns were more arboreal in the wild (Stewva & Poole, 1982). In both wild
and captive populations young animals tend to playe than adults (Voland, 1977;
Stevenson & Poole, 1982), and adult animals welg aotasionally observed playing

with other adults (Stevenson & Poole, 1976).
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Location inside the cage

Marmosets are arboreal monkeys, and tend to pitegeupper part of their captive
enclosures (Ely et al., 1998; Buchanan-Smith e@D2). However, Poole (1988a)
suggested that better utilisation of the captivarenment, such as greater usage of
the available cage space may indicate an improedfame state. Therefore, in the
present study, a more even utilization of the loarea upper parts of the cage will be
referred to as desirable. As marmosets tend tadsgignificantly more time in the
upper part of the cage, an increase of the amduimme spent in the lower part of the
cage is desirable (as long as it is voluntary &eg fire not acting in a subordinate

manner to conspecifics).

Although it is necessary to determine which behagave would like to
promote and which behaviours we prefer to reduga@vent in the behavioural
repertoire of captive animals, what constitutesrnmal behaviour’ for captive animals
is thus far unclear. The terms ‘normal behavioad aspecially ‘abnormal behaviour’
are consistently used in welfare studies, with xlieit definition. We usually
compare the behaviour of captive individuals with behaviour of their wild
conspecifics, which we consider to be ‘normal béhav; however, we must take into
account the environmental differences that mayeérite the frequency and/or
duration of certain behaviours. In the General 8s@on (Chapter 10) an attempt is
made to establish a ‘normal range’ of frequencigsftions of several behaviours for
captive common marmosets by comparing data fronptésent thesis with those of
other studies on laboratory-housed and wild commarmosets. In addition,
behaviours whose interpretation is unclear in tesfitbe welfare of captive

marmosets are also discussed in the General Disouss
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Table 3.5 Desirable (elevated levels indicate positive gesnin welfare) and
undesirable (elevated levels indicate negative gbsiin welfare)
behaviours for captive marmosets

Desirable Undesirable Interpretation is not clearm

terms of welfare state

Calm locomotion Agitated locomotion Contact
Inactive rest Inactive alert Tree gouge
Explore Scent mark Autogroom
Allogroom Scratch Watch observer
Solitary play
Social play

Usage of lower part of the cage

3.5 ADDITIONAL SOURCES OF DATA

In some of the studies further data were collegtextidition to the behavioural
observations (see Table 3.3). In the studies impa®, the amount of time that
marmosets spent in the outdoor cages (in diffeseaither conditions) was also
important, in order to study their preferences rdog the outdoor cages, and the
effects of weather conditions on these prefererntestefore, outdoor cages were
checked three to four times a day for animals’ @nes, during the Outdoor phase of

the studies, and data on weather and temperatueetalen each time.

In the studies in Chapters 7, 8, and 9, the freqpand duration of device
usage were also collected. These data were obtasieg an electronic counter (for
frequency) and an alarm clock (for duration), whisdre connected to the device
(Plate 3.5). The electronic counter recorded trexaizamount of button presses, and
the alarm clock measured the overall time in whighlight was on. Further details

regarding the device are given in Chapter 7 (ligdmd Chapter 8 (coloured light).
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Plate 3.5 The light box (used in the studies of Chapter®, And 9) from its back (the
outside-cage point of view)

e e e e [ | e | | e
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Chapter 4
Choice and Complexity in Relation to Cage Level, Gge Size, and

Group Composition

4.1 INTRODUCTION

Prior to discussing the effects of complexity, capiand control on the behaviour of
common marmosets, it is interesting to examinecsffexts of more basic aspects of
the captive environment. In some cases the eftddteese basic aspects seem
obvious, so no experimental research has been daddurthermore, legislation has
been made based on no experimental data. For exangy European and U.K.
legislation (Council of Europe, 2004; Home Offi@®05) bans the use of the two tier
caging system, without being based on any expetahédata to show the effects of
cage height on the welfare of monkeys in captiviyrther, it is recommended that,
whenever possible, callitrichids are housed in fgrioups. This recommendation is
based on data from wild callitrichids; however, tdagtive environment is different to
the natural habitat in many ways, and no studybeas done on the effects of group

composition on the behaviour and the welfare dftaahids in captivity.

In the present chapter, the effects of some vesiclaspects of the captive
environment are discussed. The first aspect itetred of the cage, when common
marmosets are housed in pairs in a two tier housystem. The second aspect is the
size and the height of the cage, when pair-housdhosets are moved from a two
tier housing system (single cages) to full heigdes (double cages). The third aspect
is the composition of the group, when pair-houstdtanarmosets are compared to

family group-housed adults.
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4.1.1 Effects of a two tier housing system on the welfaref captive primates
European and British legislation for captive coiahs for primates in research bans
the use of the two tier housing system (CouncEuoifope, 2004; Home Office, 2005).
Nevertheless, research on this housing systenil isrgiortant, as the United States’
legislation allows the two tier housing method, #mel impact of it on the animals’
welfare is uncertain. Further, the United Stategulations have an internal
contradiction, as they require uniform diffusionlighting throughout animal

facilities (United States Department of Agricultui®91), whereas several scientists
have argued (Bellhorn, 1980; King & Norwood, 19B@inhardt et al., 1992;
Reinhardt, 1997b; Reinhardt & Reinhardt, 1999, 32G0®@ shown that in two tier
housing systems, light intensity in the lower tisrsnuch lower than that in the upper
tiers (Scott, 1991; Schapiro et al., 2000). Theaotf light intensity on activity
levels Macaca mulattalsaac & DeVito, 1958; Draper, 196Saguinus oedipus
Hampton et al., 196@%otus lemurinugiriseimembraErkert & Gréber, 1986),
reproduction Callithrix jacchus Heger et al., 1986) and depression (humans: Letwy
al., 1982) has been documented. However, theittlesdvidence regarding lighting
needs for primates in captive environments, andedimes for the care and
management of primates in research facilities enulS., Europe and the U.K. are

general and do not give specific recommendationdht intensity.

In addition to the variation in light intensity,ha&r factors may differ between
upper and lower tiers. When monkeys are housealner row cages, they are
restricted to a more terrestrial life style (eveaugh many monkey species are
arboreal), and they are not able to show the \@fliee response. Further, it is less

convenient for personnel to bend down to inspeatthso they tend to receive less
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attention than animals that are housed in uppecaéges (Reinhardt & Reinhardt,
1999; Reinhardt, 2004). Although the environmeatalditions in the two housing
levels are certainly different, the impact on thafare of the monkeys is unclear, as
findings from different studies are contradicto®gott (1991) showed that common
marmosets in lower tiers were significantly lessva@ccompared to marmosets in
upper tiers, in the same colony room. In addit®ox and Rohrhuber (1993) found
that cotton-top tamarinSaguinus oedipyisioused in upper cages engaged in more

close contact (huddling) and were less inactiva thase housed in bottom cages.

Buchanan-Smith and colleagues (2002) studied #wgtrig height preferences
of captive common marmosets, and the effects of &gl on these preferences.
They found no effects of cage level on most studgsares (e.g. number of visits to
bowl, amount of eaten food, and use of enclosit#eyvever, when they presented a
single food bowl at one of two heights, there wagyaificant interaction between
cage tier and bowl position. The lower tier monksgent less time at the bottom
bowl and more time at the top bowl than upperitidividuals did. The authors
concluded that cage level affected the monkeygdifitially, and that lower tier
marmosets were more reluctant to spend time ofidbe Additionally, Ely and co-
workers (1997) found that common marmosets predeihre upper part of the cage
compared to the lower part, although this prefeeeeduced when the cage size

decreased.

Most studies on the effects of two tier housingl@nbehaviour of singly

housed macaques have found no impact of cagedeMet¢haviourflacaca

fascicularis Schapiro et al., 20004. mulatta Schapiro & Bloomsmith, 200M.

89



nemestrinaCrockett et al., 1992, 2000; all three speciemtBon et al., 2004), nor
cortisol levels . fascicularis Crockett et al., 2000). However, Bentson and co-
workers (2004) found that macaques (all the abpeeiss) in upper tiers spent a
greater amount of time in the front third of theage. Further, Woodbeck and
Reinhardt (1991) reported that rhesus macaquestandower row cages spent
significantly more time perching on PVC pipes congplato animals that were housed

in upper cages.

From the above studies it appears that callitriglaice more affected
behaviourally from the location of their cage tmacaques, although macaques also
prefer to be off the ground, and in a brighter posiin their cage. However, the
housing conditions of the macaques in both caginglé were worse than those of the
callitrichids, as they were housed singly, andrdiative size of their enclosures was
smaller. Therefore, it is possible that the welfaléhe macaques was poor in all
cages and the level of the cage was irrelevanteMesearch is needed on the effects
of two tier housing on callitrichid species, asyioes research has presented the
results of informal observations only (Scott, 198dhas had a small sample size

(Box & Rohrhuber, 1993)

4.1.2 Effects of cage size on the welfare of caiprimates

Legislation for captive conditions for primates@search addresses the characteristics
of the animals’ enclosure, and determines minimageameasurements (see Table
4.1). However, the stringency of the legislatioffedts between countries. United
States’ guidelines require primary enclosures phavide sufficient space to allow

each nonhuman primate to make normal postural adgrgs with adequate freedom
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of movement (USDA, 1991). U.K. guidelines also s¢rthe importance of adequate
enclosure height, which provides an additional serisecurity for the animals
(Home Office, 2005). European and Internationatiglimes also require sufficient
space to allow the animals to utilise as much efdage volume as possible (Council

of Europe, 2004; IPS, 1993).

Table 4.1 Legislation for minimum enclosure size for marekssin captivity

Minimum floor Minimum floor ~ Cage height (m)  Minimum volume

area for group area per per additional
housed animals animal (m?) animal over 5
(m?) months ()
U.K. (Home 1.0 (8 animals 0.135 1.5 (minimum 1.8 -
Office, 2005) maximum) above floor level)
Council of Europe 0.5 (1 or 2 animals - 1.5 0.2
(2004) plus offspring up to
5 months)

USDA (Animal - 0.15 0.508 -
Welfare Act,
1991)

There are many objections among scientists todahemal guidelines and
recommendations. The guidelines are not homogersEugen countries, they are
far from ideal, and sometimes, different partsuitiglines of a particular country
contradict each other. For instance, in some céisesninimum cage sizes that are
guoted in the guidelines are incompatible withestants regarding the behavioural
needs of the animals, which should be met accordinge same guidelines (Poole
1995). Further, all current guidelines based the&imum cage sizes for laboratory
primates focus solely on the body weight of therets and ignore their linear
dimensions. This can result in a cage which isalgtesmaller in vertical dimension
than the head to tail length of the animal (Pod$95; Buchanan-Smith et al., 2004;

Wolfensohn & Honess, 2005). Additional physical dethavioural characteristics
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such as ecological factors, species differencesggrbudgets, reproductive
characteristics, activity patterns, individual tesrgament, sex and age of the animals,
should also be considered when minimum cage sreededermined (Buchanan-Smith
et al., 2004; Prescott & Buchanan-Smith, 2004; KHer& Marin, 2006). The duration
of stay of the animal in the particular cage i®atldevant (Wolfensohn & Honess,

2005).

In addition to the argument that national guiddif@ cage size are not
appropriate, it is widely agreed among scientisé$ &n increase in cage size alone
cannot satisfy the physical and psychological neégsimates in captivity. The
overall cage design is more important than the 'sageasurements, as the influence
of space on the animals’ welfare depends on ittguather than on its quantity.
Appropriate cage furnishings allow better utilibatiof the entire cage space (Novak,
1989; Poole, 1990; Reinhardt et al., 1996; Bucheé®maith, 1997a; Reinhardt &
Reinhardt, 2001). Literature reporting the effextsage size is presented in Table
4.2, which provides details on housing conditiond the primates’ response to these
conditions. A written summary of the main pointpisvided below. Studies are
divided by social housing conditions since it migbtexpected that singly housed
primates would be less affected by physical coodgithan socially housed

individuals as their welfare is already very poor.

Socially housed callitrichids
The effects of cage size on the behaviour of agarigaptive primate species
(especiallyMacacg have been studied extensively, using various atstland

conditions. The impact on the behaviour of cadhrds in particular has not been
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studied widely, but callitrichid studies have shomvainly positive effects of larger
cage size on activity budget and social interastiBox & Rohrhuber, 1993;
Schoenfeld, 1989; Kitchen & Martin, 1996; Pinesiet 2002, 2003), cortisol levels

(Pines et al., 2002, 2003), and heart rate (KeRathe, 1996).

Socially housed other primate species

When the effects of cage size on the behaviouocly housed primates have been
studied, the results of most studies have showniymeffects of a larger
environment on social interaction (Southwick, 198[&xander & Roth, 1971;
Demaria & Thierry, 1989; Elton & Anderson, 1997 daactivity levels (Daschbach et
al., 1982; Nash & Chilton, 1986). Conversely, ire@xperiment, pig-tail macaques
(Macaca nemestrinashowed significantly higher levels of aggresdioa larger
enclosure. However, in this study, a comparison made between the behaviour of
the group when housed in one or two connectedaimoloms, so it is possible that
the very limited passage between the two enclossasshe cause of the aggressive

encounters (Erwin 1977).

Individually housed primates

No research has been done on the effects of cag®siindividually housed
callitrichids. However, studies on the effects afe size on the behaviour of other
primate species, which are housed individually ehla&en inconsistent. Several
studies have found a clear (Draper & Bernstein31®&ulk et al., 1977; Brent, 1992;
Kaufman et al., 2002) or minor positive behaviowfécts of a larger enclosure
(Crockett et al., 1992, 1993, 1995, 2000; Croc&eBowden, 1994) on singly housed

primates. Other studies have found no effects olbsare size on the behaviour or
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heart rate of the monkeys (Line et al., 1989, 199081a), or even negative effects of

the larger enclosure (Bayne & McCully, 1989; Crdtlet al., 1996).

Table 4.2 Effects of cage size on the behaviour of primatesptivity. (+)= positive
effects of larger cage; (-)= negative eBadftlarger cage; (none)= no difference between

cage sizes. The small number indicates pbahavioural changes; the key for these
numbers is presented below the table.

Author Species Housing  Smaller Larger Time in Effects on
(sample cage” cage” each cage behaviour (in
size} brackets) and
comments
Draper & Macaca Single 0.81nf x 106nf x 10x 5 min. (+)>7H
Bernstein, mulatta (12) 0.9m 2.4m 3 cage sizes
1963
Southwick, M. mulatta  Social 45.5nf 91nt Several (+)?
1967 (25in1 days in Larger cage
group) small cage served as home
cage
Alexander & M. fuscata  Social 186.7nt 8058 nf  3x4-6 days (+)?
Roth, 1971 (84in1
group)
Erwin, 1977 M. Social 6.5nT Two One hour ()"
nemestrina (14 connected (14 groups) Only females
groups) small rooms were affected
Paulk etal., M. mulatta  Single 0.8n7? 3.84nf x 20 hours (+®
1977 (24) 1.6m
Daschbach et Nycticebus Pair 0.42nt 8.75nt 1-3 months (+)
al., 1982 coucang (2 pairs) Furniture in
larger cage was
more complex
Nash & Galago Social 6.9nT 13.8n7 4 weeks (- and +§451°
Chilton, 1986 senegalensis (2 There was also
braccatus  groups) effects of new
cage
Bayne & M. mulatta  Single 0.4nf 0.55 nt 2 months G
McCully, (6) Smaller cage
1989 served as home
cage
Demaria & M. Social 10n? 50000 nd Several (+)?
Thierry, 1989 arctoiedes (1 group) and months Only smaller
18nt

cage indoors
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Continuation

of Table 4.3

Author Species Housing  Smaller Larger Time in Effects on
(sample cage” cage” each cage behaviour (in
size} brackets) and
comments
Line et al., M. mulatta  Single 0.41nf x 0.57nf x 2xone (none)
1989 (6) 0.81m 0.81m week Smaller cage
served as home
cage
Schoenfeld,  Callithrix Social im’ 160n7 Atleast45  (-and +J™°
1989 jacchus (1 family days 4 cage types,
group) only the biggest
one was
outdoor and
complex
Lineetal, M. mulatta  Single 0.4nf x 0.63nf x 2 weeks (none)
1990b (10) 0.81m 1.1mx 3 cage sizes,
smaller cage
served as home
cage
Lineetal, M. mulatta  Single 0.4nf 0.56 nt 4 x one (none)
1991a (6) week Smaller cage
served as home
cage
Brent, 1992 Pan Single 1.6nt 4.5nf
troglodytes (4) (+)8710
Crockett et M. Single 0.5nf x 0.59nf x 2 weeks (none apart
al., 1992; fascicularis (20) 0.36m 0.84m from
1993; 1995; locomotion}
Crockett & 5 cage sizes
Bowden,
1994
Box & Saguinus Pair 0.5nf x 0.68nfx  5-25weeks ~and +§%
Rohrhuber, oedipus (17 pairs) 0.7m 1.7m 3 cage sizes
1993
Crockett et M. Single 0.41nf x 0.36nf x One week
al., 1996 fascicularis, (8) 0.76m 0.86m (-)*®
M.
nemestrina,
Papio
cynocephal-
us anubis
Kerl & Rothe, C. jacchus Pair 3.3n7 10.7n? 2x 12 days (none)
1996 (1 pair) 3 cage sizes
Kitchen & C. jacchus Pair 0.36nf x 0.3nf x Several
Martin, 1996 (12 pairs)  0.82m 1.95m months (+)2381217
Elton & P.anubis  Social 8 x 16n7 x 30-40 days #’
Anderson, (13in1 3.04m 3.04m 4 cage sizes
1997 group)
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Continuation

of Table 4.3

Author Species Housing  Smaller Larger Time in Effects on
(sample cage” cage” each cage behaviour (in
size} brackets) and
comments
Crockett et M. Single  0.08 nfx 0.59 nt x 2 weeks (none apart
al., 2000 nemestrina (8) 0.43m 0.84m from
locomotion}
4 cage sizes
Williams et  Aotusspp. Social 0.72m om’
al., 2000 (?) (- and +§**
Kaufmanet M. mulatta  Single 1.24n¢ 6.8n7 2 years (+5*2
al., 2002 (8) Larger cage
served as home
cage
Pinesetal., C.jacchus  Social 4.6n7 7.65n7 5 hoursx 3 (+)+*3
2002, 2003 (18 in days, or Smaller cage
pairs or free access served as home
triplets) for 9 days cage

a) Number of individuals unless otherwise noted
b) A single ni figure indicates cage volume?m m figures indicate floor area plus cage height

Key for the specific behavioural changes (arronscdbe changes in rates in large

cage as opposed to small cage):

1) locomotiont

2) aggressive behavioyr

3) affiliative behavioun

4) play?
5) restingt
6) inactivity |

7) abnormal behavioyr
8) stereotypy,

9) cage manipulatiof
10) exploratiort

11) vocalization

12) foragingt

13) autogrooming

14) abnormal behaviogir
15) aggressive behaviogr
16) cage manipulatign
17) affiliative behavioug
18) scent marking

From the results of the above studies, it is dlear an increase in the size of their

enclosure has positive effects on the behaviogooklly housed primates. On the

other hand, the results of some of the studiehertfects of cage size on the

behaviour and welfare of individually housed priesaare questionable. The cages in

several experiments were unfurnished, so the asiomlld not use most of the

additional space in the larger cages, and evdmey tould use some of it, they had

neither reason nor encouragement to do so (ReihBaReinhardt, 2001). In any
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case, further research on the effects of cageosizbe behaviour and welfare of

captive primates in general, and callitrichids amtggular, is needed.

4.1.3 Effects of group composition on the welfare of capte primates

The social structure of wild common marmosets &edcommonly held views
concerning the optimum group composition of cappigpulations were discussed in
Chapters 2 and 3. However, very little researchidees done on the effects of group
composition on captive callitrichids. Koenig (19%5)died the effects of group size
and composition on reproductive success of commarmumsets. Ingram (1978a;
1978b) compared families of wild born and captieenbparents. However, no
research has been done on the effects of groupasitigm and size on the behaviour

and welfare of captive callitrichid monkeys.

4.1.4 Aims of the present study

The aim of the present study was to examine trextsfiof three basic aspects of the
captive environment on the behaviour of common nogets. The effects of cage
level on the behaviour of monkeys in captivity héeen studied before (e.g. Crockett
et al., 2000; Schapiro & Bloomsmith, 2001); howeWle research has been done on
callitrichid species (e.g. Scott, 1991). In additibttle research has looked at the
effects of cage size and height on the behaviogaltifrichids in captivity (e.g. Kerl

& Rothe, 1996; Kitchen & Martin, 1996), and no rass at all has been published

concerning the effects of group composition onviledfare of captive callitrichids.
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The following questions were asked:

1) Does the behaviour of the marmosets differ in défie cage levels when
housed in a two tier housing system?

2) Does the size and the height of the cage affedbe¢haviour of pair housed
marmosets?

3) Does the level of the previous cage affect the neha of pair housed
marmosets when they are moved to a larger cage?

4) Does the group composition affect the behaviowdefit marmosets in

captivity?

Based on previous literature (Scott, 1991; Reinhdr@P9, 2004) it was hypothesized
that the welfare of marmosets in upper tier cageslavbe better than that of their
counterparts in the lower tier, and that the insesia cage size would improve the
welfare of both lower and upper tier housed maritsos$e addition, as previous
research has shown that wild marmosets live inlfagnoups (e.g. Hubrecht, 1984,
Scanlon et al., 1988; Dighy & Barreto, 1993), itswgypothesized that adult
marmosets would show signs of better welfare wiearséd in family groups with

their offspring.

4.2 METHODS
The effects of various basic aspects of environaleanditions on the behaviour of
common marmosets were looked at in three sepaiaties.

l. The effects of cage level on the behaviour of pairssed marmosets.

Il. The effects of cage size and height on the behawbpair-housed marmosets.

lll. The effects of group composition.
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Data for Studies | and 1ll, as well as data forfirg phase of Study II, were taken
from baseline data of four different studies (Cleap®6, 7, 8, and 9). Figure 4.1

explains the relationships between the differemndists.

4.2.1 Study I: Effects of cage level on behaviour

4.2.1.1 Study animals and housing

The study animals were 64 common marmosets hoageairs in a two tier housing
system. These pairs were part of the study onfteets of control over additional
light in their home cage (see Chapter 9). In theysbn the effects of control over
light, four pairs were used twice; therefore, catdita from the first time these pairs
were observed were used in the analyses of thetefié cage level. Seventeen pairs

were housed in lower tier cages, and 15 pairs Wweuosed in upper tier cages.

No significant difference was found in mean ageveen individuals in lower
and upper tiers @s= 1.81, P=0.183). All marmosets were over 300 adyshence,
no discrimination between age groups was madel{@ble 4.3 for mean ages of all
study groups, and Table 4.4 for pair details addviduals’ ages and sexes). One
male (72G) was used twice, when housed with twiemdiht cage mates. Animals
were housed in single cages. Lower tier cages leeeted 20cm above floor level,
and upper tier cages 1.35cm above floor leveldiht@on, illumination measures
showed that the upper tiers were 1.5 times brighten the lower tiers (for more

housing details and husbandry routine see Chajpter 3
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Figure 4.1 Sources of the data for the three studies opthsent chapter, and the
relationships between them

‘ Description of the study
BB Source of the study animals
@) Statistical comparisons

l
Study |

Effects of cage ‘
level

Study Il

Effects of cage ‘
size & cage

level

Study Il

Effects of group
composition

'-
=
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Table 4.3 Mean age for individuals in Studies | and Il

Study | Study I
32 pairs 19 pairs
Mean age S.E n Mean age S.E n
(days) (days)
Lower tiers 1015 +113 34 1199 +159 20
Upper tiers 1271 +148 30 1413 +239 18

Table 4.4 Pair and individual details (sex, date of bifth@.B), age on first day of

the study). Individuals used in Study Il axarked in red.

Location Pair identifier Individual D.O.B. Age (days
Upper tier a-2Ral 111Y (9) 19/12/200:. 97¢
184Y (?) 13/03/200: 53C
a-3Ral 904F (?) 22/7/199¢ 222¢
150Y (?) 30/07/200: 75€
a-2RbL 104Y (?) 09/11/200. 101¢
138Y (?) 29/05/200: 81¢
b-4RbL 215Y (Q) 09/08/200: 39t
211Y (Q) 04/08/200: 40(
c-2Lau 782R Q) 22/08/196 299¢
210Y (9) 04/08/200: 45¢
a-1Ral 131Y (?) 16/04/200: 861
156Y (?) 18/09/200: 70€
a-1RbL 96Y (%) 29/09/200. 106(
123Y (?) 03/04/200: 874
6-2LbU 877BK (3) 24/06/199' 197¢
6G () 14/03/200: 98¢t
a-3RbL 95G ) 02/12/200: 631
66G ) 22/05/200: 46(
6-2Lau 966BK () 10/07/200. 123:
7G () 14/03/200: 98¢t
c-3Lau 4G (3) 09/03/200: 971
81G ) 04/08/200: 45¢
b-4LbU 863BK (7) 19/04/199 196¢
84G () 08/08/200: 39¢€
b-4Ral 676R Q) 25/03/199: 418¢
5G () 09/03/200: 91z
c-3LbU 959BK (7 05/06/200. 124¢
848R ) 05/09/199 2617
6-2Ral 55Y (%) 02/01/200. 1421
943BK (F) 05/02/200. 1387
Lower tier b-4Ral 20W (?) 26/11/2001 1381
176Y(Q) 26/02/200: 55¢
c-1LbL 980R <) 21/09/199' 1871
177Y (@) 26/02/200: 617
a-2RoL 137Y (?) 29/05/200: 81¢
173Y (?) 24/02/200: 547
b-1RbL 75Y (?) 09/05/200. 1217
187Y (?) 11/04/200: 51¢
b-3Ral 169Y () 05/01/200: 611
199Y (Q) 09/06/200: 45¢
c-3Ral 192Y () 03/05/200: 551
193Y (@) 03/05/200: 551
a-2Ral 865BK (F) 22/04/199¢ 1951
78C (&) 24/07/200: 397
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Continuation of Table 4.4

Location Pair identifier Individual D.O.B. Age (days
Lower tier b-1Ral 822BK () 18/06/199: 227:
71C (8) 09/06/200: 45¢€
b-4RbL 864BK () 22/04/199 196¢
72G &) 23/06/200: 518
6-4LalL 72G &) 23/06/200: 44z
88G ) 20/08/200: 461
6-4LbL 889BK () 28/02/200! 173C
943M (2) 19/08/200: 462
6-1LbL 122Y (9) 13/03/200: 98¢
53C (J) 21/02/200: 641
6-3LbL 981BK (&) 09/11/200. 111C
147Y (?) 22/07/200; 85E
6-1LalL 87(BK () 04/05/199 203(
13Y (9) 15/04/200! 168:
6-3LaL 872BK (%) 21/05/199 201z
160Y (?) 02/10/200: 78%
a-4LbL 914R Q) 03/09/199: 218:
847BK (3) 23/11/199 2101
b-3RbL 842BK (%) 10/09/199: 218¢
134Y (9) 16/05/200:; 84t

4.2.1.2 Experimental design, data collection, and statadtenalysis

The 32 pairs were housed in four different colomyms. Each animal was observed
three times for four minutes (total observationgiaf 12 hours and 48 minutes), and
each pair was effectively treated as one individushe analyses. Further, single
means were calculated for every study phase fdr paic. Independent sample t-tests
were carried out in order to examine the effectsagfe level on the behaviour of pair
housed marmosets in the two tier housing systeenTable 4.5 for details on all
statistical analyses of the present chapter). tady was part of the study in Chapter

9 of the present thesis.

4.2.2 Study ll: Effects of cage size on behaviour
4.2.2.1 Study animals and housing
The study animals were 38 common marmosets, frené4hmarmosets of Study .

Ten pairs were housed in lower tier cages and paémes in upper tier cages, before
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they were moved to the double cages. No signifid#férence was found in mean
age between marmosets in lower and upper tierg<£m.58, P=0.452, see Table 4.3
for mean ages of all study groups, and Table 4.$4&ir details and individuals’ ages
and sexes). In the first phase of the study thekeyswere housed in the same cages
as in Study 1. In the second phase the marmosetsheeised in double cages. The
double cage did not contain any different furnitooenpared to the single cage, but
the amount of regular furniture (wooden log, plastielf and rubber shelf) was
doubled, as the two connected small cages weréigderHowever, the double cages

contained a single metal nest box, as did the sragks.

4.2.2.2 Experimental design, data collection, and statedtenalysis

In the first phase of the study the marmosets \wetsed in single cages in the two
tier housing system. The data for this phase wareqgf the data of Study I. In the
second phase (between one and two months aftéetiening of the first phase), the
marmosets (19 pairs out of the 32 pairs of Studyelle moved to double cages.
Hence, the cages in the second phase of the steicylarger and higher than the
cages in the first phase. These cages also codtaioee furniture (although similar)
and therefore, are considered more complex. Althaagnplexity might be
measured by the number of items per unit volumeadwivould be identical in single
and double cages), as the marmosets had more oppes for locomotion and more
choice when housed in double cages than in siragles; the double cages are
considered to be more complex. For each pair theespf the home cage was
extended, thus they were familiar with one-haliw@o or upper) of the larger cage.
Observations were not carried out until the marnslsave been housed for at least

36 hours in their new cages. In common with Stydiuring the second phase of the
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study, each animal was observed three times iddbble cage (total observation time

of 7 hours and 36 minutes). Two-way ANOVAs wereiearout in order to examine

the effects of cage size and cage level on thevialvaof pair-housed marmosets (see

Table 4.5). The effects of single cage level orabeur and preference for cage

location were also examined when the marmosets meked to the double cages,

together with the interaction between cage levdl@age size.

Table 4.5 Statistical analyses used in the three studi¢lseopresent chapter

Research Statistical test Factors Levels Analysis
guestion

Study [: Independent Cage level Lower/upper Between subjects
Effects of cage sample t-test

level

(32 pairs)

Study II: Two-way Cage size Single/double Within subjects
Effects of cage ANOVA

size, and cage mixed design Cage level Lower/upper Between subjects
level

(19 pairs)

Study Il : One-way Group Large family/ Between subjects
Effects of group ANOVA composition small family/pair

composition

(pairs in small

cages)

Effects of group One-way Group Large family/ Between subjects
composition ANOVA composition small family/pair

(pairsin large

cages)
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4.2.3 Study llI: Effects of group composition on behaviou

4.2.3.1 Study animals and housing

The effects of group composition were studied io Bgparate but identical analyses.
In both analyses the same behavioural data wetefas@dults in family groups;
however, in each analysis, pairs were housed iaxagdifferent size. Data from four
different studies were used for the comparisonebiaviour of adult marmosets in
various group compositions.

4) Pairs- data from the first (single cages) and dw®sd (double cages)
phases of Study Il in the present chapter.

5) Small family groups in double cages- data fromBhseline phase of two
different studies. Data from five family groups weaken from the study
on the effects of additional light on the behaviotismall family groups of
marmosets (Chapter 7). Data from three additicamallly groups were
taken from the study on the effects of coloureftlign the behaviour of
small family groups of marmosets (Chapter 8).

6) Large family groups in quadruple cages- data froenBaseline phases of
the studies on the effects of outdoor cages obehaviour of large family

groups of marmosets (Chapter 6).

Only family groups which consisted of two parentd at least one offspring were
used. Small family groups consisted of two parants one generation of offspring
(one or two offspring). Large family groups consgsbf two parents and at least two
generations of offspring (between three and sigpyfhg). Data from young offspring
were not included in the study as the comparisos bvedween adult animals only (as

pairs do not have offspring). Some individualsha pair condition were young adults
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(the youngest marmoset was 479 days old), as wene sf the offspring of the

family groups. Therefore, young adults (non paneintsn family groups who were
older than 450 days were used for the comparisgnafp composition. Mean age of
individuals in pairs was 1332+138.1, mean age aihmaets in small family groups
was 1490£139.4, and mean age of individuals ineldagnily groups was
1715.2+112.8. No significant difference was foundnean age between animals of
the three group compositions,@=2.29, P=0.107). For group details and individuals’

ages and sexes see Table 4.4 (for pairs), and qablgor family groups).

One pair of marmosets was used twice, once whesedbin a family group
with offspring (in the study of Chapter 7), and@ed, when housed as a pair with no
offspring (in Study Il of the present chapter). Kasets in pairs were housed in two
different cages; for the first analysis they weoesed in single cages (data used were
those from the first phase of Study Il), for the@®d analysis they were housed in the
same double cages as in the second phase of $tédyrhals in small family groups
were housed in double cages. Animals in large fagrbups were housed in
guadruple cages. Although the volume of the cageeased with the number of
individuals housed in it, it was not always the saas regards to the available space

per individual (see Table 4.7).

4.2.3.2 Experimental design, data collection, and statadtenalysis

Data from the three different studies (see abowrewsed to compare the behaviour
of adult marmosets housed in pairs (in single anbte cages), small family groups,
and large family groups. Each marmoset was obsdhred times. Animals in pairs

were observed for a total of 7 hours and 36 minitesch cage size. Adults in small
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family groups were observed for a total observatioe of 3 hours and 12 minutes.
Marmosets in large family groups were observedaftotal of 4 hours and 48 minutes.
One-way ANOVAs with group composition (between saeb§) as a single factor were
applied twice, once for pairs in single cages amckedor pairs in double cages (see

Table 4.5).

Table 4.6 Group and individual detail (sex, date of bifth@.B), age at first day of
the study). Young adults who were not pararésmarked in red, number
of offspring in groups includes infants

Group type Group identifier Individual D.O.B. Age (in days)
(number of
young + infants)
Small family
group 1Ra (2) 782R @) 22/08/1996 2703
950BK (@) 17/04/2001 1004
1Rb (1) 21W Q) 28/11/2000 1161
866BK (7) 23/04/1999 1746
2Ra (1+2) 12WQ) 11/01/2000 1595
5BB (&) 15/01/2000 1591
2Ra (2) 55Y @) 02/01/2001 1126
943BK (?) 05/02/2001 1092
3Lb (2) 24Y @) 13/09/2001 956
868BK (¥) 29/04/1999 1824
3Ra (1) 743R9) 16/08/1995 3075
962BK (¥) 27/06/2001 933
3Rb (2) 15W @) 02/02/2000 1444
861BK (¥) 08/04/1999 1744
4Ra (1) 1Y @) 28/02/2000 1547
979BK (@) 07/11/2001 929
Large family
groups 22L(5) 4w (?) 07/04/1999 1834
816BK (¥) 08/06/1998 2137
22R (5) 10W @) 08/09/1999 1680
850BK (¥) 05/04/1998 2201
136Y @) 23/05/2002 692
2L2 (4+2) 853R{) 03/11/1997 2457
792BK (@) 01/01/1998 2398
895BK (?) 05/03/2002 874
2R4 (3) 30Y @) 01/08/2000 1442
844BK (@) 30/09/1998 2113
186Y (@) 11/04/2003 459
3L2 (3) 852R @) 26/10/1997 2452
770BK @) 13/03/1997 2679
65G (@) 05/03/2003 496
3R2 (3) 999R P) 27/02/2000 1611
863BK (¥) 21/07/1998 2197
113Y @) 25/12/2001 944
441 (4+2) 26Y @) 29/06/2000 1390
846BK (7) 09/11/1998 1988
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Continuation of Table 4.6

Group type Group identifier Individual D.O.B. Age (in days)
(number of
young + infants)
Large family
groups 44R (3) 923R ) 30/09/1998 2028
849BK (¥) 25/11/1998 1972
141Y @) 16/06/2002 673
411 (3) 847R @) 05/09/1997 2516
872BK (@) 21/05/1999 1893
414 (6) 994R @) 31/12/1999 1669
810BK (¥) 29/04/1998 2280
4R1 (5) 25Y @) 29/06/2000 1475
862BK (¥) 09/04/1999 1922
4R4 (3) 37Y @) 02/09/2000 1410
901BK (7) 21/03/2000 1575

Table 4.7 Cage volume and available pace per individugaoh housing condition

Pairs in single Pairs in double Small family Large family

cages cages groups (double groups
cages) (quadruple

cages)

Cage volume 0.91n7 1.90n7 1.90n7 3.80n7
Available space 0.45m? 0.95n7 0.38-0.63m 0.48-0.76m

per individual

4.3 RESULTS

The present study examined the effects of diffeaspects of the basic environmental

conditions of pair and family housed common marrn®ssage level, cage size, and

group composition.

4.3.1 Effects of cage level on behaviour

The effects of the level of the cage on the behawid marmosets housed in a two tier

housing system were analysed twice. First, data 82 pairs were analysed using

independent sample t-tests (see above), and sedatadfrom 19 of these pairs were

analysed using two-way ANOVASs. In the analysis &f&irs, results showed that

marmosets in lower tiers performed significantlyrenecratching behaviour compared
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to those in upper tiers, but no further differenaese significant (see Table 4.8 and

Figure 4.2 a and b).

Table 4.8 Results of t-tests of 32 pairs, and of ANOVASL8fpairs for the effects of
cage level on behaviour (*** P<0.001)

32 Pairs 19 Pairs
t- test Three way AVOVA
df= 1,17
t P F P

Agitated locomotion -1.01 .319 0.07 0.794
Allogroom -0.84 407 221 0.155
Autogroom -1.52 .259 3.17 0.093
Calm locomotion -0.67 .507 0.00 0.968
Contact .23 .817 0.43 0.519
Explore -1.07 .295 1.596 0.180
Forage A3 .895 0.10 0.760
Inactive alert 1.56 .130 0.0.02 0.886
Inactive rest -0.05 .962 0.28 0.603
Scent mark -0.45 .656 1.88 0.189
Scratch 6.64 <.001*** 0.26 0.619
Social play -1.07 .295 1.12 .305
Solitary play -1.07 .295 No data No data
Tree gouge 19 .852 0.25 .623
Watch obs. -1.01 .319 0.00 0.950

In the analysis of 19 pairs, neither significarftestences, nor significant interactions
between cage level and cage size were found betargerals in the two cage levels,
showing that the previous levels of the housingrditiaffect the response to the

double cages (see Table 4.8).
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4.3.2 Effects of cage size on behaviour

The effects of the size of the cage (together tigheffects of its height) were
analysed using two-way ANOVASs with cage size (witBubjects), and cage level
(between subjects) as factors, and showed signifiesults for several behaviours.
The marmosets showed significantly more inactig aad calm locomotion
behaviours in the double cages as compared tartgke ®nes. Further, they watched
the observer significantly less and showed sigaifity less inactive alert, and agitated

locomotion behaviours in the double cages (seeel4ll and Figure 4.3 a and b).

Table 4.9 Results of ANOVAs for the effects of cage sizebataviour of 19 pairs
(*P<0.05; ** P<0.01; *** P<0.001)

F P
d.f=1,17
Agitated locomotion 32.43 <0.001***
Allogroom 0.27 0.610
Calm locomotion 96.35 <0.001***
Contact 0.68 0.421
Explore 2.08 0.167
Forage 0.04 0.842
Autogroom 0.12 0.735
Inactive alert 13.02 .001**
Inactive rest 4.67 .045*
Scent mark 3.53 0.077
Scratch 3.11 0.096
Social play 1.70 0.210
Solitary play No data No data
Tree gouge 0.81 0.382
Watch obs. 4.67 0.045*
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Figure 4.2 Mean percentage time (£S.E. bars) spent in bebawifor 32 pairs in two
cage levels (*** P<0.001)
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Figure 4.3 Mean percentage time (£S.E. bars) spent in bebawifor 19 pairs in two
cage sizes (*P<0.05; **P<0.01; *** P<0.001)
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4.3.3 Effects of level of single cage on location in doiébcage

In order to examine the effects of familiarity wibhe half of the cage on the preferred
location in the double cage, a two-way ANOVA witdige size (within subjects) and
cage level (between subjects) as factors was daotie It was found that all
marmosets spent significantly more time in the umaet of the double cage,
regardless of the level of the small cage in wiingy were housed (F=174.41,
P<0.001, see Figure 4.4). Further, no interactio&ie found between cage size and

cage level for any other behaviours.

Figure 4.4 Mean percent of time (£S.E. bars) spent in theeloand upper parts of
the double cage for 19 pairs (***P<0.001)
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4.3.4 Effects of group composition on behaviour

One-way ANOVAs were used to examine the effectgrotip composition on the
behaviour of marmosets in three different grouppositions: pairs, small family
groups and large family groups. When pairs weresbdun single cages a significant
main effect of group composition was found in cédeomotion, inactive rest, and
scratching behaviour (see Table 4.10 and Figur@ 4&d b). Tukey post-hoc tests
showed no significant differences between smalllargk family groups. However, it
was found that adults that were housed in pairatsggnificantly less time scratching
themselves and showed significantly less calm lait@n than adults in both small
and large family groups. In addition, marmosetpans showed significantly less
inactive rest behaviour compared to monkeys in kfaadily groups (see Table 4.11

and Figure 4.5 a and b).

Table 4.10 Results of ANOVAs for effects of group composition behaviour when
pairs were housed in single cages (*P<0:0B<0.01; *** P<0.001)

F P
d.f.=2,38
Agitated locomotion 2.35 0.109
Allogroom 0.14 0.869
Calm locomotion 9.31 0.001**
Contact 0.89 0.417
Explore 1.57 0.222
Forage 1.27 0.293
Autogroom 1.06 0.358
Inactive alert 1.74 0.190
Inactive rest 3.75 0.033*
Scent mark 0.87 0.426
Scratch 5.40 0.009**
Social play No data No data
Solitary play No data No data
Tree gouge 1.88 0.168
Watch obs. 0.28 0.759
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Table 4.11 Results of Tukey post-hoc tests for effects a@iugr composition when

pairs were housed in single cages(:B5; **P<0.01)

Pairs vs. Small Pairs vs. Large Small Large
family family family  family
groups groups groups groups

VS.
t P t P t P
Calm locomotion 3.68 0.001* 3.99 <0.00% -0.76 0.457
Inactive rest 2.64 0.014* 1.38 0.178 -1.33 0.199
Scratch 2.50 0.020* 3.22 0.003** -0.52 0.959

Figure 4.5 Mean percentage time (£S.E. bars) spent in bebawin three group
compositions when pairs weredaalin single cages [one-way ANOVA
(black marks) and Tukey post-hoc tests (nadks) *P<0.05; **P<0.01;
***P<(0.001]
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When marmosets in pairs were housed in double cagggnificant main effect of
group composition was found in calm locomotiontagd locomotion, inactive alert,
scent marking and watching the observer behavisaes Table 4.12 and Figure 4.6 a
and b). The results of Tukey post-hoc tests showigmficant differences in the
behaviour of monkeys in the two different familyngpositions (small and large

family groups). However, several significant dilaces were found between adults in
family groups and adults in pairs. Adults in paugtched the observer significantly
less, and spent significantly more time in calnolmotion compared to adult
marmosets in large and small family groups. Furttiery spent significantly less time

inactive alert, and scent marked significantly lessipared to adults in large family
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groups. In addition, adults in pairs showed sigaifitly less agitated locomotion

compared to adults in small family groups (see &dbl3 and Figure 4.6 a and b).

Table 4.12 Results of ANOVAs for effects of group composition behaviour when
pairs were housed in double cages (*P<(G:0B<0.01: *** P<0.001)

F P
d.f.=2,38
Agitated locomotion 5.56 0.008**
Allogroom 0.48 0.625
Calm locomotion 25.06 <0.001***
Contact 0.23 0.798
Explore 0.91 0.412
Forage 2.04 0.144
Autogroom 1.79 0.181
Inactive alert 6.03 0.006**
Inactive rest 0.80 0.459
Scent mark 3.33 0.047*
Scratch 2.76 0.077
Social play 0.67 0.516
Solitary play No data No data
Tree gouge 1.03 0.368
Watch obs. 6.10 0.005**

Table 4.13 Results of Tukey post-hoc tests for effects a@iugr composition when
pairs were housed in double cages<(@P5; **P<0.01;***P<0.001)

Pairs vs. Small Pairs vs. Large Small Large
family family family  family
groups groups groups groups

VS.
t P t P t P
Agitated locomotion 3.20 0.004** 1.43 0.163 -1.76 0.095
Calm locomotion -4.37 <0.001*** -6.08 <0.001*** -0.76 0.457
Inactive alert 0.95 0.35 420  <0.001*** 1.64 0.118
Scent mark 0.90 0.378 2.33 0.027* 1.25 0.226
Watch obs. 3.94 0.001** 3.32 0.002** 0.61 0.551
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Figure 4.6. Mean percentage time (£S.E. bars) spent in bebawin three group
compositions when pairs weredaolin double cages [one-way ANOVA
(black marks) and Tukey post-hoc tests fnadks) *P<0.05; **P<0.01;
***P<0.001]
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4.4  DISCUSSION

The results of the present study showed a minecetff cage level when the
marmosets were housed in a two tier housing sydtenther, they showed positive
effects of larger cage (and/or better lighting doads) on the behaviour of pair
housed common marmosets. In addition, in conteaste initial hypothesis, the
results suggest that adult marmosets are moreacklaken housed in pairs with no

offspring (in double cages) than adults house@milfy groups.

4.4.1 Effects of cage level on behaviour

The only significant difference between marmosetswer and upper tiers in the
present study was found in self-scratching behayieith monkeys in lower tiers
scratching themselves more compared to those ierumps. Scratching is well

known as a welfare indicator, with increased lewelsoor welfare states (see Chapter
3). Nonetheless, as this was the only significafiavioural difference between
animals in the two different cage levels, welfaoesinot appear to be severely
affected by this housing factor. These resultssanglar to those of several earlier
studies (Crockett et al., 1993; Schapiro et albQ2Crockett et al., 2000; Schapiro &

Bloomsmith, 2001; Buchanan-Smith et al., 2002).

In contrast to the above, Scott (1991) found tbatrmon marmosets in upper
tiers were significantly more active than their otarparts in lower tiers. Further, Box
and Rohrhuber (1993) reported that cotton-top tamedroused in upper tier cages
showed significantly more close physical contaotl were more active compared to
those that housed in lower tiers. In addition, Randt (Reinhardt et al., 1992;

Reinhardt, 1997b, 2004; Reinhardt & Reinhardt, 129®0) argued that the welfare
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of nonhuman primates housed in lower tiers is npadrer than that of those housed
in upper tiers, although the argument was suppdayecery little quantitative
evidence. Effects of illumination on callitrichitisve been shown (e.g. Hampton et
al., 1966; Hegar et al., 1986); nevertheless, iiffees in light intensity between
lower and upper tiers hardly affected the behavaduhe marmosets in the present

study.

4.4.2 Effects of cage size and height on behaviour

The new European (Council of Europe, 2004) and (Héme Office, 2005)
legislation requires a minimum cage height of 1féntaptive callitrichids. However,
in all previous research on the effects of cagesdsions on the behaviour of
callitrichid species the emphasis was mainly orvillame of the cage rather than on
its height. In the present study, the cages inweehousing conditions were identical
for all measures apart from volume and height, tvias more than twice as high in
the double cages. Further, cages in both conditiare furnished similarly; however,
larger cages contained more furniture as they werge of two connected (upper and
lower) single cages, and therefore were more cotgoted allowed the marmosets

more choice.

Locomotion and inactivity

The results of the present study show that acttlityations and patterns were affected
by the increase in cage size. The marmosets shemgyeificantly higher levels of

calm locomotion and inactive rest behaviours wheuslkd in the larger cages.
Further, they showed significantly lower levelsagitated locomotion and inactive

alert behaviours under the same housing conditibims.changes in locomotion and
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inactivity patterns in the present study may inticaless stressful environment in the

larger cages, as marmosets showed calmer pattestoty (see Chapter 3).

Previous studies on callitrichids have found thahkeys show higher levels
of activity in larger enclosures. Box and Rohrhu@d@93) found that cotton-top
tamarins were significantly more active when housddrger cages. Similarly,
Schoenfeld (1989) studied the effects of cage (soggether with its location and
complexity; see Chapter 6) on the behaviour ohglsifamily group of common
marmosets. She found that a reduction in the dilgeccage (and its complexity)
resulted in a significant decrease in locomotioele. Kitchen and Martin (1996)
found an initial rise in activity levels of commaomarmosets after transfer to a larger
cage. However, these levels reduced again thre¢hsafter the marmosets were
introduced to the larger cage. Pines and collea(@82, 2003) also found a positive
impact of larger cage size on general activity lewe common marmosets. However,
they stressed that the increase in activity lenely have been the result of novelty
rather than the effects of the size of the cagéhdrpresent study the larger cages
were not all new for the marmosets, as each pamasfosets was familiar with half
of its double cage, with the room, and with con#echoused within it. Therefore,

novelty alone is unlikely to explain the results.

Watch the observer

The marmosets watched the observer significantisemdiile housed in small cages
than they did when housed in large cages. Two eaplans are possible for these
differences. First, the second phase of the stowly place after | had observed the

marmosets for at least one month. Therefore, threnosets were more used to my
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presence in the colony room, and hence spentifaesttatching me. Second, it is
possible that the marmosets were more confideribaless bored in the double cage,
and therefore spent less time watching me (a patgmedator or a source of interest).
Similar results were found in several studies ephesent thesis and the alternative

explanations are examined and discussed in ther@ddiscussion.

4.4.3 Effects of level of the small cage on location ié larger cage

As each pair of marmosets was familiar with halit®fouble cage, it was interesting
to examine the location of the marmosets in thealf‘novel” larger cages. The
results show that all marmosets preferred the upaerof the double cage, with no
impact of the level of their original cage. Thigfarence is in line with previous
research, which showed a preference of common nsatsidor the upper part of the
cage (Ely et al., 1997), as well as with the arabrature of wild marmosets
(Stevenson & Rylands, 1988). These results, togeitltk the results of the impact of
the size of the cage on the behaviour of the maetaas the present study, testify the
importance of the changes in European and U.Kslatpn regarding height of the

cages for marmosets in captivity.

4.4.4 Effects of group composition on the behaviour of agt marmosets

The results of the present study are quite sungjshowing that pair-housed
marmosets, when housed in double cages, appearedetaxed than their
counterparts who were housed together with théspahg. These results contradict
the natural social character of common marmosdighmvas discussed in Chapter 3.
When pairs were housed in single cages, the belmalidifferences between these

adults and family-housed adults were inconsisiéffiten adults in pairs were housed
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in single cages, they scratched themselves signtfig less than adults in both large
and small family groups. In contrast, the same-paused individuals showed lower
levels of calm locomotion compared to adults in kavad large family groups. In
addition, they rested significantly less than aluitsmall family groups. It is difficult
to interpret these results, as they include inleroatradictions. On the one hand, the
differences in levels of scratching behaviour maligate better welfare conditions of
pair-housed monkeys than those in family groupsth@rother hand, the differences
in levels of calm locomotion and inactive rest babars may lead to the opposite

conclusion (see Chapter 3).

Conversely, when marmosets in pairs were housdduble cages, the results
were much more consistent. Monkeys in pairs shdowdr levels of scent marking
compared to monkeys in large family groups. Furth@rmosets in pairs showed
significantly lower levels of inactive alert anditated locomotion behaviours,
together with higher levels of calm locomotion babar. In addition, they watched
the observer significantly less than marmosetsnallsand large family groups. These
behavioural differences may indicate that adulfgains were more relaxed than those

in family groups.

Two different explanations may account for thegegnces in the behaviour
of pair housed and family housed adult marmosaetstly; density within the cages
differed between groups in different compositicarsg between pairs-housed in single
or double cages (sees Table 4.7). When marmosptarsmwere housed in single
cages, the density was higher than that of famibygs. However, when they were

housed in double cages, the density was less ceshpamarmosets in family groups.
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It is possible that density has significant effemtsthe behaviour and welfare of
captive marmosets. Secondly, the significant ddfifieies between adults in family
groups and adults in pairs in double cages mayte#lte conclusion that adults are
more stressed in captive conditions when housdutiwéir offspring. They have to
protect their offspring from every possible ass#il@o they have to watch the
observer carefully, and they cannot be relaxedenthiéir offspring may be in danger.
Although it is important for the young to remaintiheir natal group to learn how to
take care of their own offspring (Box, 1975b; Ingral978b; Tardif et al., 1984,
Rothe et al., 1992; Rdder & Timmermans, 2002) gh&no evidence for the
beneficial effects of parenthood (Young, 2003)s lbgical that as parents have to
assure the welfare of their offspring; their ownifar® may be harmed. However, it is
possible that the results were inconsistent whéans pgere housed in single cages

because their welfare was compromised by theirlstages.

Although the effects of group composition on wedfaave not been studied,
some previous findings support the results of tlesgnt study. First, Box (1975b)
found that as family groups of common marmosetw daeger, the adult pair
associated with the group less than they had danegusly, and the male especially
showed poor behavioural variability, and was inealmainly in vigilant activities.
Similarly, Koenig and Rothe (1991) found that thellapair, in a family group of
common marmosets, built a strong reciprocal ratatigp with no connection to their
offspring. These results suggest that having afigpdoes not improve the welfare of
the adult breeding pair. Second, it has been shbatrin captive groups of
callitrichids the adult pair (especially the femalas more aggressive towards

intruders Saguinus oedipugpple, 1978), and the number of helpers in tlaigwas
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positively correlated with the levels of aggressaxhibited by the breeding female
(Callithrix kuhlii: Schaffner & French, 199Teontopithecus rosaligdcrench &

Inglett, 1989). In contrast, in wild populationdsudinate females participate more
than reproductive females in territorial defenaed @& non-agonistic interactions with
individuals from other groups (Lazaro-Perea, 200hgse results suggest that
breeding adults in captivity may be more stresaddrge family groups. Finally,
human studies have shown that adult couples répoer levels of happiness and
marital satisfaction when they have children thaaytdo before their first child is
born and after their children have left home (WglIk®77; Gilbert, 2006). In
addition, women are less happy when taking catbesf children than when they are

involved in almost every other activity in theirilgaoutine (Kahneman et al., 2004).

Additionally, studies have shown that the presexideelpers (older offspring)
in family groups of callitrichids increases at letiee physical well-being of the adult
pair (Rothe et al., 1993; Snowdon, 1994; Snowd886), although findings
concerning the contribution of helpers for infantvéval are conflicting (Rothe et al.,
1993; Bardi & Petto, 2002). However, the resultthef present study suggest that the
welfare of adult marmosets may improve when theyraused in pairs with no
offspring. In addition, no significant effects dietsize of family groups on the welfare
of the adult pair were found. More research is pead order to extend the findings

of this preliminary study.
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4.5 CONCLUSIONS
The studies in the present chapter examined tleetsfbf physical complexity, social
complexity, and choice on the behaviour of capthagmosets. Table 4.14

summarizes the results of the three studies.

The conclusions made from these studies are:

1) The levels of the cage in two tier housing systahmndt have significant
effects on the behaviour of the pair-housed martsqgéth the exception of
scratching).

2) An increase in the size of the cage had positifectsf on the activity budget
of pair housed marmosets. However, the resulttheamarmosets spent >80%
of their time in the upper half of the cage sugg#sat the increased cage size,
complexity and choice were not fully utilised. Fhet, it is possible that the
increased cage size was of no real benefit for maets housed previously in
upper tiers, which may explain some lack of retda§ of the larger cage
(only locomotion patterns were affected).

3) The results of Study Il suggest that the welfdreaptive adult marmosets
may be improved when they are housed (in a reag®pabe size) without
offspring, in other words, when the compositiorited group is less complex

and social interactions are less demanding of antkenergy.
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Table 4.14 Summary of the main results of Chapter 4

Elevated levels Reduced levels
Study | scratch
Effects of housing in upper tiers vs. lower tiers
(32 pairs)
Study Il Inactive rest Inactive alert
Effects of housing in double cage vs. single Calm locomotion Agitated locomotion
cage* Watch observer
Study Il (Analysis |) Inactive rest
Effects of pair housing (single cage) vs. family Calm locomotion
housing (small and/or large) on the behaviour Scratch
of adults**
Study Il (Analysis II) Calm locomotion Inactive alert
Effects of pair housing (double cage) vs. family Agitated locomotion
housing (small and/or large) on the behaviour Scent mark
of adults** Watch observer

* All animals spent >80% of the observed time ia tipper part of the double cage
** No significant behavioural differences were fourtideen adults in small and large family groups

In the next chapter the effects of complexity ahdice are examined again, however,
the study animals are not adult pair-housed, Batrély group of marmosets. Further,
the enriched environment in the next chapter ishmlager and much more complex,
and allows the marmosets more choice. In addiasrthe marmosets were moved
back to a smaller and less complex environment femaoccasions during the study

period, the effects of loss of complexity and ckoace also examined.
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Chapter 5
A Case Study: The Effects of Complexity and Choiceélogether With
the Loss of Them, on the Behaviour of a Family Grgo of Common

Marmosets

5.1 INTRODUCTION

The effects of complexity and choice on the behavaf pair-housed marmosets were
discussed in the previous chapter. In the predeytter the effects of the same
environmental contingencies are discussed agaweVer, in this study the study
animals are a family group of common marmosetsth@eénhanced enclosure is
bigger and more complex. As a consequence, the os@tsexperience much more
choice. Furthermore, the effects of the loss ofglexity and choice on the behaviour

of the marmosets are also examined.

In this study a family group of marmosets was maeedn enriched room, in
which they were separated from other marmoset gréogher families were housed in
the colony room where their previous enclosure lveated). The proximity to other
groups of conspecifics may have a significant erfice on behaviour (Stevenson &
Poole, 1976; Sutcliffe & Poole, 1978; Stevensorg3tBox, 1984b). In the present
study, the effects of the proximity to conspeciiee confounded with other factors,
such as the structural differences between theetwtosures. The aspects of
proximity to other groups are addressed in the @egmascussion. On a few
occasions throughout the study period the marmegats moved back to the colony

room, and to a smaller and less complex environnTdrdrefore the effects of
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crowding in this small enclosure, together with dfiects of loss of complexity and

choice, are discussed.

Although the study animals in the present stueéyaanly one family group of
marmosets, it is interesting to carry out the staslyt has links to both the previous
and the next chapters. Schoenfeld (1989) studeeéffiects of complexity and choice
on the behaviour of a family group of marmosetsyéaer, in Schoenfeld’s study the
marmosets were moved from a large and complex smaq(in four stages) into a
much smaller and less complex cage. In contrashempresent study, the process was
reversed; the marmosets were moved from a labgraéme in a colony room into a
larger and more complex enclosure (and back téatt@ratory cage on a few

occasions).

5.1.1 Effects of enclosure size and environmental complix on the behaviour

of captive callitrichids
The effects of cage size (see Chapter 4) and emvreatal complexity (see Chapter 2)
on the behaviour of captive primates were revieeadier. However, this is the place
to emphasize the importance of the complexity efdaptive environment above the
impact of its size. It has been argued that spmoseless for captive monkeys if it is
barren and/or inaccessible (e.g. Poole, 1990; Bwm&mith, 1997a). Further, the
review in Chapter 4 showed that an increased cdagenas no impact on behaviour
when all cages are too small, and especially whey tontain only minimal or no
furniture at all. Previous studies on common maret®showed a positive impact of
environmental complexity and a larger enclosuré@maviour (Schoenfeld, 1989;

Kitchen & Martin, 1995). However, two studies fougiekater effects of

129



environmental complexity as compared to the effetthe available space. Kerl and
Rothe (1996) found no effects of cage size on #t@biour of pair housed common
marmosets (but there was an effect on heart natelg they found positive effects of
cage complexity on the behaviour of the same iddizis. The marmosets explored
their environment and were more active in the dmdccage compared to a less
complex cage of the same dimensions. Similarly p&@asnd colleagues (2000)
studied family groups of common marmosets and fabhatimonkeys increased levels
of solitary play and exploratory activities, andueed stereotyped behaviour in the

enriched cages. However, they found no effectb®fize of the cage.

5.1.2 Effects of crowding on the behaviour of captive pmates

Only one previous study has been done on the sftdarowding on the behaviour of
captive callitrichids. Schoenfeld (1989) found negaeffects on the behaviour of a
family group of common marmosets after they wereedofrom a large (10x4x4m
outdoor greenhouse, in several stages into a §imal), barren, indoor cage. She
found that the marmosets showed decreased levplayfgrooming, scent marking,
and locomotion, and spent less time in close prayito each other in the smaller

cages.

More research has been done on the effects of angwial other primate
species, and results show negative effects of sidemable reduction in available
space. In several similar studies, socially houlksgrhnese macaquédgcaca fuscata
Alexander & Roth, 1971), rhesus macaques (Southwi@&7; Boyce et al., 1998),
and chimpanzees (Nieuwenhuijsen & de Waal, 198@yeH a significant increase in

aggressive behaviour after they were transfermaa fin outdoor large enclosure into
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a much smaller indoor cage. In addition, in Nieulngjsen and de Waal's study
(1982), the chimpanzees also showed decreased lefvebcial play and increased
allogrooming in the smaller enclosure. In anothedy the cage space of socially
housed baboon®&pio anubi} was reduced in four stages, until the troop Haib Bf
the original floor space. In this study, agonistid sexual behaviours increased
significantly with space reduction, and each desgez available space appeared to
cause stress and tension. The final result of cimywdas social disintegration and
individual pathology (Elton & Anderson, 1997). Hovee, Demaria and Thierry
(1989) increased enclosure space of stump-tail gussalMacaca arctoidesfrom
10nt (indoors-baseline phase) up to 50,08Qautdoors), in two steps, and then
reduced it again to 1GmThey found that aggression levels decreaseckifatigest
enclosure, however, when the macaques were mowvkddahe 10rhenclosure

(crowding), levels of aggression did not exceeddhseline levels.

5.1.3 Effects of loss of complexity and choice

The effects of loss of complexity and choice carstioglied in two different ways. One
way is for animals have free access between twWerdiit enclosures (e.g. home cage
and exercise cage, or indoor and outdoor cage%; Ismater 6 for a review) and then
lose this free access. The second way is when &tmaxperience a complex
environment which allows them more choice, and theetransferred back to a
smaller and less complex enclosure. Kessel andt Bt885a, 1995b) studied the
effects of limited access to an exercise cage etémaviour of baboonBP#épio
hamadryas anubis, P. h. hamadryasdP. h. papi9. In addition to the positive
effects of these improved housing conditions orab&ur, they found no significant

differences in the monkeys’ behaviour inside tiheime cage immediately before and
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after they had access to the exercise cage. Tdudt iadicates that there were no
negative effects on the behaviour of the monkeysupturn to home cage and hence
no effects of loss of complexity and choice. Bryantl co-workers (1988) in their
study on the effects of an exercise cage on thavi@lr of long-tail macaques stated
that the beneficial effects of the exercise cagendt persist once the monkeys had
returned to their home cage; however, they didepbrt any negative effects upon

return to their home cage.

In one study (Seier & de Lange, 1996), vervet mgaKEercopithecus
aethiop3 were allowed free access between their home catjaraaxercise cage;
however, the effects of the blockage of this freeeas were not investigated. In
addition, in several studies, monkeys of differgpecies were allowed free access
between their indoor home cage and an outdoor (@lgemove & Rohrhuber, 1989;
Crowley et al., 1989; Redshaw & Mallinson, 1991N@ill, 1994; O’'Neill-Wagner &
Price, 1995; Pines et al., 2002, 2003). However gfifects of loss of choice between

the different environments were not investigatedng of these studies.

Therefore, further research is needed on the sffefdbss of complexity and
choice on the behaviour of captive primates, ais thenoval to smaller and less
complex enclosures could have detrimental effestwelfare. Further, in most of the
research on the effects of exercise cages, aning@ks transferred into and out of the
exercise cages, while the effects of the abilitgioose between the two different
enclosures were hardly studied. In contrast, inyrsandies on the effects of outdoor
environments, animals were allowed free accessdmtwdoor and outdoor

enclosures; however, the effects of the loss sfftieie choice were not studied.
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5.1.4 Aims of the present study

Although previous research has been done on thetefbf cage size (e.g. Box &
Rohrhuber, 1993; Pines et al., 2002, 2003) and-@mviental complexity (e.g.
Schoenfeld, 1989; Kitchen & Martin, 1996; Kerl & tRe, 1996) on the behaviour of
callitrichids, it is interesting to examine thigpto again, and under different
environmental conditions. In most of the previousl®s the monkeys were not
moved to an entire room which was much larger aocermnomplex than their home
cage. In addition, in Chapter 6, the effects ajdsirand more complex outdoor cages
on the behaviour of family groups of marmosetstiseussed. In the studies in
Chapter 6, the marmosets had free access betweiehadme indoor cages and
enriched outdoor cages, while in the present stelynarmosets had no choice
between different enclosures, as they were tramsfento the enhanced enclosure and

back into the smaller cage whenever necessary.

The following questions were asked:
1) How does a larger and more complex environmentiaffee behaviour of
family group of common marmosets?
2) How does return to a small cage (crowding) affeetliehaviour of the same

individuals?

It was hypothesised that a larger and more comg@xonment would have positive

effects on behaviour, while crowding would haveateg effects.
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5.2 METHODS

5.2.1 Study animals and housing

The study animals were a family group of commonmuesets. The group was
composed of eight animals, two parents and th&pahg of five different
generations. Only the youngest generation inclum#d a male and a female twin,
while for the other generations only one offspniagrained with the family group (for

more details about the study animals see Table 5.1)

Table 5.1 Individual details (sex, date of birth (D.O.Bhdaage at first day of the

study)

Individual D.0O.B Age (in days)
776R (¢, mother) 25/07/1996 2624
749BK (&, father) 26/08/1996 2592

894BK () 25/02/2000 1314

89Y (?) 03/09/2001 758
119Y @) 11/02/2002 597
145Y (@) 17/07/2002 441
Infants Q) 28/08/2003 34

The monkeys were housed in three different encéssduring the three phases of the
study. In Phase | the monkeys were housed in argpkedcage (see Plates 3.4 and
5.1) within a colony room. In Phase Il the marmese¢re housed in an enriched
room with brick walls, ceiling, and floor (coveredth wood shavings). The enriched
room measured 5m long, 2.7m wide and 2.5m high ebhgr, the room’s furniture
was much more complex compared to the quadruple, @agl contained wooden logs
of different types and sizes, bamboo bridges, ropasiral plants, metal shelves and
various feeding enrichment devices. The metal bestwas the only item that was

transferred from the quadruple cage to the enricbenh (see Plate 5.2).
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Plate 5.1 Quadruple cage in which the marmosets were honsedase |
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In Phase IIl the monkeys were housed in two lingeddruple cages, which were
connected by a short (about 25cm) tube. In Phaaed 11l the cages were located in a
colony room, which housed other family groups ofmmasets. In contrast, in Phase I
the family group was isolated from other marmosetsyever, they could watch a

family group of stump-tail macaques out of a glasxow in the room’s door.
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Plate 5.2 Enriched room in which the marmosets were hoﬂrsélhasel Il

5.2.2 Experimental design

The study period was divided into three phases.

Phase | one week in a quadruple cage in which the fagrtyup was housed for
more than 18 months.

Phase I four months in the enriched room.

Phase IlI: two separate days in two connected quadruplescage

On the first day of Phase Il the marmosets werew@aged to enter their nest box,
and then the nest box was transferred into thelegairoom and left in it (on a high
shelf) to allow the marmosets to explore their h@eironment at their own pace.
Three times during the period of Phase |l the maet®were transferred (again in

their nest box) back into the previous colony raorenable the cleaning of the
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enriched room. On the first occasion, the marmosets housed in a quadruple cage
and the behavioural reaction of the marmosetsisditist transfer was severe.
Therefore, on the following occasions the marmoseti® given two connected

guadruple cages.

5.2.3 Data collection

Focal animal sampling was used with five-minutéoofl observations per animal. In
Phase I, only six individuals were observed thimes (total observation time of 1
hour and 30 minutes). The twin infants were noteobesd during this phase, as they
were very young and were carried by other group begsfor almost 100% of the
time. In the first week of Phase Il all eight masats were observed five times, and
from week 2 to 16 of Phase Il, each individual whserved twice a week (total
observation time of 15 hours). Although marmosetsairansferred back three times
into the smaller and less complex cage during thelevstudy period, they were
observed under this condition on only two of théags (total observation time of 1
hour and 20 minutes). In Phases | and Ill of tielysl observed the monkeys from
within the colony room, while in Phase II, | obsedvthem through a glass window.
Because of the different situation, the behaviewatth the observer’ cannot validly
be compared across the study Phases and will raisbessed. However, it is noted
that the time the marmosets watched the observergdBhases Il and Il was less
than in Phase I. As this behaviour was mutuallyiuesiee with other individual and
activity behaviours (see Chapter 3), other behasiowst have increased during the

last two phases.
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5.2.4 Statistical analysis

One-way ANOVAs with study phase (within subjects)aasingle factor with three
levels were carried out twicé&) data from all eight individuals were us&j.data

from six individuals were used. The reason fordbdeond analysis was the fact that
the two youngest infants were not observed duthieghithase | of the study, as they
were too young, and therefore, their absence inobtige analysis levels might affect
the results. Although the behaviour of every indixal in the study was likely to have
been influenced by the other study animals, amalysis done at an individual level as
the study included only a single family group. Rert no age differences were
considered because of the small sample size. Buétseshould be viewed with

caution, as the data were not independent andd=rmesi only one family group.

5.3 RESULTS

Results of one-way ANOVAs and Tukey post-hoc téstall eight study individuals
and for six individuals only (when data fro the pgest twins were excluded from the
analysis) are presented. Few data are availabilleeo@ffects of the loss of complexity
and choice, however, these data were analysed $®odtheir importance, and the

lack of previous research on this topic.

5.3.1 Effects of complexity and choice on behaviour

The results of one-way ANOVAs (for all eight indiuals) revealed several
significant main differences between the three mgusonditions. These differences
were in the amount of time marmosets spent exgaheir environment,

allogrooming and in contact with other group memb&urther significant differences
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were in calm and agitated locomotion, and in theetmarmosets spent inactive alert

and inactive rest (see Table 5.2 and Figure Sblaad c).

When data from six animals only were analysedreikalts were similar to the
above. However, main significant differences wenantl in two further behaviours,
scent marking and solitary play, and no significaain effects were found in scratch
and allogrooming behaviours (see Table 5.2 andrEi§L2 a, b and c). The results of
the Tukey post-hoc tests show significant effe¢tsomplexity and choice together

with a significant impact of loss of complexity acloice.

Table 5.2 Results of ANOVAs for the effects of cage sized anmplexity on
behaviour of 8 and 6 individuals (*P<0.05;P¥0.01; *** P<0.001)

8 individuals 6 individuals
(no infants)
One-way AVOVA One-way AVOVA
df= 7,21 df= 517

F P F P
Agitated locomotion 136.43 <.001*** 114.93 <.001***
Allogroom 3.93 .048* 2.68 117
Calm locomotion 25.50 <.001*** 15.37 .001***
Contact 8.71 .005** 10.73 .003**
Explore 7.82 .007** 45,92 <.001***
Forage 2.15 115 2.82 .139
Autogroom 1.07 374 0.81 473
Inactive alert 30.19 <.001*** 32.11 <.001***
Inactive rest 4.92 .028* 4.27 .046*
Scent mark 2.43 .130 5.08 .030*
Scratch 2.28 .145 2.20 .162
Social play 2.29 .144 1.74 0.224
Solitary play 2.62 112 6.63 .015*
Tree gouge .92 423 0.80 ATT7
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Figure 5.1 Mean percentage time (£S.E. bars) spent in bebawvifor eight
individuals in three study phases [one-WdOVA with repeated
measures (black marks) and Tukey post-#sts {red marks), *P<0.05;

**P<0.01; ** P<0.001]
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Figure 5.2 Mean percentage time (£S.E. bars) spent in bebawvifor six individuals
in four housing conditions [one-way ANOVAtivirepeated measures
(black marks) and Tukey post-hoc tests (racks), *P<0.05; **P<0.01;

*+ P<0,001]
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5.3.1.1 Effects of enhanced complexity and choice

Certain behaviours were considered to be affecyezbinplexity and choice only

when significant differences were found betweensBhhand Phase |. When data
were analysed for eight individuals it was foundttthe marmosets explored the
environment significantly more during Phase Il camgal to both Phases | and 11l (see
Table 5.3 and Figure 5.1 a, b and ¢). When data aealysed for six animals it was
found that the marmosets explored the environmgntficantly more and spent
significantly more time in solitary play during FPsall compared to both Phases | and

Il (see Table 5.4 and Figure 5.2 a, b and c).
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Table 5.3 Results of Tukey post-hoc tests (eight individhidbr effects of study
phase on behaviour (*P<0.05; **P<0.01; ***P@01)

Phase I vs. Phase Il Phase I vs. Phase Il Phaders. Phase Il
t P t P t P

Agitated
locomotion -1.48 0.333 12.27 <0.001*** 15.38 <0.001***
Allogroom

1.77 0.221 -0.40 0.917 -2.68 0.046*
Calm
locomotion 1.71 .242 -4.52 0.002** -6.97 <0.001***
Contact

2.03 0.147 -1.70 0.246 -4.17 0.003**
Explore

2.66 0.050* -0.87 -.667 -3.84 0.006**
Inactive
alert -1.20 0.474 5.42 <0.001*** 7.40 <0.001***
Inactive
rest 0.02 0.999 -2.50 0.067 -2.81 0.039*

Table 5.4 Results of Tukey post-hoc tests (six individudds)effects of the study
phase on behaviour (*P<0.05; *F34.; ***P<0.001)

Phase | vs. Phase Il Phase | vs. Phase Il Phadev$. Phase Il
t P t P t P

Agitated
locomotion -1.64 0.273 12.23 <0.001*** 13.87 <0.001***
Calm
locomotion 1.38 0.386 -3.96 0.007** -5.34 <0.001***
Contact

2.48 0.076 -2.15 0.13 -4.63 0.003**
Explore

8.30 <0.001*** 0 1.0 -8.30 <0.001***
Inactive
alert -0.72 0.755 6.55 <0.001*** 7.27 <0.001***
Inactive
rest 0.16 0.986 -2.45 0.080 -2.61 0.062
Scent mark

-0.8 0.997 2.72 0.052* 2.80 0.046*
Solitary
play 3.15 0.025* 0 1.0 -3.15 0.025*

5.3.1.2 Effects of loss of complexity and choice
No formal observations were performed the firsktithe marmosets were moved
back into a quadruple cage in the colony room. Hanenformal observations

showed that levels of aggression, towards bothlyameémbers and laboratory staff,
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were very high while the marmosets stayed in tagec Formal observation during
the next two transfers showed that the marmosets sgnificantly more time in
agitated locomotion and inactive alert behavioarg] less time in calm locomotion
behaviour during Phase Ill compared to Phases lligadta from either eight or six
marmosets). When data were analysed for eight nysnkevas also found that the
marmosets allogroomed less, spent less time iracontith each other and in inactive
rest behaviour during Phase 11l compared to PHas®¥Hen data were analysed for six
individuals it was also found that the marmoseensfess time in contact with each
other during Phase Ill compared to Phase I, ardtsmarked more during Phase IlI

compared to both Phases | and II.

After approximately two and a half years in thei@med room, the group
consisted of 17 individuals (a large family groupmpared to a maximum number of
nine individuals in quadruple cages). Due to latmrsaneeds they had to be moved
back to a colony room. No formal observations weangied out at this time, but a
description of the removal process until a stabteig was formed was given to me by
the laboratory’s manager. In the first stage tlmigrwas moved to four linked
guadruple cages (around half of the volume of tireeked room). Within a very short
period (a few days) two marmosets had to be reméeed the group due to fighting.
After about three weeks two more individuals hatéaemoved again due to
fighting. The group’s size was steadily reducetimately to six individuals, which

were housed in a quadruple cage, similar to otmrly groups in the colony rooms.
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5.4 DISCUSSION

The results of the study show positive effectsrdfamced levels of complexity and
choice on the behaviour of family group of marmes€&urthermore, the crowding
situation, and the loss of complexity and choice mmajor negative effects on the

behaviour of the marmosets.

5.4.1 Effects of complexity and choice on behaviour

In order to understand the effects of complexitg anhoice on the behaviour of family
housed marmosets, a family group was moved frooeamiple cage into a much
larger (almost nine times more volume) and morepieriroom, which allowed
greater degree of choice. Surprisingly, only a $sgwificant behavioural differences
were found when the behaviour of the marmosethas® Il of the study was
compared to their behaviour in Phase I. The marta@s@lored the environment
significantly more in Phase Il (when degrees of plaxity and choice were
increased) compared to Phase |, when data from efiggix marmosets were
analysed. In addition, when data from only six meytkwere analysed (data from
infants were excluded) it was found that the mameteshowed significantly higher
levels of solitary play during Phase Il compared®tase |. The findings that the
significant difference in levels of exploratory laefiour was similar in both analyses,
and that the significant difference in levels olitapy play between the study phases
was found only when the infants were excluded fthenanalysis show that no
significant differences resulted from the fact tthegt infants were older and more
active and independent in Phase Il compared toeFhasd it can be concluded that

all behavioural differences resulted from the défg housing conditions.
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Despite the lack of more significant behaviourdfledlences between Phase |
and Phase I, a positive influence of enhanceddevecomplexity and choice can be
concluded as increased levels of both exploratehaliour and solitary play are very
desirable for captive marmosets (see Chapter 8yidirs research has also shown
similar results. Kerl and Rothe (1996) and Gasaadli co-workers (2000) found that
common marmosets explored their cages significantlye when the cages contained
complex furniture. Further, Ventura and Buchanant#$(@003) studied the effects of
the complexity of the cage on the development faiihcommon marmosets, as well
as on the behaviour of caregivers. They foundhbéht the infants and their
caregivers explored the environment more when lbiinsa more complex cage. In
addition, they found that infants started to exltreir environment earlier when their
home cage was more complex. In addition, Pinescatidagues (2005) found that
common marmosets used climbing structures morewane more active when
wooden bars in the enclosure were located in a cwmglex position which provided
the marmosets with more choice (vertical and haitizlp or at random compared to

vertical only).

The results of the present study are similar tee¢haf Study Il in Chapter 4
which also showed a positive impact of enhancedpbexity and choice on the
behaviour of pair housed marmosets. Neverthelegsetpositive effects expressed
themselves differently in the two studies. In thesent study, levels of exploratory
behaviour and solitary play increased significamtith increased levels of complexity
and choice, while in Chapter 4 only activity patsealtered. These differences
between the two studies may result from two facteirst, in the present study a

family group of marmosets was studied, while inphevious study only adult
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individuals were studied. It is possible that adiedences were the cause for the
behavioural variation between the studies. Secorttie previous study the
marmosets were housed in single cages before tbey moved to double cages and it
is possible that in those single cages the actpaissibilities were very limited. In
contrast, in the present study, in Phase | the msets were housed in a quadruple
cage which is four times bigger than the singleecaigd allows more options for
locomotion (although the available space per imtdial was similar in the two

housing conditions).

5.4.2 Effects of loss of complexity and choice on behawp

Although few data are available on the effectsogglof complexity and choice, the
results are discussed because of their importanidde welfare of captive primates.
Further, since the marmosets were moved to thevermhed cage for very short
periods of time, one may argue that these restdtaat relevant since it is possible
that the marmosets’ reaction was an immediate respto the transfer process which
involved capture, and that they would settle dogaim if they were given more time.
However, the response of the marmosets to the pembaemoval into a colony
room, although no formal data were collected aedctinditions were different (a
much larger group size, and slightly different hongs<onditions, see section 5.3.1.2)

suggest that this response was a real reactiass$oof complexity and choice.

The results of both analyses show that levelgyaéted locomotion and
inactive alert increased significantly, while levelf calm locomotion decreased
significantly in Phase Ill compared to those in $d%al and II. In addition, when data

for eight individuals were analysed it was foundttthe marmosets allogroomed
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significantly less in Phase Il compared to PhasEdrther, when data for only six
marmosets were analysed it was also found thanhtdrenosets scent marked
significantly more during Phase Il compared to$&#%al and I, and spent
significantly less time in contact with each otiePhase Il compared to Phase II.
These results show a detrimental influence ofalse bf complexity and choice on the
behaviour of the marmosets, and are in line witdifigs of previous studies on the
influence of crowding in other primate species (@leder & Roth, 1971; Demaria &
Thierry, 1989; Elton & Anderson, 1997; Boyce et 4098). In contrast, Schoenfeld
(1989) found that common marmosets showed lowaldenf scent marking after
they were moved to a smaller and less complex sadg however, similar to the
findings of the present study, she also found ti@tmarmosets showed decreased
levels of play and locomotion, and presented feguessitive social interactions when

the complexity of the enclosure and the degredoice were reduced.

The effects of occasional exposure to a largemamice complex cage on the
behaviour of primates when returned to their hoagedcave not been studied
extensively. Two studies reported the lack of negatffects on the behaviour of
baboons (Kessel & Brent, 1995a, 1995b), and loiigracaques (Bryant et al., 1988)
in their home cage after exposure to an exercige.ddowever, in both studies the
monkeys stayed in the exercise cages for a veiitelintime (2 days monthly, and 1
hour daily, respectively), whereas in the presamdysthe marmosets were housed
continuously in the larger enclosure around a mantha half between transfers to
the impoverished cage. Therefore, it may be sugddbit, if permanent access to an
enhanced enclosure in not possible, occasionaslamder exposure to an enhanced

enclosure may improve the welfare of captive presat his idea, together with the
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significance of the techniques used to transfentbakeys between different
enclosures, are discussed in Chapter 6, in whitlilyfagroups of marmosets are given
free access between their indoor home cages addauand more complex

enclosures.

5.5 CONCLUSIONS
The effects of complexity and choice together it effects of loss of these
environmental contingencies, on the behaviour fafaly group of marmosets were

studied and the results are presented in Table 5.5.

The conclusions made from this study are:
4) Enhanced levels of complexity and choice have @ipesnfluence on the
behaviour of family-housed common marmosets.
5) The loss of complexity and choice has detrimerifates on the behaviour and

the social interactions of family-housed marmosets.

Table 5.5 Summary of the main results of Chapter 5 (analygé and 8 individuals

together)
Elevated levels Reduced levels
Effects of enhanced Exploratory behaviour
complexity and choice Solitary play
Effects of loss of complexity Agitated locomotion Calm locomotion
and choice Inactive alert Allogroom
Scent marking Contact

In the next chapter, family groups of marmosetsgaren free access from their

indoor home cages to outdoor, larger and more cexrgages. In two separate studies
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the marmosets are given long term access and ooehshort term access to the
outdoor cages. The influences of outdoor enclosamdsoccasional access to
improved enclosures are discussed, and furthergthdts are compared with the

results of the present chapter.
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Chapter 6
Effects of Free Access to Outdoor Cages on the Waié of Family

Housed Common Marmosets

6.1 INTRODUCTION

The effects of complexity and choice, and the ¢ffec the loss of them, on the
behaviour of captive common marmosets were destib€hapters 4 and 5. In the
present study, common marmosets could choose hdisttdute their time between
their indoor home cage and a much more spacious@mglex outdoor cage. The
effects of choice on the welfare of captive prirsategether with the differences
between choice, control and complexity, were disedsn Chapter 2. However, little
research has been done on the effects of clpeiceeon the behaviour of captive
primates. In previous research, choice has beelestmainly in preference tests, and
in this type of study, the important outcome isdnénals’ preference (choice), rather
than the effects of being able to make that ch@@og. Bayne et al., 1992b; Fraser &
Matthews, 1997).

More research has been done on the effects ofeemagntal complexity on the
welfare of captive primates (e.g. Williams et 4D88; Kitchen & Martin, 1996). A
complex environment enables its occupants to make hoices; hence, studies on
the effects of environmental complexity may alsabasidered to be studies on the

effects of the ability to make choices.

Two separate studies were used to investigateffinet® of continuous and

occasional access to outdoor cages on the behadfidamily groups of common
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marmosets. In the first study, four family groupsliree access to outdoor cages for a
period of eight consecutive weeks. In the secondysteight family groups had free
access to outdoor cages for three consecutive dagsy second week. In both

studies, the outdoor cages differed from the ind@ages in several respects. Apart
from the different locations, the outdoor cagesenarger and more complex than the
indoor cages. Further, in the second experimeatotitdoor cages were available to
the marmosets on a rotational basis. All thesefaatould affect the behaviour of the

marmosets, both in their home cages and in theoouithges.

6.1.1 Effects of outdoor environments on the behaviourd physiology of
captive primates
European legislation for the use of primates fagrgdic purposes emphasizes the
advantages of access to outdoor enclosures. Itspoin that “Where possible,
nonhuman primates should have access to outdotorseines”, as outdoor enclosures
“can include many features of the natural environthéCouncil of Europe, 2004).
International Guidelines mention the benefit ofesscto outdoor enclosures, and
argue that these enclosures can allow the anima&sggerience a degree of climatic
variability (IPS, 1993). Both European and Inteioadl guidelines stress the
importance of free access to warm indoor or stredtéacilities whenever outdoor
enclosures are used (Council of Europe, 2004;1093).
Among scientists, opinions concerning the benefitd disadvantages of outdoor
enclosures are contradictory. One basic advantbfjeenaccess to outdoor enclosures
is the extension of available space; hence, whitdaor cages are available, the
indoor cages may be smaller (Magere & Griede, 198&)should still meet the

values specified in legislation (Council of Euro@é04). Additionally, partition of the
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available space into two separate enclosures nogeestress, because of the
increased opportunities for avoidance of aggressi®unters (Novak & Suomi,
1988). Another benefit of outdoor enclosures isosxpe to seasonal fluctuations in
light and climate which produce physiological amdh&vioural changes and may
contribute positively to the animals’ welfare (N&v& Suomi, 1988; Poole, 1991b;
Buchanan-Smith, 1994, 1998). This is in contrash&very stable and narrowly
ranged temperature, humidity, and light conditiorssde laboratory holding rooms. In
addition, outdoor enclosures provide the animathk wiore sensory stimulation, and
usually more complex environments, which provideager opportunities for

exploration and manipulation (O’Neill et al., 19%9ness & Marin, 2006).

Despite the considerable benefits of outdoor encéss there are several
practical disadvantages. First, stress might nsgitied by seasonal events during the
breeding season (Novak & Suomi, 1988). Furtherdaat enclosures provide
potential risk of air pollution and disease trarssian from outside vectors (Novak &
Suomi, 1988; Honess & Martin, 2006; Wolfensohn &ndss, 2005). In addition, the
opportunity for foraging behaviour is also liketylbe restricted in outdoor enclosures,
since there may be limitations for providing deei in these enclosures, as it could
become soaked by rain or become bedding for veamihtherefore promote disease
(Wolfensohn & Honess, 2005). Wolfensohn and Hoi2865) also stress that
outdoor accommodations “do not in any real wayrébe the animals, but simply
offer access to a controlled external space” (p. PRey even liken outdoor
enclosures for captive primates to prison yard$itonan beings, and point out that

the quality of the accommodation and the handlindy@ animals matter much more
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than the location of it. While these points arevalid, the risks may occur at very low
frequencies and the other disadvantages may bes@lted by positive behavioural

changes.

There have been a number of studies examiningftbet® of outdoor
enclosures on the behaviour of captive primates {sble 6.1). Many of these have
been carried out in zoos rather than laboratoagspace and security are less
restricted in zoos compared with laboratory envinents. Therefore, although the
present study concerns monkeys in laboratoriesathdugh many aspects of
laboratory conditions are different to those ingaome zoo studies are also

discussed.

Effects of weather on usage of outdoor enclosures

Few studies have examined the effects of weath&isage of outdoor enclosures.
Suchi and Rothe (1999) studied the effects of abfattors on the activity of semi-
free ranging common marmosets. One of their fingliwgs that the marmosets tended
to sleep outdoors when the temperature was highhenaind velocity was low.
Similarly, O’Neill (1994) found that rhesus macagwtiowed the highest rates of
indoor enclosure use when the outdoor temperatassunder 3.9°C, and lower rates
when the temperature was 32°C or above. Furthenglthe birthing and breeding
seasons (spring and autumn, respectively) the ohiesloor enclosure use were the
lowest. When Japanese macaques were given theedbetween indoor and outdoor
enclosures, they spent nearly all day outside yntgme of weather, but they usually

slept indoors (Crowley et al., 1989). Clearly, mogsearch is needed on this subject,
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as the value of access to outdoor enclosures dseiagons of extreme weather
conditions is limited if the monkeys are not usithgm (although it may still allow
escape from aggressive encounters). Further, thetebf seasonal events on the

behaviour of primates in indoor/outdoor enclosurage not been studied.

Callitrichid species

The only study that has isolated the impact of axétmutdoor conditions from other
housing conditions has been on common marmosetsndets were allowed free
access between their home cages and larger ind@atdoor cages. These larger
cages were the same size as each other and idgrfticaished; the animals had
access to them at different times. The marmosétsliy spent 60% of their time
awake in the indoor larger cages. However, thisessed rapidly, even during the
first three days of the study to 30%. Converselyemwthe marmosets were allowed
free access to outdoor cages, they spent 80% iotine outdoors until final (ninth)
day of the study (Pines et al., 2002). In contf@eyshaw and Mallinson (1991)
allowed golden-lion tamarins free access betweédoou and heated indoor
enclosures, and the tamarins spent about 70% iotitine indoors. When the
behaviour of callitrichids in indoor and outdoogea has been studied, behavioural
changes have always been found. However, whilenmesstudies the changes have
indicated a positive influence of the outdoor esale (Redshaw & Mallinson, 1991,
Pines et al., 2002, 2003), in others they have besne difficult to interpret in relation

to welfare (Schoenfeld, 1989; Chamove & Rohrhub889).
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Other primate species

The effects of outdoor enclosures on the behawburacaques have been studied in
different settings. In most studies the monkeysHaeen socially housed, however,
when singly housed rhesus macaques were movedrasijato an outdoor or indoor
playroom with peers, no significant differenceb@haviour were found between the
two conditions (O’Neill, 1989a, 1989b). Most of thkeidies on socially housed
macaques have shown positive effects of an outelodosure (O’Neill et al., 1991,
O’Neill, 1994; Novak et al., 1992, 1995; Boyce kbt 8995). When macaques had the
option, they always preferred to sleep indoors Wlzg et al., 1989; O’Neill, 1994).
Further, it was found that outdoor housed macagaesed more weight, and showed
higher pregnancy ratios compared to their indoomnberparts, although survival rates
of both groups were similar (Banerjee & Woodard{@9 However, no differences
were found in morphological development patternsmdbor and indoor/outdoor

macaques (Faucheux et al., 1978).

The effects of outdoor enclosures on the behawbgreat apes have been
studied mainly in zoo settings. Orang-utaler{go pygmaegsoused in a zoo
showed no significant behavioural differences betwaadoor and outdoor enclosures
(Forthman et al., 1993). In contrast, zoo housedalod gorillas Gorilla gorilla: Hoff
et al., 1994, 1997) and chimpanzees (Neiuwenhufsde Waal, 1982), and
laboratory housed chimpanzees (Baker & Ross 1988yead a positive influence of

outdoor housing.
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Table 6.1 Effects of outdoor enclosures on the behavioyrohates in captivity.
(+)= positive effects of outdoor cage; (-)= negatdffects of outdoor cage; (?)= effects of
outdoor cage were unclear; (blank)= behawloeffects were not mentioned, see key
below the Table.
All animals were socially housed unless atlise stated

Author Species (sample  Indoor Outdoor Effects on
size} behaviour (in
brackets) and
comments
Size®  Period Size® Period
Banerjee & Macaca mulatta 1 year 49min 1year Outdoor monkeys
Woodard, (individually diameter gained more weight
1970 housed indoors
only, 6)
Faucheux et M. arctoides 2 cages- Free 450nf Free Similar
al., 1978 (10 outdoors, 7 70.56n?  acces$ acces$ morphological
indoors) development
Nieuwenhuij- Pan troglodytes 378nf  Winter ~ 7000m (+)-2413
sen & de (22) Outdoor was more
Waal, 1982 complex
Chamove & Callithrix 8.82nt Free  1920nt Free (?)
Rohrhuber, jacchus acces$ acces$ Outdoor more
1989 (1 group) natural
Chamove & Saguinus 26.25m  Free  1215nf Free (?)
Rohrhuber, oedipus acces$ acces$ Outdoor more
1989 (2 groups) naturalistic
Crowley et M. fuscata Varied Free  Ellipse Free (+)134510
al., 1989 (9) acces§ ~1280nf  access Spent nearly all day
outdoors
Schoenfeld, C. jacchus 16nfx  Atleast 16nfx 45 days (P71
1989 (1 group) 10m 4 years 10m Outdoor more
naturalistic
Novak et al., M. mulatta 6.34n7  Winter  0.02kn
1992 (2 groups (?
indoors, 1 group
outdoors)
Forthman et  Pongo pygmaeus 47nf- 1515n3- (?)
al., 1993 (11) 120nt 3030nt Outdoor more
naturalistic
Hoff et al., Gorilla gorilla 2x25 1500 nt (+)*1013
1994 (6) m? Outdoor more
naturalistic
O'Neill, M. mulatta ~35nf Free  0.02knf Free (?)
1994; (troop of 21) acces$ acces$ Indoor usage
O'Neill- increased when
Wagner & temperature was
Price, 1995 <3.9°C an@32°C
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Continuation of Table 6.1

Author Species (sample  Indoor Outdoor Effects on
size} behaviour (in
brackets) and
comments
Size®  Period Size® Period
Novak et al., M. mulatta 2.8 nfx 0.02knt O
1995 (3 groups 2.06m or Outdoor more
indoors, 1 group 5.6 nfx naturalistic
outdoors) 2.06m

Hoff et al., G. gorilla Varied Varied (4301213

1997 (3 groups) Outdoor more

natural and bigger

Baker & P. troglodytes Indoor Indoor +

Ross, 1998 (2 groups of 12- only outdoor (+)h713

13 individuals)
Boyce et al., M. mulatta 91 nf 0.02knt (+)
1998 (troop of 36) Inhibited monkeys
were affected the
most

Pines et al., C. jacchus 4.6nT Home  7.65n7 Free (+)*

2002 (18) cage accesS  Monkeys spent 80%
for 9 of the time outdoor
days

Pines et al., C. jacchus 7.65n%  Shourx  7.65n 5 hourx (almost noné)

2003 (18) (+ home 3days 3 days Home cage was

cage) smaller. Play and
prey catching only
outdoors

¢) Number of individuals unless otherwise stated
d) A single nf figure indicates cage volume?m m figures indicate floor area plus cage height
e) Permanent free access between indoor and outdolmsanes

Key to specific behavioural changes (arrows desalimnges in rates in outdoor

enclosure compared to indoor enclosure):

1) locomotiont 8) stereotypy 15) aggressive behavipur
2) aggressive behavioyr 9) cage manipulatiop 16) cage manipulatidn

3) affiliative behavioun 10) explorationt 17) affiliative behavioyr
4) play?t 11) vocalization 18) scent markirig

5) restingt 12) foragingt 19) locomotion|

6) inactivity | 13) autogrooming

7) abnormal behaviouyr 14) abnormal behavigur
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These studies on the effects of outdoor cagesehehaviour of primates in captivity
vary in many different respects. However, the olv@rgression is that the outdoor
environment has a positive impact on the behawamdrthe welfare of captive
primates. Most studies on the effects of outdoaicsures include many confounding
factors. Usually, outdoor enclosures are largerensomplex, contain more natural
elements, and expose the primates to various weatineitions. Only in Pines and
co-workers’ studies (2002, 2003), were the indow autdoor enclosures similar.
Additionally, species, age groups, and previousshmmuconditions and experience
could influence responses to outdoor environménigher, local aspects such as
climate may also affect the usage of outdoor encéss Therefore, more research is
needed on the effects of outdoor enclosures on prarate species, housed in

different conditions.

6.1.2 Effects of occasional access to enriched cages ba behaviour of captive
primates
Cage size has a significant impact on the welfaggimates in captivity (see
Chapters 2, and 3); nevertheless, in numerousnesaad breeding facilities,
primates are housed in small cages because obfapace and/or budget.
International Primatological Society guidelinesaenend the provision of a large
complex area to which the primates can have reghbuadimited access (IPS, 1993).
No previous research has been carried out on teetgfof occasional access to an
exercise cage on the behaviour of captive calitds; however, several studies have
been done on other primate species (see TableAtBpugh the conditions were very
different between the various studies, the conotusi all of them has been a positive

influence of the exercise cage on the behaviotine@primates.
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The studies differed from each other in severgleets. In some studies the
monkeys were individually housed both in their hazage and in the exercise cage,
which was located inside the colony room, thusaaiimals in the colony room could
see the individual inside the exercise cage (Blamenl1989; Kessel & Brent, 1995a,
1995b; Tustin et al., 1996; Storey et al., 2000)ther studies, the exercise cage was
used to provide individually housed monkeys withiabexperience (O’Neill, 1989a;
Wolff & Ruppert, 1991; Seier & de Lange, 1996). Amer method was to locate two
exercise cages in the same room when the monkeseaber individually (Bryant
et al., 1988) or socially (Salzen, 1989) housedvéier, when the exercise cage was
separated from other cages, and the monkeys wesetaocially, both in the home
cage and in the exercise cage, the effects of expds the exercise cage were still
positive (O'Neill, 1989b). Furthermore, O’Neill (89a) exposed rhesus macaques to
an enriched and to an empty exercise room, and esthtivat the complexity of the
exercise enclosure was essential to its positifheence. The period of time that the
monkeys spent in the exercise cage, together wétlnterval between exercise
sessions, differed between studies. The time spesidie the exercise cage ranged
from 15 minutes to two days, and the time betwessiens ranged from 24 hours to

one month.
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Table 6.2 Effects of exercise cage on the behaviour of atas in captivity(+)=
positive effects of exercise cage; (blabehavioural effects were not mentioned, see key
below Table 6.1

Author Species Home Exercise Timein  Housing Location Effects on
(sample cage size cage size exercise of behaviour
size} b b cage exercise (in
cage brackets)
and
comments
Bryant et Macaca 0.52n7 1.92m'  1hour,4  Single View to (+)%%
al., 1988 fascicularis days a another  No effects
(6) week, 3 exercise on
weeks cage behaviour
in home
cage
Blackmore, Macaca 5.5nf x 1x 8 Single 2ina (+)?
1989 (not given) 21mand hours colony Affected
4.9nf x room + 2 the
2.1m ina behaviour
separate of all
room monkeys in
the colony
room
O'Neill, M. mulatta  0.35n% 125  1lhoura Singlein Separate
1989a (8) day, 5 home room (+)’
days a cage,
week social in
exercise
cage
O'Neill, M. mulatta  2.82n% 125  lhoura  Social Separate
1989b (8) day, 5 room (+)’
days a
week
Salzen, Saimiri 0.42nfx 3.24nfx 24 hours, Social 2 cagesin
1989 (not given) im; 2m once a a separate (+)
1,2,0or4 week room
connected
cages
Wolff & M. mulatta, 5.67nt 4 hours Singlein  Separate  Old and
Ruppert, M. per week  home room young
1991 fascicularis cage and monkeys
Cebussp. social in did not
(29) exercise adjust to
cage the new
conditions
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Continua-  Table 6.2
tion of
Author Species Home Exercise Timein Housing Location Effects on
(sample cage size cage size exercise of behaviour
size} b b cage exercise (in
cage brackets)
and
comments
Leu et al., M. 1.1nf 15 Single
1993 fascicularis minutes (+)+®
(20) per day,
for 36
days
Kessel & Papio 0.74nf 3.31nf 2 days Single In the (+)+°
Brent, hanadryas per colony Positive
anubis, month room effects on
P. h. behaviour
hamadryas, in home
P. h. papio cage
1995a, (12)
1995b 9)
Seier &de  Cercopith- 0.36nfor 0.36nfor 24 hours Singlein  Exercise (+)
Lange, ecus 0.72nfx 0.72nfx  every6 homeage, cagewas Exercise
1996 aethiops 0.8m 2m days with connected cage with a
(22 females, partnerin tohome femalein it
74 males) exercise cage was
cage (monkeys connected
had free  to amale
access home cage
between
cages)
Tustin et M. fuscata  0.3nT 2m’ One day Single Incolony  (+)%¢81213
al., 1996 4) room
Lynch & M. 0.41nf x 41nt 1.5hours Limited Ina Exercise
Baker, fascicularis ~ 1.96m atleast accessto separate cage was
1998; (34) once a partner room used as part
Lynch, every 10  in home of the
1998 days cage, with process of
partner in pairing
the animals
exercise
cage
Storey et M. mulatta  0.47n? 1.62nt Several  Single In the
al., 2000 (20-30) hours colony (+)’
daily room

a) Number of individuals unless otherwise stated
b) A single mfigure indicates cage volume?m m figures indicate floor area plus cage height
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Another difference between the studies was the aakstthey used to transfer the
monkeys from their home cage to the exercise cadevige versa, and some of these
methods may be stressful in themselves (Rennie éh&oan-Smith, 2004b). In some
studies, the transfer was done using a pole andlax €Tustin et al., 1996; Storey et
al., 2000). In Wolff and Ruppert’s study (1991 tlnonkeys were also caught to be
moved between cages; however, the exact methodetatescribed. In other studies,
transfer cages were used (Salzen, 1989), sometutte$avoured foods in them to
encourage the monkeys to enter these cages (Lyri@dké&r, 1998; Lynch, 1998).
Another method for transferring the monkeys betwéerhome and the exercise
cages was to attach the monkeys’ home cage tocdreige cage, open the doors
between them and coax the monkeys from one tottiex asing food and praise
(Kessel & Brent, 1995a, 1995b). In only one stuglgiér & de Lange, 1996) was the
exercise cage connected to the home cage by tutumetsy the whole exercise
session, so the monkeys could move freely betwagesc However, the exercise
cages were connected only to the males’ home cadpde, the females, who used the
exercise cages simultaneously with the males, wansferred into the exercise cages

at an earlier stage.

When the impact of exercise cages on behavioub&es studied, only
positive changes have been found (e.g. Bryant et288; O'Neill, 1989a, 1989Db).
Further, positive (Kessel & Brent, 1995a, 1995bhoreffects on the behaviour in the
home cage have been reported (Bryant et al., 18&88yever, no research has been
done on the effects of occasional access to erxecage on the behaviour and welfare

of callitrichid species.
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6.1.3 Aims of the present study

The aim of the present study was to investigateetfeets of complexity, choice, and
exposure to outdoor conditions, together with tifieces of occasional exposure to
these conditions, on the behaviour of captive commarmosets. Although the
effects of the location of the enclosure (outdowldior, e.g. Pines et al., 2002, 2003),
as well as the effects of the complexity of theechgve been studied before (see
Chapters 4 and 5), the findings are contradictogyadditional research is needed. In
addition, in Chapter 5 it was found that loss afick and complexity has detrimental
effects on the behaviour of captive marmosetshérptresent study the effects of loss
of these contingencies are studied again; howevénese studies the less complex
environment was still used as the home cage fomdmenosets throughout the whole
study, and the marmosets were able to roam freslyden the two enclosures.
Further, the effects of climate and temperaturéhemrmarmoset’s preferences have
not been previously studied. In the present sttisdyenclosures differed in their
location, size, and complexity; therefore, the efeof all of these aspects on

behaviour are studied.

The following questions were asked:
1) Do weather and temperature affect the amount & thmt the marmosets
spend in the outdoor cages?
2) What factors influence usage of outdoor encloshyedifferent study groups?
3) Does the behaviour of the marmosets differ betwkenwo enclosures?

4) Does loss of choice and complexity affect the behavof the marmosets?
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5) Does occasional access to outdoor cages affebetieviour of the marmosets

in their home cages?

It was hypothesized, based on previous researelafs®ve), that access to the
outdoor cages would positively affect the behavioiuthe marmosets. Further, as
prior to the beginning of this study the marmosetse housed in the very controlled
and stable laboratory environment, and in additiam and wind might be
unpleasant, it was hypothesized that the weathetdaadfect their attendance in the

outdoor cages.

6.2 METHODS

Two separate studies were carried out in ordetuidyshe effects of free access to
outdoor cages on the behaviour of family groupsoshmon marmosets. Indoor and
outdoor conditions were identical in both studigkile the study design was different.
Results of both studies were very similar, therettie methods and results for Study |

are described briefly and only Study Il is discussedetail.

6.2.1 Study |

The first study examined the effects of continuacsess to outdoor cages on the
behaviour of four family groups (25 individualshdbor and outdoor cages were
different from each other in several respects;dltiferences are presented in Table
6.3, and illustrated in Plates 6.1 and 5.1. Thdysperiod was divided into three
phases: Baseline (3 days), Outdoor phase (8 wemhkd)After phase (3 days). Data

collection methods and statistical analyses wendai to those of Study Il (see Table
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6.6). However, the effects of the location of thge inside the colony room on usage

of outdoor cages were not examined in Study I.

Table 6.3 Characteristics of indoor and outdoor cages

Indoor cages Outdoor cages
Cage size 1.5m ()x 1.1m (w)x 2.3m (h) 5m (Ix 1.5m (w)x 2.5m (h)
Cage features Metal cage with wire grid on one sidéNooden frame with metal mesh walls
only on all four sides, and transparent plastic
on the roof

Furniture

Feeding options

Temperature

Weather

Cage surroundings

Neighbouring
marmoset groups

Wooden logs, rubber shelves, plasticWooden logs, bamboo bridges, natural
shelves, metal nest box, sometimes plants, wooden shelves, stones, swing,
short bamboo bridges, thick layer of stone floor with no covering

wood shavings on the floor

Regular food (see General Methods Natural plants and insects, no water

Chapter) and water were available at all supply
times
22-23°C 7-22°C

Not relevant, although some natural  All types of Scottish spring and
light entered rooms summer, from rainy and windy to
sunny and warm

Laboratory room with limited view  Open roof, where the marmosets could
the technicians’ corridor see the sky, feel the fresh air, get wet
by the rain, warm up in the sunshine,
and hear and/or see wild animals

There were at least 8 family groups in  There were no more than 4 groups
each colony room (4.5m6.5m), with  simultaneously in the outdoor cages,
visual, auditory and olfactory contact with unlimited auditory and olfactory
with each other access, while the visual contact
between the groups was very limited
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Plate 6. An outdoor cage
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6.2.2 Study Il
The second study examined the effects of occasamalss to outdoor cages on the

behaviour of eight family groups.

6.2.2.1 Study animals and housing

The study animals were 46 common marmosets hoansedht family groups. Two
marmosets died two weeks after the beginning ofthdy, and therefore they were
excluded from the study (deaths appeared to bdatedeto the outdoor cages). Each

family group contained four to eight marmosets,chhincluded adults, sub- or
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young-adults (non-parents, over 300 days old), geters (45-300 days old), and
infants (less than 45 days old on the first dayhefstudy). For the exact composition
of each study group and further details regardmegstudy animals see Tables 6.4 and

6.5.

It is important to point out that the mark of eagbup has a meaning. The first
digit (2L2) stands for the number of the colony room, drdrhiddle letter (R2)
indicates the side of the room in which the cagatied (L for left and R for right).

The last digit (212) shows the location of the home cage in relatotheé room’s door
(1- shortest distance from the door, 4-longesad=t from the door). When the
indoor home cages were connected to the outdoasc#ue length of the connecting
tube was similar to the distance of the home cem®@ the colony room’s door. Both
indoor and outdoor cages and housing conditiong wienilar to those in Study I. The

only difference was that ropes were added to thdomu cages before Study Il began.

Table 6.4 Number of individuals of each age group in thghestudy groups, and
mean age of each age group

Group identifier 212 3R2 4.1 414 2R4 3L2 4RA4 4R1 Mean age

(in days)
Parents 2 2 1 2 2 2 2 2 1971.5+110.1
Young-adults 2 3 3 2 1 1 2 1 504151.9
Youngsters 3 0 0 4 2 2 1 4 177.1£21.1
Infants 0 0 0 0 1 0 0 0
Total number 7 5 4 8 6 5 5 7
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Table 6.5 Group and individual details (sex, date of b{ithO.B), and age on first
day of the study), monkeys marked in red @ied have been excluded

from the study

Group identifier Individual D.O.B Age (in days)
2L2 853R 03/11/1997 2457
792BK 01/01/1998 2398
895BK 05/03/2002 874
125Y 02/05/2002 815
3 02/01/2004 206
Q3 06/06/2004 50
3R2 999R 27/02/2000 1611
836BK 21/07/1998 2197
113Y 25/12/2001 944
216Y 18/08/2003 343
217Y 18/08/2003 343
411 847R 05/09/1997 2516
872BK 21/05/1999 1893
64G 01/05/2003 452
191Y 01/05/2003 452
Q 24/09/2003 306
414 994R 31/12/1999 1669
810BK 29/04/1998 2280
200Y 18/06/2003 404
201Y 18/06/2003 404
233Y 18/11/2003 251
92G 18/11/2003 251
3 16/05/2004 71
2R4 30Y 01/08/2000 1442
844BK 30/09/1998 2113
186Y 11/04/2003 459
8 20/02/2004 144
Q 26/07/2004 -13
3L2 852R 26/10/1997 2452
770BK 13/03/1997 2679
65G 05/03/2003 496
228Y 19/10/2003 268
229Y 19/10/2003 268
4R4 37Y 02/09/2000 1410
901BK 21/03/2000 1575
62G 27/04/2003 443
63G 01/05/2003 439
227Y 07/10/2003 280
4R1 25Y 29/06/2000 1475
862BK 09/04/1999 1922
204Y 23/06/2003 386
234Y 21/11/2003 235
924G 21/11/2003 235
33 27/04/2004 77
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6.2.2.2 Study design

The present study was divided into four phaseselBees(3 consecutive days), Before
(3x 1 day), Outdoor (4 3 consecutive days), and AfterX4 day), see Figure 6.1.
The Baseline phase took place when all study asimate held in their indoor home
cages, before they were given access to the outdg®as. On the morning of the
fourth day, the indoor home cages were connectédeetoutdoor cages for three
consecutive days and marmosets were given accessdoor enclosures for the first
time ever. Home cages were connected to the outdmes by a plastic tubing
system (20cm in diameter), allowing free acceswéen indoor and outdoor cages.
The length of the connecting tubes outside thenyotoom were similar for all groups
(~5m indoors, from colony room to skylight + 2.5-8utdoors, from skylight to
outdoor cage); however, the tubes’ length insigecthiony room was affected by the

location of each home cage and ranged from 2-4eRées 6.2 and 6.3).

On the morning of the eighth day, access to outdages was blocked, and
then the After phase started (one observationnoividual). Nine days later, each
monkey was observed once again in his/her indoorehcage (Before phase), a day
before the access to the outdoor cages was opgaed &he Baseline phase took
place only once, whereas the Outdoor and Aftergshagre repeated four times. The
Before phase was repeated only three times (instefadir) as it measured the
behaviour of the monkeys on the day before theyweren access to the outdoor
cages, but it also showed their behaviour 10 dfigs e access to the outdoor cages

was blocked, which was not possible in the firgietéion.
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Figure 6.1 Study design for Study Il
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6.2.2.3 Data collection

During the Baseline phase, each marmoset was @uk#mee times for four minutes
(total observation time 9 hours 12 minutes). Dutimg Before phase, again each
marmoset was observed three times (total obsenvatiee 9 hours 12 minutes).
During the Outdoor phase only monkeys that wersepein the outdoor cages were
observed (total observation time 15 hours 32 msjutnd during the After phase
each monkey was observed four times (total observéitme 12 hours 16 minutes).
During the Outdoor phase, the outdoor cages wezekel five times a day (between
0900h and 1630h) for animals’ attendance. The numbgamples for the different

groups varied as a result of cleaning days andsti{2e2-71 samples; 3R2-68; 4L1-
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65; 4L4-64; 4R4-64; 4R1-63; 2R4-58; 3L2-61). Thdata were used to examine the

usage of the outdoor cages.

6.2.2.4 Statistical analysis

Two different sorts of data were collected. Thstftype of data was the behaviour of
the marmosets, which was observed in the threg gtinigses. The second type was
the amount of usage of the outdoor cages, durmg@thtdoor phase of the study.
Statistical analyses for all behaviours, and feate®n inside the cage, were calculated
using percentages of total observation time. Si@isanalyses for usage of the
outdoor cage were calculated using percentagdsafalable samples (every time

the outdoor cages were checked for animals’ attee)a

Although the behaviour of each animal was likehh&ve been influenced by
that of its family members, group means were nimudated for behavioural data.
During most of the Outdoor phase days, not all nesets in each study group were
seen outdoors (some monkeys hardly accessed ttiearudages at all). Therefore, if
only days on which all group members were obseotgdoors were used there would
have been insufficient data for analysis. In additionly individuals who were
observed at least three times during the Outdoasewere used for the behavioural
analysis. Therefore, 16 individuals were excludeanfthe analysis (5 adults, and 10
young monkeys); all of them were members of grdpé, 4R4, and 4L4.
Behavioural data were analysed for adults and yanohgiduals (youngsters and

young-adults together) separately, as age is krioumpact on behaviour.
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Plate 6.2 Tubing system indoors

Colony room

Tube connected to
indoor home cage

Corridor

Door from colony
room to corridor
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Plate 6.3 Tubing system outdoors

Skylight from an indoor perspective

Outdoor cage

Outdoor
tubing
(outside the
cage)

For the analyses of outdoor cage usage, data flandaiduals were used. Further,
means were calculated for six different types céther (rainy, cloudy windy, cloudy,
partly cloudy windy, partly cloudy, and sunny), dond different temperature
categories, under 18°C, and above or equal to T8%Xe temperatures were chosen
as in Pines and co-workers’ studies (2002, 2008)ncon marmosets were allowed to
use outdoor cages only when the temperature w&29@- In addition, because of the
very low rates of attendance of members of grolps 2R4, and 4L4, further

analyses were carried out to examine reasonsi®vdhniation (see Table 6.6).
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Separate statistical tests were carried out inrdalexamine effects of the

different factors of the study (see Table 6.6).

Table 6.6 Statistical analyses used in Studies | and Il

Topic Research Statistical Factors Levels Analysis
guestion analysis
Studies | +
Il
Cage usage Effects of One-way  Weather type Six different types of  Within
weather ANOVA, weather subjects
repeated
measures
Effects of Pair-sample Temperature <18°Cp18°C Within
temperature t-test subjects
Behaviour Effects of One-way Study phase Base/Before/Out/After*  Within
outdoor cages ANOVA subjects
on adults
Effects of One-way Study phase Base/Before/Out/After*  Within
outdoor cages ANOVA subjects
on young
marmosets
Study I
only
Cage usage Effects of One-way  Group (cage) Eight different study Between
cage location  ANOVA groups subjects
in the colony
room
Cage usage Effects of One-way  Weather type Six different types of ~ Within
of weather ANOVA, weather subjects
marmosets repeated
from measures
groups
2L2, 3R2,
411, 4R1,
3L2
Effects of Paired- Temperature <18°Cp18°C Within
temperature sample t-test subjects

* The level ‘Before’ was used only in Study Il

The comparison of levels of foraging between théd@or phase and the Indoor

phases is not valid since no food was suppliedamrd(although a few unsuccessful
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attempts at prey capture were observed). Thereffonragging behaviour is not
discussed in the present chapter. However, it mant to mention that no

undesirable behaviours compensated for the absérioceaging behaviour outdoors.

6.3 RESULTS
The results show the effects of outdoor cages ptiveamarmosets from several
aspects:

1) Amount of usage of outdoor cages in different cbods

2) Effects of outdoor cages on behaviour

3) Effects of loss of complexity and choice

4) Effects of occasional access to outdoor cages

6.3.1 Study |

The results of Study | show that the marmosets tl'dutdoor cages for a mean of
48.32% (n=25, SE=%+3.74) of time. Further they pref@ warm and sunny weather
and avoided wind and rain. Both adults and youmgstere positively affected by the
exposure to outdoor cages. Adults and young shdwgger levels of calm
locomotion and exploratory behaviour together Wother levels of inactive alert
behaviour during the Outdoor phase compared toibdthor phases of the study.
Young marmosets also showed less scent markingaatching during the Outdoor
phase compared to at least one of the indoor phisesonsistent effects of loss of
complexity, choice and access to outdoor cages fwearel for either youngsters or
adults. Behaviours returned to levels which weresignificantly different from

baseline levels.
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6.3.2 Study lI

6.3.2.1 Marmosets’ usage of outdoor cages

All individuals from all eight groups accessed thedoor cages for a mean of 24.91%
(n=45, SE=£3.12) of the available time. Howeveffedent factors affected their

presence in the outdoor cages.

Cage location inside the colony room

The location of their indoor home cage inside thiewy room had a great impact on
the amount of time that the marmosets spent iotidoor cages. A one-way
ANOVA (with cage location as factor, between sutggcevealed a significant main
effect of cage location fs=42.38, R0.001). Tukey post-hoc tests showed that
groups housed in cages number one (closest t@time’'s door) used the outdoor
cages significantly more than groups that were &édus cages numbered two and
four. Further, groups housed in cages humberedusey the outdoor cages
significantly more than those groups that housethges numbered four (see Table
6.7, and Figure 6.2), i.e. the further from the dbe home cage location, the less the
animals used the outdoor enclosure. When grougsestrfrom the door (number
four) were taken out of the sample, the overallmafeoutdoor cage usage was

37.16% (n=28, SE=+3.14).

Table 6.7 Results of Tukey post-hoc tests for effects dbior cage’s location on
usage
of outdoor cages (*49.01; ***P<0.001)

Cage #2 Cage #4
Cage #1 t 19.86 43.37
P 0.001* <0.001***
Cage #2 t 23.51
P <0.001***

178



Figure 6.2 Mean percentage of time (£SE bars) monkeys houmséifferent
locations indoor spent in addcages (**R0.01; ***P<0.001)

Kk

60 - *

50 ~

*kk

——

40 + |

30 A

——

Percent of time

20 A

10 A

H

#1 #2 #4
Cage location

On account of the considerable variation betweerdtfierent groups regarding the
amount of time they spent in the outdoor cagesial@wving analyses (in section
6.3.2.1) were carried out twice, once for all eigldups, and once only for the five
groups that were located closest to the door icttheny room (cages numbered 1 and
2). However, the results of the two different asakywere similar (for the effects of
weather and temperature on the marmosets’ atteaddrautdoor cages). Therefore,

only the results of the analysis of all eight greape presented.
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Weather
The one-way ANOVA showed a significant main effettveather type (§25=29.18,
P<0.001). Tukey post-hoc tests again showed a sogmitipreference for sunny

weather, and avoidance of rainy and windy weatbee (Table 6.8, and Figure 6.3).

Table 6.8 Results of Tukey post-hoc tests for the effe¢tweather on the usage
of outdoor cages Emboldenedifaamt effects indicate that the column
weather condition is significantly greatean the row weather condition

Cloudy Cloudy Partly Partly Sunny
windy cloudy cloudy
windy
Rainy t -1.38 3.18 2.71 4.69 9.47
P 0.742 0.021* 0.078 <0.001** <0.001**
Cloudy windy t 4.56 4.08 6.07 10.85
P <0.001** <0.001** <0.001** <0.001**
Cloudy t -0.48 151 6.29
P 0.99 0.66 <0.001**
Partly cloudy t -1.99 6.77
windy
P 0.35 <0.001**
Partly cloudy t 4.78
P <0.001**
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Figure 6.3 Mean percentage of time (xSE bars) marmosetd gpenitdoor cages in
different types of weather (P. means parlynbers under columns
indicate
mean number of sessions per group)
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Temperature

In the present study, temperature significantlget#d the amount of time marmosets
spent in the outdoor cages (t=-3.7¥0®01). Mean temperatures and ranges are
given in Table 6.9. The marmosets preferred tahs®utdoor cages in warmer

temperatures than colder ones (see Figure 6.4).

Table 6.9 Basic statistics of temperature conditions indgtli

<18°C >18°C
Mean 15+0.2°C 20+0.1°C
Maximum 17°C 26°C
Minimum 10°C 18°C
Number of sessions 24+0.4 40.63+0.7

181



Figure 6.4 Mean percentage of time (xSE bars) all monkegsnsm outdoor cages
in
different temperatures (**<9.001)

*kk

35 I

30 A

—

25 4

20 A

——

15 A

Percent of time

10 ~

<18°C 218°C

6.3.2.2 Effects of occasional access to outdoor cages babeur

The behaviour of both adults and young was affecteiderably by the outdoor
cages. For adults, a significant main effect oflgtphase was found for scratching,
scent marking, allogrooming, and exploratory betwaniFurther, a significant main
effect was found for calm and agitated locomotaswell as for inactive alert and
inactive rest behaviours (see Table 6.10 and Fi§ea, b, ¢ and d). Tukey post-hoc
tests revealed that for most of the behaviourssidn@ficant main effect resulted from
significant differences between the Outdoor phaskthe three indoor phases. Adults
spent significantly less time inactive alert, anorentime inactive rest during the
Outdoor phase of the study compared to all thrdeanphases. Further, they spent
significantly more time in calm locomotion, explagithe environment, and
allogrooming other group members during the Outgid@se compared to all three

indoor phases. In addition, they scratched therasatwore, scent marked more, and
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showed higher levels of agitated locomotion dutlmgBaseline phase of the study
compared to the Outdoor phase. It is importantipleasize that no significant
differences were found in the levels of these thedgaviours between the Outdoor

phase and the Before or After phases (see Tahleahd Figure 6.5 a, b, c and d).

Table 6.10 Results of ANOVAs for the effects of study phasasehaviour of adults
and young (¥B.05; **P<0.01; **P<0.001)

Adults Adults Young Young
d.f.=3,27 d.f.=3,60
F P F P

Agitated locomotion 4.24 0.014* 4.69 0.005*
Allogroom 6.68 0.002** 0.32 0.813
Calm locomotion 30.36 <0.001*** 31.82 <0.001***
Contact 0.58 0.633 0.98 0.407
Explore 10.68 <0.001*** 35.29 <0.001***
Autogroom 0.64 0.596 0.43 0.733
Inactive alert 65.34 <0.001*** 46.76 <0.001***
Inactive rest 26.30 <0.001*** 5.84 0.001**
Scent mark 3.22 0.038* 5.41 0.002**
Scratch 3.14 0.042* 0.43 0.729
Social play 1.00 0.408 0.51 0.678
Solitary play no data no data 1.74 0.168
Tree gouge 0.70 0.560 0.49 0.691
Watch observer 1.22 0.323 13.44 <0.001***
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Figure 6.5 Mean percentage of time (+SE bars) spent in bebes for adults in four
study phases [two-way ANOVA with repeatecaswges (black marks)
and Tukey post-hoc tests (red marks) *P<0:P<0.01; **P<0.001]
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Table 6.11 Results of Tukey post-hoc tests for effects ofddar phase on
behaviour of adults (.05; **P<0.01; **P<0.001)

Baseline vs. Before vs. Outdoor  After vs. Outdoor
Outdoor
Agitated locomotion t -3.46 -2.40 -1.97
P 0.007** 0.09 0.220
Allogroom t 3.02 3.79 3.30
P 0.023* 0.003** 0.011*
Calm locomotion t 8.58 7.84 7.2*
P <0.001*** <0.001*** <0.0071***
Explore t 4.59 4.66 4.66
P <0.001*** <0.001*** <0.001***
Inactive alert t -8.97 -11.47 -9.33
P <0.001*** <0.001*** <0.001***
Inactive rest t 4.47 7.47 7.00
P <0.001*** <0.001*** <0.001***
Scent mark t -2.66 -0.75 -1.38
P 0.052* 0.876 0.518
Scratch t -2.95 -2.09 -2.23
P 0.027* 0.176 0.135

The behavioural variations between the differemtlgtphases shown by young
animals were similar to those shown by adults.ghificant main effect of study
phase was found in scent marking, watching thergbseand exploratory behaviour.
Further, a significant main effect was found imeand agitated locomotion, as well
as in inactive alert and inactive rest behaviose® (Table 6.10 and Figure 6.6 a, b, ¢
and d). In common with adults, young spent sigaifity less time inactive alert, and
showed significantly more calm locomotion, and exalory behaviour during the

Outdoor phase compared to all three indoor ph&sether, they scent marked
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significantly more during the Baseline phase comgao the Outdoor phase of the
study. In addition, they rested significantly motging the Outdoor phase in
comparison to the Before and After phases, and sti@ignificantly more agitated
locomotion during the After phase of the study canegd to the Outdoor phase.
However, they watched the observer significantlyerduring the Baseline and the
Outdoor phases as compared to both Before and pifieses of the study (see Table

6.12 and Figure 6.6 a, b, c and d).

Table 6.12 Results of Tukey post-hoc tests for effects ofddar phase on
behaviour of
young (*R0.05; **P<0.01; ***P<0.001)

Baseline vs. Outdoor Before vs. Outdoor After vs. Outdoor

Scent mark t -3.03 -1.98 -1.10

P 0.017* 0.204 0.688
Agitated locomotion t -1.65 -1.71 -2.94

P 0.357 0.325 0.022*
Watch observer t -1.04 3.29 3.20

P 0.503 0.008** 0.010*
Explore t 8.00 7.97 7.97

P <0.001*** <0.001*** <0.001***
Inactive rest t 1.82 2.80 2.60

P 0.272 0.032* 0.04*
Calm locomotion t 7.19 6.45 6.73

P <0.001*** <0.001*** <0.0071***
Inactive alert t -7.44 -9.30 -7.48

P <0.001** <0.001*** <0.001***
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Figure 6.6. Mean percentage of time (£SE bars) spent in hebevfor young in
four study phases [two-way ANOWAh repeated measures (black
marks) and Tukey post-hoc tests (red maiRsP.05; *P<0.01,
***P<0.001]
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6.3.2.3 Effects of loss of complexity and choice

No significant behavioural differences betweenBlaseline phase and the After or
Before phases were found for adults. Further, goifstant differences between the
Outdoor phase and the last two indoor phasesgialisence of significant differences
between the Baseline and the Outdoor phases weand.ftY oung showed significantly
higher levels of agitated locomotion during theeifphase compared to the Outdoor
phase. In addition, they showed significantly liesstive rest behaviour during the
Before and After phases compared to the Outdosep(see Table 6.12 and Figure
6.6 c). Further, the young marmosets watched tkergbr significantly more during
the Baseline phase compared to the Before and plteses (t=-4.69, P<0.001; t=-
4.60, P<0.001 respectively, see Figure 6.6 b),damohg the Outdoor phase as
compared to the Before and After phase of the stsely Table 6.12 and Figure 6.6
b). As few significant differences were found betwéehe Baseline phase of the study
and the other two indoor phases, no consideralgadtof loss of choice was

concluded.

6.4 DISCUSSION

In common with the findings of Chapters 4 and B, risults of the present study
show a positive (and greater, compared to prewihapters) impact of complexity

and choice. Two differences between the presenthengdrevious studies could be the
cause of this larger influence of complexity andich. First, in the present study the
marmosets not only experienced the opportunitya@erchoices because the enriched
environment was more complex, but they could alsmse how to distribute their

time between their home cages and the enhanceasenel Second, the enriched

enclosure was not only more complex, but it was llsated outdoors and thus
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afforded more stimulation. The first differencevieén the present and the previous
studies emphasizes the significance of choice.sEoend difference demonstrates the
importance of the location of the enriched enclesamd contradicts the argument of
Wolfensohn and Honess (2005) that the quality efatbcommodation matters more

than its location.

Further, informal data from the present study cudiat some other objections
to the exposure of captive primates to outdooranoks. Several authors have
warned of a potential risk of disease transmisfiom outside vectors (Novak &
Suomi 1988; Honess & Marin 2006; Wolfensohn & Han2805). However, although
one young female died several weeks after the €B8dualy II, the results of post
mortem showed no connection between her deathh@nelxposure to the outdoor
environment. No injuries or diseases occurreddiegeat result of the animals being
outside. Another opposition to the provision ofdndr enclosures is the necessity of
restricting food availability in them (Wolfensohni8oness 2005). Here again, the
present studies show that no restriction is necgsisthe animals have free access to
indoor cages, where food and water can be avai&ldé times. Indeed one might

argue that this situation more closely resemblesdtural environment.

In contrast to the findings of Chapter 5, no efeauftloss of complexity and
choice were found in the present studies, eithemdtcess to the enriched cages was
blocked after a long period of free access, or wgrosure to the enriched cages was
brief and rotational. This finding shows that oeoaal exposure to enriched

enclosures can benefit the welfare of captive maatsy and emphasizes the
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significance of the method that is used to transdgtive primates between different
enclosures. In addition, the results show thanthemosets preferred to use the
outdoor cages in warm and sunny weather, and ad¢idewind and the rain. These
preferences are similar to those of wild marmosehbsch always try to shelter from
heavy rain, and tend to show reduced activity kewel wet days (Stevenson &
Rylands, 1988). Further, the location of the inde@me cage within the colony room
also affected the usage of outdoor cages, as matsbsused far from the room’s

door used the outdoor cages very infrequently.

6.4.1 Measures of the outdoor cages usage

Most of the marmosets in the present study werdamoiliar with the tubing system,
and had been housed in indoor laboratory conditiongl generations. Nevertheless,
the majority of the monkeys entered the tubingesystand used the outdoor cages
almost immediately after the opportunity was givEne marmosets spent almost 25%
of available time in the outdoor cages. When grdwqpssed in cages number 4 (the
furthest distance from the colony room’s door) waiken out of the sample
marmosets used the outdoor cages for almost 4Qbe @fvailable time. Different

factors affected the usage of outdoor cages.

Weather

The study took place during the summer, howevegcwotland, even during this
season all types of weather, from warm and summngokd, windy and wet, can be
experienced. The marmosets were given access tmttleor cages in all weather
conditions. The marmosets showed a highly sigmfigaeference for sunny weather

and tried to avoid windy and/or rainy weather. &mtly cloudy weather, marmosets in
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both studies also spent relatively long periodsloois, although their preference for
these weather conditions was lower than for sunegther. These findings are in line
with the findings of Howell and colleagues (2002iho reported that chimpanzees
spent the majority of their time in a natural owidenclosure, except on cold or rainy
days. Similarly, Bernstein (1980) studied stump+taicagues in an outdoor enclosure
(with an attached small indoor quarter). The auftband that the monkeys’ activity
was suppressed on rainy days, and more animalsimggyers during rainy weather
than during any other time period. In contrast,v@ey and colleagues (1989) showed
that Japanese macaques spent nearly all day oetsihein snowy, windy, and cold
weather. These differences are likely to resultnfidifferences in the natural habitat of

the species.

Temperature

Marmosets showed a highly significant preferencenigher temperatures. O’Neill-
Wagner and Price (1995) studied rhesus monkeys aguedoor enclosure, in which
indoor heated accommodation was supplied. The nysnsgowed the highest rates of
indoor enclosure use when the temperature felM&l®°C, or rose above 32°C, and
the lowest rates of indoor enclosure use when titgide temperatures were between
10°C and 26.6°C. Therefore, the rhesus monkeypierred the outdoor enclosure
over the indoor accommodation when the temperdélirerell below 18°C. Here
again, the difference between the present studyhatdf O’'Neill-Wagner and Price
may be a consequence of differences between tlogesp&urther, the variations may
be related to the different housing designs. Inpifesent study, the indoor cages were

the home cages of the marmosets and the outdoes eage an additional enclosure
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that they could access (for limited periods of tim&tudy Il). In contrast, in O’Neill-
Wagner and Price’s study, the outdoor and indoolosnres formed a single unit, and

the rhesus monkeys had lived there for severakyesfore the study began.

Cage location inside the colony room

It was found that family groups which were houskeder to the colony room’s door
spent significantly more time in the outdoor cagdsere are two possible
explanations for this finding. First, the distardehe outdoor cage from the home
cage might affect the reaction of the marmosethémovel enclosure; it is possible
that when the home cage is located farther fronttii@ny room’s door, the distance
that the marmosets have to cover before reachagutdoor cage is too long for
them. Informal observations show that marmosets ad study groups used the
tubes (youngsters used them for exercise and plégrefore, the long tube could
satisfy the marmosets as additional space, soateegot eager to search for even
more. This explanation is in line with the findingEMcGrew and McLuckie (1986)
that showed that family groups of cotton-top tamavere less exploratory if they
had to travel a long distance through tubes anadgadm unfamiliar route in order to

reach new enclosures.

Another explanation could be a basic differencthebehaviour of the
marmosets in respect to the location of their hoage inside the colony room.
Preliminary results show that the location of tbenle cage, in respect to the room’s
door (and hence to the main corridor) affectedoigaviour of the marmosets, and

mainly the behaviour of young. Adults watched theeyver significantly more when
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housed close to the door. Young animals spent thoeeplaying, foraging (a
behaviour that occurs on the cage’s floor), and {gse in agitated locomotion when
housed far from the door. Further, they showed rmaetive alert behaviour and less
calm locomotion when housed close to the room’'s do@wvever, these differences
were only close to significance. This preliminatydy on the effects of cage location
on behaviour was not a planned study; and theréfiereample was small. However,
these preliminary findings showed significant effeaf cage location on the
behaviour of captive marmosets, and further stadyeeded. The finding that
marmosets (mainly young) that are housed fartloen fhe colony room’s door appear
to be more relaxed might explain their minimal wesa§the outdoor cages, as their
well-being in their home cages is better than tlafsearmosets that are housed closer

to the door, and so their motivation to use addale@nclosures is less.

6.4.2 Effects of complexity, choice and exposure to outdo cages on behaviour
The opportunity to choose between two differenienaes, together with exposure to
complex outdoor cages, had considerable effecth@welfare of the marmosets.
This was shown by the large number of significaetidvioural differences between

the outdoor phases and all indoor phases of bathest

Locomotion and inactivity

Elevations in levels of calm locomotion and inaetrest, together with reductions in
levels of agitated locomotion and inactive alerOmtdoor phase compared to indoor
phases were found for both adult and young animdiishese changes in locomotion

and inactivity patterns were considered to be dbkar(see Chapter 3) and indicated,
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together with other behavioural changes, positNieences of complexity, choice and
exposure to an outdoor environment. In common tghresults of the present study,
Chamove and Rohrhuber (1989) found differenceberactivity patterns of common
marmosets in indoor and outdoor enclosures, as#ienosets showed less vigorous
activity patterns in the outdoor enclosure. In cast, Pines and co-workers (2002,
2003) found no effects of cage location on genacaVity levels, when common
marmosets were studied in similar indoor and outdages. However, they did not
discriminate between different types of locomotioml this may explain this result.
Alternatively, it is possible that the combinatioiha more complex enclosure,
increased choice, and the exposure to outdoor tonsliwas the cause for the great

differences that were found in the present study.

Exploratory behaviour

The finding that all individuals (adults and youmxplored the outdoor environment
significantly more than they explored their indbome cages was expected. Both
complexity and novelty are some of the most impdrséimuli that elicit exploratory
behaviour (Hughes, 1997). These two stimuli wetegral characteristics of the
outdoor enclosures. The importance of exploratetyalviour was discussed in
Chapter 3; however, it is essential to emphasieevéttue of exploratory behaviour for
captive primates who spend most of their time inactvhen their environment is

simple and/or familiar.
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Scent marking

Both adults and young animals scent marked sigmiflg less during the Outdoor
phase compared to the indoor phases of the stulthese results, together with
changes in the levels of other behaviours may atdibetter welfare conditions in the
outdoor cages than in the indoor cages (see ClsapteBimilarly, Schoenfeld (1989)
found that common marmosets showed increasedohsegnt marking in an indoor
and less complex enclosure. It is also possiblentfammosets scent marked more
indoors due to close proximity to other groups. phssible effects of contact with

other groups are discussed in the General Disaussio

Scratching
Adults scratched themselves less in the Outdoosepha compared to the Baseline
phase of these two studies. This decrease in kangtbehaviour is also thought to be

desirable for captive primates.

Allogrooming

Adults showed significantly higher levels of allogming in the outdoor cages
compared with levels in their indoor home cagesdmmon with the present
findings, previous research has found that commamusets show increased levels
of allogrooming in larger and/or more complex ca@éschen & Martin, 1996;
Schoenfeld, 1989; Ventura & Buchanan-Smith, 2088hough the function of
allogrooming in marmosets is not fully understosele Chapter 3), increased levels in
the enriched cage indicate a wider range of nahghhviour, as allogrooming is

observed infrequently in marmosets housed in standhoratory cages.
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Watch the observer

In line with the findings of Chapter 4, the marnissa the present study watched the
observer less after the Baseline phase. As mewtimn€hapters 3 and 4, several
explanations may be offered for this behaviounaiesncy and they are presented in

the General Discussion.

To sum up, the many desirable behavioural chartg®msrsin the present study
clearly indicate a positive impact of the enricloages on the welfare of the
marmosets. However, it is impossible to separaetfects of complexity, choice,
and the exposure to outdoor environment. The gredteence of the enriched
enclosure in the present studies compared to thaatof the enhanced enclosures in
Chapters 4 and 5 on the behaviour of the marmassegigests that the effects of the
ability to choose between two different encloswaed/or the exposure to outdoor
conditions have a considerable value. Previousesuthve also suggested a great
importance of choice.

Rumbaugh and co-workers (1989) argued that whetiveaghimpanzees were
moved to a larger and more complex environmeny;, biemefited more from the
ability to change location at will (and to chookeit companions) than from the
increased cage size. Similarly, Owen and co-wor{065) allowed giant pandas to
choose between indoor and outdoor enclosures, sggested that the ability to
choose had positive effects on the welfare of thmals (but see section 2.4.1). In the
present study the impact of chojper sewas not studied, as only one observer
recorded the monkeys’ behaviour. In order to isotae effects of the ability to

choose between two different enclosures from tfectf of the characteristics of
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these enclosures, observations would also have taken indoors, during the

Outdoor phase.

6.4.3 Effects of loss of complexity and choice on behawio

No negative effects of loss of complexity and ckan the behaviour of adults were
found. Young marmosets watched the observer sagmfly less during the After and
Before phases compared to the Baseline phase. Howeey rested significantly less
during the After and Before phases compared t®ileloor phase, when no
significant differences were found between the @atdind the Baseline phases. In
addition, they showed significantly more agitatecolmotion in the After phase
compared to the Outdoor phase. Nevertheless, ndisant differences were found
between the Outdoor and the Before phases, whighmd&ate that even if the
young animals were agitated as a reaction to twedbdcomplexity and choice, this
influence lasted less than nine days. Howeveheaslifferences between the Outdoor
phase and the After and Before phases in the diftdyehaviours of young are not

consistent, no negative effects of loss of compjeadnd choice can be concluded.

The results of the present study, which show rganee effects of loss of
complexity and choice, contradict those of Chapter which a strong negative
influence of loss of complexity and choice was fufiwo reasons may explain this
variation. First, in contrast to the previous studythe present study the marmosets
were not transferred between the two enclosurssedd, they were given free access
between the two enclosures. It is possible thattéihod that was used to transmit the
monkeys between the enclosures in the previouy $tad in itself detrimental effects

on their welfare. Second, because the marmoséhe ipresent study were given free
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access between the two enclosures, and as foosuppsied only indoors, they kept
using the indoor cage as their home cage (theyyalsi@pt indoors). Therefore the
loss of the choice between the enclosures, anlb$iseof the enhanced enclosure had

no significant effects on their behaviour.

6.4.4 Effects of rotational and occasional access to oudr cages on behaviour

In contrast to Study I, in which the marmosets vadi@ved free access to the
enhanced cages for eight consecutive weeks, iny3ttlde marmosets were given

free access to the enriched enclosure for onletbomsecutive days every second
week. Thus, they could taste the “good life” buwds taken from them shortly after.
This short exposure to better housing conditiorghinhave had negative effects on
the welfare of the marmosets in their standard hoages. However, as was discussed
above, no significant effects of loss of choice andess to the enhanced enclosure
were found in any of the studies. Therefore, naigant impact of the occasional
exposure to these enhanced conditions on the lmhrand the marmosets in Study I
was concluded. These results are in line with Klems@ Brent (1995a, 1995b) who
found no adverse effects of occasional accesseirise cages on the behaviour of
baboons in their home cages. In conclusion, if atsrare to be housed for long
periods of time in small and simple cages, occasierposure to enhanced enclosures
is beneficial for their welfare. However, it is imant to consider the method that is
used to transfer the animals between the enclossresme methods by themselves

may have detrimental effects on welfare.
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6.5 CONCLUSIONS
The effects of complexity and choice, together i effects of outdoor conditions,
and the effects of occasional access to thesetgmmglon the behaviour of family

housed marmosets were studied. The main resulfgresented in Table 6.13.

The recommendations made from this study are:
1) Outdoor cages are a very useful method of improwiatiare. This is
particularly true if the climate is good and tengiares are high.
2) Care should be taken in choice of groups for acasdscation in
colony room may affect usage.
3) If continuous access cannot be given, rotationegsgis also

beneficial and there are no adverse effects ofdbascess.
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Table 6.13 Summary of the main results of Chapter 6

Adult marmosets Young marmosets

Elevated levels Reduced levels Elevated levels Redd levels
Effects of Calm locomotion Contact Calm locomotion Agitated
complexity, Explore Inactive alert Explore locomotion
choice, and Watch observer Inactive alert
outdoor Scent mark
enclosure Scratch
Effects of loss of Agitated
complexity and locomotion
choice in Study | Watch observer
Effects of Allogroom Agitated Calm locomotion Inactive alert
occasional Calm locomotion locomotion Explore Scent mark
exposure to Explore Inactive alert
complexity, Inactive rest Scent mark
choice, and Scratch
outdoor
enclosure
Effects of loss of Agitated- Inactive rest
complexity and locomotion Watch observer

choice in Study
Il

In this, and the previous chapters, the effectaiplexity and choice have been

studied. In the next chapter, the effects of tieiotC”, control, are investigated.
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Chapter 7
Does Control Over Light Improve the Welfare of Captve

Common Marmosets Housed in Small Family Groups?

7.1 INTRODUCTION

The positive impact of complexity and choice onwredfare of pair and family
housed marmosets has been described in previoptechaln the present study,
family groups of marmosets were given control cadditional illumination in their
home cage, and the impact of light intensity, cordwer light and loss of control was
studied. There have been many recommendationggetatthe positive effects that
control over the environment may have on the weltdrprimates in captivity.
However, there is little quantitative evidence behthese recommendations (see
Chapter 2). The effects of control in general waiseussed in Chapter 2 and the
significance of light intensity in Chapter 4. Thdaetors are combined below, and

studies on the effects of control over illuminatane discussed.

7.1.1 Effects of control over illumination

Few studies have looked at the effects of contref tight on primatedn an early
study, immature rhesus monkeys were able to colgidlintensity inside a box in
which they were placed individually. In two separabnditions, monkeys could
increase or decrease light intensity by pressileyer. In two additional conditions,
monkeys stayed in continuous high or low light msiéies, and pressing a lever had

no consequences. The results of this study indibatethe effective factor was the
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change itself rather than the direction of it, s frequency of lever-pressing
increased significantly when the action was accangubby a change in the level of
environmental illumination, with no significancetbe change’s direction (Moon &
Lodahl, 1956). Tokura and Aschoff (1979) studiedlasquirrel monkeysSaimiri
sciureu$ under three different conditions: permanent diomination (dim LL),
identical illumination but with an additional seléntrolled source of light, which
turned off automatically 30 minutes after beinghad on by the animal (bright LL),
and a full self-controlled dark-light cycle in whithe additional light stayed on as
long as the monkey handled a ring, and stayed bitevithe monkey rested (LD).
They found that the mean circadian period and thigity time were longer in bright
light than in continuous dim light. Further, thevas a positive correlation between
illumination intensity and amount of activity inetforight LL condition. The longest
mean circadian period and the highest amount ofigcivere achieved in the LD
condition, in which the monkeys usually handledrihg repeatedly for several hours
immediately after being given an access to itptelhg by a couple of hours’ rest.

These results suggest that monkeys would workttghter light intensity.

The effects of control over light have also beenlstd in other species.
Kavanau (1963; 1964) allowed deer mieefomyscus maniculatus control light
levels in their cage. These mice repeatedly maaipdlthe device (by pressing levers)
to achieve the opposite outcome to the experimsmeeration, that is to say, they
always turned the light off in reaction to the expeenter turning it on and vice versa.
When the mice were given the opportunity to tuenlihpht in either direction (on or
off) they repeatedly ran from one lever to the otherder to control the situation and

to change the outcome. When the mice could sdigiielevel (by pressing the same
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lever to increase illumination level in incremerasd pressing another lever to reduce
light level again in increments), only after wee®utcome opposition (running
between levers to change the light in the oppal#itetion) did they adapt to the
regime and adjust the intensity to the preferreditdensity. Kavanau and colleagues
repeated this study with different species (sinoare species: Kavavau et al., 1973;
nocturnal mammals: Kavanau & Havenhill, 19P&romyscus eremicukavanau,
1978). However, in these studies the main focusasthe light level that the animals

chose to set and not on the impact of having contro

Joffe and co-workers (1973) allowed rats to corfood and water delivery as
well as lighting conditions. They found that rdtattwere housed in cages allowing
such control defecated significantly less (the axgldid not offer any interpretation
for this finding, although there was no significaifterence in body weight between
the two groups) and their mean activity score vigusificantly higher than yoked rats.
Further, when tested in an open field as adults,which experienced some control
over the environment as infants showed less “ematity” compared to those that did
not experience direct control over their early emwment. In another study, laying
hens Gallus gallus domesticlisvere given the opportunity to control food arghti
(in addition to their restricted regime). Althoutite birds were more motivated to
gain access to additional food than they were ¢eegse light intensity, they still
worked to increase the light intensity for an ageraf 30 minutes per day. Animals
with control showed lower levels of peering andings(suggesting lower levels of
stress and passivity) compared to birds withoutrochrHowever, as they showed
more interest in increasing their food supply, ¢ffects of control over illumination

are not clear (Taylor et al., 2001).
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The obvious conclusion from the above studiesastiiie control itself may be
of greater significance than the environmentaltligtensity. However, more research
is needed, since in most of the research the o@soagarding controllability are not
isolated from effects of the controllable factar®refore, the impact of contrpér se

is not clear.

7.1.2 Aims of the present study

The aim of the present study was to test the effeictontrollability of additional light
on the welfare of captive common marmosets. Theidecto use white light as the
controllable stimulus was based on previous rebatiat has shown a significant

positive impact of light intensity on animals’ befwur and well-being.

The following questions were asked:
1) How does light intensity affect the welfare of gaptcommon marmosets?
2) How does the opportunity to control light intengitythe cage affect the
welfare of the marmosets?
3) How is control distributed among the members ofgreup?
4) How do the environmental changes affect membetiseigroup that have no
control relative to other members?

5) How does loss of control affect the welfare of thenkeys?

It was expected that the increase in illuminatilemsity would improve the

marmosets’ welfare in itself. Additionally, it wagpothesized that control over

additional cage light would improve the welfarecaptive marmosets more than mere
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changes in the cage’s illumination. It was furtegpected that the welfare of ALL
members of the controlling group would improve, reuaividuals in the Master
group that did not actually controlled the devsi@ce by watching the controlling
member they would be able to foresee the cominggd® and therefore have better

predictability than members of groups without aowntcol.

7.2 METHODS

7.2.1 Study animals and housing

The study animals were 43 common marmosets dividedL2 small family groups,
housed in double cages. Each group contained thrfaes individuals, which

included one or two adults (mother, father or baitg one to three youngsters. Six
groups served as Master groups while the othewene Unaffected groups. There
were no significant differences between Master @ndffected groups in terms of the
total number of animals per group (t=0.349; P=0)78d4mber of adults (t=0.542;
P=0.599) or number of youngsters (t=0.000; P=1.06@up details and individuals’
ages and sexes are presented in Table 7.1. Theeenwvasignificant differences in the
mean age of adults or youngsters between MasteUnatfected groups. Mean age of
adults in Master groups was 1630 days (+S.E. 2@4y8; n=10) on the first day of the
study, and 1606.11 days (£S.E. 204.8 days; n=%daits in Unaffected groups
(t=0.071; P=0.944). Mean age of youngsters wassBs@ays (£S.E. 20.0 days; n=12)
for Master groups and 203.75 days (+S.E. 22.0 d&yk2) for Unaffected groups (t=-

1.450; P=0.161).
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7.2.2 Experimental design

The twelve study groups were housed in two sepadbsy rooms. Each room
housed six groups- three Master groups and thredféited groups. The two colony
rooms were identical and group and individual detiar each are presented in Table

7.1.

The study included two conditions: an Unaffecteolugrwas defined as a
group in which no manipulation was applied in atudyg phase. A Master group was
defined as a group in which a manipulation wasiedaluring the Test phase of the
study. During the morning of the fifth day of thedy a light box was hung on the
lower part of each Master group’s cage. The waterfiight box contained a halogen
dichroic, realite 12V 20W bulb, a touch sensitivgtbn, an electronic counter to
measure the frequency of button touches (switcthirdight on/off) and a quartz

alarm clock which measured the duration of timedusee Plates 3.5 and 7.1).
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Table 7.1 Group and individual details (sex, date of b{ithO.B) and age on first
day of the study)

Group type Group identifier Individual D.O.B. Age (days)

Master 1-2Ra 12W (adul®) 11/01/2000 1466
5BB (adult?) 15/01/2000 1462

3 24/07/2003 176

QQ 26/12/2003 21
1-3Ra 743R (adul?) 16/08/1995 3075
962BK (adult?) 27/06/2001 933

Q 30/08/2003 139
1-3Rb 15W (adulf) 02/02/2000 1444
861BK (adult?) 08/04/1999 1744

8 17/07/2003 183
4-1Ra 70BL (adulf) 26/06/1995 3143
3 23/06/2003 224
4-2Ra 55Y (adulf) 02/01/2001 1126
943BK (adult?) 05/02/2001 1092

3 12/08/2003 174

4-2Rb 981BK (adul§) 09/11/2001 815
8 13/07/2003 204
Unaffected 1-2Lb 850R (adul®) 10/10/1997 2289
o3 08/09/2003 130
1-1Ra 782R (adul?) 22/08/1996 2703
950BK (adult?) 17/04/2001 1004

o3 04/08/2003 165

1-1Rb 85Y (adul®) 10/07/2001 920
25/06/2003 205
4-1Rb 21W (adulf) 28/11/2000 1161
866BK (adult?) 23/04/1999 1746

3 01/06/2003 246
4-4Rb 842BK (adul®) 10/09/1998 1971
QQ 16/04/2003 292
4-4Ra 37Y (adulf) 02/09/2000 1248
901BK (adult?) 21/03/2000 1413

3 27/04/2003 281
3 (847R’s) 01/05/2003 277

Q 07/12/2003 57

The light box was connected to the main power sughpbugh a timer, thus it was

powered for only ten hours a day, 0700 to 1700xbh normal room illumination).

While the light box was powered, a red light ciraleund the touch sensitive button

was on, to signal to the animals that they couldctwthe light on or off. When the

red light circle was off, the halogen light wasoatdf, and it was not possible to turn it
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on. The light box supplied additional light to ttmain room lighting and illuminated

mainly the lower part of the cage.

Touch sensitive
button

Light

The light box was removed from the cage on the ingraf the 238 day of the study
(see Table 7.2). The monkeys were not trained éches light box, since a preliminary
test showed that they touched the touch sensitittetnimmediately after being given
access to it. lllumination measures were takenguaidessop light-meter and showed
that the light intensity inside the cage with tleliional light was almost 2.5 times
higher than normal (see Table 7.3 and Plate 7i).light also produced heat and

increased the temperature within its very nearremwment (up to 15cm from the
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light) from around 23°C to around 34°C. Howevels thermal change did not affect

the whole cage as the source of the heat was waalf.s

Table 7.2 Study protocol

Days 1-4 Days 5-22 Days 23-27
Baseline  phase Test phase phase
light observations light observations light observaons
Master groups  no 3 focal obs. yes 10 focal obs. no 3 focal obs.
per per per
individual individual individual
Unaffected no 3 focal obs. no 10 focal obs. no 3 focal obs.
groups per per per
individual individual individual

Plate 7.2 Two double cages, one with additional illuminatio

2

BT

,,,,,,

_____________
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Table 7.3 Light measures (in EV- exposure value) in twdedént locations
in the lower part of the Master groups’ cages

Additional light Centre of the cage Back of the cage
on 10 9
off 4.5 4

7.2.3 Data collection

Each animal was observed for three separate foatmisessions during the Baseline
phase of the study (total observation time of 4re@nd 24 minutes for Master groups
and 4 hours and 12 minutes for Unaffected grodps}en sessions during the Test
phase (total of 14 hours and 36 minutes for Magteups and 14 hours for

Unaffected groups) and for three sessions duried’thst-test phase (total observation
time of 4 hours and 24 minutes for Master grougs4hours and 12 minutes for
Unaffected groups). Each observation session ttadepn a separate day. The first
observation session for the Test phase was caruedn day 5 of the study, two hours
after the installation of the light boxes. Thetfiobservation session for the Post-test
phase took place on day 23, two hours after the bgxes were removed from the

cages. Behaviours recorded were as discussed pt€Cta

The light’s condition (whether on or off) was reded at all times, and when
possible the identification of the individual whoned it on or off was recorded, even
when it was not the focal animal for that obsensatiFurther, any other behaviour
related to the device (manipulate the device, #ntlase to the light box) was
recorded for the focal animal. The frequency otdnutouches and percentage time
that the light was used were also recorded. Thatewlere collected at approximately

the same time once a day between days 5 and 22 sfudy.
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7.2.4 Statistical analysis
Different statistical analyses were carried outtamine the effects of light intensity

and control on the behaviour of adult and youngmaasets (see Table 7.4).

Table 7.4 Statistical analyses used in the present study

Research Statistical test Factors Levels Analysis
guestion

Habituation to One-way ANOVA Period 4 first days/ Within subjects
device (percent of middle/ 4 last days

time on)

Habituation to One-way ANOVA Period 4 first days/ Within subjects
device (frequency middle/ 4 last days

of button touches)

Effects of light Paired samples t-  Light condition On/off Within subjects
condition on test

adults

Effects of light Paired samples t-  Light condition On/off Within subjects
condition on test

youngsters

Effects of control  Two-way ANOVA Study phase Base/Test/Post Within subjects
on adults with mixed design

Study condition  Master/Unaffected Between subjects

Effects of control  Two-way ANOVA Study phase Base/Test/Post Within subjects
on youngsters with mixed design
Study condition  Master/Unaffected Between subjects

In order to measure the percentage time and freyuafilight usage, means were
calculated for each Master group. In addition, mearments of device usage were
calculated for three periods (first 4, middle 1@ ¢ast 4 days) of the Test phase in
order to examine habituation. For the analysihefdffects of light intensity on

behaviour, only five Master groups were includeak. §roup 4-2Rb, no data were

213



available for the condition ‘light off', as the hgjin the cage of this group was on

during all observation sessions in the Test phase.

7.3 RESULTS

The results of the present study are discusseglation to three factors:
1) Usage of light
2) Effects of light on the animals’ welfare

3) Effects of control on the animals’ welfare

7.3.1 Measure of light usage

Only two out of six groups in this study kept tlage lit for relatively large
percentages of time (see Table 7.5). As can beisdégure 7.1, these two groups (1-
3Rb and 4-2Rb) showed similar rates of light useughout the whole Test phase of
the study. Group 1-3Ra showed a medium rate anthshéhree groups (1-2Ra, 4-2Ra
and 4-1Ra) showed low rates of light usage. Howeterlast four groups showed no
consistency in the rates of light usage. The fraquef button touches was low for all
Master groups (see Table 7.6). The mean frequemeyglthe first four days of the
Test phase was higher than that for the last 14,dayfive out of six Master groups,
however, no significant differences between thedlperiods of the Test phase were

found for any measure of light usage.
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Table 7.5 Mean (£S.E.) percentage time per day of deviegesn six Master
groups, during the Test phase

1-3Rb 1-3Ra 1-2Ra 4-2Rb 4-2Ra 4-1Ra
All Test 91.98+2.8  52.28+7.7 11.62+7.3 83.6316.1 14.4+7.1 .8345.2
phase
First 4 days 79.3+10.6  77.36%8.9 5.36+£3.3 41.39+15.2  41.99+24.32.59+19.7
Middle 95.92+0.6  40.07+10.2 O 94.85+1.3 7.26+7.6 8.36+4.9
period
Last4 days 93.85+4.8  60.56+17.5 49.83+28.8 95.01+1.4 6.44+6.4 0.6310.6

Table 7.6 Mean (£S.E.) frequency per day of device usagaxitMaster groups,
during the Test phase

1-3Rb 1-3Ra 1-2Ra 4-2Rb 4-2Ra 4-1Ra
All Test phase 2.53+0.8 3.79+1 0.58+0.4 4.26+1.6 0.58+0.2 2.11+1.6
First 4 days 6.25+3.3 7.25+2.6 0.75+0.5 12.75+6.3 0.75+0.3 0075+
Middle period 1.82+0.3 3.18+1.3 0.64+0.6 2+0.3 0.36%0.2 3.27+2.8
Last 4 days 0.75+0.3 2+1.22 0.25+0.2 2+0.7 1+1 0.25+0.2

Figure 7.1 Percentage time of light usage for Master gralpsg the Test phase
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Day
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7.3.2 Distribution of control among group members

In order to obtain data regarding the way contke@rallumination was distributed
among group members, details of the controller wecerded each time the light was
switched on or off (no matter whom the focal animak). In only 17 out of 210
records was information about the controller avddaWhenever the information was
available, it was a youngster, either male or femAk these are the only existing data
relating to control distribution among group men#eo further analysis was carried

out.

7.3.3 Effects of light intensity on behaviour

Although only three out of the six Master groupd hagh durations of light usage, all
groups (apart from 4-2Rb, see 7.2.4 for explanatizere taken into account when
analysis with reference to light effect on animalgifare was carried out. Adults
showed few significant differences in behaviouretation to light condition. Only
two behaviours were significantly affected by ligitensity; adults spent more time
sitting close to the device when the light wasang they watched the observer
significantly more when the light was off (see Ta@Bl7 and Figure 7.2 a, b, c and d).
Young animals were more affected by illuminatiohey showed significantly more
calm locomotion and social play behaviour, and ieastive rest and contact

behaviours when the light was on (see Table 7.7Fagute 7.3 a, b, c and d).
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Table 7.7 Results of ANOVAs for effects of light on behawtocand cage locations
for adults and youngsters €@05)

Adults Adults Youngsters Youngsters
t P t P
Agitated locomotion -2.39 0.075 -2.14 0.099
Allogroom 1.53 0.200 1.42 0.227
Autogroom -0.13 0.905 -0.64 0.560
Calm locomotion 0.102 0.924 3.71 0.021*
Contact -0.001 0.999 -4.15 0.014*
Explore -0.25 0.813 0.71 0.515
Inactive alert -0.05 0.959 -2.359 0.078
Inactive rest -0.86 0.438 -3.31 0.030*
Scent mark 0.83 0.453 -0.65 0.554
Scratch -0.50 0.643 -0.68 0.530
Social play -0.67 0.540 2.86 0.046*
Solitary play no data no data -0.49 0.653
Tree gouge 1.26 0.275 0.23 0.828
Watch observer -3.24 0.032* -1.30 0.264
Lower 1.66 0.172 0.71 0.517
Upper -1.65 0.174 -0.78 0.482
Close to device 4.39 0.012* 1.07 0.344
Manipulate device 0.85 0.443 0.03 0.980
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Figure 7.2 Mean percentage time (£SE bars) spent in behes/mnd in cage
locations for adults in Master groups dgtiwo light conditions
(*F<0.05)
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Figure 7.3 Mean percentage time (£SE bars) spent in behes/mnd in cage

locations for youngsters in Master groups during tight conditions

(*P<0.05)
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7.3.4 Effects of control over light on behaviour
Two-way ANOVAs with mixed design were carried oattihvestigate effects of
control over light. Whenever a significant diffecerwas found between study groups
or study phases, or for the interaction betweemihaikey post-hoc tests were
applied. Three different occurrences could indi@atempact of control over light on
the behaviour of the marmosets:
1) Differences between monkeys in Master and Unaftegteups during the
Test phase.
2) Differences in the behaviour of marmosets in Magteups between the Test
phase and the other two phases of the study.

3) Interactions between study phases and study condliti

These three indicators are described separately.

7.3.4.1 Differences between Master and Unaffected groupsd the Test phase
Although only two groups were compared, Tukey gust-tests were applied when
ANOVAs showed a significant difference to examinieether these differences
between Master and Unaffected groups stemmed fiffenehces during the Test
phase (only results of post-hoc tests are presemtigglres). With regard to variation
between study groups, adults showed fewer signifiddferences than youngsters
did. Adult members of Master groups displayed gigaintly more calm locomotion
activity compared to adults in Unaffected groups4t62, P=0.002; see Table 7.8 and

Figure 7.4 a, b, and c).
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Results of ANOVAs showed that youngsters in Magteups spent
significantly more time in calm locomotion and saiy play behaviour. Further, they
showed significantly less inactive alert and seeatking and watched the observer
less than youngsters in Unaffected groups duriegrést phase. Results of post-hoc
tests (that were carried out due to an interadi@mween study groups and study
phases) showed that youngsters in Master groups sgmificantly less time in the
upper part of the cage compared to youngsters affelcted groups (see Tables 7.8

and 7.9 and Figure 7.5 a, b and c).

Table 7.8 Results of ANOVAs for effects of study condition behaviours and cage
locations for adults and youngsters{@R5; ***P<0.001)

Adults Adults Youngsters Youngsters
d.f.=1,10 d.f.=1,10
F P F P

Agitated locomotion 0.28 0.608 0.96 0.350
Allogroom 0.33 0.578 3.54 0.089
Autogroom 0.00 0.95 0.10 0.762
Calm locomotion 4.99 0.05* 5.23 0.045*
Contact 0.05 0.833 0.22 0.651
Explore 0.85 0.378 3.59 0.087
Inactive alert 1.83 0.206 7.07 0.024*
Inactive rest 0.00 0.971 0.13 0.725
Scent mark 0.03 0.865 6.50 0.029*
Scratch 0.39 0.546 1.72 0.219
Social play 2.51 0.145 2.37 0.155
Solitary play no data no data 5.13 0.047*
Tree gouge 0.39 0.544 0.06 0.819
Watch observer 0.73 0.411 21.25 0.001***
Lower 1.06 0.326 0.64 0.442
Upper 1.00 0.342 0.30 0.596
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Table 7.9 Results of Tukey post-hoc tests for effects afdibon on behaviours for
youngsters during the Test phase of thaysttP<0.05; **P<0.01)

t P t P
Calm locomotion -4.39 0.003** Solitary play -4.24 0.005**
Inactive alert 3.44 0.027* Watch observer 29 0.082
Scent mark 3.16 0.049* Upper 3.34 0.033*

Figure 7.4 Mean percentage time (+SE bars) spent in behes/mnd cage locations
for adults in Master and Unaffected groupsrdy the Test phase of the
study (*R0.05)
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Figure 7.5 Mean percentage time (£SE bars) spent in behes/mnd cage locations
for youngsters in Master and Unaffected geoduring Test phase of the
study (*R0.05; **P<0.01)
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7.3.4.2 Effects of study phases on behaviour in Masterggou

Another way to look for the effects of control detanimals’ welfare is to compare

the behaviour of Master groups during the threesgbaf the study. Tukey post-hoc
tests were applied in order to find exactly whéwese differences lay. Adults showed

a significant main effect of study phase in caleolmotion. Tukey post-hoc tests
showed that adults in Master groups spent sigmifiganore time in calm locomotion
during the Test phase compared to both Baselind®astitest phases (see Tables 7.10

and 7.11 and Figure 7.6 a, b and c).
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Table 7.10 Results of ANOVAs for effects of study phase emdéviours and cage
locations for adults and youngsters in Magtroups (*R0.05; **P<0.01)

Adults Adults Young Young
d.f.=2,20 d.f.=2,20
F P F P

Agitated locomotion 0.96 0.399 2.19 0.138
Allogroom 0.28 0.756 0.56 0.582
Autogroom 2.10 0.148 0.89 0.425
Calm locomotion 6.82 0.006** 3.65 0.045*
Contact 0.75 0.485 1.85 0.183
Explore 1.27 0.304 1.25 0.307
Inactive alert 0.25 0.783 8.60 0.002*
Inactive rest 1.15 0.337 4.03 0.034*
Scent mark 0.10 0.907 0.09 0.914
Scratch 0.23 0.800 1.40 0.269
Social play 2.04 0.156 3.60 0.046*
Solitary play no data no data 2.15 0.143
Tree gouge 0.98 0.393 8.46 0.002**
Watch observer 2.06 0.154 3.93 0.036*
Lower 0.08 0.923 3.47 0.051*
Upper 0.03 0.973 3.07 0.069

For youngsters, significant main effects were foimdalm locomotion, inactive alert,
inactive rest, social play, tree gouging and watgthe observer behaviours, and also
for time spent in lower part of the cage. The rssof Tukey post-hoc tests show that
youngsters spent significantly more time in caleolmotion and in the lower part of
the cage, and also less time in the upper paheo€age during the Test phase
compared to the Baseline phase. In addition, yaengishowed significantly more
inactive alert and tree gouging behaviours durggRost-test phase compared to both

Test and Baseline phases (see Tables 7.10 an@difigure 7.7 a, b and c).
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Table 7.11 Results of Tukey post-hoc tests for effects nflgtphase on behaviour

and

cage locations for adults and youngsteMaster groups (*P<0.05;

**P<0.01)

Baseline Test Testvs. Post-test BaselinePost-test
VS.
t P t P t 3)

ADULTS
Calm locomotion 4.56 0.002** -3.89 0.010** 0.67 0.983
YOUNGSTERS
Calm locomotion 4.04 0.007** -2.95 0.073 1.09 0.879
Inactive alert 0.10 1.00 3.58 0.020* 3.68 0.016*
Inactive rest -1.06 0.89 -0.92 0.93 -1.98 0.388
Social play 3.10 0.055 -2.19 0.286 0.91 0.939
Tree gouge 0.09 1.00 3.67 0.016* 3.76 0.013*
Watch observer -1.85 0.458 0.57 0.992 -1.28 0.790
Lower 3.57 0.020* -2.29 0.245 1.28 0.791
Upper -3.59 0.019* 2.57 0.152 -1.02 0.905

Figure 7.6. Mean percentage time (£SE bars) spent in behes/mnd cage locations
for adults in three study phases [one-wayOAM with repeated measures
(black marks) and Tukey post-hoc tests (nadks) **P<0.01]
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Figure 7.7. Mean percentage time (+SE bars) spent in behes/mnd cage locations
for youngsters in three study phases [ongANOVA with repeated
measures (black marks) and Tukey post-tsis {eed marks) *P<0.05;
**P<0.01]
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7.3.4.3 Interactions between study groups andysphases

The ANOVAs revealed several significant interactidretween study groups and
study phases. For adults there was a significaetantion in calm locomotion. Master
groups showed a strong increase in calm locomatioime Test phase followed by a
strong decrease in the Post-test phase, while ectafi groups showed a moderate

decrease along the whole study period (see Tab®ahd Figure 7.8).

For youngsters significant interactions were shawealm locomotion and in
time spent in lower and upper parts of the cagenbées of Master groups showed

significantly increased levels of calm locomotiortihe Test phase of the study,
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followed by decreased (although not to baselingl$ein the Post-test phase.
Conversely, Unaffected groups displayed similaelev¥hroughout the whole study
period. With regard to location inside the cageatibtted groups continued to use
each part of the cage for similar percentagesefithe throughout the whole study.
In contrast, Master groups showed a steep incliadgae spent in the lower part of
the cage and a sharp reduction in time spent inpper part of the cage during the
Test phase, followed by return to baseline levelhé Post-test phase (see Table 7.12
and Figure 7.9 a, b and c). Time spent in the lcamer upper parts of the cage were
not reciprocal. Marmosets spent some time insidendist box and in verandas
(whenever these were available), although datéimgléo the amount of time spent in
these two locations are not discussed as they lmerand no significant differences

between study groups or study phases were found.

Table 7.12 Results of ANOVAs for interactions between stgdgups and study
phases
(*F<0.05; **P<0.01)

F2,20 P
ADULTS
Calm locomotion 6.09 0.009**
YOUNGSTERS
Calm locomotion 6.13 0.008**
Lower 4.21 0.030*
Upper 6.28 0.008**
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Figure 7.8 Interaction between study group and study phasadults
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b. Percentage time spent in the lower part of the cag
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7.3.5 Effects of loss of control (or light/heat)on behaviour

Behavioural changes were considered to be a coesequwf loss of control when
significant differences were found between the Resttphase and the other two
phases of the study. Youngsters in Master groupseth significantly higher levels
of inactive alert and tree gouging behaviours duthre Post-test phase compared to
levels in the Baseline and the Test phases (sdle Tdll and Figure 7.7). These
behavioural differences may indicate an impacbse$lof control and are discussed

below.

7.4 DISCUSSION

The results of this study show that both illumioatintensity and the opportunity to
control it positively affected the welfare of cajgticommon marmosets. The positive
effects of control over light intensity were shoewen when marmosets did not utilize
their ability to control the light and, hence, ieased the light intensity of their cage
infrequently. Furthermore, youngsters were morecaéfd by increased light levels, as

well as from the option to control them than wedales.

7.4.1 Measures of light usage

Three out of six Master groups in this study usedlight for an average of over 50%
of the time during the whole Test phase of theystlidio of these groups left the light
on for more than 80% of the available time. Howetlee frequencies of button usage
were very low. Although mean frequency of buttondioes decreased after the first
four days of the Test phase, this decrease wasigmficant and therefore evidence of

habituation was not found.

236



Line and co-workers (Line et al., 1990a, 1991avedld singly housed adult
female rhesus monkeys control over a music-feeder ildence, monkeys could
operate a radio set by touching two different le@ne turned the radio on while the
other turned it off). Additionally they could geamana-flavoured food pellets by
touching a third lever. In the first study (Lineadt, 1990a), each of five animals
earned a total average number of 24 to 66,000tpealieer the 20 weeks of the study.
The total number of music lever presses ranged §am600 per monkey during the
experimental period. In the second study (Linel.etl@91a), ten animals were
studied; the average number of touches to the fezdrol lever was 8221 per day
(over 12 weeks), and the average playing time ef#dio was 76 minutes per day
(touch frequency was not reported). The resulthede studies suggested that animals
became obsessive with the enrichment device, whiah undesirable outcome.
Kavanau (1963, 1964) described a similar tenderfeyrwdeer mice were given
control over illumination. This phenomenon did nctur in the present study, as the
durations of light usage were relatively high, wttihe frequencies of button touches

were relatively low.

In two other studies, animals showed no obsessitimoperating the devices.
However, the situations in these two studies wéferdnt from that in the present
one. In the first study, growing pigs were allowwedontrol their thermal environment
using a photo electric beam to turn on an infrabreater for five minutes. The pigs
responded at a mean rate of 1.78 times per hotainatg an overall mean of 44.5£10
heat reinforcements per day across the 14 expetaindsys. However, in this study
pigs were not able to switch the heaters off; frrtleach response turned the heaters

on for five minutes only, so they had to react gJ¥afe minutes in order to maintain
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the high temperature for longer periods (Jones &Ni1998). A similar situation was
implemented by Taylor and colleagues (2001), whamesktic hens were given

control over food and light. In this study any pelelivered to the operant feeder-key
caused the feeder lid to open for 30 seconds, mngeck delivered to the light-key
caused a bulb above the key to turn on for two tesuAnimals used the keys to open
the feeder for an average of 92 minutes per day@turn on the light for an average
of 46 minutes per day. A simple calculation sholet hens pecked the feeder-key
184 times a day and the light-key 23 times a dadicating that they vastly preferred
the food over the light. Animals in this study uskd keys much more than animals in
the present study used the button, however, thegain order to control additional
food and light. Perhaps the study design of Jondd\acol (1998) and Taylor and co-
workers (2001) gives the researchers a better gfalve animal’s willingness to
achieve some control over their environment, oetéelo evaluation of the efforts they
are willing to invest in changing some aspectdeirtenvironment. However, it

forces the animals to work almost continuouslyriden to keep their environment in a
preferable state. In the present study, the aniowal&l turn on the light once a day in
order to raise the light intensity in the cage. ©oeld say that they might touch the
button accidentally, yet, since some groups tuthedight on almost every morning
during the whole Test phase of the study, it magdigcluded that they turned the
light on purposely rather than simply at random #rad they preferred the higher
illumination intensity. Informal observations shawat on some occasions when the
device was disconnected for few minutes (for rodeaming) the marmosets turned

the light on immediately after the device was rewmted.
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7.4.2 Effects of light intensity on behaviour

The results of the present study show that youngstere affected by the intensity of
the light inside their cage much more than adthisse effects were expressed in
several behaviours. Two significant differenceseveund in adults’ behaviour
between the two conditions, light on and light éfflults watched the observer
significantly more when the light was off. Possiblglanations for this difference
will be given in the General Discussion. Furthelyles spent significantly more time
sitting in front of the light when it was on. Theaee three potential explanations for
this difference. First, it is possible they preéerto be close to the device so they
could control it better than other members of tigeaup (this is the weakest
explanation, since on all the observed occasiohsymungsters turned the light on or
off). The second possible reason is that they likedhigh illumination intensity, so
they tried to stay as close as possible to it. Hamethis explanation is also not very
likely as the light intensity increased within tiv@ole cage. The third and the most
reasonable explanation is that they liked the warimat the light created and had to

sit close to the light as the temperature furthemfthe device was not affected by it.

Youngsters spent significantly more time in calrmolmotion when the light
was on. It was noted by Hampton and colleaguesg)1i®@t marmosets are sensitive
to illumination levels. They reported markedly redd activity when the light was
dimmed; however, they described a standard situatiovhich the light dimmed in
the end of the day before a complete darkness apped, when all activity stopped
altogether. Isaac and DeVito (1958) and Draper§18&o found increased activity
levels when illumination intensity was increasedrhesus macaques. These results

are compatible with those of the current study. By, in this study the light
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intensity affected only the youngsters, while ia tivo earlier studies all animals were
adults; hence there is no information about difiees between adults and youngsters.
Further, in both previous studies, the monkeys éaeed alone inside a test cage. In
the present study, the animals stayed inside kimamwe cages with their family groups,
and were able to control the light intensity initleavn familiar environment. The

home environment is likely to be less stressfuk possible that the environmental

change has to be extreme in order to affect thitsadu

Other significant differences in youngsters’ bebaviwere shown in contact
and inactive rest behaviours; they spent more tgsting and in contact with other
group members when the light was off. This variatisay stem from the lower
proportions of time spent in calm locomotion whie light was off. However, there
is no clear explanation for these behavioural ckangs in previous studies in the
present thesis the marmosets showed higher lef/elaaiive rest behaviour when
housing conditions improved, and elevated levekhisfbehaviour were considered to
be desirable based on previous research (see CRypte addition, the interpretation
of rates of contact with other group members iatieh to welfare is not clear and
will be discussed in Chapter 10. Youngsters alsmtspignificantly more time
involved in social play when the light was on. Ténare no previous reports of this in
the literature, yet social play behaviour is coasad to be a desirable behaviour for

captive primates.
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7.4.3 Effects of control over light on behaviour

The effects of control over illumination were arsdy using two different methods;
one was a comparison between Master and Unaffgctegbs during the Test phase
of the study, while the other was a comparisomahals from Master groups only,
throughout all study phases. The effects of contrexe tested on all study groups
with no connection to the measures of device ussigeg even when marmosets did
not use the option of lighting their environmergyttstill remained in control of it. The
influence of control affected several behaviourgl again was more obvious in

youngsters.

Locomotion and Inactivity

Increased levels of calm locomotion as well as e@sed levels of inactive alert
behaviour are considered to be desirable (see €haptin the present study both
adults and youngsters showed significantly morendatomotion behaviour when
they had control over illumination. This was shadvath when Master and Unaffected
groups were compared and when the three phashke sfudy were compared for
marmosets from the Master groups only. Furtheniggnt interactions between
study group and study phase were found for botltsdnd young. These interactions
resulted from the significant differences betweernlg phases that were found for
Master groups, while levels of calm locomotion weirailar throughout the study
phases for Unaffected groups. Youngsters also spgmificantly less time inactive
alert while they had control. They also showedaxgal decrease in time spent in
inactive rest; however, post-hoc tests revealesigmwificant differences between the
study phases, although a main significant effe fsand in the ANOVA. These

results may indicate a better welfare state, &t lima youngsters, although no
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significant differences between the study phases ¥eeind for agitated locomotion.
Similarly, Taylor and colleagues (2001) found tlaging hens that had control over
food and light spent less time inactive, comparedai-controlling animals. Line and
co-workers (1991a) reported that adult rhesus mgmgpent significantly less time
sitting and more time standing when they were adidwo control a music-feeder
device. Conversely, pigs were significantly lessvacwhen given control over their
thermal environment, compared to non-controllingreats. However, the researchers
tended to ascribe this outcome to the heating tiondiin the cages, since the

uncontrollable cages were warmer than the conbiellanes (Jones & Nicol, 1998).

Social and solitary play

Play behaviour is considered to be an extremelyal@ds behaviour for captive
primates (see Chapter 3). In the present studyjgaters from Master groups showed
significantly more solitary play behaviour compated/oungsters from Unaffected
groups. Further, they performed more social playnduthe Test phase of the study
compared to other phases (although a significaim eféect of study phase was found
only in ANOVA and not in post-hoc tests). In costréo the present results, pigs
displayed less play behaviour when they had contret heating conditions in their
cages, compared to pigs that had no control buse/lsages were constantly warm.
Nevertheless, it appears that in this study theooatlitions affected the animals
more than the opportunity to control this enviromha¢ aspect; it is possible that the
need to turn the heating back on every five minutas too demanding for the
animals, which consequently suffered from an inappate temperature in their

environment. Conversely, in the present studynthemosets could turn the light on
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or off at any time for an unlimited period, henttey had full control over the

additional light.

Scent mark

Although scent marking is a well known natural badtar of marmosets in captivity
and in the wild, high frequencies of this behaviateg considered to be stress related.
In the present study, youngsters from Unaffectedigs showed significantly higher
rates of scent marking compared to youngsters Master groups. This result
suggests better welfare conditions for Master giaumgsters, although no
significant differences were found in scratchin@pgdaour which is another stress

related indicator.

Tree gouge

Youngsters in Master groups showed higher levetseef gouging during the Post-test
phase compared to the Test phase. Although tregiigpis a natural behaviour for
marmosets, the interpretation of changes in levggerformance of this behaviour in
captivity is not clear. The relation between lewai$ree gouging and welfare will be

discussed in Chapter 10.

Watch the observer

Youngsters in Master groups watched the obsergsrtlean youngsters in Unaffected
groups. In addition, a significant main effect taifdyy phase was found for youngsters
in Master groups. As mentioned earlier, this wdldddressed in the General

Discussion.
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Location inside the cage

Although marmosets are arboreal, an increase ipeustthe lower part of the cage is
desirable as it indicates a better utilizationhef tage space. Significant interactions
between study group and study phase were fountthdéaime youngsters spent in
lower and upper parts of the cage. Post-hoc thsts that youngsters in Master
groups spent less time in the upper part of the cagnpared to youngsters in
Unaffected groups during the Test phase. Furtlemgsters in Master groups spent
more time in the lower part and less time in thpargpart of the cage during the Test
phase compared with the Baseline phase. Thesésssghest that the better lighting
conditions in the lower part of the cage encouradgednarmosets to spend more time
there. Alternatively, it is possible that youngstpreferred to stay closer to the light
box, so they could manipulate it. The result th& behavioural tendency was seen

only in youngsters is reasonable, as adults werelmserved manipulating the light.

7.4.4 Effects of loss of control (or light/heat) on behawur

Negative consequences of loss of control were dgaiin Chapter 2. However, in
the present study the effects of loss of contreraNumination are not obvious.
Youngsters in Master groups showed increased lefatactive alert and tree
gouging behaviours during the Post-test phase caedpa both Baseline and Test
phases. Although an increase in levels of inactleet behaviour is undesirable, the
interpretation of increased levels of tree goudgabaviour is, as yet unclear. Hence,
no clear conclusions may be drawn regarding thectffof loss of control. In addition,
although the light was not on constantly througtibatwhole Test phase, it is
possible that the loss of better lighting condsiam the loss of heat (when sitting in

front of the light box) was the cause of the obsdrleehavioural changes during the
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Post-test phase. However, in the present studftiets of control, light and heat are
confounded. The confound between control and kgt heat is removed in the

experiment reported in Chapter 9.

7.5 CONCLUSIONS
Effects of lighting conditions, control over thegenditions, and the loss of that

control were studied. Results are presented ineraldd4.

The conclusions made from these results are:
1) An increase in illumination intensity has positefects on the welfare of
captive marmosets.
2) The ability to control light has positive effects welfare.
3) The increase in light intensity and the controlratiehave a greater impact on
young marmosets than on adults.
4) Loss of control over cage illumination, and/or logsncreased light intensity,

does not affect the welfare of marmosets.

245



Table 7.14 Summary of the main behavioural results of Chapte

Adult

marmosets

Young

marmosets

Elevated levels

Reduced levels Elevated levels

Redd levels

Effects of Close to device
increased light
intensity

Effects of control Calm locomotion
over light
intensity

(study group
comparison)
Effects of control Calm locomotion
over light

intensity

(study phase

comparison)

Effects of loss of
control over

additional light

Watch observer

Social play

Calm locomotion

Solitary play

Calm locomotion
Social play
Usage of lower

part of cage

Inactive alert

Tree gouge

Calm locomotiorContact

Inactive rest

Inactive alert
Scent mark
Watch observer
Usage of upper

part of cage

Inactive alert
Inactive rest
Tree gouge
Watch observer
Usage of upper

part of cage

In the next chapter the effects of coloured lightlee behaviour of family housed

marmosets are studied.
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Chapter 8
Effects of Control over Coloured Lights on the Welére of

Family Housed Common Marmosets

8.1 INTRODUCTION

The effects of control over additional light insithee home cage on the behaviour of
family groups of marmosets were reported in Chaptdihis study showed that
increased light intensity, together with the oppoitly to control it, enhanced the
welfare of the marmosets. It is now interestingnieestigate whether the ability to
control another environmental stimulus will revemhilar effects on the monkeys’
behaviour. In the previous study, marmosets coaildrol white light intensity.
Although it is unnatural for nonhuman primates t@npulate light, white light and
illumination changes are natural components ofyewaid and captive environment.
In the present study marmosets were allowed taabewloured ‘disco lights’. These
lights are clearly unnatural and unfamiliar to thenkeys, but were chosen to help
clarify further the impact of control of a visuairsulus. The effects of complexity of
the environment have been previously studied mtthesis (see Chapters 4, 5 and 6).
The projection of coloured ‘moving’ lights into tleaclosure of the marmosets
increases the visual complexity of this environm@&iierefore, the response of the
marmosets to this stimulus may also contributééostudy of the effects of

complexity.
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Fritz and co-workers (1997) studied the effectsaldured lights on the
behaviour of captive chimpanzees. They found dgffiees in the reactions of the apes
to lights of different colours. However, in the geat study it was impossible to
investigate the marmosets’ reaction to differegitlicolours, as there are potential sex
differences in the ability of callitrichids to seelour. All males and some females are
dichromatic (similar to colloquially ‘colour blindiumans), whilst other females are
trichromatic (e.g. Surridge et al., 2003). Dichroimandividuals may confuse reds
and greens that can be discriminated by theirriciatic counterparts (Smith et al.,
2003). Therefore, the disco light sequencer withdgdferent coloured lights was used,
which served as a visual stimulus with no impor¢éaotthe exact colours that each

individual could perceive.

8.1.1 Effects of sensory enrichment on the behaviour ofaptive primates

Only one previous study has examined the effecégn$ory enrichment on
callitrichids. Pook (1978) studied the reactions@inmon marmosets and saddleback
tamarins to several types of pictorial stimuli. Ndegys of both species responded to
most of the pictures with an approach and closeaviscrutiny. They were also able to
discriminate between different images. Howevereffiects of the exposure to visual
stimuli on other behaviours were reported. Theot$fef several types of sensory
enrichment on the behaviour of other captive nordruprimates have been studied.
Most of these sensory enrichments have been aydaitorisual stimuli, and the
different studies have revealed contradictory figgdi (see Table 8.1). When reactions
to music have been studied, results have showhiygbehavioural (Howell et al.,
2002a) and physiological (Brent & Weaver, 1996¢et$. Similarly, when a playback

of conspecifics’ song was played to lar gibbons,ithpact on behaviour was positive
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(Shepherdson et al., 1989). Several types of stimavie been used to study the effects
of visual stimulation (videotapes, television setanputer tasks and projected moving
lights). In only one study were the effects of sul stimulus (moving lights) clearly
positive (Kissinger & Bouwens, 2006). In some stgdio effects of these stimuli on
behaviour were found (Brent et al., 1989; Schagiloomsmith, 1995; Schapiro et
al., 1995; Bloomsmith & Lambeth, 2000), while irhets the interpretation of the
behavioural changes was not clear (Platt & NovaR,7). Rumbaugh and colleagues
(Rumbaugh et al., 1989; Washburn & Rumbaugh, 188#)d that rhesus macaques
showed reduced levels of certain behaviours (eagtivity, stereotypy, foraging,
autogrooming) when a video task was available éothHowever, it is possible that
these behavioural changes occurred simply bechegentere mutually exclusive with

the time that the monkeys spent manipulating thk. ta

Table 8.1 Effects of sensory stimuli on the behaviour gitoge primates(+)= positive
effects of stimulus; (-)= negative effectstimulus; (none) no effects on behaviour; (?)=
effects of stimulus were unclear; (blankhavioural effects were not mentioned; (8)=

information not reported. See key belowThable

Author Species Housing Stimulus Time Time Effects on
(sample exposed used/ behaviour
size} watched (in
brackets)
and
comments
Pook, 1978 Callithrix Social Photographs 8 8 Responded
jacchus, (1 pair, 1 (conspecifics/ to photos in
trio) favourite foods/ relation to
Saguinus (3 pairs) shakes) the item on
fuscicollis them
Brent et al., Pan Single Videotapes 6 hours 8 (none)
1989 troglodytes (14) (local TV daily
channel)
Rumbaugh et  Macaca Single  Computer tasks ~ Several Over 80% (?)°8111319

al., 1989 mulatta (2) months of time
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Continuation

of Table 8.1

Author Species Housing Stimulus Time Time Effects on
(sample exposed used/ behaviour
size) watched (in
brackets)
and
comments
Shepherdson  Hylobates Social Gibbons’ song  Twice § (+)
et al., 1989 lar (1 pair) playback daily Gibbons
responded
with a duet,
and spent
more time
on top of the
cage
Bloomsmith P. Single/ Videotapes  Two weeks  Mean of Singly-
et al., 1990 troglodytes  separated (chimpanzees/ 42% per housed
from social humans/ other session watched
group animals) more than
(10) socially-
housed
which were
removed
from group
Washburn & M. mulatta Single  Computertasks 30 days  40%ofa (?)%*3
Rumbaugh, (20) 24-hour
1992 day
Schapiro & M. mulatta Single Videotapes 4 months 8 (none)
Bloomsmith, (98) (primates) Not as
1995; effective as
physical and
Schapiro et M. mulatta (64) Videotapes 4 months § feeding
al., 1995 (primates) enrichment
Brent & P. Single/ Videotapes 6 hours 1.5% of Data are for
Stone, 1996 troglodytes socially (commercial daily for ~ totaltime  eight last
(20) programme) 24.75 weeks of the
months two years
Brent & Papio Single Music 8 8 No effect on
Weaver, 1996 hamadryas 4) blood
anubis pressure,
mean heart
rate reduced
with music
Platt & M. mulatta Single/ Videotapes 4 hours per Mean of (-
Novak, 1997 separated (monkeys/ day for 20  25% per Males
from group humans, days session  habituated
(9) familiar/ to the
unfamiliar) stimulus
Computer tasks 13 days 8% ()17

250



Continuation

of Table 8.1

Author Species Housing Stimulus Time Time Effects on
(sample exposed used/ behaviour
size) watched (in
brackets)
and
comments
Bloomsmith P. Single/ Videotapes 20 minutes 9.8-57.8% (none)
& Lambeth, troglodytes Social (chimpanzees/  per day of total Apes
2000 (20) humans/ other time habituated
animals) to the
stimulus
Howell et al., P. Social Music 8§ 8§ (+)2%>18
2002a troglodytes (57)
Kissinger & Gorilla Social Moving lights 5x6 8§ (+)+3
Bouwens, gorilla (8) minutes Apes
2006 preferred to
stay in a
room with
lights

a) Number of individuals unless otherwise noted

Key to specific behavioural changes (arrows desarlianges in rates when sensory

stimuli were available):

1) locomotiont

2) aggressive behavioyr

3) affiliative behavioun

4) play?
5) restingt
6) inactivity |

7) abnormal behaviouyr

8) stereotypy

9) cage manipulatiof
10) vocalizatiort

11) foraging

12) displayt

16) scratching

18) exploratign

15) aggressive behavipur

17) affiliative behavioyr

19) gaze outside the cage

13) autogrooming
14) scratching

The amount of interaction with visual stimuli ideadted by different factors such as

age (Brent & Stone, 1996), social setting (Bloontkret al., 1990; Bloomsmith &

Lambeth, 2000), type of stimulus and sex (Platt @&k, 1997). Primates did not

watch video stimulation for long periods of timer¢Bt & Stone, 1996; Bloomsmith et

al., 1990; Bloomsmith & Lambeth, 2000). Howeveg\lstill used them more than
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they used balls and mirrors after they had had tieeralmost two years (Brent &

Stone, 1996).

8.1.2 Effects of control over sensory stimuli on the behaour of captive
primates
In common with effects of sensory stimuli, when &ffects of control over sensory
stimuli have been studied, studies have revealattadictory findings. In some
experiments animals chose to manipulate deviceshaadbehaviour was positively
affected, whereas in others they hardly utilizezldbportunity to operate sensory
stimuli (see Table 8.2). In some cases it wasdiliffito separate studies in which
primates were just exposed to visual stimuli frdvose in which they could control
those stimuli. Therefore, only studies in whichmmates were able to operate the
device and/or choose between different stimulilie case of computer tasks) are

described below.

When primates were given control over music, thegaiah on their behaviour
was always positive (Novak & Drewsen, 1989; Markavéi Line, 1989; Line et al.,
1990a, 1991a). However, in Line and colleagueslistuthe monkeys were allowed
to control music and the supply of banana-flavgreliets simultaneously, hence, it is
impossible to distinguish between the effects efttho stimuli. The impact of control
over visual stimuli on behaviour has not been réedrin all studies, however when
the effects on behaviour have been reported thdtsdsave been ambiguous (see
Table 8.2). In several studies monkeys were allotwezhoose between a food reward
and videotape reward (or a combination of bothmbst studies the food reward was

more effective than the videotapes (Washburn e1887; Brannon et al., 2004).
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Table 8.2 Effects of control over sensory stimuli on théa&eour of captive

primates(+)= positive effects of stimulus; (-)= negativdeets of stimulus; (none) no
effects on behaviour; (?)= effects of stimsulvere unclear; (blank)= behavioural effects
were not mentioned; (8)= information notakpd. See key below the Table 8.1.

Author Species Housing Stimulus Time Time Effects on
(sample exposed used/ behaviour
size} watched (in
brackets)
and
comments
Swartz & Macaca. Social Videotape ofa 1 hour x 3- 20.1- Preferred
Rosenblum, radiata (6) conspecific 5days  80.6% per conspecific
1980 session over non
conspecific
Novak & M. mulatta Social Music 2 hours 37-50% (+)?
Drewsen, (not given) daily x 4 per day,
1989 days x 9 reduced
weeks with time
Line etal., M.mulatta Single Music/ (food) 20 weeks 0-168  (+)4®913
1990a (5) hours per  Cortisol
week levels
reduced,
heart rate
increased
Line etal., M.mulatta Single Music/ (food) 12 weeks A mean of (+)¢7913
1991a (10) 76
minutes
per day
Lincoln 11l et M. Social Video task 24 hours ~954 When more
al., 1994 nemestrina (8) access to trials per  units were
device day (each  available
of about usage
8sec) increased
when only
one unit
was
available
Washburn et M. mulatta Single Computer task  20x6 hours 3 Preferred
al., 1997 4) food reward
with blank
screen over
food +
videotapes
Harris et al., M. mulatta Single Videotapes 1 hour 3.5-11.2 Only 4
1999 (8) (primates/ daily x 5 minutes monkeys
humans) days x 6 per showed
weeks session interest
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Continuation

of Table 8.2

Author Species Housing Stimulus Time Time Effects on
(sample exposed used/ behaviour
size} watched (in
brackets)
and
comments
Bloomsmith Pan Social Videotapes 180 hours § (+)
et al., 2000a  troglodytes (62in 6
groups)
Bloomsmith P. Social Computer task 3 8§ (?
et al., 2000b  troglodytes (12 in four
groups)
Baker et al., P. Social Computer task 3 8§ (?
2001 troglodytes (20) No
immediate
effects,
under mild
stress
showed less
scratching
Lambeth et P. Social Videotapes § 8§ (#f
al., 2001 troglodytes (20) In reaction
to mild
stress
(+)7,12,l3,14
Andrews & M. radiata Single Computer task 75 weeks Rates of Preferred
Rosenblum, 3) usage videotapes
2001, 2002 reduced  over food
when the reward
same  when videos
videotape included
was used new stimuli
Brannon et M. radiata Social Computer task 10 hours 3 Preferred
al., 2004 (7 daily x 8 food reward,
weeks but
preferred
videotapes
over no
reward
Tarou et al., Pongo Social Computer task 120 hours An (2241518
2004 pygmaeus (4 pairs) average of Females
25.9% of dominated
observed devices, no
time habituation

a) Number of individuals unless otherwise noted
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However, the content of the videotape was also mapt Monkeys preferred
videotapes of themselves to those of other conpe¢Washburn et al., 1997) or

vice versa (Brannon et al., 2004). In other stydiegly-housed monkeys preferred
videotapes over a food reward, but it was importamnary the social content of the
videotapes to maintain its incentive value at hagtels for long periods (Andrews &
Rosenblum, 2001, 2002). In contrast, young monkegmtained consistently high
levels of response to obtain visual access to véages of conspecifics, even when the
stimulus was repetitive (Swartz & Rosenblum, 198Werefore it is possible that the
age of the monkeys and/or their housing conditibayg affect their reactions to

sensory stimuli.

When primates are housed socially, competition tiveidevice may
negatively affect welfare (e.g. Tarou et al., 20@4hd such consequences should be
taken into account in the design of further studit®wvever, in other studies no
influence of device presence on aggression lexadsken found (Lincoln Il et al.,
1994). Rates of usage have also varied betweeestud some studies monkeys
showed higher rates of device usage (Swartz & Rigan 1980; Lincoln Il et al.,
1994; Swartz & Rosenblum, 1980) than in others (dat al., 1999). However, in
most studies, rates of device usage reduced awer(g.g. Novak & Drewsen, 1989;
Andrews & Rosenblum, 2001, 2002), and usually wigh rates of usage were

reported, monkeys were exposed to the stimuliHorter durations.

In summary, findings from previous research regaydie effects of sensory

stimuli and the opportunity to control them, on behaviour of captive primates are
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varied. Therefore, more research is needed onfibet®of sensory stimuli in general

and on the ability to control sensory stimuli ingpzular.

8.1.3 Aims of the present study

Findings from the previous chapter showed postiffects of control over white light
on the behaviour of family housed marmosets. Thedithis study was to
investigate the effects of control over a differstitnulus on the behaviour of family
groups of common marmosets. The stimulus in thegmtestudy was a coloured light
sequencer, which served as a sensory stimulubdanbnkeys. A sensory stimulus
was chosen as findings from previous research degathe effects of sensory stimuli
in general, and the effects of control over therparticular, on the behaviour of
captive primates are contradictory. From amongypks of sensory stimuli, the visual
stimulus was chosen as its impact could remainligezh That is to say, in a colony
room that contains several separate groups of nysnkeditory or olfactory stimuli
could affect other individuals, which have no cohtrver them. The light sequencer
was chosen as a visual stimulus, as it affecteavtitde cage (or at least the lower
part of it). In previous research where monkeyap®s could control television sets
(e.g. Washburn et al., 1997; Andrews & Rosenblud®22 Bloomsmith et al., 2000a),
or computers (e.g. Washburn et al., 1991; Bloontsetital., 2000b; Tarou et al.,
2004), the controllable devices were located othefanimals’ cage and did not
affect the immediate home environment. In the presgperiment, the coloured lights
were reflected inside the cage, and hence affebeelome environment of the

monkeys.
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The following questions were asked:
1) How does the exposure to visual stimulus affecwtbtare of captive
common marmosets?
2) How does the opportunity to control coloured lightfect the welfare
of the marmosets?

3) How does loss of control affect the welfare of thenkeys?

8.2 METHODS

8.2.1 Study animals and housing

The study animals were 44 common marmosets hoandeeelve small family groups
in double cages. Each group contained three tonfi@emosets, which included one or
two adults (mother, father, or both), and one ted¢hyoungsters. Six groups served as
Master groups, while the other six groups servedradfected groups. No significant
differences were found between Master and Unaffiegteups in terms of total
number of individuals per group (t=0.725; P=0.48&)mber of adults per group (t=-
0.542; P=0.599), or number of youngsters per gfoth464; P= 0.174). There were
no significant differences between Master and Wawéd groups in mean age of
adults or youngsters. Mean age of adults in Magtaups was 1466 days (xSE 172
days; n=8), and 1794 days (+SE 317 days; n=10adaits in Unaffected groups (t=
2.18; P=0.16). Mean age of youngsters in Masteugs was 223 days (xSE 23 days;
n=15), and 198 (xSE 23 days; n=11) for youngstetdniaffected groups (t= 0.04 P=

0.84). Further details regarding study groups amichals are presented in Table 8.3.
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8.2.2 Experimental design

The twelve groups in this study were housed inglm@ony rooms. Each room
housed two Master groups and two Unaffected grolips.study protocol was the
same as in Chapter 7 (see Table 7.2). The studylivaied into three phases:
Baseline (days 1-4), Test phase (days 5-22), astitBst phase (days 23-27). The
study groups were divided to two conditions: Masted Unaffected. For Unaffected
groups no manipulation was applied in any phagseestudy, while a controllable
coloured light sequencer was hung on the cagesastévl groups on the morning of
the fifth day of the study (first day of Test phasEhe same device as in Chapter 7
was used; the only difference between the prevamasthe current devices was that
the white light bulb was replaced by a colourettligequencer, which contained
lights in six different colours (see Plates 8.1 8r). When the sequencer was
activated, two different lights were on simultanglgland every five seconds the two
lights were changed automatically, giving the sgasaf moving lights. The device
was removed on the morning of thé“afay of the study, when the Post-test phase

began.

8.2.3 Data collection

During the Baseline phase of the study, each mownkesyobserved three times for
four minutes (total observation time of 4 hours 86dninutes for Master groups and
4 hours and 12 minutes for Unaffected groups). Eacal animal was observed ten
times during the Test phase (total observation 5 hours and 18 minutes for
Master groups and 14 hours for Unaffected growgs),three times during the Post-

test phase (total observation time of 4 hours &h®utes for Master groups and 4
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hours and 12 minutes for Unaffected groups). Aleotdetails of data collection were

the same as in Chapter 7.

Table 8.3 Group and individual details (sex, date of b{itnO.B), age on first day of

the study)
Group type Group identifier Individual D.O.B. Age (in days)
Master 3-1Ra 14W (adul®) 02/02/2000 1545
8 20/07/2003 281
Q 27/11/2003 151
3-1Rb 21W (adulf) 28/11/2000 1245
867BK (adult?) 29/04/1999 1824
33 10/07/2003 291
3 20/2/2004 66
4-3Rb 982BK (adul§) 09/11/2001 872
43 13/7/2003 213
4-4Ra 37Y (adulf) 02/09/2000 1305
901BK (adult?) 21/03/2000 1470
3 27/06/2003 277
3 25/06/2003 279
Q 07/11/2003 144
1-1Ra 850R (adul?) 10/10/1997 2418
3 08/09/2003 259
1-1Rb 85Y (adul®) 10/07/2001 1049
33 15/08/2003 283
Unaffected 3-4Ra 685R (adulp) 15/06/1993 3968
3 22/01/2004 95
3-3Lb 868BK (adult?) 29/04/1999 1824
94Y (adult?) 13/09/2001 956
Q 19/08/2003 251
3 20/08/2003 250
4-1Ra 70BL (adulf) 26/06/1995 3200
43 23/06/2003 281
4-2Ra 55Y (adulf) 02/01/2001 1183
943BK (adult?) 05/02/2001 1149
3 20/11/2003 131
1-2Ra 12W (adul®) 11/01/2000 1595
5BB (adult?) 15/01/2000 1591
QQ 26/12/2003 150
1-4Ra 1Y (adul®) 28/02/2000 1547
979BK (adult?) 07/11/2001 929
Q 02/08/2003 296
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Plate 8.1 Coloured lights sequencer

Plate 8.2 Two double cages with an activated coloured Iggguencer
-.“ e '
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8.2.4 Statistical analysis

Different statistical analyses were carried outtamine the effects of coloured lights
and control on the behaviour of adult and youngmaasets (see Table 8.4). In order
to measure the percentage time and frequencylufligage, means were calculated
for each Master group. In addition, measurementkewvice usage were calculated for
three periods (first 4, middle 10 and last 4 dalysjng the Test phase in order to

examine habituation.

Table 8.4 Statistical analyses used in the present study

Research Statistical test Factors Levels Analysis
guestion

Habituation to One-way ANOVA Period first 4 days/ Within subjects
device middle/ last 4 days

(percentage time

on)

Habituation to One-way ANOVA Period first 4 days/ Within subjects
device (frequency middle/ last 4 days

of button touches)

Effects of light Paired samples t-  Light condition On/off Within subjects
condition on test

adults

Effects of light Paired samples t-  Light condition On/off Within subjects
condition on test

youngsters

Effects of control Two-way ANOVA Study phase Base/Test/Post Within subjects
on adults with mixed design

Study condition  Master/Unaffected Between subjects

Effects of control Two-way ANOVA Study phase Base/Test/Post Within subjects
on youngsters with mixed design
Study condition  Master/Unaffected Between subjects

261



8.3 RESULTS

The results of the present study include sevecabfa:
1) Amount of device usage
2) Effects of visual stimuli on the behaviour of captcommon marmosets
3) Effects of control over visual stimuli on behaviour

4) Effects of loss of control

8.3.1 Measures of coloured lights usage

All Master groups used the device, however, nostamtly and only for relatively low
percentages of total time (see Tables 8.4 and Busdher, there was no consistency in
the usage pattern for any group (see Figure 8.&)mdsets used the device
throughout the whole Test phase and showed nouagioih to it. No significant
differences were found in percentage time the hgés$ on between the three periods
of the Test phase; however, a significant mainctifé study period was found for
frequencies of device usage (9.04, P=0.006). Results of post-hoc tests show tha
frequencies of device usage were significantly érgturing the first four days of the
study compared to the middle period of the Tesselfe=-3.93, P=0.007) and the last
four days of the phase (t=-3.37, P=0.02). No sigaift difference was found between

the middle and the last periods of the Test phase.
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Table 8.4 Mean (£S.E.) percentage time per day of deviegesn six Master

groups, during the Test phase

1-1Ra 1-1Rb 3-1Ra 3-1Rb 4-3Rb 4-4Ra
All Test phase 8.5+4.2 18.7+5.6 11.1+4 18.7+4.7 6.3+2.4 15.7+4.8
First 4 days 0.04+0.04 7.2+6.6 5.4+4.2 35.5+11.9 14.2+6.3 44351
Middle period  8.7+3.7 14.1+6.9 6+3.6 15.5+6.1 9.616.9 15.9+5.2
Last 4 days 6.4+4.5 27.9+10.3 29.6+£12.4 9.7+3.6 0 0

Table 8.5 Mean (£S.E.) frequency per day of device usagaxitMaster groups,

during the Test phase

1-1Ra 1-1Rb 3-1Ra 3-1Rb 4-3Rb 4-4Ra
All Test phase  0.44+0.2 0.78+0.2 1.06+0.3 1.11+0.4 0.94+0.6 0.83+0
First 4 days 3+2.3 1.5+0.6 1.8+1.4 2.3%1.6 1.5+0.6 1.3+0.5
Middle period  0.3+0.2 0.2+0.1 0.7+0.2 0.8+0.2 0.2+0.1 0.9+0.2
Last 4 days 0.5+0.3 1.8+0.5 1.3+0.3 0.8+0.3 0 0

Figure 8.1 Percentage time light usage for six Master gralipghg the Test

phase of the study
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8.3.2 Effects of coloured lights on behaviour

Although marmosets did not activate the colourghtlsequencer for high
percentages of the time that it was available, there affected by it when it was on.
Only five out of the six Master groups were usedifi@ analysis of the effects of the
visual stimulus on behaviour, since the device @faduring all the observation
sessions of group 1-1Ra (although data show themhosets in this group activated

the device during non observation periods).

The impact of the visual stimulus on youngsters gragter than its impact on
adults. Adults spent significantly more time in thggper part of the cage when the
device was off. Further, they engaged in tree gaubehaviour significantly more
when the device was off (see Table 8.6 and Figiteagb, ¢ and d). Youngsters spent
significantly less time in the upper part of thgeand more time in the lower part of
the cage when the device was on. Further, theyt spgmficantly more time
scratching themselves, watching the observer aative alert and less time in calm
locomotion when the lights were off. Youngster®apent more time manipulating
the device and looking at it (or at the reflectigtits) when the device was on (see

Table 8.6 and Figure 8.3 a, b, c and d).

264



Table 8.6 Results of ANOVAs for effects of coloured liglia behaviour and cage

locations of adults and youngsters<@mR5)

Adults Adults Youngsters Youngsters
t P t P
Agitated locomotion -1.85 0.139 -1.75 0.155
Allogroom -1.14 0.318 0.99 0.377
Autogroom -1.31 0.260 0.64 0.559
Calm locomotion 2.63 0.058 2.96 0.042*
Contact -1.20 0.295 -1.60 0.185
Explore 1 0.374 1.54 0.199
Inactive alert -.034 0.748 -3.02 0.039*
Inactive rest -1.03 0.359 -2.36 0.078
Scent mark 0.68 0.532 -0.59 0.585
Scratch 0.21 0.844 -3.90 0.018*
Social play -0.95 0.394 -0.33 0.760
Solitary play no data no data 0.29 0.787
Tree gouge -4.38 0.012* -0.69 0.528
Watch observer -0.40 0.707 -3.91 0.042*
Lower 2.31 0.082 3.25 0.031*
Upper -5.53 0.005** -3.98 0.016*
Close to device 1.19 0.299 1.69 0.167
Look at the device 1.33 0.256 3.82 0.019*
Manipulate device 1 0.374 3.35 0.029*
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Figure 8.2 Mean percentage time (£SE bars) spent in behes/mnd cage locations
for adults in Master groups when the lights werend off (*/<0.05;
**P<0.01)
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Figure 8.3 Mean percentage time (£SE bars) spent in behes/mnd cage locations
for youngsters in Master groups when thitigvere on and off (%9.05)

a.

Percent of time

3.5

w
L

N
[6)]
L

N
I

=
[6)]
L

A=Y
I

o
[6)]
L

Autogroom

Explore

Scratch

Solitary play

Tree gouge

Percent of time

25

20 ~

A
al
!

[EY
o
!

Inactive rest

Social play

Watch obs.

268




Percent of time

Calm locomotion Inactive alert Lower Upper

12

10

Percent of time

Look at device Manipulate device

@ Lighton [ Lightoff

8.3.3 Effects of control over coloured lights on behaviou
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The effects of controllability were explored usimgp-way ANOVAS. Three results
might indicate an effect of control: behaviourdfeliences between the study groups
during the Test phase, differences between the gtlidses in the behaviour of

Master individuals, and interactions between stgiayips and study phases.

8.3.3.1 Differences between Master and Unaffected groupsglthe Test phase
Although there were only two groups in the studykdy post-hoc tests were applied
whenever a significant main effect of study growgsviound in order to examine
whether this difference resulted from differencasrmy the Test phase (only results of
post-hoc tests are presented in figures). Resudte shat adults in Master groups
spent significantly more time in calm locomotiomamhadults in Unaffected groups
during the Test phase (t=-3.39, P=0.03). Tukey-posttests were carried out for
calm locomotion since significant interaction beéwestudy group and study phase
was found for this behaviour {lx=3.91, P=0.037; see Table 8.7 and Figure 8.4 a, b

and c).
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Table 8.7 Results of ANOVAs for effects of study condition behaviour and cage
locations of adults and youngsters{@mR5; **P<0.01; ***P<0.001)

Adults Adults Youngsters Youngsters
d.f.=1,10 d.f.=1,10
F P F P

Agitated locomotion 1.93 0.195 0.53 0.484
Allogroom 0.01 0.929 0.02 0.890
Autogroom 0 0.953 1.61 0.233
Calm locomotion 1.35 0.272 2.72 0.130
Contact 0.66 0.434 0.12 0.741
Explore 1.45 0.257 5.91 0.035*
Inactive alert 0.02 0.985 0.93 0.357
Inactive rest 2.02 0.185 0.84 0.382
Scent mark 0.98 0.345 0.24 0.635
Scratch 3.32 0.098 1.87 0.201
Social play 2.03 0.185 4.99 0.050*
Solitary play no data no data 2.98 0.115
Tree gouge 131 0.279 0.02 0.884
Watch observer 0.15 0.705 6.20 0.032*
Lower 0.50 0.494 0.44 0.521
Upper 3.54 0.089 1.66 0.227

Youngsters in Master groups showed significantghbr levels of social and solitary
play than youngsters in Unaffected groups. Furtinery watched the observer less
and showed lower levels of inactive alert behaviddthough a significant main

effect of study group was found for exploratory &abur, post-hoc tests revealed no
significant differences between the study groupsduhe Test phase (see Tables 8.7

and 8.8 and Figure 8.5 a, b and c).
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Figure 8.4 Mean percentage time (£SE bars) spent in behes/mnd cage locations
for adults in Master and Unaffected groups durhmg Test phase
(*P<0.05)
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Table 8.8 Results of Tukey post-hoc tests for effects aflgtcondition on behaviour
of youngsters during the test phase (*P<0tfPx0.01)

t P
Explore -1.93 0.415
Inactive alert 3.13 0.052*
Social play -3.16 0.049*
Solitary play -4.10 0.006**
Watch observer 4.17 0.005**
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Figure 8.5 Mean percentage time (£SE bars) spent in behes/mnd cage locations
for youngsters in Master and Unaffected groupsndutine Test phase
(*P<0.05; **P<0.01]
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8.3.3.2 Effects of study phase on behaviour for Master gsou

Another method used to investigate the effectafrollability was to compare the
data from the three study phases. Results of ANOMAadults showed a significant
main effect of study phase in inactive rest. Howgere significant differences
between study phases were found in post-hoc testsTable 8.9 and Figure 8.6 a, b

and c).
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Table 8.9 Results of ANOVAs for effects of study phase endviour and cage
locations of adults and youngsters{@R5; **P<0.01; ***P<0.001)

Adults Adults Young Young
d.f.=2,20 d.f.=2,20
F P F P

Agitated locomotion 2.28 0.128 1.40 0.270
Allogroom 1.49 0.249 0.14 0.873
Autogroom 111 0.350 4.20 0.030*
Calm locomotion 0.43 0.657 1.12 0.345
Contact 0.01 0.987 2.07 0.153
Explore 0.79 0.465 2.33 0.123
Inactive alert 2.07 0.153 2.67 0.094
Inactive rest 4.25 0.029* 2.23 0.133
Scent mark 1.63 0.222 0.95 0.403
Scratch 1.06 0.366 0.76 0.480
Social play 2.03 0.158 6.62 0.006**
Solitary play no data no data 7.92 0.003**
Tree gouge 0.22 0.804 1.63 0.220
Watch observer 3.18 0.063 31.89 <0.001***
Lower 1.87 0.181 0.66 0.530
Upper 1.49 0.249 0.24 0.786

276



Figure 8.6. Mean percentage time (£SE bars) spent in behes/mnd cage locations
for adults in three study phases (*P<0.05)
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For youngsters, significant main effects of studlgge was found in autogrooming,
social and solitary play and for time youngstersolwed the observer (see Table 8.9
and Figure 8.7 a, b and c). Tukey post-hoc tesiwet that youngsters spent
significantly more time in solitary play and legsé in inactive alert (checked due to

a significant interaction between study group andysphase) during the Test phase
compared to the other two phases. In addition, wetghed the observer significantly
more, and engaged in social play less during tleelBee phase compared to both Test

and Post-test phases (see Table 8.9 and 8.10 gune 8.7 a, b and c).
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Table 8.10 Results of Tukey post-hoc tests for effects nflgtphase on behaviour
of youngsters in Master groud3<®.05; **P<0.01)

Baseline vs. Test Post-test vs. Test Baselin®ost-test
VS.
t P t P t P
Autogroom 0.47 0.997 -2.45 0.19 2.92 0.078
Inactive alert -3.36 0.032* -3.15 0.049* -0.21 0.999
Social play 3.48 0.025* -0.14 1.00 -3.16 0.049*
Solitary play 4.74 0.002** 4.14 0.006** 0.61 0.989
Watch -3.53 0.022* 1.28 0.791 -4.81 0.002**

observer

Figure 8.7 Mean percentage time (£SE bars) spent in behes/mnd cage locations
for youngsters in three study phases [ongANOVA with repeated
measures (black marks) and Tukey post-t&is {eed marks) *P<0.05;

**P<(0.01]
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8.3.3.3 Interaction between study groups and ghas

Interactions between study conditions and phases feand for adults in calm
locomotion (see Table 8.11 and Figure 8.8). Fongsters significant interactions
were found in inactive alert and solitary play (3edle 8.11 and Figure 8.9 a and b).
All significant interactions resulted from differegs between study phases that were
shown for marmosets in Master groups (although tmlyoungsters were those
differences significant), while levels of these &elburs were barely changed for

marmosets in Unaffected groups.

Table 8.11 Results of ANOVAs for interactions between stgdygups and study
phases

(*F<0.05)
F2,20 P
ADULTS
Calm locomotion 3.91 0.037*
YOUNGSTERS
Inactive alert 4.59 0.023*
Solitary play 5.53 0.012*
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Figure 8.8 Interaction between study group and study phasadults
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b. Solitary play
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8.3.4 Effects of loss of control (or of visual stiolus) on behaviour

Adults showed few behavioural changes in reactaié visual stimulus or to the
ability to control it; therefore they were not affed by the loss of these factors.
Youngsters showed higher levels of social playrduthe Post-test phase compared to
the Baseline phase. Further, they watched the wdssignificantly less during the
Post-test phase compared to the Baseline phase. dddhese changes may be seen as
a negative effect of loss of control or stimulus. fAgnificant differences between the
Baseline and Post-test phases were found onlyesetbehaviours, this topic will not

be addressed in the Discussion.
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8.4 DISCUSSION

The results of this study show that the visual stirs and the ability to control it had
positive effects on the behaviour of captive comm@mmosets, even though they did
not use it for a considerable amount of time. Aghwie opportunity to control the
cage’s illumination, the visual stimulus had a ¢ggeanpact on young marmosets than

it did on adults.

8.4.1 Measures of coloured lights usage

None of the groups in the present study used tlwiced light sequences regularly or
consistently. The average time that the devicearasever exceeded 19 percent for
any of the Master groups. This is in contrast ®samount of usage of additional

white light in the previous study (see Chaptemwhich was, on average, of over 44
percent of the total time. Moreover, in the pregistudy, some groups showed a very
constant usage of the light. In fact, this contvess expected, as the effect of coloured
lights on the home environment of the marmosetsmash more dramatic and

unnatural for them.

The marmosets showed a significant decrease tarbtduches after the first
four days of the study, but they did not show aifigant decrease in the percentage
of time that the lights were on. However, the magats never showed a consistent
pattern of use of the coloured lights. Therefonese results may indicate habituation
to controlling the device. The impact of the colditights may also be reduced after
extended exposure.

Previous studies have also shown a decrease ioedesage when the reward

was visual stimulus (Harris et al., 1999; Brannbalg 2004). However, when
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primates were exposed to visual stimuli for shooteflewer sessions, they showed
greater interest in the stimulus (Swartz & Rosenhlt980; Novak & Drewsen,
1989). One possible reason for the difference betvatudies is that sensory stimuli
may attract primates for short periods only. If shienulus is available for too long,
primates may lose interest and stop activatinigndteed, studies have shown that a
change in the stimulus (e.g. new content of videedaincreases monkeys’ interest

(Andrews & Rosenblum, 2001, 2002).

Although sensory enrichment seems to attract pamfar relatively short
periods, and despite previous findings that prisiatefer food rewards over visual
stimuli (e.g. Washburn et al., 1997; Brannon et2404), it is important to provide
primates with non-food enrichment for at least t&asons. First, primates may
become obsessed with food enrichment (e.g. Lirs ,e1990a, 1991a) which may
lead to the performance of undesirable behavicgsond, many primates in captivity
are overweight and food enrichment (which in maages uses favoured foods)

exacerbates this problem.

8.4.2 Effects of coloured lights on behaviour

In common with the previous study on control ovage illumination (Chapter 7),
youngsters were affected by the coloured lightshmaore than adults. Adult
marmosets spent less time in the upper part afabge and engaged less in tree
gouging behaviour when the lights were on. Howetlres interpretation of tree
gouging behaviour in relation to welfare is notacland will be addressed in the

General Discussion. Youngsters showed increased loabmotion when the
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coloured lights were on. Further, when the colodigdits were activated they showed

decreased levels of undesirable behaviours sustratching and inactive alert.

Young marmosets also watched the observer less thkdights were on. The
interpretation of changed levels of this behaviwilbe addressed in the General
Discussion. In addition, youngsters spent more tim@ipulating the device and
looking at the lights or the device when the lighese on. Finally, youngsters spent
more time in the lower part and less time in thparart of the cage when the lights
were on. These findings suggest that the marmosgpe®nded to the stimulus in a
positive exploratory way. Although the marmoseii gient more time in the upper
part of the cage, they showed a significant chamgleis tendency. This result is in
line with the results of Kissinger and Bouwens @0ihat showed that gorillas
preferred to stay in a room where coloured lightseaprojected rather than moving to

a separate room.

The results of the present study contradict thd&cbapiro and colleagues
(Schapiro & Bloomsmith, 1995; Schapiro et al., 9% which sensory enrichment
was found to be less effective than feeding andichyenrichments on the behaviour
of yearling rhesus monkeys. This may be due toispelifferences, and/or the use of
different sensory stimuli (videotapes in the Schapt al.’s studies). Additionally,
Schapiro and his colleagues did not separate the #mrichment types (sensory,
feeding and physical) when they compared the behavo that of non-enriched
monkeys. Their results showed that sensory enriohmas less effective than the
other two enrichment types; however, no data waldighed relating to the exact

effects of the sensory enrichment on behaviourthérother hand, the results of the
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present study are in agreement with those of BfttNovak (1997) regarding the
effects of videotapes and computer task stimulihenbehaviour of adult rhesus
monkeys. Similar to the marmosets in the presemlysthe rhesus monkeys showed
higher levels of locomotion. However, the impacvsuial stimuli on adult rhesus
monkeys in Platt and Novak’s study, were more ay@ls to the impact of coloured

lights (in the present study) on youngsters thahée impact on adults.

8.4.3 Effects of control over coloured lights on behaviou

Although the marmosets in the present study dicbpetate the coloured light
sequencer frequently, their behaviour (especiaby bf youngsters) during the whole
Test phase of the study was affected. The behawvioMiaster marmosets during the
Test phase was significantly different to the betawvof Unaffected marmosets
during the same phase, as well as to their ownvi@lvaduring both Baseline and

Post-test phases.

Locomotion and inactivity

Significant interactions between study group arasphwere found in inactive alert
behaviour for youngsters and calm locomotion faslad These interactions resulted
from differences in the behaviour of Master and ffédwded marmosets throughout the
study period. Unaffected marmosets hardly changeid behaviour between the study
phases. In contrast, youngsters in Master groupsesth decreased levels of inactive
alert behaviour in the Test phase compared totther two phases of the study.
Adults in Master groups showed more changes in ¢éadomotion compared to
Unaffected adults, however, these changes wersignficant. In addition,

youngsters in Master groups showed lower levelgaftive alert and adults in Master
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groups showed higher levels of calm locomotion thdmlts in Unaffected groups.
These changes and differences in activity pattenggest that Master marmosets
were more relaxed and more active when they coatral the visual stimulus in

their cage. In common with the youngsters in thesent study, Baker and co-workers
(2001) showed that captive chimpanzees spentifassractive when they could
control computer tasks. However, only those chirapas that spent significantly
more time watching the monitor compared to yokedhats, showed a significant

decrease in inactivity.

Social and solitary play

In the present study, youngsters showed signifigdmgher levels of social play when
compared to Unaffected individuals during the Tesise of the study. Further, they
showed significantly more solitary play in the Tphase compared to both Baseline
and Post-test phases, and significantly higheddevesocial play in the Test phase
than in the Baseline phase. In addition, an intexadetween study group and phase
was found for solitary play. This interaction reedlfrom the significant change in
levels of solitary play that were shown by Masteungsters, while for youngsters in
Unaffected groups levels of this behaviour remailogdthroughout the whole study.
These findings may indicate positive effects oftooliron behaviour, and therefore on
the welfare of Master youngsters. The presenttseaut in agreement with previous
research, in which captive chimpanzees and orangyttarformed higher levels of
solitary play when they were allowed to controleatpe and computer tasks,
respectively (Bloomsmith et al., 2000a; Baker et2001; Tarou et al., 2004). In
contrast, Bloomsmith and colleagues (2000b) fotnadl $olitary play levels were

reduced when captive chimpanzees could control atenpasks.
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Watch the observer

Young marmosets in Master groups watched the obsenare during the Baseline
phase compared to the Test and the Post-test phaseklition, they watched the
observer during the Test phase less than youngstehsaffected groups did. These

results will be addressed in the General Discussion

To sum up, the findings of the present study agné® conclusions of the
previous study; controllability has positive effecin the welfare of captive
marmosets, with no major difference between diffeoentrollable objects. However,
differences in the amount of device usage betwleestudies suggests that additional
white light is more effective for longer periodsithcoloured lights. Further, the
results support the argument regarding the impoetar stimulation for captive

primates, even if the stimulus is unnatural anchmmifiar to the monkeys.
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8.5 CONCLUSIONS
The effects of visual stimuli and the control othese stimuli on the behaviour of

family-housed marmosets were studied. The mainteeste presented in Table 8.12.

The conclusions made from this study are:
5) Exposure to a visual stimulus (coloured lights) pasitive effects on the
welfare of captive marmosets.
6) The ability to control a visual stimulus has pasteffects on welfare.
7) Young marmosets are more influenced than adulis lnpexposure to visual
stimulus and/or the ability to control it.
8) Loss of control over visual stimuli and/or the la$she stimuli themselves

have no impact on the behaviour of marmosets.

In the next chapter the effects of control overtelight are studied again, however
several factors are added to the study. Firstcoingposition of the groups is adult
pairs instead of family groups. Second, the marisca® housed in single cages in
two tiers. Third, a yoked condition is added tcsdigate the effects of the light

intensity from those of controllability.
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Table 8.12 Summary of the main results of Chapter 8

Adult

marmosets Young marmosets

Elevated levels

Reduced levels Elevated levels Redd levels

Effects of visual

stimulus

Effects of control
over visual
stimulus

(study group

comparison)

Effects of control
over visual
stimulus

(study phase

comparison)

Effects of loss of
control over

visual stimulus

Calm locomotion

Inactive rest (only

main effect)

Tree gouging  Calm locomotion Inactive alert

Usage of upper  Usage of lower Scratching

part of cage part of cage Watch observer

Look at device Usage of upper
Manipulate device  part of cage
Social play Inactive alert
Solitary play Watch observer

Explore (only

main effect)

Social play Inactive alert
Solitary play Watch observer
Social play Watch observer
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Chapter 9
Effects of Control over Light on the Welfare of Conmon

Marmoset Pairs Housed in Two Tier Cages

9.1 INTRODUCTION

The study in Chapter 7 showed that light intensitsheir home cage, as well as the
option to control it, had a considerable impactl@welfare of common marmosets
housed in family groups. The aim of the preserd\sis to extend these findings in
three directions. Firstly, the results of Chaptshdwed minor behavioural
differences between marmosets in lower and upees, tdespite the differences in
light intensity between these two housing condgiddowever, previous research has
shown an influence of light intensity on primatesy( Isaac & DeVito, 1958; Erkert &
Grober, 1986; Heger et al., 1986). The first ainthef present study is therefore to
investigate whether cage level has an impact onegi@onses of marmosets to control
over light. Secondly, the results of Chapter 4 stdwffects of group composition on
the behaviour of adult marmosets. Previous stuties also suggested that social
conditions may affect the reaction of marmosethéosame stimuli. Hence the second
aim of this study is to investigate control ovghli in a different social structure, that
of adult pairs. Thirdly, in previous studies (Chexst7 and 8) the effects of control and
light were confounded. In the present study a Yad@allition is added to the two
previous study conditions (Master and Unaffect@&t)s study design will distinguish
between the impact of the light intensity and tfahe control itself on the behaviour

of the marmosets.
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The following questions were asked:
1) Does cage level affect the responses of the matsoseelation to
controlling light?
2) How does light intensity affect the welfare of pagused marmosets?
3) How does the opportunity to control light intensitythe cage affect the
welfare of pair-housed marmosets?

4) Does loss of control affect the welfare of the meyde

It was hypothesized that marmosets in lower tievgld/use the lights more than
their conspecifics in upper tiers. Further, as tachdrmosets in different group
compositions behave differently (see Chapter 4fgrdinces in their responses to
control over light were also expected. Finally,dshen previous findings, no

effects of loss of control were expected.

9.2 METHODS

9.2.1 Study animals and housing

The study animals were 72 common marmosets honssddle cages in female-
female (n=14), male-male (n=11), and female-madd [ pairs. The study included
three conditions, with twelve pairs in each cowditiMaster pairs, Yoked pairs (who
were given identical lighting conditions to thogeMaster pairs, without the ability to
control the light) and Unaffected pairs. In eachdiion six pairs were housed in
lower tiers, and six in upper tiers. Pair detaild andividuals’ ages and sexes are
presented in Table 9.1. There were no signific#férénces in mean age of

marmosets between Master, Yoked and Unaffected (filso=0.961, P=0.387).
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Mean age for animals in Master pairs on the fiest df the study was 1356 days
(£S.E. 184.2 days; n=24), 1073 days (£S.E. 145y4;,da&=24) for animals in Yoked
pairs, and 1109 days (xS.E. 139.1 days; n=24)fsd in Unaffected pairs. There
was also no significant difference in mean age betwmarmosets in lower and upper

tiers (F(]_,70):1.022, P:0316)

Table 9.1 Pair and individual details (sex, date of bifth@.B), age on first day of
the
study). Individuals that were used twice sttewn in red.

Pair type Pair identifier Individual D.O.B. Age (days)
Master a-2RaU 111Y 9) 19/12/2001 979
Upper tier 184Y ©) 13/03/2003 530
a-3RauU 904R9¥) 22/7/1998 2225
150Y @) 30/07/2002 756
b-4RaU 676RP) 25/03/1993 4184
5G @) 09/03/2002 913
c-2LbU 914R(Q) 03/09/1998 2254
847BK (J) 23/11/1998 2173
c-4LbU 863BK (&) 19/04/1999 2026
84G(3) 08/08/2003 454
6-2LbU 877BK () 24/06/1999 1979
6G (&) 14/03/2002 985
Master a-2RalL 865BK ) 22/04/1999 1951
Lower tier 78G ) 24/07/2003 397
b-4RalL 20W @) 26/11/2000 1381
176Y(©Q) 26/02/2003 559
b-1RalL 822BK ¢) 18/06/1998 2273
71G €) 09/06/2003 456
c-1LbL 980R @) 21/09/1999 1871
177Y @) 26/02/2003 617
6-1LbL 122Y @) 13/03/2002 986
53G ¢) 21/02/2003 641
6-3LbL 981BK () 09/11/2001 1110
147Y @) 22/07/2002 855
Yoked a-2RbU 104Y @) 09/11/2001 1019
Upper tier 138Y ©) 29/05/2002 818
a-3RbU 95G {) 02/12/2002 631
66G () 22/05/2003 460
b-4RbU 215Y @) 09/08/2003 395
211Y @) 04/08/2003 400
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Continuation

of Table 9.1

Pair type Pair identifier Individual D.O.B. Age (days)

Yoked c-2Lau 782R @) 22/08/1996 2996
Upper tier 210Y @) 04/08/2003 458
c-4LaU 842BK () 10/09/1998 2247

134Y(Q) 16/05/2002 903

6-2Lau 966BK () 10/07/2001 1232

7G @) 14/03/2002 985

Yoked a-2RbL 137Y @) 29/05/2002 818
Lower tier 173Y ©) 24/02/2003 547
b-4RbL 864BK () 22/04/1999 1965

72G(3) 23/06/2003 519

b-1RbL 75Y @) 09/05/2001 1217

187Y @) 11/04/2003 515

c-1Lal 169Y(?) 05/01/2003 669

196Y (%) 09/06/2003 514

6-1Lal 870BK () 04/05/1999 2030

13Y (@) 15/04/2000 1683

6-3LaL 872BK () 21/05/1999 2013

160Y @) 02/10/2002 783

Unaffected a-1Rau 131Y 9) 16/04/2002 861
Upper tier 156Y ©) 18/09/2002 706
a-1RbU 96Y @) 29/09/2001 1060

123Y @) 03/04/2002 874

b-4LbU 863BK () 19/04/1999 1968

84G(3) 08/08/2003 396

c-3LbU 959BK () 05/06/2001 1248

848R ) 05/09/1997 2617

c-3LaU 4G 6) 09/03/2002 971

81G ¢) 04/08/2003 458

6-2RaU 55Y @) 02/01/2001 1421

943BK (@) 05/02/2001 1387

Unaffected a-4LbL 914R(?) 03/09/1998 2182
Lower tier 847BK (J) 23/11/1998 2101
b-3RbL 842BK () 10/09/1998 2189

134Y(?) 16/05/2002 845

b-3RaL 169Y (%) 05/01/2003 611

199Y (%) 09/06/2003 456

c-3RaL 192Y @) 03/05/2003 551

193Y @) 03/05/2003 551

6-4Lal 72G(3) 23/06/2003 442

88G ¢8) 20/08/2003 461
6-4LbL 889BK (3) 28/02/2000 1730

943M (@) 19/08/2003 462
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Mean age for animals in lower tiers was 1089 dagsKE. 111.7 days; n=36), and
1273 days (xS.E. 143.3 days; n=36) for those ireupiprs. Significant differences
were found between the mean ages of marmosets ihtdée pair compositions
(F265=5.59, P=0.06). Marmosets in female-male pairs wayificantly older than
those in female-female and male-male pairs (t="3)#720.006; t=585.51, P=0.038,
respectively). Due to this potential confound, nffedences between marmosets in
different pair compositions are discussed. All maggts in this study were more than

300 days old; hence, no discrimination betweengagaps was made.

9.2.2 Experimental design

The 36 study pairs were housed in four colony roeath containing three Master
pairs, three Yoked pairs and three Unaffected pahs study was carried out in four
repetitions (each corresponding to a separate gotmym) at different times, due to
restrictions in the quantity of apparatus. The expental schedule is described in
Table 9.2. Some pairs were used twice; in eachedd cases the marmosets were
used first as an Unaffected pair and then as a & okélaster pair. In one case only
one individual (72G) was used twice, as his cagewas changed between the study
repetitions. As no significant behavioural diffeces were found between the study
conditions during the Baseline phase of the steggri in the percentage time that

monkeys watched the observer) re-use of individd@sot confound results.

An Unaffected pair was defined as a pair to whichmanipulation was
applied in any of the study phases. Master and ¥ @iars were defined as pairs to
which a manipulation was applied during the Testgghof the study. During the

morning of the fifth day of the study, a controleladditional white light was hung on
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each Master and Yoked pair’s cage (for more deddsut the light box, see Chapter
7). The only difference between Master and Yokedspaas that Yoked pairs could
not control the additional light, which was contedl by the Master pair in the
neighbouring cage (i.e. when Master pairs turned thwn light on, their Yoked
partners’ light also went on). In the present stulg cages’ height was 1.15m (half
the height of the cages in Chapter 7). The lightelsavere hung on the upper part of
the cage and influenced the light intensity inuhle cage. Therefore, no

measurements were taken with reference to theithdiVs location inside the cage.

Table 9.2 Study protocol, describing the three study phasegther with details of
number of focal observations

Days 1-4 Days 5-22 Days 23-27
Baseline phase Test phase Post-test phase
light observations light observations light observaons
Master pairs no 3 focal obs. yes 10 focal obs. no 3 focal obs.
per per per
individual individual individual
Yoked pairs no 3 focal obs. yes 10 focal obs. no 3 focal obs.
per per per
individual individual individual
Unaffected no 3 focal obs. no 10 focal obs. no 3 focal obs.
pairs per per per
individual individual individual

lllumination measures were taken using a Jessbpigeter and showed that the light

intensity inside the cage with the additional ligfgs more than twice as high as

normal (see Table 9.3). However, the difference gvaater in the lower tiers, as the

non-manipulated light intensity was greater intipper tiers. European regulations

(Council of Europe, 2004) require light intensitat allows the monkeys to be

observed during their active periods, and to enadaléine husbandry tasks to be
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carried out safely. They also recommend a lighansity that satisfies the monkeys’
needs. However, there is no clear information abrarimosets’ light intensity
preferences, or required levels to satisfy needsh® other hand, the United States’
regulations require that “lighting must be unifoyndiffused throughout animal
facilities” (USDA, 1991). This requirement was moiplemented in the present
colony rooms; however, with the additional light tthifferences between lower and

upper tiers decreased.

Table 9.3 Light measures (in EV) in two different locatioosthe cage with the
additional light on and off

Tier Additional light Centre of the cage Back of the cage
Upper on 11 10

off 6 5.5
Lower on 10 9

off 4 3.5

The light also produced heat and increased thedeatyre within its very near
environment (up to 15cm from the light) from aro®@8?C to around 34°C. However,
this thermal change did not affect the whole cagytha source of the heat was very

small.

9.2.3 Data collection

Behavioural observations were recorded in eachepbbihe study for each study
condition. Focal animal sampling was used with foumute observation sessions per
animal. During the Baseline and the Post-test ghakthe study, each individual was

observed three times (total observation time obdrd and 48 minutes for each one of
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the study conditions) and ten times during the plsise (total of 16 hours for each
study condition), see Table 9.2. All other methotldata collection were the same as

in Chapter 7.

9.2.4 Statistical analysis

Separate statistical tests were carried out inrdalexamine the effects of different

factors of the study (see Table 9.4).

Table 9.4 Statistical analyses used in the present study

Research question Statistical test Factors Levels nalysis
Habituation to One-way ANOVA Period first 4 days/ Within subjects
device (percentage middle/ last 4 days

time on)

Habituation to One-way ANOVA Period first 4 days/ Within subjects
device (frequency middle/ last 4 days

of button touches)

Effects of cage level Independent Cage level Upper/lower Between subjects
on light usage sample t-test

Effects of light Two-way ANOVA  Light condition On/off Within subjects
condition in mixed design

different cage levels Cage level Upper/lower Between subjects
Effects of light Two-way ANOVA  Light condition On/off Within subjects
condition in mixed design

different study Study condition Master/Yoked Between subjects
conditions

Effects of control Two-way ANOVA Study phase Base/Test/Post Within subjects
and loss of control mixed design
Study condition Master/Yoked/ Between subjects
Unaffected

299



9.3 RESULTS
The results of the present study are analysedatiogr to three factors:
1) Usage of light in general and in two different cégeels
2) Effects of light intensity on the animals’ welfaregeneral, in Master and
Yoked pairs and in two cage levels

3) Effects of control on the animals’ welfare

9.3.1 Measures of light usage

Four groups kept the cage lit for relatively lapggcentages of time, showing quite a
consistent pattern of light usage (see Tables®®a and Figures 9.1 and 9.2). The
frequency of button touches reduced throughoustihdy (see Tables 9.7 and 9.8). A
significant main effect of Test phase period wastbfor frequency of button touches
(F227=13.76, P<0.001), but not for percentage timegiftiusage. The frequency of
button touches was significantly greater duringfits four days of the Test phase
compared to the middle period of the Test phasd (i3, P=0.001) and compared to

the last four days of the Test phase (t=-4.87, 034).

Table 9.5 Mean (£S.E.) percentage time per day of deviegesn six Master groups
in upper cages during the Test phase

a-3RaU b-2RaU b-4RaU c-4LbU c-2LbU 6-2LbU
All Test 83.68+3.4 83.71+4.3  10.38+4.1 3.574£3.1 4.94+3.6 838.5
phase
First 4 days 67.91+10.2 59.94+13 24.79+13.1 16.08+13.4 22.2531445.27+18.8
Middle 86.17+3.1 88.57+2.4  8.76+4.4 0 0 21.9849.7
period
Last4 days 92.97+2.5 95.33+24 O 0 0 78.9843.6
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Table 9.6 Mean (£S.E.) percentage time per day of deviegesn six Master groups
in lower cages during the Test phase

a-2RalL b-4RalL b-1RaL c-1LbL 6-3LbL 6-1LbL
All Test 5.83%£3.9 70.3645 3616.5 26.03t5.4  46.05%6.5 7317.5
phase
First 4 days 26.25+14.7 54.11+19.1 27.4+13.1 42.64+14.9 42.6231229.11+11.2
Middle 0 70.81+3.5 36.56+9.4 25.13+6.3  45.849.1 81.16+7.4
period
Last4days O 85.48+3.9 43.17+14.6  11.6746.7 50.19+17.3  96.49+0

Figure 9.1 Percentage time of light usage for Master granpgpper tiers during the
Test phase
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Figure 9.2 Percentage time of light usage for Master granpgswer tiers during the

Test phase
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Table 9.7 Mean (£S.E.) frequency per day of device usagaximMaster groups in
Upper cages during the Test phase

a-3RauU b-2RaU b-4RaU c-4LbU c-2LbU 6-2LbU
All Test phase 1.67+1 2.44+1 2.22+0.7 2.61+1 3.44+2 8+2.8
First 4 days 1546.9 26.759 3.75+2.4 3.75+2.3 5.543.2 1016.4
Middle 2.940.2 6.6+1.3 1.3+0.3 0 0 8.6+0.2
period
Last 4 days 2.5+0.3 3.75+1.4 0 0 0 1.5+0.3

Table 9.8 Mean (£S.E.) frequency per day of device usagaximMaster groups in
lower cages during the Test phase

a-2RalL b-4RalL b-1RaL c-1LbL 6-3LbL 6-1LbL
All Test 0.89+0.2 5.5+2 10.4+2.9 1.56+1 5.72+2 1.78+0.3
phase
First 4 days  1.75+0.5 11+7.4 1.540.3 3.25+1.25 8.25+4.6 22.25%10
Middle 0 4.6x2.4 2.2+0.4 2.4+1.1 140.2 4.4+0.6
period
Last4days O 3.25+0.5 1+0 0.75£0.25 11+0.4 2.75+0.5
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9.3.2 Effects of cage level on light usage

There were no significant differences between magt®in the two cage levels in
percentage time of light usage (t=0.28, P=0.78% Fagure 9.3) nor in the frequency
of button touches (t=-0.36 P=0.727). The variatiohght usage was very high. Only
four out of twelve pairs kept the light on for mahan 60% of the time; two of these
pairs were housed in lower tier cages and two peupier cages. Four other pairs
kept the light on for more than 20% of the timee afi them was from upper tier
cages and the other three pairs from lower tieesaghe other four pairs used the
light for less than 20% of the time. Although thoag of the four pairs that used the
light for the lowest percents of the total avaiiabine were upper tier pairs, no

significant differences were found between lowet apper tiers in light usage.

Figure 9.3 Mean percentage time of light usage (x SE banslofver and upper tiers
during the test phase of the study
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9.3.3 Effects of light intensity on behaviour

Both Master and Yoked pairs were included in thelyais of the effects of light on
the animals’ behaviour during the Test phase. \Aditlitional light, marmosets
showed significantly more calm locomotion and amogning, and spent significantly
more time close to the light box. In addition, witle light on, the monkeys spent
significantly less time watching the observer anovged less inactive alert, agitated

locomotion and scent marking behaviour (see Talfl@Ad Figure 9.4 a, b and c).

Table 9.9 Results of ANOVAs for effects of light on behawnioof Master
and Yoked pairs (*P<0.05; **P<0.01; **P<0.001

F (d.f.=1,22) P
Agitated locomotion 27.82 <0.001***
Allogroom 4.04 0.057
Autogroom 6.70 0.017*
Calm locomotion 61.17 <0.001***
Contact 0.11 0.739
Explore 0.09 0.771
Inactive alert 14.50 0.001*
Inactive rest 2.45 0.132
Scent mark 6.73 0.017*
Scratch 0.16 0.695
Social play 0.93 0.344
Solitary play 2.07 0.164
Tree gouge 2.27 0.146
Watch observer 4.60 0.043*
Close to device 67.97 <0.001***
Manipulate device 1.87 0.186
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Figure 9.4 Percentage time (x SE bars) spent in behaviaurshbrmosets in Master
and Yoked pairs during the two light corais (*P<0.05; **P<0.01,;
***P<0.001)
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9.3.3.1 Effects of light intensity in relation to study diron

In order to separate the effects of the light isitgnfrom those of control over the
additional light, the responses of Master and Y gkaids to the changes in light
intensity were compared. A significant interactimtween light condition and study
condition was found for scratching only(k>=4.85; P=0.038). Master pairs showed
a decrease in time spent scratching when thewghkton, while Yoked pairs showed
an increase in this behaviour when the light waésee Figure 9.5). Tukey post-hoc
tests showed no significant differences betweentéiasd Yoked pairs in either of
the light conditions. However, when the light wastbe difference between the
percentage time Master and Yoked pairs spent sengtapproached significance

(t=2.663; P=0.063).
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Figure 9.5 Interaction between study conditions and lightdibons for
scratching behaviour
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9.3.3.2 Effects of light intensity in relation to cage leve

As the change in the light intensity between the light conditions was greater for
lower tiers, it was expected that the increasaint intensity would have a greater
impact on the behaviour of marmosets in lower tempared to those in upper tiers.
Nevertheless, no significant interactions were tbhatween light condition and cage

level. Hence, no further analyses were applied.

9.3.4 Effects of control and loss of control on behaviour
In order to examine the effects of control on tebdviour of Master pairs, their
behaviour during the Test phase was compared t@théoked and Unaffected pairs.

Further, the behaviour of Master and Yoked pairsnguhe Test phase was compared
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to their behaviour during the Baseline and the festtphases. Finally, interactions
between study phase and study condition were iigatetl. The results of these

analyses are described separately.

9.3.4.1 Effects of study condition on behaviour

In order to study the effects of control, Mastergpaere compared to both Yoked and
Unaffected pairs. The results showed significaninreffects of study condition on
agitated locomotion, calm locomotion and inactiesttbehaviour (see Table 9.10 and
Figure 9.6 a, b and c). Moreover, Tukey post-hststeshowed that, in the Test phase
of the study, significant differences between Mapters and either Yoked and
Unaffected pairs were greater than those betwedwed'and Unaffected pairs. In
particular, Unaffected pairs were significantly m@gitated than either Master or
Yoked pairs. Further, Master pairs showed signifityamore calm locomotion
compared to both Yoked and Unaffected pairs, ankke¥@airs showed significantly
more calm locomotion than Unaffected pairs. In tiddj Master pairs performed
significantly more inactive rest behaviour compatetoth Yoked and Unaffected

pairs (see Tables 9.11 and Figure 9.6 a, b and c).
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Table 9.10 Results of ANOVASs for effects of study condition behaviours

(*P<0.05; **P<0.001)

F (d.f.=2,23) P
Agitated locomotion 4.21 0.023*
Allogroom 0.35 0.710
Autogroom 0.01 0.985
Calm locomotion 22.80 <0.001***
Contact 0.55 0.583
Explore 1.72 0.195
Inactive alert 1.34 0.275
Inactive rest 4.47 0.019*
Scent mark 0.01 0.994
Scratch 0.84 0.440
Social play 0.48 0.623
Solitary play 1.45 0.249
Tree gouge 2.27 0.146
Watch observer 0.78 0.467

Table 9.11 Results of Tukey post-hoc tests for effects afigtcondition on
behaviours (**P<0.01; ***P<0.001)

Master Yoked Master Unaffected Yokedvs. Unaffected
VS. VS.
t P t P t 3)
Agitated locomotion 1.68 0.75 5.84 <0.001*** 4.16 0.003**
Calm locomotion -4.65 <0.001*** -12.07 <0.001*** -7.42 <0.001***
Inactive rest -2.99 0.08 -5.47 <0.001*** -2.47 0.26
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Figure 9.6. Percentage time (+ SE bars) spent in behaviasrsmérmosets in Master,
Yoked and Unaffected pairs during the Téstse of the study [Two Way
ANOVA with repeated measures (black markskey post-hoc tests (red
marks) P<0.05; *P<0.01; ***P<0.001]
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9.3.4.2 Effects of study phase on behaviour

Another method used to examine the effects of ocbmtas to compare the different
study phases for each study condition separat@wifant main effects of study
phase were found for agitated locomotion, calm hoaton, inactive alert and
inactive rest behaviours, as well as for scratching watching the observer (see

Table 9.12 and Figures 9.7 a, b and ¢ and 9.&adIz).
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Table 9.12 Results of ANOVAs for effects of study phaseshehaviours of
Master and Yoked pairs (**P<Q.6¢P<0.001)

F (d.f.=2,66) P
Agitated locomotion 7.77 0.001**
Allogroom 0.09 0.917
Autogroom 0.19 0.825
Calm locomotion 74.96 <0.001***
Contact 0.00 0.996
Explore 2.93 0.060
Inactive alert 11.70 <0.001***
Inactive rest 16.36 <0.001***
Scent mark 2.19 0.120
Scratch 9.09 <0.001***
Social play 0.45 0.639
Solitary play 0.88 0.419
Tree gouge 1.59 0.211
Watch observer 14.93 <0.001***

Tukey post-hoc tests showed no significant diffeesnbetween study phases for
Unaffected pairs. Moreover, there were more sigaift differences between the study
phases for Master pairs than for Yoked pairs. Mgses showed significantly less
agitated locomotion in the Test phase of the studypared to both Baseline and
Post-test phases. In addition, only Master paitshet the observer significantly
more during the Baseline phase compared to bothdékeand the Post-test phases.
Master pairs also spent significantly more timénective rest during the Test phase
compared to both Baseline and Post-test phasels.NBadter and Yoked pairs spent
significantly more time in calm locomotion duringet Test phase compared to both
Baseline and Post-test phases and less time itivaeadert behaviour during the Test
phase compared to the Post-test phase. No signtifilifferences between the study
phases were found in scratching for any study ¢mmd{see Table 9.13 and Figures

9.7 a,band c and 9.8 a, b and c).
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Table 9.13 Results of Tukey post-hoc tests for effects nflgtphases on
behaviours of Master and Yoked separately (*P<0.05; **P<0.01;

***P<(0,001)
Baseline Test Test Post-test Baseline Post-test
VS. VS. VS.
t P t P t 3)
Agitated locomotion
Master -3.50 0.022* -4.29 0.002** 0.79 0.99
Yoked -2.66 0.182 -1.27 0.936 -1.39 0.90
Calm locomotion
Master 9.88 <0.001*** 12.43 <0.001*** -2.55 0.227
Yoked 5.79 <0.001*** 7.88 <0.001*** -2.09 0.487
Inactive alert
Master -1.52 0.842 -3.96 0.006** 2.44 0.282
Yoked -1.56 0.824 -3.84 0.008** 2.28 0.368
Inactive rest
Master 5.20 <0.001*** 5.65 <0.001*** -0.45 0.99
Yoked 2.94 0.10 2.78 0.141 0.16 1.00
Watch obs.
Master -3.80 0.009** 0.002 1.00 -3.80 0.009**
Yoked -1.89 0.625 -0.17 1.00 -1.72 0.733
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Figure 9.7 Percentage time (= SE bars) spent in behaviaursiaster pairs in three
study phases [Two Way ANOVA with repeatechswges (black marks)
and Tukey post-hoc tests (red marks) *P<0:<0.01; **P<0.001]
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Figure 9.8: Percentage time (+ SE bars) spent in behaviourgdéed pairs in three
study phases [Two Way ANOVA with repeatechswges (black marks)
and Tukey post-hoc tests (red marks) *P<0:¥<0.01; **P<0.001]
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9.2.4.3 Interactions between study phase and/staddition

ANOVASs revealed several interactions between stahdition and study phase.
Master and Yoked pairs showed a decrease in agjkaemotion and inactive alert
behaviours in the Test phase of the study, follgwg an increase in the Post-test
phase, while Unaffected pairs showed no major cbswbgtween the three study
phases (see Table 9.14 and Figure 9.9 a and tlrinlocomotion and inactive rest
behaviours, Master and Yoked pairs showed a seamfiincrease in the Test phase of
the study, with a decrease in the Post-test plese. again, the Unaffected pairs
showed no significant changes along the whole spadipd (see Table 9.14 and

Figure 9.9 c and d).
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Table 9.14 Results of ANOVAs for interactions between stypdiyse and study

condition (*P<0.05; **P<0.01; ***P<0.001)

d.f.=2,66 F P

Agitate locomotion 3.18 0.019*
Calm locomotion 22.72 <0.001***
Inactive alert 3.80 0.008**
Inactive rest 4.46 0.003**

Figure 9.9 Interactions between study condition and studysph
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b. Inactive alert

90 -
80 -
70 \\//
60 -

50
40
30
20 ~
10 +
0

Percent

Baseline Test Post-test

Study phase

c. Calm locomotion

16 ~
14
12 ~
10 A

Percent
(o]
|

Baseline Test Post-test

Study phase

319



d. Inactive rest
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Similarly to previous studies in this thesis, nfeefs of loss of control, or loss of
additional light and/or heat source were found.réfme, this issue is not discussed

further in the present chapter.

9.4 DISCUSSION

The results of the present study support the ceimis of the previous study (Chapter
7); that both enhanced light intensity and the opputy to control it improve the
welfare of captive common marmosets. This studyonmdt replicates the results of
the previous study, with a different housing systerd group composition, but also
shows that when marmosets are allowed to conteolight intensity inside their cage
they show a greater change in their behaviour yb&ed individuals that experienced

the improved light intensity alone. In the pres&midy, in common with the previous
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one, no significant effects of loss of control wéyand. In addition, the results show
that there are no significant differences in theawour of monkeys housed in lower
compared to upper tier cages. Further, there wegifferences in the way marmosets

in lower and upper tiers used the light or respdridei.

9.4.1 Measures of light usage

Marmosets in the present study touched the butgprifisantly less after the first four
days of the study, but kept the cage lit for simdarcentages of time during the
whole Test phase. This reaction to the light isilsinto the reaction of family-housed
marmosets when allowed control over coloured ligBtsapter 8). Nevertheless, the
cause for this reaction appears to be differethantwo studies. Figures 9.1 and 9.2
show that at least some of the pairs in the presendty used the light consistently for
high percentages of the available time. In contsasth a consistent pattern of the use
of the coloured lights was not seen in the previtudy. These findings suggest that
the marmosets in the present study learnt to assoitie button and the additional
light in their cage and touched the button only wheeded. That is to say, although
they showed reduced frequencies of button tou¢hesdditional light was still

rewarding for them.

9.4.2 Effects of light intensity on behaviour

As the marmosets in this study were all adultsage differences are discussed.
However, these adults were much more affected dyight intensity inside the cage
than were the adults in previous studies (Chaptensd 8). These differences between
the studies may be the result of different sodiabsions. The results of Chapter 4

showed that adult marmosets behave differently wizersed in different group
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compositions. Further, Box (1984a) found that paaeal non-parent adult common
marmosets behaved significantly differently to eattter in reaction to a novel
environment. Further, she found that the varigbdit behaviour among non-parent
pairs was greater than among parent pairs. Howa&veontrast to these findings,
Vignes and co-workers (2001) studied the reactadm®mmon marmosets to novel
food enrichment, and found no significant differes®etween adults in three different
social settings (singly housed, same sex pairdamdy groups). For further

discussion of this issue see Chapter 10.

Locomotion and inactivity

Both Master and Yoked marmosets in this study speme time in calm locomotion,
and less time in agitated locomotion and inactleetawhen the light was on. These
changes in the nature of activity patterns areidensd to be signs of better welfare

(for rationale see Chapter 3).

Scent marking

High levels of scent marking are considered tothess related (see Chapter 3). In the
present study, marmosets scent marked significamle when the light was off than
they did when it was on. This difference suggdsas & lighter cage environment was

less stressful for the monkeys.
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Scratching

There was only one interaction between light camdi{on/off) and study condition
(Master/Yoked), in scratching behaviour. Animaldaster pairs scratched
themselves more when the light was off, while magets in Yoked pairs scratched
themselves more when it was on. The monkeys shoppdsite tendencies in this

behaviour in the two different light conditions. & Imterpretation of this is unclear.

Autogrooming

Marmosets were found to autogroom more when the Wgs on. Autogrooming is a
natural behaviour for nonhuman primates, althotigbuld be considered to be a
stress related behaviour when shown at high r8@sds et al., 2000). However, in
the present study the rates of appearance of ¢higvour were relatively low (0.5%
when the light was off and 1.5% when the light wag Furthermore, the conclusion
that these higher rates of autogrooming reflectgowoelfare, are not consistent with

other behavioural changes in this study.

Watch the observer
It was also found that marmosets watched the obseamere when the light was off.

This finding will be addressed in the General Dgssoin.

Proximity to the light box

In common with the adults in the previous studeg, tarmosets (both in lower and
upper tiers) spent significantly more time closéhim light box when the light was on.
This difference may be due to the light itselff@the heat that the light produced.

The possibility that the marmosets preferred talege to the device so they would be
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able to control it is not supported by this stualy,individuals in Yoked pairs showed
the same behaviour to those in Master pairs, st tbuld not control the light at any

time.

In summary, the light intensity inside the cageetiéd the welfare of the
marmosets in this study. However, contrary to ttegligtions, it affected individuals
in the lower and upper tier cages similarly, altflothe improvement in illumination
was greater for the lower tier housed monkeys [toissible that there was a
considerable improvement in the light intensitypath cage levels; hence, all
marmosets were affected in the same way from tiasge. In addition, there were no
significant differences between Master and Yokddats, in their reaction to the
enhancement in the cages’ illumination. This firdism more logical, as the monkeys
in both conditions benefited from the same lightimgrovement. It also supports the
conclusions of the previous study (Chapter 7), tvisieggested that better lighting
conditions enhance the welfare of common marmaosetgptivity. The fact that
Yoked marmosets were affected by the improved ilghtonditions in the same way
as Master marmosets, even though they were unabtentrol them, emphasizes the

beneficial effects of the lighder se

9.4.3 Effects of control over light on behaviour

The effects of controllability on the welfare ottMaster pairs in this study were
investigated in relation to two study factors: atiod and phase. The results show a
greater behavioural change throughout the studggshen Master marmosets
compared to both Yoked and Unaffected marmosetsaajreater behavioural change

in Yoked marmosets compared to Unaffected aninNdssignificant differences were
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found between the different study phases for Utdfi individuals, in any behaviour.
Consequently, all differences between the diffestmtly phases that appeared in the
behaviour of Master and Yoked pairs may be relsdetie improved lighting
conditions and/or the opportunity to control ligHere again, the impact of control
over light on behaviour was greater on pair-howshat marmosets than on family-

housed adults.

Locomotion and inactivity

Significant differences in levels of calm locomatiwere found between all three
study conditions. During the Test phase of thislgtdMaster marmosets were
significantly more active compared to both Yoked &maffected individuals, and
Yoked monkeys were more active compared to Unadtertdividuals. This finding
suggests that Master marmosets were most affegtdeelstudy manipulation,
although Yoked marmosets were also positively &dfibcln addition, individuals in
both Master and Yoked pairs showed significantlyermalm locomotion during the

Test phase of the study compared to both Basetidd’ast-test phases.

Further results show that during the Test phaskeo$tudy, Unaffected
marmosets spent significantly more time in agitdabedmotion compared to both
Master and Yoked individuals. However, the differetetween Unaffected and
Master marmosets was more significant than themiffce between Unaffected and
Yoked animals. Further, only Master marmosets skiosignificantly less agitated
locomotion during the Test phase compared to tlseBee and the Post-test phases.
This result indicates again a superior impact ostelacompared to Yoked

marmosets.
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Both Master and Yoked pairs also showed signifigdass inactive alert
behaviour during the Test phase of the study coetptr the Post-test phase. During
the Test phase, Master pairs also spent significamdre time in inactive rest
behaviour compared to Unaffected pairs. In additiorty Master marmosets showed
significantly higher levels of inactive rest duritige Test phase than during the other

two phases.

Several significant interactions were found betwsteidly phases and
conditions. All these interactions were found indmotion and inactivity patterns:
calm locomotion, agitated locomotion, inactive tbard inactive rest. All these
interactions stemmed from the considerable diffeesrbetween the study phases
shown by Master and Yoked marmosets. Unaffectedicheals, which did not
experience any environmental changes, did not sllguwmajor changes in the
performance of these behaviours during the whaldysperiod. All these differences
in the locomotion and activity patterns of the masets suggest that marmosets in
Master pairs were the most positively affectedigystudy manipulation; marmosets

in Yoked pairs were more positively affected thaose in Unaffected pairs.

Watch the observer

Master marmosets were the only ones that showgphdicant reduction in the
amount of time they spent watching the observeinduhe study period. Several
explanations may be suggested for this reduct®mwedl as for the finding that only
Master marmosets showed this behavioural tenddi®se possible explanations will

be presented in the General Discussion.
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There are different methods for studying the effedtcontrol on behaviour
and welfare. One method is to compare the behawbamimals when exposed to the
manipulation with their own baseline and post-tedt (e.g. Line et al., 1990a,
1991a), or with the behaviour of unaffected coydes. When using this method, it
is however, difficult to separate the effects & @mvironmental change from those
resulting from the opportunity to control it. Anethway to study the effects of control
is to compare the manipulated animals to yoked tesparts (e.g. Joffe et al., 1973;
Mineka et al., 1986; Taylor et al., 2001). This huoet gives a much better
discrimination between the effects of the environtabchange and control over this
change. In order to cover all aspects of the siudybest to use as many comparisons
as possible (e.g. Hanson et al., 1976; Jones &INi®98). In the previous studies
(Chapters 7 and 8), the behaviour of Master gropsg the Test phase was
compared to that of Unaffected groups, as welbdbéir own behaviour during the
Baseline and Post-test phases. In the present, shelyoked condition was added
and more comparisons were performed. These comBtneies and analyses ensure

that the most reliable results are achieved.
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9.5 CONCLUSIONS

The effects of light, and the control over it, dwe behaviour of pair-housed
marmosets in two different cage levels were studié@ main results are presented in
Table 9.15. In addition, a comparison between ¢iselts of the present study and the
results of Chapter 7 is presented in Table 9.1& dbtmparison brings out the greater
influence that control over light had on the bebaviof pair-housed adult marmosets

compared to family-housed adults.

The conclusions made from this study are:

9) Anincrease in illumination intensity has posite#ects on the welfare of
captive marmosets.

10)The increase in light intensity have a similar itip@n marmosets in lower
and upper tiers.

11)The ability to control light has positive effects welfare.

12)The effects of control over light are greater thaaeffects of the increased
light intensityper se

13)The loss of control over cage illumination andfwe toss of increased light
intensity and heat, does not affect the welfarsafmosets.

14)The ability to control additional light in the horoage has a greater impact on

adult marmosets when housed in pairs than whenelddandamily groups.
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Table 9.15 Summary of the main behavioural results of Chapte

Yoked pairs Master pairs
Elevated levels Reduced levels Elevated levels Redd levels
Effects of Calm locomotion Agitated Calm locomotion Agitated
increased light Close to device locomotion Close to device locomotion

intensity

Effects of study

condition

Effects of Test
phase (vs.
Baseline and

Post-test)

Calm locomotion

Calm locomotion

Scent marking

Agitated

locomotion

Inactive alert

Calm locomotion

Inactive rest

Calm locomotion

Inactive rest

Inactive alert

Agitated

locomotion

Agitated
locomotion

Inactive alert

Watch observer
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Table 9.16 A comparison between the results of Chaptersd/an

Family -housed adults Pair-housed adults

Elevated levels Reduced levels Elevated levels Redd levels
Effects of Close to device Calm locomotion Agitated
increased light Autogroom locomotion

intensity (on
both Master and
Yoked

individuals)

Effects of study

condition

Effects of Test
phase (vs.
Baseline and

Post-test)

Calm locomotion

Calm locomotion

Close to device Inactive alert
Scent mark

Watch observer

Calm locomotion Agitated
Inactive rest locomotion

Calm locomotion Agitated
Inactive rest locomotion

Inactive alert

Watch observer

330



Chapter 10

General Discussion

Animal welfare research is well established andntiagn three approaches (biological,
natural and subjective: Duncan & Fraser, 1997) wieseussed thoroughly in Chapter
1. In the present thesis a behaviourally integrafgatoach was adopted for the study
of three natural aspects that wild animals expegeas a result of their own
behaviour: complexity, choice and control. Eaclthefke features of natural
environments has been frequently recommended asicimt for the welfare of
captive animals in general and captive primatgmmicular (complexitye.g.

Snowdon & Savage, 1989, Novak & Drewsen, 1989;steaitl & Shepherdson, 1994,
choice e.g. Markowitz, 1982; Hutchinson, 2005; contenl. Bayne, 1989a; Scott,
1991; Warburton, 1991; Rosenblum & Andrews, 199%cH&anan-Smith, 1997b).
Nevertheless, there is little empirical supporttfe@se recommendations. The two
approaches to animal welfare that have been usinikithesis are the natural living
and the subjective experience approaches. Pretetests were used in some of the
studies (Chapters 4 and 6); however, the main rdsttmexamine the effects of
complexity, choice and control on the welfare & tharmosets used behavioural

measurements, both comparatively and in responsiestages in the environment.

The assumption that the captive environment shiguinic the salient
features of the natural habitat of its occupanssie&come commonly accepted even in
the absence of extensive empirical data to supp@ovak & Suomi, 1988).
However, there are arguments that contradict, traat weaken this assumption.

First, wild environments are clearly not uniforndamot always ideal. Many wild
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environments may actually be characterized as impshved or stressful, to the whole
population in general or to specific individualsparticular (Novak & Suomi, 1988;
Bayne et al., 1991; Rosenblum, 1991). Second sitblean suggested that captive
animals may express biobehavioural adaptationsing strategies to their
environment and housing conditions. In such caseslification of the captive
environment to a more naturalistic one may resuihterference with the adjustments
that the animals have made to their captive cambt{Bayne et al., 1991).
Nevertheless, many captive facilities, especiablys attempt to replicate the natural
habitat of the animals and build enclosures thatsanilar to the wild environment of
the animals. However, as human beings are ablerttejve the animals’ environment
only from a human’s point of view, in many casady@esthetic aspects of the
natural habitat are replicated. Many environmecibakacteristics are therefore likely
to be overlooked by the human eye. One such claistat is the high number of
contingencies to which animals must learn to regdpdfectively. As has been
suggested by Markowitz (1982; Markowitz & Aday, 899when natural
characteristics cannot be replicated, unnaturad omey serve to provide the animals
with natural contingencies, such as the power tkenthioices or to control their
environment. In some of the studies in the predeagis the marmosets were required
to present unnatural behaviours (i.e. touch a hutidurn on a light) to gain a natural

contingency (control over their environment).

10.1 NORMAL BEHAVIOUR OF CAPTIVE PRIMATES
While the adaptation of natural features to capérreironments is easier said than
done, the valid comparison of the behaviour of afénm captivity to that of their

wild conspecifics may be even more problematic {segsey et al., 1996a, 1996b).
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Furthermore, what constitutes ‘normal’ and ‘abndri@haviour may be different for
captive and wild animals because of the considerdiffierences in environmental
conditions (Erwin & Deni, 1979). The terms ‘normatid ‘abnormal’ behaviour are
frequently used in the research of animal welfakbout exact definition (e.g. Meyer-
Holzapfel, 1968; Paulk et al., 1977; Bayne etl#892a; Laule, 1993; Bollen &
Novak, 2000; Lutz et al., 2000; Hook et al., 20Raufman et al., 2002). First, it is
necessary to define ‘natural’ and ‘unnatural’ baetvans as these terms are usually

used in relation to definitions of ‘normal’ and radrmal’ behaviours.

‘Natural’ behaviourhas been defined as a behaviour that is “typically
observed in the wild; it is adaptive in the evada@ry sense...(i.e.) has evolved by
natural selection which allows an individual to\sue more easily in its particular
environment and so gives it a better chance oingaaffspring than an animal not so

adapted (Poole, 1988Db, p. 3).

‘Unnatural’ behaviouris defined as a behaviour that is not “seen inntie
Not all unnatural behaviours are regarded as alaphnowever, as they may promote

success within the captive environment” (Poole, 80%. 3-4).

As mentioned above, ‘normal’ behaviour dependsrofrenmental conditions and

varies between natural and captive settings. Defimg for these behaviours in captive

situations follow.
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‘Normal’ behaviourwill “promote the success and survival of the wdiial
and its genetic contribution to the population” amtclearly appropriate to the

particular situation”. It may also “be either nabor unnatural’ (Poole, 1988b, p. 4).

‘Abnormal’ behaviouris defined as a behaviour that is ‘rarely seewiid
populations and does not promote the success amslthival of the individual or its
close relatives (i.e. it does not increase fitndsgppears not to be goal-oriented, so
that its function is not apparent’. It ‘may includiements of normal activities, but

they are performed in an inappropriate fashiono(P01988b, p. 4).

As the behavioural ethogram of captive populatisrepparently different from that
of wild populations both qualitatively and quantialy, an assessment of ‘normal’
behaviour of captive animals is required (Erwin &) 1979). However, such an
evaluation must take into account many variablet s1$ species, age and sex
differences as well as temperament and prior egpee. In Chapter 3, | drew a
picture of desirable and undesirable behaviourgdptive common marmosets;
however, such a general distribution of behavimis ‘desirable’ and ‘undesirable’ is
not enough, and more accurate assessment of ‘riayuadities and quantities for
each behavioural pattern is needed. In this chaptéktry to establish the normal
guantities of locomotion, inactivity and scent magkfor captive adult common
marmosets. These behaviours were chosen giverréieance to welfare and

because comparative data were available.

Although various behaviours may be described asatds or undesirable for

marmosets in captivity (see Chapter 3), the intggtion of some behavioural patterns
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in relation to welfare is ambiguous. The resultshig thesis do not provide a more
definite understanding of the significance of aut@gning and contact between group
members in relation to welfare. On the other hamel significance of tree gouging
now seems to be clearer. In addition, watchingotteerver showed a consistent

pattern across studies, and this behaviour iscidsmssed below.

Tree gouging

Tree gouging is a natural behaviour of wild marme$8tevenson & Rylands, 1988).
However, in captivity this behaviour appeared tgbdormed out of context, as in
captive conditions no gum exuded from the gougdeshd he occurrence of a natural
behaviour out of context may be explained as anesgon of animal needs
(Dawkins, 1983) or, especially when performed mhhirequencies, as a displacement
activity (Schino et al., 1991, 1996; Maestipierakt 1992). In the present thesis,
results of two different studies show that marmesete gouged significantly more
when conditions were poorer. In Chapter 7 youngnmogets gouged significantly
more following a loss of control. In Chapter 8, ldoarmosets (during the Test
phase) gouged significantly more when the device @i These results suggest that
tree gouging (without gum) may be a displacemetivincand therefore be indicative

of reduced welfare in captive marmosets.

Watching the observer

Significant differences between study conditionsinme spent watching the observer
were found in all studies in this thesis. In sorhthese cases the change was time
dependent (i.e. marmosets watched the observefisagly less after the Baseline

phase) which may suggest that the habituation gerfi@round one week prior to
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each study was not enough. In other cases, amati@n between study conditions
and time spent watching the observer was foun8tuiay Ill in Chapter 4, family
group-housed adults watched the observer morephiaihoused adult marmosets.
This finding suggests that when adult marmosetfiaused with their offspring they
pay more attention in relation to ‘predator’ risksaddition, in Chapters 7, 8 and 9,
Master marmosets spent more time watching the wbsduring the Test phase when
the device was off. In Chapter 8, Master marmosetshed the observer significantly
less than Unaffected individuals during the Testgghand in Chapter 9, only Master
marmosets spent significantly less time watchiregahserver after the Baseline
phase. All these findings show that the marmoseatshved the observer significantly
less when they were able to control lights, whicdynmdicate positive effects of
control and/or stimulation (i.e. marmosets wers lasred). It is important to
emphasize that even when animals do not reacetolikerver with anti-predator
behaviours an assumption that animals are notteffdzy the presence of a familiar
observer (e.g. Stevenson & Poole, 1976) might feagy turn out to be mistaken
(Martin & Bateson, 1993) and any change in the olegsés appearance (or odour)
might affect the animals’ reaction to him/her. lEgample, in Chapter 6, during the
Outdoor phase, the marmosets watched the obseprertivan during Test phases in
other studies, possibly because the observer’sedotere different when outdoors

from her indoor clothing.

10.1.1 The behaviour of captive and wild marmosets
The behaviour of the marmosets in the presentshess compared with the
behaviour of wild marmosets as a first step inabsessment of the behaviour of

captive marmosets in different situations (see iediD.1). The activity budget of wild

336



common marmosets has been described in only ttwdes (see Table 10.1). There is
considerable variation between the different studethe amount of time that wild
marmosets spent stationary and feeding. This vamidltustrates the difficulties in
comparing captive and wild populations, and suggimstt any attempt to describe
normal behaviour is likely to necessitate usingrage of values of several different

activities, obtained from studies in a wide varietynvironmental contexts.

Table 10.1 The activity budget of wild common marmosets ¢eatages of time)

Stevenson & Rylands, Alonso & Langguth, Ferrari & Digby, 1996

1988 1989

Moving 35% 11%
(including foraging)

Foraging 24%
Feeding 10% 27%
Stationary (resting) 53% 18%
Social activities 10% 15% (grooming)
Resting+ socializing 37%
Interactions with 5%

other groups

The results of two of these studies (Stevenson &g, 1988; Alonso & Langguth,
1989) are presented in Figure 10.1, in order topamthe activity budgets of the
marmosets in the different studies in this thesih tihe activity budgets of wild

marmosets. Table 10.2 describes the main charstaterof the studies in Figure 10.1.

Figure 10.1 shows that the activity budgets of igapharmosets are in fairly
good agreement with those of their wild conspesjfeesspecially when housing
conditions are improved (see columns I, IV andiVFigure 10.1 b). Erkert (1997)

also found similarities in behavioural data obtdineder laboratory and natural
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conditions (although no actual data on the actibiglget of captive marmosets are
provided in the study). However, the activity budgecaptive marmosets remains
different (albeit similar) from that of wild popuians. In particular, wild marmosets
spend more time foraging and feeding than theitieagonspecifics, as it requires
less time to feed on dry pellets and chopped fthas are served virtually into the
monkeys’ palm just once or twice daily. The diffeces between wild and captive
animals emphasize the necessity of establishimgmanial activity budget’ for captive
marmosets, to allow the comparison between vaigapsve situations and improve

the assessment of welfare.

A noteworthy point that is illustrated very cleamyFigure 10.1 is that even
though overall levels of locomotion and inactiwtgre not considerably affected by
the manipulations in some of the studies, pattefiisese behaviours were changed.
In the Enriched phases of all studies the marmaggisared to be more relaxed, i.e.
showed higher levels of inactive rest and calm toction and lower levels of inactive
alert and agitated locomotion. This finding empbesithe necessity of dividing
locomotion and activity measures into two differeategories. In most enrichment
studies (e.g. McKenzie et al., 1986; Schoenfel@91%erl & Rothe, 1996; Kitchen &
Martin, 1996; Roberts et al., 1999; de Rosa e®ab2; Pines et al., 2002, 2003, 2005;
Bassett et al., 2003; Ventura & Buchanan-Smith32@hamove & Scott, 2005) such
a discrimination is missing, which may explain thek of significant differences
between different conditions (e.g. Kitchen & Marti®96; de Rosa et al., 2002; Pines

et al., 2003; Ventura & Buchanan-Smith, 2003).
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Figure 10.1 Activity budget of marmosets during Baselinedayl Enriched (b)
phases in the present thesis comparedthatiof wild marmoset@-
Stevenson & Rylands, 1988; B-Alonso &gguth, 1989)
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Legend to Figure 10.1

Feed Moving + Social Stationary Interaction
foraging activities with other
groups
Captive o Forage + H Solitary m Contact H Inactive
animals feed play rest
H Explore | Allogroom m Autogroom
Calm | Social play o Scratch
locomotion
Tree gouge Watch
=
observer
Scent mark Inactive
=
alert
Agitated
Locomotion
wild D
animals

Table 10.2 Description of the studies in Figures 10.1 and10

Column in Study, Chapter Natural aspect Manipulation Housingand age
Figures of individuals
I I, 4 Complexity/choice Cage size and Pairs
complexity
Il 5 Complexity/choice Cage size and Family (all
complexity individuals)
1] I, 6 Complexity/choice Free access to Family
outdoors (youngsters)
v I, 6 Complexity/choice Free access to Family (adults)
outdoors
\% 7 Control Additional light Family
(youngsters)
VI 7 Control Additional light Family (adults)
VI 8 Control Coloured lights Family
(youngsters)
VI 8 Control Coloured lights Family (adults)
IX 9 Control Additional light Pairs
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10.1.2 Activity budget of captive common marmosets

In order to establish an improved understandingp@fnormal’ behaviour of captive
common marmosets, quantitative data on locomotmactivity and scent marking
from several studies were compared. Only data xdait marmosets (or whole
family groups, if impossible to separate) were usethere are few studies that
provide data on young individuals in the literat(lvat see Epple, 1970b; Box, 1975a,
for data on scent marking). By and large, the carepa of data from different studies
is very difficult for several reasons. First, inmgastudies no comparable data are
provided (e.g. Box, 1975a, 1988; Vignes et al.,1200entura & Buchanan-Smith,
2003). Second, in some studies data collection odetiogy is so different that
comparisons are not valid (e.g. Chamove & Rohrhul®89; Schoenfeld, 1989; Pines
et al., 2002, 2003). Third, behavioural definitiare inconsistent between studies.
Despite all these difficulties, a comparison betweata from some studies which

provide data that may be validly compared is gibvelow.

Locomotion

A comparison between quantities of locomotion gifts@ marmosets in different
conditions is provided in Figure 10.2. Table 10e3atibes the studies in this Figure.
Data are given for baseline and enriched captivelitons as well as for wild
marmosets. Data are given for different types tifig and locomotion and therefore

comparisons are not straightforward.
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Figure 10.2 Mean durations of locomotion of captive and wildrmosets
(description of the different studiegiigen in Table 10.3; F- Family housed; P- Pair
housed; S- Socially housed, exact coitippgs unknown)
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Percent of time
I

20 A

10

| Il 1l 1\ \% \ | Il 1l \Y) VvV | Wild | Wild

0 cam B Agitated @ Overalldonotion B Locomotion + foraging
B overall activity (excluding locomotion)

B overall activity (including locomotion)

Table 10.3 Description of the studies in Figure 10.2

Column in Study Sample size Enrichment

Figure 10.2

I Study Il, Chapter 4 19 pairs Larger and more dempage

Il Study Il, Chapter 6 8 groups Outdoor cages (dexity, choice)
1] Chapter 8 6 groups Control over coloured lights
v Chapter 9 18 pairs Control over white light

\% Kitchen & Martin, 1996 5 pairs Larger and morengpex cage
\ Chamove & Scott, 2005 unknown No behaviourahdahen enriched
Wild | Stevenson & Rylands, 1988; 6 groups Natemaiditions

wild 1l Alonso & Langguth, 1989 unknown Natural abtions
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Total time spent in locomotion varies from 13%-18%6% overall activity including
locomotion, but unclear as to which behavioursiackided, Kitchen & Martin, 1996)
in baseline (non-enriched) conditions and from 139%6 (52% overall activity,

Kitchen & Martin, 1996) in enriched conditions.

The wild comparison is 35%. It is clear that laggaore complex enclosures
encourage higher proportions of locomotion. Howgewdrat is arguably more
important is the proportion of calm locomotion gitated locomotion that is
illustrated in Studies I-1V and which changes malikdetween housing conditions.
The results of these studies show that the megyoption of calm locomotion to

overall locomotion is 0.26 in baseline conditionsl ®.80 in enriched conditions.

Inactivity

Figure 10.3 compares percentages of time that negte@pent inactive in different
captive and natural settings (studies are desciibédble 10.4). Data on inactivity
are varied for both captive and natural settingslance are very difficult to
compare. It is important to emphasize again thatast welfare studies, no
discrimination is made between different typesnaktivity. Total time spent inactive
varies from 33%-68% in baseline conditions and f@4%-56% in enriched
conditions. Despite the decrease in mean levelsagtivity, differences between

baseline and enriched conditions are less obviwas they are for locomotion.
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Figure 10.3 Mean durations of inactivity of captive and wifthrmosets
(description of the different studiegiigen in Table 10.4; F- Family housed; P- Pair
housed; S- Singly housed; So- Sociatlyded, exact composition is unknown)

80 -

Percent of time

[] Rest g Alert g Overall atizity [ Stationary

Table 10.4 Description of the studies in Figure 10.3

Column in Study Sample size Enrichment

Figure 10.3

I Study II, Chapter 4 19 pairs Larger and more dempage

Il Study II, Chapter 6 8 groups Outdoor cages (dewity, choice)
1] Chapter 8 6 groups Control over coloured lights
v Chapter 9 18 pairs Control over white light

\% Kerl & Rothe 1996 1 male Larger and more complage
\ Chamove & Scott, 2005 unknown No behaviourahdahen enriched
VIl (single) Roberts et al., 1999 16 Feeding dmrient

VIl (pairs) Roberts et al., 1999 12 pairs Feedingolament

Wild | Stevenson & Rylands, 1988 6 groups Natuomditions

wild Il Alonso & Langguth, 1989 unknown Natural abtions
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There is a great variation between studies frord wipulations of marmosets in
recorded levels of time spent inactive (18%-53%)pbly due to inconsistent
definitions. The results of studies I-1V show tbaty small proportions of overall
inactivity were defined as inactive rest. Nevereiss| differences between housing
conditions in proportions of inactive rest to inaetalert are still shown. In baseline
conditions the mean proportion of inactive resbyerall inactivity is 0.008 while in

enriched conditions inactive rest occupies 0.26vefrall inactivity.

It is concluded from these comparisons that ioisrmecessarily the total
guantity of locomotion and inactivity that is ccitil for welfare, but the type of
locomotion and inactivity. Attempts should be maéal@rovide captive conditions in
which marmosets show decreased levels of agitatamriotion and increased levels
of inactive rest (inalert). Providing larger andmnm@omplex cages is clearly one way
to encourage this, but changes in care staff rewid interactions may also be

critical.

Scent marking

Levels of scent marking have been recorded for dthand captive common
marmosets and data for adult individuals are coegpar Figure 10.4 (Table 10.5
provides a description of the studies). Data apgiged in mean frequencies per hour
for baseline, enriched, post-stress and wild saunat(in the different studies data for
only some of these conditions are available). Istaldies data required further
analysis in order to obtain the comparable meajugacies necessary for this

comparison.
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Figure 10.4 Mean frequencies/hour of scent marking of captnagmosets
(description of the different studiegiigen in Table 10.5; F- Family housed;

P- Pair housed)

Frequency/hour

1 []
VI VI
F| F | P

[ Baseline [ Enricheqg

Postssirqgg  Wild

Table 10.5 Description of the studies in Figure 10.4

Column in Study Sample size Enrichment/ stress
Figure 10.3
I Study II, Chapter 4 19 pairs Larger and more dempage
Il Study II, Chapter 6 8 groups Outdoor cages (dexity, choice)
1] Chapter 8 6 groups Control over coloured lights
v Chapter 9 18 pairs Control over white light
\% Epple, 1970b 1 group Male or female intruders
VI Bassett et al., 2003 6 pairs Capture and weighin
VIl Nogueira et al., 2001 6 groups Natural outdoages
VI de Sousa et al., 2006 8 groups Natural outdrzges
wild Lazaro-Perea et al., 1999 5 groups Natural habitat

* Results are giving as a mean of all group membetshat for adults only

It can be seen that frequencies of scent markiagrarch lower in wild populations

(range 0.19/h-0.45/h) than in their captive congmsc However, for wild marmosets

data are given as mean frequencies of whole fagndyps (and not adults only as in
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data from captive populations). It is likely thasraall part of the difference between
wild and captive rates stem from the differencthaavailable data as rates of scent
marking for adults are higher than for young ansnak has been shown in captivity
(de Sousa et al., 2006). In captivity, rates ofhtogarking are highest in post-stress
situations (range 27.3/h-43.2/h) and lowest in oatcconditions, when marmosets
have only olfactory and auditory contact with ndighring groups (2.2/h-3.6/h). This
finding is in agreement with previous research remg effects of proximity to other
groups on levels of scent marking (Stevenson & &d®76; Box, 1977b, 1984a;
Sutcliffe & Poole, 1978; see below). It is notevigrto emphasize that when studying
rates of scent marking it is important to considher age of the animals together with
the time of the day since these factors have be@mdfto significantly affect levels of
scent marking in captive marmosets (de Sousa, &@(fl6). The effect of sex on levels
of scent marking is yet not clear and results elmus studies are contradictory.
Some studies have found no significant effect af(seg. Epple, 1970b; Sutcliffe &
Poole, 1978; Nogueira et al., 2001), while othertsfl that adult female scent mark

significantly more than adult males (de Sousa.efaD6).

The behaviour of captive marmosets in various hmguand experimental
conditions was compared in order to establishberhal’ activity budget of common
marmosets in captive conditions. This first comgamidemonstrates the difficulties in
carrying out such a process. However, it is obvibtias the establishment of values for
the ‘normal’ behaviour of marmosets and other atgrnmacaptive conditions is
essential for research on animal welfare and twatlross-laboratory comparisons.
For the present thesis data regarding the behawichie marmosets in improved

conditions (i.e. higher levels of complexity, chm@&nd control) were compared with
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baseline data from the enriched individuals, togethith data from unaffected (in
most studies) and sometimes yoked individuals (€&ne§). The main effects of

complexity, choice and control are presented indab.6 and discussed below.

10.2 COMPLEXITY

Natural habitats are more complex and variable tagmive environments and
therefore provide far more stimulation. The laclenofironmental challenge in captive
environments may lead to apathy and boredom (Wdéateds & Birke, 1997). It has
been suggested that the complexity of captive enmients has a significant impact
on the welfare of captive primates (e.g. SnowdoBa¥age, 1989; Novak & Drewsen,
1989). The positive effects of physical complexatywelfare (e.g. Kitchen & Matrtin,
1996; Kerl & Rothe, 1996), infant development (Meat& Buchanan-Smith, 2003)
and biochemical structure of the brain (Kozorovys#t al., 2005) of marmosets have
been previously shown. However, the influence afaacomplexity on the welfare of
callitrichids has not been studied extensivelymamy studies the effects of different
aspects of environmental complexity have been tyated simultaneously. For
example, Bayne and colleagues (1992a) studiedehavmour of rhesus macaques in
several housing conditions. These housing condittbffered from each other in
terms of cage size, cage location (indoors/outdamd group composition
(individually/socially housed). The results of sucktudy could not provide clear
evidence on the effects of any one of these aspéetsvironmental complexity. In
the present thesis, housing conditions also soraestuhiffered from each other in
several aspects (e.g. cage size and location); \yeywa comparison between the

different studies may enable a clearer evaluatidheeffects of each separate factor.
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Table 10.6 Effects of complexity, choice and control on tiehaviour of common
Marmosets: A summary of the main resultthefpresent thesis

Chapter Study Group Elevated levels Reduced levels
composition
4 Cage size & Pairs Inactive rest Inactive alert
complexity Calm locomotion Agitated locomotion
Watch observer
5 Cage size & Family group Explore
complexity Solitary play
6 Complexity, Family groups Calm locomotion Agitated locomotion
choice & (youngsterk Explore Inactive alert
outdoor Watch observer Scent mark
conditions Scratch
6 Complexity, Family groups Calm locomotion Inactive alert
choice & (adulty Explore Contact
outdoor
conditions
6 Occasional Family groups Calm locomotion Inactive alert
access to (youngsterk Explore Scent mark
complexity,
choice &
outdoor
conditions
6 Occasional Family groups Calm locomotion Agitated locomotion
access to (adulty Inactive rest Inactive alert
complexity, Allogroom Scent mark
choice & Explore Scratch
outdoor
conditions
7 Control over  Family groups Calm locomotion Inactive alert
additional (youngsterk Solitary play Inactive rest
light Social play Scent mark
Usage of lower part of Watch observer
cage Tree gouge
Usage of upper part of
cage
7 Control over  Family groups Calm locomotion
additional (adulty
light
8 Control over  Family groups Social play Inactive alert
coloured light (youngsterk Solitary play Watch observer
Explore (only main
effect)
8 Control over  Family groups Calm locomotion
coloured light (adulty Inactive rest
9 Control over Pairs Calm locomotion Agitated locomotion

additional
light

Inactive rest

Inactive alert
Watch observer
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10.2.1 Physical complexity

The physical complexity of the captive environmmctudes the size of the enclosure,
its furnishings and its location. The size andfthaishings of captive environments
are linked together in relation to complexity agjé& enclosures allow the provision
of more furniture. It has been also argued thay appropriate cage furnishing allows
an effective utilization of the entire cage spazg.(Novak, 1989; Poole, 1990;
Buchanan-Smith, 1997a; Reinhardt & Reinhardt, 20Bhysical complexity of a
particular enclosure could be measured in relgbahe total quantity of furniture or
as a function of the number of devices per unitiwed. However, reference to the
total number of devices seems more logical astiimaads make use of their whole
enclosure as one unit and the quality of it asrapgiete environment is what really
matters. The effects of each environmental componéimow be discussed

separately.

Cage size

Previous research has shown positive effects gétatage sizes on the welfare of
socially housed callitrichids (e.g. Box & Rohrhup#993; Kitchen & Martin, 1996;
Pines et al., 2002, 2003) and other primates 8agthwick, 1967; Alexander & Roth,
1971; Nash & Chilton, 1986). Findings concernindiwdually housed primates are
contradictory and questionable as in some studlieages were very small (e.g. Line
et al., 1990b, 1991a; Crockett et al., 1992, 19935, 1996) and/or very minimally
furnished (e.g. Line et al., 1990b, 1991a; Crocketl., 1996). The results of all
studies in the present thesis are in accord wikipus research on socially housed
primates, showing positive effects of larger engtes. However, it is impossible to

separate the effects of cage size from those dbsme furnishings (and location in
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some studies), as in all studies larger enclostoetained more furniture. In Study Il
in Chapter 4, double cages were furnished simikarlsingle cages, only containing
more devices of the same type. In this study csdpinotion and inactivity patterns

were affected, but marmosets were more active and nelaxed in the larger cages.

Cage furnishing

Appropriate furnishings and cage design are goodtavéncrease complexity in
captive environments. Any enclosure may become momgplex by adding simple
equipment, and no vast expense is required (irrasttio the possible costs of
enlarging enclosure size or changing locationgviBus studies have shown that
furnishing has a greater influence on welfare thareased cage size alone (Kerl &
Rothe, 1996; Gaspari et al., 2000). Findings ofpfessent thesis also show positive
effects of more equipped enclosures. However, dlaively small impact of a more
complex enclosure on the behaviour of a family groimarmosets (Chapter 5) was
unexpected. The enriched enclosure in this studylarger and more complex (if the
location is not considered) than the outdoor cag€hapter 6. It is possible that the
fewer significant differences stemmed from the $is@inple size in this study (only
one family group). Alternatively, it is possibleatithe outdoor location of the
enriched cages in Chapter 6 and/or the choicelibaharmosets were given between
the home cages and outdoor enclosures had gréf@sen their behaviour than the

size and design of the enclosure.

One problem in providing primates with complex ieonments is that they

may habituate to the complex environment afteradopiged exposure to it and its

positive influence may weaken (see Kitchen & Mar1if96). It has been suggested
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that rotation of enrichment objects may extendpibsitive effects of enriched
environments (Paquette & Prescott, 1988; Line.etl8P1b; Morgan et al., 1998).
However, previous findings on the influence of @bjetation are unclear (Weld &
Erwin, 1990). Bayne (1989a; Bayne & Dexter, 199&resuggested that the rotation
of familiar objects might be stressful to the arlsn&n alternative way to continue
the positive influence of complex environments rhayoccasional exposure to such
environments. This method is usually used dueressaxicted budget and/or space
limitations (e.g. Bryant et al., 1988; O’Neill, 188 1989b; Salzen, 1989; Kessel &
Brent, 1995a, 1995b; Tustin et al., 1996). In Caraptof the present thesis,
marmosets were exposed to enriched outdoor enel®sontinuously for eight weeks
(Study 1), or occasionally (Study Il) over a simifgeriod. The results of these studies
show similar positive effects of exposure to theaplex enclosures. An analysis of
the usage of these outdoor enclosures by the matmibsStudy |, shows no
reduction in use throughout the whole study pe(gae Figure 10.5). In the last two
weeks of the study the marmosets used the out@mmsceven more than they did in
the first six weeks. Results of ANOVA show a sigraht change in mean temperature
across two week blocks{[=8.26; P=0.006). However, results of Tukey post-hoc
tests show that the only significant difference Wwagveen the higher mean
temperature during the last two weeks of the samd/that in the three first two week
blocks. The finding that the marmosets did not cedusage of outdoor cages across
the first six weeks of the study shows that theas wo habituation to the enriched
conditions. However, further analyses and researehequired to investigate the
effects of time on the influence of this prolongegbosure on the behaviour of the

marmosets.
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Figure 10.5 Percentage time of outdoor cage usage for matswosStudy |
throughout the study period (Chapter 6)
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In common with previous findings on callitrichids.§. Redshaw & Mallinson, 1991,
Pines et al., 2002, 2003), the results of the stuth Chapter 6 show a positive impact
of exposure to outdoor conditions. In Chapter 6ramsignificant differences were
found between the study conditions compared witldstl in Chapter 4 and with the
study reported in Chapter 5. These differences émtvwhe studies emphasize the
significance of exposure to outdoor conditions snggest that this exposure
contributes more to the complexity of the environtrtban cage size and furnishing.
However, it is important to stress that in Chagténe marmosets were not only

exposed to more complex outdoor enclosures, bytweee also allowed to choose
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between their indoor home cages and these enctstinerefore, it is likely that the
choice that was experienced also contributed tanpeoved welfare of the

marmosets (see below).

10.2.2 Social complexity

The social environment of captive animals may beensggnificant, and its
ramifications more complicated, than those of thgsgcal environment. Social
interaction is of great importance to the welfafeaptive primates (e.g. Wolfensohn
& Honess, 2005; Rennie & Buchanan-Smith, 2006bier#ists generally agree that
captive primates should be provided with a sogi@irenment that is as close as
possible to their natural social group composi{e. Poole, 1990; Buchanan-Smith,
1994, 1997a; Honess & Marin, 2006). However, thdifigs of Chapter 4 contradict
this approach, indicating that adult marmosetsraree relaxed when housed in pairs
rather than in family groups (which would be moagunal for them, Ferrari & Lopes
Ferrari, 1989; Arruda et al., 2005). These resarésunexpected and were discussed in

Chapter 4.

The composition of the study groups also affetiedreactions of adult
marmosets to the study manipulations. In Chaptensd79, marmosets were given
control over additional light in their home cagdeTresults of these studies show that
adult marmosets were more affected by the additiggia, and by controllability,
when they were housed in pairs than when in fagribups. These findings are in line
with Box (1984a) who found that non-parent adultrmasets were faster to respond
and more active with respect to novel objects thare parents. In contrast, Vignes

and co-workers (2001) found no effects of group position on the reactions of
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common marmosets to novel food enrichment. Thdteestithe present thesis and of
Box’s study (1984a) suggest that adult marmosetsrare stressed and less aware of
environmental opportunities when housed with tbhéspring. However, a
comparison between columns VI, VIl and IX in Figarl0.1 and 10.6 shows that
adults in both group compositions react in a simalay to controllability. This
suggests that the more significant differences eetwstudy conditions that were
found for pairs were due to the larger sample @zamily groups vs. 18 pairs). It is
also important to mention that when family groupsnarmosets were given the
choice between their home cages and outdoor eme®saill family members,
including adult parents, used the outdoor cagedlaidbehaviour was positively
affected. Therefore, it may be suggested that tbeigion of choice and/or exposure
to outdoor (more natural) conditions is more sigaift to the welfare of captive
marmosets than cage furnishings, and/or contrditialpover unnatural environmental

aspects), as even adults in family groups are ipebitaffected by them.

Another aspect of the social environment is proyirto other groups of
marmosets, which is usually more intense and freigudaboratory conditions than
in the natural habitat (Stevenson & Poole, 1976¢,B8984b). Previous studies have
shown that marmosets showed decreased levelsmtfreaeking when they were
moved to an enclosure where they had no contabtatiiter marmoset groups (Box,
1977b, 1984a), and increased levels of scent n@gmkiren they had visual contact
with other groups (Sutcliffe & Poole, 1978). In @hber 6, the marmosets had no
visual contact with other groups in the outdooresa@in contrast to the indoor cages).
Further, in the outdoor cages they had less olfg@tod auditory contact with other

groups than they had in the indoor cages as there anly four groups at a time
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outdoors, while the indoor colony rooms containeast eight different family
groups. It is possible that the reduction in th@ant of contact with neighbouring
groups played a role in the positive impact ofdb&door conditions on the welfare of
the marmosets. In common with previous studiesereffects of contact with other
groups, the marmosets scent marked less outdaorsriioors (although previous
presence of other marmoset groups in the same auéthalosures may have caused

increased levels of scent marking).

Similarly, in Chapter 5, the family group had notaet with other marmoset
groups when housed in the enriched enclosure. Henvévs impossible to separate
the effects of this factor from those of other &tians between the different housing
conditions. Few significant behavioural differenee=re found between baseline and
enriched conditions in this study. Neverthelesss, fdamily group grew to 17
individuals, which is not only much larger than fhngroups in colony rooms in the
same laboratory (maximum 9 individuals), but idége compared to marmoset
groups in natural habitats, in which the largesugrthat has been observed has
comprised 15 individuals (Scanlon et al., 1989 likely that the lack of contact
with other groups contributed to the stability bistgroup as the marmosets were

more relaxed.

Interaction with humans is an additional aspec¢hefsocial complexity of
captive primates. The importance of the human-anmad has been previously
described (e.g. Roberts, 1989; Bayne, 2002; Cosg2804; Rennie & Buchanan-
Smith, 2006a). Although this aspect of social carpy was not formally studied in

the present thesis, it is noteworthy to mentionsddeent influence of housing
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conditions on the interaction between the marmaaedsthe laboratory technicians.
When housed in the standard laboratory cagesl(&zak) in colony rooms, the
marmosets tended to avoid close proximity to tezians and became agitated when
they enter the room. In contrast, in the largercéied enclosures (in Chapters 5 and
6) where humans could walk into the marmoset enoéss(in the enriched enclosure
in Chapter 5 they had to do it on a daily basigyroter to feed the animals), the
marmosets tended to interact with the techniciansay other humans who entered
their enclosures) voluntarily, showing curiosityddmardly any signs of fear. Further,
the care staff enjoyed to being able to interath wie marmosets in such a positive
way and their attitude towards the marmosets imguias a consequence. However,
this phenomenon was not officially studied and leendl not be discussed any

further.

10.3 CHOICE

Complexity and choice are strongly linked; thuseagironmental complexity
increases, animals experience more choice. Howg\vedifficult to investigate the
influence of choicger seas it is usually confounded with the effects & thoices
provided. As a consequence, the impact of choicth@hehaviour of animals has not
been studied extensively (but see Chapter 2). Alsitmave many choices in their
natural habitats and the provision of choice tdiga@nimals may have various
beneficial effects (Huchinson, 2005). Captive masete have been given choice
between foods (Petto & Devin, 1988), cage locat{&tg et al., 1997) and nest boxes
(Hosey et al., 1999). However, in none of thesdistuwas the influence of choice

per seexamined.
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In the present thesis, the effects of chgeesewere also not separated from
other aspects of the studies. Whenever the marsmagee housed in complex
enclosures (Chapters 4, 5 and 6) they also expatdemore choice. In Study Il in
Chapter 4, marmosets were able to choose between &nd upper parts of their
cage. All marmosets, regardless of their familjawiith cage location, chose to spend
significantly more time in the upper part of thgeaThis finding suggests that
doubling vertical space does not double utilizaglace as marmosets use the upper
half of the cage for more than 80% of the time. THwel of the single cage that the
marmosets had previously occupied did not appeafféot the behavioural changes
in the marmosets after they were moved to the @ocddes. These findings suggest
that both the size of the cage and the abilityntmose location affected the
marmosets’ welfare positively. Further, Kitchen dartin (1996) found that
marmosets used the lower part of high cages moea ke cages were more
complex. Ely and colleagues (1997) also found metmosets used the upper part of
their cage more than the lower part of it. The arglsuggested that monkeys prefer to
avoid the lower part of their cage when insuffi¢iemniture is provided to allow them
to perform vertical flight behaviour. In this stydgwer and upper parts of the cages
were furnished identically and the furniture preaddhe marmosets with relatively
easy access between cage locations. However, tteasets preferred the upper part
of the cage and used the lower part of it only smoally (to get food for instance).
To sum up, the complexity (furnishings) of the caggey affect the animals’ choice

between different locations inside the cage.

Similarly, in Chapter 6, the marmosets had a eéhb&tween their indoor home

cages and the outdoor enclosures (which also allomare choice as they were more
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complex). Here again, one could argue that it &dass to provide marmosets with
access to outdoor enclosures in cold weather veasitfound that they utilized the
outdoor enclosures significantly less when the &maure was under 18°C. However,
marmosets were observed outdoors even when theetatape was 10°C (formal data)
and lower (informal data). Previous research hsg sthown that primates used
outdoor enclosures in extreme weather conditiomsr{&ein, 1980; O’Neill-Wagner

& Price, 1995). These findings suggest that thacehbetween different enclosure
locations remains beneficial even when the monkieysot use all enclosures at the
same rates. Access to an additional enclosure mangdd at least as a refuge from
agonistic encounters and as an opportunity to ebptoximity to other group

members (Rumbaugh et al., 1989).

A comparison between the effects of the loss offlerity and choice in
Chapters 5 and 6 may provide a better indicatiath@®ffects of choicper se In
Chapter 6 the marmosets had free access betweend@closures and showed no
significant impact of the loss of this access.dntcast, in Chapter 5 the marmosets
were housed in an enriched enclosure and on adeas@ns were moved to smaller
and less complex cages. The effects of these emagatal changes were significantly
negative. These differences between the studiessoggest that the choice between
the enclosures had positive effects on the webthe marmosets in Chapter 6.
However, the effects of choiger seare not clear as yet and further research on this
issue is required. At any rate, although it haslj@eviously found that too much
choice may not be desirable for humans (Savagk, di959; lyengar & Lepper,

2000), it is unlikely that captive nonhumans wilffer from too much choice as

choices will always be fewer compared to thoseaiural environments.
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10.4 CONTROL

It is obvious that the natural habitat of marmosetomplex and that wild marmosets
experience a large amount of choice in their dday but do they control their
environment? After all, they cannot switch the sarand off, and they do not press
levers in order to earn food, so what do we realyan when we say that wild animals
have control over their environment? Snowdon an@&&a (1989) argued that
“animals must be able to act on the environmentcam$equences must result from
their actions” (p. 81). Wild animals are free td ae environmental changes and it is
possible that this freedom demonstrates theirtglhdi exercise control over their
environment. Barnes (1981, p. 410) suggested thatéxtent to which the
environment enables a person to successfully aglpkans and goals determines the
person’s level of satisfaction with himself or ref&nd with the environment”.
Barnes described the emotional reactions of huneagb to their interaction with the
environment; however, this argument may also beag@te when describing the
interactions of nonhuman animals with their envinemt. Thus, natural habitats
provide the animals with more freedom to fulfil iheotivations (i.e. they may
control their own actions) and therefore they mayrwmre satisfied than captive

animals, which lack this freedom.

Many scientists have argued that captive anintadsild be provided with
opportunities to control their environment (e.gyBa, 1989a; Chamove & Anderson,
1989; Line et al., 1990a; Scott, 1991; Buchanant$mP97a). Nevertheless, little
research has been done on the effects of conteslmmsitive stimuli on welfare.
Furthermore, as mentioned in Chapter 2, studi@gioh the authors argued that they

allowed animals to exert some control are veryeddht from each other. Skinner
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(1996) suggested that when the same term refeferyodifferent constructs, findings
may appear inconsistent or even contradictory whdact it is the definitions that are
inconsistent. This is the case in control studrebtaus it is necessary to provide an
appropriate definition for the term ‘control’ angpecially to discriminate between the

various levels and types of control that may begito captive animals.

Sambrook and Buchanan-Smith (1997) defined coasahe likelihood of an
event occurring depending on an animal’'s behavidlbey also provided grades of
controllability in novel objects (p. 212):

1) Fixed- animal can move only with respect to obfect). swinging on bars).

2) Moveable- animal and object free to move with respa each other and
enclosure (e.qg. throwing or pushing objects, tramnkétween animals).

3) Malleable- action applied to point on object resutt effect at same location

(e.g. squeezing rubber ball, bouncing on tree l)mbs

4) Analogue- action applied at one point generatefogna effect at another

(e.g. use of levers).

5) Digital- no analogue relationship between causesdfatt (e.g. most

electronic mechanisms).

According to these authors, the grades are ordertedms of increasing

sophistication of cause and effect relationshipgré&fore, the higher grades are
unnatural and may be undesirable in captive enmearis by those who support the
natural approach to environmental enrichment. @rother hand, if animals provided
with enrichment graded in any of these categomesansequently considered to have

control, then almost all captive animals exert stewel of control over their
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environment. However, the effectiveness of thistialability is questionable. Those
who support the behavioural engineering approa@mtironmental enrichment
would argue that it is more effective to provid@tbge animals with higher levels of
controllability, even by using artificial techniga® enable this control (Markowitz,
1982; Barber & Kuhar, 2006). This last approacheapp to be more useful in
laboratories which, in contrast to zoos, have niedom to provide any kind of
enrichment, even very artificial, and usually ao¢ able to provide the animals with
naturalistic environments. Zoos, on the other hane ,more restricted in enclosure
design as they are obliged to stick to more eco#dlyi relevant stimulation and
natural behaviours, due to their responsibilitygablic education and conservation
(Kreger et al., 1998; Young, 2003). The contribatad this approach to the welfare of

the animals is debatable.

Sambrook and Buchanan-Smith (1997) graded leYalsrdrol by the action
that was necessary in order to exert control. Ild/éke to suggest a classification of
degrees of control dependent on the consequendhs ahimal’'s behaviour and its
implications for the animal itself. In other word@sntrol would be classified by the
degree to which the animal’'s behaviour changesntéronment, and the effects of
this change on the animal. By performing variousayurs in different situations
(see grades of controllability above, Sambrook &lBanan-Smith, 1997) animals
may cause changes in different aspects of their@mment. These changes may be
described as levels of control that the animaldwes its environment (see Table

10.7).
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Table 10.7 Degrees of control that an animal may exert dggegnvironment

Type of control Description Examples from literature
Attaining food The animal earns food by exertinghkvo | Markowitz, 1982; Swaisgood et
al., 2005

Changing location of g The animal is able to move objects withiBayne, 1989a

particular object the environment

Changing The animal is able to change structurg &fanofsky & Markowitz, 1978
characteristics of a objects or able to produce sounds from Sheferly et al., 1993; Sambrook
particular object particular object & Buchanan-Smith, 1996; Brer
& Stone, 1998; Vick et al.,
2000; Ross et al., 2000; Tarou|et
al., 2002, 2004; Videan et al.
2005

—

Changing aspects of | By changing the structure of objects thEujita, 1987, 2001; Shefferly e

—

part of the animal change parts of the environmeratl., 1993; Brent & Stone, 1998;
environment (e.g. disperse pieces of paper |ovidean et al., 2005; Chapter|8
cardboard on the floor) this thesis
Changing general The animal change general characteristi@oodrick, 1970; Joffe, 1973;

characteristics of the | of the entire environment (e.g.Kavanau, 1964, 1978; Savory &
environment illumination, thermal conditions, music)| Duncan, 1982; Jones & Nical,
1998; Taylor et al., 2001;
Chapters 7 & 9 this thesis

Changing location The animal is able to move betweRumbaugh et al., 1989; Chapter
separate enclosures and hence contrdl @ghis thesis

physical and/or social environment

The above classification suggests that almost ygrey of enrichment provides the
animals with some degree of control; however tieigrde depends on the quantity and
the quality of the environmental change that thenahcauses by its behaviour. The
greater change the animal’'s behaviour causesréaey the degree of control that the

animal has. It is essential to emphasize that THhI@ is not entirely graded. For
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example, attaining food is not necessarily leshisbipated in terms of control than
changing characteristics of the environment, aohging locations is not necessarily
more sophisticated than changing environmentalifeat These first and last grades
in the table are arguably not necessarily reladezbhtrol. Some scientists consider
that attaining food through work is a type of cohthat the animals gain over the

environment (e.g. Mineka et al., 1986; Line et H190a; Roma et al., 2006).

However, according the definition of Sambrook anatfBanan-Smith (1997),
this behaviour could not be described as contritithalas by performing it, animals
reduce the likelihood of getting food comparedh® dption of getting free food (i.e.
work reduces time for eating free food). The lastreple in Table 10.7 is also
guestionable. By changing its own location, theraaiis behaviour does not cause any
change in the environment, but for the animal fitded whole environment has been
changed. In the present thesis such an option ivas tp the marmosets in Chapter 6
where they were allowed free access between tverdift enclosures. In the present
thesis | used the term choice to describe thisiBpeontingency; alternatively one
could have argued that the marmosets had contesltbeir own location and their
companions. This case demonstrates again the ecomfostween choice and control

and the difficulty of drawing clear distinction leten the two terms.

In Chapters 7, 8 and 9, the marmosets could chdiffgeent characteristics of
their environment by touching a touch sensitivediutin Chapters 7 and 9, the
marmosets controlled the level of illumination lreir cage, which may be considered
to be a general characteristic of the environmignet ihtensity of the light changed the

whole of the lower part of the cage). In Chaptath8, marmosets controlled the
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projection of coloured lights into their cage. Thauld be considered to be a lesser
degree of control as it involves changing aspetctaly part of the environment
(coloured lights were projected on one wall onfhe behaviour of the marmosets
was affected similarly by these two different cohtypportunities. However, the
marmosets showed a significant reduction over timtbeir reaction to the
controllability when the consequence of their batavwas the projection of
coloured lights and not when it was an increasgitt intensity. This variation
between the two studies may suggest that when ns@tsicould control a more

general aspect of their environment, this contisgemas more significant to them.

10.5 THE EFFECTIVENESS OF THE ‘THREE CS’

The effects of complexity, choice and control wieneestigated in various studies and
situations. The results of these studies are sumathin Figure 10.6, which shows
changes in levels of desirable and undesirablevi@lng between the Baseline phase
and following the manipulation in each of the sasdiTable 10.2 (p. 340) describes

the main characteristics of each study.

The findings of the present thesis underline thaicance of each of the
‘Three Cs’. The enhancement of complexity, choippartunities and controllability
all resulted in decreases in levels of undesirbbleaviours, increases in levels of
desirable behaviours and an overall improvemetitenwelfare of the marmosets.
These results validate previous recommendatiorsglseve) together with national
legislation and international guidelines (IPS, 1,998uncil of Europe, 2004; Home
Office, 2005) regarding the importance of complkexithoice and control for captive

primates.
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Figure 10.6 Comparison between the various studies of theighe relation to
changes in desirable and undesirablevieines (A- Baseline phase; B-
Enriched phase)
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In addition, in contrast to expectations, basegmvious research (e.g. Brady, 1958;
Hanson et al., 1976; Zimmerman & Koene, 1998) gaiBcant negative effects of
loss of complexity, choice or control were foundtfwthe exception of the study in

Chapter 5). Therefore, it is beneficial for captmarmosets to be exposed to complex
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environments and choice opportunities and to esarte control over their
environment even if these enhancements have tedasional. A comparison
between all studies reveals several interestirgjrfgs, differences in the reactions of

the marmosets to each of the ‘Three Cs’ and aderdifces in these reactions.

The level of the cage (Chapter 4, Study ) affectely scratching behaviour,
which is considered to be stress related. Oth@rded behaviours were not affected,
but it is noted that all cages at both levels wetatively small and provided relatively
poor housing conditions for the marmosets. In @atithe size of the cage (Chapter
4, Study Il) had an influence mainly on locomotammd inactivity patterns. It is likely
that the marmosets had more activity options irditngble cages, but the housing
conditions were not different enough from thoséhm single cages to influence other
behaviours. The exposure to more complex enclog@fegpters 5 and 6) as expected
resulted in increases in levels of exploratory béha (Berlyne, 1960; Dember &
Warm, 1979; Hughes, 1997). No changes in levetxploratory behaviour were seen
in response to enhanced levels of control (Chagt8rand 9). However, if behaviours
which were related to the device were includedeneagal exploratory behaviour,
exploration increases (although not to levels g@i@vation in outdoor cages). Finally,
exposure to complex outdoor enclosures and thedrmado choose between these
enriched enclosures and the home cages had thegretiects on the behaviour of
both young and adult marmosets. However, as meadibefore, it is impossible to

separate between the effects of complexity andcehiaithis study (Chapter 6).

Differences between the responses of young and eduimosets were also

found, especially in relation to controllability li@pters 7 and 8). Young marmosets
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were affected by the manipulations (controllabibyd increase in light
intensity/exposure to visual stimulus) much mownthdults. In addition, youngsters
manipulated the apparatus more than adults. Tlessdts are in agreement with
previous studies on callitrichids (Menzel & MenzE9,79; Box, 1984a; Millar et al.,
1988; Molzen & French, 1989; Majolo et al., 20a3bwever, when the novel object
was food, adults dominated access to it (Box & BniiB95). In contrast, when adults
were housed in pairs the influence of controllfpiin their behaviour was greater
compared with family group-housed adults (see Ghait In addition, no such age
differences were found when the marmosets weresexpto the outdoor enclosures.
These distinctions emphasize the point that diffeh®using enhancements have
dissimilar effects on the behaviour of the marmssand affect adults and youngsters

differently.

Chapter 1 outlined the goals of environmental émient. The first goal was
to prevent or reduce the performance of abnorniadeurs. Abnormal unnatural
behaviours, such as stereotypies, were seen alaudhequencies that precluded
statistical analyses. In several studies, levetseht marking, scratching, tree
gouging and agitated locomotion were reduced iretireched phases. These
behaviours are considered to be undesirable arat@ahwhen performed in high
frequencies and/or out of context. The second waalto increase the range of
desirable, species typical behavioural patterna. @vel behavioural patterns were
performed in reaction to most of the manipulationthe present thesis. However,
when the marmosets were allowed access to outdotoseires they performed more
natural behaviours such as prey catching and shimigadi.e. resting in a ‘sprawl

position’ on a sunlit branch, Stevenson & Rylarid88). In addition, in all studies,
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the marmosets showed more relaxed locomotion awdiuity patterns which were
apparently more natural. The third goal was toaase the normal distribution of
behaviour patterns. Figure 10.1 shows that theiacbudget of the marmosets was
closer to the activity budget of their wild consifies in the enriched conditions. To
sum up, all three goals were fulfilled, that issty, complexity, choice and control

were shown to be important elements in enhanciadiths of captive marmosets.

10.6 FINAL CONCLUSIONS AND RECOMMENDATIONS

The study of animal welfare

Whilst it may not be possible to conclude from évailable data the normal ranges of
locomotion, inactivity and scent marking for captsommon marmosets, it has been
useful to provide details on the range recordddifferent situations and contexts. It is
strongly recommended that future researchers dissh between different categories
of locomotion and inactivity, and where possibldofw consistent behavioural
definitions and methodology to allow valid comparis to be made. This would bring
behavioural data in line with some of the body gigrowth rate and physiological
parameters for which a range is available in tieediure (e.g. Hearn et al., 1975;
Abbott & Hearn, 1978; Poole & Evans, 1982; Ros§11#raijo et al., 2000;

Rensing & Oerke, 2005), and improve the accurdegpnetation of welfare.

The ‘Three Cs’

It is impossible to rank the ‘Three Cs’ in termsmportance as they are so inter-
related. Complexity affords greater choices, andenohoice allows a greater degree
of control. It is recommended that enclosures,ifirings, feeding and other

husbandry or positive reinforcement training roesimre designed to be complex,
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afford choice, and provide opportunities that iasethe likelihood of an event
occurring based upon the behaviour of the anima.dlso strongly recommended
that the social conditions and the age of the iddials are considered before
providing enrichment, as the various types of emvinental enhancements have

dissimilar effects in different conditions.
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