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ABSTRACT 
 
There is a growing need for non-human primate populations in captivity to be managed 
using techniques based on scientific principles, to be able to maintain self-sustaining 
populations, to educate our burgeoning human population about current conservation 
issues and for some zoological parks, to successfully reintroduce these populations into 
their wild habitats. It is thus recognized that captive primate groups should be housed in 
environments in which their welfare is not compromised and where they can exhibit 
most, if not all of their natural social and behavioral characteristics. In order to design 
and maintain ideal captive environments such as these for primates, it would be 
imperative to incorporate applied animal behavior and welfare research in the mandate of 
conservation breeding programs in zoos. In this paper, the need to include applied animal 
behavior and welfare research in the conservation breeding program set up for lion-tailed 
macaques in Indian zoos has been addressed and the significance of long-term behavior 
and welfare monitoring of breeding groups along with the provision of environmental 
enrichment has been emphasized. 
 
Key words: animal welfare, primates, breeding program, lion-tailed macaques, zoos, 
India 
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INTRODUCTION 
 
Although there is often a difference in opinion between conservation biologists, wildlife 
managers and animal welfarists on how to manage captive primates, zoos and 
conservation breeding facilities worldwide have recognized the importance of animal 
welfare research and are promoting such studies in their facilities (Stoinski et al 1997; 
Wiese & Hutchins 1997). As conservation breeding and reintroduction is still being used 
as a conservation strategy to conserve threatened primates by some zoos/ conservation 
centers, animal welfare research is being conducted to improve breeding, animal training, 
to upgrade husbandry and management protocols, to meticulously document scientific 
information and to optimize reintroduction success for many species. Studies on captive 
primates have provided information to zoological societies on how to house animals in 
ways that meet their basic physical requirements, while providing appropriate 
environmental and social stimulation (Maple et al 1995). By implementing the results of 
these zoo biological studies in animal management, visitor awareness has also been 
achieved actively through education programs, and passively through exhibiting animals 
that follow species-specific behavior patterns. Through conservation breeding programs, 
zoo staff has the opportunity to observe endangered species of primates and apply their 
knowledge to improving the health and welfare of these species in captivity.  
 
The first step towards breeding rare and threatened primates is to examine their free-
ranging counterparts to develop a sound understanding of the species biology and 
behavior. Information from the wild will assist in understanding the dynamics of captive 
environments and the factors that influence the behavioral repertoire of captive primates. 
Studies such as these have helped scientists to identify problems in managing captive 
primate populations in zoos (Kleiman et al 1991; Lindburg et al 1997; Stoinski et al 
1997). Conclusions drawn from these studies have been included in the development of 
methods that provide zoo animals with adequate sensory input to exhibit a natural 
behavioral repertoire. In several cases, documented evidence from zoo welfare research 
that has managed to successfully improve captive primate welfare, have been compiled 
into husbandry guidelines for the management of the species in captivity (Wiese & 
Hutchins 1997). In this paper, I address the importance of applied animal behavioral/ 
welfare research to the management of threatened non-human primates in captivity. The 
ability of a captive primate to cope with its artificial environment also influences its ability 
to breed (Mallapur et al 2006) and could be detrimental to its welfare and psychological 
wellbeing. Poor welfare could in turn have an adverse effect on breeding programs. I 
have used the lion-tailed macaque (Macaca silenus) breeding program in India as an 
example to explicate the relationship between animal welfare and husbandry and 
management of primates in zoos, and to lay emphasis on the significance of animal 
welfare research in a zoo setting.  
 
BREEDING PROGRAMS FOR THREATENED PRIMATES  
 
Zoos and the management of primates in captivity have evolved over the years to give 
rise to better management practices and the modern zoo under the guidance of strict and 
regularized international, national and regional codes of conduct. I now take you on a 
brief tour through time to explain the evolution of the modern zoo. It was during the 
mid-20th century when zoos initially began to include research and conservation in their 
mandates. Heini Hediger (1964), the father of zoo-biology was the first member of the 
zoo community to strongly emphasize the need to include research and conservation in 
the zoo agenda in his books on wild animals in captivity. By the early 1970s, wild animals 
were being bred in captivity and growing concern of the dwindling numbers of the species 
in the wild led to the reduction of acquisition of animals from their natural habitats 
(Wallis 1997). During the same period, Gerald Durrell (1960) also suggested the initiation 
of long-term breeding programs in zoos to complement in situ conservation. Soon 
breeding programs were set up for primate species from different parts of the world 
(Lindburg et al 1997; Savage et al 1997; Stoinski et al 1997; Zeeve & Porton 1997).  
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Conservation breeding is a strategy used to complement in situ conservation 

efforts to save species that are on the verge of going extinct (IUDZG/CBSG (IUCN/SSC) 
1993). Some scientists believe that for the future of conservation of most species at risk 
from extinction, there is a requirement not only for the preservation and management of 
critical habitats but also for the development of scientifically-managed propagation 
programs for captive animals by zoos (Kleiman et al 1986). Breeding programs such as 
these would probably prove beneficial to overall conservations efforts made to conserve 
some species that have been reduced to a small number of animals/ groups and live in 
fragmented habitats. However, I would like to caution those employing breeding 
programs for primates as these programs do not provide an ultimate solution for the 
species or habitat conservation. Captive propagation and reintroduction should only be 
considered as a “back-up” option complementary to in situ efforts made to conserve not 
only the species in question, but also its habitat. Nevertheless, it would be advisable for 
zoos aiming to maintain self-sustaining populations of certain primate species, to be a 
part of regional, national or international species survival programs. Also, if zoos manage 
to produce self-sustainable populations of primates, there would be little or no need for 
them to acquire animals from the wild reducing human pressure on free-ranging 
populations of the species.  

 
For a successful zoo conservation strategy, the need of a sound educational 

program and management setup is paramount. Modern zoos, or zoos managed 
professionally on the basis of well-thought out management protocols and scientific 
principles, could play an important role in primate conservation through scientific 
research, in situ conservation efforts and public awareness programs. Scientific research 
in the form of basic and applied research in fields such as animal behavior and welfare is 
absolutely essential and should also be emphasized in zoo research (Kleiman et al 1986) 
for the development of scientifically-based husbandry and management protocol.  
 
CAPTIVE ENVIRONMENTS AND PRIMATE BEHAVIOR 
 
In most zoos in North America (USA and Canada), Europe and Australasia, advanced 
husbandry and management methods are used to manage primates through modern 
exhibit design, which stimulate the animals to display a natural behavioral repertoire. In 
zoos situated in developing countries such as India on the other hand, behavioral 
abnormalities displayed by primates are a common feature (Mallapur & Choudhury 2003; 
Mallapur 2005a; Mallapur et al 2005a). Some of these behavioral abnormalities (eg self-
injurious behaviors, bouncing, stereotypic pacing, and floating limb) are fairly similar in 
form and manner to the behaviors exhibited by primates housed in laboratories 
(Anderson & Chamove 1980; Chamove et al 1984; Anderson & Chamove 1985). Since 
the lion-tailed macaque breeding program in India has been used as a case study in this 
paper, I have used evidence from laboratory-based primate studies to interpret these 
results. In the subsections to follow, I discuss the effects of five factors of captivity – 
enclosure design, early rearing history, group composition, feeding regime and presence 
of visiting public, on the behavior of captive primates. Behavior was chosen mainly 
because a considerable proportion of the current welfare research conducted on captive 
primates focuses on behavior (Ludes & Anderson 1996; Hoff et al 1997; Lukas 1999; 
Hook et al 2002; Bloomsmith et al 2003; Davis et al 2005; Hosey 2005; Mallapur et al 
2005a, b; Peel et al 2005; Plowman et al 2005; Mallapur et al 2006) which suggests that 
behavior is the most commonly used and popular measure of animal welfare. However, 
the use of behavior as a welfare indicator is cautioned (Mason 1991; Mench & Mason 
2000; Mason & Latham 2004). 
 
Influence of enclosure design on the behavior of captive primates 
 
Animals are sensitive to their physical surroundings from which they derive biological 
cues. If the physical space is optimal, the presence of appropriate environmental stimuli 
will motivate animals to exhibit species-specific behaviors. The type of enclosure space 
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provided both qualitative (what is provided within the enclosure) and quantitative (how 
much space is provided) is crucial to the animal’s welfare and psychological wellbeing. A 
considerable number of studies are attempting to apply a biological approach to 
environmental design; even so, there are few well-coordinated projects on the effects of 
enclosure design on the welfare of captive animals (Appleby & Waran 2000).  
 
 Primates require species-specific enclosure design and sufficient usable horizontal 
and vertical space. Primates housed in unnaturally barren environments or small exhibits, 
are deprived of appropriate stimuli for the expression of a natural behavioral repertoire 
(Reinhardt et al 1996; Reinhardt 1997). Hence, the provision of extra barren space does 
not encourage a significant change in behaviors displayed by captive primates (Reinhardt 
et al 1996). It has been observed that animals housed in sub-optimal environments 
develop a wide range of abnormal behavioral patterns (for example Clarke et al 1982; 
Goerke et al 1987; O’Neill et al 1991).  
 
 Primates live in complex natural environments in relatively large group sizes with 
a number of interactions both inter-specific, intra-specific and with the environment at 
any given point of time. Providing them with a physical environment which is a exact 
replica of their natural home is currently difficult to achieve. Scientists emphasize that no 
single factor should be used to determine the size of enclosures for captive primates 
(Buchanan-Smith et al 2004; Prescott & Buchanan-Smith 2004). Instead, a group a 
factors which include the individual’s morphometric, physiological, ecological, social and 
behavioral characteristics should be used to determine the adequate enclosure sizes for 
captive primates (Buchanan-Smith et al 2004). 
 
Influence of early rearing history on the behavior of captive primates 
 
Young animals in primate societies learn complex sequential behaviors and facial 
expressions by watching their peers and by practicing through “trail and error”. Several 
forms of behavior develop during the formative years (1 to 3 years) and depend on 
normalcy of the physical and social environment for their development. In the absence of 
a natural social and/or physical environment during the first few years in a primates life 
leads to the development of abnormal behavior patterns. For example, isolation of a 
young animal, denies the individual the opportunity to exhibit social interactions. 
However, the motivation to exhibit social/ reproductive behaviors still exists and 
occasionally results in the behavior being self-directed for example self-injurious behavior 
which is a form of redirected social aggression (Anderson & Chamove 1980; Chamove et 
al 1984; Anderson & Chamove 1985). There is a high incidence of abnormal behavior in 
captive primates with a history of social deprivation (for example Anderson & Chamove 
1980; Chamove et al 1984; Anderson & Chamove 1985; Mootnick & Baker 1994; 
Mallapur & Choudhury 2003). Self-mutilatory behaviors (when an animal directs threats 
towards a part of its own body, Chamove et al 1984), for example, have been observed 
in singly-housed animals and in animals with a history of social deprivation. These 
abnormal traits are not seen in free-ranging animals or in animals in captivity that has 
been reared in social groups (Erwin & Deni 1979). 
   
Influence of group composition and size on the behavior of captive primates 
 
Free-ranging primates are social and live in groups that vary in size and composition. 
Some species, like lorises (Nycticebus or Loris spp.), live solitarily while others, like the 
gibbons (Hylobates spp.), live in monogamous pairs. Baboons (Papio spp.), Langurs 
(Presbytis spp.) and macaques (Macaca spp.), live in large groups consisting of several 
females. The modern zoo takes care to ensure that primates are housed in their species-
specific group compositions.  
 
 Primates, although precocial as an order, produce young that are completely 
dependent upon their social groups at birth and through infancy. Hence, in the wild, 
primates’ lives are social from birth to adulthood which suggests that housing animals 
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singly or in a group composition that is inappropriate for the species could result in a 
change in the natural behavioral repertoire and/or a reduction in normal reproductive and 
social behaviors exhibited. Housing primates in unnatural social groups also leads to the 
display of abnormal behaviors such as self-mutilatory behavior, self-clasping, 
masturbation, re-ingestion, regurgitation, coprophagy, stereotypic pacing and an inability 
to breed (Erwin & Deni 1979; Rendall & Taylor 1991; Reinhardt 1997). A classic example 
is a study on a captive group of Japanese macaques (Macaca fuscata), consisting of one 
male and three females. The dominant female was observed participating in most of the 
copulations with the male and disrupting copulations between the male and the other 
females (Rendall & Taylor 1991). The lowest ranking female was observed to exhibit 
auto-erotic stimulation and homosexual behaviors which was attributed to the dominant 
female’s monopolization of the male.  
 
Influence of method and time of feeding on the behavior of captive primates 
 
Feeding and foraging plays an important role in a primates day occupying a considerable 
proportion of their activity budget. Resource utilization is dependent on body size and 
nutritional requirement leading to the evolution of a wide variety of feeding and foraging 
patterns. Some primate species have highly specialized dietary preferences while diets of 
others depend on the abundance of preferred food choices. Previous studies on non-
human primates have shown that diets and especially complex foraging strategies related 
to the procurement of food are associated with relative brain size (Milton 1988). On 
comparing brains of frugivorous and omnivorous primates with those of folivores, it was 
shown that the former tended to have larger brain sizes (Clutton-Brock & Harvey 1980 as 
referred to in Milton 1988). On readdressing the time and energy spent in foraging, 
scientist found that omnivores expended more energy during foraging bouts than folivores 
(Milton 1988). This was because while omnivorous primates are required to first locate, 
then pursue and capture their prey (Milton 1988), folivorous primates do not have to 
devote any time and energy in pursuit since their food items (for example leaves) are 
sessile (Westoby 1974 as referred to in Milton 1988).  
 

Species- or taxa-specific differences in food acquisition techniques probably 
influence the behavior of captive primates. For example, Marriner and Drickamer (1994), 
in their study on abnormal behavior in captive primates, observed omnivores (primates 
having a diet of both plant and animal matter) to exhibit higher levels of stereotypy than 
folivores (primates having a diet of mostly plant matter and possibly some insects). 
Similar differences were found between the captive omnivorous and folivorous primates 
housed in Indian zoos (Mallapur & Choudhury 2003). Omnivores expend more energy 
during feeding/ foraging bouts and spend more time foraging in the wild in comparison to 
folivores. Diets for captive omnivores do not require individuals to “work for their food” 
since there is little opportunity to forage or explore for food items. Poorly designed diets 
lack dietary diversity resulting in a considerable reduction of the time spent foraging by 
omnivores in captivity leading to the development of abnormal behavioral patterns. Their 
higher cognitive capacities could also render gibbons (Hylobates spp.) and macaques 
more prone to the adverse influences of captive environments than (refer to Milton 1988 
for differences between frugivorous, folivorous and omnivorous primates) langurs.  

 
In general, captive primates are fed on a wide variety of food items from 

commercial primate pellet to vegetables and fruits. While free-ranging primates spend a 
significant proportion of their time foraging and gathering food, captive primates often 
lack these opportunities, as food is made available in such a manner that little or no 
foraging or gathering is required to retrieve it (Marriner & Drickamer 1994; Bloomsmith & 
Lambeth 1995). Poorly designed diets fail lack the necessary input required to stimulate 
captive primates to exhibit natural foraging, exploratory and feeding behaviors. The 
absence of appropriate environmental stimuli and the internal motivational state of the 
animal result in the development of abnormal behavior patterns. Several studies have 
documented abnormal behaviors in captive primates in relation to feeding regime 
(Bloomsmith et al 1988; Marriner & Drickamer 1994; Bloomsmith & Lambeth 1995; 
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Carlstead 1998; Lukas et al 1999; Waitt & Buchanan-Smith 2001). In a study on the 
influence of feeding time on the behavior of captive chimpanzees (Pan troglodytes), the 
behavior of 30 chimpanzees was recorded before and after feeding time (Bloomsmith & 
Lambeth 1995). The study showed that unpredictable feeding schedules led to an increase 
in natural behaviors such as active and foraging behaviors. Waitt and Buchanan-Smith 
(2001), however, suggest that feeding schedules should be changed only after careful 
consideration, since captive primates tend to exhibit abnormal behavior just before 
feeding time in anticipation of being fed. In their study on the influence of feeding 
schedules on the behavior of stump-tailed macaques in captivity, Waitt and Buchanan-
Smith (2001) showed that the feeding routine affected the behavioral repertoire of the 
study animals, with delays in feeding having a considerable negative impact on behaviors 
exhibited. Their study showed that animals that had to wait for their food exhibited 
significantly higher levels of self-directed behavior, inactivity, vocalizations and abnormal 
behaviors for longer periods of time. 
 
Influence of the zoo visiting public 
 
The behavior of primates in zoos is adversely influenced by the visiting public, especially 
by loud and active visiting groups (Hosey & Druck 1987; Cook & Hosey 1995; Birke 
2002; Mallapur et al 2005b). The two most common behavioral responses by primates to 
active visiting groups are aggression toward the group and aggression toward 
conspecifics, the latter being a result of the displacement of behavior. Aggressive 
interactions in primate societies form an integral part of their social life and are 
frequently related to maintaining hierarchical order, acquisition of females or to defend 
their home range or food resources. Zoo visiting groups would be regarded as strangers 
stimulating a defense response mostly by the dominant male and female in captive 
primate groups. Humans who they are familiar with, for example zoo staff invokes a 
different kind of behavioral response (Mitchell et al 1991) ranging from non-contact 
aggression to affiliatory behaviors. Primate societies that live in large groups maintain a 
hierarchical order in both males and females. The hierarchical order is reinforced through 
the display of a complex sequence of social behaviors and facial expressions. Contact 
aggression is only resorted to when an individual believes that his position is being 
challenged. The zoo visiting public is unaware of these complex behavioral sequences and 
facial expression which govern primate groups. Captive primates could misconstrue a 
stare, a sudden movement or loud talking/ laughing by zoo visitors as a challenge leading 
to an aggressive response.  
 
 In several cases, the zoo visiting public is aggressive toward zoo animals and this 
could prove harmful for both the visitor and the animal concerned. A common practice 
among visitors in some zoos is teasing captive primates (Venugopal & Sha 1993). Visitor 
noise can also affect the behavior of captive primates, as shown in a study conducted on 
the effect of zoo visitors on the behavior of captive orangutans (Birke 2002). The 
presence of visitors could also influence the proportions of abnormal behavior exhibited 
by captive primates (Skyner et al 2004). Zoo visitors also feed captive animals which is a 
major problem in many zoos. Captive primates have also learnt to beg for food when 
they see zoo visitors eating resulting with the animals being fed by the visitor (Cook & 
Hosey 1995). 
 
 Factors such as enclosure design, group composition, rearing history, feeding 
regime and presence of visitors have an adverse influence on the biology and behavior of 
captive primates. In some cases, these factors also have a detrimental influence of 
reproductive success (Westergaad et al 2000; Zhang et al 2004; Mallapur et al 2006). 
What does this mean? How do we identify problems affecting captive primates and 
promote the display of natural behaviors?  
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What is animal welfare? 
 
A captive primate’s inability to cope with its artificial environment could result in poor 
welfare. The absence of appropriate environmental stimuli could lead to the disruption of 
their physical and physiological functions. When the normal biological processes are 
disrupted in an artificial environment such as in a zoo, the animal is said to be under 
stress.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Why assess ‘animal welfare’ in captive primates? 
 
The main reason to assess welfare of captive primates should be an ethical one. It is 
essential to assess the welfare of captive animals to prevent their welfare from being 
compromised and to minimize stress. Also, in the case of zoos, most of the primate 
species managed is those that are on the brink of extinction. The goals of a zoo are to 
breed these endangered species in order to educate the zoo visiting public, to maintain 
self-sustaining population in captivity and to reintroduce them into their natural habitat. 
Hence, in order to achieve the latter two goals mentioned above, it would be imperative 
that zoos maximize the reproductive output of the species they house and provide the 
appropriate environmental stimuli to motivate them to exhibit a natural behavioral 
repertoire. Stress could influence an animal’s ability to breed and also lead to the 
exhibition of abnormal behaviors (Carlstead 1996). Animals exhibiting abnormal 
behaviors also constitute poor exhibits and could convey an inappropriate impression to 
visitors. Finally, animal welfare is a new field of biological science and in order for it to 
grow, sound studies need to be designed and research questions need to be asked and 
answered.   
 
HOW TO MEASURE ‘ANIMAL WELFARE’? 
 
Animal welfare can be addressed using many methods from motivational and emotional 
states to disturbances in behavior and physiology. Duncan & Fraser (2000) have 
suggested three approaches to assessing animal welfare;  
 
A. ‘Feeling-based’ approaches: in this approach animal welfare is measured through an 

animal’s preferences and motivations, and through behavioral and physiological 
indicators of emotional states. It is suggested that animal welfare, in this case, could 

It is difficult to define the term ‘animal welfare’ primarily because it was originally 
conceived in society to express ethical concerns regarding the treatment of animals not to 
express a scientific concept. For the purpose of this paper, I would like to use the following 
definitions.  
 
Animal Welfare: 

‘The physical and psychological state of an animal as regards its attempt to cope with its 
environment’ (Broom 1986) 

Psychological well-being: 
‘The way an animal feels about its state’ (Broom 1986) 

Stress:  
‘The environmental effect on an individual, which over-taxes its control systems and 

reduces its fitness’ (Fraser & Broom 1997) 
Stressor: 

‘The environmental factors, which lead to this stress’ (Selye 1950) 
Stress response: the animal’s response to stressors is known as the ‘stress response’ 
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be reduced by negative subjective states such as ‘pain’, ‘fear’, ‘frustration’, ‘hunger’ 
or ‘thirst’ and could be improved by positive states such as ‘comfort’, ‘contentment’, 
and the ‘pleasure’ of certain types of social interaction. 

B. ‘Function-based’ approaches: in this approach animal welfare is measured by 
monitoring animal health, longevity, reproductive success, and disturbances to 
behavior and physiology. 

C. ‘Nature’ of animals based approaches: in this approach animal welfare is measured 
through an individual’s ability to perform a full natural behavioral repertoire. 
  
In the past, some of the factors that have been used as welfare indicators were mortality 
rates, reproductive success, proportions of abnormal behavior exhibited, severity of 
injuries, degrees of immuno-suppression and level of disease incidences (Fraser & Broom 
1997). Reduced fitness of an individual has also been as an indicator of animal welfare 
(Tuyttens et al 2005).  
 
 Health and disease can also be used to assess welfare of captive/ domesticated 
animals (Hughes & Curtis 2000). However, it is imperative to keep in mind that the use 
of health as a welfare indicator depends on the researcher’s capability to draw inferences 
from subjective feelings such as pain, discomfort and distress. If the researcher has a 
sound understanding of epidemiology, this knowledge could help while using symptoms, 
lesions and behavioral responses as cues to clarify the relationship between disease and 
welfare. It also has been suggested that careful observation is required and a broad 
range of indicators such as changes in physiology, behavior and production, need to be 
considered (Hughes & Curtis 2000).   
 
 The use of behavior as an indicator of welfare in captive animals is regarded as a 
highly controversial topic (Mason 1991). Even so, behavior, being the most easily 
observable measure of welfare, is used widely to assess welfare of captive animals (for 
example Chamove et al 1984; Mason 1991; Fritz et al 1992; Marriner & Drickamer 1994; 
Mootnick & Baker 1994; Worlein & Sackett 1997; Lukas 1999). Mench and Mason (2000) 
stress that the knowledge of species-typical behavior and of the behavior of individuals 
and their social groups is a prerequisite for using behavior to assess welfare, because the 
exhibition of a normal behavioral repertoire varies with any given situation, the species 
and on the strain on the animal. Behavior provides information on an animal’s needs, 
preferences and internal states. Changes in the frequencies of suppression or an out of 
context exhibition of behavior can provide clues about welfare problems. The use of 
abnormal behavior as an indicator of poor welfare is complex and though it is relevant to 
the study of animal welfare, care should be taken to have a sound understanding of the 
development, causes and consequences of abnormal behavioral patterns before 
conducting the study (Mason 1991; Mench & Mason 2000; Mason & Latham 2004).  
 

Physiological stress responses have also been used to measure poor welfare 
(Terlouw et al 2000). The most commonly measurable stress responses are plasma 
gluco-corticosteroids, which reflect the activity of the hypothalamo-pituitary-adrenal axis 
and  plasma adrenaline/noradrenaline and heart rate, which reflect the activity of the 
sympatho-adrenomedullary system. Animal welfare can also be measured by running 
preference and motivation tests (Fraser & Matthews 2000). These tests provide useful 
information on the reaction of animals to handling and housing and to other 
environmental features. It has been cautioned in literature that an animal’s preferences 
that are revealed by the preference tests often identify environmental factors that will 
promote their welfare, and that this obvious link might break down if the tests are 
outside the individual’s sensory and cognitive capacity (Fraser & Matthews 2000).  

 
Despite there being an array of methods to assess the welfare of captive animals, 

in order to assess the welfare of captive animals in zoos, it is usually the case that a non-
intrusive and hands-off technique needs to be used. This includes measures of behavior, 
health and reproductive fitness that can be used to indicate when an individual’s welfare 
has been compromised.  
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METHODS OF IMPROVING PRIMATE WELFARE 
 
A large number of environmental factors collectively contribute to the welfare of captive 
primates. Some of these variables can be put together in one group to form the elements 
of the physical environment. An improvement made to captive environments in order to 
improve the welfare of captive animals and to provide them with the right environment to 
exhibit species-specific behavior patterns is called “environmental enrichment” (Newberry 
1995). However, care must be taken to understand the root of the problem at hand and 
to develop an enrichment strategy, before choosing a particular method or form of 
enrichment. For example, in a study on captive lion-tailed macaques, a feeding basket 
was designed and administered in order to increase the proportion of foraging and 
exploratory behaviors exhibited and hopefully to reduce proportions of abnormal 
behaviors displayed (Mallapur 2005b).  
 
Redesigning enclosure spaces and provision of structural enrichment 
 
Captive primates need to be provided with an artificial environment that mimics their 
natural habitat in order to stimulate them to exhibit appropriate species-specific 
behaviors. Providing the captive animals with the suitable enclosure furnishings can 
create such an environment. In order to improve captive primate welfare, techniques 
must target issues such as the designing of complex, naturalistic enclosures that house 
animals in species-specific groups (Newberry 1995). Captive environments need to 
constantly be updated and improved. In their paper on the design of an enclosure for 
Sumatran orang-utans (Pongo pygmaeus abelii), Mallinson et al (1994) documented how 
zoo environments take into consideration the behavioural requirements of captive orang-
utans.  
 
 Renovating and redesigning enclosures is the easiest and most common method 
of improving zoo environments for primates. This is done either by providing animals 
with new structural features in the existing enclosure (Estep & Baker 1991; Zucker et al 
1991; Kessel & Brent 1996), or by moving all individuals into a new enclosure (Clarke et 
al 1982; Goerke et al 1987; O’Neill et al 1991; Little & Sommer 2002). The provision of 
structural features such as a temporary cover to a group of stump-tailed macaques, for 
example, could reduce contact aggression and the ability of the dominant male to 
monopolize all copulations (Estep & Baker 1991). In some of the cases where animals are 
transferred to more complex enclosures, previously-exhibited abnormal behaviors are 
observed to reduce (Clarke et al 1982; O’Neill et al 1991). 
 
 Another method of choosing the appropriate enclosure design for a given captive 
animal or group is to allow them to choose. This method is known as preference testing 
(Fraser & Matthews 2000). For example, in a study conducted on two groups of captive 
common marmosets (Callithrix jacchus), animals were given a choice of the size and 
position of nest boxes that were newly introduced into their enclosures (Hosey et al 
1999). The study showed that the animals had a strong preference high nest box.  
 
 Enclosures that provide their animals with access to the vertical dimension 
particularly provide opportunities, especially for arboreal species, to exhibit natural 
behaviors (Kessel & Brent 1996; Neveu & Deputte 1996; Malone 1998; Hebert & Bard 
2000). More often than not, primates housed in enclosures with access to the vertical 
dimension are found to favor higher elevations rather than the ground level (Hebert & 
Bard 2000). A study conducted on endangered tamarin species in captivity, showed that 
by designing large, naturalistic habitats that mimic aspects of the natural habitat, high 
reproductive success in the study animals was achieved (Snowdon 1991). The captive 
tamarin colonies were housed in an enclosure, which contained a complex design of aerial 
pathways made of ropes, boards and branches. This complex network helped to simulate 
an arboreal environment.  
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 Several other forms of enclosure features, such as sleeping platforms (pers. obs.) 
and suitable substrate (Ludes & Anderson 1996; Ludes-Faulab & Anderson 1999) have 
also been provided and found to benefit captive primates. Provision of deep litters 
composed of organic matter such as woodchips, peat and wood wool, for example, were 
found to have a positive influence on the behavior of captive white-faced capuchins 
(Ludes & Anderson 1996; Ludes-Faulab & Anderson 1999).  
 
Feeding enrichment 
 
Primate species differ in the methods they use to forage and feed in the wild. In the 
earlier section on feeding regimes and their influence on primate behavior, discussed the 
differences in foraging strategies of omnivores and folivores. Zoos opt to change diets, 
method of feeding or even feeding time to improve the welfare of primates in their 
facilities. However, in order to optimize the beneficial effect of feeding enrichment, I 
believe it is imperative to have a sound understanding of the feeding and foraging 
strategies of the species in the wild.  
 
 Sometimes a simple change in feeding time or food presentation provides the 
desired effect on the behavior displayed. For example, abnormal behavior exhibited in 
anticipation of being fed could be reduced by making the feeding time unpredictable 
(Bloomsmith & Lambeth 1995), though delaying the feeding time has sometimes 
increased abnormal behavior because animals have to wait longer to be fed (Waitt & 
Buchanan-Smith 2001). Several methods have been used to present food differently to 
captive primates (Smith et al 1989; Buchanan-Smith 1995; Reinhardt & Robert 1996; 
Zimmerman & Feistner 1996). These include food scattering in deep litter (Ludes & 
Anderson 1996; Ludes-Faulab & Anderson 1999), food in hanging baskets (Zimmerman & 
Feistner 1996), food in bamboo pipes (Steen 1995), food on the roof of the enclosure 
(Reinhardt 1993; Buchanan-Smith 1995) and in puzzle feeders (Reinhardt 1993; Steen 
1995; Reinhardt & Robert 1996). In most cases, changing the food presentation had a 
positive influence on behavior, such as an increase in foraging and gathering behavior 
(for example Smith et al 1989; Reinhardt 1993; Buchanan-Smith 1995; Zimmerman & 
Feistner 1996; Vick et al 2000). In a study on captive groups of barbary (Macaca 
sylvanus) and stump-tailed macaques (Macaca arctoides), replica fruits were distributed 
as foraging devices in order to evaluate their potential as enrichment objects. Both 
groups manipulated the replica fruits most when they functioned as a foraging device 
(Vick et al 2000). Giving primates whole vegetables and fruits increases diversity in the 
food eaten; food can also be chopped in pieces before feeding the animals (Smith et al 
1989).  
   
Social enrichment 
 
The complex nature of free-ranging primate societies makes it more difficult for zoos the 
replicate such groupings in captivity. One of the main issues is numbers of animals 
housed in an enclosure. Due to enclosure space restrictions, the group size of captive 
primates rarely exceeds 10 to 15 even though free-ranging animals sometimes establish 
of more than forty individuals. Zoos also prefer to maintain smaller primate groups 
because they are easier to manage. The addition of new animals to an existing well-
established group and the acquisition of these genetically chosen (to avoid inbreeding 
and over-representation of a particular bloodline) individuals also poses problems in 
captive primate management.  
 

Zoos however, try to house their primates in species-species group compositions. 
The group composition plays a major role in define the primate society by providing 
social structure and stability to the group. The presence of a dominant male, for 
example, provides support and security to the group and also agonistic encounters 
between females and subordinate males. Housing social primate species solitarily is rare 
in modern zoos. However, many zoos in developing countries and laboratories still 
maintain social primates in isolation. These cases would be ideal for social enrichment in 
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order to stimulate them to display natural behaviors with the hope of improving their 
individual welfare.  

 
Introducing new individuals to singly-housed primates (eg rhesus macaques) has 

often been found to reduce levels of abnormal behavior such as stereotypy exhibited by 
the latter (Reinhardt et al 1987, 1995). Reinhardt et al (1995) found that macaques that 
were previously housed singly have successfully formed compatible pairs when 
introduced to other singly-housed individuals. When weaned rhesus macaque infants 
were introduced to singly-housed adult rhesus macaques, the infant-adult pairs were 
found to be compatible in 90% of the cases. When the singly-housed macaques were 
paired, the proportion of stereotypical behavior exhibited by them reduced. Reinhardt et 
al (1995) explained how pair-housing of previously singly-housed macaques improves 
welfare by providing social contact and social interactions. Some studies suggest that 
group encounters provide a positive influence on behavior as group encounters typically 
occur in the wild (Zinner et al 2001). 

 
The previous subsections have shown how, if systematically approached, feeding, 

structural and social enrichment techniques can be used effectively to improve the 
welfare of captive primates. The administration of different forms of enrichment helps by 
creating a novel environment, which in turn provides the appropriate sensory input which 
stimulates captive primates to display a natural behavioral repertoire. Providing primates 
in zoos with a choice of enclosure furnishings has also proved to stimulate these animals 
into exhibiting species-specific behaviors (Hosey et al 1999). Providing choice and 
preference-testing of captive animals are however advanced methods of behavior 
enhancement and are mostly used when the animals have already been provided with 
their basic requirements.  

 
In Indian zoos however, a considerable proportion of the captive primate 

population is not provided with the five basic freedoms, which include freedom from 
hunger and thirst, fear and distress, discomfort, pain, injury and disease and the ability 
to display natural behaviors (Fraser & Broom 1977). Several of the captive lion-tailed 
macaque groups that form a part of the Indian breeding program are housed in artificial 
environments that are not conducive for the species. While some individuals were housed 
in isolation, others are maintained in small empty enclosures (pers. obsv.). Poor housing 
and a lack of a well management animal program led to most of the animals maintained 
at the 18 Indian zoos to stop breeding completely. The poor levels of breeding as well as 
the age of the animals in the program (a large proportion of the animals are now over 18 
years of age) threaten the future of the Indian captive breeding program for lion-tailed 
macaques.  
 
REGIONAL BREEDING PLANS FOR THE LION-TAILED MACAQUES  
 
At this stage in the paper, I would like to introduce the readers to other regional breeding 
programs for the lion-tailed macaque in order to compare them with the Indian captive 
population. A case study from US zoos shows that their lion-tailed macaque population 
doubled in size in a decade after the import of lion-tailed macaques from India was 
stopped voluntarily by American and European zoos due to a growing concern of their 
dwindling numbers in the wild (Lindburg et al 1997). This dramatic increase in the 
captive numbers arose from the intensified effort and improved management techniques 
in zoos (Lindburg & Gledhill 1992). Zoo management plans were initially driven by 
genetic requirements (Lindburg et al 1997), with the highest priority given to individuals 
having bred the least.  
 

The breeding program consisted of a stable core of females that resided 
permanently in zoos and the males that were rotated between zoos mimicking the 
natural migratory pattern of this species in its natural habitat. The process of moving the 
males across zoos was named the “MM” system. The female designated for breeding in a 
given year was temporarily separated from the breeding group for a short-term pairing 
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with the genetically-selected sire. The females were not shifted because the study found 
that females did not fare well when transferred between institutions, particularly when 
integration into an established colony was attempted. In addition, Lindburg et al (1997) 
also explain how the study considered the welfare of this highly social primate by 
monitoring social interdependency and stability, rearing environments and kinship 
relationships. Individuals were always housed in specific social groupings and were only 
isolated for veterinary care. To promote social stability, some males were also housed 
within exhibit groups with the females and their offspring. These males were 
vasectomized to avoid unwanted pregnancies; this also allowed the full expression of 
sexual behavior to occur. Some institutions housed surplus individuals for educational 
purposes, while others housed all-male troops.  

 
In the European population of lion-tailed macaques, though numbers in captivity 

have doubled over the last ten years, serious problems are still being faced (Kaumanns 
et al 2001). About 25 to 30% of the adult females have not bred and the reason for this 
is not known. Kaumanns et al (2001) explain how the conditions under which the lion-
tailed macaque populations are maintained in European zoos do not allow species-specific 
demographic and social patterns to be realized. This could be one of the reasons why the 
American captive population was regarded successful in breeding while the European one 
was not. 

 
Another major problem influencing the reproductive success of the European 

captive population could be with regard to health and welfare-related issues. A high 
incidence of ovarian dysfunction and endocrine disorders in females older than 15 years 
of age (Heistermann et al 2001) and high infant mortality rates has been documented in 
this population (Kaumanns & Rohrhuber 1995). The reasons for these health problems, 
however, are unknown. 

 
Captive individuals in the European population also exhibit a wide range of 

behavioral disturbances, which indicates that they have not been able to cope with their 
captive surroundings. Almost all groups observed had some individuals that displayed 
self-directed abnormal behaviors such as hair-plucking, eye-poking, saluting and also 
stereotypic pacing (see Tennemann 1992, as referred to in Kaumanns et al 2001).  

 
In their paper on European lion-tailed macaque populations, Kaumanns et al 

(2001), admit that they do not know the lion-tailed macaque well enough to successfully 
breed them in captivity. Hence, reproductive success is not predictable enough and 
cannot be influenced systematically. Kaumanns et al (2001) questioned the low level of 
locomotive behavior and general arousal exhibited by the individuals in the European zoo 
population. General arousal was found to increase and group cohesion was found to 
improve when group encounters were experimentally induced (Zinner et al 2001). 
Proportions of aggressive and social behaviors also increased. However, significant levels 
of intragroup aggression are usually absent in groups that are behaviorally stable 
(Lindburg 2001).  
 
LION-TAILED MACAQUES: THEIR BIOLOGY AND BEHAVIOR 
 
In order to study wild animals in captivity, I believe researchers need to have a good 
knowledge of the biology and behavior of the species in its natural habitat. Hence, before 
we start discussing the problems faced by the lion-tailed breeding program in India, I 
would like to present the conclusions drawn by field biologists studying the biology and 
behavior of free-ranging lion-tailed macaques, and American and European zoo-biologists 
study the species in captivity.  
 

Extensive studies have been carried out on free-ranging lion-tailed macaques in 
the Western Ghats (Kumar 1987, 1997; Umapathy & Kumar 2000a, b; Kumar 2001; 
Raghavan 2001). Like other macaques, the lion-tailed macaques live in large groups 
ranging from eight to 40 with approximately 18 animals, on an average, in a troop 
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(Kumar 1995, 1997; Raghavan 2001). Within these groups, the number of adult males 
varies from one to three and adult females from five to eight (Kumar 1997). Lion-tailed 
macaque males are also known to disperse from their natal troops and form other troops 
in which they reside (Kumar 2001). They are primarily frugivorous (feeding on fruit) but 
their diet also includes a wide variety of fauna (Green & Minkowski 1977; Kumar 1987). 
Lion-tailed macaques are diurnally active, beginning their search for food trees at dawn 
and ending at dusk, but stopping to rest at noon (Umapathy & Kumar 2000a). The time 
of activity and its duration varies with season. 

 
The age of female lion-tailed macaques at first birth is about 6 years (captivity 

3.5-4.9 years; Lindburg et al 1989; Lindburg 2001) with a birth interval of 2.5 years 
(Kumar 1987) in the wild and approximately 1.5 years in captivity (Lindburg et al 1989). 
Free-ranging females stop breeding by the age of 18 years. Kumar (1987) recorded high 
infant and juvenile survival rates of 0.87/year and 0.90/year respectively in the wild. The 
survival rate for adults was 0.95/individual/year (Kumar 1987). Births are aseasonal, 
both in captivity and in the wild, occurring during nine months of the year, but with a 
small peak in June (Kumar 1987; Lindburg et al 1989). Mean birth rates were 
0.28/female/year in the wild and 0.35/female/year in captivity. Birth rate and the overall 
growth rate of lion-tailed macaque groups have been found to decrease with increase in 
group size (Kumar 1995). The number of females in the group also influences the birth 
rate. 

 
The reproductive behavior of lion-tailed macaques is characterized by a relatively 

high female/male ratio, highly synchronous sexual cycles and harassment of the 
sexually-interacting male and female by other females with sexual swelling (Kumar 1987; 
Kumara et al 2000). Captive females in the swelling phase of their menstrual cycles were 
observed to exhibit proceptive calling during copulation (Lindburg 1990), particularly 
when non-group males were in the visibility range of the calling females. The biology and 
behavior of lion-tailed macaques in the wild and in captivity have been well-documented 
and this information can be used very effectively to establish a breeding program for the 
species in Indian zoos. 
 
DESIGNING A WELFARE STUDY FOR THE PERISHING INDIAN CAPTIVE 
BREEDING PROGRAM 
 
In 2002, 53 lion-tailed macaques were distributed across 18 Indian zoos, of which several 
institutions housed them singly due to a shortage of captive animals (Mallapur & 
Choudhury 2003). On visiting some of these zoos as a part of a reconnaissance for a 
proposed study on captive primate welfare, I witnessed the environmental conditions in 
which the lion-tailed macaques were housed. Of the six zoos housing lion-tailed 
macaques that were surveyed, five housed single individuals. These animals were 
maintained in small, empty enclosures in inappropriate social groupings (Mallapur & 
Choudhury 2003). Several of these individuals displayed behavioral abnormalities. 
Feeding and structural enrichment was not provided in any form. Due to poorly 
maintained animal records in the past and the inability of animal keepers to identify 
individual animals, certain sub-populations were also inbred. The reproductive physiology 
and behavior were yet to be monitored periodically for the entire population making, it 
difficult to identify proven breeders in order to choose individuals to establish a long-term 
breeding program. It was evident to me that there was an urgent need to study the 
captive lion-tailed macaque population in India in order to identify factors influencing 
their behavior and welfare.  
 
The initial reconnaissance  
 
To further understand the status of the lion-tailed macaque population in Indian zoos and 
to study the factors influencing their behavior and welfare, a second survey was 
conducted of 12 Indian zoos (excluding the six mentioned above) housing lion-tailed 
macaques (Mallapur 2005a). An ethogram was constructed and behavioral observations 
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were conducted using qualitative sampling ad libitum, focal animal and scan sampling 
(Mallapur et al 2005a). Sampling was conducted during the days when the zoos were 
open to the visiting public.  
 
 Results from the survey showed that the lion-tailed macaques spent 
approximately 8% of the time exhibiting abnormal behaviors (Mallapur et al 2005a). 
Stereotypic pacing was the most commonly exhibited abnormal behavior. The exhibition 
of behavioral abnormalities could suggest that the animals were under stress and that 
their welfare was compromised. Before designing a method to reduce levels of abnormal 
behaviors and to increase levels of natural behaviors exhibits, the factors influencing the 
display of abnormal and natural behaviors need to be identified. 
 
Factors influencing behavior and welfare of captive lion-tailed macaques 
 
Interestingly, only lion-tailed macaques that were confiscated from private owners (and 
not animals born in zoos or acquired from the wild) exhibited abnormal behaviors 
(Mallapur et al 2005a) suggesting that rearing history played an influential role on the 
behavior exhibited. Foraging behavior was influenced by enclosure complexity with 
animals housed in complex enclosures with trees, natural substrate such as grass and a 
water body, exhibiting significantly higher levels of foraging behavior than individuals 
housed in small, barren cages (Mallapur et al 2005a). Similarly, a study conducted on the 
influence of visitor presence on behavior showed that lion-tailed macaques exhibited 
higher levels (20 to 30%) of abnormal behaviors during visitor presence (Mallapur et al 
2005b). The results presented above facilitated in identifying the factors influencing the 
behavioral repertoire of captive lion-tailed macaques to be rearing history, enclosure 
complexity and visitor presence.  
 
Does enriching the enclosure prove beneficial for the captive lion-tailed macaques? 
In the previous section (refer to Section of Methods to improve animal welfare, pages 16 
to 21) on environmental enrichment, I briefly summarized the positive influence of 
several forms of feeding, structural and social enrichment for captive primates. Two short 
environmental enrichment studies were conducted on lion-tailed macaques housed in 
Thiruvananthapuram Zoo, India (Mallapur 2005b). The enrichment techniques were 
devised with the aim of reducing stress and improving welfare. The feeding and structural 
enrichment study resulted in a reduction of abnormal behaviors after the administration 
of enrichment and an increase in the exhibition of these behavior patterns when the 
enrichment was removed. Furthermore, the frequency of exploratory displayed by several 
of these individuals increased, while self-biting decreased. Aggressive biting appeared to 
be redirected to the enrichment devices that were provided.  
 
 A similar result was obtained from the social enrichment study in which the 
individuals were observed to display higher levels of abnormal behavior when they were 
singly-housed. The lion-tailed macaques also exhibited higher levels of foraging when 
they were housed in a group in the open enclosure outdoors. These two enrichment 
techniques thus seemed to have a positive influence on the behavioral repertoire of the 
study individuals by stimulating them to exhibit more natural behaviors together with the 
suppression of several abnormal behaviors.  
 
Reproductive behavior and ability to breed 
 
During the period of the study on captive lion-tailed macaques (2001 to 2003), breeding 
occurred only in three of the 18 Indian zoos housing the species. Reproductive behaviors 
of breeding groups were compared to those of non-breeding groups in order to identify 
the differences in and the factors influencing reproductive behavior and ability to breed. 
Rearing history and abnormal behavior exhibited by the individuals were found to 
influence their ability to breed (Mallapur et al 2006). Interestingly, all the non-breeding 
lion-tailed macaques were those individuals that were confiscated from private owners 
while breeding individuals were either caught from the wild or born in zoos. Non-breeding 
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individuals also exhibited significantly higher levels of abnormal behaviors and lower 
levels of social interactions and autogrooming. This suggests that the difference could 
have been due to non-breeders being housed in isolation and in contact with humans 
(Mallapur et al 2006). This could have had an adverse influence on the development of 
reproductive and social behaviors during the early stages of life. 
 
Identifying indicators to assess the welfare of captive lion-tailed macaques 
 
This lion-tailed macaque study is one of the many examples (Bashaw et al 2001; Wells & 
Egli 2004; Hosey 2005; Plowman et al 2005; Wells 2005; Kreger et al 2005, 2006; 
Powell et al 2006) where behavior was used to assess an individual’s ability to cope with 
its artificial environment. However, abnormal behaviors are displayed during a number of 
situations; 1) when animals have inappropriate early rearing experiences, 2) when the 
current housing condition is suboptimal, 3) when they are unduly stressed or 4) out of 
habit even though their current environmental conditions are favorable.     
 
 Using abnormal behavior alone to assess the welfare of captive lion-tailed 
macaques could provide unreliable results. Hence, to resolve this issue, principle 
component analyses (PCA) was conducted on the factors influencing the behavior and 
welfare of captive lion-tailed macaques. PCA was conducted to identify groups of factors 
that could be used to assess the welfare of captive animals. Of the twelve variables that 
were standardized in order to be used as indicators for assessing the welfare, 10 
variables accounted for the greatest proportion of variability between captive lion-tailed 
macaques. The first group that accounted for the largest proportion of the total variance 
included the variables ‘movement’, ‘body condition’, ‘fur condition’ and ‘age’ and was 
called the ‘physical-condition factor’. The second group included the variables ‘rearing 
history’, ‘current ability to breed’ and ‘durations –’ and ‘frequencies of behavior’ and was 
called that ‘developmental and reproductive success factor’. These two factors were 
found to be most suitable to assess the welfare of captive lion-tailed macaques.  
 
Implementation of recommendations in local zoos 
 
By conducting a detailed study on the behavior and welfare of lion-tailed macaque 
individuals in the breeding program, a probable solution to the breeding problem was 
presented. Some of these recommendations such as the regularized administration of 
environmental enrichment have already been implemented in some Indian zoos housing 
the species in question (Mallapur & Austin 2006). Also, zoos were encouraged to include 
animals that had the least contact with humans in the breeding program. Some zoos 
exchanged non-breeding males with proven breeders from neighboring zoos which 
resulted in the increase in birth rate. 
 
 
CONCLUSIONS 
 
Basic and applied research, both in captivity and in the wild, has been conducted by 
biologists in order to assess an animal’s ability to cope with its changing environment. 
These animal studies have considerably increased our knowledge on animal breeding, 
husbandry and management leading to the success of the breeding and reintroduction 
phases of several conservation breeding programs. My intention in this paper was to 
draw a link between applied animal behavior and welfare studies and animal breeding 
and management by using the Indian lion-tailed macaque breeding program as an 
example. I have presented data from behavior and welfare studies conducted on captive 
animals to demonstrate how these results were ultimately implemented in several zoos 
resulting in improved welfare and breeding in the captive lion-tailed macaque population 
in India. Such behavior and welfare studies can prove beneficial for primate breeding 
programs and could help to answer breeding and management problems ex-situ.  
 
ACKNOWLEDGEMENTS 



REDVET. Revista electrónica de Veterinaria 1695-7504       
2008 Volumen IX Número 9B 
 

Animal Welfare research and its implications to non-human primate breeding programs: A Case Study of the Lion-
tailed macaque conservation breeding program from India 
http://www.veterinaria.org/revistas/redvet/n080809B/BA025.pdf 

 

16 

 
I am grateful to Dr Anindya Sinha and Dr Natalie Waran for their encouragement and 
support which led to the design and successful completion of the study on captive lion-
tailed macaques in Indian zoos. I would also like to thank the forest/zoo staff of the study 
zoos in India, where the lion-tailed macaque research was conducted and am also 
grateful to the University of Edinburgh and the National Institute of Advanced Studies for 
their support. I am indebted to the Animal Welfare Division of the Ministry of 
Environment and Forests, India for part funding my Ph.D. in animal welfare at the 
University of Edinburgh, and PSGB and ATREE for part funding my research on the 
behavior and welfare of captive lion-tailed macaques. 
 
References 
 
1. Anderson J R and Chamove A S 1980 Self–aggression and social aggression in 

laboratory–reared macaques. Journal of Abnormal Psychology 89: 539 – 550. 
2. Anderson J R and Chamove A S 1985 Early social experience and the development of 

self-aggression in monkeys. Biology of Behaviour 10: 147 – 157. 
3. Appleby M C and Waran N K 2000 Physical conditions. In: Appleby M C and Hughes B 

O (Eds) Animal Welfare pp 177 – 190. CAB International: Oxford, UK. 
4. Bashaw M J, Tarou L R, Maki T S and Maple T L 2001 A survey assessment of 

variables related to stereotypy in captive giraffe and okapi. Applied Animal Behaviour 
Science 73: 235 – 247. 

5. Birke L 2002 Effects of browse, human visitors and noise on the behaviour of captive 
orang-utans. Animal Welfare 11: 189 – 202. 

6. Bloomsmith M A, Alford P L and Maple T L 1988 Successful feeding enrichment for 
captive chimpanzees. American Journal of Primatology 16: 155 – 164. 

7. Bloomsmith M A and Lambeth S P 1995 Effects of predictable versus unpredictable 
feeding schedules on chimpanzee behavior. Applied Animal Behaviour Science 44: 65 
– 74. 

8. Bloomsmith M A, Kuhar C, Baker K, Lambeth S, Brent L, Ross S R and Fritz J 2003 
Primiparous chimpanzee mothers: behavior and success in a short-term assessment 
of infant rearing. Applied Animal Behaviour Science 84: 235 – 250. 

9. Broom D M 1986 Indicators of poor welfare. British Veterinary Journal 142: 524 – 
526. 

10. Buchanan-Smith H M 1995 Effect of food distribution on captive old world primates. 
Shape of Enrichment 4: 12 – 13. 

11. Buchanan-Smith H M, Prescott M J and Cross N J 2004 What factors should determine 
cage sizes for primates in the laboratory? Animal Welfare Supplement 13: S197 – 
S202. 

12. Carlstead K 1996 Effects of captivity on the behaviour of wild mammals. In: Kleiman 
D G, Allen M G, Thompson K V, Lumpkin S, (Eds). Wild Mammals in Captivity: 
Principles and Techniques. pp 317 – 333 University of Chicago Press: Chicago, USA. 

13. Carlstead K 1998 Determining the causes of stereotypic behaviour in zoo carnivores: 
Towards developing appropriate enrichment. In: Shepherdson D J, Mellen J and 
Hutchins M (Eds) Environmental Enrichment for Captive Animals. pp 172 – 183 
Smithsonian Institute Press: Washington DC, USA. 

14. Chamove A S, Anderson J R and Nash V J 1984 Social and environmental influences 
on self-aggression in monkeys. Primates 25: 319 – 325. 

15. Clarke A S, Juno C J and Maple T L 1982 Behavioural effects of a change in the 
physical environment: a pilot study of captive chimpanzees. Zoo Biology 1: 371 – 
380. 

16. Cook S and Hosey G R 1995 Interaction sequences between chimpanzees and human 
visitors at the zoo Zoo Biology 14: 431 – 440. 

17. Davis N, Schaffner C M and Smith T E 2005 Evidence that zoo visitors influence HPA 
activity in spider monkeys (Ateles geoffroyii rufiventris). Applied Animal Behaviour 
Science 90: 131 – 141. 

18. Duncan I J H and Fraser D 2000 Understanding animal welfare. In: Appleby M C and 
Hughes B O (Eds) Animal Welfare. pp 19 – 32 CAB International: Oxon, UK. 



REDVET. Revista electrónica de Veterinaria 1695-7504       
2008 Volumen IX Número 9B 
 

Animal Welfare research and its implications to non-human primate breeding programs: A Case Study of the Lion-
tailed macaque conservation breeding program from India 
http://www.veterinaria.org/revistas/redvet/n080809B/BA025.pdf 

 

17

19. Durrell G 1960 A Zoo in My Luggage. Penguin Publishers: London, UK. 
20. Erwin J and Deni R 1979 Strangers in a strange land: abnormal behaviors or 

abnormal environments? In: Maple T L, Erwin J and Mitchell G (Eds) Captivity and 
Behavior: Primates in Breeding Colonies, Laboratories and Zoos. pp 1 – 28 Van 
Nostrand Reinhold: New York, USA. 

21. Estep D Q and Baker S C 1991 The effects of temporary cover on the behavior of 
socially housed stumptailed macaques (Macaca arctoides). Zoo Biology 10: 465 – 
472. 

22. Fraser A F and Broom D M 1997 Farm Animal Behaviour and Welfare. CAB 
International: London, UK. 

23. Fraser D and Matthews L R 2000 Preference and motivation testing. In: Appleby M C 
and Hughes B O (Eds) Animal Welfare. pp 159 – 174 CAB International: Oxon, UK. 

24. Fritz J, Nash L T, Alford P L and Bowen J A 1992 Abnormal behaviors, with a special 
focus on rocking, and reproductive competence in a large sample of captive 
chimpanzees (Pan troglodytes). American Journal of Primatology 27: 161 – 176. 

25. Goerke B, Fleming L and Creel M 1987 Behavioural changes of a juvenile gorilla after 
a transfer to a more naturalistic environment. Zoo Biology 6: 283 – 295. 

26. Green S and Minkowski K 1977 The lion-tailed macaque in its Southern Indian 
Rainforest habitat. In: Rainier H S H III and Bourne G H (Eds) Primate Conservation. 
pp 290 – 338 Alan Liss Inc: New York, USA. 

27. Hebert P L and Bard K 2000 Orangutans use of vertical space in an innovative habitat. 
Zoo Biology 19: 239 – 251. 

28. Hediger H 1964 Wild Animals in Captivity. Dover Publications: New York, USA. 
29. Heistermann M, Uhrigshardt J, Husung A, Kaumanns W and Hodges J K 2001 

Measurement of faecal steroid metabolites in the lion-tailed macaque (Macaca 
silenus): A non-invasive tool for assessing female ovarian function. Primate Report 
59: 27 – 39. 

30. Hoff M P, Powell D M, Lukas K E and Maple T L 1997 Individual and social behavior of 
lowland gorillas in outdoor exhibits compared with indoor holding areas. Applied 
Animal Behaviour Science 54: 359 – 370. 

31. Hook M A, Lambeth S P, Perlman J E, Stavisky R, Bloomsmith M A and Schapiro S J 
2002 Inter-group variation in abnormal behavior in chimpanzees (Pan troglodytes) 
and rhesus macaques (Macaca mulatta). Applied Animal Behaviour Science 76: 165 – 
176. 

32. Hosey G R and Druck P L 1987 The influence of zoo visitors on the behaviour of 
captive primates. Applied Animal Behaviour Science 18: 19 – 29. 

33. Hosey G R 2005 How does the zoo environment affect the behaviour of captive 
primates? 

34. Applied Animal Behaviour Science 90: 107 – 129. 
35. Hosey G R, Jacques M and Burton M 1999 Allowing captive marmosets to choose the 

size and position of their nest box. Animal Welfare 8: 281 – 285.  
36. Hughes B O and Curtis P E 2000 Health and disease. In: Appleby M C and Hughes B O 

(Eds) Animal Welfare. pp 109 – 126 CAB International: Oxon, UK. 
37. IUDZG/ CBSG (IUCN/ SSC) 1993 The World Zoo Conservation Strategy: The Role Of 

The Zoos And Aquaria Of The World In Global Conservation. pp 26 – 33 Chicago 
Zoological Society: Chicago, USA.  

38. Kaumanns W and Rohrhuber B 1995 Captive propagation in lion-tailed macaques: 
Status of the European population and research implications. In Ganslober U, Hodges 
J K and Kaumanns W (Eds). Research and Captive Propagation. pp 296 – 309 Fürth: 
Filander Verlag, Germany.  

39. Kaumanns W, Schmid P, Schwitzer C, Husung A and Snogge C 2001 The European 
population of lion-tailed macaques (Macaca silenus): status and problems. Primate 
Report 59: 65 – 75.  

40. Kessel A L and Brent L 1996 Space utilization by captive-born baboons (Papio spp.) 
before and after provision of structural enrichment. Animal Welfare 5: 37 – 44.  

41. Kleiman D G, Beck B B, Dietz J M and Dietz L A 1991 Costs of re-introduction and 
criteria for success: accounting and accountability in the Golden Lion Tamarin 



REDVET. Revista electrónica de Veterinaria 1695-7504       
2008 Volumen IX Número 9B 
 

Animal Welfare research and its implications to non-human primate breeding programs: A Case Study of the Lion-
tailed macaque conservation breeding program from India 
http://www.veterinaria.org/revistas/redvet/n080809B/BA025.pdf 

 

18 

Conservation Program. Symposium of the Zoological Society of London 62: 125 – 
142. 

42. Kleiman D G, Beck B B, Dietz J M, Dietz L A, Ballou J D and Coribra-Filho A F 1986 
Conservation program for the golden lion tamarin: captive research and 
management, ecological studies, educational strategies and reintroduction. In: 
Benischke K (Ed) Primates: The Road to Self-Sustaining Populations. pp 959 – 979 
Springer Verlag: New York, USA. 

43. Kreger M D, Hatfield J S, Estevez I, Gee G F and Clugston D A 2005 The effects of 
captive rearing on the behaviour of newly-released whooping cranes (Grus 
americana). Applied Animal Behaviour Science 93: 165 – 178.  

44. Kreger M D, Hatfield J S, Estevez I, Gee G F and Clugston D A 2005 Behavioral 
profiles of the captive juvenile whooping crane as an indicator of post-release 
survival. Zoo Biology 25: 11 – 24.  

45. Kumar A 1987 The Ecology and Population Dynamics of the Lion-tailed Macaque, 
Macaca silenus in South India. PhD thesis, Cambridge University: Cambridge, UK 

46. Kumar A 1995 The life history, ecology, distribution and conservation problems in the 
wild. In: Kumar A, Molur S and Walker S (Eds) The Lion-Tailed Macaque: Population 
and Habitat Viability Assessment Workshop. pp 7 – 17 Zoo Outreach Organisation: 
Coimbatore, India.  

47. Kumar A 1997 Life history parameters of the lion-tailed macaque, Macaca silenus: a 
comparison of wild and captive populations. Zoos' Print 12: 31 – 35. 

48. Kumar A 2001 Mounting pattern in the lion-tailed macaque: an analysis based on 
inter-mount intervals. Primate Report 59: 19 – 26. 

49. Kumara H N, Singh M E, Sharma A K, Singh M R and Kumar A M 2000 Faunal 
component in the diet of lion-tailed macaque. Primate Report 58: 57 – 65. 

50. Lindburg D G 1990 Proceptive calling by female lion-tailed macaques. Zoo Biology 9: 
437 – 446. 

51. Lindburg D G 2001 A century of involvement with lion-tailed macaques in North 
America. Primate Report 59: 51 – 64. 

52. Lindburg D G and Gledhill L G 1992 Captive breeding conservation of the lion-tailed 
macaques. Endangered Species Update 10: 1 – 4. 

53. Lindburg D G, Iaderosa J and Gledhill L 1997 Steady-state propagation of captive 
lion-tailed macaques in North American zoos: a conservation strategy. In: Wallis J 
(Ed) Primate Conservation: The Role of Zoological Parks. pp 131 – 149 American 
Society of Primatology: Oregon, USA.  

54. Lindburg D G, Lyles A M and Czekala N M 1989 Status and reproductive potential of 
lion-tailed macaques in captivity. Zoo Biology Supplement 1: 5 – 16. 

55. Little K A and Sommer V 2002 Change of enclosure in langur monkeys: implications 
for the evaluation of environmental enrichment. Zoo Biology 21: 549 – 559. 

56. Ludes E and Anderson J R 1996 Comparison of the behaviour of captive white-faced 
capuchin monkeys (Cebus capucinus) in the presence of four kinds of deep litter. 
Journal of Applied Animal Behaviour Science 49: 293 – 303 

57. Ludes-Fraulob E and Anderson J R 1999 Behaviour and preferences among deep 
litters in captive capuchins monkeys (Cebus capucinus) Animal Welfare 8: 127 – 134. 

58. Lukas K E 1999 A review of nutritional and motivational factors contributing to the 
performance of regurgitation and reingestion in captive lowland gorillas (Gorilla gorilla 
gorilla). Applied Animal Behaviour Science 63: 237 – 249.  

59. Lukas K E, Hamor G, Bloomsmith M A, Horton C L and Maple T L 1999 Removing milk 
from captive gorilla diets: The impact on regurgitation and reingestion (R/R) and 
other behaviors. Zoo Biology 18: 515 – 528.  

60. Mallapur A, Waran N, Seaman S & Sinha A 2006 Differences in reproductive 
behaviour between the breeding & non-breeding groups of lion-tailed macaques 
(Macaca silenus) housed in Indian zoos Applied Animal Behaviour Science 97: 343 – 
348. 

61. Mallapur A 2005a Managing primates in zoos: Lessons from animal behaviour Current 
Science 89: 1214 – 1219. 



REDVET. Revista electrónica de Veterinaria 1695-7504       
2008 Volumen IX Número 9B 
 

Animal Welfare research and its implications to non-human primate breeding programs: A Case Study of the Lion-
tailed macaque conservation breeding program from India 
http://www.veterinaria.org/revistas/redvet/n080809B/BA025.pdf 

 

19

62. Mallapur A 2005b The Welfare of Captive Lion-Tailed Macaques (Macaca Silenus) 
Housed In Indian Zoos. PhD Dissertation, University of Edinburgh: Edinburgh, 
Scotland 

63. Mallapur A and Austin C 2006 Environmental Enrichment for Captive Lion-Tailed 
Macaques (Macaca silenus). Report, Puget Sound Chapter, AAZK: USA, 19p. 

64. Mallapur A & Choudhury B C 2003 Behavioral abnormalities in captive non-human 
primates Journal of Applied Animal Welfare Science 6: 275 – 284. 

65. Mallapur A, Sinha A & Waran N 2005a Influence of visitor’s presence on the behaviour 
& welfare of captive lion-tailed macaques (Macaca silenus) housed in Indian zoos 
Applied Animal Behaviour Science 94: 341 – 352. 

66. Mallapur A, Waran N & Sinha A 2005b Factors Influencing the Behaviour & Welfare of 
Captive Lion-tailed Macaques (Macaca silenus) housed in Indian Zoos Applied Animal 
Behaviour Science 91: 337 – 353. 

67. Mallinson J J C, Smith J D, Darwent M and Carroll J B 1994 The design of the 
Sumatran orang-utan Pongo pygmaeus abelii `home-habitat' at the Jersey Wildlife 
Preservation Trust. DODO Journal of Durrell Wildlife Conservation Trust 30: 15 – 32.  

68. Malone N 1998 Providing orangutans with opportunities for arboreal behaviour. Shape 
of Enrichment 7: 1 – 2.    

69. Maple T, Mcmanamon R and Stevens E 1995 Defining the good zoo: animal care, 
maintenance and welfare. In: Norton B G, Hutchins M, Stevens E F, Maple T L (Eds) 
Ethics on the Ark. pp 219 – 234 Smithsonian Institution Press: Washington, USA. 

70. Marriner L M and Drickamer L C 1994 Factors influencing stereotyped behaviour of 
primates in a zoo. Zoo Biology 13: 267 – 275. 

71. Mason G J and Latham N R 2004 Can’t stop, won’t stop: is stereotypy a reliable 
animal welfare indicator? Animal Welfare Supplement 13: S57 – S70. 

72. Mason G J 1991 Stereotypies: A critical review. Animal Behaviour 41: 1015 – 1037.  
73. Mench J A and Mason G J 2000 Behaviour. In: Appleby M C and Hughes B O (Eds) 

Animal Welfare. pp 127-142 CAB International: Oxford, UK. 
74. Milton K 1988 Foraging behaviour and the evolution of primate intlligence. In: Byrne R 

and Whiten A (Eds) Machiavellian Intelligence: Social Expertise and the Evolution of 
Intellect in Monkeys. New York: Oxford University Press. 

75. Mitchell G, Obradovich S D, Herring F H, Dowd B and Tromborg C 1991 Threats to 
observers, keepers, visitors and others by zoo mangabeys (Cercocebus galeritus 
chrysogaster). Primates 32: 515 – 522. 

76. Mootnick A R and Baker E 1994 Masturbation in captive Hylobates (gibbons). Zoo 
Biology 13: 345 – 353. 

77. Neveu H and Deputte B L 1996 Influence of availability of perches on the behavioral 
well-being of captive, group-living mangabeys. American Journal of Primatology 38: 
175 – 185. 

78. Newberry R C 1995 Environmental enrichment: Increasing the biological relevance of 
captive environments. Applied Animal Behaviour Science 44: 229 – 243. 

79. O’Neill P L, Novak M A and Suomi S J 1991 Normalizing laboratory-reared rhesus 
macaque (Macaca mulatta) behavior with exposure to complex outdoor enclosures. 
Zoo Biology 10: 237 – 245. 

80. Peel A J, Vogelnest L, Finnigan M, Grossfeldt L, O'Brien J K 2005 Non-invasive fecal 
hormone analysis and behavioral observations for monitoring stress responses in 
captive western lowland gorillas (Gorilla gorilla gorilla). Zoo Biology 24: 431 – 445. 

81. Plowman A B, Jordan N R, Anderson N, Condon E and Fraser O 2005 Welfare 
implications of captive primate population management: behavioural and psycho-
social effects of female-based contraception, oestrus and male removal in hamadryas 
baboons (Papio hamadryas). Applied Animal Behaviour Science 90: 155 – 165. 

82. Powell D M, Carlstead K, Tarou L R, Brown J L, Monfort S L 2006 in press Effects of 
construction noise on behavior and cortisol levels in a pair of captive giant pandas 
(Ailuropoda melanoleuca). Zoo Biology 

83. Prescott M J and Buchanan-Smith H M 2004 Cage sizes for tamarins in the 
laboratory. Animal Welfare 13: 151 – 158. 



REDVET. Revista electrónica de Veterinaria 1695-7504       
2008 Volumen IX Número 9B 
 

Animal Welfare research and its implications to non-human primate breeding programs: A Case Study of the Lion-
tailed macaque conservation breeding program from India 
http://www.veterinaria.org/revistas/redvet/n080809B/BA025.pdf 

 

20 

84. Raghavan R 2001 Social Behaviour and Communication Among Wild Lion-Tailed 
Macaque (Macaca Silenus) in the Indira Gandhi Wildlife Sanctuary, Tamil Nadu. MSc 
Dissertation, Saurashtra University: Rajkot, India. 

85. Reinhardt V 1993 Promoting increased foraging behaviour on caged stump-tailed 
macaques. Folia Primaologica 61: 47 – 51. 

86. Reinhardt V 1997 Refining the traditional housing and handling of research macaques. 
Monograph online available at http://pantheon.yale.edu/~seelig/pef /new/new.html 
9p 

87. Reinhardt V and Roberts A 1996 Effective feeding enrichment for non-human 
primates: a brief review. Animal Welfare 6: 265 – 272. 

88. Reinhardt V, Houser W D, Eisele S G and Champoux M 1987 Social enrichment of the 
environment with infants for singly caged adult rhesus monkeys. Zoo Biology 6: 365 
– 371. 

89. Reinhardt V, Liss C and Stevens C 1995 Social housing of previously single-caged 
macaques: what are the options and the risks? Animal Welfare 4: 307 – 328. 

90. Reinhardt V, Liss C and Stevens C 1996 Comparing cage space requirements for 
nonhuman primates in the United States and in Europe. Animal Welfare Information 
Center Newsletter 7: 12 – 13.  

91. Rendall D and Taylor L L 1991 Female sexual behaviour in the absence of male-male 
competition in captive Japanese macaques (Macaca fuscata). Zoo Biology 10: 319 – 
328. 

92. Savage A, Giraldo H and Soto L 1997 Developing a conservation action program for 
the cotton-top tamarin (Saguinus oedipus). In: Wallis J (Ed) Primate Conservation: 
The Role of Zoological Parks. pp 97 – 111 American Society of Primatology: Oregon, 
USA. 

93. Selye H 1950 The Stress of Life. McGraw Hill Book Company: New York, USA. 
94. Skyner L, Amory J and Hosey G 2004 The effect of visitors on the self-injurious 

behaviour of a male pileated gibbon (Hylobates pileatus). Der Zoologische Garten 74: 
38 – 41.  

95. Smith A, Lindburg D G and Vehrencamp S 1989 Effect of food preparation on feeding 
behaviour of lion-tailed macaques. Zoo Biology 8: 57 – 65. 

96. Snowdon C T 1991 Naturalistic environments and psychological well-being. Novak M A 
and Petto A J (Eds) Through the Looking Glass. pp 103 – 115 American Psychological 
Association: Washington DC, USA. 

97. Steen Z 1995 Effects of enriched food acquisition on activity budgets of two tamarin 
species at Adelaide Zoo. International Zoo News 42: 284 – 298. 

98. Stoinski T, Beck B, Bowan M and Lehnhardt J 1997 The gateway zoo program: a 
recent initiative in Golden Lion Tamarin reintroduction. In: Wallis J (Ed) Primate 
Conservation: The Role of Zoological Parks. pp 113 – 130 American Society of 
Primatology: Oregon, USA. 

99. Terlouw E M C, Schouten W G P and Ladewig J 2000 Physiology. In: Appleby M C and 
Hughes B O (Eds) Animal Welfare. pp 143 – 158 CAB International: Oxon, UK. 

100. Tuyttens F A M, Maertens L, Poucke E van, Nuffel A van, Debeuckelaere S, Creve J 
and Lens L 2005 Measuring fluctuating asymmetry in fattening rabbits: A valid 
indicator of performance and housing quality? Journal of Animal Science: 2645 – 
2652. 

101. Umapathy G and Kumar A 2000a Demography of the lion-tailed macaque (Macaca 
silenus) in rainforest fragments of Anamalai Hills, South India. Primates 41: 119 – 
126. 

102. Umapathy G and Kumar A 2000b Impacts of the habitat fragmentation on time 
budget and feeding ecology of lion-tailed macaque (Macaca silenus) in rainforest 
fragments of Anamalai Hills, South India. Primate Report 58: 67 – 82. 

103. Venugopal B and Sha A A 1993 Visitor behaviour at lion-tailed macaque in the 
Mysore Zoo. Zoos’ Print 8: 45 – 48. 

104. Vick S J, Anderson J R and Young R 2000 Maracas for Macaca? Evaluation of three 
potential enrichment objects in two species of zoo-housed macaques. Zoo Biology 19: 
181 – 191. 



REDVET. Revista electrónica de Veterinaria 1695-7504       
2008 Volumen IX Número 9B 
 

Animal Welfare research and its implications to non-human primate breeding programs: A Case Study of the Lion-
tailed macaque conservation breeding program from India 
http://www.veterinaria.org/revistas/redvet/n080809B/BA025.pdf 

 

21

105. Waitt C and Buchanan-Smith H M 2001 What time is feeding? How delays and 
anticipation of feeding schedules affect stump-tailed macaque behavior. Applied 
Animal Behaviour Science 75: 75 – 85. 

106. Wallis J 1997 From ancient expeditions to modern exhibitions: The evolution of 
primate conservation in the zoo community. In: Wallis J (Ed) Primate Conservation: 
The Role of Zoological Parks. pp 1 – 27 American Society of Primatology: Oregon, 
USA 

107. Wells D L and Egli  J M 2004 The influence of olfactory enrichment on the 
behaviour of captive black-footed cats, Felis nigripes. Applied Animal Behaviour 
Science 85: 107 – 119. 

108. Wells D L 2005 A note on the influence of visitors on the behaviour and 
welfare of zoo-housed gorillas. Applied Animal Behaviour Science 93: 13 – 17. 

109. Westergaard G C, Izard M K and Drake J H 2000 Reproductive performance of 
rhesus macaques (Macaca mulatta) in two outdoor housing conditions. American 
Journal of Primatology 50: 87 – 93. 

110. Wiese R J and Hutchins H 1997 The role of North American zoos in primate 
conservation. In: Wallis J (Ed) Primate Conservation: The Role of Zoological Parks. pp 
29 – 42. American Society of Primatology: Oregon, USA 

111. Worlein J M and Sackett G P 1997 Social development in nursery-reared pigtailed 
macaques (Macaca nemestrina). American Journal of Primatology 41: 23 – 35. 

112. Zeeve S and Porton I 1997 Zoo-based conservation of Malagasy prosimians. In: 
Wallis J (Ed) Primate Conservation: The Role of Zoological Parks. pp 83 – 95 
American Society of Primatology: Oregon, USA. 

113. Zhang G, Swaisgood R R and Zhang H 2004 Evaluation of behavioral factors 
influencing reproductive success and failure in captive giant pandas. Zoo biology 23: 
15 – 31. 

114. Zimmerman A and Feistner A T C 1996 Effects of feeding enrichment on ruffed 
lemurs Varecia variegata variegata and Varecia v. rubra. DODO (Journal of Durrell 
Wildlife Conservation Trust) 32: 67 – 75.  

115. Zinner D, Hindahl J and Kaumanns W 2001 Experimental intergroup encounters in 
lion-tailed macaques (Macaca silenus) Primate Report 59: 77 – 92. 

116. Zucker E L, Deitchman M and Watts E 1991 Behavioural evaluation of exhibit 
modifications designed to accommodate an aged Diana monkey. Zoo Biology 10: 69 – 
74. 


