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Abstract

One challenge facing zoos is balancing welfare needs with other primary goals,
which include conservation, education, research, and entertainment. Managing
primates in zoos involves similar welfare challenges faced by primates in other
environments, which are covered elsewhere in this volume. In this chapter we
identify and discuss welfare challenges that are unique to zoo-housed primates.
All captive primates experience the presence of familiar humans (animal care
staff), however the presence of unfamiliar humans (visitors) is common in zoo
environments. In addition to providing a resource to zoo visitors, zoo primates
also have an important conservation role that may involve intensive social
management to facilitate captive breeding. We first discuss the influence of
both familiar and unfamiliar humans on the welfare of zoo primates. We then
examine the impact of different methods of social management on primate
welfare.
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1 Introduction

Modern zoological collections have five main responsibilities: animal welfare,
conservation, education, research, and entertainment (Godinez and Fernandez
2019). When considering zoo primate welfare, it is important to be aware of these
goals because there is a need to evaluate different welfare challenges for different
species within a collection. For example, if the primary role of an individual animal
is to act as an ambassador for their wild counterparts—an educational role—then one
welfare challenge they would face would relate to the effects of exposure to large
visitor numbers. On the other hand, if the main role of a species is to maintain a
genetically diverse population for captive breeding purposes—a conservation role—
then welfare challenges may include the animals’ movement to another zoo or the
introduction of animals for breeding purposes. With careful enclosure design and
planning these goals need not clash. For example, research can occur in front of the
public and provide entertainment and conservation education opportunities as well
(Farmer et al. 2022).

Zoo design has recently moved toward larger and more naturalistic enclosures
(Coe 2003; Hosey 2022). This has brought about improvements in meeting welfare
needs as well as providing better educational experiences for visitors. The welfare
impacts of enclosure design and management practices are discussed elsewhere in
this volume (Coleman et al. 2022; Farmer et al. 2022; Kemp 2022), therefore this
chapter focuses on three welfare challenges that we believe are pertinent to
zoo-housed primates. The first relates to regular contact with familiar humans.
This challenge is not unique to zoo-housed primates (Buchanan-Smith et al.
2022), but the interactions may be different in zoo environments. The second
challenge is the presence of large numbers of visitors, which is common in zoos
(Hosey 2005). The third challenge is that of social management, which is the
manipulation of social groupings based on breeding requirements and/or housing
and husbandry constraints. While this third challenge is not unique to zoos, its end
goal, that is, maintaining self-sustaining genetically diverse (i.e., breeding)
populations, may be different to the end goal of other captive facilities, such as
laboratories and sanctuaries for which reproduction may not be a primary goal.

2 Presence of Familiar Humans

The welfare implications of human—animal interactions in zoos resemble those in
laboratories and other captive environments (Buchanan-Smith et al. 2022). When
human-animal interactions are consistent, human-animal relationships and human-
animal bonds may develop (Hosey and Melfi 2012). Positive human-animal
relationships develop when humans talk calmly and stroke/groom the animals, for
example; negative human-animal relationships develop when humans shout at and
roughly handle the animals, for example (Ward and Melfi 2015). The development
of positive human-animal relationships can occur after even only small positive
interventions. For instance, laboratory chimpanzees (Pan troglodytes) that spend
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10 min per day engaging in positive interactions with their caregivers show an
increase in play and grooming behaviors and a decrease in abnormal behaviors
(Baker 2004).

Some evidence indicates that human-animal relationships may be further
enhanced if caregivers use species-specific communication, such as gestures based
on the species’ natural mode of communication. Jensvold (2008) carried out a study
on three male chimpanzees housed at Zoo Northwest Florida (now Gulf Breeze
Z00), in which caregivers communicated with chimpanzees using either chimpanzee
or human means. For example, when grooming chimpanzees, the human caregiver
would either lip-smack and make grooming noises or just examine the chimpanzee’s
hair without lip-smacking. The three chimpanzees differed in how they responded to
the two types of caregiver communication style. For example, two chimpanzees
spent more time grooming when caregivers used chimpanzee communication while
the other chimpanzee spent more time grooming when the caregivers used human
communication. This finding highlights the importance of considering species’
natural mode of communication and individual differences in the effect that these
interventions have on the human-animal relationship.

Human-animal bonds involve a relationship between a human and an animal that
is reciprocal and persistent and that promotes a perceived increase in well-being for
both parties (Hosey and Melfi 2012). These bonds are often reported by pet owners.
Research on zoo-housed nonhuman primates has only recently examined these
bonds. For instance, Hosey and Melfi (2012) explored the prevalence of human-
animal bonds by surveying 130 zoo professionals at industry conferences.
Irrespective of age, gender, or job role, 78 of the respondents reported that they
had formed a bond with a zoo animal. Moreover, a quarter of respondents reported
that they had formed a bond with a species of primate and, for over a half of these
respondents, the primate was one of the apes. The respondents reported that the
benefits that they themselves incurred included a sense of enjoyment and emotional
attachment while they perceived benefits to animals as being related to improved
husbandry and welfare. Other studies have found that human—animal interactions,
such as positive reinforcement training, also enhance husbandry and welfare by
making routine management situations, such as isolation (Spiezio et al. 2015) and
medication administration (Melfi and Thomas 2005), less stressful for the animals.

It is important to add the caveat that some human—animal interactions may have
adverse effects on animals. For example, two groups of chimpanzees and western
lowland gorillas (Gorilla gorilla gorilla) at Lincoln Park Zoo, USA, were observed
for 4 years as part of a continuous behavioral monitoring study. During this study, all
occurrences of interactions with caretakers were recorded (provision of food, drink,
enrichment, tactile contact, and friendly gestures). Both species showed higher
levels of agonistic behaviors and lower levels of pro-social behaviors during
observations when caretaker interactions occurred compared to sessions without
caretaker interaction (Chelluri et al. 2013). Although the authors considered all
interactions to be positive, the behaviors exhibited during the animals’ interactions
with caretakers suggest that the animals may compete for attention, and that this
leads to stress-related behaviors.
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Stockmanship may also play a part in human—animal interactions. Developed in
the domestic and agriculture industry, good stockmanship refers to the extent to
which animals are managed safely, effectively, and in a manner that is low stress for
the animal and keeper (Ward and Melfi 2015). Ward and Melfi (2015) evaluated
stockmanship of Sulawesi macaques (Macaca nigra), black rhinoceroses (Diceros
bicornis), and Chapman’s zebra (Equus quagga chapman) in a zoo context by
evaluating animal responses to different keepers that delivered different cues when
moving animals from one area of the exhibit to another. Ward and Melfi found that
these species reacted differently to the different cues and that some keepers were able
to initiate a quicker response than others. Based on these and other findings (Ward
and Melfi 2013, 2015), the authors suggest that social species, such as macaques,
respond more rapidly to general keeper cues and that solitary species, such as rhino,
are more influenced by individual human—animal interactions and are more likely to
form specific human-animal bonds due to their solitary nature.

Clearly, the human-animal relationships that develop between caregivers and
primates can vary depending on many factors. To aid our understanding in the
techniques used to evaluate the impact of these relationships, we can consult
principles from the domestic, agriculture, and laboratory industries. In the next
section, we evaluate the impact of unfamiliar humans on zoo primate welfare.

3 Presence of Unfamiliar Humans

Zoo primates are managed by a small team of familiar humans and exposed to a daily
influx of unfamiliar humans: zoo visitors (Hosey and Melfi 2014). Without attracting
and engaging visitors, zoos cannot pursue the other goals that are central to the
mission of zoos. The presence of zoo visitors, however, may conflict with the goal of
maintaining good welfare (Fernandez et al. 2009). Visitor effects can be negative,
positive, or neutral (Hosey 2005), but studies on zoo primates overwhelmingly
conclude that visitors have a negative impact on welfare (Hosey 2005). Aggression
and abnormal behaviors, such as fur plucking, are the most commonly reported
negative behaviors associated with increased visitor numbers. For example,
Mallapur et al. (2005) observed lion-tailed macaques (Macaca silenus) at eight
Indian zoos during days when visitors were present and days when visitors were
absent. They found that the macaques engaged in more abnormal behaviors on days
when visitors were present. The authors of this study highlighted that the level of
disturbance by visitors in Indian zoos is relatively high due to the lack of well-
established conservation and animal welfare awareness programs; behaviors such as
shouting, teasing, feeding, and even physically harming animals are commonplace.
If this is the case, it is reasonable to assume that, in some cases, it is the behavior,
proximity, and/or type of contact that visitors have with the animals that adversely
affect welfare and not simply the presence of visitors. Altering visitor behavior has
been shown to reduce their adverse impact. In one study, Chamove et al. (1988)
found that encouraging zoo visitors to behave submissively by crouching in front of
primate exhibits resulted in less aggressive behavior from the primates.
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It is difficult to assess which aspect of visitor interactions primates find most
stressful. Is it visual contact with humans, the noise that human visitors make, or
something else? One attempt to assess visitor-related disturbances involved
imposing one-way screens at a black capped capuchin (Cebus apella) enclosure at
Melbourne Zoo, Australia. These screens allowed visitors to view the capuchins, but
from the capuchin side, the viewing window looked like a white screen. The
experimenters watched the animals and took biological samples during the control
(no modification to viewing windows) and the reduced visual contact condition. The
reduced visual contact condition resulted in a reduction in group aggression and
abnormal behaviors. In addition, fecal steroid metabolites, a measure of stress
response (Capitanio et al. 2022), were lower in the reduced visual contact condition
than in the control condition. The screens reduced the number of visitors present at
the enclosures but not visitor behavior (e.g., banging on the viewing window) and
noise levels. As the screens were not soundproof, the auditory stimuli were the same
in each condition. The study therefore affirmed that it was visual signals such as
direct eye contact with visitors that were the fear-eliciting stimuli (Sherwen et al.
2015).

Animal—visitor interactions are potentially enriching (Claxton 2011), but there is
limited empirical evidence that visitors have a positive effect on the welfare of
zoo-housed primates (Hosey 2005). Also, where positive effects of interactions are
described, there are confounds, such as the presence of food rewards. For example, a
study of visitor—chimpanzee interactions at Chester Zoo, UK, found that the longer
chimpanzees interacted with humans, the more likely they were to receive food from
visitors (Cook and Hosey 1995). Receiving this food in addition to their normal diet
may pose a welfare issue if it results in nutritional imbalances and/or obesity.

The relationships that zoo animals have with familiar and unfamiliar humans are
likely related. Hosey (2008) proposes a model where, if interactions with familiar
and unfamiliar humans are positive, animals may learn to not fear humans, and this
could lead to a greater likelihood that the animal will be enriched by humans and
other environmental stimuli (Fig. 1). Therefore, future studies of human-animal
relationships in zoo primates should consider the relationships that primates have
with familiar and unfamiliar humans.

3.1 Assessing Human-Animal Relationships

It is difficult to draw firm conclusions about the impact of human-animal
relationships on the welfare of zoo-housed primates due to the sheer variety of
published studies. There is no standardized method for assessing the “visitor effect”
across zoological collections.

One issue comes down to enclosure design. There are many ways that primate
species are exhibited. For example, lemurs can be housed in traditional cages, island
exhibits, and walk through (free-ranging) exhibits (Farmer et al. 2022). Enclosure
design has a large influence on visitor pressure; visitors can get very close to animals
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Fig. 1 A model of human-animal interactions and their consequences for human-animal
relationships in zoo animals (from Hosey 2008)

in free-ranging exhibits but not when viewing animals in island enclosures or in
traditional cages.

When evaluating visitor effects, one problem is how to quantify visitors. For
example, researchers may count the number of visitors to an enclosure at a particular
time and use these values or, as is more common, researchers may record the number
of visitors as being “low” or “high.” How these categories are quantified vary. For
example, in their study of Diana monkey (Cercopithecus diana) behavior, Todd
et al. (2007) coded density as being “low” if there were one to five visitors and as
being “high” if there were more than five visitors. Bonnie et al.’s (2016) observations
of gorilla behavior had similar category labels but different accompanying
definitions: they considered 1-30 visitors “low” and more than 30 visitors “high.”
A different approach is to record total visitors to the zoo rather than at the species
enclosure. For example, for her study of gorillas, Wells (2005) compared behavior
on days of high visitor density, which they defined as weekends during the summer
months (mean of 1288 visitors per day), with days of low visitor density, defined as
weekdays during winter months (mean 6 visitors per day).

For most zoo research, cortisol is not used as a welfare indicator due to its cost
and the inability to conduct the relevant analyses, there is also the added issue that
cortisol could indicate excitement or arousal rather than stress. However, facilities
that have collected cortisol data have demonstrated its potential utility in studying
the visitor effect. At Chester Zoo, for example, Davis et al. (2005) collected urine
samples from four female and three male spider monkeys (Ateles geoffroyi
rufiventris) three to four times per week during opening hours and when the zoo
was closed. They found that urinary cortisol was positively associated with visitor
number, although this relationship was not strong and it was possibly nonlinear, and
from this, concluded that other factors may have influenced the relationship.
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Ultimately, the biggest issue when assessing the impact of human-animal
relationships is the fact that welfare is an individual outcome: a stimulus perceived
as stressful by one animal may be perceived as neutral or pleasant by another. As
such, factors such as personality (Robinson and Weiss 2022) may contribute to these
differences. For example, squirrel monkeys (Saimiri sciureus) housed at the Living
Links Research Centre at the Edinburgh Zoo that were rated as being more playful
and less cautious, depressed, and solitary were more likely to approach the viewing
window when visitors were present (Polgar et al. 2017).

3.2 Reducing the Impact of Visitors on Welfare

Management practices have been developed to “dilute” the visitor effect. One
practice is to reduce visual or auditory contact with visitors. A popular method
involves the use of camouflage netting to reduce visual contact. For example, six
gorillas at Belfast Zoo, Northern Ireland, UK, displayed significantly less aggression
and abnormal behavior when camouflage netting was introduced (Blaney and Wells
2004). The authors noted that the barrier also encouraged quieter, more relaxed
behavior on the part of visitors. Thus, the effect of the netting could be attributable to
reduced visual contact, noise reduction, the change in visitor behavior, or a combi-
nation of these factors.

These techniques can introduce a conflict between visitor engagement and animal
welfare. In short, although welfare may be improved by this buffering, visitor
engagement may be negatively affected. For example, when screens were used to
reduce visual contact between black capped capuchins and zoo visitors, the welfare
of the animals was improved, but zoo visitors did not stay at the enclosure for as long
as they did before the screens were introduced, potentially impacting on the oppor-
tunity to engage and/or educate visitors (Sherwen et al. 2015). However, in the study
of camouflage netting in gorilla exhibits, when questioned by researchers, the public
considered the animals to be more exciting and less aggressive when netting was
present (Blaney and Wells 2004).

3.3 Direct Human-Animal Contact

All of the above examples deal with visitors having indirect contact with primates.
However, visitor experiences, such as “keeper for a day” or “feed the animals,” are
becoming increasingly popular. These experiences offer the chance for visitors to get
much closer to the animals—there may even be a chance for direct physical
contact—and often take place at “off-show” areas that are normally only accessible
by zoo staff. There have been few studies of these programs’ impact on welfare.
Within the Wild Planet Trust (Paignton Zoo and Newquay Zoo) the authors of
this chapter have been evaluating the implications of visitor experiences. Lemur
species are a popular animal for feeding experiences due to their calm temperament.
From November 2013 to February 2014, visitor feeding experiences with crowned
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Fig. 2 Mean (£ SE) percentage of time crowned lemurs (N = 4) spent interacting with keepers or
visitors during visitor feed experiences at Newquay Zoo, UK (From Jones et al. 2016)

lemurs (Eulemur coronatus) at Newquay Zoo, UK were evaluated by means of
behavioral observations during and immediately following either visitor feeds or
keeper feeds (Jones et al. 2016). There were minor behavioral changes: during
visitor feeds, lemurs spent more time interacting with keepers and less time engaged
in aggressive behavior. The reduced aggression may indicate a positive effect of
visitor feeds on welfare, but it should be noted that levels of aggression in all
conditions were extremely low. The increased interaction with keepers during visitor
feeds is probably an artifact of the feed condition, that is, during visitor feeds,
keepers may have encouraged interactions for the benefit of visitors. This study
also examined changes in the animal-keeper and animal-visitor interactions as the
feeding experiences continued. Interestingly we found an increase in animal—visitor
interaction and a decrease in animal-keeper interaction as feeding experiences
progressed; however, when feeding experiences resumed after a 28-day break,
interactions with keepers and visitors returned to levels seen during the first visitor
feed experience (Fig. 2). This finding is interesting from two perspectives. First, it
shows that the lemurs found the visitors enriching. Second, it suggests that making
these events predictable, and thus allowing lemurs to habituate, enhances their well-
being.

Regardless of whether visitors have direct or indirect interactions with zoo
primates, it is important that the zoo industry continues to develop and standardize
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ways to evaluate the effects of visitors. Results of these studies, such as ours, can
then be used to design programs that engage zoo visitors in such a way as to
minimize any negative effects of these visitors.

4 Social Management

Many species housed in zoos are involved in captive breeding programs. These
animals are bred and transferred between collections to maintain stable
demographics and the genetic health of a population. The IUCN (International
Union for Conservation of Nature) endorse captive breeding as an essential compo-
nent in species conservation (IUCN 1987). Ex-situ species can be managed on both
regional and global levels and the type of management varies (Hosey 2022; Prescott
2022).

According to the [UCN Guidelines on the Use of Ex situ Management for Species
Conservation (2014), there are a number of roles for species managed through
captive breeding programs. These roles are to function as an insurance population,
temporary rescue, long-term ex sifu population, demographic manipulation, source
for population restoration, source for ecological replacement, source for assisted
colonization, research, and/or training or for an education and awareness program
(see Prescott 2022). Population restoration has only been realized for a small number
of species and for primates, the main success story being the golden-lion tamarin
Leontopithecus rosalia (see Ferreira et al. 2022). For similar projects to be success-
ful, we need to maintain self-sustaining and genetically diverse captive populations.
Therefore, there are coordinated efforts in the management of many zoo-housed
primate species, which are based on genetics and demography.

In some cases, primates managed as part of captive breeding programs are housed
in unnatural social groups. For species in which individuals emigrate from their natal
group when they reach maturity, zoos may manipulate breeding opportunities or
maintain animals in nonbreeding or in small groups, which can affect primate
welfare.

Knowledge of social group composition and behavioral repertoires of wild
members of a species are thus important for promoting positive welfare in
zoo-housed primates. However, this information is limited for some species, because
of a lack of research, the elusive nature of the species, or political and social
conditions in range countries. Given the limited data on wild individuals,
comparisons between zoos can be hugely beneficial. For example, following a series
of male—male aggression incidents in a troop of spider monkeys, Chester Zoo, UK
began an investigation into the social systems of captive groups. It is known that the
social systems of wild Ateles involve a fission—fusion dynamic with groups com-
prising a variety of sex-age classes (Shimooka et al. 2010). To gather information on
and to contextualize aggressive behavior in spider monkeys within zoos, Chester
Zoo sent a survey to zoos that held the genus. The survey revealed that most
zoo-housed spider monkeys were housed in small social groups and that, of the
aggressive interactions that resulted in severe or fatal injuries, most were initiated by
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adult males. The results of the survey also led to several recommendations for ways
to allow something like a fission—fusion system to operate, including providing
larger, more complex enclosures and creating areas in which individuals can separate
themselves from the group (Davis et al. 2009).

The Bornean orangutans (Pongo pygmaeus) at Apenheul Primate Park in
Apeldoorn, Netherlands, are managed in a fission—fusion social system designed
to mimic the social system of this species in the wild where male orangutans are
semi-solitary and come together with females to breed (van Schaik et al. 2009). A
study compared stress responses of orangutans housed in Apenheul to orangutans
housed in permanent captive groups in other European zoos. The study did not find a
significant difference in fecal glucocorticoid metabolites between these groups.
However, individuals housed in Apenheul were more stressed by high visitor
numbers. These findings suggest that, although providing a more naturalistic envi-
ronment may reduce the influence of group size on social stress, there may be
unanticipated welfare costs associated with these environments (Amrein et al. 2014).

Researchers often have access to studbook data for species that are managed in
captivity. Studbook data allows researchers to assess the influence of social manage-
ment practices on breeding success. Studbook data can also enable researchers to
investigate the influence of species-specific behaviors and their effect on breeding or
welfare. For example, howler monkeys (Alouatta spp.) are characterized by their
vocalizations (Whitehead 1987, 1995), which in the wild serve many functions,
including the regulation of the use of space, allowing neighbors to avoid one another,
the demarcation of territory, opponent assessment, predator avoidance, and mate
defense (see review by Da Cunha and Byrne 2006). In the wild, groups of black and
gold howler monkey (Alouatta caraya) range to up to 19 animals and these groups
contain adult males and females (for review see Antonio 2007). Analysis of
European studbook data by Farmer et al. (2011) found that significantly more
offspring were born (and survived to one year of age) to females and males housed
in a family group than to pair-housed males and females. The same study found that
males who had high rates of vocalizations had greater reproductive success than
males who had low rates or males who did not vocalize; females housed with males
who vocalized regularly also had higher rates of reproductive success. Four of the
12 males did not perform vocalizations. Based on these results, the authors
recommended that zoos conduct playbacks of these vocalizations to encourage
successful breeding in this species.

The performance of behaviors that may be deemed undesirable by zoo visitors,
such as aggression and infanticide, are also important for maintaining social dynam-
ics in many primate species. For example, in wild Sulawesi macaques (Macaca
nigra), social aggression is a common and important behavior (Reed et al. 1997).
The multi-male social system of macaque species leads to competition for access to
receptive females. Males of similar rank engage in more aggressive interactions than
those that differ in rank (Reed and O’Brien 1997). This suggests that aggressive
behaviors should not be prevented in this species as these behaviors are used to
maintain the social hierarchy. Moreover, by permitting these behaviors, the injuries
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that occur are less likely to be severe and animals can be monitored and treated
quickly by veterinary staff.

4.1 Single-Sex Groups

In response to space limitations, zoos often need to manage the surplus of one sex or
prevent breeding. The formation of single-sex groups is a common practice used to
maintain or reduce population numbers.

The formation of single-sex groups can be difficult if such a social grouping is not
common in the wild (Hosey, et al. 2009). A few primate species are reported to form
bachelor groups in the wild (western lowland gorillas, Stoinski et al. 2001;
chimpanzees, Fritz and Howell 1997; proboscis monkeys Nasalis larvatus, Sha
et al. 2013; Murai 2004). With the increased success of captive breeding programs,
the number of surplus animals is increasing. Consequently, single-sex groups are
becoming an important management tool (Neier et al. 2013).

In zoos, western lowland gorilla bachelor groups are formed to manage the
surplus of males and to socialize young males (Leeds et al. 2015) as these groups
provide an environment where they can learn “appropriate” behaviors before being
moved to a breeding situation. Comparable data on wild bachelor groups are mainly
drawn from mountain gorillas (Gorilla beringei beringei) (Yamagiwa 1987; Stoinski
et al. 2001; Robbins 1996). Members of wild mountain gorilla bachelor groups
engage in relatively high levels of affiliative behaviors and the groups exhibit a high
degree of social cohesion (Yamagiwa 1987; Robbins 1996). All captive bachelor
gorilla groups are western gorillas, which, with respect to behavior, are distinct from
mountain gorillas (Tutin 1996 as cited in Stoinski et al. 2001). Therefore, care must
be taken in when comparing the social behaviors of the two subspecies.

Pullen (2005) compared social behaviors performed by bachelor-housed western
gorillas at Paignton Zoo to males of the same species that were part of a breeding
group at Belfast Zoo. Despite the small sample size (n = 8), the study showed that
the two groups used different methods to manage social interactions and that these
differences were influenced by the presence of females. Silverback males in both
groups performed more aggressive behaviors than lower-ranking males. However,
non-escalated aggression (chest beating with no contact) was performed more
frequently by the silverback male in the breeding group. These findings suggest
that the behavior of individuals in bachelor groups may differ to males in a breeding
situation. More recently, Leeds et al. (2015) surveyed wounding in bachelor and
mixed-sex groups of western lowland gorillas in 28 North American zoos. The study
reported no differences between wounding rates in bachelor and mixed-sex groups
when no young silverback males were present, but bachelor groups that contained a
young silverback experienced higher rates than those without.

Because of difficulties in introducing unrelated young males into existing family
groups (Johnstone-Scott 1988), Species Survival Plans (Association of Zoos and
Aquariums, America) and EAZA (European Association of Zoos and Aquaria) ex
situ programs for western lowland gorillas involve the formation of bachelor groups
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(Pullen 2005). In North America, 23 zoos house at least one bachelor group (Neier
et al. 2013) and of the 74 European zoos housing the species, 19 house one bachelor
group and one houses two bachelor groups (Bemment 2016). As of 2015, half of the
22 male gorillas which had been moved from a bachelor group to a breeding
situation had sired offspring (Bemment 2016). Guidelines for the successful forma-
tion and maintenance of bachelor groups includes a diversity in rearing history and a
maximum group size of 3 or 4 animals, helping to ensure that bachelor groups may
function as a long-term solution in managing surplus males (Stoinski et al. 2004). As
it has only been commonplace to form bachelor groups over the last decade, only
now are the animals involved in the initial formation of bachelor groups starting to
mature. Therefore, the welfare of gorillas kept in permanent bachelor groups requires
ongoing monitoring.

The white-faced saki monkey (Pithecia pithecia) is managed through an EAZA
ex situ program. In response to a surplus of males, EAZA’s management strategy
involves forming bachelor groups (Webb 2017, personal communication). A study
on male interactions in this species carried out in five European zoos compared
social interactions between animals housed in breeding and bachelor groups. A
bachelor group is considered socially compatible when low levels of aggressive
interactions are observed (Fabregas and Guillén-Salazar 2007). No significant
differences in the performance of aggressive behaviors between the two saki monkey
social groupings were reported. However, when the study separated aggression into
physical and non-physical aggression, compared to males housed in breeding
groups, males housed in bachelor groups spent more time engaged in non-physical
aggression. The study suggests that bachelor group formation in white-faced saki
monkeys is an effective management strategy as the males appear to have ways to
avoid conflict (Prins 2015, unpublished data).

Successful bachelor group formation has been reported in other captive primate
species. For instance, the formation of an all-male group of proboscis monkeys
(Nasalis larvatus) at the Singapore Zoo resulted in less contact aggression compared
to non-contact aggression, and by the sixth week of the introduction, almost all
aggression had stopped (Sha et al. 2013). In wild proboscis monkeys, peripheral
males form all male groups (Yeager 1990), thus this research suggests that the
formation of bachelor groups may be a solution to managing surplus males in this
species. Similarly, for white crowned mangabeys (Cercocebus atys lunulatus)
housed at the Valencia Zoo, Spain, although non-contact aggression (facial threats)
was performed at high rates, physical aggression was rare and mostly between
animals in the same age-sex class. In addition, all animals were groomed by at
least one other member, which suggests that the males were socially compatible
(Fabregas and Guillén-Salazar 2007). Similar findings have been reported in lion-
tailed macaques (Macaca silenus; Stahl et al. 2001) and ruffed lemurs (Varecia spp.;
Romano and Vermeer 2003). Even with the small sample sizes of these studies (most
examined only one group), these findings suggest that bachelor groups can be an
appropriate social grouping for many primate species. However, comparisons of
multiple groups would provide stronger support for managing surplus males in this
way; continued monitoring on the impact of non-contact aggression and the lack of
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reproductive opportunity, on the psychological welfare of these animals, is also
essential.

4.2 Contraceptive Methods

Contraception is another means to manage surplus animals and to limit population
growth. There is limited research into the long-term effects of contraception on the
physiology and behavior of zoo-housed primates. Guidance on the implementation
of contraception is available to EAZA member zoos through the EAZA Reproduc-
tive Management Group. For AZA institutions, the Reproductive Management
Center has expanded to work toward improving reproductive management. Both
organizations maintain databases containing over 30,000 records for the use of
contraception for a range of species. Their aims are to provide zoos guidance on
the use of contraceptives and to collate evidence on the effectiveness and reversibil-
ity of different types of contraceptives.

A range of contraceptive methods is available. However, most of the literature on
contraception comes from laboratory studies with small sample sizes (see Wallace
et al. 2016 for review).

Castration involves removing the testes and thus prevents testosterone produc-
tion. There is limited work on the effects of castration in zoo-housed primates. In
Javan langurs (Trachypithecus auratus), castration was used to maintain surplus
males in social groups at two UK zoos (Port Lympne and Howletts Wild Animal
Parks). The langurs were housed in seven groups: three bachelor pairs and four
mixed-sex groups. All groups contained one intact male, with the remaining males
being castrated, except for one pair of intact males and one mixed-sex group where
all of the males were castrated. Bachelor pair males spent more time engaged in
affiliative behaviors compared to males in mixed-sex groups. Moreover, the pres-
ence of females did not affect male-male interactions in the mixed-sex groups; all
males showed a preference for females as social partners over males. Castrated males
were more submissive than intact males, which suggested that castration may have
influenced these males’ social status (Droscher and Waitt 2012).

Unlike castration, vasectomy involves blocking the vas deferens. This prevents
the passage of sperm out of the penis. Vasectomy should not disrupt testosterone
production and so is preferable to castration (Asa and Porton 2010). There is no
published data concerning the impact of vasectomy on captive primate behavior.
However, anecdotal evidence has been collected from two UK zoos (Paignton Zoo
and Shaldon Wildlife Trust) on the use of vasectomy and contraceptive implants to
prevent breeding in the white-faced saki monkey population. At Paignton Zoo, the
adult male was vasectomized and no effect on behavior was reported initially
(Silcocks 2014, unpublished data). However, over the first seven months after
surgery, there was a decrease in the amount of social grooming this individual
received from group members with grooming returning to original levels one year
after the vasectomy (Thornton 2015, unpublished data). At Shaldon, the adult male
of the pair was treated with a contraceptive implant Deslorelin. Social grooming
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rates after implantation increased over the year-long study period. The author
concluded that, although both methods were effective for management and did not
cause long-lasting changes in behavior, Deslorelin implants were less effective in
preventing pregnancies (Thornton 2015, unpublished data).

The success of hormonal implants has been documented for a range of
zoo-housed primate species, including chimpanzees (Bettinger et al. 1997; Bourry
et al. 2005), western lowland gorillas (Sarfaty et al. 2012), hamadryas baboons
(Papio hamadryas; Portugal and Asa 1995), white-faced saki monkeys (Savage
et al. 2002), white-faced marmosets (Callithrix geoffroyi; Mustoe et al. 2012), and
golden-headed lion tamarins (Leontopithecus chrysomelas; De Vleeschouwer et al.
2000). The contraceptive implant Norplant did not affect the duration of estrus
cycles in female chimpanzees, but the duration of their sexual swellings and full-
swelling phases were shorter than before implantation (Bettinger et al. 1997).
Norplant was also used as a contraceptive in a troop of hamadryas baboons at
Paignton Zoo. A study of this troop found no differences in self-directed behaviors
or social interactions between implanted and non-implanted females (Plowman et al.
2005), although, later, many females removed their implants (Plowman, personal
communication).

The long-term effect of keeping primates in a nonbreeding situation can impact
their social competence and/or future breeding success, and ultimately their welfare.
Preventing animals from breeding or delaying reproduction has led to reduced
fertility in several mammalian and fish species (see Penfold et al. 2014 for a review),
but there is only limited evidence that this occurs in nonhuman primates. A survey of
zoo-raised chimpanzees that assessed the effect of rearing, age at which the animal
was removed from the mother, sex, and participation in shows, revealed that there
was no single aspect of rearing that influenced sexual competence; however,
individuals that were reared alone with no exposure to conspecifics and individuals
removed from their mother at less than 12 months were less likely to reproduce
(King and Mellen 1994). By documenting the use of preventative methods in zoos
(thought the AZA and EAZA reproductive management centers), we can monitor the
long-term impact of captive management techniques and evaluate their success.

5 Conclusions

Primates in zoos are subject to many of the welfare challenges experienced by
individuals in other captive situations, as covered elsewhere in this volume. How-
ever, zoo-housed primates face unique welfare challenges; being exposed to both
familiar and unfamiliar humans on a regular basis and intensive social management
to ensure self-sustaining captive populations. The modification of enclosures and
management practices have been shown to mitigate the effects of visitor—primate
interactions and should be considered in future enclosure designs. The welfare
implications of social and genetic management of primates require ongoing moni-
toring in order to make future decisions evidence-based and to promote positive
welfare.



The Welfare of Primates in Zoos 93

References

Amrein M, Heistermann M, Weingrill T (2014) The effect of fission-fusion zoo housing on
hormonal and behavioral indicators of stress in Bornean orangutans (Pongo pygmaeus). Int J
Primatol 35:509-528. https://doi.org/10.1007/s10764-014-9765-5

Antonio AC (2007) Primate group size and abundance in the Caatinga dry forest, northeastern
Brazil. Int J Primatol 28:1279-1297. https://doi.org/10.1007/s10764-007-9223-8

Asa CS, Porton 1J (2010) Contraception as a management tool for controlling surplus animals. In:
Keilman DG, Thompson KV, Kirk Baer C (eds) Wild mammals in captivity: principles and
techniques for zoo management, 2nd edn. University of Chicago Press, London, pp 469482

Baker KC (2004) Benefits of positive human interaction for socially housed chimpanzees. Anim
Welf 13(2):239-245

Bemment N (2016) EAZA Gorilla EEP: a review of 20 years of gorilla bachelor group manage-
ment: 1995-2015. In: EAZA annual conference. EAZA, Belfast

Bettinger T, Cougar D, Lee DR et al (1997) Ovarian hormone concentrations and genital swelling
patterns in female chimpanzees with Norplant implants. Zoo Biol 16(3):209-223. https://doi.
org/10.1002/(SICI)1098-2361(1997)16:3<209::AID-Z002>3.0.CO;2-E

Blaney EC, Wells DL (2004) The influence of a camouflage net barrier on the behaviour, welfare
and public perceptions of zoo-housed gorillas. Anim Welf 13:111-118

Bonnie KE, Ang MYL, Ross SR (2016) Effects of crowd size on exhibit use by and behavior of
chimpanzees (Pan troglodytes) and Western lowland gorillas (Gorilla gorilla) at a zoo. Appl
Anim Behav Sci 178:102-110. https://doi.org/10.1016/j.applanim.2016.03.003

Bourry O, Peignot P, Rouquet P (2005) Contraception in the chimpanzee: 12-year experience at the
CIRMF Primate Centre, Gabon. J Med Primatol 34(1):25-34. https://doi.org/10.1111/j.1600-
0684.2004.00088.x

Buchanan-Smith HM, Tasker L, Ash H, Graham ML (2022) Welfare of primates in laboratories:
opportunities for improvement. In: Robinson LM, Weiss A (eds) Nonhuman primate welfare:
from history, science, and ethics to practice. Springer, Cham, pp 97-120

Capitanio JP, Vandeleest J, Hannibal DL (2022) Physiological measures of welfare. In: Robinson
LM, Weiss A (eds) Nonhuman primate welfare: from history, science, and ethics to practice.
Springer, Cham, pp 231-254

Chamove AS, Hosey G, Schaetzel P (1988) Visitors excite primates in zoos. Zoo Biol 7
(4):359-369. https://doi.org/10.1002/z00.1430070407

Chelluri GI, Ross SR, Wagner KE (2013) Behavioral correlates and welfare implications of
informal interactions between caretakers and zoo-housed chimpanzees and gorillas. Appl
Anim Behav Sci 147(3-4):306-315. https://doi.org/10.1016/j.applanim.2012.06.008

Claxton AM (2011) The potential of the human-animal relationship as an environmental enrichment
for the welfare of zoo-housed animals. Appl Anim Behav Sci 133(1-2):1-10. https://doi.org/10.
1016/j.applanim.2011.03.002

Coe JC (2003) Steering the ark toward Eden: design for animal well-being. J] Am Vet Med Assoc
223(7):977-980. https://doi.org/10.2460/javma.2003.223.977

Coleman K, Timmel G, Prongay K, Baker KC (2022) Common husbandry, housing, and animal
care practices. In: Robinson LM, Weiss A (eds) Nonhuman primate welfare: from history,
science, and ethics to practice. Springer, Cham, pp 317-348

Cook S, Hosey GR (1995) Interaction sequences between chimpanzees and human visitors at the
700. Zoo Biol 14(5):431-440. https://doi.org/10.1002/z00.1430140505

Da Cunha RGT, Byrne RW (2006) Roars of black howler monkeys (Alouatta caraya): evidence for
a function in inter-group spacing. Behaviour 143(10):1169-1199. https://doi.org/10.1163/
156853906778691568

Davis N, Schaffner CM, Smith TE (2005) Evidence that zoo visitors influence HPA activity in
spider monkeys (Ateles geoffroyii rufiventris). Appl Anim Behav Sci 90(2):131-141. https://doi.
org/10.1016/j.applanim.2004.08.020


https://doi.org/10.1007/s10764-014-9765-5
https://doi.org/10.1007/s10764-007-9223-8
https://doi.org/10.1002/(SICI)1098-2361(1997)16:3<209::AID-ZOO2>3.0.CO;2-E
https://doi.org/10.1002/(SICI)1098-2361(1997)16:3<209::AID-ZOO2>3.0.CO;2-E
https://doi.org/10.1002/(SICI)1098-2361(1997)16:3<209::AID-ZOO2>3.0.CO;2-E
https://doi.org/10.1002/(SICI)1098-2361(1997)16:3<209::AID-ZOO2>3.0.CO;2-E
https://doi.org/10.1016/j.applanim.2016.03.003
https://doi.org/10.1111/j.1600-0684.2004.00088.x
https://doi.org/10.1111/j.1600-0684.2004.00088.x
https://doi.org/10.1002/zoo.1430070407
https://doi.org/10.1016/j.applanim.2012.06.008
https://doi.org/10.1016/j.applanim.2011.03.002
https://doi.org/10.1016/j.applanim.2011.03.002
https://doi.org/10.2460/javma.2003.223.977
https://doi.org/10.1002/zoo.1430140505
https://doi.org/10.1163/156853906778691568
https://doi.org/10.1163/156853906778691568
https://doi.org/10.1016/j.applanim.2004.08.020
https://doi.org/10.1016/j.applanim.2004.08.020

94 K. R. Baker and H. L. Farmer

Davis N, Schaffner CM, Wehnelt S (2009) Patterns of injury in zoo-housed spider monkeys: a
problem with males? Appl Anim Behav Sci 116(2-4):250-259. https://doi.org/10.1016/j.
applanim.2008.08.008

De Vleeschouwer K, Leus K, Van Elsacker L (2000) An evaluation of the suitability of contracep-
tive methods in golden-headed lion tamarins (Leontopithecus chrysomelas), with emphasis on
melengestrol acetate (MGA) implants: (I) effectiveness, reversibility and medical side-effects.
Anim Welf 9:251-271

Droscher I, Waitt CD (2012) Social housing of surplus males of Javan langurs (Trachypithecus
auratus): compatibility of intact and castrated males in different social settings. Appl Anim
Behav Sci 141(3-4):184-190. https://doi.org/10.1016/j.applanim.2012.08.001

Fabregas M, Guillén-Salazar F (2007) Social compatibility in a newly formed all-male group of
white crowned mangabeys (Cercocebus atys lunulatus). Zoo Biol 26(1):63-69. https://doi.org/
10.1002/200.20117

Farmer HL, Plowman AB, Leaver LA (2011) Role of vocalisations and social housing in breeding
in captive howler monkeys (Alouatta caraya). Appl Anim Behav Sci 134(3-4):177-183. https://
doi.org/10.1016/j.applanim.2011.07.005

Farmer HL, Baker KR, Cabana F (2022) Housing and husbandry for primates in zoos. In: Robinson
LM, Weiss A (eds) Nonhuman primate welfare: from history, science, and ethics to practice.
Springer, Cham, pp 349-368

Fernandez EJ, Tamborski MA, Pickens SR, Timberlake W (2009) Animal-visitor interactions in the
modern zoo: conflicts and interventions. Appl Anim Behav Sci 120(1-2):1-8. https://doi.org/10.
1016/j.applanim.2009.06.002

Ferreira RG, Ruiz-Miranda C, Sita S, Sanchez-Lépez S, Pissinatti A, Corte S, Jerusalinsky L,
Wagner PG, Maas C (2022) Primates under human care in developing countries: examples from
Latin America. In: Robinson LM, Weiss A (eds) Nonhuman primate welfare: from history,
science, and ethics to practice. Springer, Cham, pp 145-170

Fritz J, Howell S (1997) The behavior of captive male chimpanzees (Pan troglodytes) housed in
multi-male bachelor versus mixed-sex social groups at the Primate Foundation of Arizona. AmJ
Primatol 49(1):54. https://doi.org/10.1002/(SICI)1098-2345(1999)49:1%3C39::AID-AJP3%
3E3.0.CO;2-9

Godinez AM, Fernandez EJ (2019) What is the zoo experience? How zoos impact a visitor’s
behaviors, perceptions, and conservation efforts. Front Psychol 10. https://doi.org/10.3389/
fpsyg.2019.01746

Hosey G (2005) How does the zoo environment affect the behaviour of captive primates? Appl
Anim Behav Sci 90(2):107-129. https://doi.org/10.1016/j.applanim.2004.08.015

Hosey G (2008) A preliminary model of human-animal relationships in the zoo. Appl Anim Behav
Sci 109(2-4):105-127. https://doi.org/10.1016/j.applanim.2007.04.013

Hosey G (2022) The history of primates in zoos. In: Robinson LM, Weiss A (eds) Nonhuman
primate welfare: from history, science, and ethics to practice. Springer, Cham, pp 3-30

Hosey G, Melfi V (2012) Human-animal bonds between zoo professionals and the animals in their
care. Zoo Biol 31(1):13-26. https://doi.org/10.1002/200.20359

Hosey G, Melfi V (2014) Are we ignoring neutral and negative human-animal relationships in zoos?
Zoo Biol 34(1):1-8. https://doi.org/10.1002/z00.21182

Hosey G, Melfi VA, Pankhurst S (2009) Captive breeding. In: Hosey G, Melfi VA, Pankhurst S
(eds) Zoo animals: behaviour, management and welfare. Oxford University Press, New York,
pp 292-345

TUCN (World Conservation Union) (1987) The IUCN policy statement on captive breeding. IUCN,
Gland, Switzerland

Jensvold MLA (2008) Chimpanzee (Pan troglodytes) responses to caregiver use of chimpanzee
behaviors. Zoo Biol 27(5):345-359. https://doi.org/10.1002/200.20194

Johnstone-Scott R (1988) The potential for establishing bachelor groups of western lowland gorillas
Gorilla g. gorilla. Dodo 25:61-66


https://doi.org/10.1016/j.applanim.2008.08.008
https://doi.org/10.1016/j.applanim.2008.08.008
https://doi.org/10.1016/j.applanim.2012.08.001
https://doi.org/10.1002/zoo.20117
https://doi.org/10.1002/zoo.20117
https://doi.org/10.1016/j.applanim.2011.07.005
https://doi.org/10.1016/j.applanim.2011.07.005
https://doi.org/10.1016/j.applanim.2009.06.002
https://doi.org/10.1016/j.applanim.2009.06.002
https://doi.org/10.1002/(SICI)1098-2345(1999)49:1%3C39::AID-AJP3%3E3.0.CO;2-9
https://doi.org/10.1002/(SICI)1098-2345(1999)49:1%3C39::AID-AJP3%3E3.0.CO;2-9
https://doi.org/10.3389/fpsyg.2019.01746
https://doi.org/10.3389/fpsyg.2019.01746
https://doi.org/10.1016/j.applanim.2004.08.015
https://doi.org/10.1016/j.applanim.2007.04.013
https://doi.org/10.1002/zoo.20359
https://doi.org/10.1002/zoo.21182
https://doi.org/10.1002/zoo.20194

The Welfare of Primates in Zoos 95

Jones H, McGregor PK, Farmer HLA, Baker KR (2016) The influence of visitor interaction on the
behavior of captive crowned lemurs (Eulemur coronatus) and implications for welfare. Zoo Biol
35(3):222-227. https://doi.org/10.1002/200.21291

Kemp C (2022) Enrichment. In: Robinson LM, Weiss A (eds) Nonhuman primate welfare: from
history, science, and ethics to practice. Springer, Cham, pp 451-488

King NE, Mellen JD (1994) The effects of early experience on adult copulatory behavior in zoo-
born chimpanzees (Pan troglodytes). Zoo Biol 13(1):51-59. https://doi.org/10.1002/z00.
1430130107

Leeds A, Boyer D, Ross SR, Lukas KE (2015) The effects of group type and young silverbacks on
wounding rates in western lowland gorilla (Gorilla gorilla gorilla) groups in North American
700s. Zoo Biol 34(4):296-304. https://doi.org/10.1002/200.21218

Mallapur A, Sinha A, Waran N (2005) Influence of visitor presence on the behaviour of captive
lion-tailed macaques (Macaca silenus) housed in Indian zoos. Appl Anim Behav Sci 94(3-
4):341-352. https://doi.org/10.1016/j.applanim.2005.02.012

Melfi VA, Thomas S (2005) Can training zoo-housed primates compromise their conservation? A
case study using Abyssinian colobus monkeys (Colobus guereza). Anthrozods 18(3):304-317.
https://doi.org/10.2752/089279305785594063

Murai T (2004) Social behaviors of all-male proboscis monkeys when joined by females. Ecol Res
19(4):451-454. https://doi.org/10.1111/j.1440-1703.2004.00656.x

Mustoe AC, Jensen HA, French JA (2012) Describing ovarian cycles, pregnancy characteristics,
and the use of contraception in female white-faced marmosets, Callithrix geoffroyi. Am J
Primatol 74(11):1044-1053. https://doi.org/10.1002/ajp.22058

Neier, B., Boyer, D., Lukas, K., Ross S (2013) Wounding rates in bachelor and mixed sex
groupings of lowland gorillas (Gorilla gorilla gorilla). Am J Primatol 75(S1):61. https://doi.
org/10.1002/ajp.22188

Penfold LM, Powell D, Traylor-Holzer K, Asa CS (2014) “Use it or lose it”: characterization,
implications, and mitigation of female infertility in captive wildlife. Zoo Biol 33(1):20-28.
https://doi.org/10.1002/z00.21104

Plowman AB, Jordan NR, Anderson N et al (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). Appl Anim Behav Sci 90
(2):155-165. https://doi.org/10.1016/j.applanim.2004.08.014

Polgéar Z, Wood L, Haskell MJ (2017) Individual differences in zoo-housed squirrel monkeys’
(Saimiri sciureus) reactions to visitors, research participation, and personality ratings. Am J
Primatol 79(5):1-10. https://doi.org/10.1002/ajp.22639

Portugal MM, Asa CS (1995) Effects of chronic melengestrol acetate contraceptive treatment on
perineal tumescence, body weight, and sociosexual behavior of hamadryas baboons (Papio
hamadryas). Zoo Biol 14(3):251-259. https://doi.org/10.1002/z00.1430140306

Prescott MJ (2022) Using primates in captivity: research, conservation, and education. In: Robinson
LM, Weiss A (eds) Nonhuman primate welfare: from history, science, and ethics to practice.
Springer, Cham, pp 57-78

Prins EF (2015) Surplus management techniques for captive white-faced saki monkeys (Pithecia
pithecia): contraception and bachelor group formation. University of Plymouth

Pullen PK (2005) Preliminary comparisons of male/male interactions within bachelor and breeding
groups of western lowland gorillas (Gorilla gorilla gorilla). Appl Anim Behav Sci 90
(2):143-153. https://doi.org/10.1016/j.applanim.2004.08.016

Reed C, O’Brien TG, Kinnaird M (1997) Male social behavior and dominance hierarchy in the
Sulawesi crested black macaque (Macaca nigra). Int J Primatol 18:247-260. https://doi.org/10.
1023/A:1026376720249

Robbins MM (1996) Male-male interactions in heterosexual and all-male wild mountain gorilla
groups. Ethology 102(7):942-965. https://doi.org/10.1111/j.1439-0310.1996.tb01172.x

Robinson LM, Weiss A (2022) Primate personality and welfare. In: Robinson LM, Weiss A (eds)
Nonhuman primate welfare: from history, science, and ethics to practice. Springer, Cham, pp
387-402


https://doi.org/10.1002/zoo.21291
https://doi.org/10.1002/zoo.1430130107
https://doi.org/10.1002/zoo.1430130107
https://doi.org/10.1002/zoo.21218
https://doi.org/10.1016/j.applanim.2005.02.012
https://doi.org/10.2752/089279305785594063
https://doi.org/10.1111/j.1440-1703.2004.00656.x
https://doi.org/10.1002/ajp.22058
https://doi.org/10.1002/ajp.22188
https://doi.org/10.1002/ajp.22188
https://doi.org/10.1002/zoo.21104
https://doi.org/10.1016/j.applanim.2004.08.014
https://doi.org/10.1002/ajp.22639
https://doi.org/10.1002/zoo.1430140306
https://doi.org/10.1016/j.applanim.2004.08.016
https://doi.org/10.1023/A:1026376720249
https://doi.org/10.1023/A:1026376720249
https://doi.org/10.1111/j.1439-0310.1996.tb01172.x

96 K. R. Baker and H. L. Farmer

Romano G, Vermeer J (2003) Preliminary observations on a bachelor group of ruffed lemurs at La
Vallee des Singes. Int Zoo News 50:5-8

Sarfaty A, Margulis SW, Atsalis S (2012) Effects of combination birth control on estrous behavior
in captive western lowland gorillas, Gorilla gorilla gorilla. Zoo Biol 31(3):350-361. https://doi.
0rg/10.1002/200.20401

Savage A, Zirofsky DS, Shideler SE et al (2002) Use of levonorgestrel as an effective means of
contraception in the white-faced saki (Pithecia pithecia). Zoo Biol 21(1):49-57. https://doi.org/
10.1002/z00.10006

Sha JCM, Alagappasamy S, Chandran S et al (2013) Establishment of a captive all-male group of
proboscis monkey (Nasalis larvatus) at the Singapore Zoo. Zoo Biol 32(3):281-290. https://doi.
0rg/10.1002/200.21020

Sherwen SL, Harvey TJ, Magrath MJL et al (2015) Effects of visual contact with zoo visitors on
black-capped capuchin welfare. Appl Anim Behav Sci 167:65-73. https://doi.org/10.1016/].
applanim.2015.03.004

Shimooka Y, Campbell CJ, Di Fiore A et al (2010) Demography and group composition of Ateles.
In: Campbell CJ (ed) Spider monkeys: behavior, ecology and evolution of the genus Ateles.
Cambridge University Press, Cambridge, pp 329-348

Spiezio C, Piva F, Regaiolli B, Vaglio S (2015) Positive reinforcement training: a tool for care and
management of captive vervet monkeys (Chlorocebus aethiops). Anim Welf 24(3):283-290.
https://doi.org/10.7120/09627286.24.3.283

Stahl D, Herrmann F, Kaumanns W (2001) Group formation of a captive all-male group of lion-
tailed macaques (Macaca silenus). Primate Rep 59:93—-108

Stoinski TS, Hoff MP, Lukas KE, Maple TL (2001) A preliminary behavioral comparison of two
captive all-male gorilla groups. Zoo Biol 20(1):27-40. https://doi.org/10.1002/200.1003

Stoinski TS, Lukas KE, Kuhar CW, Maple TL (2004) Factors influencing the formation and
maintenance of all-male gorilla groups in captivity. Zoo Biol 23(3):189-203. https://doi.org/
10.1002/z00.20005

Todd PA, Macdonald C, Coleman D (2007) Visitor-associated variation in captive Diana monkey
(Cercopithecus diana diana) behaviour. Appl Anim Behav Sci 107(1-2):162—-165. https://doi.
org/10.1016/j.applanim.2006.09.010

van Schaik CP, Marshall AJ, Wich SA (2009) Geographic variation in orangutan behavior and
biology: its functional interpretation and its mechanistic basis. In: Wich SA, Atmoko SSU, Setia
TM, van Schaik CP (eds) Orangutans: geographic variation in behavioral ecology and conser-
vation, Oxford University Press, New York, pp 351-361.

Wallace PY, Asa CS, Agnew M, Cheyne SM (2016) A review of population control methods in
captive-housed primates. Anim Welf 25(1):7-20. https://doi.org/10.7120/09627286.25.1.007

Ward SJ, Melfi V (2013) The implications of husbandry training on zoo animal response rates. Appl
Anim Behav Sci 147(1-2):179-185. https://doi.org/10.1016/j.applanim.2013.05.008

Ward SJ, Melfi V (2015) Keeper-animal interactions: differences between the behaviour of zoo
animals affect stockmanship. PLoS One 10(10):e0140237. https://doi.org/10.1371/journal.
pone.0140237

Wells DL (2005) A note on the influence of visitors on the behaviour and welfare of zoo-housed
gorillas. Appl Anim Behav Sci 93(1-2):13-17. https://doi.org/10.1016/j.applanim.2005.06.019

Whitehead JM (1987) Vocally mediated reciprocity between neighbouring groups of mantled
howling monkeys, Alouatta palliata palliata. Anim Behav 35(6):1615-1627. https://doi.org/
10.1016/S0003-3472(87)80054-4

Whitehead JM (1995) Vox alouattinae: a preliminary survey of the acoustic characteristics of long-
distance calls of howling monkeys. Int J Primatol 16:121-144. https://doi.org/10.1007/
BF02700156

Yamagiwa J (1987) Intra- and inter-group interactions of an all-male group of Virunga mountain
gorillas (Gorilla gorilla beringei). Primates 28:1-30. https://doi.org/10.1007/BF02382180

Yeager CP (1990) Proboscis monkey (Nasalis larvatus) social organization: group structure. Am J
Primatol 20(2):95-106. https://doi.org/10.1002/ajp.1350200204


https://doi.org/10.1002/zoo.20401
https://doi.org/10.1002/zoo.20401
https://doi.org/10.1002/zoo.10006
https://doi.org/10.1002/zoo.10006
https://doi.org/10.1002/zoo.21020
https://doi.org/10.1002/zoo.21020
https://doi.org/10.1016/j.applanim.2015.03.004
https://doi.org/10.1016/j.applanim.2015.03.004
https://doi.org/10.7120/09627286.24.3.283
https://doi.org/10.1002/zoo.1003
https://doi.org/10.1002/zoo.20005
https://doi.org/10.1002/zoo.20005
https://doi.org/10.1016/j.applanim.2006.09.010
https://doi.org/10.1016/j.applanim.2006.09.010
https://doi.org/10.7120/09627286.25.1.007
https://doi.org/10.1016/j.applanim.2013.05.008
https://doi.org/10.1371/journal.pone.0140237
https://doi.org/10.1371/journal.pone.0140237
https://doi.org/10.1016/j.applanim.2005.06.019
https://doi.org/10.1016/S0003-3472(87)80054-4
https://doi.org/10.1016/S0003-3472(87)80054-4
https://doi.org/10.1007/BF02700156
https://doi.org/10.1007/BF02700156
https://doi.org/10.1007/BF02382180
https://doi.org/10.1002/ajp.1350200204

	The Welfare of Primates in Zoos
	1 Introduction
	2 Presence of Familiar Humans
	3 Presence of Unfamiliar Humans
	3.1 Assessing Human-Animal Relationships
	3.2 Reducing the Impact of Visitors on Welfare
	3.3 Direct Human-Animal Contact

	4 Social Management
	4.1 Single-Sex Groups
	4.2 Contraceptive Methods

	5 Conclusions
	References


