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Thesis summary
Changes in social groups o f animals in zoos occur frequently, and group stnictures can be 

changed in a variety o f ways: introductions o f animals, removals o f animals, births and deaths. 

Infonnation on procedures used to manage group changes in zoos is not generally published in 

the scientific literature which means that useful infonnation is not always freely available and 

keepers often have to rely on advice by word-of-mouth, instinct or guesswork when cairying 

out group changes. A change in a group structure can be stressful to the animals, and may 

result in increased aggression, for example while animals in the group are establishing their 

dominance hierarchy. Such stress may lead to deterioration in health, or indeed death o f an 

animal. Since many species held in zoos are of high consei"vation priority, the loss o f only a 

small number o f individuals, particularly those that will potentially breed, can have a severely 

detrimental impact on the remaining population.

This project comprises two main components designed to address the lack of 

information on changing social groups in zoos using two different but complementaiy 

methods. The first component focuses on changes in social groups that took place in Dublin 

Zoo, in the Bomean orangutan Poiigo pygiuaeiis and the Asian elephant Elephas waximus 

groups, and the second part o f the project was a survey o f international zoo staff to examine 

the methods and outcomes o f mammalian social group changes.

In the Bornean orangutan group in Dublin Zoo, three changes to the group structure 

occuned: the removal o f a male, the death o f a female (and hence the oiphaning o f her infant 

daughter), and the introduction of a new male. In the Asian elephant group, the birth of a male 

calf took place. The behaviour o f each individual in both groups was observed before and after 

each o f the group changes took place. These data were analysed to detennine whether any 

significant changes in behaviour took place after the group changes. The position o f each 

individual within the group was also recorded to detennine whether the association o f each 

individual with the rest o f the group changed.

In the orangutan group, there was a decrease in sexual behaviour and grooming, and an 

increase in resting in both the adult and adolescent females after the removal of the male. 

After the dominant female died, the remaining adult female showed allomothering behaviour 

towards the dead female’s infant, and the amount of physical contact between the adult female



and the infant therefore increased, The infant showed increases in clim bing and object 

m anipulation, and a decrease in resting after the death o f  her mother. The introduction o f the 

new adult m ale resulted in a marked increase in groom ing, as well as an increase in sexual 

behaviour in the rem aining adult female.

hi the elephant group, the m other o f the newborn ca lf significantly decreased the 

amount o f  time she spent walking after the birth. She spent the m ajority o f her time closest to 

her ca lf after the birth, but the proportion o f  time she spent with each o f  the other individuals 

in the group did not change. The older sister o f  the new born calf increased the proportion o f  

time she spent nearest to her m other after the ca lf was bom , and reduced the tim e she spent 

close to another young elephant in the group.

The second part o f  the project aimed to gather information about group changes from 

keepers and curators at zoos and other ex-situ consen  ation facilities throughout Europe, North 

America, Australia and New Zealand using an online survey tool, Sun'eyMonkey^'^'. A total o f 

I 12 zoos participated in the survey, providing inform ation about 212 different group changes 

in 127 different m am m alian species. The greatest num ber o f  group changes that were reported 

was introductions, and the m ajority o f  group changes were reported as being successful. The 

survey results were first analysed according to the type o f group change, and found that 

gradual introductions tend to be m ore successful than those in which animals are im m ediately 

given full physical contact with each other. The characteristics o f the anim als involved in the 

group changes appeared to be an important contributing factor to the outcom e o f the changes. 

Most o f  the births were reported to have occun'ed successfully within the group.

The responses were then subdivided into sets according to species or type o f  animal. 

This gave 19 sets o f  species or sim ilar species in which at least three groups had undergone 

the same type o f  gi'oup change, which were considered in further detail. The available 

literature on m anaging the species was collated, and com pared with the infom iation provided 

by the surveys. Recom m endations were made for m anaging group changes in each o f  the 19 

sets o f  species. Areas w here infom iation is cun'ently lacking and further research is necessary 

were highlighted, such as m ore consistent records o f  anim al behaviour after group changes.

hi sum m ary, this project resulted in valuable infom iation on the m anagem ent o f 

changing social groups o f  a range o f  zoo-housed m am m alian species, which will be o f  gi'eat 

benefit to the w ider zoo com m unity and the anim als in its care.
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CHAPTER 1 

Introduction





1.1 Mammalian social groups in the wild

There are currently 5,488 species of mammal that have been described (lUCN, 2008). The 

social groups in which mammals live vary greatly in size and structure, and can be affected 

by factors including habitat type, activity cycle, intragroup competition, and the communal 

rearing of young (Price & Stoinski, 2007). The stiiicture of mammalian social groups 

ranges from solitaiy individuals, in species such as the snow leopard Uucia luicia (Wharton 

& Mainka, 1997). to very large multi-male multi-female groups, in species such as baboons 

Papio (Bergman & Beehner. 2004). Many mammal species live in groups organised into 

some kind of hierarchy (Pusey & Packer, 1997), w'hich often takes the form of a dominant 

male, a harem of females, and the young o f those females. The mating behaviour of both 

male and female mammals can vary widely within a species, and the size and stability of 

female groups in turn influences the type of mating bonds and mate-guarding systems 

(Clutton-Brock, 1989).

Group-living confers many benefits, including protection from predation, 

cooperative breeding and cooperation during hunting, but group-living also inflicts 

increased intra-specific competition for various resources (Pusey and Packer, 1997). An 

analysis o f group sizes in primates by Majolo et al. (2008) concluded that differences in 

group sizes are associated with differences in time spent travelling, feeding behaviour and 

demography, and the cost of living in large groups may outweigh the benefits due to factors 

such as faster depletion of food resources by a larger group.

Emlen (1995) made several predictions relating to family kin groups in evolutionai'y 

temis, and the effects that certain changes in group staicture would have. He predicted that 

when a breeding individual of a group is lost, the resulting vacancy needs to be filled, and 

this problem results in family conflict. Furthemiore, if the parent o f a family finds a new 

mate, sexually related aggression will increase because the parent and its mature offspring 

will now be competing to mate w'ith the new individual. The ‘step-parent’ will also invest 

less in the offspring in the family, and infanticide may occur in such situations. When 

individuals o f either sex move out o f a group, the existing hierarchical orders in the group 

are disrupted, and aggression may occur, as has been previously documented in vervet 

monkeys Chlorocehiis pygeiytlinis (Keddy Hector & Raleigh, 1992). When male rhesus
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monkeys Macaca iiiulatta leave their group on reaching aduhhood and join another group 

(Drickamer & Vessey, 1973), the male hierarchy is re-stnictured in both groups. Clearly, 

even naturally occum ng changes in social groups bring with them risks to all the 

individuals involved.

1.2 Management of mammalian social groups in zoos

Historically, mammals have been kept in zoos as collectible specimens for the pursuits of 

naturalists and the entertainment of the public (De Courcy, 2009). Today, the role o f zoos 

has changed vastly, and the goals o f zoos are education, research and conservation. 

Mammals are no longer bought and sold, but are carefully managed with the primary 

concern being the welfare and survival o f the species (De Courcy, 2009). Consideration of 

social organisations and mating systems has long been recognised as an important aspect of 

zoo animal management (Hediger, 1950). Because zoo-housed animals are not affected by 

limited resources such as food and shelter, there may be more flexibility in the size of 

groups with regard to these resources (Price & Stoinski, 2007). However, while there is a 

certain amount o f flexibility, the size and structure o f the group in which animals are kept is 

still an important consideration for welfare and survival. Psychological effects such as 

relief of stress and boredom play a vital role in the health and survival o f the animal, and 

successful breeding requires that males and females can interact in a natural way (Erwin, 

1979). Group dynamics and interactions can influence the social development of younger 

animals (Bums et al.. 2011), and group structure can influence the level of social behaviour 

that animals exhibit (Forthman & Bakeman, 1992). The level o f activity o f great apes has 

been found to be positively coirelated with the number o f animals in the group (Wilson, 

1982), and greater opportunity for social activity was found to increase the level o f activity 

in orangutans Poiigo (Perkins, 1992), thereby reducing stereotypical behaviour and 

boredom.

Organisations such as the Association of Zoos and Aquariums (AZA) play an 

important role in the management o f social groups o f zoo-housed animals. Taxon Advisory 

Groups (TAGs) are groups within the AZA that are set up to examine the conservation 

needs o f entire taxa. There are cunently 46 TAGs in existence, which make
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recommendations for the population management and consen ation of zoo-housed species 

based upon the needs of both the species and the facilities in which they are housed (AZA, 

2009a). The TAGs oversee AZA Species Survival Plan (SSP) programs, which are in place 

to manage and conserve a selection of species populations, which are typically threatened 

or endangered, and often are tlagship species (AZA, 2009b). The recommendations made 

by TAGS and SSPs are also informed by the AZA studbooks, which are records o f the 

pedigree and entire demographic histoiy o f each indi\ idual in the zoo population o f a 

species (AZA, 2009c). Zoos, TAGs, SSPs and studbook keepers collaborate to ensure that 

the ex situ population of a species is managed in the best way possible, including, for 

example, moving animals to avoid inbreeding and to ensure that optimum social group 

structures are achieved.

Optimum group size varies from species to species, with social animals being 

negatively affected by solitaw conditions, and overcrowded conditions resulting in stress 

and illness (Price & Stoinski, 2007). Factors such as breeding status, rank in the dominance 

hierarchy, and the relationship of individuals to each other must all be taken into 

consideration. The fonnation o f groups o f animals in zoos therefore requires careful 

planning (Stoinski el a i ,  2004).

1.3 Changing social groups in zoos

Issues that may arise while changing social groups in zoos have been documented in a 

range o f cases. In groups of sable antelope Hippotragiis nigei\ females were more likely to 

behave aggressively towards a newly introduced adult female than to individuals already in 

their group (Thompson, 1993), and Bolivian squiirel monkeys Saiinii i holiviensis exhibited 

increased levels o f aggression when new individuals were introduced to the groups 

(Williams & Abee, 1988). Alford et al. (1995) found that in groups o f captive chimpanzees 

Pan troglodytes, serious wounding occuired particularly during introductions o f males to 

other males when they were dissimilar in age or when they were being re-introduced after a 

long separation. Fairbanks and McGuire (1977) examined fonnation o f rhesus monkey 

groups. They found that non-contact aggression was coiTelated with male-female bonds and 

may have been due to homional changes related to sexual receptivity. Flowever, high levels
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o f contact aggression were coiTelated with high rates o f  female-fem ale bonds, which were 

sim ilar in nature to the m ale-fem ale consort bonds usually seen in the wild. The authors 

suggest that this behaviour is due to the limitations o f  the captive situation where the 

nonnal group stiucture allowing m ale-fem ale consort bonds and fem ale-fem ale affiliative 

bonds was not possible. H off et al. (1996) exam ined group changes in groups o f  gorillas 

Gorilla gorilla  and found that, along with a short-term  increase in aggressive displays, 

there was an increase in social behaviour, travelling and feeding, and a decrease in resting. 

They also found that m others and offspring increased the time spent closer to each other 

following the m oves, indicating that the social gi'oup changes had an impact on the 

dynamic o f these relationships.

Research has also been caiTied out into indicators o f  the outcom es o f  introductions. 

In chim panzee groups, unsuccessful introductions were more com m on if  wounding 

occurred, if  the chim panzees were male, and if the introduced animal showed a high level 

o f  subm issive behaviour (Brent el al., 1997). Two m ethods used to introduce African 

elephants Loxodonta africaiia were com pared by Burks et a i  (2004), who found that 

sequential introduction o f  individuals resulted in m ore effective m anagem ent o f  aggression, 

but also acknowledged that m any factors, such as staff experience, facility design and the 

social histories o f  the anim als can influence the outcom e o f  an introduction.

1.4 Problems relating to changing social groups in zoos

It is often necessary for animals in zoos to be housed together in com binations o f  

individuals that are unlike the group stinctures that w ould occur in the wild, or to change 

gi'oups with a natural structure at a different pace than w ould occur naturally. This m ay 

occur for a range o f reasons such as space constraints, quarantine regulations, TAG 

recom m endations, breeding requirem ents or the fonnation o f  bachelor groups due to an 

excess o f  m ales being bom . The undesirable responses that m ay arise when a group 

stm cture changes can cause m ajor m anagem ent problem s, and the fonnation or alteration o f  

social groups is an ongoing problem  faced by zoos and other ex-situ conservation facilities.

To assist with the m anagem ent o f  zoo-housed species, Animal Care M anuals and 

Husbandry M anuals have been produced by anim al care experts (AZA, 2009d). However,
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many m anuals are still in developm ent and there are cuirently only a limited num ber o f 

species covered. Although there have been efforts to examine group changes o f  various 

species o f  zoo-housed animals, the processes involved in social group formation are not 

well understood, and few direct accounts o f  changing social groups in zoos have been 

published. Infom iation on procedures used for group changes in zoos is not generally 

published in the scientific literature as it is more usually passed on from keeper to keeper, 

or during m eetings between staff o f different zoos. This m eans that this infonnation is not 

always freely available and zoo staff often have to ‘reinvent the w heel' when dealing with 

introductions (Kranz, 1996). A recent study found that zoo research tends not to be cited 

by outside researchers, while tacit knowledge in zoos is veiy heavily relied upon (Innes, 

2006). hines (2006) recom m ended that this tacit knowledge needs to be captured in a more 

systematic w-ay. The variability betw'een different situations (i.e. differences between zoos, 

individual anim als, individual keepers etc.) means that, while informative and useful, single 

case studies are limited in how well their findings can be applied to other group changes. 

Therefore, a com bination o f more systematic record-keeping o f group change events and 

the analysis and publication o f this information is necessai'y.

1.5 Addressing the problem

This project was conceived as an investigation to gather as much information as possible on 

group changes in zoo-housed mammals, and to identify any general guidelines on the 

m anagem ent o f  group changes that could be drawn from these data. Behavioural analysis 

has been recognised as a logical starting point for detem iining the cause o f  problem s such 

as reproductive failure in captive mam m als (Lindburg & Fitch-Snyder. 1994). The most 

straightfoi"ward w ay o f  recording the process and the results o f  gi'oup changes is therefore 

to obsen 'e  the resulting behaviour o f  the animals directly, and m uch can be learned from a 

detailed study o f  a small num ber o f  group changes. However, in order to obtain a broader 

view o f  this subject, the observation o f  a large num ber o f  group changes would be 

necessai-y. In this situation, a survey is a useful tool that can effectively draw together 

infonnation from a wider range o f  sources than would o th ew ise  be possible.
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This study therefore comprised two main elements. The first element involved 

canying out case studies o f group changes that took place in Dublin Zoo, whereby animal 

behaviour before, during and after the changes was recorded and analysed. The second 

element was an international survey o f AZA member zoos in order to cairy out a broader 

examination o f management and outcomes o f social group changes in zoos. This project 

focused on mammalian social groups. This was due partly to the time limitations of the 

project, which meant that including other classes would not be feasible, and partly because 

it was thought more likely that more detailed records and infomiation could be obtained 

about mammals in zoos, particularly the more w'ell-studied species such as the great apes.

1.5.1 Dublin Zoo

Dublin Zoo facilitated the case studies that are reported in this thesis, and also provided a 

portion o f the funding for the project. Dublin Zoo was opened by the Zoological Society of 

keland in 1830. It covered a 4.5 acre site and housed 56 mammals and 72 birds (De 

Courcy, 2009). The zoo at that time was seen as an opportunity for studying comparative 

physiology and natural history (De Courcy, 2009). Dublin Zoo now covers 28 hectares and 

houses over 600 animals. Policies concerning animal acquisition, breeding and husbandry 

are now strongly influenced by international guidelines (De Courcy, 2009), and, unlike the 

Dublin Zoo o f 1830, it plays an active role in breeding programmes and consei'vation 

campaigns.

1.5.2 Case studies

Changes took place in two mammalian groups at Dublin Zoo during the period o f this 

project: the group o f Bornean orangutans Poiigo pygmaeus and the group o f Asian 

elephants Elephas maxiiniis. The first orangutan amved at Dublin Zoo in 1885, but it was 

only a hundred years later, in the 1980s, that the nucleus of a successful breeding group 

was established (De Courcy, 2009). During 2007 and 2008, this group experienced the 

removal o f an adult male (Jorong), the death of an adult female (Maggie), and the 

introduction o f an adult male (Sibu). These events provided an excellent oppoitunity to
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observe group changes taking place and therefore a case study o f the social group of 

Bornean orangutans was carried out. The case study, part o f which has been published in 

Zoo Biolog}' (Whilde & Marples. 2011) (Appendix 1) is presented in full in Chapter 2.

The elephant group studied during the project arrived in Dublin Zoo in 2006 from 

Rotterdam Zoo in the Netherlands, after great improvements were made to the Dublin 

elephant habitat (De Courcy, 2009). The group consisted o f two adult female elephants 

(Dina and Yasmin) and a juvenile female who was Yasmin's daughter (Anak). Both adult 

females were pregnant when they arrived. Dina gave birth to a female, Asha, in 2007, and 

Yasmin gave birth to a male, Budi, in Febrtiaiy 2008. The birth of Budi provided an 

opportunity to can'y out a case study to examine the effects o f a birth on the behaviour of 

the other elephants in the group. The elephants' behaviour w'as studied before and after the 

birth of Budi. The full case study has been published in Zoo Biolog}' (Whilde & Marples, in 

press) (see Appendix 3) and is shown in full in Chapter 3.

1,5.3 Survey

In order to address the lack of available information about changing social groups in zoos, 

different methods were considered, including can-ying out obsen'ations of many different 

group changes at different zoos, and interviewing zoo staff in person. However, within the 

time and resource constraints of this project, an online survey o f zoo staff was considered 

the most effective way o f approaching as many respondents as possible during a limited 

time period.

Mellen (1994) identified three methods of gathering infomiation on zoo-housed 

vertebrate management issues and techniques: “(1) large numbers o f individuals are housed 

at a single institution maintained in a situation that facilitates systematic evaluation of the 

captive environment, (2) an investigator travels to many institutions to gather data on a 

single taxon, or (3) an investigator sui"veys existing infomiation by assembling data from a 

large number o f individuals at a variety o f institutions”. Sui'veys have previously been used 

effectively in zoo settings for gathering infomiation. These may relate to a single species, 

such as social behaviour in elephants (Freeman et al., 2010) and husbandly practices for 

lion-tailed macaques Macaca sileims (Mallapur et a l ,  2007), or they may be broader in
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their scope, such as dental treatments of zoo animals (Glatt et al., 2008) or enrichment 

practices for zoo-housed mammals (Hoy et al., 2010), Surveys may also be used to assess 

the relationship between humans and zoo animals (Hosey & Melfi, in press, Reade & 

Waran, 1996).

It was expected that by obtaining infonnation within the set framework o f a sui'vey, 

the responses could be analysed together to detennine whether there are any common 

management practices and recun'ing themes during social group changes that could be 

broadly applied and would therefore be useful to zoo staff who are involved with managing 

any mammalian social groups. It was also expected that the survey would draw out 

information from zoo staff about particular species that may not othei'wise be made more 

widely available. This infonnation could then be applicable to future group changes o f a 

given species, and made readily available to all zoos worldwide. Therefore, it is hoped that 

the published infonnation arising from this project about changes in orangutan and elephant 

groups, and the compilation and future publication o f the survey results will be a valuable 

contribution to the zoo community and to the welfare of the mammalian species that are 

discussed in this thesis.
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CHAPTER 2 

Bornean Orangutan Case Study

1 1





2.1 Introduction

2.1.1 Orangutan social behaviour

Orangutans are the only non-human great apes found outside Africa. There are two 

recognised subspecies: Sumatran orangutans Pongo pygniaeiis ahelii and Bomean 

orangutans Pougo pygm aeus pygniaeus (Delgado & van Schaik, 2000). Sumatran 

orangutans are classified as critically endangered by the hiternational Union for the 

Conservation o f  Nature (lUCN) (Singleton ef al., 2008), and Bomean orangutans are 

classified as endangered (Ancrenaz et al.. 2008). hi 2008, the wild population o f  Bomean 

orangutaiiv was estimated to be 54.000, although this figure may now be lower due to 

continuing habitat loss (Wich e! al., 2008). The wild population o f  Sumatran orangutans 

was estimated in 2002 to be only 3,500 individuals (Wich et al., 2003). The basic units o f  

orangutan populations are either solitary adult males, or adult females with one or two 

dependent offspring, or independent adolescents and sub-adults (Galdikas, 1985). 

Orangutans are not typically as social in the wild as other great apes, and exist largely as 

mother-offspring units (McConkey, 2005). Sociality among orangutans seems to be largely 

influenced by food and mates, two resources that encourage individuals to gather in the 

same place (Mitani er al., 1991), and orangutan population density has been found to be 

coiTelated with fruit availability (Knop et al., 2004). Orangutans in the wild are dependent 

on their mothers for food and travel until they are two-and-a-half years old, and until the 

age o f  seven they spend a large amount o f  time w'ith them, although they can feed and 

travel independently (MacKinnon, 1974, van Noordwijk & van Schaik, 2005).

2.1.2 Orangutans in zoos

Since 1982, the two orangutan subspecies have been managed separately in zoos, although 

prior to that they had been frequently housed together and interbred (Perkins & Maple, 

1990). There are cuiTently approximately 320 Bomean orangutans and 253 Sumatran 

orangutans (excluding hybrids) held in approved zoos worldwide (ISIS, 2011). The
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survivorship o f orangutans in zoos is now comparable to that o f the survivorship of wild 

orangutans, while in the past it had been significantly lower, indicating that management 

methods have greatly improved (Wich er al., 2009). While generally solitaiy in the wild, 

existing largely as mother-offspring units (McConkey, 2005) within fission-fusion societies 

(van Schaik, 1999), orangutans tend to be housed in more social conditions in zoos. Food 

resources are not limited as they are in the wild, and in these conditions orangutans have 

been found to be very capable o f social behaviour (Cocks, 2007, Delgado & van Schaik, 

2000, Edwards & Snowdon, 1980, Whilde & Marples, 2011), showing affiliative 

behaviours, allogrooming, allomothering and play.

Younger orangutans tend to exhibit more playful behaviour than older individuals, 

particularly adult males (Poole, 1987). Zoo-housed orangutans do show some evidence of 

being more solitary than other great apes, in that they tend to maintain larger inter

individual distances and have relatively rare physical interactions (ClaBen et a!., 2005). 

Consideration of this characteristic with regard to orangutan husbandry is recommended, as 

is a balance between allowing the animals to move away from other individuals (Markham, 

1990) and providing oppoitunities for social interactions (Perkins, 1992, Poole, 1987).

The Australian Primate Taxon Advisory Group recommends housing orangutans in 

gi'oups consisting o f at least one adult male and two or more related adult females with 

offspring (Cocks, 2000). Both the Australian and North American (Sodaro, 2007) 

husbandry recommendations state that this type o f stmctiu'e helps to ensure that younger 

female orangutans may have the oppoitunity to observe and leani appropriate maternal 

behaviour, and the opportunity for social contact has also been found to be beneficial in 

more general tenns (Poole, 1987). While there are many examples of studies o f the social 

and other behaviour o f orangutans (Birke, 2002, Edwards & Snowdon, 1980, Tobach et a l ,  

1989, Tobach & Porto, 2006), there are few published studies focussing on the behavioural 

effects o f introducing or separating zoo-housed adult orangutans from each other. Sodaro 

(2007) recommends evaluating group composition, including the size, sex and age o f the 

animals involved, their personalities and their social history, when canying out 

introductions, and using a gradual introduction process starting with auditory, visual and 

olfactory contact, followed by limited tactile contact. She also recommends that orangutans 

only be separated from conspecifics if it is absolutely necessary, and in such cases the
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isolated individuals should be provided with as much visual, olfactory or auditory contact 

with their group as possible.

A case has been observed w here a m ale orangutan mediated between female group 

m em bers (Zucker, 1987). This suggests that, in this situation, the removal o f  the male 

would have had an effect on the behaviour o f the rem ainder o f the group. It has also been 

noted that females in a group may have an effect on the tim ing o f receptivity and 

copulations o f  other females (Zucker et at., 1987), with the presence o f  one m enstniating 

female possibly having a facilitative effect on another female in the group. Again, a change 

in the group structure could have an effect on horm one levels and thus behaviour. This in 

turn m ay have an effect on the behaviour and welfare o f  the anim als in the group.

Research that focuses on introductions tends to centre on infant and juvenile 

orangutans, rather than adults, w'ith several studies describing successful reintroductions o f 

tem porarily hand-reared young orangutans to their m others (Ham burger, 1988, Keiter et a i ,  

1983, Norcup, 1998, Sodaro & W eber, 2000). Successful introduction o f  infant orangutans 

to surrogate m others have also been described (M aple, 1980, Sodaro, 2007). Previous 

m othering experience o f the adult females in these cases contributed to the success o f  the 

suiTogacy. There appear to be fewer descriptions o f  cases where infant orangutans remain 

in their social groups following the removal or death o f their mother. Some studies have 

focused on such events in other primates, including rhesus monkeys, where a juvenile 

orphaned at 11 weeks o f  age was cared for first by four males, and ultim ately by his sister 

(Bem ian, 1982), and baboons (Hamilton et al., 1982), in which case orphaned infants were 

adopted by pre-reproductive m ales and females in the troop. A case study o f  zoo-housed 

bonobos observed that an infant that was oiphaned while still dependent survived w'ell but 

did not develop a strong bond with any particular individual in the group (de Lathouwers & 

van Elsacker, 2007). M aple (1980) recom m ends that ‘the optimal rearing environm ent for 

an infant ap e ...is  com posed o f a mother, and where possible, the presence o f  other adults 

and peers’ since a natiu'alistic rearing experience increases the likelihood o f later adequate 

maternal behaviour. The particularly close bond between m other orangutans and their 

offspring (Caldecott & M cConkey, 2005) m eans that it is likely that the effect o f  oiphaning 

on a dependent juvenile m ight be even stronger than that observed in other primates.

15



The Orangutan Species Survival Plan husbandry manual (Sodaro, 2007) includes 

recom m endations for m anaging the introduction o f  orphaned infants to surrogate m others. 

However, they refer to cases where the infant was hand-reared for a period o f  time and then 

introduced to conspecifics. The results o f  separation o f  infant orangutans from their 

m others have been previously described (Nadler & Codner, 1983), but little infonnation is 

available on the behavioural response o f  an infant orangutan that is allowed to remain in its 

gi'oup following oiphaning.

W hile it is clearly considered to be preferable that orangutans are housed in groups, 

there is little infonnation about the behavioural effects o f  changes to the com position o f 

orangutan groups. W ith the growth o f  breeding program s and increase in inter-zoo loans 

comes an increase in situations where individual orangutans are removed from one group 

and introduced to another (Cocks, 2000). It is, o f  course, desirable to m inim ise unnecessary 

stress to the animal in these situations and to ensure that there is not an increase in levels o f  

aggression and injury. Records o f  previous group change events therefore provide useful 

information about the results and effects o f  those group changes, and the types o f 

behavioural changes that were observed in the animals.

2.1.3 Bornean orangutan case study

W hen this project started, the orangutan group consisted o f five individuals: an adult 

untlanged male, Jorong, two adult females, M aggie and Leonie, an adolescent female, 

Riona, and an infant female, Mujur. M ujur was the daughter o f M aggie and Jorong, and 

Riona was the daughter o f  Leonie. Further details about each individual are provided in 

Table 2.1. It was expected that two changes w ould take place in the group: the removal o f 

an unflanged male, Jorong, and subsequently the introduction o f  a flanged male, Sibu. 

However, three changes to the group stm cture actually took place during the period o f the 

case study, between N ovem ber 2007 and O ctober 2008. First, the adult m ale, Jorong, was 

removed from the group, as planned. This left two adult females, M aggie and Leonie, with 

M aggie’s infant daughter, M ujur, and Leonie’s adolescent daughter, Riona. Unexpectedly, 

M aggie then died, leaving the infant M ujur oiphaned. Some tim e later, a flanged adult 

male, Sibu, was introduced to the rem aining females. Sibu had previously been at Dublin
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Zoo, and was the father o f Riona. The effect o f the death o f Maggie on her infant daughter, 

Mujur, is described in a paper published in Zoo Biolog}' entitled ‘The behavior of a zoo- 

housed infant orangutan after the death of its mother' (Whilde & Maiples, 2011), and can 

be found here in Appendix 1.

Observations o f the group were made to record the behaviour o f each orangutan 

during the periods before and after each change in the social group took place, with a view 

to determining how the changes in social group stnjcture affected the behaviour o f the 

orangutans. The proportion of time that each orangutan spent at different proximities to 

each other individual before and after each group change was also compared. Three 

hypotheses were fonnulated in relation to these group changes:

1) Orangutans in the wild live in fission-fusion societies, meaning that the presence and 

absence o f an individual, particularly an adult male, is a normal occurrence in wild 

orangutan groups (McConkey, 2005, van Schaik, 1999). Therefore, it was expected that 

after the removal o f the adult male, Jorong, there would be a reduction in sexual behaviour 

of the females, but the absence of the male would not otherwise result in significant 

behavioural changes.

2) Because the bond between mother orangutans and their offspring is strong and long- 

lasting (van Schaik, 2001), it was expected that the separation of the still-dependent infant 

orangutan from her mother would be expected to have a significant impact on the infant 

orangutan. After the death o f the adult female, Maggie, her infant daughter Mujur would 

exhibit a change in behaviour indicating an increase in stress levels, and M ujur’s level of 

physical contact would decrease significantly.

3) As with the removal of the male, Jorong, it was expected that the introduction o f the 

male, Sibu, would not result in many significant changes in the females’ behaviour, as the 

aiTival o f a male into a female’s territory is an event that would commonly occur in 

orangutan groups in the wild (McConkey, 2005). It was expected, however, that an increase 

in sexual behaviour between Sibu and the remaining females would be observed. Although 

Riona is the daughter o f Sibu, it was not known whether he would recognise this and 

therefore avoid mating with her.
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2.2 Methods

2.2.1 Study animals

W hen the study com m enced, the group consisted o f  Jorong (if?), and M aggie, Leonie, Riona 

and M ujur (all $)• Jorong was rem oved from the group in April 2008 as part o f  the 

breeding program  recom m endations. M aggie, who was considered to be the dom inant 

female in the group (Creighton Jr., G., pers. com.) died in July 2008 as a result o f  a 

respiratory condition. Sibu had been rem oved from the group in 2001, again as part o f  the 

recom m endations for the breeding program , and therefore had previously had contact with 

Maggie, Leonie and Riona, who was an infant when Sibu left the group. Sibu was returned 

to the group in October 2008. (See Table 2.1 for details o f  each individual).

Table 2.1 : Orangutans at Dublin Zoo

■Name Jorong M aggie Leonie Riona M ujur Sibu
Sex M ale Fem ale Fem ale Fem ale Fem ale M ale

 ̂ ear  
born

1995 1983 1981 1996 2005 1978

Status
B reeding,
u n -tlanged .

B reeding B reeding
A dolescent.
Perm anent
contracep tion .

Infant
B reeding.
flanged.

Further
info

R em o\ ed 
from  group 
in April 
2008. 
M u ju r 's  
father.

M u ju r 's  
m other. Full 
sister o f  
Leonie.
D ied July  
2008.

Full sister 
o f
M aggie.

D aughter o f  Sibu 
& Leonie.
H and reared.

D aughter o f  
Jo rong  & 
M aggie. 
Parent reared.

R em oved from  
group  2001. 
re tiuned  
O ctober 2008.

2.2.2 Housing

The orangutan group was housed in an indoor enclosure during the night and for part o f  the 

day. During daylight hours and depending on husbandry requirem ents the orangutans were 

given access to a grassy outdoor enclosure containing clim bing stiuctures and suiTounded 

by a moat. The indoor enclosure consisted o f  two areas, one larger than the other. Both 

areas contained clim bing structures and nesting baskets, and enrichm ent devices were
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provided for the orangutans. The group were generally housed together during the daytime 

but were sometimes separated at night, either with the male being separated from the rest of 

the group, or with the male and Leonie being separated from the other females in the group. 

A schematic plan o f the orangutan housing is shown in Figure 2.1. The outdoor area is 

shown in Plate 2.1. and Plate 2.2 shows part o f the larger indoor area.

20 metres

Off-show area

Small
indoor areaLarge indoor area

Public viewing area

Outdoor area

Moat

Public viewing area

Figure 2.1: Schematic plan o f the orangutan housing. Observations were made from either 
o f the public viewing areas, depending on the location o f the orangutans. Note that the plan 
shows the layout and approximate dimensions o f the enclosure, and is not drawn to scale.
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Plate 2.1: Photograph o f  the outdoor area o f the orangutan enclosure, taken from the public 
viewing area. The building in the background houses the two indoor areas. The area 
running inside the windows is a public view ing area.

Plate 2.2: Photograph o f part o f  the larger indoor area o f the orangutan enclosure. An 
example o f a nest basket and the clim bing stractures provided throughout the enclosures 
can be seen.
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2.2.3 Observations

There were four separate stages o f  observations o f  the orangutans (N values refer to the 

number o f  hour-long scan samples taken).

1; 9 November 2007 -  25 January 2008 with the unflanged male, Jorong, present (N=27),

2; 5 -  27 March 2008, without a male present (N=l 1),

3: 10 July -  8 August 2008, after the dominant female, Maggie, died (N=10), and 

4: 6 -  15 October 2008, after the flanged male, Sibu, was reintroduced (N=l 3).

Data were collected evenly throughout zoo opening hours (9:00 -  18:00) with a break o f  at 

least one hour between consecutive samples. Data collection took place when all 

individuals were in the same area and all data were collected by a single observer to 

maintain consistency. Samples consisted o f  one-hour-long sessions during which scans 

were made at one minute intervals. At each scan, the behaviour o f  each individual in the 

group was recorded onto a data sheet, an example o f  which is shown in Appendix 2. The 

categories o f  behaviour that were included are shown in Table 2.2. Each type o f  behaviour 

and each individual orangutan were assigned a one or two-letter code to allow recording to 

be quick and concise. The range o f  possible behaviours was provisionally adapted from 

various other studies o f  orangutan behaviour, and subsequently finalized according to the 

behaviours that were determined to occur most frequently during a pilot study carried out 

during the week prior to the observations commencing.

Table 2.2. Ethogram o f  orangutan behaviour

Behaviour Description
Walk Locomotion along the ground
Climb Locomotion along branches or other climbing structures
Feed Chewing and manipulating food, extracting food from feeding 

enricliments
Rest Sitting or lying at rest, no obvious activity
Play Apparently aimless activity or interaction with other individuals, 

mainly observed in the juvenile
Manipulate Interaction with non-food items; investigation o f  enrichments; pulling, 

breaking or reananging items such as branches and bedding.
Sexual
behaviour

Copulation and attempted copulation; touching or sniffing genital area 
o f  self or other individuals

Groom Removing particles from fur, scratching, combing through fiu' with 
fingers, examination o f  skin o f  self or other individuals

Out o f  sight Not visible to the observer
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The location, identity o f nearest neighbour and distance from nearest neighbour of 

each individual was also recorded at each scan. Because data for each o f the individuals 

were recorded in the same order, the time between each scan for each individual remained 

the same, despite the last individual record being made a number o f seconds after the first 

at each scan. The map of the outdoor enclosure was divided into 20 sections, the large 

indoor enclosure 16 sections and the small indoor enclosure 9 sections, all o f approximately 

the same size. Each section was coded and the codes were used to record the location of 

each individual. If an orangutan was on the border of a section, the section that the greatest 

part o f its body was in was recorded. The amount o f time per hour that each individual 

spent within different ranges of each other was calculated. The distance between each 

individual at each scan was assigned to one of four categories: 0 = physical contact; 1 = 0- 

2m apart; 2 = 2-5m apart; 3 = >5m apart.

Scan samples were supplemented by ad lib. recording which allowed behaviour 

such as copulation and aggression to be recorded. These types o f behaviour may occur 

briefly but are very relevant when studying social interactions and the effects o f group 

changes.

2.3 Analysis

Data were analyzed using SPSS 14.0 for Windows. The distributions and variances of all 

the behaviours for each individual during each period were checked for nomiality and non- 

parametric tests were used with any data sets which violated the assumptions of parametric 

statistical testing. Two-sample comparisons were tested using t-tests or Mann-Whitney U 

tests, and multi-sample comparisons used ANOVA with Dunnetts post hoc tests, or Kniskal 

Wallis tests. The analysis used an independent design because the data were collected from 

a single animal, and are independent measures o f a single animal's behaviour, both between 

replicates and between treatments. There is no greater association between the readings for 

one replicate under the different treatment conditions, than with any other data points in the 

data set. The additional power conferred by a repeated measures design is therefore not 

legitimately used in this circumstance and therefore, the most suitable design is one of a 

standard independent data set (Plowman, 2006).



Data on the adult and adolescent females were compared over the four time periods 

(before Jorong was removed, after Jorong was remo\ ed, after Maggie died and after Sibu 

was introduced). Data on the infant orangutan were examined in this way, and also over 

two time-periods: before Maggie died and after Maggie died.

2.4 Results 

2.4.1 Behaviour

The removal o f  the untlanged male orangutan iiad a significant effect on one or more 

behaviours o f  all the females in the group (Table 2.3). After the male, Jorong, was removed 

from the group, the dominant female, Maggie, was observed to play significantly less 

(Mann-Whitney U = 104.5; d f  = 1; p = 0.036). Her sexual behaviour decreased with the 

removal o f  the male, as would be expected, but not significantly so (p= 0.072), since her 

original level o f  sexual behaviour was also very low (less than 1% o f  her time). Leonie's 

resting increased significantly after .Jorong was removed (ANOVA: F=3.941; d f  = 3; p = 

0.013), while her sexual behaviour decreased significantly (Kruskal Wallis; 11-27; d f  = 

3; p = 0.01) as did her grooming (Kmskal Wallis: = 8.755; d f  = 3; p = 0.033). Riona also

had an increase in resting (ANOVA: F= 5.985; d f  = 3; p = 0.001) and a corresponding 

decrease in sexual behaviour (Kaiskal Wallis: x '=  11803; d f =  3; p= 0.008).

M aggie’s death did not result in as many significant changes in the behaviour o f  

Riona and Leonie, with the only changes being an increase in Leonie playing (Kmskal 

Wallis: x" = 25.503; d f  = 3; p <0.001) and a decrease in Riona feeding (ANOVA: F = 

3.477; d f  = 3; p = 0.022). Following M aggie’s death, Mujur increased the proportion o f  

time she spent climbing significantly from 11.3% to 18% (t =  -2.678; d f  = 53; p = 0.01). 

The time she spent manipulating objects also increased significantly, from 3.7% to 9.6% (t 

= -3.655; d f  = 49; p = 0.001). Mujur spent 43.4% o f  her time resting when her mother was 

alive, but this fell significantly to 28.9% after her m other’s death (t = 3.385; d f  = 66.7; p = 

0 . 0 0 1 ) .
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Table 2.3: Statistically significant changes in behaviour o f  each adult female in the group 
o f orangutans after each change to the social group (p<0.05 in all cases)

Change M aggie Leonie Riona M ujur

Jorong
removed

Decreased
playing

Increased resting 
Decreased sexual 
behaviour & 
gloom ing

Increased
resting
Decreased
sexual
behaviour

M aggie's
death

N/A Increased playing Decreased
feeding

Increased
clim bing and
m anipulating
objects.
Decreased
resting.

Sibu
introduced

N/A Decreased resting 
& playing 
Increased sexual 
behaviour & 
gi'ooming

No change

The introduction o f  the male orangutan Sibu had a significant effect on the 

behaviour o f  Leonie. The am ount o f tim e Leonie spent resting decreased (ANOVA: 

F=3.941; d f  = 3; p = 0.013) and her sexual behaviour increased to a level even higher than 

she had shown with Jorong (Kj'uskal W allis; x" = 11-27; d f  = 3; p = 0.01). Leonie's 

gi'ooming behaviour also increased (Kruskal Wallis: ^  8.755; d f  = 3; p = 0.033), and was

also significantly higher than the amount o f  time she had spent gi'ooming when Jorong was 

present (Figure 2.2).
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Figure 2.2: Mean proportion o f time that Leonie spent on groom ing behaviour when the 
untlanged male, Jorong, was present (N=27) and when the flanged male, Sibu, was present 
(N=13). E n o r bars: 95% C.l.

Miijur spent significantly more time walking after M aggie died com pared with when 

Jorong was present (ANOVA: F = 3.577; d f  = 3; p = 0.019). She spent a coiTespondingly 

decreased proportion o f time resting after M aggie died com pared with when Jorong was 

present (ANOVA: F = 3.640; d f  = 3; p = 0.018). M ujur’s level o f  object m anipulation 

increased significantly after Jorong left the gi'oup, and again after Sibu was introduced to 

the group (ANOVA: F= 18.346; d f=  4; p = < 0.001).

M ujur’s behaviour during the entire period prior to M aggie’s death (9 N ovem ber 

2007-27 M arch 2008) was then com pared with her behaviour during the period o f  the study 

after M aggie’s death (10 JuIy-15 October 2008). Following M aggie’s death, M ujur 

increased the proportion o f time she spent clim bing significantly from 11.3% to 18% (t = - 

2.678; d f  = 53; p = 0.01). The time she spent m anipulating objects also increased 

significantly, from 3.7% to 9.6% (t = -3.655; d f = 49; p = 0.001). M ujur spent 43.4%  o f  her 

time resting when her m other was alive, but this fell significantly to 28.9%  after her 

m other’s death (t = 3.385; d f = 66.7; p = 0.001).
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2.4.2 Associations

There were several significant changes in the am ount o f  tim e individuals spent at different 

ranges o f  distance from each other. M aggie spent significantly less tim e in physical contact 

with M ujur after Jorong had left the group, having spent on average over 40 minutes per 

hour in physical contact when Jorong was present, and only about 15 m inutes per hour 

together in the period follow ing his removal (t-test: F = 5.892; d f = 16; p<0.001). Although 

the am ount o f gi'ooming was too little to analyse statistically, it was noted that M aggie 

allocated 68% o f  her groom ing tim e to M ujur when Jorong was present, and none after he 

had left the group.

Leonie spent progressively m ore time in physical contact with M ujur after Jorong 

had left the group and after M aggie died (ANOVA: F = 8.026; d f  = 38; p<O.OOI), with the 

level o f  physical contact decreasing again following the introduction o f the male, Sibu. 

Leonie had allocated 57%  o f  her groom ing time to Riona in the first stage o f  the study, but 

after M aggie’s death groom ed m ostly herself (62%  o f  groom ing time) and M ujur (38%). 

Riona also spent more tim e groom ing herself after M aggie died (89® o o f groom ing time, 

com pared with 30% before M aggie died).

The relationship o f  the female orangutans with each o f  the males also appeared to 

differ. Riona spent about 10 minutes per hour in physical contact with Jorong. compared 

with no time at all in physical contact with Sibu (t-test: F = 20.451; d f = 17; p <0.001). 

Conversely. Leonie spent significantly m ore tim e in physical contact with Sibu than with 

Jorong (t-test: F = 30.158; d f  = 17; p <0.001); Jorong and Leonie only spent an average o f 

9% o f  their time in physical contact, com pared with 62%  o f  time that Sibu and Leonie 

spent in physical contact (Figure 2.3). This difference in association was m ainly due to 

increased groom ing betw een Leonie and Sibu; after Sibu jo ined the group, Leonie directed 

84% o f her groom ing tim e towards him, com pared with 15% towards Jorong. M ujur spent 

very little tim e in physical contact with either o f  the m ales, but did spend m ore time with 

Jorong (1 % o f  her time, com pared with 0.1 % o f  her tim e with Sibu).
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Figure 2.3: Mean number o f minutes that Leonie spent within each proxim ity range o f the 
unflanged male, Jorong (N=27), and the flanged male, Sibu (N=13). Proximity o f Leonie to 
Jorong and Sibu is coded as follows; 0 = physical contact; 1 = >0m-2m apart; 2 = >2m -  
5m apart; 3 = >5m apart. E iror bars; 95% C.l.

After Maggie’ s death, M ujur significantly increased the amount o f time she spent in 

physical contact with Leonie from 4.5 minutes per hour to 15.3 minutes per hour (t = - 

3.682; d f = 29.12; p = 0.01) (Figure 2.4). M ujur had originally spent an average o f 28.8 

minutes per hour (48% o f her time) in physical contact with her mother. While higher than 

the amount o f time spent with Leonie after Maggie’s death, it appears that Leonie became a 

foster mother for Mujur. Although Leonie was not lactating, M ujur was observed by the 

author and keepers to attempt to suckle from her, and was also obsei'ved by keepers to sleep 

in the same nest as Leonie.

Riona and M ujur spent more time within closer range o f each other after the death 

o f M ujur’ s mother, Maggie. They significantly increased the amount o f time spent w ithin 

two meters o f each other from an average o f 4 minutes per hour to 8.8 minutes per hour

P ro x im i ty
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(t=-2.331; d f = 25.481; p = 0.028) and M ujur also spent significantly m ore tim e 2-5 meters 

away from Riona (t = -2.640; d f  = 35.632; p = 0.012). There was a corresponding 

significant decrease in the am ount o f  time spent over 5 m eters apart (t = 3.319; d f  = 35; p = 

0 .002 ).

P ro x im ity  
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J m
Before mother's death Following mother's death

Figure 2.4: M ean am ount o f  tim e that M ujur spent within each proxim ity range o f  Leonie 
before her m other died (n=38) and after her m other died (n=23). Proxim ity o f  M ujur and 
Leonie is coded as follows: 0 = physical contact; 1 = >0m -2m  apart; 2 = >2m -5m  apart; 3 = 
> 5m apart. EiTor bars:95% CI
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2.5 Discussion

The Bornean orangutan case study recorded multiple group changes in a zoo-housed group 

o f orangutans. This is unusual, as studies tend to focus either on social behaviour in extant 

groups (ClaBen el a i ,  2005, Edwards & Snowdon, 1980, Poole, 1987, Tobach & Porto, 

2006) or on one particular group change event (Ham burger, 1988, Sodaro & W eber, 2000). 

Occasionally, more than one change is recorded (Keiter et al., 1983, Norcup, 1998), though 

in these examples the focus is on the removal and return o f  hand-reared infant orangutans, 

rather than introductions and removals o f  adults. Systematic records o f  the behaviour o f  a 

group o f  orangutans after a sequence o f changes to the social group structure are not readily 

available in the scientific literature.

While generally successful in their outcome, the group changes did have some 

behavioural effects on the orangutans involved. There were decreases in the sexual 

behaviour o f  the females after the adult male had been removed from the group which had 

been expected, but the subsequent introduction o f a different male did not lead to a 

corresponding increase in this behaviour in the remaining females. The associations o f  the 

orangutans also changed after each gi'oup change, and when the new m ale w'as introduced 

to the group it did not revert back to the associations that had occurred with the original 

male. It had been predicted that the behaviour o f  the females towards the newly introduced 

male, Sibu, would be sim ilar to that shown in the presence o f the original male, Jorong. 

However, this was not the case, which highlights the fact that relationships between 

individual orangutans m ay very greatly, and should be considered when can-ying out group 

changes. The desired num ber o f  individuals in a group m ay not necessarily result in the 

expected social and sexual behaviour.

Maggie spent less time in physical contact with her offspring after the removal o f 

the adult male, Jorong. This m ay be in part due to the infant orangutan getting older and 

more confident to m ove away from her mother. However, since infant orangutans typically 

stay close to their m others at this age and gradually m ove away from them  in later years 

(M cConkey, 2005), it is suggested that this particular decrease in contact m ay also be due 

to the absence o f  a threatening m ale in the group. A lthough orangutans are regularly housed 

in groups in captivity, the presence o f  the adult male m ay have been a source o f  stress for
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the infant, though there was no direct m easure confirm ing this. It m ay also be possible that 

M aggie’s illness m ay have caused a change in her behaviour and therefore in her contact 

with her offspring.

Leonie and Riona both increased resting after Jorong was removed. This was partly 

because, as originally predicted, there was a reduction in sexual behaviour when Jorong had 

left, but also, in the case o f  Riona, due to the loss o f  Jorong as a play-partner. Adult male 

orangutans have not been observed to play in the wild (Poole, 1987), and som e zoo-based 

studies have reported sim ilar lack o f  playing in m ales (Edwards & Snowdon, 1980, Poole, 

1987) although in other cases they have been observed to play (M aple, 1980). The amount 

o f  play behaviour exhibited by Jorong m ay have been due to the fact that he was a fairly 

young adult at the time o f  this study. His removal from the group may have had a 

detrim ental effect on R iona's social w elfare because her positive social interactions with 

him were lost, and not replaced by interactions with another individual in the group. This 

highlights the fact that the social enrichm ent provided by the presence o f another individual 

o f  sim ilar age m ay be an im portant consideration in the com position o f zoo-housed 

orangutan social groups.

Aggression was generally low in the group, which has also been noted in other zoo- 

housed orangutan groups (Edwards & Snow don, 1980, Poole, 1987). However, it was 

found that there was no aggression at all after Jorong had left the group, so although he 

provided social enrichm ent particularly for Riona, he m ay also have caused some stress for 

the other females in the group.

Following M aggie’s death, Leonie acted as a suiTOgate m other to by allowing M ujur 

to sleep with her and suckle her, even though she was not producing milk. The increase in 

Leonie’s play behaviour is explained by the am ount o f  tim e she was spending with M ujur 

after M aggie’s death com pared to the am ount o f  tim e she spent with her before that time. 

This is an excellent exam ple o f  alloparenting in zoo-housed orangutans, with the infant and 

the surt'ogate m other bonding natiually  rather than being introduced to each other through 

hum an intei'vention. Obsei'vations o f  w ild orangutans o f  a sim ilar age to M ujur found that, 

although the infants were largely independent o f  their m others for travel and feeding by the 

age o f  three, they still sought body contact for needs such as w annth  and protection until 

the age o f  eight (van N oordw ijk & van Schaik, 2005). Furtherm ore, these young orangutans
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still remained within close proximity o f  their mothers when not in physical contact, and the 

process o f  weaning took place very gradually, over periods o f  up to eight years. 

Allomothering, including suckling from adult females other than the mother, has been 

observed in other primate species, such as squiirel monkeys (Sainiiri holirieusis 

hoUvieusis) (Williams et al., 1994). Successful surrogacy has been reported in se\eral 

orangutan groups (Maple, 1980, Sodaro, 2007). However, in those cases, the young 

orangutans were temporarily removed from their social groups and hand-reared before 

being introduced to their suiTogate mothers.

Mujur significantly increased the amount o f  time she spent in physical contact with 

Leonie following her m other’s death, If she had maintained the same level o f  physical 

contact with Leonie as before her mother’s death she would have been receiving only 4.5 

minutes o f  physical contact per hour, compared to the 28.8 minutes o f  contact she 

originally had with her mother. The increase in the amount o f  physical contact with Leonie 

suggests that Leonie was an important form of security and comfort to Mujur after her 

mother had died. Mujur also increased the amount o f  time she spent in closer proximity to 

Riona, the other adult female in the group. The high frequency o f  physical contact between 

Mujur and Leonie suggests that this relationship was probably o f  greater direct benefit to 

the infant orangutan than her contact with Riona. However, the closer proximity to Riona 

may also have provided a certain amount o f  security that would nonnally be provided by 

the close proximity an orangutan o f  this age w'ould have with its mother (van Noordwijk & 

van Schaik, 2005). Mujur showed an increase in activity (consisting o f  more manipulation 

and movement) after her mother’s death, balanced by a decrease in resting. This may be 

attributed to the absence o f  her mother, Maggie, as much o f  M ujur’s resting time was 

originally in contact with Maggie. However, such levels o f  manipulation and movement are 

not unusual in captive juvenile orangutans, and similar levels have previously been 

observed (Edwards & Snowdon, 1980). A previous study o f  the effect o f  separation o f  a 

mother and infant orangutan found that certain behaviours indicative o f  protest and despair 

increased in the infant following that event (Nadler & Codner, 1983). In this case, the 

increase in locomotion could be deemed indicative o f  protest. However, there did not 

appear to be any changes in behaviour that might indicate despair, namely decreased 

activity or increased self-directed behaviour. This suggests that the separation may not have
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had as great an im pact as was reported in the aforem entioned case o f  m other-infant 

separation and the im pact o f  M aggie’s death on M ujur’s behaviour was not as significant as 

had been hypothesised.

The change in R iona’s feeding behaviour after M aggie's death m ay have been 

because there were fewer individuals to com pete with for food, so she had more access to 

food when it was provided and could finish feeding more quickly. The surprisingly low 

num ber o f  behavioural changes in the group following the death o f  the dom inant female 

suggests that the group was not greatly affected by the event, and that there was no 

noticeable struggle between the rem aining two fem ales for dominance. Leonie, originally 

the second female in the dom inance hierarchy, remained dom inant over her daughter, 

Riona, as before the group change. This lack o f  com petition for dom inance was a positive 

outcom e, since it has been noted that female orangutans in zoos may exhibit varying levels 

o f aggression (Singleton et al„ 2007),

After Sibu was introduced, Leonie showed a striking change in behaviour with a 

great increase in groom ing and sexual behaviour. Groom ing in particular was significantly 

higher with Sibu than with Jorong. Leonie clearly had a strong preference for the mature, 

fianged m ale orangutan over the younger unfianged male. Sibu and Leonie had been 

previously housed together at Dublin Zoo and Sibu was reported to interact im mediately 

with features in his enclosure that he had previously used while at Dublin Zoo (Creighton 

Jr., G., pers. comm.). This suggests that he rem em bered the enclosure, and. given the high 

cognitive abilities o f  orangutans (Shapiro, 2007) it seems likely that the two individuals 

also rem em bered each other and quickly re-fonned  the bond that had previously existed 

between them.

Leonie’s allom othering o f M ujur decreased with the an'ival o f  the new male, 

although they continued to have some contact following S ibu 's introduction. During this 

time, Leonie spent m uch less time with M ujur than she had in the period following 

M aggie’s death, so the increase in M ujur’s object m anipulation may be an effect o f  M ujur 

spending less time with Leonie, and replacing this with other activities. This m ale also did 

not exhibit any inclination to interact with the infant, perhaps partly because they were 

unrelated (Zucker et a l ,  1978), and partly because the older male was less likely to play 

(Poole, 1987).
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Riona did not interact with Sibu as much as she had done with Jorong. and he w'as 

not observed to m ake any attem pt to m ate her. It is unclear w hether this is due to 

recognition o f each other as father and daughter after the period o f  S ibu’s absence from the 

group, or w hether Sibu was aware o f  R iona's infertility and therefore focused his attention 

on Leonie. C on\ ersely, tw'o-thirds o f Jorong 's copulations were with Riona, despite the fact 

that she was infertile. This is somewhat suiprising, since records o f  orangutan associations 

in the wild show that non-receptive adult females did not initiate or maintain social contact 

with male orangutans (Galdikas, 1985). The am ount o f  time that Jorong and Riona spent 

together m ay have been because Jorong and Riona were younger and more playful, with 

some o f the play behaviour being a precursor for copulation (M aple, 1980).

W hile the increase in sexual behaviour between Leonie and Sibu had been expected, 

the differences in responses o f the females to the two different m ales had not been 

predicted. Both Riona and M ujur spent more time with the untlanged male, Jorong, than 

they did with Sibu. This may be because Jorong was a younger, sm aller male and therefore 

less intim idating, and also because Jorong w'as more active than Sibu and therefore had 

more playful interactions with both o f them. M ujur received more aggression when Sibu 

was in the group than when Jorong was in the group. This occurred when M ujur tried to get 

close to Leonie and Sibu, and M ujur w'as chased away by Leonie.

The three changes described here in the Dublin Zoo orangutan social group resulted 

in some behavioural changes in the group. However, there were no particularly negative 

consequences o f the changes, and the individuals in the group did not exhibit undue 

aggression or other indications o f  stress following the events. Factors that may have 

contributed to this are minim al levels o f intrusion and disturbance around the removal o f 

the male and the death o f the female, the presence o f a sunogate m other for the oiphaned 

infant, and the fact that the introduced male was fam iliar with the enclosure and another 

individual in the group.

The very nature o f this type o f case study m eans it would be im possible to replicate 

the conditions exactly and repeat the study. However, there are som e suggestions arising 

from this case study that m ay be applied to sim ilar work in the future. Because the timing 

o f  the first two group changes were not known until they had actually happened, there was 

some delay in starting the obsei*v’ations o f the group after these group changes. This m eant
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that the im m ediate response o f  the orangiitans to the first two group changes were not 

recorded, and could not be com pared with their responses during the days and weeks 

following the changes. Conversely, the time lim itations o f  the project m eant that 

obsei"vations were stopped after a set am ount o f  time, so the behaviour o f  the orangutans 

was not be com pared over a long-term  period. As will be discussed in Chapter 4, it m ay be 

more appropriate to judge the success o f  a group change based on the long-tenn results 

(such as successful breeding) rather than short-term  observations.

The im pact o f  seasonal variations on the behaviour o f  the orangutans could also not 

be detennined, as the study did not span one or more full years. There were som e changes 

made to the enclosure furniture and variation in the provision o f enrichm ents to the 

orangutans during the study period which may have contributed to som e behaviour 

changes. U nfortunately these were not recorded during the study and therefore could not be 

taken into account during the analysis to detennine whether these changes had any impact 

on the orangutans’ behaviour. The growth and developm ent o f the infant orangutan, Mujur, 

during the period o f  the study m ay have had an effect on her behaviour, it w ould be very 

difficult to determ ine which changes, or what degree o f  change, was due to her 

developm ent rather than to the social group change. Again, a longer period o f  obsei'vation 

may have helped to clarify which behaviour changes were directly related to the social 

situation. A com parison with other infant and juvenile orangutans that have been oiphaned 

at different ages w ould also provide som e further insight into what type o f  behaviour 

should be expected from an infant orangutan after such an event.

This case study highlights the type o f  records and infonnation that can be compiled 

with a relatively small investm ent o f m aterials (pencil and paper) and resources (time). A 

systematic record o f  behaviour ensures that decisions can be m ade based on concrete data 

rather than relying on m em oiy or subjective records. Obsei'vations such as these are 

valuable not only to zoo staff m anaging individual orangutans at any given time, but to 

those who are involved in introducing or rem oving orangutans in any setting, from zoos, to 

rehabilitation centres. Furthennore, the effects o f  events such as a death on other 

individuals in a group can be accurately determ ined, and are valuable in any situation 

where allom othering m ay potentially take place, or is desirable. The outcom e o f the death 

o f the adult female in this group shows that spontaneous allom othering in orangutans can
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occur successfully under the circum stances reported here. W ith detailed information about 

previous events for reference, staff in other zoos who are faced with sim ilar situations can 

plan their m anagem ent o f the group accordingly, and, if  necessary, carry out any 

interventions in an appropriate and timely manner. Therefore, these case studies not only 

provide a valuable record o f  the behaviour o f  these particular orangutans, they also serve as 

a record o f  an effective managem ent strategy for dealing with an orphaned infant 

orangutan.
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CHAPTER 3 

Asian Elephant Case Study
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3 . 1 Introduction

3.1.1 Elephant social behaviour

Asian elephants Eleplias niaxinius are cuiTently classified by the lUCN as endangered 

(Choudhury el al.. 2008) and the population was estimated in 2006 at 38,500-52,500 

individuals (Sukumar. 2006). The decline in Asian elephant populations is attributed 

mainly to habitat loss and fragmentation (Leimgruber el a i ,  2003). Asian elephants fonn 

matriarchal groups, consisting o f  closely related adult females and their offspring, with 

males dispersing at puberty (Vidya and Sukumar, 2005). While elephant groups on any 

particular day may be small, it has been shown that indiv iduals form larger social units that 

can be very stable across years while associations among these units change across seasons 

(de Silva et al.. 2 0 1 1). Vocal communication plays an important role in locating mates and 

in maintaining inter- and intra-group cohesion (Langbauer. 2000). Chemical signaling also 

plays an important role in elephant communication, and is now becoming better understood 

(Rasmussen and Krishnamurthy. 2000).

The relationship o f  African elephant calves (Lo.xoJoiita africaiia) with other 

members o f  their herd in the wild has been well documented (Lee. 1987). While immature 

elephants were observed most frequently to be close to their mothers, other females, 

particularly young juveniles were the next most frequent neighbors o f  the calves. Siblings 

were more likely to assist calves, although Lee (1987) suggests that the association between 

siblings may also reflect the persistence o f  mother-daughter relationships into adolescence. 

Asian elephants show a high level o f  cooperation in relation to their calves, with female 

elephants other than the mothers responding to calves in distress (Gadgil and Nair, 1984) 

and showing allomothering behaviour such as suckling other females’ calves (Rapaport and 

Haight, 1987).
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3.1.2 Elephants in zoos

There is a long tradition, thought to date from as long as 5,000 years ago, o f Asian 

elephants being used by humans for war and work (Hart, 2000). Although no longer used 

for war, Asian elephants are still frequently used for work, and elephants and their mahouts 

often have a close relationship (Hart, 2000). Approximately 386 Asian elephants are held 

in approved zoos worldwide (ISIS, 2011). The Association o f Zoos and Aquariums (AZA) 

requires that each zoo holding elephants must hold a minimum of three females, or two 

males, or three elephants of mixed gender, and multigenerational groups are desirable 

where feasible (AZA, 2011). A complex physical and social environment is necessary for 

elephants, so that natural behaviours and social interactions are stimulated, and, in 

multigenerational groups, many learned behaviours are passed on (AZA, 2011). Elephants 

form close social relationships in zoo settings, and benefit from the presence o f other 

individuals (Garai, 1992). Privately held Asian elephants are frequently held on their own, 

and such solitary conditions have been correlated with higher levels of stereotypic 

behaviour (Vanitha et a!., 201 1). Although zoo-housed elephants are generally housed in 

female groups, as they are found in the wild, there does tend to be a wider range in group 

sizes, degrees o f relatedness and age strtictures than would be observed in the wild 

(Schulte, 2000). It should be noted that each individual’s social and behavioural 

requirements are different, and factors such as social compatibility and dominance need to 

be taken into account when creating or changing a social group of elephants (AZA, 2011).

Movement to a new facility, and changes in social group structure can both be 

stressful events for elephants (Kean and Hill, 2007). A study of introductions in African 

elephants compared sequential introductions, which involved allowing visual contact 

initially, followed by limited tactile contact and then full physical contact, with non

sequential introduction where these steps were not followed in order and decisions were 

made based primarily on assessments by the animal managers (Burks et a l ,  2004). The 

study found that the sequential introduction method was more effective for managing 

aggression and may also have resulted in lower stress in the elephants (Burks et a l ,  2004). 

The introductions o f adult elephants to each other has been observed to result in an increase 

in stereotypical behaviour in some individuals, and a decrease in stereotypical behaviour in
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others (Schm id et al., 2001). The formation o f  a m ixed-sex group in Schmid et a l.'s  study 

was found to result in a short-term increase in stress for the animals, but stress reverted to 

pre-change levels within six m onths (Schm id et al., 2001). The introduction o f a male 

elephant to a group o f  females resulted in an increase on coilisol levels and stereotypical 

behaviour, again indicating that the event was stressful, due both to being transported and 

to being introduced to unfam iliar individuals (Laws et al., 2007). However, the period o f 

observation for Laws et a l.'s  study was shorter, so it is not known whether the levels o f 

stress subsequently decreased. The introduction o f  a fem ale to an unfam iliar herd was also 

found to result in elevated cortisol levels, but this appears to have been a short-lived effect 

o f only tw'o days duration (Dathe et al., 1992).

W hile Asian elephants reproduce well in the wild, reproduction in zoos is not 

without both logistical and pathological problem s, and differences in reproductive function 

between wild and captive elephants have also created difficulties in m anaging reproduction 

(Hildebrandt et al., 2006). As o f  2006, three o f  the four managed Asian elephant 

populations in Europe and North America were considered not to be self-sustaining without 

continued importation (W iese and W illis, 2006). The life-expectancy o f  calves in Europe 

has previously been reported to be only 6.1 years (Schmid, 1998) and it has been 

recom m ended that the current zoo population o f  elephants needs to be consolidated into 

social herds to facilitate natural breeding behaviour (Rees, 2003; Sukumar, 2003).

Elephant calves in the w'ild leani m any vital skills from their m others and other 

older group mem bers, and while the zoo situation does not require as many o f  these skills 

to be learned, some, such as maternal skills, are extrem ely valuable (Clubb and M ason, 

2002). It has been suggested that a lack o f  inherited maternal skills may be a reason for 

high rates o f infanticide in elephants in captivity (Kurt and HartI, 1995, cited in Clubb and 

M ason, 2002). Prim iparous cows that have w itnessed other cows giving birth and have 

other experienced cows present during parturition m ay experience fewer problem s during 

this period (Veasey, 2006). Therefore, experience o f  a more ‘natural’ gi'oup stm cture in 

captivity is important for enhancing socialization o f  elephants, and in helping them to 

reproduce successfully (Veasey, 2006). Zoos are encouraged to make every effort to 

m aintain elephants in social groups with a m inim um  o f  three females (AZA, 2003), and to 

house young females with older females and young elephants so that they can learn
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allomotliering skills (Taylor and Poole, 1998). However, in 2002, a report commissioned 

by the RSPCA stated that only 17.7% of facilities within the EE? had elephant groups 

containing at least one mother-daughter pair (Clubb and Mason, 2002).

3.1.3 Asian elephant case study

Several studies have investigated the effects o f introductions o f adult elephants to each 

other (Dathe et <://., 1992; Laws el a i ,  2007; Schmid et al., 2001). However, studies relating 

to the birth o f elephants in zoos tend to focus more on the development of the elephant calf 

(Shamia and Krishn Amurthy, 1984; Styles, 1982) and the management methods used for 

elephant births (Taylor and Poole, 1998), rather than the behaviour o f the group in response 

to the birth. The British and hish Association of Zoos and Aquariums (BIAZA) has 

recognized that further research into the social interactions o f elephant groups post-partum 

are necessary (Walter, 2010).

The elephant group at Dublin Zoo consisted o f four individuals: two adult females 

who are full sisters (Dina and Yasmin), and a juvenile daughter o f each of these females 

(Asha, daughter of Dina, and Anak, daughter of Yasmin). During the period o f this project, 

Yasmin gave birth to a male calf, Budi. All of the elephants at Dublin Zoo are related to 

each other, so the group stmcture provided a unique opportunity to study a family o f zoo- 

housed Asian elephants. The behaviour o f the elephant family group at Dublin Zoo was 

recorded before and after the birth o f Budi with a view to detennining whether the natural 

expansion of the group resulted in any significant behavioural changes. The associations 

the elephants in the group had with one another were also monitored to detemiine whether 

the birth had an effect on the group dynamics.

Three hypotheses were fomiulated in relation to the birth o f the elephant.

1) Elephants in the wild generally give birth to their calves in the presence o f other group 

members without undue disniption to the group (Gadgil & Nair, 1984; Rapaport & Haight, 

1987). Therefore, it was expected that in a stable cohesive group such as this one, a birth 

would not unduly disrupt the behaviour o f the elephants, and therefore few behavioural 

changes were expected to be observed.
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2) Elephants form close bonds between family members, particularly between mother and 

offspring (Joshi, 2009). Therefore, it was expected that the mother would take particular 

interest in the new calf, resulting in a change in the social interactions o f  the group. It was 

hypothesised that the mother o f  the calf would re-allocate a significant proportion o f  her 

time to being nearest to her calf, rather than any other members in the group.

3) Asian elephants in the wild have been documented to show interest in and support 

tow'ards the calves o f  other group members (Gadgil & Nair, 1984). Younger elephants leani 

about mothering from obsen'ing the process in older, more experienced elephants (Clubb & 

Mason, 2002). It was hypothesised that the young female elephants in particular would take 

an interest in the newborn calf, and therefore a shift in their association patterns would be 

expected after the birth so that they would spend a higher proportion o f  their time to being 

nearest their calf rather than any other indi\ iduals in the group.

This case study is also described in full in a paper published in Zoo Biolog}- entitled 

‘Effect o f a birth on the behavior o f  a family group of Asian elephants (Elephas maximus) 

at Dublin Zoo' (Whilde and Maiples, in press) which is shown in Appendix. 3.

3.2 M ethods  

3.2.1 Study animals

When the study commenced, the group o f  Asian elephants at Dublin Zoo consisted o f  four 

individuals: two adult females (Dina and Yasmin) who are full sisters, and two young 

females (Anak and Asha), Anak is the daughter o f  Yasmin and Asha is the daughter of 

Dina (Figure 3.1). Dina, Yasmin and Anak airived to Dublin Zoo from Rotterdam Zoo in 

October 2006. On 7*'’ May 2007 Dina gave birth to Asha, the first elephant calf to be born 

in Ireland. Yasmin then gave birth to a male elephant, Budi on 17”’ Febraai-y 2008.
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Asha $  (b.2007) Anak ?  (b.2003) Budi (5(b. 2008)

Figure 3.1; Relationship between the Asian elephants housed at Dublin Zoo in 2008.

Budi and Anak were sired by the same bull and are therefore full siblings. Dina and 

Yasmin had previous experience o f giving birth (van W ees, 2004). and they and Anak had 

also been present at the birth o f elephants at Rotterdam  Zoo, and at the birth o f  Asha.

3.2.2 Housing

The elephants were housed indoors at night, and given access to a sand-covered outdoor 

enclosure during daylight hours, depending on w eather and husbandry requirem ents during 

the month o f  February. The elephants were given 24-hour access outside from M arch 

through to October. The total area o f  the outdoor enclosure is approxim ately 8500m", and 

contained a pool and feeding stm ctures, and the elephants were provided with scatter feeds 

and hidden food enrichm ents at iiTegular intervals. A schematic diagram o f  the elephant 

enclosure is provided in Figure 3.2 o verleaf
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Figure 3.2: Schematic plan of the elephant housing. Observations were made from either 

of the two observation areas shown, depending on the location o f the elephants. Note that 

the plan shows the layout and approximate dimensions o f the enclosure, and is not drawn to 

scale.
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3.2.3 Observations

Obsei'vations o f  the group were earned out before the birth o f  Budi between 05 Febniary 

2008 and 15 February 2008. Eleven replicates o f  one-hour scan samples and two replicates 

o f 30-m inute scan samples were obtained during this period. Observations o f  the group 

after the birth o f  Budi took place between 25 Febm ary and 21 April 2008. During this 

period, 12 replicates o f  one-hour scan samples, one each o f  40 and 30 m inutes, and two 20 

minute samples were obtained. O bservations that were under an hour were curtailed due to 

poor weather conditions resulting in the elephants being brought indoors during an 

observation session. All observations o f the elephant group were cairied out when the 

group was in the outdoor area.

Data were collected evenly throughout the period that the elephants were in their 

outdoor enclosure habitat (approxim ately 10:00 -  16:00) with a break o f at least one hour 

between consecutive samples. All data were collected by a single observer to maintain 

consistency. Scans were taken at one-m inute intervals during each sam pling period. At 

each scan, the behaviour o f  each individual in the group w as recorded onto a data sheet, an 

example o f  which is shown in Appendix 4. The categories o f  behaviour that were included 

are show'n in Table 3.1.

Each type o f behaviour and each individual elephant were assigned a one or two- 

letter code to allow recording to be quick and concise. The range o f  possible behaviours 

was provisionally adapted from various other studies o f elephant behaviour, and 

subsequently finalized according to the behaviours that were detennined to occur most 

frequently during a pilot study can ied  out during the w^eek prior to the obsei'vations 

commencing. The identity o f  nearest neighbor and distance from nearest neighbor o f each 

individual was also recorded at each scan.
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Table 3 .1 : Et logram  o f elephant behaviour
Behaviour Definition

Walk M ovem ent from one area to another, in the process o f  taking more than one 
stride at the time o f the scan

Feed Eating or m anipulating food items

Stand Remaining m otionless in one spot (while not swaying)

Sway M ovem ent o f  the body and head from side to side while standing in one spot

Tm nk swing Swinging tm nk back and forth w'hile standing still and not carrying out any 
other activity

M aintenance Scratching, dust-bathing, washing

M anipulate M anipulating non-food items, such as logs, stones, enclosure furniture

Play Apparently aimless activity or interaction, m ainly observed in young elephants

Lie Lying on the ground

Other Infrequent or unclear behaviours

Out o f  sight Not visible to the observer

3.3 Analysis

Data were analyzed using SPSS 16.0 for W indows. The distributions and variances o f  all 

the behaviour for each indiv idual during the periods before and after the birth o f  Budi were 

checked and non-param etric tests were used with any data sets which violated the 

assum ptions o f  param etric statistical testing. The total observation time was used to 

calculate the mean num ber o f  scans per hour that the elephants were observed cari'ying out 

each type o f  behaviour. Data were tested using t-tests or M ann-W hitney U tests. The 

analysis used an independent design because the data were collected from a single animal, 

and are independent m easures o f a single anim al's behaviour, both between replicates and 

between treatments. There is no greater association betw een the readings for one replicate 

under the different treatm ent conditions, than with any other data points in the data set. The 

additional power conferred by a repeated m easures design is therefore not legitim ately used 

in this circum stance and therefore, the most suitable design is one o f a standard 

independent data set (Plowm an, 2006).
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The mean proportion o f tim e that each elephant was the nearest neighbor o f  each 

other individual during each sam pling session was calculated. The proportions o f  tim e each 

elephant spent closest to each other elephant before and after the birth were com pared, 

again using param etric or non-param etric tests as appropriate. W hen elephants w ere out o f  

sight they were not assigned a nearest neighbor, so each time was calculated as a proportion 

o f the total tim e that the elephant was visible to the obsei"ver, rather than the total tim e o f 

the observation session.

The presence o f  a new elephant in the herd m eant that there were four other 

individuals available to be nearest neighbor to each individual after the birth, rather than 

three. Therefore, to determ ine whether the original group dynam ic had changed after the 

birth, the data were also analyzed excluding from the data set all the occasions after the 

birth where Budi was the nearest neighbor. The proportions o f the rem aining tim e that the 

four original elephants in the group were nearest neighbor to each other were calculated. 

This analysis dem onstrates w hether the time that was not allocated to Budi was otherw ise 

apportioned as it had been before the birth. This analysis allowed a more direct com parison 

o f the associations o f  the four original elephants in the group.

3.4 Results 

3.4.1 Behaviour

The behaviours o f  each animal in the group before and after the birth w ere com pared, and 

some differences were found. The behaviours o f  each elephant before and after the birth are 

shown in Figure 3.3. The categories o f  ‘m aintenance’, ‘o ther’ and ‘out o f  sigh t’ all 

contributed very small proportions o f  tim e to the total, and therefore in Figure 3.3 have 

been com bined into the category ‘o ther’ for clarity. However, each o f those behaviours was 

analyzed separately and found to be unchanged after the birth. Anak m anipulated objects 

significantly m ore before the birth than after the birth (M W U = 56.5; d f  = 27; p = 0.036). 

Asha spent significantly less time standing after the birth than she did before the birth 

(M W U = 48; d f = 27; p = 0.013). Yasm in spent significantly less time w alking after the 

birth (t-test: f= 3.61; d f  = 27; p = 0.001). Dina showed significant decreases in both

50



walking and standing after the birth (Walking: M W U = 38.5; d f = 27; p = 0.003. Standing: 

MW U = 28.5; d f = 27; p = 0.001). This was balanced by a non-significant, but noteworthy 

increase in sw'aying (MW U = 63.5; d f = 27; p = 0.075). Also noteworthy is the fact that 

none o f the other elephants canied out similar levels o f sw'aying. Asha and Anak w'ere 

obser\'ed to play both before and after the birth, while the adult elephants did not exhibit 

play behaviour.

100%

60% 4

40% 4

Other

Playing

Manipulating
Swaying

Standing

Feeding

Walking

Dina Dina Yasmin Yasmin Anak Anak Asha Asha
Before After Before After Before After Before After

Figure 3.3: A ctiv ity  budgets o f each elephant in the group at Dublin Zoo before and after 
the birth o f Budi. Yasmin is the mother o f Budi and Anak. Dina is the mother o f Asha.

3.4.2 Associations

The proportion o f time that each individual was the nearest neighbor to each other 

individual during each scan sample was calculated, and the mean proportion o f time for 

each individual was calculated for the periods before and after the birth (Figure 3.4). The 

proportions o f time were calculated from the total observation time, and so included the 

times that Budi was the nearest neighbor o f each individual. Dina was found to have spent 

significantly less time with Anak as her nearest neighbor after the birth than before it 

(M W U = 47; d f = 27; p = 0.012). However, from Anak's perspective, Dina was not chosen
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as her nearest neighbor a different am ount after the birth than before the birth. Not 

suiprisingly, Y asinin spent the gi'eatest proportion o f  time with her new born calf, Budi, as 

her nearest neighbor once he was bom , while her associations had been fairly evenly spread 

before the birth o f Budi. The proportion o f  time that she spent nearest to Dina decreased 

significantly (t =  4.131; d f  = 27; p =  0.000), as did the proportion o f  tim e she spent w'ith 

both Asha (M W U = 10.5; d f  = 27; p = 0.000), and her daughter, Anak (M W U = 38.5; d f = 

27; p = 0.004). However, Anak did not show a significant change in the proportion o f  time 

she spent with Yasm in as her nearest neighbor. She did spend a significantly lower 

proportion o f  time with Asha as her nearest neighbor after the birth (t = 4.694; d f  = 27; p = 

0.000). This was echoed in the proportion o f  tim e that Anak w'as A sha’s nearest neighbor 

after the birth -  this also fell significantly (t = 3.237; d f  = 27; p = 0.003).
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Dina Yasm in

Asha

Figure 3.4: Proportion o f time that each elephant in the gi'oup was nearest neighbour to 
each other individual in the group before and after the birth o f Budi (+/- 2SE).
Light bars = before birth. Dark bars = after birth

Figure 3.5 shows the proportions of time that each elephant was the nearest 

neighbor to each of the other elephants, excluding the newborn ca lf Dina’s associations 

after the birth changed in the same way, regardless o f the inclusion of the time she spent 

nearest to Budi -  she spent significantly less time close to Anak than she had done before 

the birth (t = 2.606; d f = 27; p = 0.015). Interestingly, Yasmin’s associations with the group
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did not change significantly at all once her interactions with Budi were excluded, showing 

that while she did have her newborn ca lf as her im m ediate nearest neighbor for a large 

proportion o f  the time, her relationship with the other elephants in the gi oup did not appear 

to change.

Anak, however, did spend significantly more time with Yasm in as her nearest 

neighbor after the birth o f  her sibling (M W U = 49; d f  = 27; p = 0.015). There was a 

conesponding, though non-significant, decrease in the proportion o f time that Anak spent 

with Asha (t = 1.978; d f  = 27; p = 0.058). A sha’s associations with the other elephants in 

the group were not found to change significantly after the birth.
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Figure 3.5: Proportion o f time that each elephant in the group was nearest neighbour to 
each other individual in the group, excluding Budi, before and after the birth (+/- 2SE).
Light bars = before birth. Dark bars = after birth

3.5 Discussion

The events o f the elephant case study were more straightfomard than those in the 

orangutan case study (Chapter 2). with a single change, a birth, taking place in the group 

during the study period. Much research has been carried out on the practical aspects o f 

managing elephant births (Andrews et ah, 2005, Hildebrandt et al., 2006, Schmidt, 1982, 

Taylor &  Poole, 1998). The behaviour and development o f elephant calves is also well 

documented (Shamia &  Ki'ishn Amurthy, 1984, Styles, 1982). However, because the focus 

o f this type o f study tends to be on management techniques and the welfare o f mother and
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calf, the behaviour o f  other m em bers o f  elephant groups after a birth is less frequently 

reported. The interactions o f  several young elephants that have all been bom  into the same 

gi'oup (and, indeed, in the same zoo) as obsei^ed in this case study, are also less frequently 

reported.

The results o f  this study were overall very positive. The effect o f  the birth o f  the 

male elephant, Budi, on the behaviour o f  the other elephants was not particularly dram atic 

and did not appear to cause any m ajor disruptions in the group dynam ic beyond what had 

been expected. This positive outcom e o f  the birth m ay have been because the group prior 

to the birth was already cohesive and stable and consisted o f related females who were 

familiar with each other, and also because three o f  the four elephants had previously 

experienced or w itnessed a birth taking place.

There were a few behavioural changes noted in the elephant group after the birth. 

Yasmin, the m other o f  the new calf, showed a significant decrease in standing along with a 

non-significant increase in feeding. The increase in feeding was not surprising as she was 

lactating and the proportion o f time Yasmin spent feeding was sim ilar to that reported by 

elephants in other zoos (Rees, 2009; Stoinski et al., 2000).

The decrease in the time Anak spent m anipulating objects is unlikely to have been 

due to the birth and it can be seen from Figure 3.3 that there was a non-significant increase 

in feeding which suggests that it may be due to observer error in categorizing activities as 

manipulation prior to the birth that were categorized as feeding after the birth. Furtherm ore, 

the non-significant increase in feeding that was seen in all individuals in the group was due 

to a change in the feeding regime o f  the elephant group during the period after the birth. 

The decrease in am ount o f  time that Asha spent standing after the birth was balanced by an 

increase in playing, feeding and walking. The playing and walking m ay be due to the 

presence o f Budi providing increased interest and incentive to m ove about the enclosure, 

and it is suggested that the addition o f  another juvenile to the group helped to increase the 

level o f  activity o f  the young elephant.

A less desirable behavioural change after the birth was the increase in D ina’s 

swaying. A lthough the difference was not found to be significant at the conventional level, 

it is nonetheless notable because stereotypic behaviour in elephants has previously been 

associated with increases in cortisol levels (Laws er al., 2007) and therefore m ay provide an
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indication o f the stress levels o f  the elephant. Dina did not appear to spend as much time 

close to Budi as the other individuals in the group, and experienced a decrease in the level 

o f association with Anak (Figure 3.4). Changes in social group stm ctine have been 

previously reported to increase stereotypical behaviour in zoo-housed elephants (Laws et 

al., 2007; Schmid et al., 2001). albeit in situations where elephants were m oved to different 

zoos and introduced to unrelated adult elephants. It m ay be possible that D ina's increase in 

swaying was due to an increase in stress levels due to other individuals in the group 

diverting their attention to the newborn calf, or due to D ina's lack o f  association with the 

c a lf  However, it cannot be detennined for certain whether the change in D ina 's social 

interactions contributed to the increase in sw'aying. as other studies have suggested that 

daily routines (Friend, 1999; W ilson el al., 2004) or seasonal variation (Elzanowski and 

Sergiel. 2006; Rees, 2009) may also contribute to increased levels o f stereotypic behaviour 

in zoo-housed elephants. This study did not span an entire year, so it cannot be detennined 

whether the cause o f  the change in D ina's level o f  swaying was seasonal or social, or a 

combination o f  both factors.

The most noticeable effect o f  the birth on the association pattern o f the 

elephant group was that, as hypothesized. Yasmin shifted much o f her association to her 

newborn infant, and the young females in the group appeared to take some interest in the 

ca lf  However, prior to the birth she had associated with each other individual in the group 

in sim ilar proportions o f time, and when Budi w'as excluded from the analysis Y asm in’s 

associations did not change significantly, suggesting that a new ca lf did not have a m ajor 

impact on her interactions with the group. Asha spent more tim e close to Yasmin and Budi 

after the birth than she did before the birth, and therefore less tim e with Anak. This may 

have been partly due to curiosity about the new calf, and partly due to the fact that she is 

closer in age to Budi than to Anak and therefore prefened Budi as a com panion. Anak also 

spent m ore time close to Yasmin and Budi, as had been expected, and the proportion o f 

time that she spent with Asha decreased.

Allom othering, or ‘aunting ' behaviour has previously been reported in zoo-housed 

elephants (Lang, 1967), as well as in the wild (Lee, 1987) and provides a range o f  benefits 

to both the giver (gaining experience, enhancing status in the group) and the receiver 

(assistance, protection), and m ay also help to strengthen social bonds in a group (Schulte,
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2000). As the older sibling o f Budi, Anak may have been engaging in som e allom othering 

behaviour towards him, while Asha m ay have lost som e allomothering interactions that she 

previously had with Anak. This was the second ca lf that Anak had w itnessed being born 

into this group, and the fourth birth that she had witnessed during her lifetim e, so her 

previous experience m ay have contributed to her interest in this c a lf  Furtherm ore, the fact 

that this ca lf is her full sibling m ay have also contributed to the increased association that 

Anak had with her m other and brother, thus enhancing the natural fam ily unit and 

strengthening the bonds between them.

The opportunity that Asha and Anak had to obsew e and interact w ith the newborn 

ca lf and its m other m eans that they were gaining parenting knowledge, which will be 

beneficial to them when they reach breeding age, and their increased proxim ity with 

Yasmin may also have been helping to cement their relationship with her. W hile the 

breeding rate o f  elephants in zoos is increasing, it is still not self-sustaining (W iese and 

W illis. 2006) so a situation that increases a fem ale's likelihood o f successfully breeding is 

highly desirable. The presence o f  related female elephants in the group m ay contribute to 

m aking the birth and rearing less stressful for the m other (Schulte. 2000). The experience 

that Anak and Asha obtained from the birth o f Budi m ay therefore have a positive influence 

on them  breeding and rearing calves o f their own successfully in the future, as well as their 

presence in the group creating a natural family unit in which to rear the infant c a lf  Schulte 

(2000) recom m ends that studies o f behaviour, particularly allom othering. in related family 

groups would be helpful to the m anagem ent and handling o f captive elephants.

The case study provided a system atic record and statistical confinnation  o f  the 

behaviour changes o f  the elephants after the birth, infom iation which is not widely 

available in the scientific literature. It is one o f the few quantitative studies to consider the 

behavioural interactions o f  elephants after a birth and also to docum ent the behaviour o f  

previous young. The study confinned that the birth o f  an elephant into a stable family 

group could take place w ith m inim al disruption to the behaviour and the associations o f  the 

elephants, providing a beneficial environm ent for the m other and c a lf  as w ell as valuable 

experience for the younger female elephants in the group.
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M ost o f  the issues that arose with the orangutan case study apply  also to the 

elephant case study. The o b s e n a t io n  period w ould  ideally have been  longer as well as 

extending right up to and im m ediately  after the time o f  the birth. U nfortunately, it w as not 

possible to observe the elephant group during  the days im m ediately  before  and after the 

birth, and the responses o f  the elephant g roup at this time would  have  been a useful 

addition to the data. Records o f  the behav iour  and group dynam ic  over the longer-tenn  

would  also be useful, for it is possib le  that this w ould  change with time, either due  to 

seasonal effects or long-tenn  changes in g roup  dynam ics  as the young elephants matin e.

A s with the case study on orangutans, this case study also highlights the type o f  

information that can be gathered relatively easily and economically . The effects o f  a birth 

on other individuals in a group can be accurately  determ ined and this in fom iation can then 

be used to m onitor  w hether there are any  negative effects that can be dealt with  promptly. 

This information can also be used as a baseline with w hich  to com pare  subsequent births as 

well as being used as a reference for com parison  with previous events and in com paring 

different m anagem ent strategies and evaluating  their impact on the group social s tm cture  

during and after the birth.
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CHAPTER 4

Survey on 

Changing Social Groups in Zoos
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4.1 Introduction

A survey was designed with the aim o f  gathering infom iation from keepers and curators 

about the m anagem ent o f  group changes at zoos and other ex-situ conservation facilities 

throughout Europe, North America. Australia and New Zealand. This chapter describes the 

process o f  designing and im plementing the survey, the results that were obtained, and the 

im plications o f  those results. By using a survey, inform ation about a greater num ber o f 

group changes, in a larger num ber o f  species could be gathered than would be possible by a 

single researcher observing each individual group change directly. A num ber o f predictions 

were made in relation to the survey results overall, and in relation to the different types o f 

group changes that could occur:

1) Zoo surveys are often used to address issues relating to a particular species (M ellen, 

1994). However, it was expected that a large am ount o f  useful inform ation could be 

obtained about a num ber o f different species with a single survey. W hile it was expected 

that the initial analysis could be carried out across all the survey responses, it was also 

predicted that there would be a num ber o f responses relating to the same species, so that 

these could be examined more closely as a group. The data generated by the survey would 

be broader and less in depth than that generated by the case studies, but could potentially be 

more useful in drawing hypotheses and predicting general outcom es o f  group changes.

2) Based on the observations canned out in Dublin Zoo (c f  Chapters 2 and 3), it was 

expected that the responses o f  a group to a new born animal, to an unfam iliar introduced 

adult, and to the removal or death o f an adult would all be different. M oreover, it was 

expected that the m anagement o f  each type o f  group change would be different. It has 

previously been obsei'ved that the m anagem ent o f  introductions in chim panzees can 

influence the outcom e (Brent et a l ,  1997), and therefore it was hypothesised that the 

outcom es o f  group changes reported in the survey would be related to certain m anagem ent 

practices.
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3) The group stiiictures prior to the event, the hierarchy that existed in the group, and the 

status of the animals being moved were expected to influence the outcomes o f gi'oup 

changes, as this has previously been noted to be important during group changes (Aruguete 

et al., 1998, Brent & Veira, 2002). hi some species, the status of an animal can be 

influenced by the status o f its mother within a group (Cransac & Aulagnier, 1996). 

Aggression may also be linked to the presence or absence of dominant individuals in a 

group (de Villiers et a i ,  2003). Therefore it was predicted that group structures and 

hierarchy in the group would be considered important in the group changes reported in the 

survey, and would be linked to the success or otherwise o f all types o f group changes.

4) The behaviour o f the animals in response to changes to their social group structures was 

expected to be a central issue in detennining the success or othem ise of the changes. 

Because observing behaviour is one of the simplest and quickest ways o f assessing aspects 

of an anim al's welfare (Lindburg & Fitch-Snyder, 1994), it was expected that respondents 

to the survey would have noted behavioural changes and, where appropriate, managed the 

group changes accordingly. Based on the outcome o f the introduction o f a new male to the 

orangutan group in Dublin Zoo (Chapter 2), it was hypothesised that behaviours such as 

aggression and submission might be more frequently observed in unsuccessful group 

changes, and that behaviours during successful group changes would either be unchanged 

(Fragaszy et al., 1994) or behaviours such as sexual behaviour and affiliative behaviour 

would be observed more frequently (c f  Chapter 2).

4.1.1 Survey design

The fomiat o f a sui'vey is important for its success. A survey that needs to be printed out or 

physically posted back is more inconvenient than a sui'vey that can be returned by email or 

online (Plowman et a l ,  2006). Web-based surveys have been confinned to be inexpensive, 

have a short response time, and can achieve a good response rate compared with posted 

questionnaires (Ganassali, 2008). Web surveys are also considered most useful for 

targeting a well identified population (in this case zoo personnel) (Ganassali, 2008).
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Online survey building tools such as Web O nline Surveys (www .web-online- 

sui~veys.com). Free Online Surveys (wwvv.freeonlinesurvevs.com ) and Survey Monkey^’'̂ ’ 

(w w w .survevm onkev.com ) are now readily available, free or low-cost, and very user- 

friendly. There are several advantages to using web based surveys over sending hard-copy 

sui'veys by post. Paper surveys require users to read through all questions and to pay 

attention to specific instm ctions in situations where some questions m ay not apply directly 

to them. Electronic survey software employs ‘Skip Logic’ w'hich is a function that can be 

employed to m ove respondents autom atically past questions that are not relevant to them, 

based on their responses to previous questions. This replaces the ‘If  no, go to question 10’ 

style o f  instruction that would norm ally be em ployed on a paper survey, thus streamlining 

the experience for each respondent. Users are rem inded to answer questions that they miss, 

which reduces the likelihood o f  questions or, indeed, whole pages being accidentally 

skipped as can happen in a paper survey. Furtherm ore, because the surveys or web links to 

the surveys are sent by email, users can com plete and return them more quickly and 

conveniently than if the surveys were distributed and returned by mail.

Aesthetics o f surveys also need to be taken into consideration, since poor design can 

result in a low response rate (M ahon-Haft & Dillman, 2010). The logos, background 

colours, and question layouts should be designed to be as clear, pleasing to the eye, and 

easy for the respondent to follow' as possible. Question stm cture and clarity are also very 

important, as questions that are confusing or am biguous m ake respondents m ore likely to 

quit the suw ey before com pleting it (Dillman, 2007).

Reports by Dillman (2007) found that some o f  the com m on features o f  surveys with 

a good response rate include reduced cost for the respondent (which may be postage or 

printing costs, or time), as well as creating respondent tm st and perceptions o f  increased 

reward. Trast m ay be created through fam iliarity o f  the respondents with the sui'v'ey 

adm inistrator or com pany, or endorsem ent from a fam iliar and tioisted source for the 

survey. Rewards may be as straightfoi'ward as small monetai'y incentives, or the reward o f 

useful sui"vey results being m ade available to the respondents. Groves & C ouper (1998) 

suggest that tailoring survey design to the respondent contributes to the response rate. 

Although this means that sui'veys cannot be sent in bulk to all respondents, it can be very 

worthwhile to tailor surveys and cover letters to each respondent to ensure that it is
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understood that the questionnaire was specific to them. A ‘point o f completion’ indicator 

displaying the respondent's progress through the sui'vey has also been reported to be useful 

and reduces dropouts towards the end o f the survey (Dillman et al., 1998, Healey et al., 

2005).

Misinteipretation o f temiinology and questions in a sui'vey can cause problems, and 

therefore the clarity o f the language used is vitally important. It is recommended that a 

simple syntax is used for the wording o f questions (Ganassali, 2008). Questions should 

only ask one thing -  for example, ‘Did the social group change have an effect on the 

animal's behaviour and stress levels?’ is unsuitable, because two questions are being asked. 

This example could be broken up into ‘Did the social group change have an effect on the 

animal’s behaviour?’ and ‘Did the social group change have an effect on the animal’s stress 

levels?’

Closed questions provide a set o f responses from which the respondent can choose 

either one or several options. This type o f question is very usefiil for questions with well- 

defined answer options (Dillman, 2007). They allow responses to be easily summarised and 

analysed because the results consist o f a defined set o f options. They also steer respondents 

towards choosing a response; this may be positive in that the likelihood of a response 

increases, but negative in that respondents are more likely to choose the ‘best fit’ option 

rather than answering a question accurately. It is important that the selection of responses 

provided are clear and individual responses do not actually contain more than one response. 

For example, responses to the question ‘How did the animals respond to the social group 

change’ are unclear if  presented with options such as ‘hicreased stress and aggression’ or 

‘Decreased aggression and increased grooming’. Instead each element should be presented 

as a stand-alone option, i.e. ‘Increased stress’, ‘Increased aggression’, ‘Decreased 

aggression’ and ‘Increased grooming’. If the available responses are not mutually 

exclusive, respondents should be allowed to choose more than one. However, if the 

responses are mutually exclusive, such as age ranges, it is important to ensure that the 

responses encompass all possible responses for the target of the study, as well as being 

clearly defined. Providing age-ranges in the fomiat ‘0-10, 10-20, 20-30’ in a sui'vey of 

university students is unsuitable firstly because university students are unlikely to be 0-10 

and may well be over 30, and, secondly, if they are 20 years old, they fall into two o f the
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available categories. Age ranges o f  ‘ 16-20. 21-25. 26-30’, etc., would be more suitable. It 

is important to ensure that background research is carried out to ensure that all relevant 

answer options are provided to closed questions. Failure to do so may result in too many 

respondents choosing responses such as ‘Don 't  know ' or ‘None o f  the above’.

Open questions allow much more flexibility for the respondent to describe their 

situation accurately, and this type o f  question is very usefiil in situations w'here it is difficult 

to categorize all possible responses. Questions must still be extremely clear in their 

meaning, as responses that are too vague are not useflil (Dillman, 2007). For example, 

asking ‘What type o f  car do you drive?’ may result in responses such as ‘Volkswagen, 

Renault, Toyota, hatchback, convertible, red’. In this scenario, the question needs to specify 

whether the style, the make or the colour o f  the car is required. Analysis o f  open questions 

can be more difficult than closed questions, and responses may need to be collapsed into 

broader categories. Nonetheless, they can be effective in eliciting information that may not 

be anticipated by the researcher (Plowman et t//., 2006).

The overall length and appearance o f  the survey is important (Ganassali, 2008). A 

survey that is too long, or expected to be very long, will result in fewer respondents starting 

and completing it and will also result in responses to later questions being answered more 

quickly, briefly and more unifonnly than earlier questions (Galesic & Bosnjak, 2009). 

Finally, the aesthetics and visual appeal o f  the survey can impact response rates. Surveys 

that use fonts that are difficult to read, have clashing colours and are lacking in visual 

rhythm are more difficult to complete and are off-putting to the respondent (Mahon-Haft & 

Dillman, 2010).

4.1.2 Surveys as a tool for gathering information from zoos

Sui"veying existing information is one o f  three methods identified by Mellen (1994) o f  

gathering infonnation on captive management issues and techniques. Surveys can be 

limited by non-responses from zoo staff, as they need to commit a certain amount o f  time to 

completing them. Surveys that are not administered in person may also be hampered by the 

difficulty o f  making direct contact with the most appropriate respondents. However, 

suiA'eys on particular species held in zoos have previously generated medium to high
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response rates o f 40% for a survey on lion-tailed macaques (Mallapur et al., 2007), 69%  for 

giraffe and okapi (Bashaw e/ a l ,  2001) and over 71% for elephants (Brown et a/., 2004). 

BIAZA guidelines suggest that, generally, response rates as low as 20% may not be 

unusual, while a response rate o f 60% is vei7  good (Plowman et al., 2006). Fewer multi

species multi-institutional surveys have been carried out in relation to zoo management. An 

example o f such a wide-ranging study is that by Hoy et al. (2010), who earned out an 

international multi-institutional survey on enrichment practices for zoo-housed mammals. 

However, because they posted the survey on the Shape o f Enrichment website, as well as 

visiting zoos and distributing the sur\’ey at conferences, they could not detemiine an exact 

response rate. Another multi-institutional survey about dentistry practices o f multiple 

species in zoos (Glatt et al., 2008) achieved a response rate of 25%.

Surveys, though an extremely useful tool for gathering infomiation from a range of 

sources, are also subject to various issues. Surveys can be prone to self-report bias (Finlay 

& Maple, 1986), which may result in respondents providing answers that they think are 

desirable, or only completing the survey if  they feel they have a positive response about the 

topic. Therefore, it is important to emphasize the usefulness o f responses that may not 

necessarily describe a positive event or desirable result, and also to ensure respondents of 

anonymity unless they gave express pennission otherwise.

4.1.3 From case studies to survey: asking the right questions

The case studies described in Chapters 2 and 3 were valuable not only in providing 

information about the events described; they also served to highlight the type of 

information that is generally relevant when considering changing the social group 

stnictures in zoo-housed animals.

The case studies focused on the changes in behaviour that occuned in groups after 

animals were added to the group due to introduction or biilh, or taken away from the 

groups by removal or death. The differentiation o f the type o f change was considered to be 

the key starting point in the questionnaire, particularly in relation to introductions and 

births, as the response o f a group to a newborn animal (cf elephant case study, Chapter 3) 

could be expected to be very different to the response to an unfamiliar introduced adult (cf
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orangutan case study. Chapter 2). The success o f the group changes were central to the case 

studies, as records o f  the anim als’ behaviour would not have been particularly useful if  it 

was not clear whether they refened  to a successful or unsuccessful group change. 

Therefore, gathering infonnation on the perceived outcom es o f other group changes was 

considered vital.

The group structure prior to the event, and the hierarchy that existed in the group 

were two factors that were expected to influence both the managem ent and the outcom es of 

gr oup changes. It was noted that the birth o f  the elephant took place directly into the gi'oup, 

while the introduction o f the orangutan took place more gradually. The different paces at 

which the group changes in the case studies were carried out informed the survey questions 

about the pace and managem ent o f  group changes, particularly introductions.

The behaviour o f the anim als in response to changes to their social group structures 

was expected to be a central issue in determ ining the success or otherw ise o f the changes. 

Systematic behavioural obsei"vations were used successfully in both case studies to 

detennine whether there were any changes in behaviour. Observing behaviour is one o f the 

simplest and quickest ways o f  assessing aspects o f  an anim al’s welfare (Lindburg & Fitch- 

Snyder, 1994) (as opposed to, for example, m easuring cortisol levels, which can be 

logistically more difficult, more tim e consum ing and expensive). Deviations in behaviour 

from normal levels (such as increased aggression or stereotypical behaviour) can be a good 

indicator o f a negative impact o f  a group change, while changes in positive behaviour (such 

as affiliative social behaviour and interactions with enrichm ents) can indicate a positive 

impact o f  a group change.

A point that emerged while the case studies were being carried out was the zoo staff 

who m anaged the changes knew the anim als well and could adjust their strategies 

according to what they felt, som etimes intuitively, w ould be best for the anim als at that 

time (Creighton, G., pers. comm.). W hile there were certain m anagem ent practices that 

were set in place officially, some elem ents o f  the process o f  a group change structure were 

more flexible and were can ied  out when it was deemed to be appropriate. Therefore, it was 

considered extrem ely important to provide an opportunity to allow zoo staff to provide 

infom iation outside o f  standardised m ultiple-choice questions, and to ask them what they 

personally thought about the group change process. All o f these factors contributed.
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directly and indirectly, to the content and structure o f  the sui"vey, which is shown in full in 

Appendices 7, 9, 10, 11 and 12. Finally, the experience o f  obsei"ving zoo-housed animal 

groups before and after one o f  each type o f  group change provided more insight into the 

type o f behaviour that m ight be expected, than m ight have been achieved through the 

survey alone, and provided a greater understanding o f  the types o f  scenarios that were 

reported in the survey responses.

4.2 Methods

4.2,1 Survey construction: SurveyMonkeyT''*

The survey-building software that was chosen for this project was SurveyM onkey’’''̂ ' 

(w w w .SurveyM onkey.com ). Survey tem plates are provided and the survey appearance and 

the layout can be easily adjusted by the user. The background colour chosen for this survey 

was a pale yellow with black sans-serif text, as this w'as considered a fom iat that was 

pleasing to the eye and easy to read. The logos and names for Trinity College and Dublin 

Zoo were placed as a header at the top o f  the survey so that they were visible to participants 

throughout the sui"vey. A progress bar was included so that participants could see how 

much o f  the surv'ey they had left to com plete and a custom ized ‘thank you ' page was 

included at the end o f  the survey.

The SurveyMonkey''''^ software allows the user to construct questions in a range o f 

different fom iats, including m ultiple choice, matrix o f  choices, rating scales and text boxes. 

Questions were set to require answers from respondents, so if  a respondent tried to skip 

past the question a rem inder was shown on the screen. ‘Skip logic’ features allow custom 

paths to be created for different participants based on how they answer a paiticular question 

so that a participant's tim e is not wasted on questions they don’t have answers to. The 

questions, reminders and skip logic used in this survey are shown in fiill in the A ppendices 

9-12. Once the surveys were created, web links to the survey were generated by 

SurveyM onkey™ , which were sent to participants in this project via email. Surveys could
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also be converted to PDF documents and printed or sent as e-mail attachments, so that 

participants could choose to respond offline.

The survey consisted o f  two parts, a preliminary questionnaire, and more detailed 

follow-up questionnaires. The preliminary survey asked respondents to specify the three 

most recent mammal group changes that had taken place in their zoo or institution, and to 

choose one o f  four options to describe the group change: Introduction, Removal, Birth or 

Death. A more detailed questionnaire was then tailored to each o f  the specified gi'oup 

changes. The survey was divided in this way so that the detailed questionnaires could be as 

simple and straightfoTOard as possible by presenting them in a tailored format specific to 

the situation described in the preliminary questionnaire. The questionnaires used a mixture 

of closed and open questions, with most o f  the closed questions pro\ iding extra space for 

respondents to provide comments. This approach was taken so that the responses to the 

closed questions could be readily analysed but respondents could also provide extra 

relevant information. Allowing further space for comment was considered important in this 

survey because it dealt with management o f  situations that are not standard, and it was 

expected that there would be many variations in methods that needed to be described in 

order to understand the situation fully. Therefore, while the closed questions were designed 

to achieve a broad understanding o f  the group changes, the open questions provided a more 

detailed understanding o f  the events. This also meant that respondents could clarify 

responses to the closed questions such as ‘None o f  the above', therefore making these types 

o f  responses more useful.

The way in which SurveyMonkey^*^ software works meant that it could be specified 

very closely how the respondents would interact with the survey. The numbers o f  questions 

provided to each respondent therefore varied according to their situation because some 

questions were automatically skipped when they were not relevant to a particular situation.

4.2.2 Survey approval

An application was made to the British and Irish Association o f  Zoos and Aquariums 

(BIAZA) Research Group for approval for the project. Further infomiation on research in 

BIAZA zoos and application for research approval can be found at www.bia2a.org. The
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BIAZA research group provided feedback and suggestions about the content and the 

stRicture o f  the survey, with particular regard to the practicalities o f contacting zoo s ta ff  

The survey received Level 1 and Level 2 approval. This approval states that: 1) the 

m ethodology presented by this applicant will, in the opinion o f  the BIAZA Research 

Group, be able to provide data that can answer the research question set by the applicant, 

and 2) the outcom es o f this project are likely to be relevant and useful to zoos and 

aquariums. The letter o f  support also encourages BIAZA m em bers to take part in the study 

(see Letter o f  Support, A ppendix 5). The endorsem ent o f the survey by BIAZA m ay have 

contributed to increasing respondent trust, and, w hile a m onetary reward was not offered, 

approval from BIAZA m ay have strengthened the perception o f  the im portance o f  the 

survey, and the potential benefits in tem is o f  im proved husbandry methods.

Neither the European Association o f Zoos and Aquarium s (EAZA) nor the W orld 

Association o f  Zoos and Aquarium s (W AZA) have a research approval system in place 

(M acDonald. A., EAZA, pers. com m ., 14/07/2009; Dick, G., W AZA, pers. com m ., 

14/08/2009). The letter o f  approval from BIAZA was therefore sent along with the survey 

to all the zoos that were contacted.

4.2.3 Selection of survey respondents

Zoos were chosen initially for their m em bership o f  one o f three associations; BIAZA 

(British and Irish A ssociation o f  Zoos and Aquarium s), EAZA (European A ssociation o f 

Zoos and Aquarium s) or W AZA (W orld Association o f Zoos and Aquariums). All m em ber 

zoos o f  BIAZA, EAZA and English-speaking W A ZA-m em ber zoos that held m am m als in 

their collection were selected to participate in the survey. Following the adm inistration o f 

the prelim inary questionnaire to all EAZA m em ber zoos, it becam e clear that language 

barriers would result in a low response rate from zoos in non-English-speaking countries as 

well as reduced understanding o f  questions, and therefore the validity o f responses. It was 

considered outside the time frame and budget o f  this project to provide translations o f the 

questionnaires to zoo s ta ff  For this reason, W AZA m em bers in North A m erica, Australia 

and New Zealand were contacted, as it was thought that zoo staff in these countries would 

be m ost likely to easily understand and respond to the questionnaires. M am m als were
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chosen as the focus for this survey to narrow the field down from all zoo-housed species. 

Contact infom iation was obtained for BIAZA m em ber zoos from zoo websites and a 

BIAZA m ailing list, and for EAZA and W AZA m em ber zoos from zoo websites.

4.2.4 Survey administration

A total o f  65 BIAZA members, 180 EAZA m em bers and 257 W AZA m em bers were 

contacted with a request for participation in the survey, giving a total o f  502 requests for 

participation being issued. Zoos were contacted by email or via online contact fonns 

provided on the zoos' websites. Each zoo was sent a letter explaining the project (Appendix 

6), a copy o f  the letter o f  support from BIAZA (Appendix 5) and a link to the online 

prelim inary survey (Appendix 7). Respondents were also given an option to request a PDF 

version o f the questionnaires which could be sent as an attachment to an email or sent as a 

hard copy and returned by post. Respondents were assured that their responses would be 

kept anonym ous, unless express pem iission had been given by zoos to use their name.

4.2.5 Preliminary questionnaire

In the prelim inary questionnaire, respondents were requested to specify three mammal 

species in their institution which had recently had a group change take place. They were 

also asked to specify the type o f  change that had taken place, and were provided with four 

options to choose from: Introduction, Removal, Birth or Death. The outcom e o f the change 

and contact details o f  members o f  staff who would be best able to answ'er further questions 

about each individual group change were also requested. Respondents were asked to select 

whether they considered that the group changes had been successful or unsuccessful or they 

were unsure o f  the outcome. Adm inistration o f  the covering letter and prelim inary 

questionnaire to BIAZA members took place on 23 '‘* June, 2009. M em bers o f  EAZA were 

contacted on 17"’ and 18”’ August 2009. M em bers o f  W AZA were contacted on 23'*̂  and 

26'*’ O ctober 2009. A minimum o f  one month was given before a rem inder was sent to 

contacts in the zoos. In cases where there were still no responses, a second and final 

rem inder was sent by email. An example o f the prelim inary questionnaire can be seen in
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Appendix 7. The online version o f  the prelim inary questionnaire can be viewed at the 

following link:

https://w w w .survevm onkey.com /s.aspx?sm =qlbm R2uiU vw bM C TdG C s4M O  3d 3d 

4.2.6 Detailed questionnaire

The responses to the prelim inary questionnaires were used to tailor more detailed 

questionnaires about each o f the group changes that took place in each zoo. The 

questionnaires were designed to deal with one o f  four categories o f group change: 

Introduction. Removal, Birth or Death. The name o f  the species was incoiporated into the 

suw ey so that respondents would feel that the survey was aim ed directly at them. The 

outcom e o f the group change, as specified in the prelim inary survey, was also m entioned in 

the detailed survey, again to ensure that respondents felt that the survey was aim ed directly 

at the group change that they had dealt with. This meant that each detailed survey was sent 

with a unique link from Surx eyMonkeyTi^, (as opposed to the prelim inary survey which had 

been sent to all zoos using the same link).

The detailed questionnaires were sent to the person specified in the prelim inary 

questionnaire who would be best able to answer further questions about the group changes, 

along with another covering letter explaining the purpose o f  the survey (Appendix 8). Most 

participating zoos therefore received three detailed surveys, one for each o f  the three most 

recent gi'oup changes that took place, hi a small num ber o f  cases only two group changes 

were specified in the prelim inary survey and therefore only two detailed sun 'eys were sent.

A dm inistration o f  the detailed questionnaires took place over a more extended 

period o f  time than the prelim inaiy questionnaires, because they were dependent on the 

responses to the prelim inary questionnaires first being returned. Therefore, detailed 

questionnaires were distributed between the end o f  June 2009 and March 2010. As with the 

prelim inary questionnaire, two rem inders were sent to any participants from w hom  a 

response had not been received after at least one month. The survey was closed in April 

2 0 1 0 .

All o f  the questionnaires, regardless o f  the type o f group change, started by asking 

about the makeup o f  the group in question, before and after the group change. Respondents
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were also asked to state whether a hierarchy existed in the group, and, if  so, what status the 

animal involved in the group change had in the hierarchy. These questions were closed 

questions with comment boxes provided beneath them. At the end o f  all questionnaires, 

respondents w'ere asked to provide their opinions o f  what they felt they would do the same 

again in that situation, what they would do differently, and what they thought had made that 

gi'oup change successful or unsuccessful. These questions were open questions with large 

comment boxes provided to encourage participants to provide detailed responses. All o f  the 

questionnaires finished by asking respondents what type o f  criteria they generally use to 

detennine whether group changes have been successful.

4.2.6.1 Introductions

The detailed questionnaire about introductions is available at the following link: 

https://w\vw.survevmonkey.com/s.aspx?sm=sF8a3aHniWXRVU15o7 2 f lA Q  3d 3d and 

an example o f  the questionnaire can also be seen in Appendix 9. As w'ell as the questions 

described in the previous paragraph, the questionnaires relating to introductions asked what 

type o f  contact the introduced animal first had with the group. In cases where animals w'ere 

introduced gradually, further questions about the length o f  time that was taken and the 

behaviour o f  the introduced animal and the group at this stage were asked. If  the introduced 

animal was introduced fully to the group straight away, respondents were skipped forw'ard 

to questions about the behaviour o f  the animals at this stage.

4.2.6.2 Removals

An example o f  the detailed questionnaire on removals is available at the following link: 

https://www.surveymonkey.com/s.aspx?sm=ofl afK.Ab617Vzb_2fr72apmg_3d_3d and can 

also be found in Appendix 10. The questionnaire about removals consisted o f  the core 

initial and final questions mentioned above, and also asked about the behaviour o f  the 

gi oup and o f  the removed animal following the event.

4.2 .63 Births

The questionnaire relating to births asked about the status o f  the mother in the group, and 

the expected status o f  the newborn animal. Similar questions to those relating to
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introductions were asked regarding the pace o f the introduction o f  the newborn animal to 

the rest o f  the group. Respondents were asked about the behaviour o f  the m other in relation 

to her infant being introduced to the group. Finally, as well as the core questions about the 

group change, participants were asked about the behaviour o f  the group and the newborn 

animal after the birth. An example o f  the detailed questionnaire about Births is available at 

the following link:

https://www.sui~vevmonkev.eom/s.aspx?sm =w ET6iO XpCv2Nm vZTwEnHTw  3d 3d and 

is also shown in full in Appendix 11.

4.2.6.4 Deaths

The final category o f detailed questionnaires was deaths, and an exam ple o f  this is at: 

https://www .survevm onkev.eom /s.aspx?sm =8pA HncASi2ZvSEqK 2bwRvnA 3d 3d 

and also shown in Appendix 12. The questionnaires about deaths were sim ilar to those 

about removals, with an additional question about whether the death had been expected 

included, and the question about the behaviour o f  the removed animal naturally excluded.

4.3 Analysis

Responses to the survey were highly varied in terms o f  the situations they described and in 

tenns o f the species they refen'ed to. For this reason, the results o f  this chapter are largely 

descriptive. Analysis o f  the responses was carried out in two stages. The first stage 

examined all o f  the sun 'ey  responses together and described the overall results o f the 

survey. The results o f this analysis are described in Section 4.4.

The responses to each question and the total num bers o f  responses to each question 

are provided in Appendices 13-16. Responses to questions that required a numerical 

response (such as the num ber o f adult males in a group) were averaged, and w here there 

were sufficient responses, K m skal-W allis tests were used to detem iine whether there were 

any significant differences between successful and unsuccessful groups. Some o f the closed 

questions (i.e. where respondents were asked to select an option) allowed only one answer 

option to be selected. W here there w ere sufficient responses to this type o f question, chi- 

square tests were used to detennine whether the responses w'ere evenly distributed within
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each category o f successful, unsure and unsuccessful outcomes. Responses to the closed 

questions in which respondents could choose more than one response were totalled and the 

percentage o f responses to each option was calculated. Because not all respondents 

answered every question, the num bers o f responses to closed questions are provided as a 

percentage o f  respondents rather than a total figure. Open questions (i.e. those where 

respondents could fill in their own answers) were sorted according to the type o f response. 

M any questions received responses that were sim ilar in meaning (e.g. ‘anim als appeared 

relaxed’ and ‘animals did not appear stressed’). This allowed an overview o f these 

responses to be made, as well as allowing further details o f particular cases to be 

highlighted. Responses were broken down into individual points, as respondents frequently 

m ade more than one point within one answer.

For the second stage o f the analysis, sim ilar species were grouped together, either in 

sets containing one species or in sets o f  closely related species. Nineteen o f  these sets had 

more than three or more o f a particular type o f group change take place (i.e. introduction, 

removal, birth or death) and these were examined in greater detail and the results discussed 

in light o f  current available information o f  the social requirem ents and management 

guidelines o f  the species or families in question. These results are described in Section 4.5.

4.4 General survey results 

4.4.1 Response rates

O f the 502 zoos contacted and requested to take part in the survey, 112 zoos (22.3%) 

returned a response to the prelim inary survey. The follow-up detailed questionnaires 

yielded a total o f  212 useable responses, which, based on the potential num ber o f 336 (three 

responses from each o f the zoos that returned a prelim inary questionnaire), was a response 

rate o f  63%. The survey responses related to a total o f 127 different m am m alian species. 

Incomplete questionnaires or questionnaires described situations that were not applicable to 

this study (e.g. multi-species groups, non-m am m alian groups) were discarded. Table 4.1 

shows the num ber o f useable responses that were received relating to each category o f
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group change (i.e. introduction, removal, birth or death). As can be seen, the greatest 

number o f responses was in relation to introductions, with the same number o f births 

described as the number o f removals and deaths combined. A total of 186 successful group 

changes were reported, while only 26 group changes with unsure or unsuccessful outcomes 

were reported.

Table 4.1: Number o f responses provided for each type of group change, and the rating
o f the outcome of the gi'oup changes.

Successful LInsure Unsuccessful Total
Introductions 70 7 11 88
Removals 34 1 0 35
Births 60 1 1 62
Deaths 22 2 3 27

4.4.2 Introductions

The full results o f the quantitative questions from the introduction questionnaires are 

provided in Appendix 13. The Appendix number and question number that is being refened 

to in the description o f the results is shown w ith each section. For example A7.QS refers to 

question 3 in the questionnaire in Appendix 7.

4.4.2.1 Numbers o f  animals in the original group and introduced to the group. .49. Q 1, 2

hitroductions in which respondents were unsure o f the outcome had on average a 

significantly higher number of adult males in the original group than either successful or 

unsuccessful introductions (Kiiiskal-Wallis: x = 6.478; d f = 2; p = 0.039) (Table 4.2). 

While there was an apparent difference between the average numbers o f adult females in 

groups with successful introductions and those with unsure or unsuccessful introductions, 

this was not found to be significant (Kraskal Wallis: x ^  --716; d f = 2; p = 0.257). The 

high average number o f females was due to one group with a successful introduction 

having 72 individuals in it, and a second group having 36 individuals. There was no 

significant difference in the numbers o f each gender/age-range o f animal that were 

introduced to the group according to whether the introduction was considered successful or 

otherwise.
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Table 4.2: Average numbers o f  each type o f  animal in the groups and introduced
to the groups and rating o f  the introduction success.

Average number of animals in original 
group Successful Unsure Unsuccessful
Adult males 0.94 2.71 1
Adult females 3.3 0.71 1.73
Juvenile males 0.37 0.57 0.27
Juvenile females 0.34 0.29 0.64
Average number of introduced animals
Adult males 0.55 0.14 0.55
Adult females 0.73 1.14 0.55
Juvenile males 0.2 0 0.09
Juvenile females 0.24 0 0.36

4.4.2.2 H ierarchy in social group. A9. O 3, 4, 5, 6, 7

In many o f  the both successful (40‘’o) and unsuccessful (45"o) introductions, the social 

group in question did not have a dom inance hierarchy. O f each o f  the introductions that 

were successful, unsuccessful and unsure o f  the outcom e, 30%, 28.5% and 27.27%  had a 

weak dom inance hierarchy, respectively. This suggests that, overall, 70*’o o f  m ammalian 

gi'oups in zoos are considered to have no hierarchy or a weak hierarchy. A chi-square 

analysis o f  the successful group changes found that the types o f  hierarchy were unequally
-)

distributed when the ‘D on 't know ' category was included (x '=  18.86; d f  = 3; p<O.OOI). 

However, only three respondents selected 'D o n 't know ', so when this category was 

excluded from the analysis, there was no significant difference between the o b sen e d  and 

expected frequencies o f each response. The observed distribution o f responses to the 

question about the type o f hierarchy in the group from where the introduced animal 

originated was significantly different from the expected distribution in relation to 

successfial introductions, with only six respondents reporting that the original group had a 

weak hierarchy (x"= 9.36; d f  = 3; p<0.025).

In the successful introductions, the introduced animals were considered to be 

subordinate in their original group in 31.58% o f  cases, a proportion which was significantly 

higher than would be expected if  the status o f  the anim als were evenly distributed (x‘ = 25; 

d f  = 6; p< 0.00l). In unsuccessful introductions the introduced anim als were considered 

subordinate in 20% o f cases, a proportion that was not significantly different than expected. 

M eanwhile, in only 13% o f  successful introductions the introduced animal had been
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dom inant over its previous group and none in the unsure/unsuccessful categories (Table 

4.3).

Table 4.3: Status o f  the animal being introduced in its original group, in the successful.
unsure and unsuccessful introductions.

Successful Unsure Unsuccessful
Total num ber o f responses 38 3 5
Introduced animal subordinate in original group 31.6% 0 20%
Don't know status o f  introduced animal in original 
group 26.3% 66.7% 40%
Introduced animal dom inant over original group 13.2% 0 0
Introduced animal dom inant over females in 
original group 7.9% 33.3%, 0
Introduced animal dom inant over males in original 
group 0 0 0
Status o f  introduced animal changed frequently in 
original group 0 0 0
None o f  the above re. status o f  introduced animal 
in original group 21.05% 0 40%

4.4.2.3 Location o f  introduced animal prior to introduction. A 9. Q8

There did not appear to be any noticeable differences in the location o f  animals prior to 

introductions in relation to the success or o th ew ise  o f  the introduction, with the majority o f 

anim als being alone for a tem porary period or in another group. However, when examined 

separately, the responses relating to unsuccessful introductions were distributed 

significantly differently than expected, with seven respondents stating that the introduced 

animal had been alone for a tem porary period, com pared w'ith only one o f  each o f the other 

options (x '=  9; d f  = 3; p<0.05).

4.4.2.4 Initial contact between introduced animal and group. A9. Q9, 10, 11, 12, 13

Some respondents reported introducing anim als with immediate full physical contact. O f 

the respondents that reported a gradual introduction, 60 were successful, 8 were unsure o f 

the outcom e and 5 were unsuccessful. The outcom e o f  the introduction did appear to differ 

according to the type o f initial contact between the introduced animal and the rest o f the 

group. Partial physical contact (e.g. through a fence) initially resulted in a significantly 

higher proportion (50% ) o f  the successful introductions (x '=  75.54; d f  = 5; p<0.001), and
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was not carried out in any o f  tlie unsuccessful introductions, suggesting that this m ethod 

may be important in cann ing  out successful introductions. On the other hand, when animals 

were im m ediately given full physical contact, 14.29% o f  respondents reported that the 

introduction was successful, com pared with 37.57%  o f respondents doing so in the case o f 

unsuccessful introductions (Table 4.4). The type o f initial contact between anim als 

significantly affected the outcom e o f  the introductions (F isher's exact test: p=0.034).

Table 4.4: Type o f  contact the introduced animal first had with t le rest o f  the group
Successful Unsure Unsuccessful

Total num ber o f responses 70 7 11
Anim als were first given full physical contact 14.3% 25% 37.5%
Anim als were first given partial physical contact 50% 25"« 0
Anim als were first given sight, sound and scent 25.7% 50% 50" 0
Anim als were first given sound and scent 10.00% 0 12.5%
D on’t know 0 0 0
Other kind o f first contact given 0 0 0

in cases where there was a period o f initial contact prior to allowing full physical contact, 

respondents reported a range o f  tim e-fram es for this, ranging from less than a week in 40%  

o f all cases (whether successful or unsuccessful), to o \e r  a month for 23%  o f successful 

introductions and 12.5% o f  unsuccessful introductions. In the successful introductions, the 

proportion o f introductions in which the initial contact lasted for less than a week was 

significantly higher than the longer periods o f  time (x '=  8.13; d f=  3; p<0.05).

During successful introductions, the introduced animal and the group both 

responded to the initial contact by showing interest in each other (the introduced animal in 

80% o f  cases and the group 88.33%). In unsuccessful introductions, the introduced anim als 

showed interest in the group in only 50% o f  cases, and the group showed interest in the 

introduced animal in 75% o f  cases. Anxiety by the introduced animal was reported by 

13.33% o f  respondents during successful introductions, while anxiety was observed in 

62.5%  o f introduced anim als in unsuccessful introductions. Aggression shown by the 

introduced animal was reported in 11.67% o f  successful introductions, and in 37.5% o f 

unsuccessfiil introductions (Table 4.5). Twenty-five percent o f  respondents reported that 

the group showed aggression during unsuccessful introductions, com pared with 15% o f 

successful introductions. Fifty percent o f  respondents reported that the introduced animal
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avoided contact with the group during unsuccessful introductions, while in only 3.3%  o f  

successfiil cases the introduced animal avoided the group. Twenty-five percent o f  the 

groups avoided contact with the animal being introduced during unsuccessful introductions, 

while this was only noted in 8.3% o f  successful introductions.

Table 4.5: Responses o f introduced anim als to the initial contact with the group, and vice 
versa (N.B. M ore than one response could be selected, therefore resulting in 
totals o f  over 100% in each column).

Response o f introduced animal Successful Unsure Unsuccessful
Total num ber o f  responses 60 5 8
Interest 80% 60% 50%
Anxiety 13.3% 20% 62.5%
Aggression 11.7% 20% 37.5%
Disinterest 8.3% 0 0
Avoid contact 3.3% 20% 50%
Response of group to initial contact
Interest 88.3% 60% 75%
Aggression 15% 60% 25%
Anxiety 13.3% 0 0
Avoid contact 8.3% 0 25%
Disinterest 3.3% 0 12.5%

4.4.2.5 Criteria used to determine when to carry out a fu ll introduction. A9. Q 14

For over 75% o f  all introductions, the length o f tim e taken was as expected by zoo s ta ff 

Respondents were then asked what criteria they had used to determ ine when to cairy out 

the full introduction. This question was left open so that respondents could include any 

infom iation that was considered relevant. The responses were broken up into single points, 

so that some responses provided m ore than one criterion for cariying out a full introduction. 

Therefore, the num bers o f responses to this question total more than the num ber o f 

respondents.

The behaviour o f  the anim als was listed as a criterion for detem iining the timing o f 

the full introduction 63 times out o f the 70 successful cases (90%) and 9 times out o f  the 11 

unsuccessful cases (82%). O f these, 25 respondents with successful introductions (36%) 

cited the behaviour o f  the anim als towards each other as an indicator o f the suitability o f a 

full introduction. This included general positive and affiliative behaviour, feeding side by 

side on either side o f  the fence, showing interest in each other, showing interest in the

82



urine/faeces o f  other animals, showing distress when other animals went out o f  sight, and 

familiarity o f  the introduced animal with the politics o f  the group. A lack o f  aggression was 

mentioned 19 times, and animals being calm or relaxed mentioned 11 times in successful 

introductions. Positive behaviour in relation to husbandry was also considered, namely 

ensuring the familiarity o f  the introduced animal to the building and to keeper commands 

before cairying out a full introduction. Husbandry requirements and limitations were 

mentioned 14 times as reasons for detennining when the full introduction could be carried 

out. These included suitable enclosure space being available (in three cases), quarantine 

restrictions (twice in successful cases, and one unsuccessful case), staff availability (once) 

and a lack o f  space for holding animals separately (three cases).

The characteristics o f  the species or the individual animals were taken into account 

in nine cases in the successful introductions (13%) -  the gender, reproductive status, health 

and age o f  the introduced animal were influential, while the facts that a species is not 

generally aggressive and does not have a dominant male in the group were also considered. 

The calm nature o f  the animals was also mentioned three times in the unsure/unsuccessful 

introductions. Staff knowledge and experience w'as cited five times as contributing to 

determining when the full introduction could take place during the successful introductions.

4.4.2.6 Full contact between introduced animal and group. A 9. Q 15, 16

During successful introductions, 14% o f  introduced animals approached the rest o f  the 

group when they w'ere given full physical contact. Only 10% o f  introduced animals avoided 

the rest o f  the group. In contrast, 63% o f  respondents who reported an unsuccessfiil 

introduction stated that the introduced animal avoided the rest o f  the group, and in no cases 

did the introduced animal approach the group (Table 4.6). In 45% o f  unsuccessful cases the 

introduced animal showed signs o f  fear, compared with 14% o f  successful cases. However, 

submission by the introduced animal to animals in the group was shown in a similar 

percentage o f  cases for both successful and unsuccessful introductions (24% and 21% 

respectively) suggesting that submission is not an indication o f  problems with the 

introduction.

There were also differences between the successful and unsuccessful introductions 

in the responses o f  the group to the introduced animal. During successful introductions, the
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gi'oup approached the introduced animal in 73% o f cases, and groom ing, assertion o f 

dom inance and sexual behaviour were reported in 20%  o f  cases. Aggression and avoidance 

were observed in 19% o f  cases. During unsuccessful introductions, the group showed 

avoidance and aggression (45.45%  each) towards the introduced anim al and only 

approached the introduced anim al in 27%  o f  cases.

Table 4.6: Response o f  the introduced anim als towards the rest o f  the group and vice 
__________ versa when they were given full contact with each other._________________

Response o f introduced anim al to 
full contact with group Successful Unsure Unsuccessful
Total num ber o f  responses 70 6 11
Approach 74.3% 66.7% 0
Groom 24.3% 16.7% 0
Submission 24.3% 16.7% 27.3%
Play 22.9% 0 9.1%
Sexual behaviour 17.7% 16.7% 0
Assert dominance 16.4%. 16.7% 0
Fear 14.3% 16.7% 45.5%
Avoid 10% 16.7% 63.6%
Aggression 7.1% 0 18.2%
No response 2.6% 0 0
Response o f group to full contact 
with introduced animal
Approach 72.9% 33.3% 27.3%
Groom 21.4% 16.7% 0
Assert dominance 20.3% 16.7% 27.3%
Sexual behaviour 20% 33.3% 0
Aggression 18.8% 33.3% 45.5%
Avoid 18.6% 16.7% 45.5%
Play 18.6% 0 0
Fear 17.1% 0 18.2%
Submission 12.9% 0 0

4.4.2.7 Result o f the introduction. A9. Q 17

Not suiprisingly, after introductions that were considered successful the introduced animal 

was allowed to stay with the group perm anently in 79.71% o f cases, but was temporarily 

removed from the group in 20.3%  o f  cases (Table 4.7). However, even after unsuccessful 

introductions, 45.45%  o f respondents reported that the introduced animal was allowed to 

remain with the group pennanently. In 33%  o f these cases the animals had to be separated 

permanently.
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Table 4.7: Results o f the introduction and the nature o f  subsequent separation, if  any.
Result of the introduction Successful Unsure Unsuccessful
Total num ber o f respondents 70 3 11
Introduced animal was allow'ed to remain in 
the group permanently 79.7% 66.7% 45.5%
Introduced animal was separated from the 
group 20.3% 33.3% 54.5%
If the animal was separated from the group, was this temporary or permanent? 
(Percentages are of the number of respondents to this question)
Total num ber o f respondents 14 1 6
Introduced animal w'as separated tem porarily 92.9% 100% 66.7%
Introduced animal was separated permanently 7.1% 0 33.3%

4.4.2.8 If animals were separated after the fu ll introduction, why was this done?

A9. Q 18, 19

O f the animals that had to be tem porarily separated during the successful introductions, this 

was mainly a measure carried out for the night (in seven out o f 14 cases), with some groups 

having this separation carried out as a m atter o f  course, and some groups being separated at 

night only for the first few nights after the introduction. Three respondents stated that the 

tem porary separation was to prevent aggression; two mentioned that a gradual introduction 

was desired, and four respondents mentioned other managem ent reasons -  to allow' 

observations, to facilitate enclosure m anagem ent, to keep females separate to prevent 

breeding before they were neutered, and to maintain the dynamic o f  the social group. 

Respondents w'ith unsure or unsuccessful outcom es reported aggression and injury as the 

reasons for the separations o f  the animals.

4.4.2.9 Group behaviour changes after introduction. A9. Q 20

Respondents were asked to state whether the behaviours o f  the group overall had changed 

following the introduction. M any behaviours w'ere reported not to change after the 

introduction (see Table 4.8). A noteworthy 84%  o f respondents reporting a successful 

introduction indicated that the group showed an overall increase in social behaviour, while 

an increase in social behaviour was reported in 64% o f  unsuccessful introductions. An 

increase in sexual behaviour w'as observed by 50%  o f these respondents, com pared with an 

increase in 36% o f unsuccessful introductions. Foity-nine percent o f  respondents found an 

increase in exploratory behaviour after a successful introduction, hicreases were also
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observed in play (37%  o f respondents), groom ing (29% o f  respondents) and general 

positive behaviour (24%  o f  respondents). Aggression was observed to increase after 21%  o f 

successful introductions, com pared with 82% o f unsuccessful introductions. Only 3% o f 

respondents reported an increase in negative behaviour after successful introductions. O f 

respondents reporting an unsuccessful introduction, 82% stated that there was no change in 

negative and in positive behaviour.
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Table 4.8: Effect o f  the introduction on the behaviour o f  the group overall after
successful (n=70), unsure (n=6) and unsuccessful (n=l 1) introductions. 
Results are arranged in order o f the percentage o f  responses relating to 
successful introductions.

Effect on behaviour Successful Unsure Unsuccessful
No change feeding 85.7% 100% 81.8%
Increase social interactions 84.3% 66.7% 63.6%
No change negative behaviour 80% 88.3% 81.8%
No change positive behaviour 71.4% 100% 81.8%
No change aggression 68.6% 50% 9.1%
No change grooming 64.3% 66.7% 72.7%
No change play 58.6% 100% 54.5%
Increase sexual behaviour 50% 33.3% 36.4%
No change exploration 50% 66.7% 54.5%
Increase exploration 48.6% 33.3% 9.1%
No change sexual behaviour 44.3“ o 66.7% 45.5%
Increase play 37.1% 0 9.1%
Increase grooming 28.6% 33.3% 0
Increase positive behaviour 24.3«o 0 0
Increase aggression 21.4% 50% 81.8%
No change social interactions 14.3% 33.3% 27.3%
Decrease negative behaviour 12.9% 0 0
Increase feeding 10% 0 0
Don't know grooming 7,1% 0 27.3%
Decrease aggression 5.7% 0 0
Don't know sexual behaviour 4.3% 0 18.2%
Don't know aggression 4.3% 0 9.1%
Don't know negative behaviour 4.3% 0 18.2%
D on 't know positive behaviour 4.3% 0 18.2%
Don't know play 2.9% 0 27.3%
Don't know feeding 2.9% 0 9.1%
Increase negative behaviour 2.9% 16.7% 0
Decrease play 1.4% 0 0
Don't know social interactions 1.4% 0 9,1%
Decrease sexual behaviour 1.4% 0 0
Decrease feeding 1.4% 0 9.1%
Don't know exploration 1.4% 0 18.2%
Decrease grooming 0 0 0
Decrease social interactions 0 0 0
Decrease exploration 0 0 18.2%
Decrease positive behaviour 0 0 0



4.4.2.10 Changes in behaviour o f  the introduced animal after introduction. A9. Q21

Among respondents reporting successful introductions, 83% stated that the introduced 

animal exhibited an increase in social interactions following the introduction, com pared 

with an increase in social interactions after 45%  o f unsuccessful introductions. 57% and 

55% o f  cases reported an increase in exploration and sexual behaviour respectively. Play 

(41%), groom ing (31% ), positive behaviour (30%), aggression (19%) and feeding (14%) 

were reported to have increased by some respondents (Table 4.9). Following unsuccessful 

introductions, 36% o f respondents reported an increase in aggression in the introduced 

animal, and a high percentage o f  respondents reported no change or unknown changes in 

various behaviours o f  the introduced animal (Table 4.9).



Table 4.9: Effect o f  the introduction on the behaviour o f the introduced animal after
successful (n=69), unsure (n=6) and unsuccessful (n= l I ) introductions. 
Results are arranged in order o f  the percentage o f  responses relating to 
successful introductions.

Effect on behaviour Successful Unsure Unsuccessful
Increase social interactions 82.6% 50% 45.5%
No change negative behaviour 81.2% 50% 63.6%
No change feeding 76.8% 66.7% 72.7%
No change aggression 62.3% 50% 27.3%
No change positive behaviour 59.4% 50% 63.6%
Increase exploration 57.1% 33.3% 27.3%
Increase sexual behaviour 55.1% 16.7% 9.1%
No change grooming 54.3% 16.7% 54.5%
No change play 47.8% 33.3% 36.6%
Increase play 40.6“o 16.7% 9.1«'«
No change sexual behaviour 39.1% 50% 54.5%
No change exploration 35.7% 33.3% 36.4%
Increase grooming 31.4%, 50"« 0
Increase positive behaviour 30.4% 16.7%. 0
Increase aggression 18.8% 16.7% 36.4%
increase feeding 14.5% 0 0
Don't know negative behaviour 13% 33.3% 27.3%
D on’t know grooming 12.9% 33.3% 45.5%
D on’t know aggression 11.6% 33.3% 27.3%
D on’t know positive behaviour 10,1% 33.3% 27.3%
D on’t know play 8.7% 50‘’o 45.5%
No change social interactions 8.7% 16.7% 27.3%
Don't know social interactions 7.3"o 33.3% 18.2%
D on 't know feeding 7.3% 33.3% 18.2%
Don't know exploration 7.1% 33.3% 27.3%
D on’t know sexual behaviour 5.8% 33.3% 36.4%
Decrease aggression 5.8% 0 9.1%
Decrease negative behaviour 4.4% 0 0
Decrease play 1.5% 0 9.1%
Decrease feeding 1.5% 0 9.1%
Increase negative behaviour 1.5% 16.7% 9.1%
Decrease grooming 0 0 0
Decrease social interactions 0 0 0
Decrease sexual behaviour 0 0 0
Decrease exploration 0 0 9.1%
Decrease positive behaviour 0 0 9.1%
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4.4.2.11 What would you do differently? A9. Q22

Four respondents m entioned that some changes in the enclosure would have been desirable, 

so that the anim als could be more easily separated from each other or could have some 

space from each other. Some differences in the introduction strategy were also suggested: 

introducing the dom inant animal o f  the group to the new animal separately instead o f  all 

together in the group, allowing the introduced animal to explore the enclosure on its own, 

allowing the full introduction to take place more quickly in two cases, and in tw o other 

cases, carrying out the introduction more slowly. M ore docum entation and video o f  the 

introduction was also recom m ended.

In the unsure and unsuccessful introductions, slow er introductions were m entioned 

five times and introductions o f  individual anim als rather than the whole group at once were 

mentioned four times. Respondents also m entioned that the age or sex o f the introduced 

animal caused problem s with other m embers o f  the group, though this depended on the 

individuals already in the group.

4.4.2.12 What would you do the same? A9. Q 23

Twenty-four respondents out o f  the 70 that reported successful introductions found that the 

pace o f  the introduction was suitable, and mentioned allow ing the anim als to dictate the 

pace, caiTying out the introduction gradually, and giving the anim als time to get used to 

each other, while three respondents found that introducing the anim als fully from the start 

was useful as it reduced the num ber o f  changes that the anim als had to deal with.

The way in w hich the enclosure was used was found to be helpful by six 

respondents. Two strategies that were advocated were 1) allowing the introduced anim als to 

get used to the enclosure or 2) canying  out the introduction in a new enclosure so that the 

anim als were all on neutral gi'ound. Providing a safe area for the introduced anim al was 

found to be useftil by four respondents.

O ther actions that were considered to contribute to the success o f  the introductions 

were close m onitoring o f  behaviour, m inim al interference, evaluation o f  the personality o f  

the animal being introduced, and ensuring that age, sex and reproductive status o f  the 

introduced animal w ere suitable for introduction to the group. Respondents reporting 

unsure or unsuccessful introductions provided fewer ideas for what they w ould do the

90



same, but m entioned observations o f  the anim als  and providing extra space for the 

introduced animal to escape to if  necessary.

4.4.2.13 What made the introduction successful or unsuccessful? A9. Q 24

T w enty  respondents  (29" o) refeired  to the pace o f  the introduction as a contributor to its 

success; taking it slowly, giving the group time to get to kjiow the introduced animal and 

\ ’ice versa. As previously mentioned, the use o f  the enclosure  was also considered helpful. 

Forty-three respondents reporting successful introductions (61% ) referred to the group 

structure and the status o f  the animals in the group. A natural group structure and a 

harm onious group were mentioned, as was the strategy o f  in troducing an animal that w ould  

not be in com petition for access to other individuals in the group (e.g. non-breeding). The 

characteristics o f  the introduced animals were  found to be helpful, such as their previous 

social experience, their tem peram ent, and their familiarity  with the o ther animals. The 

experience and activity o f  the zoo s taff  were m entioned  15 times in relation to experience 

with the animals, know ledge o f  the an im al’s behaviour, close observations, training and 

planning for the introduction event. Fifteen respondents  referred  to indicators o f  the success 

o f  the introduction, and these included a lack o f  aggression, successful breeding, and good 

social interactions in the group.

In the cases o f  unsure and unsuccessful introductions, aggression and struggles for 

dom inance  were  the main reasons for these ou tcom es o f  the introductions. O ther reasons 

were  that the introduction was cairied out too abruptly  and that the introduced animal had a 

history o f  social problems.

4.4.3 Removals

T here  w ere  34 successful rem ovals reported, one in w hich  the outcom e was unsure, and 

none that were  considered unsuccessful. Therefore, there were  not enough responses to 

com pare  successful and unsuccessful rem ovals directly, so the results o f  the successful 

rem ovals  are sum m arised here and all the results are show'n in full in A ppendix  14.
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4.4.3.1 Group structure. A 10. Q 1,2

The averages o f  the num bers o f each type o f  individual in the group prior to the removal 

and then rem oved from the group are shown in Table 4.10. On average there were m ore 

adult females in the groups in question (3.47), and adult females were also on average most 

removed (1.15),

Table 4.10: A verage num bers o f each type o f  individual in the group prior to the 
_________removal, and average num bers o f  individuals removed from the group.

Original group
Average
number

Adult males 1.97
Adult females 3.47
Juvenile males 1.29
.luvenile females 1.09

Animals removed
Average
number

Adult males 0.62
Adult females 1.15
Juvenile males 0.56
Juvenile females 0.26

4.4.3.2 Hierarchy in the group. A 10. Q 3, 4, 5, 6

Twenty-two respondents (65% ) stated that there was a strong hierarchy in the group prior 

to the rem oval, which was a significantly higher proportion than would be expected = 

32.35; d f  = 3; p<0.001). There was a weak hierarchy in eight o f  the groups (23% ) and no 

hierarchy in four o f  the groups (12%). The removed animal was subordinate in 14 o f  the 

gi'oups (47% ) and dom inant over the whole group in 10 cases (33%). Again, these 

proportions were higher than w ould be expected if  the responses had been evenly 

distributed (x‘ = 40.58; d f  = 6; p<0.001). hi 25 o f  the removals (81 %), the dom inance 

hierarchy was expected to stay the same, and six respondents (19% ) expected a new 

hierarchy to be established after the rem oval. However, a significant proportion o f the 

removals (55% ) actually resulted in no change in the hierarchy (/" = 54.94; d f  = 7; 

p<0.001), w hile a total o f  13 respondents reported that the hierarchy changed after varying 

periods o f  time (see Table 4.11).
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Table 11: Hierarchy in the groups where removals took place, the status o f the removed
animal and the time taken for the new hierarc ly to establish (if it c

Hierarchy in the group % respondents
Strong hierarchy in the group 64.7
Weak hierarchy in the group 23.5
No hierarchy in the group 11.8
Don't know hierarchy in the group 0
Status of removed animal
Removed animal was subordinate 46.7
Removed animal was dominant over whole group 33.3
Status of removed animal changed frequently 13.3
Don't know status of removed animal 6.7
Removed animal was dominant over males 3.3
Removed animal was dominant over females 0
None o f the above, re status o f removed animal 0
Time taken to establish new hierarchy
N/A - hierarchy did not change 54.8
Hierarchy took 0-3 days to re-establish 12.9
Hierarchy did not re-establish 12.9
Hierarchy took 2-4 weeks to re-establish 9.7
Hierarchy took 4-7 days to re-establish 3.2
Hierarchy took 8-14 days to re-establish 3.2
Don't know whether the hierarchy changed 3.2
Hierarchy took over 1 month to re-establish 0

4.4.3.3 Changes hi the group behaviour following the removal. A 10. Q7

The most frequently reported change in behaviour in the groups follow'ing a removal was a 

decrease in aggression, which w'as noted in 15 cases (44.12"o). Play was noted to decrease 

after 10 o f the removals (29.41%) and social interactions decreased after nine o f the 

removals (26.47%). However, social interactions were noted to increase after seven other 

removals (20.59%). (See Appendix 14 for full details of the changes that were noted 

following the removals).

4.4.3.4 Changes in behaviour o f  the removed animals. AlO. Q8

The remo\’ed animals were reported to show' a decrease in aggression the same number of 

times as the groups did (15 cases; 44.12%). An increase in exploration was noted in 11 

cases (32.35%), perhaps unsurprisingly as they would have been moved to new enclosures. 

Again, like the changes in the group behaviour, social interactions in the removed animal 

were reported to decrease in nine cases (26.47%) and increased in eight cases (23.53%).
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Decreases in specific social beiiaviours including play, sexual behaviour and groom ing 

were also reported to occur after the removal (see A ppendix 14). The decreases in 

behaviours such as aggression and social behaviours are not particularly surprising if  they 

no longer had other individuals with which to interact.

4.4.3.5 What would you do differently? AlO. Q9

CaiTying out the removal sooner and m ore quickly was m entioned four times, and two 

respondents m entioned that separating the animal to be removed within sight o f  the rest o f 

the group would have been useful.

4.4.5.6 What wouh!you do the same? AlO. QIO

The pace o f  the removal was considered im portant in eight cases. Three cases advocated 

caiTying out the removal in stages so that the anim als could become accustomed to it, while 

five respondents recom m ended carrying out the removal prom ptly and quickly. The 

structure o f  the rem aining group was taken into consideration by five respondents, and  four 

respondents removed anim als that were either being aggressive to others, or were on the 

receiving end o f  aggressive behaviour. A nother recom m endation by one respondent was to 

train the anim als to crate them selves prior to the removal.

4.4.3.7 What made the group change successful? AlO. Q l l

Eight respondents refeired to the com bination o f  anim als that were left in the  group 

following the removal, or the type o f  animal that was removed from the group as a 

contributing factor to the success o f the group change. Specifically, the status o f  the 

animals in the group hierarchy, their breeding status, and their interactions with each other, 

were all considered important. The pace o f  the removal was refened to four tim es, with a 

prom pt and quick removal being recom m ended to avoid disraption and aggression. The 

group structure was taken into account six times, with groups being successfully split when 

they became too large, when younger anim als were o f  dispersal age or animals had been 

rejected from the group. The facilities available during the group change contributed to the 

success in two cases, with suitable holding areas that provided ease o f  separation o f  the 

animals being useful. Thirteen respondents m entioned results o f the removal that they
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considered to be indicators o f  success, nine o f  which w'ere a reduction in stress and 

aggression and tw'o resulted in the prevention o f  inbreeding in the group. Tw'o respondents 

reported that there was no change in the group, which had been the desired result as the 

group had previously been stable.

4,4.4 Births

Sixty successful births were reported, one birth in w'hich the outcome was unsure and one 

categorised unsuccessful. Again, there were too few responses categorised as unsure or 

unsuccessful to make direct comparisons with the successful births, so the results o f  the 

successful births are summarised here, and the full results are provided in Appendix 15.

4.4.4.1 Group structure. A 1 1. Q I, 2

In the groups in which successful births took place, there w'ere, on average, 2.5 adult males 

and 3.2 adult females. On average, more males than females were born (Table 4.12).

Table 4.12: Average numbers o f  each type o f  individual in the group prior to successful 
births, and average numbers o f  indi\ iduals born. Total numbers o f  unsure 
and unsuccessftil births and numbers o f  animals born.

Type of individual in 
the group

Average number  
Successful (n=60)

Total number  
Unsure (n = l)

Total number  
Unsuccessful (n=2)

Adult males 2.5 1 2
Adult females 3.2 2 1
Juvenile males 1.1 0 1
Juvenile females 0.7 0 0
Gender of animals born
Males 1.25 0 2
Females 0.9 1 0
Unsure 0.2 0 0

4.4.4.2 H ierarchy in the group. A l l .  Q 3, 4, 5

There was a strong hierarchy in 28 o f  the groups with successful births (46.67%) and no 

dominance hierarchy in 19 groups ( 3 1.67%). These were significantly higher proportions of 

the total number o f  births than would be expected (X  = 23.6; d f  = 3; p<0.001). hi the 

groups with a hierarchy, a significantly higher proportion o f  mothers o f  the newborn animal
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were dom inant over the whole group (17 cases; 44.74% ; x" = 41.58; d f  = 6; p<0.001) and 

subordinate in 9 (23.68% ) o f cases. However, the baby was expected to hold the same 

position in the group hierarchy as its m other in only nine cases (23.68% ). See A ppendix 15 

for ftill details o f  the gi'oup hierarchies.

4.4.4.3 Housing o f  female before birth. Al l .  Q6

The significant m ajority (50; 83.33%) o f  pregnant females continued to be housed with 

their group as normal in the period before the birth (x ' = 67.9; d f  = 2; p<0.001. Seven 

females were housed alone for a short period, and three were housed alone for an extended 

period.

4.4.4.4 Criteria used to determine when to allow fu ll physical contact between the group 

and the newborn animal. A l l .  Q12

in the cases in which the newborn animal was not in full contact with the rest o f the group 

from birth, one o f  the main criteria used to determ ine when this would be allowed was the 

strength and health o f  the offspring (m entioned nine times), and successful 

bonding/m atem al behaviour from its m other (m entioned four times). In two cases the 

newborn was not returned to the group due to managem ent requirem ents. The behaviour o f 

the m other and the rest o f  the group were also taken into consideration, and positive 

responses by anim als in the group were m entioned five times.

4.4.4.5 Contact between the newborn animal and the rest o f the group. Al l .  Q7

hi a significant proportion o f  the births (77.97% ), the newborn anim al had full contact with 

the rest o f  the group im m ediately after the birth (x‘ = 167.3; d f  = 5; p<0.001). Seven 

newborn anim als (11.86% ) were first given sight, sound and scent, w hile three were given 

partial physical contact (5.08% ) and two were given sound and scent contact (3.39%) 

(Table 4.13).
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Table 4.13: Location o f pregnant females prior to the birth, and first type o f  contact 
between the newborn animal and the rest o f  the group, in births rated as successful.

% of
respondents

Num ber of  
respondents

Location o f pregnant fem ale before birth 60
Pregnant female housed with group before 
birth 83.3 50
Pregnant female housed alone for a short 
period before birth 11.7 7
Pregnant female housed alone for an 
extended period before birth 5 3
First contact between newborn and group 59
Animals were first given full physical 
contact 78 46
Animals were first g i\ en sight, sound and 
scent 1 1.9 7
Animals were first given partial physical 
contact 5.1 3
Animals w'ere first sziven sound and scent 3.4
D on 't know what type o f physical contact 
they were first given 0 0
Other kind o f first contact given 0 0

O f the groups that w'ere not given full physical contact immediately. 60% remained 

separated from the newborn anim al for over a month (Appendix 15). In the three cases that 

the newborn anim als were not mixed with the rest o f the group, once was to prevent 

inbreeding, in another case to prevent aggression, and in a third case it was to mimic the 

species-typical group composition.

W hen the new born animal was given full contact with the group, in 27 cases 

(46.55% ) it approached the group, and in 23 cases (40.35% ) it showed no response to the 

group. Twenty-tw o respondents (37.93% ) reported observing play behaviour. Over h a lf o f 

the gi'oups approached the newborn animal when there was full contact between them (58; 

63.7% ) and over a third exhibited play behaviour towards the newborn animal (20; 

34.48%). Eighteen respondents reported the new born anim al being groomed (31.04% ) but 

17 groups showed no response to the new bom  animal (29.31% ) (Table 4.14).

97



Table 4.14: Response o f the new born animal towards the rest o f  the group, and of the 
group towards the new born animal when given full contact (responses are 

___________ not m utually exclusive and respondents could select more than one option).
% of respondents Num ber o f respondents

Response o f newborn anim al to 
full contact with group 58
Approach 46.6 27
No response 40.6 23
Play 37.9 22
Groom 12.1 7
Submission 5.2 3
Avoid 3.5 2
Fear 3.5 2
Sexual behaviour 0 0
Assert dominance 0 0
Aggression 0 0
Group response to full contact 
with newborn animal 58
Approach 63.8 37
Play 34.5 20
Groom 31 18
No response 29.3 17
Aggression 6.9 4
Avoid 5.2 3
Submission 3.5 2
Fear 1.7 1
Sexual behaviour 0 0
Assert dom inance 0 0

hi the m ajority o f cases (55; 91.67% ) the newborn animal rem ained with the group 

permanently, while only four anim als (6.67% ) were separated tem porarily and one (1.67%) 

was separated pennanently.

4.4.4.6 Group behaviour changes following the birth. A l l .  Q14

The m ost frequently noted changes in the behaviour o f  the group follow ing the birth were 

increases in social interactions and in play (71.67%  and 68.33%  respectively). An increase 

in exploration was noted by 46.67%  o f respondents. A full breakdow n o f changes in 

behaviour in the group follow ing the birth is provided in Appendix 15.
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4.4.4.7 What would you do differently? A l l .  020

Few respondents made recom m endations to do anything differently in m anaging the birth. 

One respondent suggested separating the m other from the group for a short period before 

and after the birth, while another recom m ended introducing the newborn animal to the 

group sooner.

4.4.4.8 What would you do the same? A l l .  Q21

Seventeen respondents recom m end leaving the group alone and allowing the birth to take 

place naturally. How'ever, giving the m other and infant space and time to them selves was 

also considered important in eight cases. The benefit o f an experienced m other was 

mentioned tw'ice. Specific managem ent techniques that were considered useful w'ere 

mentioned 16 times, and these included following guidelines, close observations, good 

preparation by keepers, training o f animals prior to the birth, com m unication w'ith staff in 

other zoos with previous experience o f  sim ilar events, and minim ising interference and 

contact between keepers and the group. Elem ents in the enclosures were considered 

important (six cases), including birthing dens being available and space in the enclosure for 

the m other to hide.

4.4.4.9 M'hat made the group change successful? A l l .  Q22

The experience and behavioural com petence o f the m other and the group were m entioned 

as contributors to the success o f the gi'oup change nine times. The group stnicture also 

played a role in the success o f  the group change, with 11 respondents referring to the group 

stnicture and dynam ic functioning well and helping to make the group change successful. 

The large size o f the enclosure was a factor considered helpful by five respondents. Keeper 

actions such as close m onitoring and thorough planning for the event were m entioned by 13 

respondents. Seventeen respondents found that leaving the group in a calm, quiet 

environm ent and allowing the birth to take place naturally in the group was helpful. The 

nature o f  the species was mentioned by four respondents, with the fact that the species was 

generally relaxed and sociable helping the birth to inn smoothly.
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4.4.5 Deaths

There were 27 respondents to the questionnaires about group changes as a resuU o f a death 

in the group. O f these, 22 were considered to have a successful outcome, while two were 

unsure o f the outcome and three considered the group change to have been unsuccessful. 

As before, the responses relating to the successful group changes will be described here, 

with the full results of all gi'oup changes involving a death provided in Appendix 16.

4.4.5.1 Group structure. A 12. Q 1, 2

There were on average 1.8 adult males and 2.5 adult females in groups prior to death taking 

place. In 12 cases, an adult male died, while in eight cases an adult female died and in two 

cases a juvenile male died (Table 4.15).

Table 4.15; Average numbers of each type of individual in the group prior to the death, 
___________ and number o f responses in which each type o f individual died (n=22).

Average number
Type of individual in the group
Adult males 1.8
Adult females 2.5
Juvenile males 0.8
Juvenile females 0.4
Which animal died Total number % responses
Adult female 12 54.6
Adult male 8 36.4
Juvenile male 2 9,1
Juvenile female 0 0

4.4.5.2 Hierarchy in the group. A12. Q 4, 5, 6, 7

There was a strong hierarchy in 12 of the groups in which an animal died (54.55%), which 

was a significant proportion of the total number o f groups (yC = 13.64; d f = 3; p<0.01), and 

a weak hierarchy or no hierarchy in the remainder of the groups (Table 4.16). The status of 

the animal that died was spread quite evenly between most o f the different categories 

(Table 4.16). The hierarchy in the group did not change after the death in a significant 

proportion o f the groups (x‘ = 19; d f = 7; p<0.01)
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Table 4.16: Percentage o f  responses to questions relating to the hierarchy in the group 
where the death took place, the status o f  the animal that died, and the time 

___________ taken for the new hierarchy to establish ( if  it did so).____________________

% responses
Total number  
o f  responses

Hierarchy in group 22
Strong hierarchy in the group 54.6
Weak hierarchy in the group 27.3
No hierarchy in the group 18.2
Don't know hierarchy in the group 0
Status of animal that died 18
None o f  the above, re status o f  animal that died 27.8
Animal that died was dominant over whole group 22 2
Animal that died was dominant over females 16.7
Animal that died was subordinate 16.7
Status o f  animal that died changed frequently 16.7
Animal that died was dominant over males 0
Don't know status o f  animal that died 0
Time taken for hierarchy to establish 16
N/A -  hierarchy did not change 43.8
Hierarchy took 8-14 days to re-establish 18.8
Hierarchy took over 1 month to re-establish 12.5
Hierarchy did not re-establish 12.5
Don't know whether the hierarchy changed 12.5
Hierarchy took 0-3 days to re-establish 0
Hierarchy took 4-7 days to re-establish 0
Hierarchy took 2-4 weeks to re-establish 0

4.4.5.S Changes in the group behaviour followwg the death. A12. Q8

There were few changes noted in behaviour in the groups following the death. The most 

frequently reported changes were an increase in grooming and a decrease in social 

interactions (four times each; 18.18%). However, an increase in social interactions was also 

noted by three respondents (13.64%). The full breakdown o f  any behavioural changes 

noted by respondents in the groups is provided in Appendix 16.

4.4.5.4 What wouhlyou do the same/dijferently? A ll .  Q 9, 10

Two respondents stated that allowing the group to see and examine the dead animal was 

helpful. Making regular obsei"vations was also recommended twice, and keeping a routine
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once. Leaving tiie group alone and managing the group in the same way as before the death 

was recommended by four respondents, hi the case o f deaths in which the group change 

was deemed unsuccessful, the respondents recommended training the animals, allowing the 

group to remain together, and close monitoring o f the group. Respondents did not make any 

recommendations o f anything they would do differently in managing the deaths.

4.4.5.5 What made the group change successful/unsuccessful? A 12. Q ll

The status of the animal that died contributed to the successful outcome of the group 

change in two instances: the animal that died was subordinate, which meant there was no 

major change in the hierarchies in the groups. The stability and cohesion of the group was 

also mentioned three times as a contributing factor to the success o f the group change. 

Three respondents also noted that keeping the routine the same was helpful, and one noted 

making the animals aware of what had happened. Indicators that the group change had been 

successful included a lack of change in the group's behaviour (three cases), an absence of 

aggressive behaviour (one case) and no signs o f stress (one case). In one o f the 

unsuccessful group changes, the respondent recommended separating the next male in the 

hierarchy from the group to prevent aggression following the death.

4.5 Detailed survey results 

4.5.1 Equids

The horse family, Equidae, which also includes zebras, onagers and donkeys, are highly 

social herd-living animals and all have very similar physical husbandry requirements 

(Rademacher & Winkler, 2000). However, socially there is some variation among equid 

species. Horses Equiis ferns, plains zebras Equus qiiagga and mountain zebras Equiis zebra 

typically live in harem groups, which consist of a single male, several adult females and 

their young, while Grevy’s zebras Equus grevyi and onagers Equus heniionus fonn loose 

groups with more temporary aggregations (Rademacher & Winkler, 2000).
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Female plains zebras stay in the same group, even when a male is displaced or dies. 

In such an event, a new male takes over the group and is generally accepted by the group 

within a few weeks (Rademacher & Winkler, 2000). Rademacher & Winkler (2000) 

recommended that plains zebras be kept in similar harem gioups in zoos to those seen in 

the wild, but with the added caution that, unlike in the wild, stallions or certain mares may 

attempt to expel foals from the group once the foal reaches maturity or the mother produces 

her next foal (Schilder, 1992). The social organisation o f  G revy’s zebras is much more 

variable than plains zebras (Kimura, 2000). Like plains zebras, it is recommended that 

G revy’s zebras are kept in groups consisting o f  a male and several females. Onagers have 

similar fluid social groups to G revy’s zebras and breed reasonably successfully in captivity 

(Klaassens, 2009).

Przewlaski’s horses Equus fe rn s  przewaLskii are generally kept in harem groups in 

zoos, and bachelor groups or all-mare groups are also recommended, while mixed species 

groups or solitary animals are not recommended (Zimmermann, 2005). Przewalski’s 

horses have a clear linear dominance hierarchy (Keiper & Receveur, 1992, Keiper, 1988) 

and introductions o f  new individuals to a group are recommended to be carried out 

gradually (LaRue, 1994). The dominant adult male begins to show aggression towards 

young males once they reach one to two years o f  age and it is recommended that they are 

therefore removed from the natal group at this time, perhaps to form a bachelor group 

(LaRue, 1994). Females can be left with the group for longer, but when they reach breeding 

age (from about two years old) they should be removed from the group to avoid breeding 

with their sire (LaRue, 1994).

Three introductions, three removals and three births took place in equid groups.

The equid species in which changes took place were:

Plains zebra Equus quagga  (1 introduction and ! birth)

Horses Equus ferus (1 introduction)

G revy’s zebra ô 7'evi7 (1 introduction and 1 removal)

Z thra  Equus sp. (1 removal)

Przewalski's  horse Equus feru s  przew alskii (1 removal and 1 birth)

Onager Equus heniionus (1 birth)
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4.5.1.1 Introductions

The stnictures o f the groups in which introductions took place and the numbers of animals 

that were introduced to each group are shown in Table 4.17.

Table 4.17: Original stnjcture o f equid groups and the numbers o f animals introduced.
Group Original group Introduced animals
1 Plains zebra Adults 0.4 

Juveniles 2.2
Adult 1.0

2 Horses Adult 1.0 Juvenile 1.0
3 Grevy’s zebra Adults 0.3 Adult 0.1

Juvenile 1.0 Juvenile 1.0

There was a weak dominance hierarchy in group 1 and group 3, and there had been a 

hierarchy in gioup 2 prior to the male horse being on his own. hi group 1. the hierarchy was 

in order of age, with the oldest female dominant, and the male in group 2 had previously 

been dommant. There was a strong hierarchy in the source group o f the introduced animal 

in group 1, and the introduced male had been subordinate. He was expected to become 

dominant over the whole group when he was older; at the time o f the introduction he w'as 

18 months old and not old enough to become dominant. The introduced female in group 3 

was expected to be dominant in the new group as she had a foal at foot and had also been 

dominant in her previous group. The hierarchy in the source group o f the introduced animal 

in group 2 was unknown.

The introduced animals in all three groups were given partial physical contact 

initially, and this lasted for less than one week in all cases. The introduced zebras (1 and 3) 

showed interest in their groups, but the introduced horse appeared not to be interested. All 

three groups showed interest in the introduced animals during the period o f initial contact.

The introduced animals were given full physical contact with the groups when they 

did not respond much to each other (group 2) and when there was no aggression shown and 

the new mare and foal appeared distressed when the rest of the group was out o f sight 

(group 3).

When the introduced animals were given flill physical contact with the groups, they 

showed submission (gi'oups 1 and 2), approached the group (groups 2 and 3) and also 

avoided the group (group 2) when the adult male was showing dominance. The other
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anim als in g ioup  1 avoided  the introduced animal. In groups 2 and 3, the  groups 

approached  the introduced animal, and in group 2 they also show ed aggression and asserted 

their dom inance. In group 1, the animals w ere  separated at night into their ow n  boxes, 

w hich w as the usual procedure. In groups 2 and 3, the anim als were allow'ed to remain 

together after the introduction. The behaviour changes o f  the introduced anim als  and o f  the 

groups are shown in Table  4.18.

Table  4.18: B ehaviour changes in equid groups and the introduced anim als  after 
introductions.

Group Original group Introduced animal
1 Plains zebra Increased:

Play
Social interactions 
Exploration 
Desirable behaviour 
(interactions with 
enrichment)

Increased:
Play
Social interactions 
Sexual behaviour 
Exploration 
Desirable behaviour

2 Horses Increased:
Social interactions 
Aggression
Undesirable behaviour 
(adult horses kicked 
and bit the juvenile)

Increased:
Play
Social interactions 
Aggression
Subm issive for first few months, then 
asserted dom inance  and chased adult. 
This subsided again after a time.

3 G re v y ’s zebra N o change N o change

T he success o f  the introduction in group 1 w as attributed to in troducing  an 

adolescent rather than an adult male. It w as also recom m ended  to give the an im als  partial 

physical contact at first and to introduce the new  anim al to one  individual at a t im e  until the 

herd  is complete. In group 2, the success o f  the introduction was attributed to g iv ing the 

horses time to establish their ow n hierarchy and to avoid interference with the process. 

Finally, the stable group structure in group 3 w as considered to be a contr ibutory  factor to 

the success o f  that introduction, and, again, partial physical contact initially was 

recom m ended.
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4.5.1.2 Removals

Three equid removals took place. The original group stractures and num bers o f  anim als 

removed are shown in Table 4.19.

T able 4.19: Original stnjcture o f  the equid groups and the num bers o f animals removed.
Group Original group Anim als removed
1 Zebra A dults 1.5 A duhs 0.2
2 Przew laski’s horse A dults 0.8 

Juveniles 3.0
Juveniles 3.0

3 G revy’s zebra A dults 1.4 
Juveniles 1.2

Adult 1.0

There was a strong hierarchy in all three o f  the groups. The anim als removed from groups 1 

and 2 were subordinate and the m ale removed from group 3 was dominant over the whole 

group. In all groups it was expected that the dom inance hierarchy would remain the same 

as before the removal. However, the hierarchy in group 1 changed and took less than three 

days to re-establish. In group 1, an increase in groom ing, aggression and exploration was 

observed after the removal. In group 3, a decrease in sexual behaviour and aggression was 

observed, while there was no change in the behaviour o f  group 2. The behaviour o f the 

removed anim als after the event w as unknown in all cases.

In group 1 it was recom m ended that the anim als that are to be rem oved are 

gi'adually weaned from the group several weeks before the final removal by increasing the 

am ount o f  time per day that they are separated from the group. In this case, rem oving only 

sub-adults was considered to contribute to the success o f  the removal. In group 2, a quick 

and quiet removal was recom m ended, while in group 3 there were no particular 

recom m endations aside from follow ing EEP recom m endations.

4.5.1.3 Births

Tluee births occurred in equid groups. The original group stnjctures and the num bers o f  

anim als bom  into each group are shown in Table 4.20.
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T able 4.20: Original structure o f  the equid groups anc
Group Original group Animals bom
1 Przewalski's horse Adults 0.5 

Juveniles 4.2
1.0

2 Plains zebra Adults 1.4 1.1
3 Onager Adults 1.4 

Juveniles 1.0
1.0

the numbers o f  animals bom.

There was a strong hierarchy in groups 1 and 2. The mother in gi'oup 1 was in the middle of 

the hierarchy and the mother in group 2 was dominant over all the females. The foals were 

not expected to have the same position as their mothers in either group. There was no 

hierarchy reported in group 3.

All three expectant females were kept with the group as nomial throughout the 

pregnancy and birth and therefore the newborn foals all had physical contact with the 

groups immediately. The healthy status o f  the foal and the good maternal behaviour o f  the 

mothers were both considered in the decision to allow full physical contact in groups 1 and 

3.

The newborn foal in group 1 at first avoided the group and showed no particular 

response to the other individuals. He only played w'ith other foals and sub-adults after 

several weeks. The horses in the group approached the foal but generally stayed aw'ay for 

the first few days, and the mother prevented physical contact between the group and her 

foal except for individuals that she had a bond with. The foals that were bom into the 

plains zebra group (2) approached the group, and vice versa, but the mother prevented 

physical contact between her offspring and the group. The onager foal (3) showed no 

particular response to the group and stayed close to its mother during the first few days. 

The other females in the group approached the foal but the mother only allow'ed contact 

briefly and then led the foal away. She particularly prevented contact betw'een the foal and 

the stallion.

After the birth, there was an increase in play in the Przewalski’s horse group (1). 

The success o f  the group change in this case was attributed to the well-integrated herd of 

mares. There was also an increase in play in the plains zebra group (2), as well as an 

increase in social interactions and aggression. In this case, the success o f  the group change 

was also considered to be due to the w'orking group stincture. Finally, there was an increase
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in social interactions obsei'ved in the onager group after the birth and the success o f  the 

birth was due to a healthy foal, good m are-foal relationship, and a quick stepwise release o f 

the other m em bers o f  the group into the enclosure once the female had first settled in for a 

few minutes.

4.5.1.4 Discussion

All o f  the equid group changes were deemed successful. The introductions were caiTied out 

giadually, as per the husbandry recom m endations (Radem acher & W inkler, 2000, 

Z im m ennann, 2005). The anim als being introduced in each group showed submission and 

caution in response to the group initially, which m ay have made the introduction proceed 

more smoothly. There was some aggression observed in the horse group, but this subsided 

after a time, and was due to the adult m ale asserting his dom inance over the introduced 

juvenile male. A lthough bachelor groups are the most com m on type o f horse groups in the 

wild after harems, they are not as stable as harem s which m ay be why there was some 

conflict observed between the two males (Zim m erm ann, 2005). Levels o f  social interaction 

and aggression have previously been found to be inversely conelated  with enclosure size 

(Andersen, 1992). The enclosure sizes were not specified in the su n e y  responses, so it 

cannot be determ ined whether they were a factor in influencing the horses’ behaviour here, 

but it would be worth taking into consideration.

The rem ovals were all straigh tfom ard  and resulted in few behavioural changes. All 

three removals were ultim ately successful, but after the removal in group 1 an increase in 

aggression as well as groom ing and exploration was observed. Two adult females were 

removed from this group, which m ay have resulted in increased tension between the 

remaining females over their positions in the group hierarchy. In group 2, three juvenile 

males were removed, so the rem aining eight adult females would not have had a change in 

their ranks. There decrease in sexual behaviour and aggression in group 3 after the adult 

m ale was rem oved w as to be expected, particularly if  there was no longer conflict with the 

juvenile male that rem ained in the group.

The births were also all successful. The interactions between the Przew alski’s horse 

foal and the rest o f  the group appears to have been similar to previously reported 

interactions in a zoo-housed group (Kolter & Zim m erm ann, 1988), where the m other was
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protective o f  the foal. All three m others were protective o f their foals after the births, and is 

as expected according to the zebra husbandry guidelines (Radem acher & W inkler. 2000).

4.5.1.5 Equid recommendations

1. Equid introductions are recom m ended by the husbandry guidelines to be earned out 

gradually. The introductions reported here support this as all three were considered 

successful. However, it is not known what the effect o f a faster introduction would be.

2. The group structure should be considered -  the introduction o f  m ales that m ay compete 

with each other could result in an increase o f  aggression in the group.

3. W hen cairying out removals, it is also recom m ended that the structure o f the remaining 

group be considered and if  possible avoid situations where the rem aining anim als w'ill 

compete aggressively for their position in the group hierarchy, for exam ple after removing 

a dominant m ale leaving two other males to com pete for the position.

4. Births can take place successfully within the group. The m other may want to protect the 

foal from contact with the rest o f  the group, so keepers should be aware that an increase in 

aggression m ay arise from other animals in the group persistently trying to com e into 

contact with the foal. How'ever, remox al o f the mare and foal is not necessai'y unless this 

becomes a severe problem.

4.5.2 Giraffes

The giraffe Giraffa caiuelopardalis is an even-toed ungulate that belongs, along with the 

okapi Okapia johnstoiii, in the family Giraffidae. Giraffes in the wild fonn loose social 

groups, with only tem porary bonds between individuals (Jolly, 2003). The strticture and 

stability o f these groups varies with giraffe density (van der Jeugd & Prins, 2000). Despite 

the absence o f  a com plex social structure, giraffes in zoos have been observed to show 

social attachm ent to other individuals, and exhibit changes in their activity following the 

removal o f  an individual from the group (Tarou ef al., 2000b). Further research has also 

show'n preferences in associations amongst a group o f captive female giraffes (Bashaw et 

al., 2007). Interactions between giraffes in zoos tends to be amicable, and serious 

aggression is extremely rare (Jolly, 2003). Jolly (2003) recom m ended that giraffe
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introductions are earned out gradually, with some time allowed for the giraffes to becom e 

familiar with each other in adjacent enclosures prior to the full introduction.

4.5.2.1 Introductions

Five groups o f  giraffes had introductions take place. The original group structures and the 

num bers o f anim als introduced are shown in Table 4.21.

T able 4.21: Original structure o f giraffe groups and the num bers o f  anim als introduced.
Group Original group Introduced animals
1 Adults 0.3 

Juveniles 1.0
Adult 1.0

2 Adult 1.0 Juveniles 0.2
3 Adults 0.3 

Juveniles 0.2
Adult 1.0

4 Adults 2.0 
Juvenile 1.0

Juveniles 0.2

5 Adults 0.5 
Juveniles 1.1

Adult 1.0

There was no hierarchy in groups 1 , 2 , 3  and 4 and a strong hierarchy in group 5, where the 

oldest female was dominant. There was a weak hierarchy in the source group o f  the male 

giraffe being introduced into group 1, and a strong hierarchy in the source group o f  the 

male being introduced into group 5. hi group 5, the male was a subordinate in a bachelor 

group, and was expected to becom e dom inant when he was introduced to the new group. It 

took two m onths for the hierarchy to re-establish in this group as the m ale lacked 

confidence initially.

The giraffes being introduced to groups 1 and 4 were both on their own for a 

tem porary period, while those in groups 2, 3 and 5 were in another group. The introduced 

giraffe in group 1 was first given sight, sound and scent contact with the group. This lasted 

for less than a week after which full contact was given. In groups 2, 3 and 4, the giraffes 

were given partial physical contact with each other initially. This lasted for less than a week 

in groups 2 and 4, and 1-2 weeks in gioup 3. In group 5, the anim als were given flill 

physical contact immediately. In all cases the introduced anim als showed interest in the 

gi'oup, and vice versa, though the females in group 3 avoided the m ale when he showed 

sexual interest in them.
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Different criteria were used in each group to de tem iine  w hen  to give the giraffes full 

physical contact, hi group I , this w as w hen they were  observed feeding together through 

the bars. In group 2, the tw o  females were first put together, and w hen  they got on well they 

were given contact with the m ale  through the fence. W hen they responded positively to 

each other, they w'ere all given full physical contact. In group 3, the positive reaction o f  the 

anim als to each other d e tenn ined  that full physical contact w ould  be feasible. In group 4. 

all the animals show ed interest in each other and there was no aggression show'n. In group 

5. full physical contact was given im m ediately  as there was no other option available.

O nce  they  were given full physical contact, the introduced anim als and the original 

groups W'ere observed to approach each other in all cases. In group I, the introduced male 

asserted his dom inance  and the o ther giraffes show’ed subm ission towards him. In group 2. 

one o f  the introduced females show ed fear towards the m ale giraffe, while the rem aining 

female and the male exhibited play behaviour. In group 3. the introduced m ale  giraffe 

show ed sexual behaviour and asserted his dom inance  over the females in the group. The 

females in this group, as well as approaching the male, also at times avoided the male, and 

show ed fear and subm ission tow'ards him.

After  full physical contact had been given, the giraffes w ere  generally  left together, 

although in group 3 they were  separated at night, which w as part o f  their routine 

m anagem ent. In group 5, the giraffes w'ere housed separately during  bad weather  but had 

visual contact during this time. The male w as also tem porarily  separated from a cow  and 

her calf, as the m a le 's  interest in the c a l f  was causing  stress to the c a l f  s mother.

The various changes in behaviour observed in the group and the introduced animals 

are show'n in Table  4.22.
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Table 4.22: Behaviour changes in giraffe groups and the introduced animals after 
introductions.

Group Group Introduced animal
1 Increased: Social interactions 

Feeding 
Exploration

Increased: Social interactions 
Feeding 
Exploration

2 hicreased; Plav
Social interactions

Increased: Plav
Social interactions 
Exploration

3 Increased: Social interactions 
Sexual behaviour 
Aggression

Increased: Grooming
Social interactions 
Sexual behaviour 
Aggression 
Exploration

4 Increased: Social interactions Increased: Social interactions
5 Increased: Sexual behaviour Increased: Social interactions 

Sexual behaviour 
Aggression towards 
keepers and vehicles

It was recommended by the respondent in group 3 to allow physical contact through a 

barrier during the introduction, and also stated that giraffes are easily introduced, hi relation 

to group 5 it was stated that it would have been desirable to give some partial physical 

contact first. Monitoring the behaviour and judging the pace o f the introduction accordingly 

was recommended by the respondent for group 4. The success of the introductions was 

attributed to the sex and age o f the individuals involved in group 2, the temperament of the 

animals involved and of giraffes generally in groups 3 and 4, and introducing a male to an 

all-female group in group 5.

4.5.2.2 Discussion

Giraffe social groupings, although variable in the wild (van der Jeugd & Prins, 2000), do 

have an impact on giraffe behaviour when they are altered (Tarou et al., 2000a). The 

precise conditions in which giraffes are kept in AZA-accredited institutions was found not 

to affect their activity budgets, but the rates and types o f social interactions that occur were 

affected by their environment (Bashaw, in press). The increase in social interactions in all 

of the introduced animals described here is therefore not surprising. All o f the animals 

showed interest in each other during the period o f initial contact, and approached each other
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when they were given full physical contact, confm ning the statement o f  one respondent 

that giraffes are generally very easily introduced.

W hile a gradual introduction is recom m ended (Jolly, 2003), this was not possible in 

group 5. Nonetheless, this introduction was considered successful, and no negative 

behaviour between the giraffes was reported, although there was some aggression directed 

tow'ards keepers and their vehicles. Some aggression was observed in group 3, which may 

have been a result o f  females avoiding the sexual behaviour o f the male. Generally, the 

giraffe introductions occurred sm oothly and with few issues arising.

4.5.2.3 Giraffe recommendations

1. G iraffe introductions are recom m ended to be carried out gradually (Jolly, 2003). 

However, this survey reported a successful introduction without a period o f restricted 

contact between the animals, so this phase may not be strictly necessary if facilities do not 

permit it.

2. G iraffes tend to show interest in each other when being introduced. It is recom m ended to 

expect a possible increase in sexual behaviour between adult males and sexually m ature 

females when they are being introduced to each other.

3. Be aware that increased interest from males towards females and/or their calves may 

cause som e stress to the females, and if  this occurs, tem porary overnight separation m ay be 

waiTanted.

4.5.3 Cervids

Cei'vids or deer are a inm inant family that shed their antlers every year. The less exotic 

non-tliieatened species tend not to be favored in zoo collections as they are o f low 

consei'vation value and native species tend to be o f  less interest to zoo visitors (M oore, 

1998). Nonetheless, three groups o f  cervids in which a biith took place were reported in 

this survey.

O bsen 'ations o f  a range o f zoo-housed ungulate species found that females that had 

just given biilh tended to be aggressive (M oore, 1998). However, intervention is generally
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not needed after a birth unless the mother is behaving inappropriately or not supplying 

enough milk.

The three cervid species that were reported in this survey were American elk Cen-us 

canadensis, Reeve’s muntjac Mimtiacus reevesi and reindeer Rangifer taraudus.

4.5.3.1 Births

The group stractures and animals bom into each o f the groups are shown in Table 4.23. 

Table 4.23: Original stnjcture of the cervid groups and the numbers of animals bora.
Group Original group Animals bom
1 American elk Adults 1.2 0.1
2 Reeve’s muntjac Adults l.l 0.1
3 Reindeer Adults 2.3 

Juveniles 1.0
l.l

There was a strong dominance hierarchy in the elk and reindeer groups (I and 3), and no 

hierarchy in the muntjac group (2). The mother in the elk group was dominant only over the 

other female, while the mother in the reindeer group was subordinate. The elk and muntjac 

groups ( I and 2) were housed together as normal during the pregnancy and birth. The 

mother and calf in the elk group were isolated after the birth for half a day to allow them to 

bond and to make sure the baby was suckling properly. The muntjac mother and calf had 

full physical contact with the rest of the group immediately. The expectant reindeer was 

separated from the rest o f the group at onset of labour and kept separate from the group 

until the calves were six weeks old. This was to allow time to ensure that the calf was big 

enough not to escape through the railings o f the paddock, was feeding well from the mother 

and also was taking solid food. During this period, the mother and calves had nose-to-nose 

contact with the rest o f the group through a bairier. While the calves approached the group 

during this period o f partial physical contact, the group avoided the calves.

The newborn animals in all three groups approached the other gioup members when 

they had full physical contact, and vice versa. Both the muntjac and reindeer calves played 

and the muntjac calf also groomed other members o f the group. The other animals in the 

elk and muntjac group groomed the new calves, and the reindeer group played and showed
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m ixed responses due to there being what was described by the respondent as a variety o f 

characters in the group.

The elk and muntjac m others both allowed the group to have physical contact with 

their calves, while the reindeer m other responded aggressively to the group com ing in 

contact with her offspring. In the case o f the reindeer group, the m other and ca lf was 

separated at night at first so that the m other and ca lf could be observed and introduced 

gradually to the group.

The behaviours o f the anim als in the group changed after the births as shown in 

Table 4.24.

Table 4.24: Behaviour changes in cervid groups after births.
Group Group behaviour
1 Am erican elk Increased; Groom ina 

Play
Social interactions

2 R eeve 's muntjac Increased: Groom ing 
Play
Social interactions 
Exploration

3 Reindeer Increased: Play
Social interactions
Aggression
Feeding

The reasons that were given for the successful outcom es to the births were an experienced 

m other (group 1), a large and natural enclosure (group 2) and allowing time for the m other 

and ca lf to bond without interrtiption from other group mem bers, and a subsequently 

gi'adual introduction to the herd (group 3).

4.5.3.2 Discussion

The three births reported took place successfully. Two o f the groups (elk and m untjac) were 

housed together for the birth, and this appears to have worked well as there were no reports 

o f  aggression or other negative behaviour from either the m other or the other individuals in 

the group. The reindeer m other and her calves were separated from the group for a period 

o f time, and in this case the m other did show aggi'ession towards other individuals in the

115



group when they attempted to come into contact with the calves. This may have been 

because there were more individuals in the group overall, or because female reindeer 

generally tend to be aggressive after a birth, as has been previously reported (Moore, 1998). 

Age is an important factor in the ranking order o f reindeer groups, and reindeer calves share 

their mother’s status while they are still dependent on them (Espmark. 1964). The calves in 

the groups reported in this study were not expected by their keepers to hold the same status 

as their mothers. However, it is not clear whether this expectation was for the period during 

which the calves were dependent on their mothers, or for a longer time.

Overall, births in cervid groups were reported to be straightforward and they 

progressed as expected by their keepers.

4.53.3  Cervid recommendations

1. Groups with previous experience o f birth taking place as well as low levels of aggression 

can be left together for the birth.

2. A short period o f separation of the mother and calf from the group may be beneficial to 

allow them to bond, particularly if the group tends to be aggressive, such as in reindeer.

4.5.4 Antelopes

Antelopes are a group o f even-toed ungulates that are members o f the family Bovidae, 

many o f which are commonly kept in zoos and other facilities (Smith et at., undated). The 

social organisation o f zoo-housed ungulates is usually dictated by the facility in which they 

are held (Engel, 2004); they are often housed in herds, but may also be separated at times 

for more individualised management (Smith et al., undated). The general recommendation 

(Smith et al., undated) is to house breeding groups that contain one adult male, several 

adult females and their young. Males o f many species can be housed pennanently with 

females and young, unless seasonal breeding is desired (Engel, 2004, Smith et a l,  undated). 

Multi-male groups o f oryx O nx sp. are frequently seen in the wild, but in zoos they are 

generally housed with a single male and several females, while housing several males with 

one female is strongly discouraged (Engel, 2004). Female dominance hierarchies have been 

found to be linear within both scimitar-homed oryx Oiyx dammah (Pfeifer, 1985) and eland
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Taurolragiis o iyx  (Wiitu et al.. 2004). In eland the hierarchy is coiTelated with age, though 

young offspring may also share the position o f  their mothers (Cransac & Aulagnier, 1996). 

The conelation o f  status with age has also been obseiA'ed in sable antelope N ippon agtis 

niger, and high-ranking females in this species have been noted to be more aggressive, 

particularly towards newly introduced animals in the group (Thompson, 1993).

4.5.4.1 Introductions

There were six introductions in antelope groups, and these included four different species. 

The species that were reported were:

Bongo Tragelaphiis eiirycerus 

Eland Taiirofragiis oryx 

Scimitar-horned oryx Oryx dawnuth  

Blue wildebeest Coiinocliaefes taiirimis

All o f  the introduced animals were males and the groups were either all-female or mixed- 

sex groups. The structure o f  each group and the numbers o f  animals introduced to each 

group are shown in Table 4.25.

Table 4.25: Original structure o f  antelope groups and the numbers o f  animals introduced.
Group Original group Introduced animals
1 Bongo Adults 0.5 

Juveniles 0.3
Adult 1.0

2 Eland Adults 0.36 Adult 1.0
3 Eland Adults 0.7 Adults 2.0

Juveniles 1.2 (twins)
4 Scimitar-homed oryx Adults 0.2 

Juveniles 2.1
Adult 1.0

5 Scimitar-homed oryx Adults 0.11 Adult 1.0
6 Blue w'ildebeest Adults 0.5 

Juveniles 3.1
Juvenile 1.0

There was a strong hierarchy in groups 1 and 5, while there was a weak hierarchy in groups 

3 and 6 and no hierarchy in groups 2 and 4. There had been a strong hierarchy in the source 

gi'oup o f  the introduced male in group 2. There was considered to be no hierarchy in the 

source gioups o f  the introduced animals in groups 1, 4 and 6. However, in groups 1 and 4
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the m ales had been previously separated due to aggression so there m ay have originally 

been dom inance hierarchies in these groups. The hierarchies in the source groups o f  the 

introduced anim als in groups 3 and 5 were unknown. However, the introduced anim als in 

groups 3, 5 and 6 were known to have been subordinate in their original groups.

The introduced anim als in groups 3, 4 and 6 were on their own for a tem porary 

period prior to the introduction, while the anim als introduced to groups 1 and 5 w ere on 

their own for a longer period. The male eland introduced to group 2 was in another group 

prior to the introduction. Pailial physical contact was initially given in groups 1, 2, 5 and 6. 

This lasted for over a month in the bongo group (1), and less than a week in groups 2, 5 and 

6. The anim als in group 3 had sight, sound and scent contact for 1-2 weeks initially while 

the oryx in group 4 had full physical contact im mediately. The introduced anim als in 

groups 1, 2, 3 and 5 all showed interest in the group. The m ale bongo (1) also displayed 

aggression and the blue wildebeest (6) avoided contact with the group. The group 

responded to the initial contact with the introduced animal by showing interest in all cases.

Full physical contact was given in groups 1 and 2 when there were no signs o f 

aggression. In group 3, the provision o f  a large enclosure with many places to hide was 

considered necessary, and in group 5 the past experience o f  keepers dictated when full 

physical contact could be given. The introduced anim als in groups 1, 2, 3, 4 and 6 all 

approached the groups when they were given full physical contact. In groups 1 and 4 they 

also exhibited sexual behaviour and in group 1 gioom ed and asserted their dom inance over 

the group. The introduced oiyx in group 5 showed aggression towards the group. The 

groups responded by approaching the introduced animal in all cases. Sexual behaviour was 

also obsei'ved in groups 1 and 4. Subm ission was observed in group 1, and a low level o f 

aggression was seen in groups 3, 5 and 6.

The introduced m ales in groups 1 and 6 were tem porarily separated from the group 

after being given full physical contact but this was for the night-tim e only. The changes in 

behaviours in the groups after the introductions are shown in Table 4.26.
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Table 4.26: Behaviour changes in antelope groups and introduced animals after 
introductions

Group Group Introduced animal
1 Bongo hicreased: Sexual behaviour 

Exploration
Increased: Social interactions 

Sexual behaviour 
Exploration 

Decreased: Aggression
2 Eland Increased: Sexual behaviour Increased: Grooming

Social interactions 
Sexual behaviour 
Exploration 
Desirable behaviour

3 Eland Increased: Plav
Social interactions 
Exploration 
Desirable behaviour

Increased: Plav
Social interactions 
Exploration 
Desirable behaviour

4 Scimitar
horned oryx

Increased: Grooming
Social interactions 
Sexual behaviour

Increased: Grooming
Social interactions 
Sexual behaviour 
Exploration

5 Scimitar
horned oryx

Increased: Social interactions 
Sexual behaviour 
Aggression

Increased: Social interactions 
Sexual behaviour 
Aggression

6 Blue 
wildebeest

Increased: Social interactions Don't know

The respondent for group 1 stated that the height o f  the ban ier between the introduced male 

bongo and the females in the group did not allow the females to show submissive behaviour 

to the male. They recommended that a full-length baiTed door would have been preferable 

as it w'ould have allowed submissive behaviour between the animals to be seen. The 

amount o f  time and planning that went in to the introduction process, as well as the gradual 

procedure, were considered helpftil. Allowing the females space to am  aw'ay from the male 

if  necessary was also recommended. In group 2, the gradual introduction with a banier 

between the male and the rest o f  the group initially was recommended. Having only one 

bull in the herd was also a contributory factor to the success o f  this introduction. The slow 

pace o f  the introduction was again recommended in group 3, as well as keeping the males 

in separate boxes at night. There were no issues arising in group 4 with the method o f  

introduction (immediate full physical contact), and the absence o f  a dominant male in the 

group was considered by the respondent to have made the introduction successful. The
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young age and non-aggressive nature o f the introduced animal in group 6 helped to make 

that introduction successful.

4.5.4.2 Discussion

All o f the antelope introductions were successful. None o f the original groups had an 

established adult male in it, w'hich may have contributed to the low levels of aggression and 

therefore success o f the gioup changes. The presence o f more than one adult male in a 

group is not recommended (Engel, 2004), and the husbandly guidelines for antelopes state 

that gi'oups are most frequently kept with a single male and several females (Smith et ai,  

undated). This advice was followed in the groups reported in this study, with only group 3 

having two adult males, which were two-year-old twins. As they were not yet sexually 

mature, there were no major problems arising at this stage.

The introduction in group 1 took longer than the rest, and this may have been due in 

part to the structure o f the enclosure. The height o f the bars meant that the females had to 

raise their heads to see the male and he could therefore not see the females behaving 

submissively towards him. If the male had been able to see the submissive behaviour, the 

introduction may have been able to proceed more quickly. A gradual introduction was 

recommended by five o f the six respondents, and worked well in all cases. However, full 

contact was allowed straight away in group 4, and no problems rose in this case either.

4.5.4.3 Antelope recommendations

1. The published husbandry advice recommends avoiding having more than one adult male 

in a group (Smith et a l ,  undated). However, in this study, twin males that were not yet 

sexually mature were not a problem at the time of the survey.

2. Husbandry guidelines recommend cairying out introductions gradually. This survey 

showed an example o f a successful introduction taking place at a faster pace, suggesting 

that introductions may also be successfully earned out in this way.

3. Allow the animals to have a clear view of each other so that submissive behaviour can be 

shown in advance o f full physical contact.
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4.5.5 Gazelles

Gazelles are members of the family Bovidae. They tend to be smaller than members of the 

antelope group and are set apart by their ability to conserve water and maintain their body 

temperature in hot conditions (Smith et a!., undated). Gazelles are grouped together for the 

puipose of this report because they have generally similar husbandry requirements and are 

distinguished from antelopes in their husbandly guidelines (Smith et a i, undated). It is 

suggested that w'ild gazelle herd structures are used as a guide for groups kept in captivity 

(Kichenside. 1998), though resource availability may affect herd size and stnicture in wild 

gazelles (Lawes & Nanni, 1993). The suggested group structures for housing gazelles are: 

a single male with several females and their young, a bachelor group, or single male 

breeders (Smith et al., undated). The first group structure is recommended for the beira 

Dorcatragis niegalotis (Hammer, 2011), and in groups that have a clear hierarchy, 

aggression is rarely observed except for when young males are reaching maturity and 

challenge adult males. How'ever, introduction of new individuals to an established group 

has been found to be difficult and the fonnation of a new group may be necessary 

(Hammer, 2011). The higher level of aggression between mature males has also been noted 

in mountain gazelles, GazeUa gazella (Grau & Walther, 1976). In Speke’s gazelle Gazella 

spekei, it has been found that close blood ties of females in a group appears to improve 

compatibility and ease the introduction of a breeding male (Read & Frueh, 1980). A strong 

relationship between rank and age has been found in dama gazelles Gazella tkmia m hon\ as 

well as higher rates of aggression in groups in smaller enclosures (Cassinello & Pieters, 

2000). Seven introductions were carried out in groups of five different species of antelope 

and gazelle. The species involved were:

Blackbuck Antilope cenicapra  

MhoiT gazelle Gazella Jama nihoir 

Dorcas gazelle Gazella dorcas 

Addra gazelle Naiiger dama niflcollis 

Beira Dorcatragus megalotis
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4.5.5.1 Introductions

The structure o f  each group originally, and the num bers o f  animals introduced to each 

group are shown in Table 4.27.

T able 4.27: Original stm cture o f gazelle groups and the numbers o f anim als introduced.
Group Original group Introduced anim als
1 Blackbuck Adults 0.5 

Juvenile 1.0
Adult 1.0

2 Blackbuck Adults 7.72 Adult 1.0
3 MhoiT gazelle Adults 0.2 Adults 0.2
4 Dorcas gazelle Adults 4.0 Adults 2.0
5 Dorcas gazelle Adults 0.4 

Juveniles 2.1
Adult 1.0

6 Addra gazelle Adults 1.2 Adult 1.0
7 Beira Adults 1.1 Adults 0.2 

Juveniles 1.1

There was a strong hierarchy in the m horr gazelle (group 3) and one group o f  dorcas 

gazelles (group 4). There was a weak hierarchy in one o f the blackbuck groups (2), the 

addra gazelle (group 6), and no hierarchy in the other blackbuck group (group 1), the 

dorcas gazelles (group 5) and the beira group (7).

The introduced anim als com ing in to groups 2 and 4 came from groups with a 

strong hierarchy. The blackbuck in group 2 was subordinate, while the status o f  the dorcas 

gazelle was unknown. The introduced animals in group 3 came from a weak hierarchy, 

where they were dom inant. There was no hierarchy in the dorcas gazelle source group (5) 

and the hierarchies in the source groups o f  the rem aining animals were unknown.

The m ales that were introduced to the blackbuck groups (1 and 2) and the addra 

gazelle group (6) were all expected to becom e dom inant over their new groups. It took over 

a m onth for the hierarchy in group 2 to change, as the male was not ready to take charge 

and fell back to a lower status at first, hi group 3 the hierarchy did not change, and in the 

rem aining groups the changes in hierarchies are unknown.

The introduced anim als in groups 2, 3, 5 and 7 had been in another group prior to 

the introduction. The introduced anim als in gioups 4 and 6 were on their own for a 

tem porary period prior to the introduction.
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O ne o f  the b lackbuck groups had full physical contact with the in troduced animal 

im m edia te ly  (1), as did the beira group (7). The  second blackbuck  group (2) had partial 

physical contact with the introduced anim al initially, w hich  lasted 1-2 w'eeks. The dorcas 

gazelles in group 4 had sight, sound and scent contact with the introduced animals initially, 

w hich  lasted for less than a week. The m horr  gazelles (3), other dorcas gazelles (5) and 

addra gazelles (6) all had sound and scent contact initially, and this lasted for less than a 

w eek  in groups 3 and 6, and 1 to 2 w eeks in group 5.

T he animals being  in troduced to groups 2, 3, 5 and 6 all show ed interest in the 

gi'oup during the period o f  initial contact. The anim als  in groups 3, 5 and 6 also show ed 

interest in the introduced animals, while the an im als  in group 2 w ere  not apparently  

interested. The dorcas gazelles introduced to group 4 avoided contact with the group, while 

these groups showed interest in the introduced animals. The introduced dorcas gazelles (4) 

also show ed aggression and anxie ty  tow ards the group and the group show ed aggression.

In four cases (2, 4, 5 and 6), the decision to give the anim als full physical contact 

with each other was based on their calm behav iour  and the absence  o f  aggression. The 

absence  o f  a dom inant m ale in the group was the deciding factor for giving the animals full 

physical contact in group I, and the tim ing w as considered in group 3. hi group 7. 

experience had found that beiras do not show aggression i f  they are all released into a new 

enclosure  together. The behaviours  o f  the introduced anim als tow ards the rest o f  the group 

and vice versa are show n in Table  4.28.
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Table 4.28: Behavioural responses o f introduced gazelles to the group and o f  the gazelle 
__________ group to the introduced animal after having been given full physical contact.

Group G roup’s response Introduced anim al’s response
1 Blackbuck Fear (for first few days) 

Approach
Fear (for first few days) 
Approach

2 Blackbuck Approach 
Showed aggi'ession 
Fear
Submission

Approach 
Showed aggression 
Asserted dominance

3 M horr gazelle Approach Approach
4 Dorcas gazelle Approach

Aggression
Avoidance
Fear

5 Dorcas gazelle Approach Approach
Sexual behaviour (a month later) 
Dominance

6 Addra gazelle Approach Avoid
7 Beira Approach

Submission
Approach
Submission
Increased defecation by males 
Increased sexual interest in females

The two m ale dorcas gazelles that were introduced into the all-m ale group 4 had to be 

removed from the group pennanently  after the introduction, due to aggression and 

wounding occurring, and this introduction w'as therefore considered unsuccessful. It was 

recom m ended that the original group should have been split into subgroups and the new 

anim als first introduced to the less dom inant and aggressive individuals in that group.

The addra gazelles (6) were separated tem porarily overnight. The behaviours o f  the 

introduced animals and the original anim als in the groups changed after the introductions. 

The changes that were obsei"ved are shown in Table 4.29.
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Table 4.29: Behaviour changes in gazelle groups and the introduced anim als after 
introductions.

Group Original group Introduced animal
1 Blackbuck Increased; Social interactions 

Sexual beha\'iour
Increased: Social interactions 

Sexual behaviour 
Feeding

2 Blackbuck Increased: Social interactions 
Sexual behaviour 
Exploration

Increased: Social interactions 
Sexual behaviour 
Aggression 
Exploration 
Desirable behaviour

3 M hon' gazelle Increased: Social interactions 
Exploration

Increased: Social interactions 
Exploration

4 Dorcas gazelle Increased: Social interactions 
Sexual behaviour 
Aggression 

Decreased: Feeding

Increased: U ndesnable behaviour 
Decreased: Auuression

Desirable behaviour

5 Dorcas gazelle Increased: Social interactions 
Sexual behaviour 
Exploration

Increased: Social interactions 
Sexual behaviour 
Exploration

6 Addra gazelle Increased: G room ina 
Play
Social interactions 
Sexual behaviour 
Exploration

Increased: Groominsz 
Play
Social interactions 
Sexual behaviour 
Feeding 
Exploration 
Desirable behaviour

7 Beira Increased: Social interactions 
Sexual behaviour 
Exploration 
Desirable behaviour

Increased: Play
Social interactions 
Sexual behaviour 
Exploration 
Desirable behaviour

The introductions in groups 1, 2, 3, 5 and 6 were considered successfiil. The time taken for 

the introduction w'as considered a contributing factor to the success o f  the introductions in 

groups 3 and 6. Close observ'ations were recom m ended in groups 4 and 6. The structure o f 

the group was considered im portant in groups 1 and 5, hi these two groups there were no 

other adult m ales, which helped the introduction process to go more smoothly. In group 7, 

the m ethod o f  placing all the animals into a new enclosure allowed the introduction to take 

place m ore sm oothly and quickly -  the respondent stated that if  a familiar ten ito ry  had 

been used, a more gradual method o f giving partial physical contact initially would have 

been used.
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4.5.5.2 Discussion

The successful introductions that took place in the gazelle groups (I, 2, 3, 5. 6 and 7) 

resulted in mixed (1, 2, 5, 6, 7) or female-only (3) groups. The unsuccessful introduction 

resulted in a group o f only adult males, which is a stracture that is not generally 

recommended in gazelle groups unless they are neutered (Grau & Walther, 1976, Smith et 

al., undated). The results o f this survey confmn that while mixed groups or female groups 

may successfiilly be formed, a successful all-male group may be more difficult to achieve. 

Two respondents recommended using an enclosure that is new to all the animals, to reduce 

the level o f temtoriality, and this, along with breaking up a group to re-fomi into a new 

group (Hammer, 2011) may be methods worth considering when dealing with gazelle 

groups, particularly those consisting of males only. It is unclear from the available literature 

what the optimal procedure or length o f time for gazelle introductions are. Two respondents 

cited the pace o f the introduction as a factor contributing to the success o f the group 

change. The periods of initial contact were all relatively short -  two weeks at most -  so it 

appears that while a gradual approach was prefened by five out o f seven respondents, the 

initial contact does not have to be prolonged, and in fact two of the introductions allow'ed 

full physical contact immediately, with successful outcomes.

4.5.5.3 Gazelle recommendations

1. A relatively short introduction process o f up to two weeks is appropriate, and even 

immediate full contact can result in the successful integi'ation o f a new animal into a mixed 

or all female group.

2. Close observations o f the group during and after this partial-contact period are 

recommended so that intervention can be made in case o f an excessive increase in 

aggression.

3. Fonnation o f all-male groups that contain breeding males is not recommended, and is 

likely to result in high levels o f aggression, potentially resulting in injuries to the animals.

4. Canying out introductions in an area that is new to all the animals involved can be 

helpful as levels o f tenitoriality will be lower.

126



4.5.6 Large rodents

Four large rodent species were grouped together because they tend to live in social groups, 

rather than solitarily. Beavers Castor fiber form monogamous pair bonds and live in family 

groups with a dominance hierarchy based on age (Busher, 2007). Cavies have a wide range 

o f  social systems, from solitary to multi-male multi-female groups (Adrian & Sachser, 

2011). Patagonian cavies (maras) Dolichotis patagoiumi fall on the more social end o f  this 

spectrum, fonning monogamous pairs but living in communal wairens (Taber & 

Macdonald. 1992). Coypus (nutrias) M yocastor coypiis in the wild live in groups consisting 

o f  several females, one dominant male, several adult and subadult males, and a variable 

number o f  juveniles (Guichon et a!.. 2003). The final species included in this analysis 

group is the capybara Hydrochoerus hydrovhaeris, which lives in groups o f  males and 

females with their young, generally dominated by one adult male (Herrera et al.. 2 0 1 1).

Four introductions took place in groups o f  the following rodent species:

European beaver Castor fib e r  

Coypu/nutria Myocastor coypus 

Patagonian cavy/mara Dolichotis patagoniiin  

Capybara Hydrochoerus hydrochaeris

4.5.6.1 Introductions

Three introductions o f  a male and one introduction o f  a female took place in the groups o f  

large rodents. The group structures and animals introduced are show'n in Table 4.30.

Table 4.30: Original stiaictiue o f  rodent groups and the numbers o f  animals introduced.
Group Original group Introduced animals
1 European beaver Adult 1.0 

Juveniles 1.1
Adult 0.1

2 Patagonian cavies Adults 1.1 
Juveniles 1.1

Adult 1.0

3 Coypu Adults 0.3 
Juveniles 0.5

Adult 1.0

4 Capybara Juveniles 1.3 Juvenile 1.0
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Tlie introductions in groups I and 3 were considered unsuccessful due to high levels o f  

aggression occun ing in both groups after the introductions.

There were no dom inance hierarchies in groups 1 and 2, and a weak dom inance 

hierarchy in gi'oups 3 and 4. The status o f  the introduced animal in its original group was 

unknown in all cases. In group 3 the introduced animal was expected to be subordinate 

while in group 4 the introduced animal was expected to be dom inant over the whole group.

The introduced anim als in groups 2 and 4 had originally been in another group 

while the introduced beaver in group 1 had been on its own for a tem porary period. The 

location o f  the introduced coypu in group 3 prior to the introduction was unknown.

The anim als in groups 1 and 2 were given full physical contact straight aw ay and

the anim als in groups 3 and 4 were given sight, sound and scent contact initially. This

initial contact lasted for 1 -2 weeks in both cases, which was expected in group 4 but longer 

than expected in group 3. The introduced coypu (3) showed anxiety during the initial 

introduction period, and the rest o f  the group was disinterested in him. The introduced 

capybara (4) was disinterested in the group but the group showed interest in him. Full 

physical contact was given in both groups 3 and 4 once the animals were relaxed, eating 

well (3) and showing no aggression (4).

W hen the European beaver group (1) was given full physical contact, the introduced 

animal avoided group m em bers and the group showed aggression and fear towards it. 

When the Patagonian cavies (group 2) were given fiill physical contact, the group and the 

introduced animal approached each other. The introduced m ale coypu (3) showed fear 

towards the group when they were given full contact, and the group avoided him. The 

capybara (4) avoided the rest o f  the group but also showed sexual behaviour and 

aggression, as did individuals in the group tow'ards him. A nim als in the gi'oup also 

approached the introduced m ale and showed fear.

The introduced coypu (3) and capybara (4) were separated from the group at night

for the first week and first four days respectively, as the coypu showed signs o f  fear and

there was aggression in the capybara group.

There w as an increase in aggression and a decrease in exploration in the beaver 

group (1) after the introduction, and about a week after the introduction one o f the juveniles 

was killed by the new female. The respondent recom m ended not introducing beavers to
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established groups. There was an increase in exploration by the group of Patagonian cavies 

(2) after the introduction, and no change in the behaviour of the introduced animal. There 

were no recommendations for doing anything differently in this case. An increase in 

aggression was reported in the coypu group (3) after the introduction, but the introduced 

individual's behaviour was unknow'n as there were no records of his behaviour at his 

previous institution. The introduced male eventually died, after suffering a lot of wounding 

and loss of condition. It was recommended not to try an introduction with such a young 

male (this male was five months old) as he was vulnerable to aggression from the group. 

However, it w'as also not recommended to carry out an introduction with too old a male as 

this had previously been found to result in aggression from the introduced male. Finally, 

there was an increase in social interactions, sexual behaviour and aggression and a decrease 

in play in the capybara group (4). The introduced animal showed an increase in social 

interactions and sexual behaviour and a decrease in aggression. It w'as recommended to 

carry out the introduction slowly and gradually, by letting the introduced animal settle in on 

its own for a week, then giving it visual and olfactory contact with the group for a week, 

then allowing the animals into the enclosure separately to get each other’s smells, and 

fmally placing them together but separating them at night at first.

4.5.6.2 Discussion

The species described in this section encountered more problems during the introductions 

than most other groups reported in this survey. In beaver social groups, female dominance 

and aggression during the formation of pair bonds have been linked, although the two sexes 

tend to be co-dominant within an established family group (Busher, 2007, Hodgdon & 

Larson. 1973). The introduction of an adult female to the group o f  beavers reported in this 

study may have resulted in a juvenile beaver becoming the focus of this type of aggression 

while a pair bond was being established.

A study o f  coypus in the wild found that movement between social groups tended to 

be at intemiediate ages, suggesting that dominant males are more tolerant of smaller 

individuals coming into the group (Guichon el al.. 2003). This echoes the point made by 

the respondent that, while the introduction of a young male coypu was unsuccessful in this 

case, a previous introduction of an older coypu had also not been successful. The coypu
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that was introduced in this case may have been too young and unable to defend himself, 

while the older coypu challenged the other males in the group.

Capybaras have a linear dominance hierarchy, with a dominant male (Heirera et al., 

2011). The introduction o f a juvenile male to a group o f other juveniles may have helped 

the introduction to progress successfully, as there may have been less o f a struggle between 

younger individuals for dominance. The gradual process o f the introduction was also cited 

as a contributing factor to the success o f the introduction. However the coypu introduction 

was canied out over the same period o f time, and resulted in a very different outcome, 

although the process may have been different. This suggests that the social gioup issues 

may have been more important than the pace of the introduction.

4.5.6.3 Large rodent recommendations

1. Carry out introductions gradually. If necessary, separate animals at night.

2. Consider the extant social group structure and how the group will respond to a new 

animal. The introduced animal should be able to defend itself from dominant animals, but 

should not be old enough to challenge any established dominant animal in the group.

3. Some aggression may be observed during a successful introduction, but excessive 

aggression resulting in wounding is an indication that the introduction may be unsuccessful. 

If such aggression occurs, it is recommended that the pace of the introduction is decreased.

4.5.7 Otters

There are thirteen otter species within the Mustelidae, o f which three species were reported 

on in this study -  the river otter Lontra canadensis (one group), the giant otter Pteroniira 

hrasiliensis (one group), and the short-clawed otter Aonyx cinerens (two groups). All four 

gioups were reported to have a birth occur.

River otters are social mustelids, though not as social as some other otter species, 

and in the wild they are found in a number o f different types o f social groupings, including 

female with offspring, groups of males, groups o f males with sub-adult females and pairs 

(AZA Small Carnivore TAG, 2008). Giant otters are the most endangered of the thirteen 

otter species (Staib & Schenck, 1994); they are listed by the lUCN as endangered and their
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population is decreasing. They exhibit strong pair-bonding and, in the wild, they mate for 

life (AZA Small Carnivore TAG, 2008), with the young staying in the group for the first 

two or three years. Short-clawed otters li\ e in family groups with a monogamous breeding 

pair (Heap et al., 2008). Both parents and older siblings assist in raising newborn pups, It is 

recommended that short-claw'ed otters be housed at least in pairs, and preferably in a family 

gi'oup (Heap et al., 2008). Although the females become aggressive around the time of 

parturition, it is recommended that they are left with their group and prox ided with multiple 

nest boxes (AZA Small Carnivore TAG, 2008).

4.5. 7.1 Births

All four groups consisted o f  one adult male and one adult female, and one group o f  short- 

clawed otters also had a juvenile male (see Table 4.31).

T able 4 .31 : Original structure o f  the otter groups and the numbers o f  animals born.
Group Original group Animals born
1 River otter Adult l .l 0.1
2 Giant otter Adults 1.1 2.1
3 Short-claw'ed otter Adults l .l l .l
4 Short-clawed otter Adults 1.1 

Juvenile 1.0
2.1

There was a strong hierarchy in the river otter group ( I ), no hierarchy in the giant otter 

group (2), an unknown hierarchy in one o f  the short-clawed otter groups (3) and a weak 

hierarchy in the other short-clawed otter groups (4). The female in groups I and 4 was 

dominant, but the infants were not expected to hold the same position in either case.

The females were all housed with the males throughout the pregnancy and birth, 

and the newbom pups all had full physical contact with the groups immediately. Both 

groups of short-clawed otters (3 and 4) were left together due to their good group 

dynamics, and in the case o f  the river otters they were left together to allow the mother to 

rear the pups naturally and because the male and female could not be separated.

The newbom animals exhibited play and grooming behaviour in group I , as did the 

adult male towards the pup. hi group 3, the short-clawed otters approached the adult, 

groomed and showed submission, while the adult male approached the young, groomed and



played with them. In group 4, both the pups and the adults groom ed and played. The giant 

otter group (2) was very cohesive from the time o f the birth, with both the adult m ale and 

adult female contributing to care o f the young, so there w asn’t a particular response by the 

pups to the adult m ale in that case.

The m other allow ed the male to come into physical contact with the pups in groups 

2, 3 and 4 but in group 1 she responded aggressively at first to the adult m ale com ing in 

contact with the pups. However, the m ale was gradually accepted and allowed in contact 

with the pups. The overall behaviours in the groups changed after the births as shown in 

Table 4.32.

T able 4.32: Behaviour changes in otter groups after the births.
Group Group behaviour
1 River otter Increased: Groom ing 

Play
Social interactions 
Aggression 
Feeding 
Exploration

2 Giant otter Increased: Sexual behaviour 
Aggression 

Decreased: Groom ing 
Exploration

3 Short-clawed otter Increased: Groom ing 
Play
Social interactions 
Aggression 
Feeding 
Exploration

4 Short-clawed otter Increased: Groom ing 
Play
Social interactions 
Feeding 
Exploration 
Desirable behaviour 

Decreased: U ndesirable behaviour

It was recom m ended that the river otters ( I ) be offered hiding places and protected sleeping 

places, as well as a lot o f  structures under water. Quiet suiToundings and reassurance for the 

anim als were also recom m ended in this case. The EAZA guidelines were considered
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important in the giant otter (2) group change, and a good combination o f  individuals 

contributed to the successful birth. For the short-clawed otters, the large exhibit and good 

group dynamics contributed to the success o f  the birth in group 3, while the social nature o f  

the animals in group 4 was reason given for the success o f  that birth.

4.5. 7.2 Discussion

It is recommended by the river otter husbandry guidelines that pairs be separated prior to 

parturition and the male not re-introduced until the pups are weaned and swimming well, as 

females tend to be intolerant o f males during this time (Owens et al., 2009). However, prior 

to the birth reported in this study, it had not been possible for the respondents to separate 

the animals, and it was found that the birth went w'ell despite the male being present. While 

the female did respond aggressively to the male coming in contact with the pups initially, 

this gradually stopped.

Successful rearing o f  giant otter pups is rare, with a reported 83“'o mortality rate 

(Sykes-Gatz, 2005). This low success rate w'as attributed to parental neglect due to stress 

caused to the animals by human disturbance. The reported giant otter birth in this study 

appears to have been successful thus far, with the parents apparently caring appropriately 

for the cubs. There was minimum disturbance o f  the group, as the mother was left w'ith the 

male for the birth, which is likely to have contributed to the success o f  the rearing. 

However, the giant otter husbandry guidelines state that a successfully reared cub is one 

that sui"vives past one year (Sykes-Gatz, 2005), so it cannot be sure from the data collected 

in this survey whether that is indeed the case.

Short-clawed otters are recommended to be housed together when births take place 

as both parents and older siblings help raise pups (Lombardi et al., 2002). hi both groups 

described here, the male and female were kept together and in group 4 a juvenile otter was 

also present. This is particularly positive as the juvenile otter is likely to gain experience in 

raising young (Heap et al., 2008). All o f  the otter births were considered successful, which 

was due mainly to the social nature o f  otters.
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4.5.7.3 Otter recommendations

1. For most species it is recommended that otters be housed together during parturition. 

While this is not recommended for river otters Lontra canadensis (Owens et al., 2009), the 

birth reported in this study did take place successfully with the male present. A good 

combination o f individuals may suffice for a successful birth if  separation is not possible.

2. Giant otter Pteronura hrasiUensis and the short-clawed otter Aonyx cinereus males 

respond positively to a birth in the group and should be left with the group as nonnal if the 

gi'oup was stable before the birth.

3. It is recommended, as in the otter husbandry guidelines (Lombardi et a l ,  2002) that, 

where possible, juvenile otters are left with the group to observe and assist with the rearing 

of younger cubs.

4.5.8 Herpestids

Mongooses and meerkats are highly social mammals, and both are members of the 

carnivore family Heipestidae. Dwarf mongooses Helogale p a n  iila live in stable family 

groups ranging from four to seven adults (Olson, 2001). Meerkats Siiricata suricatta live 

in groups o f ten to thirty individuals (AZA Small Carnivore TAG. 2006). They 

cooperatively rear their young (Doolan & Macdonald. 1999). with helpers being 

subordinate members o f the group, though not necessarily closely related (Clutton-Brock et 

al., 2001). Although not endangered, meerkats are vei'y popular exhibit in zoos as they are 

entertaining and appear to encounter few problems in captivity (Hosey et al., 2009). 

Introductions are considered to be one of the most difficult aspects o f meerkat management 

in zoos as new individuals, and, indeed, re-introduced individuals are not readily accepted 

into the group (AZA Small Carnivore TAG, 2006). A gradual introduction is 

recommended, starting with olfactoi'y and auditory contact and building up to full physical 

contact. Births, meanwhile, are more straightforward; it is recommended that they are left 

undisturbed to give birth and raise their young (AZA Small Carnivore TAG, 2006).

Three removals and four births were reported in heipestid groups -  one removal in a 

cusimanse group and the remainder o f the group changes in meerkat groups.
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4.5.S.1 Removals

Three removals took place in Herpestid groups -  one removal from a group o f  cusimanses 

Crossarchus obscurus and two remo\ als from groups o f  meerkats Suricata suricatta. The 

structure o f  the original groups and the numbers o f  animals removed from each group are 

shown in Table 4.33.

T able 4.33: Original structure o f  the Herpestid groups and numbers o f  animals removed
Group Original group Animals removed
1 Cusimanse Adults 2.4 Adults 0.3

Unsure 4
2 Meerkat Adults 9.2 Adults 0.1

.luveniles 1.1
3 Meerkat Adults 4.2 Adults 1.1

There was a strong hierarchy in all three groups. The cusimanse group consisted o f  a 

breeding pair and siblings. One o f  the subordinate females was evicted from the group and 

had to be removed. Two other females were removed with her for company. The female 

removed from one o f  the groups o f  meerkats (group 2) was subordinate and had just 

become se.xually mature. She was removed from the group as a pre-emptive measure 

against friction developing in the group. The female that was removed from gi'oup 3 had 

been dominant but had lost her position within the group. She and the male had to be 

removed from the group to treat injuries and were subsequently not accepted back into the 

group.

Groups 1 and 2 maintained the same dominance hierarchy as before the removal. In 

group 3, it took 1-2 weeks for the second-ranking female in the group to establish her 

dominance and for the group to settle down. The behaviours o f  the remaining animals and 

o f the removed animals changed after the removals as shown in Table 4.34.
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Table 4.34: Behaviour changes in Herpestid groups and removed anim als after removals.

Group Group Removed animal
1 Cusim anse Decreased: Aggression Decreased: Sexual behaviour
2 M eerkat No change Decreased: Groom ing 

Play
Social interactions 
Sexual behaviour 
Aggression 
Exploration

3 M eerkat Increased: Plav
Social interactions 
Exploration 

Decreased: Aggression

Decreased: G room ing 
Play
Sexual behaviour 
Aggression

In the case o f  the cusim anse group (1), it was recom m ended that three anim als be rem oved 

together, rather than just one, as they are social animals. The reason given for the successful 

group change was reducing the num bers o f anim als in the group. In the first group o f 

meerkats (2), friction was avoided in the group by removing certain animals early. In the 

second meerkat group (3) it was recom m ended that the enclosure be designed to include an 

off-show area where anim als can be separated but still in view o f  the rest o f the group, 

which may avoid the rejection o f  animals that have been separated for medical treatment. It 

was also recom m ended that the anim als be removed as soon as it was clear that they have 

been rejected. The more relaxed dem eanour o f  the rem aining anim als in the group indicated 

the success o f  the removal in this case.

4.5.8.2 Births

Four groups o f  m eerkats in which a birth took place were reported in this survey. The 

original group stm ctures and the num bers o f anim als born are shown in Table 4.35.
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Table 4.35: Original structure o f  the meerkat groups and numbers o f  animals born.

Group Original group Animals born
I Adults 5.2 

.luveniles 2.2
2.2

Adults 1.1 
Juveniles 1.1

1.1

3 Adults 4.12 2.1
4 Adults 1.2 Unsure 3

There was a strong hierarchy in groups 1, 2 and 3, and a weak hierarchy in group 4. The 

mother o f  the animals born was dominant over the rest o f  the group in all four cases, as 

would be expected in meerkat groups (Stephens et al. 2005). The newborn meerkats w'ere 

not expected to hold the same position as their mothers, except in group 1 where this was 

only the case until they w'ere weaned.

The female meerkats all stayed w'ith their groups as normal throughout the 

pregnancy and births, and the infant meerkats had immediate full physical contact with the 

rest o f  the group. The new-bom meerkats in both group 1 and group 2 approached the other 

animals in the groups, and vice versa. The other animals in group 1 also groomed the 

newborn animals. The newbom meerkats in groups 3 and 4 played with other animals in 

the group, and vice versa, and the other animals in these groups also approached and 

groomed the newborn animals. All four mothers allowed physical contact between their 

infants and the rest o f  the group, and actively encouraged it in groups 1, 2 and 3. The 

behaviours o f  the animals in each group changed after the births as shown in Table 4.36.

The only recommendation for managing successful births was to leave the group 

alone, without intervention (1). The working group stiaicture was cited in group 3 as the 

reason for the successful birth, and in group 4 the success o f  the group change was 

considered to be because the pups were accepted by the group and the mother showed 

appropriate mothering behaviour.
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Table 4.36: Behaviour changes in meerkat groups after births took place.

Group Group behaviour
1 Increased; Plav

Social interactions 
Feeding 
Exploration 
Attempts to escape

2 Increased; Groomina 
Play 
Feeding 
Exploration 

Decreased; Undesirable behaviour
3 Increased; Plav

Social interactions 
Aggression

4 Increased; Groomine 
Play
Social interactions 
Exploration

4.5.8.3 Discussion

Aggression has been shown to have a long-lasting negative effect on social relationships in 

meerkats, with avoidance and submission being shown by the victims after incidents of 

aggression (Kutsukake & Clutton-Brock, 2008). Conflicts between dominant and 

subordinate female meerkats have been found to be the most likely cause o f evictions in 

meerkat groups (Stephens et a!., 2005) and it was indeed the case in groups 1 and 3 that 

females were evicted. When an animal has been rejected from a group and cannot be re

introduced, it is recommended to fonn a subgroup with at least one other individual as a 

companion (AZA Small Carnivore TAG, 2006). This was done in gi'oups 1 and 3 where 

removals were necessary due to animals being rejected from the group. However, in group 

2 only one individual was removed, aiming to avoid friction starting in the group. It was 

stated that the behaviour changes that were observed were due to the animal being held 

alone, confinning that ideally the advice o f the husbandry manual should be followed and 

animals held in groups o f two or more, so that normal social behaviour can be carried out.

All four meerkat births took place in the group, with the mother responding 

positively to other members in the group coming into contact with her offspring, as would 

be expected (Clutton-Brock et al., 2001). There was no keeper input mentioned in the
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responses, as recommended by the meerkat husbandry manual (AZA Small Carnivore 

TAG, 2006). The meerkat group changes that were reported in this survey appear to have 

been carried out with few issues arising, as would be expected from this generally easy-to- 

manage species (Hosey et al., 2009).

4.5.8.4 Herpestid recommendations

1. Remove animals that have been evicted by the group.

2. If  animals need to be separated from the group for a temporary period, give them visual, 

aural and olfactory contact with the group rather than separating them completely.

2. As recommended by AZA (AZA Small Carnivore TAG, 2006), remove animals in 

groups o f  tw'o or more, rather than leaving one animal on its own.

3. Allow groups to remain together for births and minimise the amount o f  interference by 

keepers during this time.

4.5.9 Social felids

Lions Pcmthera leo are the only large felids that are not solitary (Shoemaker er al., 1997), 

and therefore are considered separately from other large felids in this study as their social 

requirements are different. The optimal size o f  lion prides in the wild has been calculated to 

be between three and eleven females (Van der Waal et al.. 2009), with one o f  the primary 

reasons for lions to live in such social groups thought to be teiTitorial competition (Mosser 

& Packer, 2009). hi zoos, it is recommended that lions can be kept singly, in pairs, or with 

several females if  the enclosure dimensions allow it (Shoemaker et al., 1997). However, it 

is recommended that males should be kept separate from other males and mothers with 

infants should be moved to a cubbing den prior to the birth and reintroduced when the cubs 

are 2-3 months old.

The introduction procedure for lions is highly dependent on the individual, and 

factors such as the oestrus cycle o f  females and the number o f  males already in the group 

need to be taken into account (Hillerman, 2009). The African lion husbandry manual 

strongly recommends a gradual introduction that involves moving the introduced lion 

gradually closer to the main enclosure, then allowing partial physical contact, and finally a

139



full introduction. It also states that females are easier to introduce to a mixed pride than 

males, but m ales are easier to introduce to a fem ale-only pride (Hillerm an, 2009).

Three introductions were reported in lion gi'oups in this study. The subspecies were 

named in two cases, but this distinction is not considered im portant in tenns o f husbandry 

requirem ents (Shoem aker et al., 1997).

4.5.9.1 Introductions

Three groups o f lions had an introduction take place. Two o f  the groups originally  

consisted o f  an adult female and one consisted o f  an adult male. The num bers o f  anim als 

that were introduced are shown below in Table 4.37,

Group Original group Introduced anim als
1 African lion Adult 0.1 Juveniles 1.1
2 Asian lion Adult 0.1 Adult 1.0
3 Lion Adult 1.0 Adults 0.2

There were no dom inance hierarchies in the original groups since they all consisted o f  only 

one animal, and the hierarchies in the source groups were unknown in all cases. The 

introduced African lions and Asian lion were on their ow'n for a tem porary period prior to 

the introductions, while the introduced lion in group 3 was in another group. The African 

lion was given partial physical contact initially, which lasted for over 1 month, w hile the 

lions in groups 2 and 3 were given sight, sound and scent contact initially. This lasted for 1- 

2 weeks in group 2 and less than one week in group 3.

The introduced animal showed interest in the group in all three cases, and also 

showed anxiety and avoided contact in group 1. The original lions showed interest in the 

introduced anim als in gi'oups 1 and 3, and also avoided contact in group 1 and showed 

aixxiety in group 2.

Full contact between the anim als was allow ed when there were no signs o f 

aggression in groups I and 2, and when the females had tim e to get to know  their 

enclosures in group 3. The responses o f  the lions to full contact were different in each case. 

In group 1, the introduced anim als avoided the female, and also show ed fear, subm ission 

and play behaviour, while the female avoided the introduced anim als and showed
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aggression. In group 2. tiie introduced animal approached the female, and the female 

engaged in sexual behaviour with the introduced male. In group 3, the introduced females 

ignored the male, but the m ale approached the females.

The changes in behaviour in the three groups are sum m arised in Table 4.38.

T able 4.38: Behaviour changes in lion groups and introduced animals after introductions
Group Group Introduced animal
1 African 

Lion
Increased: Plav

Social interactions 
Sexual behaviour 
Aggression

Increased: Plav
Social interactions 
Exploration

2 Asian 
Lion

Increased: Plav
Social interactions 
Sexual behaviour 
Exploration

Increased: Plav
Social interactions 
Sexual behaviour 
Undesirable behaviour

3 Lion Increased: Social interactions 
Exploration

Increased: Social interactions 
Aggression

One recommendation was given to suggest canying out the introduction in group 1 

differently -  it was suggested that an older or a younger male should be introduced, and not 

a juvenile, as the older female did not respect him. In this case the introduction was not 

successful, but the introductions in groups 2 and 3 were successful.

4.5.9.2 Discussion

The lion group stm ctures reported in this survey are sim ilar to the staicture recom m ended 

by the husbandry guidelines (Shoem aker e f  a ! . ,  1997). All three introductions that took 

place resulted in groups o f  one male and either one or two adult females. The introduction 

in group 1 was unsuccessful, and this was suggested to be due to the age o f  the introduced 

m ale lion -  he was too young to be fully dom inant but too old to be unthreatening. The 

introductions in groups 2 and 3 were successful although there was som e undesirable 

behaviour in group 2 and aggression observed in group 3. The gradual pace o f the 

introductions would appear to be useftil, although the longest introduction was 

unsuccessful, so while a gradual introduction is strongly recom m ended (H illem ian. 2009), 

a prolonged period o f  initial contact may not be a guarantee o f success if  the anim als are 

incompatible.
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4.5.9.3 Social felid recommendations

1. Introducing animals o f the opposite sex appears to work well. However, when 

introducing animals of the same sex, consider the status o f the animals and whether they 

will respect each other.

2. Signs of animals showing fear and avoiding each other, and increased aggression may be 

suggestive o f an unsuccessful introduction.

3. A longer period of initial contact may not necessarily result in a successful introduction 

if the animals involved are unsuited to each other.

4.5.10 Solitary felids

The majority o f felids are solitary in the wild, and, with the exception of mother-offspring 

units, tend only to come into contact for mating. Tigers Panthera tigris are generally 

housed singly or in pairs, although with careful management tigers have been housed 

successfully in larger groups (Miller & Kuhar, 2008). Reduced available space has been 

shown to result decreased social behaviour and aggression (Miller et al., in press).

Snow leopards Uticia iiiicia housed in pairs have been shown to tolerate each other 

well, and exhibit little aggression (Freeman, 1983). While generally solitary in the wild, 

snow leopards in captivity can be housed together, particularly if  they were raised together 

from an early age (Wharton & Mainka, 1997). Some assessment o f personality differences 

in snow leopards have been made, which are helpful in making husbandly decisions in 

relation to which individuals would be suitable to be housed together (Gartner & Powell, in 

press).

Three removals took place in solitary felid groups. The species in which the group 

changes took place were:

Tiger Panthera tigris 

Snow leopard Uncia inicia 

Clouded leopard Neofelis nehiilosa
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4.5.10.1 Removals

The structure o f  each group prior to the removal and the numbers o f  animals removed are 

shown in Table 4.39.

T able 4.39: Original structure o f  the felid groups and the numbers o f  animals removed.
Group Original group Animals removed
1 Snow leopard Adults 1.2 (mother & two adult cubs) Adults 1.1
2 Clouded leopard Juveniles 2.1 Juvenile 0.1
3 Sumatran tiger Adult 0.1

Juvenile 2.1 (mother & cubs)
Juvenile 1.1

There was a weak hierarchy in group 1. no hierarchy established yet in group 2, and a 

strong hierarchy in group 3, with the mother dominant over the cubs in groups 1 and 3. 

in group 1. the adult four-year-old cubs were removed and the mother remained. After their 

removal, the mother increased her feeding, exploration and desirable behaviour. She 

decreased her social interactions, sexual behaviour and undesirable pacing behaviour. She 

had apparently previously been stressed by the cubs, which had been fighting daily. There 

was no change in behaviour in group 2. The mother and remaining cub in group 3 increased 

their exploration and other desirable behaviour such as interacting with enrichments, and 

decreased their play and social interactions. The remaining cub became more adventurous 

as extra enrichments were supplied to compensate for the loss o f  his siblings.

The adult cubs that were remox ed from group 1 increased their play, exploration 

and other desirable behaviours, while they decreased their sexual behaviour, aggression and 

undesirable behaviour. The cubs appeared to relax once they were away from their mother. 

The behaviour o f  the juvenile that was removed from group 2 was unknown. The juvenile 

cubs that were removed from group 3 increased their aggression and feeding. They 

decreased their gi'ooming, play, social interactions and exploration due to being housed and 

treated at the veterinary hospital. Both the change in housing and the veterinary treatment 

were noted by the respondent to change the behaviours o f  the cubs.

hi the case o f  group 1, it was recommended that cubs be removed earlier than they 

had been in this case. A series o f  separations and giving the cubs access to the enclosure 

separately was recommended so that the cats adjusted to being separated, and, in order to 

facilitate this, good holding areas were necessary, hi group 2, it was recommended that two
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animals be left together, while in group 3 the removal had been for medical reasons and the 

cubs were returned after three months. During the separation period, the cubs were out of 

sight and sound of the mother, which reduced the stress caused to both parties.

4.5.10.2 Discussion

The removal o f the juvenile clouded leopard from two other juveniles appeared to be 

uneventful and straightforward. There are few recommendations in relation to the 

management o f clouded leopard social groups because their extremely secretive nature in 

the wild means current understanding o f clouded leopard social habits are based on 

obsei'vations in captivity (Anon., 2000). Generally, they are housed in pairs that are placed 

together at a young age and remain together for life. This means that if snow leopards are to 

be separated it should happen at an early stage, as occurred in the removal reported here. 

The tiger removal was a situation that may not be directly comparable because the animals 

were only temporarily removed for veterinary care.

The removal o f the four-year-old snow leopard cubs from tiie group was considered 

about a year later than would have been ideal, and in fact cubs from around 30 months of 

age may mate with their dam (Wharton & Mainka, 1997), so an even earlier removal would 

have been warranted. Housing the adult cubs with their mother did appear to cause stress to 

all of the snow leopards involved, and the changes in behaviour such as decreased sexual 

behaviour and aggression after the removal was a very positive outcome.

4.5.10.3 Solitary felid recommendations

1. Remove cubs that are at dispersal age.

2. Avoid leaving one cub on its own after the removal process.

4.5.11 Canids

The canidae family includes wolves, foxes, jackals, coyotes Ccmis latrcms, and the 

domestic dog Canis lupus familiaris. Hyaenas , though a different family than canids, have 

similar husbandry needs to canids (Shoemaker & Dulaney, 2009), and for that reason are 

also considered here. Canids are social animals, and during the breeding season, all canids
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fonn pair bonds, which usually extend into the period of pup-rearing (Grisham et al.. 

undated). For example, grey wolves Canis lupus live in packs that usually consist of a 

breeding pair along w-ith several other indixiduals (Mech. 2000). Group dynamics and 

stmcture have been found to be particularly important in the wellbeing of canids. For 

example, unequal affiliative interactions, such as play initiation between wolves and the 

responses of recipients to the initiation have been shown to be associated with subsequent 

social disruption during the breeding season (Cipponeri & Verrell. 2003). Group size has 

been shown to be a very important factor in the success of African wild dogs Lycaon pictus 

(Courchamp & Macdonald, 2001). This means that a group change in canid species may 

have a significant impact on the individuals involved due to the disruption in the group and 

the resulting increase in stress.

There were eight group changes reported in canid and hyaena groups, and these 

encompassed t'lve different species. The species in which group changes took place were as 

follows:

Dingo Canis lupus Jingo ( I introduction)

Grey wolf Caiuis lupus ( I introduction, 2 births)

Red fox ]'ulpes vulpes (2 introductions)

Arabian sandfox Vulpes rueppellii ( I introduction)

Hyaena Hyaena sp. (1 birth)

4.5.11.1 Introductions

Five groups of canids had introductions take place. Table 4.40 shows the species and 

stmcture of each group.

Table 4.40: Original stmcture of canid groups and the numbers of animals introduced.

Group Original group Introduced animals
1 Dingo Adults 2.0 Juveniles 0.2
2 Grey w'olf Adults 2.1 Adult 0.1
3 Red fox Adults 2.0 Adult 0.1
4 Red fox Adult 1.0 Aduh 0.1
5 Arabian sandfox Adults 0.4 Adult 0.1
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The introduction o f  the Arabian sandfox (group 5) was considered unsuccessful and the 

other four introductions were considered successful. There was a strong hierarchy in groups 

1 and 2, a weak hierarchy in groups 3 and 5, and no hierarchy in group 4 as there was only 

one individual present. There was no hierarchy in the source group o f  the introduced 

anim als in groups 3, 4 and 5. The introduced grey w o lf had previously been in the same 

group and was subordinate. She was being introduced following treatm ent for an injury 

inflicted by the alpha female. This female was expected to retain the same subordinate 

position after being reintroduced. The hierarchy was unknown in the dingo source group 

and the introduced dingo was expected to be in a subordinate position in the new group. 

The hierarchies o f  groups 1-4 did not change after the introductions. The hierarchy in the 

Arabian sandfox group was expected to change on a regular basis after the introduction, 

and took 2-4 weeks to re-establish.

The location prior to introduction o f  the introduced anim als varied, with one being 

in another group ( I ), one housed on its own for a tem porary period (i.e. a period o f  days or 

weeks)(2), one on its own for a long period (i.e. a period o f  several months or m ore)(5). and 

two were unknown (3 and 4).

Groups I and 2 were first given partial physical contact with the introduced animal, 

for 3-4 weeks for the dingo (1) and 1-2 weeks for the grey w o lf (2). These periods o f  time 

were as long as had been expected by the respondents. However, group 4 was given sight, 

sound and scent contact initially for 3-4 weeks, and this was longer than had been expected. 

Groups 3 and 5 were given full physical contact immediately. In group 3 this was because 

there were no facilities available for a m ore gradual introduction, while in group 5 this was 

because the species is generally placid.

The introduced dingo (1) showed interest in the group, and vice versa. Full contact 

was given in group 1 when only affiliative behaviour was being shown, and the introduced 

anim als were being subm issive towards the group. The introduced grey w olf (2) exhibited 

anxiety and the group showed aggression. She was allowed full contact with the group once 

all her wounds had healed and the dom inant female was no longer reacting to her. The red 

fox introduced to group 4 showed both anxiety and interest in the group, as did the group to 

the introduced animal. She was introduced with full contact once the anim als no longer 

showed aggression and appeared com fortable with each other.

146



Tlie introduced animals in groups 1 and 2 both showed submission towards the 

gioup. The groups asserted dominance in both cases, and approached the introduced animal 

in group 2. The red fox in group 3 slept a lot following the introduction, and the group 

avoided her. The red fox in group 4 approached the group and initiated play, but the group 

avoided her and showed fear. The Arabian sandfox (5) avoided the group after the 

introduction, and vice versa.

Following the introductions, the female dingos (1) were temporarily removed again 

for neutering, but were then left with the group pennanently. All o f  the other introduced 

animals stayed with the groups pennanently after the introduction, including the 

introduction that was considered unsuccessful (5). The behaviour o f  the introduced animals 

and the groups following the introductions are shown in Table 4.41.

Table 4.42: Behaviour changes in canid groups and introduced animals after the 
introductions

Group Origmal group Introduced animal
1 Dingo Increased: Play

Social interactions 
Desirable behaviour

No change

2 Grey wolf No change No change
3 Red fox Increased: Social interactions 

Aggression 
Feeding 
Exploration 
Desirable behaviour

Don't know

4 Red fox Increased: Social interactions 
Exploration 

Decreased: Feedine

Increased: Play
Social interactions 
Exploration 

Decreased: Feeding
5 Arabian 

sandfox
Increased: Social interactions 

Aggression
Increased: Social interactions 

Aggression 
Exploration

The success o f  the introduction o f  the dingo was considered to be due to the gradual 

introduction o f  young animals that were o f  the opposite sex to the established pair. The re- 

introduction o f  the grey w olf  was can'ied out successfully by introducing the two females 

first before introducing the males. This resulted in no increase in aggression, and the pack 

behaviour remaining normal. The success o f  the red fox introduction in group 3 was 

considered to be due to introducing an animal o f  the opposite sex to the established gi'oup.
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as well as the fact that the breeding season was approaching. The second red fox 

introduction (group 4) was thought to have been earned out successfully due to the gi'adual 

pace o f  the introduction, and allowing the female to explore the exhibit on her own before 

allowing the m ale in. In relation to the introduction o f  the Arabian sandfox, it was 

recom m ended that a m ore gradual introduction should be can ied  out, as well as allowing 

the introduced animal to become more familiar with the new environm ent, or change the 

enclosure altogether for all the individuals in the group. The fast pace o f  the introduction 

without any adjustm ent phase for the anim als involved, and the increase in aggression 

when the anim als had full contact, m eant that the process w'as deemed unsuccessful.

4.5.11.2 Births

Three births took place in canid groups. The group stnictures and num ber o f anim als born 

varied, and the details o f  each group are shown in Table 4.43.

Table 4.43: Original structure o f the canid groups and the num bers o f  anim als born.
Group Original group Anim als bom
1 Grey w olf Adults 4.3 1.1
2 Grey w olf Adults 3.2 4.2
3 Hyaena Adults 2.1 2.0

There was a strong hierarchy in all three groups, but the position o f  the m other was 

different in each o f them  -  in group 1 she was subordinate, in group 2 she was dominant 

over the females only, and in group 3 she was dom inant over the whole group. The 

offspring were not expected to hold the same position as the m other in either o f  the w olf 

groups but were expected to hold the same position as the m other until they were weaned in 

the hyaena group.

The pregnant wolves were housed with the group as nonnal for the birth, and the 

newborn anim als had full physical contact with the rest o f  the group after the birth. 

However, the pregnant hyaena was housed alone for a few weeks before the birth and the 

cubs only had partial physical contact until they were a few months old. This was longer 

than expected, and was done to ensure that the cubs could support them selves. During the 

period o f  partial physical contact, the cubs approached and played through the mesh with 

the rest o f  the group, and the group approached, played and showed subm ission to the cubs.
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When the cubs were clearly unafraid, playful and interested in being with the rest o f the 

group they were given full physical contact.

In all three cases, the cubs approached the rest o f the group and vice versa when 

they were given full physical contact. The wolves in group 2 and the hyaenas also played, 

and the wolves in group 2 groomed each other while the hyaenas in the group submitted to 

the cubs. In all three groups, the mother allowed the group to come in contact with her 

cubs. The behaviour of the groups changed after the birth as shown in Table 4.44.

Table 4.44: Changes in behaviour o f the canid groups after births had taken place

Group Group behaviour
1 Grey wolf Increased: Plav

Social interactions 
Sexual behaviour 
Aggression 
Feeding
Desirable behaviour

2 Grey wolf Increased: Groomintz 
Play
Social interactions 
Aggression 
Feeding 
Exploration

3 Hyaena Increased: Plav
Social interactions 
Sexual behaviour 
Exploration 
Desirable behaviour. 

Decreased: Undesirable behaviour

The only recommendations in relation to management o f births in canid groups were from 

the hyaena group, and these were to separate the mother from the group before the birth as 

would happen in the wild, film the birth and wait a shorter time before the introductions 

than a few months which w'as the case in group 3. It was also recommended to keep the 

birth area quiet and monitor interactions at the fence, while the dominant status of the 

mother helped as other animals in the group behaved appropriately towards the cubs.
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4.5.11.3 Discussion

The introductions that took place in canid groups all involved the introduction o f  females. 

The only unsuccessful introduction was when a female Arabian sandfox was introduced to 

four other females. The pace o f  the introduction was given as the reason for the 

unsuccessful outcom e o f  this event. However, the fact that all the animals involved were 

female m ay also have been a factor; all o f  the other canid introductions had m ales in the 

original groups, and fem ale canids have also been previously reported to be successfiilly 

introduced to m ale groups (Schropfer & Rohde, 1997). The reported hierarchies in the 

groups ranged from strong in the dingo and grey w olf groups to none in one o f  the red fox 

gioups, so this does not appear to have been a factor in detennining the outcom e o f the 

introductions. M anagem ent o f captive w olf group stiiictures has been found to influence 

their behavioural repertoire -  the overall behavioural diversity o f  a w olf pack was found to 

be highly related to the pack com position (Frezard & Le Pape, 2003). However, while 

aggression and anxiety were seen during some o f the introductions, these introductions 

were all ultim ately successful, so a certain level o f this type o f behaviour does not appear to 

necessarily predict a failed introduction.

The grey w o lf groups in which births took place both had the expectant m other in 

the group as nom ial throughout the pregnancy and birth, while the hyaena was separated 

from the group for a few weeks prior to the birth, which is sim ilar to what would happen in 

the wild (Shoem aker & Dulaney, 2009). There was an increase in social behaviours as well 

as aggression in the w o lf groups, though the increase in aggression did not result in an 

unsuccessful outcome.

4.5.11.4 Canid recommendations

1. The sexes o f  the anim als involved are important to consider when carrying out 

introductions. A  m ixed group m ay be m ore successfi.il than a single-sex gi'oup.

2. Some anxiety during the introduction is not indicative o f  an unsuccessful introduction.

3. Behaviour in the w ild should be considered; grey wolves can be housed together as 

nonnal for a birth while hyaenas should be separated for a period o f  time as w ould happen 

in the wild, and as recom m ended by the husbandry guidelines (Shoem aker & Dulaney, 

2009).
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4.5.12 Red pandas

Red pandas Aihinis fulgeus in the wild originate from Indochina and are found in Nepal, 

India. Bhutan, northern Myanmar and China and are cuirently classified as vulnerable due 

to habitat destruction and poaching (Choudhury, 2001). Wild red pandas are generally 

solitary, except during the breeding season (Wei & Zhang. 2011). However, female red 

pandas in captivity have been found to breed successfully when kept in paired or 

polygynous groups, though not in polyandrous situations (Wei et a!., 2005). The ideal 

gi'ouping is considered to be a mated pair and their dependent offspring (Roberts & 

Gittleman, 1984). Aggression in red pandas is rare, and has been found to be most common 

during sexual activity, feeding, introduction or re-introduction, resting or nesting and from 

males towards cubs (Zidar. 2008).

While they are popular in zoos, and have been since they were first exhibited in 

1869, red pandas continue to have a low infant survival rate, resulting in the captive 

population showing little or no growth (Glatston & Roberts. 1988). The high infant 

mortality has been attributed in part to management problems since the mortality rate is 

lower in some regional management programs in some parts o f  the world than in others 

(Glatston & Leus, 2005). It has been recommended that further attention be paid to 

management techniques, as a recent survey has found that not all zoos adhere to the advice 

of the red panda husbandi7 manual (Eriksson et al., 2010).

Three red panda births were reported in this study.

4.5.12.1 Births

Three groups o f  red pandas had a birth take place. All three groups consisted o f  one adult 

female and one adult male, and all groups had two infant pandas bom  into it (Table 4.45).

Table 4.45: Red panda group stincture prior to birth, and animals bom into each group.

Group Original group Animals bom
1 Adult 1.1 0.2
2 Adult 1.1 Unsure 2
3 Adult 1.1 1.1
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There was no dom inance hierarchy reported in any o f  the groups, hi all three cases the 

pregnant animal was housed with the group throughout the pregnancy and the birth. In 

group 1, the previous m ale offspring had been removed two m onths prior to the birth. The 

newborn pandas were given full physical contact with the group (i.e. with the adult male) in 

all three cases. The new borns showed no particular response to the male in group 1 until 

they were three m onths o f  age and left the nest. The infants in groups 2 and 3 both 

approached the male, and those in group 3 also showed fear and subm ission. The male in 

group 1 did not show any paiticular response, while the m ales in groups 2 and 3 

approached the infants. The male in group 3 also showed aggression and can'ied out some 

groom ing on the new born pandas.

The m others in groups 1 and 3 actively discouraged physical contact between the 

infants and the adult male. In group 1 this lasted for the fust three months after the birth, 

but in group 3, the m other allowed contact between the male and her cubs during sleeping 

periods in the den. Increases in play, social interactions and exploration were noted in all 

three groups after the birth. Increases in feeding were also obsei-ved in groups 1 and 2, and 

an increase in aggression was seen in group 3.

It was recom m ended that the cubs from the previous litter be rem oved from the 

group prior to the birth (group 1), and that the anim als and enclosure furniture be left 

undisturbed as m uch as possible (group 2). All o f  the births were considered successfi.il and 

this was attributed to a good enclosure structure (2) w'ith natural conditions (3), the timing 

o f the introduction o f the m ale and the fem ale (2), and little disturbance before and after the 

birth (2).

4.5.12.2 Discussion

W hile red pandas in the w ild are solitary outside the breeding season, they do well in zoos 

when housed in pairs (W ei et ciL, 2005), and rarely show aggression (Zidar, 2008).

The three biilhs reported in this survey were all considered successful. The m ost recent 

recom m endations on red panda m anagem ent suggest that maternal neglect is the main 

cause for infant m ortality (Eriksson et a i ,  2010). The reason for this m ay stern from stress, 

insufficient parenting skills or an inappropriate environm ent, and high infant mortality has 

also been attributed to m anagem ent problem s such as unsuitable areas for giving birth
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(Glatston & Leus, 2005). Two o f  the three mothers o f  newborn red pandas reported in this 

survey prevented contact between the cubs and the male during the initial period after the 

birth. This suggests that, as per the husbandry recommendations (Eriksson et a!., 2010), the 

provision o f  several nest-boxes or similar areas for giving birth and keeping young is 

important so that the mother has a some choice in where to keep her cubs and may thus 

avoid stressful interactions. As with the introductions, a longer-tenn consideration o f  the 

success o f  a birth would also be useful. High mortality rates in the first year is one o f  the 

reasons for the captive population showing little or no growth (Glatston & Leus, 2005), so 

for a birth to be considered fully successful it may be more appropriate to judge the 

outcome once the first year has passed.

4.5.12.3 Red panda recommendations

1. Births o f  red pandas take place successfully within the group, although it is 

recommended to remove previous litters prior to the birth.

2. Adult male red pandas are generally discouraged by the female from coming into contact 

with the newborn cubs during the first months after the birth. The red panda husbandry 

guidelines (Glatston, 1989) suggest a number o f  dens or nest boxes should be available in 

red panda enclosures, and this has recently been highlighted for further attention (Eriksson 

et a i .  2010). A choice o f  structures within the enclosure to facilitate the separation of 

mother and cubs from male pandas is therefore recommended.

3. In light o f  the status o f  the red panda population in captivity, it may be more appropriate 

to judge births according to their outcomes over the longer temi. It is recommended that 

further studies o f  red panda group changes focus on both the short and long tenn  outcomes.

4.5.13 Callitrichids

Callitrichids are an arboreal family o f  New World monkeys that includes mamiosets and 

tamarins. Callitrichids are considered unusual in that they h a \e  a very flexible mating 

system that spans monogamy, polyandry and polygamy (Dunbar, 1995). In zoos they are 

typically housed in monogamous family groups consisting o f  a single breeding pair and 

their offspring, although there is considerable w'ithin-species variation in stiiicture of wild
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gl'oups (Baker & Savage, 1999). Some species, including cotton-top tamarins Sagniiiiis 

oedipus have been observed in the wild in groups o f several males and females (Savage et 

al., 1996), and common mannosets Callithrix jacclnis have been reported to have groups 

with more than one breeding female at one time (Digby & Feirari, 1994). Little systematic 

infomiation exists on the success rate or long-tenn stability of gi'Oups of unrelated individuals 

and Baker and Savage (1999) state that it is unlikely that large, stable groups can be fonned 

this way, compared with gi'oups that are kin-based.

A total o f 22 group changes were reported in Callitrichids -  eight introductions, five 

births, six removals and three deaths. The species for which group changes were reported in 

this sui'vey were:

Emperor  tamarin Sagiiiiuis iiiiperator {] introduction, 1 removal)

Golden lion tamarin Leontopithecus rosalia (4 introductions, 1 birth, 1 removal, 1 death) 

White-lipped tamarin Sagiiiiiiis lahiatiis (1 death)

Geoffroy’s tamarin Sagiiiinis geuffroyi (1 birth)

Cotton-top tamarin Sagiiinus oedipus (2 births. 1 removal, 1 death)

Common mamioset Qv/Z/V/zr/.v/V/C(;7?//.s ( I introduction, 1 removal)

Black tailed marmoset Mico mekmura (1 removal)

Pygmy marmoset Cehiiellapygmaea  (2 introductions, 1 birth)

Goeldi’s monkey Calliinico goeldii (1 removal)

4.5.13.1 Introductions

All o f the callitrichid introductions were considered successful. Five of the introductions 

consisted o f one adult male and one adult female being introduced to each other (groups 2, 

3, 4, 5, and 8). Table 4.46 shows the original stnicture o f the groups and the numbers of 

animals introduced to each group.
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T able 4.46: Original structure o f  callitrichid groups and numbers o f  animals introduced.
Group Original group Introduced animals
1 Emperor tamarin Adults 1.1 Juvenile 1.0
2 Golden lion tamarin Adult 1.0 Adult 0.1
3 Golden lion tamarin Adult 1.0 Adult 0.1
4 Golden lion tamarin Adult 1.0 Adult 0.1
5 Golden lion tamarin Adult 1.0 Adult 0.1
6 Common mannoset Adults 0.2 Adult 1.0
7 Pygmy mannoset Adult 1.0 

Juveniles 2.0
Adult 0.1

8 Pygmy marmoset Adult 0.1 Adult 1.0

In all o f  the groups, the hierarchy was not very strong (6 and 7), non-existent (I ,  3, 4, 5 and 

8) or unknown (2). The hierarchy in the source groups of the introduced animals w'ere also 

not vei-y strong (1), non-existent (3 and 7) or unknown (2. 4. 5. 6 and 8).

Four of the introduced animals were on their own for a temporary period ranging 

from two weeks to two months prior to the introduction (1, 2. 4 and 8). In three o f  the 

remaining cases the introduced animal had previously been in another group (3, 6 and 7), 

and in one case the situation was unknown (5).

One of the groups was given full physical contact with the introduced animal 

immediately (2). and one group allowed full physical contact after just a few minutes o f  

N'isual. aural and olfactory contact (7). Three groups were first given partial physical 

contact, for example through a wire fence, which ranged in duration from less than one 

week in two cases (4 and 6) to over one month in the third case (1). Two groups were given 

visual, aural and olfactory (but not physical) contact with the introduced animal initially 

and this lasted for under a week in one case (8), and between 1-2 weeks in the second (5). 

One group was given aural and olfactory contact initially for a period o f  1 -2 w'eeks (3). In 

the case o f  group 7 where full contact was given a few minutes after initial contact, and in 

two of the cases where the initial introductions lasted less than one week (4 and 8), 

respondents stated that this was shorter than had been expected, and was due to positive, 

affiliative behaviour being shown by the introduced animals and the groups.

In two groups (1 and 5) the introduced animal showed anxiety. In group 1, where a 

juvenile was introduced to an adult pair, this was anxiety towards open space and the initial 

partial physical contact continued for over one month. The other was in an adult female 

being introduced to an adult male (5), when there was sight, sound and scent contact for 1-2
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weeks initially. The adult female in group 3 was disinterested when given sound and scent 

contact with an adult male for a period o f 1 -2 weeks. Four introduced animals displayed 

interest in the group (4, 6, 7 and 8). In all seven cases where there was a period o f initial 

contact, the animals in the group showed interest towards the introduced animal (1 and 3- 

8). A range of criteria were used to detemiine when the animals were ready for fiill physical 

contact. These were: introduced animal’s comfort with the new enclosure (1 and 2), 

absences o f aggression (1, 4 and 8), fear (4), anxiety and stereotypic behaviour (5), 

presence o f affiliative behaviour (1 and 6) and interest between the group and the 

introduced animal (4, 7 and 8). The behavioural responses o f the introduced animal to the 

group, and vice versa, on being given full physical contact are shown in Table 4.47.

Table 4.47: Behavioural responses o f introduced callitrichids to the group and rice versa 
_________ after having been given full physical contact.________________________

Group hitroduced animal Group
1 Emperor tamarin Approach

Fear
Approach 
Assert dominance

2 Golden lion tamarin Approach Groom
Groom Affiliative interactions

3 Golden lion tamarin Uninterested Uninterested
4 Golden lion tamarin Groom Approach

Sexual behaviour Groom
Play Sexual beha\'iour 

Play
5 Golden lion tamarin Approach

Groom
Approach
Groom
Sexual behaviour

6 Common mannoset Approach Approach
Groom Groom
Play Play

7 Pygmy marmoset Approach Approach
8 Pygmy mamioset Fear Approach

After the full introduction, the animals were able to remain together pennanently in 

all cases. The behavioural changes that were noted in each group after the introduction are 

shown in Table 4.48.

In the case where fiill physical contact occurred straight away (group 2), a period of 

partial physical contact was thought to have been desirable but w'as not possible. Allowing 

some more time for the introduced animal to explore its enclosure (group 1), and allowing
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tlie introduced animal to meet one individual at a time (group 7) were both suggested as 

possible impro\ ements to the process. The use of an introduction cage within the main 

enclosure w'as recommended in two cases as this allowed close monitoring of the situation 

(groups 1 and 6), and a slow introduction through a banier was also recommended (group 

8). Overall, the factors that respondents considered had made the introductions successful 

were, in five cases, that the introduction mimicked a natural scenario where a male and a 

female were introduced to each other (groups 3, 4, 5, 6 and 8). hi the case where a juvenile 

was introduced (group 1). the length of time allowed for them to get to know each other 

was helpful.

Table 4.48: Behaviour changes in callitrichid groups and introduced animals after
introductions.

Group Original group Introduced animals
1 Emperor 

tamarin
Increased: Social interactions 

Increased aggression 
towards keepers only

Increased: Social interactions 
Aggression 
Exploration 
Desirable behaviour

2 Golden lion 
tamarin

Increased: Grooming 
Exploration

Don't know

3 Golden lion 
tamarin

Increased: Grooming
Social interactions 
Sexual behaviour

hicreased: Grooming
Social interactions 
Sexual behaviour

4 Golden lion 
tamarin

Increased: Grooming 
Play
Social interactions 
Sexual behaviour

Increased: Grooming 
Play
Social interactions 
Sexual behaviour 
Feeding 
Exploration

5 Golden lion 
tamarin

No response No response

6 Common 
mamioset

Increased: Sexual behaviour Increased: Sexual behaviour

7 Pygmy 
mamioset

No change Increased: Grooming
Social interactions 
Exploration

8 Pygmy 
mamioset

Increased: Grooming 
Play
Social interactions 
Sexual behaviour

Increased: Grooming 
Play
Social interactions 
Sexual behaviour
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Only one o f  the gi'oups had a juvenile introduced to it, as opposed to an adult (group 

1). Although the juvenile showed som e anxiety towards the open space, it did not appear to 

respond negatively to the group itself, and the response o f the gi'oup to the juvenile was 

equally positive, showing protective behaviour and apparently adopting it. The group that 

already contained juveniles (group 7) prior to the introduction also responded well to the 

addition o f an adult female. None o f  the groups with introductions had m ore than three 

individuals in it initially, so it is unclear whether the small group sizes contributed to the 

positive outcom es o f  the introductions.

4.5.13.2 Births

Five births were reported in Callitrichid groups, all o f  which w ere successful. The group 

stm ctures prior to the births were all different and were as shown in Table 4.49.

T able 4.49: Original structure o f callitrichid groups and the num bers o f  anim als born.
Group Original group Anim als born
1 Cotton-top tamarin A dults 5.3 Gender unsure 1
2 Cotton-top tamarin Adults 1.1 

Juvenile 0.1
2.0

3 Golden-lion tamarin Adults 1.1 
Juveniles 2.1

Gender unsure 1

4 G eoffroy 's marmoset Adults 1.1 Gender unsure 2
5 Pygmy m annoset Adults 1.1 

Juveniles 1.2
1.0

The dom inance hierarchy in the group was considered strong in groups I and 5. and weak 

in gi'oup 3. There was not considered to be a hierarchy in either group 2 or group 4. In the 

three groups with a dominance hierarchy, the m other o f  the infant was dom inant over the 

whole group but the infant was not expected to hold the same position as the m other in any 

o f the cases.

The m others were all housed with the group as nonnal throughout pregnancy and 

birth, and all groups im m ediately had full physical contact w ith the new born infant. The 

new born animal showed no particular response to other m em bers o f  the group in groups 2 

and 3, and avoided the group in group 4 as it was still riding on its m other. H ow ever, in one 

case the new born played with the group (group 1) and in one case approached the group
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(group 5). Four o f  the groups responded to the new bom  by approaching it (gi'oups 1, 2, 3 

and 4), w hile some m em bers o f  one o f these groups avoided the infant and show ed no 

particular response (group 2). hi one group, other m em bers show'ed aggi'ession but also 

can ied  the infant (group 5). The m other was obseiA'ed to allow physical contact between 

the rest o f  the group and her infant in all cases.

There were some changes in the behaviour o f  the groups after the birth, and these 

are sum m arised in Table 4.50.

Table 4.50: Behaviour changes in callitrichid groups and introduced anim als after the 
introductions.

Group Behaviour
1 Cotton-top tamarin Increased: Social interactions 

Play
2 Cotton-top tamarin Increased: Social interactions 

Play
Groom ing 
Aggression 

Decreased; Sexual behaviour
3 Golden-lion tamarin Increased: Social interactions 

Feeding
4 G eoffroy 's m arm oset Increased: Social interactions 

Feeding 
Decreased: Aggression 

Exploration
5 Pygmy m annoset Increased: Social interactions 

Play 
Feeding 
Groom ing

In group 3, it was recom m ended that the group be kept together and the group m em bers be 

allowed to witness the birth, while the respondent for group 4 recom m ended separating this 

species (G eoffroy 's m annoset) from the other species (golden lion tam arin) in the m ixed- 

species exhibit for 1.5 weeks after the birth. The group stracture was considered to be a 

contribution to the positive outcom es o f  the births in two cases ( I and 2), and the successful 

rearing o f the young by its parents was a contribution in the rem aining two cases (4 and 5).

The size o f the group did not appear to be an influence on the behaviour o f  the 

group in response to the birth -  groups I and 3 with eight and five individuals respectively
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responded positively to the newborn animal, while group 5 with five individuals showed 

aggression tow'ards the infant, though the birth was still considered successful.

4.5.13.3 Removals

There were six Callitrichid groups in which a removal took place, and all o f  these rem ovals 

were considered successful. The group stractures are shown in Table 4.51.

T able 4.51: Original structure o f callitrichid groups and the num bers o f anim als rem oved
Group Original group stnicture Anim als rem oved
1 Golden lion tamarin Adults 1.1 Adult 0.1
2 Black-tailed m annoset Adult 0.1 

Juveniles 2.2
Adult 0.1 
Juveniles 1.2

3 Cotton-top tamarin Adults 2.0 Adult 1.0
4 Em peror tamarin Adults 2.2 

Juveniles 3.0
Juveniles 2.0

5 Com m on m annoset Adults 1.1 
Juveniles 5.3

Juveniles 4.0

6 G oeldi’s m onkey Adults 7.1 Adults 2.0

There was a strong hierarchy in four o f  the groups (1, 2. 5 and 6). Two o f  these had a 

dominant female (I and 2), and two had a dom inant breeding pair (5 and 6). There was a 

weak hierarchy in two o f  the groups (3 and 4). The anim al(s) being rem oved from the 

group were dom inant in three o f  the groups ( 1 , 2  and 6), subordinate in two o f  the groups (4 

and 5) and the status was unknow'n in group 3. The rem aining anim als in the groups were 

expected to maintain the same hierarchy as before, though in group 5 there were minor 

readjustm ents am ong juveniles in the group over a period o f  2-4 weeks.

The m ost frequent change in behaviour in the remaining groups was a decrease in 

aggression which was seen in three cases ( 3 , 4  and 6). In the group where only one animal 

rem ained there was unsuiprisingly a decrease in groom ing, play and social interactions (3). 

There was an increase in social interactions seen in two other groups (2 and 5), as well as 

an increase in play (2), groom ing and desirable behaviour (5). The behaviour o f  the 

removed anim al(s) was unknown in five o f  the cases, and in the rem aining case there was a 

decrease in groom ing, play and social interactions (3).

In group 2, it was recom m ended to keep the dam with its offspring w here possible. 

The group changes in groups 1 and 3 were considered to be made successful through
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carrying out the removal promptly and swiftly, and in three cases the change was 

considered successful due to reducing the size o f  the group (4) and removing juveniles o f  

dispersal age (5) and aggressive males (6).

The removal o f  individuals from the bigger groups (4, 5 and 6) resulted in a 

decrease in aggression in all three cases, while the removals from the smaller groups did 

not result in a decrease in aggression. This suggests that larger gi'oup sizes may be a 

predictor o f  increased aggression in callitrichids. The status o f  the animal removed in the 

dominance hierarchy did not appear to be related to the outcome o f  the removal as the 

removed animals were dominant in groups 1, 2 and 6, but the resulting behaviour o f  the 

group did not differ from the other groups where subordinate indi\ iduals were removed.

4.5.13.4 Deaths

Three callitrichid groups had a death take place (Table 4.52).

T able 4.52: Original structure o f  callitrichid groups and numbers o f  animals that died.
Group Original group Animal that died
1 Cotton-top tamarin Adults 2.2 

Juvenile 1.0
Adult 1.0

2 Golden lion tamarin Adults 2.0 Adult 1.0
3 White-lipped tamarin Adults 1.5 Adult 0.1

Both o f  the deaths o f  the males were expected; one was due to old age (1) and one was due 

to renal failure (2). The death o f  the adult female was unexpected and due to an infection. 

There was a strong hierarchy in one group ( I ) and a weak hierarchy in the other two 

groups. The status o f  the animal that died was different in each group -  one male was 

dominant over the whole group ( I ), one male was subordinate, and the female was 

dominant over the rest o f  the females. The hierarchy did not change after the deaths o f  the 

males, and after the death o f  the female it was re-established after 1-2 weeks. Social 

interactions decreased in the group with one remaining male, and there was an increase in 

gi'ooming in the group that lost a female. There were no recommendations to do anything 

differently, and it was recommended to keep the routine the same.

161



4.5.13.5 Discussion

The advice o f  Baker & Savage (1999) that callitrichids be housed in m onogam ous pairs is 

clearly reflected in the introductions reported in this survey, where all o f  the introductions 

involve an adult being introduced to a group containing or consisting o f  an adult animal o f 

the opposite sex, to fom i a potentially breeding pair. The use o f  a cage within the main 

enclosure to introduce an individual was specifically recom m ended in two o f  the responses 

to this survey, and a sim ilar m ethod has previously been found to be successfiil in 

reintroducing male tam arins to a group (Inglett el al., 1989). Only one respondent reported 

allowing full physical contact im mediately, and although the introduction was ultim ately 

successful, felt that it would have been preferable to carry out the introduction more 

gradually. A ccording to the Callitrichid Husbandry M anual (Sodaro & Saunders. 1999), 

introductions between a single male and a single female tend to be uneventful, and this 

appears to have been the case in the introductions that were reported in this study.

The exam ples o f  tamarin births in this study (three out o f  the five Callitrichid births 

reported) suggest their breeding success was com parable to that o f m arm osets, and there 

did not appear to be evidence o f  the problem s previously reported in tamarin breeding 

(Evans. 1983). There also did not appear to be a conelation  between group size and 

successful breeding, as had been previously found in G eoffroy 's tam arins (Kuhar et al.. 

2003). Three out o f  the five groups where births took place included juveniles, a situation 

which is strongly recom m ended as experience has been linked to breeding success in 

callitrichids (Skinner & Vitantonio, 1985).

hi the wild, both m ale and female callitrichids tend to disperse from their natal 

group to breed (G inther er al., 2002), and this was reflected in the removals that took place 

in zoos, with h a lf o f  the removals involving juveniles. W ithin groups, aggression sufficiently 

severe to require removal o f group members is not atypical (Baker & Savage, 1999). A 

reduction in aggression was observed after removals o f  animals from the three largest gi'oups 

and the reasons for five o f  the removals were due to the size and stmcture o f the groups 

needing to be adjusted.

The deaths that were reported did not appear to have any m ajor impacts on the 

remaining animals, with keeping the same routine being the advice offered for such an event.
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All o f the callitrichid gi'oup changes reported in this sun^ey were classified as 

successftil. The group stmctures that cunently exist in zoos and the respondents' experiences 

with managing the group changes appear to be broadly in line with those described in the 

Callitrichid Husbandly Manual (Sodaro, 1999) indicating that the recommendations and 

guidelines for this group are working well.

4.5.13.6 Callitrkhids recommendations

1. Avoid groups becom ing too big; a gi'Oup o f  2-5 individuals appears to be optimal, with 

larger gi'oups exhibiting aggression that decreased when the group size was reduced.

2. Speed of introduction does not appear to influence the outcome of the introductions.

3. Successftil gi'oup changes were managed in line with advice from the Husbandry Manual 

(Sodaro & Saunders, 1999).

4. Expectant mothers are ideally left with the rest of the group for the birth.

5. Removal of dominant indi\ iduals does not unduly disrupt the behaviour o f the remaining 

animals.

4.5.14 Lemurs

Lemurs are a clade o f primates that are endemic to Madagascar, and cun ently many species 

of lemurs are under threat from factors such as deforestation and trapping (Duckworth et 

al., 1995). Lemurs in zoos are kept in groups o f varying structures, similar to those seen in 

the wild. These include: adult male groups, adult female groups and breeding groups of 

females with one male and their dependent offspring (Taylor, 2009). Female lemurs tend to 

be dominant over males (M arolf et al., 2007, Richard & Dewar, 1991), and dominance 

interactions in zoo-housed lemurs can also be influenced by factors such as enclosure size 

and group stmcture (Digby & Stevens, 2007). Births of lemurs in free-ranging troops has 

been observed to result in an increase in affiliative behaviours between the infant’s mother 

and other adult troop members (Nakamichi & Koyama, 2000). Previous obsei'vations of 

births of zoo-housed ruffed lemurs Varecia variegata have shown that mothers tend to 

prefer giving birth in nest-boxes at night (Brockman e t «/., 1987).
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The most common lemur species in zoos is the ring-tailed lemur. Lemur catra, and 

this is reflected by the proportion of responses relating to the species. Four introductions 

and five removals were reported in lemur groups.

The species for which the group changes were reported in this survey were:

Ring-tailed lemur Lemur catta (2 introductions, 5 removals)

Blue-eyed black lemur Eulemur flarifrons (1 introduction)

Black and white luffed lemur Varecia rariegatai (1 introduction)

4.5.14.1 Introductions

The sizes of the lemur groups in which introductions took place were quite varied. The 

stinctures o f the original lemur groups and the numbers of lemurs that were introduced to 

each group are shown in Table 4.53.

Table 4.53: Original structure of lemur groups and the numbers o f animals introduced.

Group Original group Introduced animals
1 Blue-eyed black lemur Adult 1.0 Adult 0.1
2 Ring-tailed lemur Adults 10.0 Adults 0.3
3 Ring-tailed lemur Adults 0.9 Adults 1.0
4 Black & white raffed lemur Adults 2.0 Adults 3.0

There was no hierarchy in the blue-eyed black lemur group (1) and it was unknow'n in 

gi'oup 2. There was a strong hierarchy in group 3 and a weak hierarchy in group 4. The 

status of the introduced animals in their original groups was unknown in all cases. The 

male ring-tailed lemur that was introduced to the nine females (3) was only expected to be 

dominant over other males, and in gioup 4 the three males being introduced were expected 

to be subordinate. In this latter case it took 2-4 weeks for the hierarchy to re-establish.

Prior to the introduction the introduced animals were on their own for temporary 

periods in three cases (1, 3 and 4), and one was in another group (2), Three of the groups 

were given sight, sound and scent contact with the introduced animals initially (1, 2 and 4), 

and one was given partial physical contact (3). The initial contact lasted for 1-2 weeks in 

three cases (1,3 and 4), and less than one week in group 2. The introduced animals showed 

interest in the group during the period o f initial contact in all cases, and also showed
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aggression in one case (4). The groups showed interest in the introduced animal in two 

cases (1 and 3), aggression in the other two cases, and also anxiety in one case (4).

The criteria used to determine that the animals were ready to be given full physical contact 

were a lack o f  aggression in gi'oups 1 and 4, positive behaviour including interest and 

calling between the animals in groups 1 and 3 and an absence o f  stress in group 2.

After all four introductions, the introduced animal approached the rest o f  the gi'oup, 

groomed them in groups 1 and 3, displayed sexual behaviour in group 3 and asserted 

dominance in group 4. The group responded to the introduced animal by approaching and 

glooming it in two cases (1 and 3), as well as sexual behaviour in group 3, showing 

aggression in group 2, and avoidance o f  the introduced animal in group 4.

The introduced animals were allowed to remain in the groups permanently in three 

cases but the three adult males had to be temporarily removed from the two adult males in 

group 4 due to aggression and fighting continuing to occur after the introduction. Changes 

in overall behaviour in the groups that were observed after the introductions were as shown 

in Table 4.54.

One suggestion o f  an alternative approach to the introduction was to introduce 

females to a smaller male group (2), and in group 3 to introduce the dominant male 

separately to the other two males he was housed with. A technique that was found to be 

useful in two o f  the introductions was carrying out the introduction slowly and allowing the 

speed o f  the introduction to be dictated by the responses o f  the animals to each other (1 and 

3). Sight and smell contact only were recommended for the first week in group 4.

The outcomes o f  the introductions were mixed, with two groups introduced 

successfully ( I and 3). The introduction in gioup 4 was successful once the dominant male 

was castrated to reduce aggression, which would suggest that combining groups o f  all 

males may be more difficult than combining males and females. The outcome o f  the 

introduction in group 2 was unsure as there were still sporadic outbreaks o f  fighting in the 

group at the time the survey was completed. This may have been due to the group structure 

o f  10 males with three females being introduced. Only group 3 had a similar number of 

individuals, with nine females, but had a male introduced, w'ith a positive outcome. It may 

also have been due to a relatively quick introduction, as the initial period of contact in this 

gi oup was less than one week while the other groups were 1 -2 weeks.
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Table 4.54: Behaviour ciianges in lem ur groups and introduced lemurs after the 
introductions.

Group Original group Introduced animals
1 Blue-eyed 

black lem ur
Increased; Groom ing 

Play
Social interactions 
Sexual behaviour 
Desirable behaviour

Increased: Groom ing 
Play
Social interactions 
Sexual behaviour 
Desirable behaviour

2 Ring-tailed 
Lemur

Increased: G room ine
Social interactions 
Sexual behaviour 
Aggression 
Exploration

Increased: Groom ing 
Play
Social interactions 
Aggression 
Exploration 
Desirable behaviour

3 Ring-tailed 
Lemur

hicreased: Social interactions 
Sexual behaviour

Increased: Groom ing
Social interactions 
Sexual behaviour 
Exploration

4 Black and 
white m ffed 
lemur

Increased: Social interactions 
Aggression 
Exploration 
Desirable behaviour

Increased: Social interactions 
Aggression 
Exploration

4.5.14.2 Removals

Five removals in ring-tailed lem ur groups were reported. The original group stiiictures and 

num bers o f anim als removed were as shown in Table 4.55.

Table 4.55: Original structure o f ring-tailed lemur groups and num bers o f animals 
removed.

Group Original group A nim als removed
1 Adults 2.10 Adults 0.4

Juveniles 1.2 Juvenile 1.0
2 Adults 2.5 

Juveniles 1.2
Adult 1.0

3 Adults 1.19 Adults 0.7
Juveniles 5.13 Juveniles 0.2

4 Adults 1.2 
Juveniles 1.1

Juveniles 1.1

5 Adults 0.4 Adult 0.1
Juveniles 2.1 Juvenile 1.0
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There was a strong hierarchy in all groups except group 3. which had a w eak  hierarchy. The 

anim als being rem oved were subordinate  in all except group 5, in which the rem oved  

animal w'as dom inant, and only this group w as expected to establish a new  dom inance  

hierarchy. H ow ever, the hierarchy did not re-establish as no particular animal took charge 

o f  the group. N either the strength o f  the hierarchy nor the status o f  the rem oved animal in 

the hierarchy appeared to particularly  influence the overall ou tcom es o f  the rem ovals  as 

they were all considered to be successful. The  behaviour o f  the group and the rem oved 

anim als changed as show n below  in Table  4.56.

It w as recom m ended  by one respondent to rem ove the anim als one at a time so that 

the rem oval was gradual and built up a second harm onious group (2). It w as also 

recom m ended  to keep family groups together and keep indi\ iduals that know  each o th e r’s 

rank together (3). The rem oval o f  the dom inant animal (4), and prom ptness  in the removal 

were also recom m ended  (3).

The rem oval resulted in a m ore stable group in three cases (2, 3 and 5), and in one 

case the anim als that were rem oved  had been rejected by the rest o f  the group (1). Easy 

separation facilities made the removal successful in group 4.
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Table 4.56: Behaviour changes in ring-tailed lemur groups and the removed animals 
after removals.

Group Remaining group Removed animals
1 No change Increased: Grooming 

Play 
Feeding 
Exploration

2 Decreased: Sexual behaviour
Animals less excited 
and more tranquil

Increased: Grooming 
Exploration 

Decreased: Plav
Social interactions 
Aggression.

3 Decreased: Exploration Increased: Grooming 
Play
Social interactions 
Exploration 
Desirable behaviour 

Decreased: Aggression
4 Increased: Grooming 

Flay
Social interactions 

Decreased: Aggression

Increased: Grooming 
Play
Social interactions 

Decreased: Aggression
5 hicreased: Grooming

Social interactions 
Sexual behaviour 
Exploration 
Desirable behaviour 

Decreased: Plav
Aggression

Don’t know

4.5.14.3 Discussion

Lemurs in zoos are kept in groups that vary in size and in composition (Taylor, 2009), and 

this was clearly reflected in the groups reported in this survey. Group sizes ranged from one 

individual to 38 lemurs and the ratio o f the sexes and ages o f the lemurs in each group 

varied between groups. As is recommended in the ring-tailed lemur husbandly manual 

(Taylor, 2009), all introductions took place gradually, with animals being separated by a 

barrier at first. The outcome o f the introduction in group 2 was not clear at the time of 

completing the questionnaire as there were still sporadic outbreaks of fighting in the group. 

However, this is to be expected initially, and does not seem to indicate that the introduction 

will necessarily be unsuccessful. A recommendation from two respondents was to
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introduce the new animal to sub-groups rather than introducing the whole group at once, 

and the husbandry manual (Taylor, 2009) does in fact recommend that the introductions be 

earned out in stages, starting with lower-ranking individuals and working upwards, and so 

this would appear to be a useful and important strategy in introducing lemurs.

In three o f  the removals that were carried out (2. 3 and 4), the removed animal 

showed a decrease in aggression, while groups 4 and 5 showed a decrease in aggression 

after the removal had take place. These groups ranged in size from 7 lemurs originally to 38 

lemurs originally, while a group that did not display any changes in aggression was 15 in 

number (I),  so it is not clear whether the size of the group influences the level o f  

aggression. While female lemurs in the wild tend to remain with their natal group unless 

the female group splits (Cavicchio & Palagi, 2005), this w'as not echoed in the removals 

that were reported in this survey -  15 females and 4 males were removed overall, and this 

may have been more out o f  a need to balance the group sizes than to mimic a natural group 

dynamic.

4.5.14.4 Lemur recommendations

1. Females tend to be dominant in lemurs, an unusual situation in mammals, and this should 

be taken into consideration when changing the group structure,

2. As recommended by the ring-tailed lemur husbandry manual (Taylor, 2009), gradual 

introduction is preferable, with lemurs first being given contact through a barrier.

3. Aggi'ession may be seen during an introduction and, although not necessarily indicative 

o f  an unsuccessful introduction, it should be monitored closely.

4. Removal o f  subordinate lemurs from a group does not have a negative impact on the 

group behaviour. Removal o f  an overly dominant animal may have a positive impact on the 

gi'oup dynamic.

4.5.15 Cercopithecids (baboons and mandrills)

Cercopithecidae are a group o f  old-w'orld monkeys that includes baboons, mandrills, 

macaques, guenons, mangabeys, colobus monkeys and langurs. For the puiposes o f  this 

study, the Cercopithecidae have been divided into two groups, one consisting o f  the larger
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baboons Papio sp. and mandrills McmdriUus sphinx, and the other consisting o f the smaller, 

more arboreal colobus monkeys, macaques and mangabeys, as the husbandry and social 

requirements o f baboons and mandrills are more similar than o f the smaller cercopithecids.

Baboons and mandrills are highly social animals. Baboons display a highly complex 

social stmcture, o f which the basic component is the ‘one male unit’ where a male leader 

herds and controls up to ten females and their offspring (Bergman & Beehner, 2004, 

Turner, 2009). The social relationships o f female baboons has been noted to have a cyclical 

pattern in that it is influenced by individual circumstances that change over time, such as 

food availability (Henzi et al., 2009). Variations in social staicture according to habitat and 

season have also been observed in Guinea baboons Papio papio  (Swedell el al., 2006). The 

agonistic interactions o f female hamadryas baboons Papio lumiadryas in zoos have been 

noted to be correlated with oestrus cycles in the gi'oup (Plowman et al., 2005). Less is 

known about mandrills in the wild than baboons due to their rainforest habitat and elusive 

nature (Hairison, 1988), and their socio-ecology is poorly known (Gron, 2009), but they are 

known to have a similar behavioural repertoire to baboons (Mellen et al., 1981). Mandrills 

typically live in extended family groups with an alpha male, several females and their 

offspring (Juniper & Tapper. 2001) but may form hordes of several hundred (Rogers et al., 

1996).

Introductions of Hamadi'yas baboons Papio haniadiyas are recommended to be 

caiTied out in a slow, step-wise manner, and particularly slowly with males (Turner, 2009). 

The introduction o f a female to an established ‘one-male unit’ can be earned out more 

quickly as the male will immediately claim the female as his, but introducing a female to a 

female-only group should be earned out more slowly and carefully, as aggi'ession is more 

likely to arise (Turner, 2009).

4.5.15.1 Introductions

There were four introductions in baboon and mandrill groups. Three o f the introductions 

were o f a single female and one was o f a group o f five juveniles. The stincture of each 

gi'oup and the animals introduced are shown in Table 4.58.
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Table 4.58: Original stiiicture o f  baboon and mandrill groups and the numbers o f  animals
introduced.

Group Original group Introduced
1 Baboon Adults 1.2 Juveniles 3.2
2 Baboon Adults 0.6 Juvenile 0.1
3 Mandrill Adults 1.2 Adult 0.1
4 Mandrill Adult 1.0 Adult 0.1

There was a strong female-led hierarchy in both o f  the baboon groups, but no hierarchy in 

the source groups o f  the introduced animals. It took over one month for a new hierarchy to 

establish in the groups. The introduced juv enile in group 2 was expected to be subordinate 

and her status was expected to be influenced by w'hich individual in the group cared for her. 

There was a strong hierarchy in group 3, and in the original group o f  the introduced female, 

who had been dominant over other females. This female had previously lived in this group 

and been dominant over other females, and so was expected to be dominant over the 

females in this group again. However, the hierarchy re-established 2-4 weeks after the 

introduction o f  the female, and she was no longer dominant over the other females. There 

was no hierarchy in group 4 as the male mandrill was on its ow'n. The hierarchy in the 

source group o f  the introduced female was unknown.

The introduced juveniles in group I were given full physical contact with the rest o f 

the group immediately. This w'as carried out in a territory that was new to all the animals 

involved, and was done as a measure to reduce conflict between the original group and the 

introduced animal. Meanwhile, the other three groups were given partial physical contact 

with the introduced animals initially. This lasted for 3-4 weeks in group 2, less than one 

w eek in gioup 3, and 1 -2 weeks in group 4.

During the period o f  initial contact in group 2, both the introduced juvenile and the 

group o f  females showed anxiety and avoided contact with each other. The dominant 

females in the group also showed aggression, while the subordinate females were 

apparently not interested. In group 3, both the introduced female and the animals in the 

group showed interest in each other, and the introduced female showed appeasement 

behaviour by grinning and grooming through the mesh. One o f  the females in the group 

reciprocated with similar grinning and grooming behaviour. The introduced female in
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group 4 showed anxiety and avoided the male, while the male showed interest in the 

female.

hi all four groups the behaviour o f the animals was used to indicate when it was 

appropriate for full contact to be given. The behaviour o f the alpha male and female was 

particularly taken into account in group 1, while the body language, interactive responses, 

stress behaviour and interest in the new animal were all taken into account in group 2. hi 

gioup 3, the animals settled down and aggressive behaviour stopped, and in group 4 there 

were no more signs o f aggression. The responses o f the groups to the introduced animals, 

and vice versa once they were given full physical contact, are shown in Table 4.59.

Table 4.59: Behavioural responses of introduced baboons and mandrills to the group and 
________ v/c e versa after having been given full physical contact.________________
Group Original group Introduced animal
1 Baboon Approach Approach

Avoid Groom
Groom Sexual behaviour
Sexual behaviour Submission
Play Play

2 Baboon No full contact No full contact
3 Mandrill Avoid (dominant female) Groom

Groom (subordinate female) Sexual behaviour
Sexual behaviour (male) Asserted dominance

4 Mandrill Approach Avoid
Dominance Submission

Group 2 was not given full physical contact as planned because of an increase in aggression 

and undesirable behaviour, and an increase in stress in the introduced animal.

After the introductions in each o f the three remaining groups, behavioural changes were 

observed and are shown in Table 4.60.
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Table 4.60: Behaviour changes in baboon and mandrill groups and introduced animals 
after introductions.

Group Original group Introduced animal
1 Baboon Increased; Groomins 

Play
Social interactions 
Sexual behaviour 
Aggression 
Exploration 
Desirable behaviour 
hicreased confidence in 
subordinate baboons 

Decreased: Undesirable behaviour

Increased: Groomine 
Play 
Feeding
Social interactions 
Sexual behaviour 
Aggression 
Exploration 
Desirable behaviour

3 Mandrill Increased; Grooming
Social interactions 
Aggression

Increased; Groomina
Social interactions 
Sexual behaviour 
Undesirable behaviour

4 Mandrill Increased: Social interactions 
Sexual behaviour 
Exploration

Increased: Social interactions 
Exploration

A factor that was considered to contribute to the success o f  the introduction in group 1 was 

that all individuals were introduced into a new territory, which resulted in less conflict than 

if the original group had been in its original tenitory. The unsuccessful outcome o f  the 

introduction in group 2 was thought to be due to the age o f  the female being introduced; it 

would have been preferable to introduce her when she was not yet menstruating, and it is 

recommended by this respondent to consider this for future introductions. The outcome of 

the introduction in group 3 was unsure at the time the sui'vey was completed, as the females 

were still struggling for dominance. The introduction to group 4 was considered ultimately 

unsuccessful because the male tolerated the female at first but then became very aggressive 

and attacked the female.

4.5.15.2 Discussion

The only group in which an introduction was successfully carried out was in group 1. The 

recommendation from this respondent was to introduce the animals to a new teiritory to 

reduce conflict. This strategy has previously been used during the fonnation o f  mandrill 

gioups, when a number o f  mandrills were released into unfamiliar enclosures to fonn a 

successful breeding group (Feistner et al., 1992). The introduction o f  females to groups
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consisting o f females only has been recognized as the more difficult type o f introduction to 

caiTy out in baboon groups (Turner, 2009). hi group 2, the introduction of a female baboon 

to a group of females was unsuccessful, and the respondent suggested that carrying out the 

introduction when the female had not yet started her oestins cycles would have been more 

successful. The oestms cycles o f females in a group are worth considering, as previous 

research has shown that female baboons do show more aggression when they are in oestms 

(Plowman et al., 2005). The outcome of the introduction in group 3 is also unsure due to 

agonistic behaviour between females in the group. Finally, the introduction in group 4 was 

considered unsuccessful due to the aggressive behaviour of the male mandrill towards the 

female. While Turner (2009) recommends that baboon introductions o f females to males 

are more likely to be successful as the male will respond favorably to a new female joining 

his harem, this does not appear to have been the case with these mandrills. However, the 

lack o f available information on the management o f mandrill groups means it is unclear 

whether male mandrills can be expected to respond in the same way as baboons to the 

introduction o f a female. It may also be worth noting that the male mandrill was alone 

when the female was introduced, and, considering that mandrills are highly social animals, 

this may have also had some influence on his behaviour.

4.5.15.3 Cercopithecid (baboon and mandrill) recommendations

1. When introducing females, aim to time the introduction for when the females are not in 

oestms so that aggressive behaviour is reduced or avoided.

2. When carrying out introductions, placing all the animals involved in a new ten itory can 

be helpful in reducing aggression.

3. It is recommended to can'y out introductions o f individuals that will not challenge the 

dominant m ale’s status, such as juveniles.

4. Further documentation o f mandrill socio-ecology and management is needed. It is 

perhaps not advisable to use the same expectations o f behaviour as for baboons.

5. Behavioural indicators to detennine when full contact is appropriate appear useful, but a 

lack o f aggression does not always indicate a positive outcome when introducing adults.
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4.5.16 Cercopithecids (colobus, macaques and mangabeys)

Cercopithecids are very social primates, and, it is recommended that generally they are kept 

in social groups consisting o f  a male, several females, and their young (NIEA, 2009). 

Different species o f  cercopithecids have been successfully housed together and benefited 

from the social interactions (Strange, 2007, Wojciechowski, 2004). In the wild, macaque 

groups consist o f  matrilines with unrelated immigrant males. It is important that 

cercopithecids are housed in appropriate social groups, w'ith consideration given to the 

natural grouping patterns o f  the species, sex o f  the animals involved and temperaments o f  

the individuals (Wolfensohn & Honess, 2005). The welfare and breeding success o f  lion

tailed macaques Macaca sileiuis has been found to be influenced by group composition as 

well as factors such as enclosure design, dietary preparation and nutrition (Mallapur el al., 

2007). Rhesus macaques Macaca niiilalta that had been housed solitarily have benefited 

from being housed socially, w'ith a reduction in stereotypical behaviour occurring after 

having a cage-mate introduced (Reinhardt et al.. 1987). Introductions o f  animals that have 

previously been housed alone are recommended to be carried out gradually, beginning with 

olfactory, auditory and tactile contact and moving on to intermittent company (Wolfensohn 

& Honess, 2005). A study o f  the fonnation of an all-male group o f  white-crowned 

mangabeys Cercocehus alys liiniilaHis found that low-intensity aggressive behaviours were 

frequently observed, along w'ith positive approaches and grooming (Fabregas & Guillen- 

Salazar, 2007). This gives an indication o f  the types o f  behaviour that might be expected 

when fomiing o f  a cercopithecid group, particularly mangabeys. Five introductions were 

reported in groups o f  smaller cercopithecids:

Black and white colobus Colobus guereza

Lion-tailed macaque Macaca sileiius

Japanese macaque Macaca fuscata

Black macaque Macaca nigra

White-naped mangabey Cercocehus atys liinulatus
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4.5.16.1 Introductions

The group structures prior to the introductions and the num bers o f  anim als introduced are 

shown in Table 4.61.

Table 4.61: Original stnicture o f  cercopithecid groups and num bers o f anim als
introduced.

Group Original group hitroduced anim als
1 Black & white colobus Adults 3.2 

Juveniles 2.2
A duh I.O

2 Lion-tailed m acaque Adults 0.8 
Juveniles 2.0

Adult 1.0

3 Japanese m acaque A dults 5.3 
Juveniles 1.1

Adults 0.7

4 Black m acaque A dults 0.3 
Juveniles l .l

Adult 1.0

5 W hite-naped m angabey Adults 1.2 
Juveniles 1.0

Juvenile 0.1

There was a strong hierarchy in all five groups. In group 1, the older female was dominant 

as the adult males were all castrated. In group 5, there was a dom inant m ale and female, a 

subordinate female and her offspring. The introduced juvenile was the offspring o f the 

dom inant female, and was being introduced after being hand-reared.

There had been a strong hierarchy in the source group o f  the introduced animals in 

groups 2 and 3. The introduced m ale in group 2 had been subordinate in his original group 

and was expected to be dom inant over his new group. One o f  the introduced females in 

group 3 had been dom inant and the rest were subordinates. The originally dom inant female 

was expected to be dom inant over females in the new group. The hierarchy in the source 

gi oup o f  the m ale introduced in group 1 was unknown, and he was expected to be dominant 

over the whole group after the introduction. Hierarchies were non-existent in the source 

groups or the anim als introduced to groups 4 and 5 as the introduced anim als had been on 

their own. The m ale introduced into group 4 was expected to become dom inant over the 

whole group, w hile the juvenile introduced into group 5 was expected to be subordinate.

The anim als introduced to groups 1 and 3 and been in another group prior to the 

introduction, while the anim al introduced to group 2 had been on its ow n for a tem porary 

period. The anim als in groups 4 and 5 had been on their own for a longer period o f  time.
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Groups 1, 2 and 4 were given partial physical contact with the introduced animals initially 

and groups 3 and 5 were given sight, sound and scent contact initially. In group 1, the male 

was first put with a female that had been rejected by the oldest female in the group to create 

a coalition, and both animals were introduced to the group.

The period o f  initial contact lasted for 1-2 weeks in groups 1 and 2, and over I 

month in groups 3. 4 and 5. The introduced animals responded to the initial contact by 

showing interest in the other animals in gi'oups 1, 2, 3 and 5, and all five groups showed 

interest in the introduced animal. The male being introduced to group 4 showed aggression 

and was introduced numerous times, and the group showed anxiety as well as interest. In 

group 5, the group showed some aggression towards the introduced juvenile, as well as 

interest.

The criteria used to determine when to gi\ e the animals full physical contact \ aried. 

The groups were considered ready for full physical contact when there was no aggression 

shown (group I), when sufficient time had passed (group 2), when a new primate keeper 

anived to oversee the introduction (group 3), after many months o f  failed introductions 

staff observations indicated that the time was right (group 4) and when the juvenile was 

consuming some solids, had good mobility, was trained to receive milk at the mesh, and the 

introduction was recommended by the studbook (group 5).

The introduced animal in group I approached the females and young males but 

avoided the older males, while the group approached the introduced animal, hi group 2, the 

introduced animal show'ed aggression to the group and they showed fear. The introduced 

females in group 3 asserted their dominance in the group, and the group responded by 

grooming them. In gioup 4, the introduced animal showed aggression, grooming, sexual 

behaviour, dominance and play behaviour, while the group approached the introduced 

animal, showed fear, grooming, sexual behaviour and submission towards the introduced 

animal. The juvenile that was introduced to group 5 approached the group and also showed 

fear, submission and play behaviour, while the group approached the juvenile and showed 

aggression and dominance.

The introduced animals in groups 1, 3 and 4 were allowed to stay in the groups 

permanently but the male in group 1 had to be removed temporarily to give the female a 

break from fighting. The juvenile in group 5 was removed temporarily as the introduction

177



was being carried out in stages and the new animal was left with the group for gradually 

increasing lengths o f time.

The behaviour o f the groups and the introduced animals changed after the 

introduction as shown in Table 4.62.

Table 4.62: Behaviour changes in cercopithecid groups and introduced animals after 
introductions

Group Group behaviour Introduced animal behaviour
1 Black & white 

Colobus
Increased: Social interactions 

Aggression
Don’t know

2 Lion-tailed 
Macaque

Increased; Social interactions 
Sexual behaviour 
Aggression. 

Decreased: Play

Increased: Social in teractions '^"  
Sexual behaviour 
Aggression 

Decreased: Play
3 Japanese 

macaque
Increased: Grooming

Social interactions 
Feeding 
Exploration 

Decreased: Undesirable behaviour

Increased: Social interactions 
Sexual behaviour 
Exploration

4 Black 
Macaque

Increased: Groomina
Social behaviour 
Sexual behaviour 
Desirable behaviour 

Decreased: Aaaression
Undesirable behaviour

Increased: Groomina 
Play
Social interactions 
Sexual behaviour 
Desirable behaviour 

Decreased: Aaaression
Undesirable behaviour

5 White-naped 
Mangabey

Increased: Plav
Social interactions 
Aggression 
Desirable behaviour

Increased: Plav
Social interactions 
Aggression 
Feeding 
Exploration 
Undesirable behaviour 
(now curtailed) 
Desirable behaviour._^

The outcome o f  the introduction in group 1 was unsure, as the new male was successfully 

introduced but the three castrated males had to be removed from the group. The 

introduction in group 2 was deemed unsuccessful by the respondent, as a new group 

eventually had to be created (details on the structure o f the new group were not provided). 

The respondent stated that it would have been preferable to introduce the male to a few 

females at a time rather than all at once, and to remove all the young males before adding a



new male. The remainmg three introductions (groups 3, 4 and 5) were considered 

successful. A gradual approach was recommended by the respondent in group 3, including 

having the introduced animal live next to the gi'oup for a long period without physical 

contact, followed by a gradual introduction. In group 4, the eventual success o f the 

introduction was attributed to less keeper interaction than had occun'ed during the early 

stages o f the introduction. Close observation was recommended, as was not splitting the 

animals up, even when fighting. Finally, in group 5 the use o f bolt holes to a safe area only 

accessible to the introduced animal was recommended. This introduction was considered to 

have been too slow at times, and stalled. The dynamics o f the group and an accepting male 

were both factors that were considered to have contributed to the success o f the 

introduction.

4.5.16.2 Discussion

The introductions that took place in these cercopithecid groups had mixed outcomes, with 

only three out o f the five introductions considered successful. Both groups 1 and 2 required 

intervention after the introduction -  in group 1 the castrated males had to be removed and 

in gi'oup 2 it was necessaiy to create a whole new group. Both o f these groups had an adult 

male introduced, and already had males in the group, which therefore caused friction. There 

was also difficulty in integrating the male black macaque to group 4, and although this 

introduction was ultimately considered successful it took several attempts and many 

months for the new male to be incorporated into the group. Meanwhile, the introductions of 

females in groups 3 and 5 were more straightforward, with less aggression observed and a 

shorter period o f time required for the introduction process. This would suggest that the 

introduction o f adult males to cercopithecid groups is a particularly difficult procedure and 

requires careful management and planning, including a long period o f partial physical 

contact.

Situations have been documented where individuals have been removed from the 

group, whereupon social relations within the group changed and the individual was then 

subjected to aggression on returning to the group. In such a scenario, it is recommended to 

isolate all members o f the group for a short while and then re-fomi the group when the 

removed individual is ready to be returned (Wolfensohn & Honess, 2005). This strategy
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was also suggested by one o f  the respondents (group 2) and has been previously used for 

the fonnation o f  m ixed-species old world m onkey gi'oups (Strange, 2007).

Various enclosure features such as visual screening, com plex clim bing apparatus 

and environm ental enrichm ents have been used with success to enhance the social 

interactions o f  black m acaques (Blount, 1998). In this example, an introduction o f  an adult 

male to the group was successfiilly can ied  out, and the success was attributed in part to the 

enclosure stnicture which allowed the anim als ways o f escaping from each other and places 

to seek privacy (Blount, 1998). Respondents w ere not asked about the type o f  enclosure 

structures in this survey, but this might be another aspect that should be considered when 

introducing cercopithecids. Finally, introducing anim als to each other in a teiritory that is 

unfam iliar to all individuals has been recom m ended as a useful technique in the other 

cercopithecid group (baboons and mandrills), as well as in gorillas and gazelles, and has 

been found to result in lower aggression and less ten'itoriality. This tactic does not appear 

to have been used in this gi'oup, and m ay be helpful in increasing the success o f 

introductions in these cercopithecid species (colobus, m acaques and mangabeys).

4.5.16.3 Cercopithecid (colobus, macaques & mangabeys) recommendations

1. The introduction o f m ales to established cercopithecid groups can result in increased 

aggression and m ay require drastic m easures (such as castration, or com plete restructin'ing 

o f the group) to ensure a successful outcom e, particularly if  there are already other males 

present in the group.

2. Splitting up the group and introducing the new animal to one individual at a time is 

recommended.

3. A gradual approach that involves first giving the anim als visual, aura! and olfactory 

contact, followed by partial physical contact and finally full physical contact is 

recommended.

4. Introducing the anim als to each other in a territory that is unfam iliar to all individuals is 

recom m ended as a method that m ay be helpful in introducing cercopithecids.
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4.5.17 Gibbons

Gibbons are an endangered group o f  brachiating apes that, in the wild, generally live in 

small groups consisting o f  a pair and their dependent offspring (Anon, 2003). Infant 

siamang gibbons Syniphalangus synckictyliis remain exclusively w'ith their mothers for the 

tlrst 13 weeks o f  life, and gradually spend more time with their fathers until they are 

spending a third o f  their time with the father at one year o f  age (Alberts, 1987, Dielentheis 

er al., 1991). The response of male gibbons to infant offspring can vary. Incidences o f  

aggressive behaviour and lack o f  interest towards the infant have both been observed 

(Mootnick, 1997), as has participation o f  the father in care o f  the offspring (Dielentheis et 

al., 1991). Older offspring contribute to the social and physical development o f  their 

younger siblings once they are no longer permanently in contact with their mother (Burns, 

2009). When the young reach adulthood in the wild they tend to be excluded from the 

family group and emigrate from their natal group; the mechanism by which this change in 

groups occurs can vary between species (Gron, 2008). Four births in three gibbon species 

were reported. The species that were reported were:

White-cheeked gibbon Hylohates coiicoloi' leiicogeiiys/Noniasais leciigenys 

Siamang gibbon Hylohates syiulactyJus 

Moloch gibbon Hylohates iiioloch

4.5.17.1 Births

The original structure o f  each group and the numbers o f  gibbons bom into each group are 

shown in Table 4.63.

T able 4.63: Original staicture o f  the gibbon groups and the numbers o f  animals bom.
Group Original group Animals born
1 White-cheeked gibbon Adults 1.1 1.0
2 Siamang gibbon Adults 1.1 1.0
3 Siamang gibbon Adults 2.1 

Juveniles 1.0
2.0

4 Moloch gibbon Adults 1.1 
Juveniles 2.1

0.1
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There was a strong hierarchy in groups 1, 3 and 4, and a weak hierarchy in group 2. The 

mother o f the newborn gibbons was dominant over the whole group in groups 1, 2 and 4, 

and none o f the infants were expected to hold the same position as their mother. In group 3, 

the status of the mother changed frequently, and this was also expected o f her infants. All 

of the mothers were housed with their gioup as nonnal during the pregnancy and birth. 

However, the mother and infant in group 1 were separated from the group for a few hours 

after the birth, while the remainder o f the newborn gibbons had full physical contact with 

the rest o f the gi'oup straight away.

The newborn gibbons showed no particular response to the other animals in groups 

1, 2 and 4. The male in group 1 approached the newborn gibbon and showed some concern 

and interest when the infant cried. The mother did not prevent physical contact between the 

father and infant. In group 2, the male showed no particular response, and was prevented by 

the female from coming closer than ann ’s length to the infant. The infants approached the 

other animals in group 3, and vice versa, but in this case the mother also prevented physical 

contact. In group 4, all the individuals in the group were curious about the infant and 

approached, groomed and played with it. The mother did not prevent physical contact 

between the group and her offspring but did at times respond aggressively to other 

individuals coming in contact with the newborn gibbon.

The behaviour in each group changed after the birth as shown in Table 4.64.

Table 4.64: Behaviour changes in gibbon groups after births had occurred.
Group Group behaviour
1 White-cheeked gibbon Increased: Plav

Social interactions, especially after 
infant became independent at 4 months

2 Siamang gibbon Decreased: Sexual behaviour 
Exploration

3 Siamang gibbon Increased: Social interactions 
Aggression 
Feeding

4 Moloch gibbon No change

bi groups 1, 2 and 4 it was recommended that the pair be kept together and the routine be 

kept as noraial as possible. In group 2, it was also recommended to leave the group alone as 

nonnal, and allow the mother to learn from any mistakes she might have previously made.
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In group 3, it would have been preferred if  the infant’s adult brother had been sent to 

another zoo. The outcome o f  the births in groups 1, 2. and 4 were considered successful, 

while the outcome o f  the birth in group 3 was unsure due to the aggressive behaviour 

observed in the group.

4.5.17.2 Discussion

Three o f  the four births reported were considered successful; it was unknown at the time o f  

the survey whether the birth in group 3 was successful as there was still some aggression 

occuiTing in the group. Older offspring in zoo-housed groups o f  gibbons have previously 

been observed to take an interest in infants (Bums er al.. 2011. Dielentheis et a i ,  1991). In 

this case it was implied by the respondent that the presence o f  the older offspring in the 

group was undesirable, and it is noted in the husbandry guidelines that aggression from the 

breeding pair tow'ards mature offspring may warrant removal o f  the older offspring from 

the group (Riley, 2008).

In three o f  the groups (2, 3 and 4), physical contact betw'een the infant and other 

group members was prevented or discouraged by the mother. Presumably this was because 

the reports were based on the period soon after the birth, when it is expected that mothers 

will be very protective o f  their infants (Riley, 2008). Male siamang gibbons only participate 

in caring for their offspring at a later stage in their development (Dielentheis et al.. 1991).

Leaving the group together and allowing the birth to take place naturally w'as 

advised by three out o f  four respondents to the survey.

4.5.17.3 Gibbon recommendations

1. Allow the births to take place within the group as normal, and avoid unduly disrupting 

the group.

2. If older offspring are present in the group, be alert to any increases in aggression between 

them and the breeding pair and be prepared for the possibility o f  having to remove them.

3. It is to be expected that the mother will prevent the rest o f  the group having contact w'ith 

her infant for the initial few months after the birth.
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4.5.18 Chimpanzees and bonobos

Chimpanzees {Pern troglodytes) and bonobos (Pan paniscus) both Hve in fission-fiision 

societies with females leaving their natal group on reaching adulthood (Vineberg, 1997). 

Bonobo males tend to maintain a strong bond with their mothers once they reach adulthood 

(Kano, 1980), while chimpanzees tend to form stronger male-male and female-female 

bonds (Langergraber et al., 2009). Chimpanzees are one o f the few species on which 

empirical research on managing introductions has been canied out. One study reported an 

overall success rate of 86.7% from 165 dyadic introductions; unsuccessful introductions 

were more common if either individual was male or if the introduced individual had high 

levels o f submissive behaviour (Brent et a/., 1997). Another study o f chimpanzee 

introductions noted that there were low rates of agonistic behaviour between adult females 

and this was offset by high levels o f affiliative behaviour, while males showed contact 

aggression towards each other initially but this disappeared after ten minutes and affiliative 

behaviours then increased (Seres et al., 2001). All-male groups have been noted to have the 

highest risk of serious wounding aggression occuiring (Williams et a/.. 2009).

The chimpanzee husbandry manual (Fulk & Garland, 1992) provides detailed 

guidelines for the process o f introducing chimpanzees (McNary, 1992). It recommends that 

the chimpanzee being introduced is first allowed to become familiar with the new enclosure 

by itself, then allowing individuals one on one visual access to each other, followed by 

partial physical contact through a barrier. This can then be followed by one-on-one physical 

access to each other for increasingly longer periods o f time followed by gradual 

introduction of the whole group (McNary, 1992). There is some overlap in the husbandry 

recommendations o f chimpanzees and bonobos, though there is considerably more 

infomiation available on the requirements and management o f chimpanzees (Mills et al., 

1997). Bonobo introductions tend to be achieved with less aggression than in chimpanzees 

and therefore the introduction process does not require as many steps as those of 

chimpanzees, with a brief period o f partial physical contact between the introduced animal 

and the whole group often being sufficient before fiill physical contact is allowed (Rieches, 

1997, Sexton & Gallagher, 1997). Five introductions took place in Pan groups: one in a 

bonobo group and four in chimpanzee groups.
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4.5.18.1 Introductions

The stmctures of the bonobo and chimpanzee groups and the numbers of animals 

introduced to each group are shown in Table 4.65.

Table 4.65: Original stincture of the Pan groups and the numbers of animals introduced
Group Original group Introduced animals
i Bonobo Adults 5.3 Adult 0.1

Juveniles 1.2 Juveniles l.l (offspring)
2 Chimpanzee Adults 2.2 Adults 1.2
3 Chimpanzee Adult 1.0 Adults 1.0
4 Chimpanzee Adults 2.2 Adults 0.2

Juveniles 0.1 Juveniles 0.1
5 Chimpanzee Juvenile 1.0 Adult 0.1

Juvenile 1.2

There was a clear and generally uncontested dominance hierarchy in the bonobo group, and 

also in the source group of the introduced animals. The adult female was expected to 

become dominant over males and some females in the group and the juvenile male’s 

position would be determined by his mother, while the ju\ enile female was too young to 

have a position. It took over one month for the new hierarchy to establish in this group.

There was a weak hierarchy in chimpanzee groups 2 and 4. In group 2, the 

introduced animals came from a group w'ith a strong hierarchy where the male was 

dominant over the females, and he was expected to take a similar position in the new group. 

Again, it took over a month for the new hierarchy to establish, and the three males appeared 

to share the dominant role. In group 4, the hierarchy in the source group of the introduced 

animals was weak and the status of the introduced animals in that group was unknown. 

There was no hierarchy in groups 3 and 5, as these were single animals. One of the males in 

gi'oup 3 had originally been dominant over a group of females.

The introduced bonobos were in quarantine together for 30 days prior to being 

introduced. The introduced chimpanzees in groups 2, 3 and 4 had all been in another group. 

Groups 1 and 5 were given sight, sound and scent contact initially, which lasted for less 

than a week in both cases. Groups 2, 3 and 4 were given partial physical contact and this 

lasted for less than a week in group 2 and over a month in groups 3 and 4.
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All o f the introduced animals showed interest in the groups. They showed anxiety 

and aggi'ession in group 2 and excitement in group 4. Groups 1, 2, 4 and 5 also showed 

interest in the introduced animals. Aggression, anxiety, lack of interest and avoidance were 

obsei'ved in group 2. Anxiety, avoidance and aggi'ession were observed in group 3.

Full physical contact was given when the new animals were familiar with the 

building and the group politics (group 1), when the females were not in full oestms (group 

2), when positive interactions through the mesh were obsei'ved (group 3), when the juvenile 

was old enough not to be hurt by the male (gi'oup 4) and when the animals showed interest 

in each other and full contact was recommended by a keeper with experience o f 

introductions (gioup 5). The responses o f the group and the introduced animal to each other 

after they were given full contact are described in Table 4.66.

Table 4.66: Behavioural responses o f introduced bonobos and chimpanzees to the gi oup 
_________ and rice versa after having been given full physical contact.____________

Group Group Introduced animal(s)
1 Bonobo Approach Approach

Groom Groom
Sexual behaviour Sexual behaviour
Play Play

2 Chimpanzee Approach Approach
Avoid Submission
Aggression Asserted dominance
Fear Play
Groom Excitement and loud vocalisations
Sexual behaviour 
Submission 
Assert dominance 
Play

followed by periods o f grooming

3 Chimpanzee Fear Approach
4 Chimpanzee Approach Approach

Groom Groom
Play Play

5 Chimpanzee Approach Approach
Sexual behaviour Groom
Play Play

The behaviour o f the groups and the introduced animals were noted to change after the 

introductions in four o f the groups. The behavioural changes that were obsei'ved are shown 

in Table 4.67.
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Table 4.67: Behaviour changes in chim panzee and bonobo groups and introduced
anima s after introductions.

Group Group behaviour Introduced animal behaviour
1 Bonobo Increased: Groom ina 

Play
Social interactions 
Sexual behaviour

Increased: G room ina 
Play
Social interactions 
Sexual behaviour

2 Chimpanzee Increased: Groom ina 
Play
Social interactions 
Sexual beha\’iour 
Aggression

Increased: G room ina 
Play
Social interactions 
Sexual behaviour 
Aggression

3 Chimpanzee Increased: G room ina 
Play
Social interactions 
Exploration 
Desirable behaviour. 

Decreased: A aaression
Undesirable behaviour

Increased: G room ina 
Play
Social interactions 
Exploration 
Desirable behaviour

4 Chimpanzee Increased: Groom ina 
Play
Social interactions 
Sexual beha\'iour 
Exploration 
Desirable behaviour

Increased: Groom ina 
Play
Social interactions 
Sexual behaviour 
Exploration 
Desirable behaviour

5 Chimpanzee No systematic record o f  behaviour No systematic record o f behaviour

All five introductions were considered successful by the respondents. The success o f the 

bonobo introduction (group 1) was attributed to the good group dynam ic, and the open 

mindedness and flexibility o f s taff m anaging the introduction. In group 2, personality 

evaluations o f the chim panzees helped to distinguish when individuals were stressed, and 

the long relationship o f the keeper helped to understand the individual personalities and 

needs. More docum entation and video was considered desirable and was recom m ended by 

the respondent for future introductions. Puipose built facilities for introductions and highly 

trained staff contributed to the success o f the introduction in group 3. The previous social 

experience o f one o f the m ale chim panzees helped the introduction to proceed smoothly, as 

did allowing time for the anim als to show signs o f  positive interactions and encouraging 

cooperative feeding. The respondent for group 4 felt that it m ay have been better to put the 

gioup together sooner. The contact that the chim panzees had before the introduction, 

m onitoring the animals closely, and training them afterw ards helped to deal with aggression
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and contributed to making the introduction successful. Finally, in group 5, allowing the 

animals to see, smell and touch each other through a banier first was considered helpful. 

The fact that there were no other adult females to compete with in the hierarchy contributed 

to the success o f this introduction, as did the advice from keepers who had many years of 

experience working with chimpanzees.

4.5.18.2 Discussion

All five of the bonobo/chimpanzee introductions were successfiil. Some aggression did 

arise during two o f the chimpanzee introductions (groups 2 and 3), but this was not linked 

to an unsuccessful outcome. Both of the introductions where aggression was observed 

involved the introduction o f an adult male. This has been previously noted as one o f the 

scenarios that is most likely to result in aggression during chimpanzee introductions (Brent 

et a/., 1997, Seres et al., 2001). In both cases, the aggression subsided after the introduction 

and respondents did not mention any particular negative effects from it. All o f the 

introductions were canied out gradually, as recommended by the husbandry guidelines 

(Fulk & Garland, 1992, Rieches, 1997). The importance of a good knowledge and 

relationship between chimpanzees and their keepers is highlighted in the husbandry manual 

(McNary, 1992). The input o f zoo staff to the introduction procedure w’as mentioned in all 

five introductions reported in this study, either in relation to their experience managing 

chimpanzees, or their training of the chimpanzees or their familiarity with the animals. This 

level o f involvement with and knowledge o f the chimpanzee groups was considered to have 

been instrumental in the successful outcome of the introductions.

4.5.18.3 Chimpanzee and bonobo recommendations

1. Gradual introductions that introduce individuals one at a time and gradually progress to 

the whole group are recommended by the husbandry manuals (Fulk & Garland, 1992, Mills 

et al., 1997). However, this specific method does not appear to have been used in the 

groups described here, so depending on the circumstances a quicker, more direct 

introduction may be possible.
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2. The introduction o f  males may result in higher levels o f  aggression than the introduction 

of females. Some aggression is not indicative o f  an unsuccessful introduction but should be 

monitored closely.

3. Keeper knowledge o f  the individual characteristics of  the chimpanzees is considered 

important. The input o f  a keeper who is familiar with the introduced chimpanzee is 

extremely helpful when caiTying out an introduction, allowing them to accurately monitor 

the responses o f  the animals and recognise any behavioural changes.

4.5.19 Gorillas

Gorillas Gorilla sp. are the only great apes in which the females live in cohesive, stable 

groups and associate permanently with males (Watts, 1996). Female gorillas always 

disperse to join another group or a solitary silverback. while males may range by 

themselves, fonn bachelor groups or join a mixed group (Gold, 1997). Group structures in 

captivity tend to differ significantly from those seen in the wild, and it is not recommended 

that gorillas be kept in solitaiy conditions for prolonged periods o f  time (Gold, 1997). The 

introduction o f  gorillas to groups in zoos has pre\ iously been obsen 'ed and reported to 

result in high levels o f  aggression (Fischer, 1984, Hoff et al.. 1996). A study o f  an 

introduction o f  a female gorilla reported aggression from the resident females in the group, 

and found that affiliation between the new female and resident dominant male w'as 

important in the integration process (Weiche, 2007). The affiliation o f  a silverback has also 

been noted as an important factor in integrating juvenile gorillas to a group (McCann & 

Rothman, 1999). Behaviour changes after introductions have been noted to occur -  these 

included a decrease in resting and an increase in travelling and feeding (Hoff et al., 1996). 

Behavioural characteristics or 'personalities’ o f  individual gorillas has been investigated 

and consideration o f  these characteristics may be useful in planning introductions, as males 

with a histoiy o f  aggressiveness have difficulty living in bachelor groups, whereas sociable 

males adapt much more easily to the same situation (Gold & Maple, 1994).

The Gorilla Husbandry Guidelines (Ogden & Wharton, 1997) provide detailed 

recommendations on the management o f  gorilla introductions. A variety o f  factors 

influence the strategy for carrying out introductions, including the desired group staicture,
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the age and tem peram ent o f  the anim als involved and the experience o f  the keepers (Ogden 

et al., 1997). Direct introductions o f  unfam iliar anim als to each other have been can ied  out 

successfully but are not recom m ended by the husbandry guidelines. Instead, a m ore gradual 

introduction including visual, auditory and olfactory contact initially, followed by limited 

tactile contact are preferable (Ogden et al., 1997).

4.5.19.1 Introductions

Four introductions took place in gorilla groups (species were not given). The structures o f 

the original groups and the num bers o f anim als introduced are shown in Table 4.68.

Table 4.68: Gorilla group stiaictures and num bers o f  anim als introduced.

Group Original group hitroduced animals
1 Adult 1.0 Adults 0.2
2 Adults 0.2 Adult 1.0
3 Adults 1.2 

Juveniles 1.1
Adult 0.1

4 Adults 1.3 Adult 0.1

There was no hierarchy in group 1, as the adult m ale was alone. There was a weak 

hierarchy in groups 2 and 4, and group 3 had a strong hierarchy. The dom inance hierarchy 

o f the source groups o f  the introduced gorillas was unknown in group 1, and non-existent in 

gioups 2 and 4. The introduced female in group 3 had originally been dom inant over other 

females within a strong hierarchy. Her status in group 3 was expected to change on a 

regular basis. This female had previously been with the adult male and one o f  the adult 

females in the gi'oup when she was an infant so these individuals were fam iliar to her. The 

adult male introduced to the females in group 2 was expected to be dom inant over the 

whole group, and the introduced female in group 4 was expected to be subordinate. The 

original dom inant female in group 4 died some tim e after the introduction and another o f 

the original females then took her place and becam e dom inant in the group.

The gorillas introduced to groups 1 and 2 were on their own for a long period prior 

to the introduction. The gorilla introduced to group 3 had been in another group, and in 

group 4 the introduced gorilla had been in quarantine for a month and previously on its own 

for under a month.
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The introduced animals were given sight, sound and scent contact with the male in 

group 1, which lasted for 1-2 w'eeks. The introduced male was given sound and scent 

contact with the group in group 2, which lasted for over 1 month. The introduced females 

in groups 3 and 4 were both given partial physical contact with the groups initially. In 

group 3, this lasted for less than a week, and in group 4 this lasted for over a month.

The introduced animals in group 1 showed aggression, anxiety and interest tow'ards 

the adult male, and the adult male showed aggression and interest towards them. In groups 

2 and 3, the introduced animals showed interest in the groups, and vice versa. The 

introduced female in group 4 was apparently uninterested in the other females but 

interested in the male, while the group show'ed interest in her.

The criteria used to decide when to give full physical contact were: Calm 

interactions (group 1), affiliative behaviour being demonstrated (2), interest in each other 

(3) and positive interactions with no nervous behaviours (4). Once the gorillas were given 

full physical contact with each other in group 1, the introduced females showed fear and 

submission towards the male, while the male showed aggression and asserted his 

dominance over them. In group 2, the introduced male approached the females but they 

avoided him. In group 3, the introduced female approached, groomed and played with the 

other females but avoided the male for a few days. The other females reciprocated the 

approach and the grooming and play behaviour, while the male asserted his dominance 

over the female. In group 4. the introduced female approached the male and showed sexual 

behaviour and submission, but avoided the females. The male approached the female, also 

showing sexual behaviour, and asserted his dominance over her.

In group 1, one o f  the introduced females was injured by the male and had to be 

temporarily removed from the group. At the time o f  the survey, she had not yet been 

reintroduced, so the behaviour o f  the group and introduced animal after the fiill 

introduction was unknown. In group 2, there was an increase in play, social interactions and 

sexual behavior in both the original females and the introduced male. In group 3, an 

increase in aggression was observed betw'een the adult male and the new female. The male 

showed extreme aggression towards the female three weeks after the introduction, resulting 

in the female being beaten unconscious, so she was removed from the group overnight and 

re-introduced the following day. The aggression appears to have subsided after this. It was
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not known w hether the introduced fem ale’s behaviour changed after the introduction as 

records o f  her behaviour previously were not available. Li group 4, the introduced female 

was allowed to stay with the group during the day only at first, and was gradually allowed 

to stay with the group for longer periods and then pem ianently. There was an increase in 

play, social interactions, sexual behaviour and exploration observed in the group, as well as 

a decrease in aggression and undesirable behaviour. The introduced female exhibited an 

increase in groom ing, social interactions and sexual behaviour after the introduction.

The respondent for group 1 recom m ended providing a lot o f  horizontal and vertical 

barriers and a ran-around wall between room s with a door at each end, to provide the 

gorillas with different options to avoid each other if  they wanted to. The behaviour o f  the 

m ale m eant that this introduction was deemed unsuccessful. in group 2, it was 

recom m ended that affiliative behaviours should be noted, and the success o f  this 

introduction was attributed to seasoned, knowledgeable staff and a flexible facility. In 

group 3, there were no particular recom m endations for m anagem ent techniques. The 

introduction was deemed successful, and this was attributed to the harmonious gi'oup at the 

start, the friendly tem peram ent o f the male, and the fam iliarity o f  the adult male and female 

to the introduced female from when she was young. However, the description provided o f 

the aggressive behaviour o f  the m ale towards the female suggests that the events arising 

during this introduction were not ideal. Finally, the success o f  the introduction in group 4 

was considered to be due to having several females who could keep the m ale in line.

4.5.19.2 Discussion

It is recom m ended by the gorilla husbandly guidelines (Ogden & W harton, 1997) that 

introductions o f  gorillas should be can ied out gradually, which occun ed to vaiying degrees 

in each o f  the four introductions described in this study. The outcom e o f  the introduction in 

group 1 was deem ed unsuccessful due to the behaviour o f  the male. This was the only 

introduction which was to a lone male, which m ay have been a contributoiy factor to the 

aggression levels o f  the m ale (Burks et ah,  2001). However, it was also one o f the shorter 

periods o f  prelim inary contact o f  the four introductions at 1 -2 weeks o f  visual, auditory and 

olfactory contact. The outcom e o f the introduction in group 2 was successful -  in this case 

there was one m ale being introduced to two females rather than two females being
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introduced to one male, as occurred in group 1. This suggests that the introduction o f  a 

male to new individuals and a new teiritory may be more successful than a male having 

new individuals being introduced into his established territory. The shortest period o f  initial 

contact was in group 3 at less than one week o f  partial physical contact. It is likely that the 

previous familiarity o f  the introduced female with other members o f  group 3 contributed to 

the decision for a quick introduction, but some aggression did occur in this group after the 

introduction, suggesting that, again, the introduction may have benefited from proceeding 

more slowly.

The gorilla husbandry guidelines (Ogden & Wharton, 1997) are among the most 

comprehensive o f  those encountered during this project in temis o f  the detail provided for 

managing introductions. This is likely to be for a range o f  reasons, including the 

disproportionately high level o f  research on great apes in zoos (Melfi, 2005) and the highly 

endangered status o f  the gorillas (Stoinski et al., 2008) which undoubtedly prompts a great 

deal o f  care and attention to every aspect o f  their management. Therefore, it is strongly 

recommended in this case that the advice provided in the guidelines be followed when 

carrying out introductions in gorilla groups.

4.5.19.3 Gorilla recommendations

1. The gorilla husbandry guidelines proxide detailed infomiation on the recommended 

procedures for introducing gorillas (Ogden et al.. 1997, Ogden & Wharton, 1997) and 

should be followed.

2. A gradual introduction involving a stage o f  sight, sound and scent contact followed by a 

period o f  partial physical contact is strongly recommended.

3. Be aware that adult males may respond aggressively if  their status is threatened or their 

dominance is not respected by new individuals in the group.

4. Familiarity with the temperament and characteristics o f  the animals involved is useful 

when creating a group, and can be helpful in detennining w'hich individuals will interact 

positively with each other.

5. The introduction of new individuals to a male in an established teiritory may be more 

difficult than introducing a male to a new teiritory and new group. Therefore, i f  new
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individuals are being introduced to a male, it is recom m ended that the male be first 

introduced to the new individuals in a neutral area.

4.6 Discussion

The aim o f  the sui'vey was to gather infonnation about a greater num ber o f  group changes, 

in a larger num ber o f  species, and this was very successflilly achieved. There were 

nineteen m am m alian groups or species for which there were sufficient responses to allow 

them to be examined more closely as a group. M any o f  the recom m endations drawn from 

the results o f  this survey are applicable to one particular group only, and should be referred 

to in the context o f  that group or species. However, several recom m endations occun ed for 

a num ber o f  groups and can be applied more broadly. These broader recom m endations are 

considered here.

4.6.1 Introductions survey: Discussion and recommendations

One o f  the more notable findings from the introduction questionnaires was that, as 

predicted, the m anagem ent o f  the introduction did affect the outcom e o f the introduction. 

Introductions during which animals were given full physical contact with each other 

im m ediately resulted in lower frequencies o f success. Partial physical contact m ay be more 

desirable as the initial form o f  contact between a group and an animal being introduced, in 

order to allow anim als to become gradually accustom ed to each other. A gradual 

introduction involving sight, sound and scent contact, followed by partial physical contact, 

is specifically recom m ended in six o f the sets o f  sim ilar species examined in detail 

(gorillas, equids, large rodents, lemurs, cercopithecids and chimpanzees).

hitroductions in which respondents were unsure o f the outcom e had on average a 

significantly higher num ber o f adult m ales in the original group than either successful or 

unsuccessful introductions. This suggests that in situations where m ore than one adult m ale 

was in the group prior to the introduction, the outcom e o f the introduction is less clearly 

successfiil or unsuccessful, perhaps because the status o f the introduced animal is not as 

clear in relation to adult m ales in the group.
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The status, age and tem peram ent o f  the animal be ing  introduced, as well as o f  those 

already in the social groups, were, as predicted, genera lly  considered im portant when 

ca n y in g  out introductions. It w as recom m ended  in n ine sets o f  similar species that one or 

m ore o f  these factors should be taken into account (cercopithecids, gorillas, equids, 

gazelles, large rodents, social felids, canids, lem urs and ch im panzees). M easures  that are 

recom m ended are: introducing indi\ iduals that are non-threaten ing  to dom inan t anim als  in 

the group, avoiding form ing  groups o f  multiple breeding  m ales, and taking into account the 

oestrus cycles o f  females. Fam iliarity  with the tem peram ent and characteristics o f  the 

anim als involved, particularly  in great apes, is useful w hen creating a group, and can be 

helpful in de tem iin ing  which  individuals will interact positively  with each other.

The num bers o f  anim als introduced to the group did not seem to be related to the 

success o f  the introduction. However, the num bers  introduced were generally  low. so it is 

unclear w hether a greater num ber  o f  a particular type o f  individual being introduced w ould 

ha\ e had an effect on the outcome. The behaviours o f  introduced anim als were reported to 

be m ore positive during the initial introduction period in successful group changes. This 

suggests that the behaviour o f  introduced anim als during  this period could be used as an 

indicator o f  the ou tcom e o f  the full introduction.

The infom iation provided in response to the open questions was som ew hat varied 

but did provide som e them es to indicate w hat contributed  to a successful introduction. The 

status, age and tem peram ent o f  the animal being  introduced, as well as o f  the anim als in the 

original group were  considered important when  c a n y in g  out introductions. The pace o f  the 

introduction appears to be ve iy  important, with  m any  respondents  in agreem ent that a 

gi'adual introduction seem s to work best. A m ethod  that w as  recom m ended  for c a n y in g  out 

introductions in cercopithecid  (baboons and m andrills) ,  gorilla and gazelle g roups was to 

place both original and new  animals together in an area unfam ilia r  to all o f  them  so that any 

aggression arising from the ten'itoriality o f  the original g roup  w ould  be reduced. Splitting 

up the group and in troducing a new  animal to one individual at a time can also be helpful. 

This  m ethod m ay  be useful during  in troductions o f  o ther species w here  a gradual 

introduction in a territory familiar to one or  m ore  o f  the an im als  has been unsuccessful.

High levels o f  aggression can be an obvious sign that there are p roblem s in a social 

gi'oup. However, it was noted across six sets o f  g roups (gazelles, large rodents, social
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felids, canids, lemurs and chim panzees) that an initial increase in aggressive or anxious 

behaviour does not necessarily indicate an unsuccessful introduction. Conversely, a lack o f 

aggression does not necessarily indicate a successful introduction, as was noted in the 

cercopithecid group. It had been hypothesised that behaviour such as aggression w ould be 

linked to unsuccessful group changes, but this was shown not to be the case. Therefore, 

close observations o f  the social groups before, during and after introductions are always 

recom m ended so that keepers are familiar with ‘norm al’ aggression levels and intervention 

can be made in case o f  an excessive increase in aggression.

4.6.2 Removals survey: Discussion and recommendations

Removals are often earned out to split groups that have become too big, to separate anim als 

that are socially incom patible, or when an animal needs to be m oved to a different facility 

to com ply with breeding recom m endations, hi nearly half o f  the successful rem ovals, a 

decrease in aggression was noted, which was a behaviour change that had been predicted in 

the event o f  successful social group changes. Social behaviour was obser\'ed either to 

decrease or to increase w'ith nearly the same frequency. The decreases in social behaviour 

may have been due in some cases to the removal o f  an animal resulting in only one animal 

remaining in the group. The increases in social behaviour m ay have occurred because this 

behaviour was no longer inhibited by other m em bers o f the gi'oup, which suggests that an 

overall larger group size m ay not necessarily enhance the oppoitunity for social interactions 

for all the individuals in the group.

When caiTying out removals, it is recom m ended that the structure o f  the rem aining 

group be considered. In some cases the removal will have a neutral effect on the rem aining 

anim als (such as the callitrichids). Some removals were earned out as a m easure 

specifically to separate anim als that were aggressive or causing stress in the group, so the 

success o f  these particular changes was obsei"ved in the decrease in aggressive behaviour 

and stress in the rem ainder o f the group. An example o f this positive im pact on group 

dynam ics was discussed in the set o f  lem ur group changes.

The recom m endations for the pace o f  the removal varied between carrying it out 

sw iftly and doing it in stages. The most suitable approach appears to be dependent on the
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particular situation. The group structure o f  the rem ainder o f  the gi'oup after the removal was 

im portant, and. again as predicted, factors such as the hierarchy and breeding status o f the 

rem aining animals were considerations for several respondents. Situations w'here the 

rem aining anim als will com pete aggressively for their position in the group hierarchy (such 

as in the equid groups, where m ales that were next in line in the hierarchy com peted for the 

dom inant position) should be avoided. W here possible, two or more anim als should be 

rem oved together, rather than having one animal taken in to new accom m odation on its 

own, which occurred in the herpestids and solitary felid groups, and was not considered an 

ideal situation.

4.6.3 Births survey: Discussion and recommendations

As predicted, it was found that the m anagem ent o f  births differed from the managem ent o f 

other types o f  gioup changes. The most com m on recom m endation for managem ent o f  

births was to leave the group together and allow the birth to take place naturally (gibbons, 

otters, herpestids, red pandas, callitrichids and some cervids). Furtherm ore, maintenance o f 

routine and a quiet, calm environm ent were frequently recommended. In the cases where 

the m other gave birth separately from the group, the re-introduction o f  the m other and 

offspring to the group was most frequently dependent on the health and strength o f  the 

newborn animal, and aimed at allowing sufficient time for the m other and offspring to 

bond.

There were several recom m endations for how to achieve a successful outcom e from 

a birth that had not been predicted. A good group dynamic also contributed to a successful 

outcome. Responses by the group towards the new born animal were generally positive, as 

were changes in the behaviour o f  the group, with increases in social interactions and play 

m ost frequently obsei"v'ed. If older offspring are present in the group, such as offspring that 

are at dispersal age, keepers should be alert to any increases in aggression between them 

and the breeding pair and be prepared for the possibility o f having to remove them (as 

recom m ended for gibbons, solitaiy felids and red pandas). However, in other groups (such 

as otters), leaving older juveniles with the group to observ'e births can be helpful to the 

parents, and allows the juveniles to gain parenting experience, hi some groups (gibbons.
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equids and red pandas), it is to be expected that the m other will prevent the rest o f  the 

gioup having contact with her infant initially, and aggression m ay occur if  other individuals 

are too pushy and curious. The experience o f  both the m other and the group with previous 

births were m entioned by several respondents as contributory factors to the success o f  the 

gioup change. Behaviour o f  species in the wild when giving birth should be considered so 

that efforts can be made for birthing conditions to m imic the wild conditions as m uch as 

possible. Overall, the most recun ent them e in m anagem ent o f births was to allow the birth 

to take place naturally in the group, while providing a calm, quiet environm ent.

4.6.4 Deaths survey: Discussion and recommendations

Deaths in a group did not appear to result in many changes in the behaviour o f  the 

remaining anim als following the event. Leaving the group alone, m anaging them as norm al, 

and allowing the rem ainder o f the group to see the dead animal were m easures that were 

recom m ended in order to allow the rem aining anim als to understand what had happened, 

and to avoid too much disruption. As w'as the case in previously discussed types o f  group 

changes, the stm cture and stability o f  the group prior to the change contributed to the death 

having a m inim al impact on the rem aining group members.

4.6.5 General recommendations

Husbandi'y guidelines for certain species, such as chim panzees and gorillas, are extensive 

and thorough in their coverage o f  m anaging social group changes. However, the m ajority o f 

species do not have such extensive guidelines easily available, despite m any o f  them  being 

vulnerable or endangered. M any group changes were perfonned following 

recom m endations o f  can'ying out introductions gradually, but some o f  the introductions 

reported in this study were successfully carried out at a faster pace (for exam ple, in equid, 

giraffe, antelope, social felid, callitrichid and chim panzee groups). It is unclear w hether 

adhering to the guidelines would have m ade a difference in the outcom es o f  these group 

changes. Furthennore, the recom m ended group structures som etimes differed to those 

reported in the survey (for example, in antelope and otter groups), and again it is unclear
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w hether  these are unrepresentative exam ples  o r  w hether  alternative m anagem ent to that 

cun  ently recom m ended m ay be ju s t  as appropriate. Therefore, it is s trongly recom m ended  

that accurate and detailed records should be kept w herever  possible o f  the m anagem ent and 

ou tcom es o f  social g roup changes. M ost im portantly , these records should be m ade 

available to the zoo com m unity  and should  be easily accessib le  for further research.

4.6.6 Frequently occurring problems during social group changes

There were  several problem s that w ere  noted by  a num ber  o f  respondents  to occur during 

social group changes. Enclosures that were  not ideally structured for m anag ing  

introductions were a problem ; limited flexibility or space could  m ake it difficult to separate 

anim als i f  necessary during the introduction process. A lack o f  space or appropriate  

facilities also meant that som e respondents could not carry out introductions as gradually  as 

they would  have liked, either in terms o f  gradually  in troducing a new  animal to the whole  

group, or introducing it to one m em ber  o f  the group at a time. In species w here  group 

changes are carried out frequently, it m ay  be worth investing  resources in providing more 

com plex  enclosures to facilitate the separation and m ovem ent o f  anim als and re-structuring 

o f  social groups. In addition, the design o f  new enclosures in the future should incoiporate 

these features as standard.

Age, sex, social status or breeding  status o f  the introduced animals, or the animals 

a lready in the group, or both, could be problem atic  and can result in tension or aggression 

betw een  individuals. A ggression and struggles for dom inance  were  the m ost frequently 

cited reasons for unsuccessful outcom es o f  introductions. M ore  detailed in fonna tion  from 

the source institution about the tem peram ent and status o f  the animal being in troduced m ay  

be helpful in ju dg ing  how  well an individual would  integrate into a group. Aggression  

betw een  animals when a hierarchy is be ing  readjusted  after a death is also an issue. 

Therefore, carefijl consideration o f  the status and position o f  all o f  the animals in the group 

is also important. The main problem  that occun 'ed with rem ovals  was that the rem oval 

process was not canned out p rom ptly  enough, resulting  in aggressive behaviour in the 

gi'oup continuing for a longer period than necessary.
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4.6.7 Animal behaviour after social group changes

The behavioural responses o f animals to changes to their social groups are, as was 

hypothesised, useful indicators of the success o f the group change. As described in section 

4.4, social behaviour was observed to increase in 84% of successful introductions, which is 

not particularly suiprising. Social interactions also increased in a high proportion o f groups 

in which births took place (72%). Social behaviour changed in almost half (47%) o f the 

removals reported, but it decreased (26.5%) in a similar proportion o f groups as it increased 

(20.6%). The removal o f an aggressive or otherwise incompatible individual may enhance 

the opportunities for social interactions between the remaining individuals. However, the 

removal o f an individual may equally result in losing oppoitunities for social interactions, 

so care should be taken that this loss is not detrimental to the remaining individuals.

An increase in aggressive behaviour may also occur after an introduction, but this 

is not necessarily an indicator o f an unsuccessful group change and can be a normal part of 

an introduction process (Hoff et a l ,  1996). However, excessive or prolonged aggression 

can be a problem, and for this reason familiarity with the normal levels o f aggression in a 

group is necessary so that any deviations from normal lexels will be quickly spotted. A 

decrease in aggression was obsei'ved in 44% of removals (see Section 4.4). In several cases, 

the aim of the removal appeared to have been, directly or indirectly, to reduce aggression 

by reducing the group size or separating incompatible individuals. Again, close monitoring 

of aggressive behaviour after a removal is recommended to detennine whether it has, in 

fact, changed.

Submissive behaviour was obsei'ved during similar proportions o f successful and 

unsuccessful introductions. Submission is therefore not necessarily an indicator of the 

success o f an introduction, as it is a necessary behaviour for animals in a group to display 

in order to clarify their status within the group (Stabler et al., 2002). It should be noted that 

behaviours such as submission may occur with similar frequencies but in different patterns 

in different groups, and the differences in behaviour patterns must therefore also be taken 

into account when inteipreting increases in such behaviour (Bernal & Packard, 1997). 

Avoidance o f other animals in the group appears to be a stronger indicator o f the success of
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an introduction, with avoidance being observed over twice as frequently in unsuccessful 

introductions as in successful ones.

Sexual behaviour was o b sen  ed to increase in half o f  the successful introductions. 

Because m any group changes in zoos are carried out under recom m endations that are based 

on breeding programs, sexual behaviour is, in m any cases, desirable and indicative o f 

affiliations being fonned within the group (Cooper et al., 2001). It m ay also indicate 

competition within the group (Stoinski et al., 2009), so should be closely monitored.

Although there were not enough unsuccessful births reported to com pare with the 

successful births, the most frequently observed behaviours between the newborn anim als 

and the group after the successful births were approaching and playing, and these m ay be 

worth taking note o f  as possible indicators o f  success in future events.

4.6.8 Recommendations for improvements to the survey

While every effort was made to achieve optimum  clarity, visual appeal and ease o f 

response in the survey, there were several elem ents that, in retrospect, may have been 

improved upon. The visual design o f  surveys has been shown to have an effect on 

respondents’ behaviour (Stern et al., 2007). One such element is the spacing o f  response 

boxes. Further clarity in explaining that responses could exceed the length o f  the response 

box may have been helpful in eliciting m ore detailed responses (Smyth et al., 2009). 

Another element o f the survey that may have influenced responses was the order in w'hich 

positive, negative and neutral answer options are provided; Stem et al. (2009) found that 

neutral categories were chosen more often when the beneficial categories were placed first. 

The response options to such questions in this survey placed responses in the order: 

Increased, No change. Decreased, D on 't know. The options for rating hierarchies and levels 

o f contact between animals during introductions were also listed sequentially, and it m ay be 

preferable to randomise the response options to reduce the likelihood o f  responses being 

biased due to the order the options are shown.

The clarity o f some questions could have been further increased. Some questions 

(e.g. Appendix 9, Questions 7 and 10) provided a set length o f  time when asked to specify
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the duration o f an event. However, some questions did not provide a set amount o f time 

(e.g. Appendix 9, Q 8), and this specific infonnation would have been helpful.

There are invariably further questions that could be asked relating to a given 

subject, but a limit must be placed on the scope and range of a single sui"vey, not least 

because overly long surveys tend to elicit lower response rates (Plowman et a l ,  2006). 

However, in retrospect, there are several questions that would have contributed further to 

the study and would have added clarity to the results. A question that would have been 

useful to ask in this survey was whether there were fLUther stages of initial contact provided 

during introductions between the first one chosen, and full physical contact. The stmcture 

of this sui"vey did not allow respondents to select more than one type o f contact, so unless 

respondents volunteered infonnation about further subsequent stages in the introduction 

process, this infonnation was not elicited. Some reported introductions that appear to have 

jumped from providing sight, sound and scent contact initially, to full physical contact, but 

may actually have had a stage o f partial physical contact in between.

The time-span of the period 'after the group change’ in questions relating to 

behaviour changes was not clarified. Respondents were asked to state how behaviour 

changed during this period (e.g. Appendix 9, Qs 20 and 21), but it is unclear whether 

respondents referred to behaviour during a period of hours, days or weeks in these 

questions. A clear definition o f the time period should have been included in this question. 

Similarly, further clarity about the time span o f the period preceding introductions and 

births would have been useful (Appendix 9. Q 8; Appendix 1 1 , 0  6).

The options provided for rating the behaviour of the animals involved in the gioup 

changes were relatively limited. Categories such as social behaviour could have been 

broken down hugely, with more subtle differentiations being made (such as those seen in 

single-species studies, e.g. Edwards & Snowdon, 1980). However, given the scale and the 

scope o f the study a compromise had to be made betw'een length and detail, and therefore 

the number o f response options provided in some questions had to be limited.

Questions relating to changes in management during the group change were not 

asked, and this infonnation would have been useful and relevant in discussing management 

techniques. An example o f this type o f infonnation is the provision o f extra food during the 

introduction period to reduce competition between animals, or increasing levels of
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enrichment to compensate for the removal o f an individual from the group. While some 

respondents volunteered this infonnation, it would have been helpful to factor in alterations 

in daily management to the analysis o f all of the group changes.

Finally, access to survey respondents was known to be a potential issue from the 

outset. While an online survey was considered to be the most appropriate method to use for 

this study, it is likely that, due to the nature o f their work, many o f the zoo staff at which 

this survey was aimed did not have regular access to computers and/or the internet during 

their working day. Nonetheless, the response rate was very good, particularly given these 

circumstances (Plowman el al., 2006).

4.6.9 Suggestions for further survey work

This survey was a starting point in investigating an area about which there is very little 

published information. While many interesting and useful results were obtained, there is 

huge scope for further research to build and expand on this study. This survey provided an 

indication of the level o f variation that exists between different group changes, even within 

the same type o f group change and in the same species. Therefore, more detailed v ersions 

of this survey tailored specifically for a single species w'ould be very useful. Collaborations 

with stud-book keepers and taxon advisory groups would be useful in achieving the level of 

detailed information that would be necessary to obtain more in-depth and detailed 

recommendations on changing the social group structures in a particular species. The 

analysis o f this survey w'as largely descriptive due to the wide range o f species and the 

huge variation in situations reported. A larger sample size o f responses relating to any one 

species would increase the possibility o f caiTying out more rigorous statistical analysis, as 

would more detailed questions, as discussed in the previous section.

Further research into both the short-temi and the long-term behavioural effects o f 

gi'oup changes is necessary, as both the immediate responses of animals to such events and 

the ultimate success of the group (i.e. successful breeding over a period of years) are 

important in detemiining the result o f a group change. In order for this type of infonnation 

to be collected systematically about a particular species, a standard behaviour recording 

fomi would ideally be made available to staff at every institution holding the species of
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interest. This could then be com pleted as standard procedure while a group change is taking 

place. Submission o f  this infonnation to a central record holder on a regular basis would 

ensure this inform ation is then available for broader studies o f  changing social groups. A 

certain amount o f  resources would be required to ensure that these data can be consistently 

gathered and collated, but provision o f  this type o f  infonnation on a regular basis would 

also mean that follow-up reports could be requested at regular intervals to detem iine the 

long-tenn outcom e o f  the group changes. This w ould allow the ultim ate group success (i.e. 

breeding success and survival rates) to be assessed in relation to factors including the group 

stm ctures, the sex and the status o f  the anim als introduced or rem oved from the groups. 

Finally, it is recom m ended that, in addition to the suggestions m ade above, the survey be 

expanded to include non-English-speaking countries, and to include non-m am m alian zoo- 

housed species, particularly those that are endangered and under m anagem ent o f  breeding 

programs.
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CHAPTER 5 

Discussion
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5.1 Overview of the project

The aim o f  this project was to investigate the management o f  changing social groups of 

mammals in zoos. Two methods were used to investigate this issue: the first was by 

carrying out case studies o f  individual group changes at Dublin Zoo. and the second was by 

gathering infomiation from a wider range o f  sources to detemiine how group changes are 

generally managed. The first method was achieved through caiTying out case studies o f  

changes in both the Bornean orangutan group (described in Chapter 2) and the Asian 

elephant group (described in Chapter 3). The second method was achieved through an 

international survey o f  zoo staff to elicit their experiences o f  changing mammalian social 

groups and examining the current available literature on the subject (published papers and 

taxon advisoiy group recommendations).

The case studies addressed two \ ery different situations. The orangutan case study 

dealt with a sequence o f  changes: a removal, a death and an introduction, while the 

elephant case study dealt with a birth. The orangutan case study demonstrated that 

successful allomothering o f  an orphaned infant orangutan can take place with minimal 

intervention in a group in which there are other related adult females present. This case 

study also highlighted the fact that consideration should be given to the nature and 

characteristics o f  each individual in the group; in this case the females in the group behaved 

differently in the presence o f  one male than they did in the presence o f  a different male. In 

addition to being records o f  valuable data in their own right, the case studies also infonned 

the type o f  questions that were considered relevant to ask in the group change survey.

The survey provided a very broad insight into the types o f  group changes that occur 

in zoos around the world, and the ways in which they are managed. It allowed a very 

general overv'iew o f  the methods that are used, as well as a more in-depth insight into a 

number o f  sets o f  species that featured most frequently in the survey responses. The survey 

not only provided a summary o f  cuiTent practices in zoos, but also showed where 

infomiation about managing social gi'oup changes is cuirently lacking in the zoo literature.
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5.2 How zoos currently manage mammalian social group changes

The m anagem ent o f  group changes as determ ined by the sun 'ey  was discussed in detail in 

Chapter 4. The most com m on m ethod was to caiTy out introductions gradually, allowing 

the anim als to see. smell and hear each other first, before allow ing them to have partial 

physical contact through a barrier, and finally allow ing full physical contact. However, 

there was variation between the sets o f  m am m als that were examined, both in the time 

given to the process and in the exact m ethods used. Clearly, it is not possible to make 

recom m endations that are appropriate for all species; the specific needs o f a group and o f a 

particular species should be taken into consideration when cairying out group changes. It is 

most likely for this reason that the m ajority o f  the literature available on changing social 

groups in zoos com prises studies o f a single species (Alford et al., 1995, Bernstein, 1971, 

Burks et al., 2004, Cooper et al., 2001), and, in practice, taxon advisory groups make 

recom m endations based on closely related species. M oreover, m any studies relate not just 

to a single species, but to a single group change event (M cCann & Rothman, 1999, Schmid 

et al., 2001, Schropfer & Rohde, 1997, W hilde & M aiples, in press).

Advice from external sources (e.g. keepers in other zoos) on m anaging group 

changes appears to have been sought by respondents to the survey in only a few cases (c f  

sections 4.4.3.8, 4 .5.16 and 4 .5 . 18 ). It is not clear whether this was simply not mentioned in 

the responses, as there were no specific questions on this topic in the survey. However, it 

may suggest that improved com m unication and distribution o f  records between zoos, 

particularly when transferring animals, would be usefiil. Systematic behaviour records o f  

each individual would also be o f  great assistance in assessing the behaviour o f that 

individual after a social group change, particularly after m ovem ent to a new  facility where 

the staff would not be fam iliar with the animal in question.

In several cases, any available advice from husbandry m anuals was followed. 

However, in m any husbandry m anuals, advice on the m anagem ent o f  social group changes 

is m inim al or not provided at all. The level o f detail provided in the husbandi'y manuals that 

were accessed during this study varied widely. Those o f the gorilla (Ogden & W harton, 

1997) and chim panzee (Fulk & Garland, 1992) are considerably more thorough than m any 

others encountered during this study and provide detailed sections about m anaging
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introductions. Some less well-studied species, such as the snow leopard (Wharton & 

Mainka. 1997) or the eland (Hairis, 2010), provide more basic husbandry requirements, but 

less detail about managing social group changes. The lack o f  infonnation available has 

been recognised by AZA and is being addressed through the ongoing production o f  Animal 

Care Manuals (AZA, 2009d). However, this study highlights how increased communication 

between zoo staff and standardised behavioural record keeping could complement the 

Animal Care Manuals and aid infonned management of social group changes in zoos. A 

certain level o f  investment would be required to provide the personnel and resources to 

collate and disseminate behavioural records. However, the value o f  this type o f  infonnation 

to zoos and to the species they house would appear to merit this investment.

5.3 Other institutions

Zoos and aquariums are not the only facilities which can both contribute to, and benefit 

from, the type o f  information gathered through this study. For example, social enrichment 

has been found to be highly effective in reducing or eliminating stereotypical behaviour in 

rhesus macaques (Reinhardt et al., 1987), a species frequently used in primate research, and 

therefore often housed singly in laboratory settings (Lutz et al., 2003, Novak et al.. 1998). 

Species such as rats, mice and hamsters are also frequently held in laboratory situations and 

can benefit from consideration o f  their behavioural and social needs (Balcombe, 2006, 

Barclay, 2001, Emond et al., 2003).

Animal shelters and rehabilitation centres are other facilities that could benefit from 

infonnation on managing social groups. These types o f  facilities may be more likely to 

have a high turnover o f  animals entering and leaving the facility (for example, gibbons at 

the Wildlife Rehabilitation Centre in Sarawak, Malaysia (Bennett, 1992)), and therefore 

have to deal with changes in social groups on a regular basis. Furthermore, successful 

rehabilitation depends on many factors, including species-typical social behaviour, which 

can only be achieved if  an animal is provided with the appropriate social stimuli (Yeager, 

1997). It has been recommended to improve communication between disciplines, animal 

industries and zoo professionals to ensure that relevant information is made available to 

those w'ho need it (Melfi, 2009), and this recommendation clearly applies here.
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5.4 Recommendations for further research

While this project did result in a great deal o f valuable infonnation, there were limitations 

in the depth and breadth o f the study. This section discusses the broader limitations o f the 

overall project and provides suggestions for finlher research in this area.

It had initially been intended to caiTy out case studies o f more group changes. 

However, the myi'iad factors that affect the timing and logistics of transporting animals 

meant that it was not feasible to be present during the times before and after group changes, 

as these times tend to be subject to last-minute changes and circumstances beyond the 

control o f zoo staff and researchers. Therefore, fiirther case studies should ideally be 

earned out by an on-site researcher, who can be present for a group change at short notice 

and who can be ftilly aware of the logistics o f the planned group change.

The survey was based on the most recent group changes that had taken place at each 

institution. This meant that some reported group changes may in fact have occuned several 

months prior to the survey being completed, so the reports may be somewhat less accurate 

than if they had been compiled at the time of the change. As with the case studies, the ideal 

situation would be to ensure questionnaires are completed within a short time after the 

group change, or at least administered and followed up. by an on-site researcher. The 

implementation o f a behavioural monitoring programme in zoos as a core component o f a 

zoo’s care strategy has been suggested (Watters et al., 2009), and such a programme would 

ensure that baseline data is readily available and regular systematic records are kept, 

allowing animal behaviour during social group changes to be closely monitored and 

analysed. It would also allow closer monitoring o f individual animals and better familiarity 

with their particular behavioural patterns, as these may vary widely between individuals 

and in some cases an individual management plan may be required to complement the 

species management plan (Watters et al., 2009). Generally, an evidence-based management 

framework is necessary, and is cuixently lacking in many zoos (Melfi, 2009).

This study focused only on mammals. Although this was already a very broad focus 

within the confines o f this project, the type of research reported here should also be applied 

to all other zoo-housed groups. It is already recognised that a disproportionate amount of 

zoo research focuses on mammals, and within the mammals on large cats (Hosey, 2009),
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bears, elephants and primates (Melfi, 2009), in particular Hominidae (Melfi. 2005). This 

was reflected in the results o f  this project. The case studies focused on orangutans and 

elephants, while primates were the largest sets o f  animals reported in the survey analysis 

(see Section 4.5.13). The depth o f  infonnation available in husbandly manuals also 

reflected this bias: the manuals relating to the great apes were found to be considerably 

more detailed than those o f  many other species (Fulk & Garland, 1992, Ogden & Wharton, 

1997). Clearly, it will be necessary to can y  out a wider ranging study including less well 

studied species, and especially classes other than mammals.

While a broader focus is necessary, it was highlighted in the discussion o f  the 

su r\ey  (Section 4.6) that greater detail about each species would be necessary for the 

results to be as informative as possible. This would require larger sample sizes for each 

species, which may be achieved through collaboration with stud-book keepers and Taxon 

Advisory Groups in order to detennine when group changes are expected to take place, or 

through the TAGs collating this infonnation themselves and making it available for 

research purposes. More in-depth questions tailored to the species would also be useful, as 

some species-specific behaviour may be particularly relevant but not covered in the more 

general survey. It is suggested that a series o f  more detailed questionnaires gathered over a 

longer period o f  time be carried out, which would culminate in a meta-analysis o f  the 

results on a scale similar to the study carried out by Shyne (2006) on the effect o f  

enrichment on stereotypic behaviour in zoo mammals.

Standardised records would be extremely useful in achieving a goal o f  such breadth 

and depth. Again, through collaboration with AZA members, stud-book keepers and Taxon 

Advisory Groups, it may be possible to implement a procedure o f  recording behaviour at 

the time o f  social group changes as standard practice. A recent study o f  the factors that 

influence zoo research found that more research is can ied  out by curators and managers 

than by qualified scientific staff, and concluded that scientific research is not a priority for 

many zoos (Anderson et a!., 2010). A shift in this tendency would be important in making 

dedicated staff available to spend time recording and reporting the management and 

outcomes o f  group changes. The results o f  this type o f  research could then be collated to a 

central database, analysed appropriately, and, most importantly, the findings disseminated 

effectively to zoos and other interested parties to whom they are most relevant. Stronger
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collaboration between zoos and universities in caiTying out research has been called for 

several times in the past two decades (Feistner & Price, 2002, Fernandez & Tim berlake, 

2008, Hosey, 1997, Kleim an, 1992). Therefore, recruitm ent o f  or collaboration with, 

qualified animal behaviour researchers to m onitor anim als system atically appears to be the 

cnicial next step in inform ing m any aspects o f  zoo animal managem ent (M aple, 2007).

5.5 Conclusions and general recommendations

• The study o f  single group-change events can provide valuable insights into the 

m ethods and outcom es o f  these events. This was dem onstrated in the tw o case studies 

carried out in this project. W hile knowledge o f and familiarity with the anim als cannot be 

replaced, they should be supplem ented with system atic records to m onitor behavioural 

changes o f  individual animals, allowing appropriate m anagement decisions to be made 

based on scientific analysis o f  animal behaviour. In the case o f  transfers o f  anim als between 

zoos, a copy o f  such behavioural records should be provided to the zoo receiving the 

animal, in advance o f  the transfer. Behavioural infonnation o f individual anim als in 

addition to species and lineage information could then also be taken into account by stud

book keepers while deciding on relocations.

• A survey can provide a broader view o f cunen t m anagem ent o f  social group 

changes in zoos, and is an effective tool for gathering a great deal o f  infonnation at a 

relatively low cost. The survey earned out for this study resulted in a huge am ount o f 

infonnation being gathered from zoos around the world. A great deal o f  useful infonnation 

on changing social groups in zoos was obtained, and the significant potential for further 

research was also highlighted. The constm ction and content o f  each survey needs to be 

carefully considered so the infonnation gathered will be as useful as possible. There is 

cuiTently a lack o f  infonnation available in the published literature about m anaging social 

group changes in zoos. W hat infonnation does exist can be difficult to access if  it is 

unpublished and held in a zoo ’s own records. Publication o f  m anagem ent m ethods and 

recom m endations should be encouraged within the zoo community.
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•  A standardised procedure  for recording group change events, perhaps based  on the 

structure o f  the survey used in this project, and a central database where this in fonnation  

can be registered, analysed and m ade available to o ther zoos is recom m ended.

•  M ore scientific research needs to be caiTied out within m ost zoos and for this to 

happen, zoos need to give greater priority to prov id ing  access to researchers, a llocating 

funding to research, and hiring qualified, dedicated research s ta f f  Data collection and 

collation needs to be enhanced, and, with im proved integration o f  academ ic researchers and 

zoo s t a f f  used to in fonn  the future m anagem ent o f  social group changes in zoo-housed  

populations.

•  The aim o f  this project was to address the lack o f  available information on changing  

m am m alian  social g roup structures in zoos. This has been achieved: the data gathered in 

this project have been and will be made accessible to interested parties in various ways, in 

accordance with the general recom m endations above. The elephant case study has already 

been published (Appendix  3), as has part o f  the orangutan case study (A ppendix  I). The 

general survey results (Section 4.4) have already been sent to all survey respondents. The 

detailed survey results (Section 4.5) will be m ade available to all survey respondents and 

other interested parties, and all o f  the sur\ ey results will be submitted for publication in due 

course.

•  The infonnation  gathered in this project is extrem ely  useful both directly to zoos 

and indirectly to relevant international conservation efforts. The  project h ighlighted that 

online survey tools can be strategically applied to a key conservation issue. Finally, the 

study em phasised how  enhanced data collection and collation, and im proved collaboration 

between academic researchers and zoo s ta ff  can inform the future m anagem ent o f  changes, 

particularly in relation to endangered  zoo-housed  populations.
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BRIEF REPORT

The Behavior of a Zoo-Housed Infant 
Orangutan After the Death of its IVIother
Jenny Whilde* and Nicola Marples

Department of Zoology, School of Natural Sciences, Trinity College, Dublin, Ireland

T h e  beliavior o f  an  infant female o ra n g u ta n  at D ub lin  Z o o  before and  af te r  the 
dea th  o f  her m o th e r  was recorded  using scan sam pling  and  com pared .  Social 
in te rac t ions  and  associa tions o f  the infant with the o th e r  indi\ iduals in the g ro u p  
were also co m p ared  before and  after  the deatli o f  her m other .  Increases in 
climbing and  object m an ip u la t io n  were observed,  an d  a decrease in resting 
occurred .  The infant o ra n g u ta n  significantly increased the a m o u n t  o f  time she 
spent in close con tac t  with an o th e r  related adult  female in the g ro u p  after  
her m o th e r 's  dea th .  This case s tudy  describes an  e.xample o f  a zoo -housed  
in fan t o ra n g u ta n  being successfully fostered by a related female w ithou t 
h u m a n  in tervention.  It also p rovides  a c]uantification o f  the behav io r  o f  an 
in fan t o ra n g u ta n  before  and  af te r  being o rp h an e d .  Z o o  Biol 30:205-211. 2011.
( 201(1 W iley-L i.ss, Inc.

Keywords: Bornean orangutan; Pougo pygim u’us\ allomothering; parental separation

INTRODUCTION

O ra n g u tan s  in the wild are dependen t  on  their m o th e rs  for food and  travel 
until they are  tw o -an d -a -h a lf  years old, an d  until the age o f  7 years they still spend a 
large am o u n t  o f  time with them , a l th o u g h  they can  feed an d  travel independen tly  
[M acK in n o n .  1974; van N o o rd w ijk  and  van  Schaik. 2005]. O ra n g u tan s  in the wild 
exist largely as m o th e r -o f fsp r in g  units [M cC onkey . 2005] an d  the bo n d  between 
m o th e r  o ra n g u ta n s  and  their o ffspring is s tro n g  a n d  long-lasting  [van Schaik, 2001],

G ra n t  sponsors:  Trinity  C o l leg e  U ssh er  A w ard;  T h e  Z o o lo g ic a l  S o c ie ty  o f  Ireland.

* C o r r e sp o n d e n c e  to: Jenny W h ild e .  D e p a r tm e n t  o f  Z o o lo g y .  S c h o o l  o f  N a tu ra l  Sciences .  Trinity  C o llege .  
D u b l in  2. Ireland. E-mail: vvhildejiK tcd.ie

R ece ived  4  D e c e m b e r  2009: R evised  17 M arch  2010: A c c e p te d  23 A pril  2010 

D O I  10.1002 ZOO.20329
P ublished  on l in e  26 M a y  2010 in W iley  O n l ine  Library (w i leyon lin e l ib rary .com ).

©  2010 Wiley-Liss, Inc.



206 Whilde and Marples

Therefore, the separation of a still-dependent infant orangutan from its m other 
would be expected to have a significant impact on the infant orangutan.

Several studies have described successful reintroductions o f  temporarily hand- 
reared young orangutans  to their mothers [Hamburger. 1988; Keiter et al.. 1983; 
Norcup. 1998; Sodaro and Weber, 2000]. Successful introductions of infant 
orangutans to surrogate mothers have also been described [Maple. 1980; Sodaro. 
2007]. Previous m othering experience o f  the adult females in these cases contributed 
to the success o f  the surrogacy.

There appear to be fewer descriptions o f  cases where infant orangutans remain 
in their social groups after the removal or death o f  their mother. Some studies have 
focused on such events in other primates, including rhesus monkeys, where a juvenile 
orphaned at 11 weeks o f  age was cared for first by four males, and ultimately by his 
sister [Berman. 1982]. and baboons [Hamilton et al.. 1982]. in which case orphaned 
infants were adopted by pre-reproductive males and females in the troop. A case 
study o f  zoo-housed baboons observed that an infant that was orphaned while still 
dependent survived well but did not develop a strong bond with any particular 
individual in the group [de Lathouwers and van Elsacker. 2007]. Maple [1980] 
recommends that " the optimal rearing environment for an infant ape .. . is  composed 
of a mother, and where possible, the presence o f  other adults and peers" because a 
naturalistic rearing experience increases the likelihood o f  later adequate maternal 
behavior. The particularly close bond between m other orangutans and their offspring 
[Caldecott and M cConkey. 2005] means that it is likely that the eiTect o f  orphaning 
on a dependent juvenile might be even stronger than that observed in other primates.

The O rangutan  Species Survival Plan husbandry manual [Sodaro. 2007] 
includes recommendations for managing the introduction of orphaned infants to 
surrogate mothers. However, they refer to cases where the infant was hand-reared 
for a period o f  time and then introduced to conspecifics. The results o f  separation of 
infant orangutans from their mothers have been previously described [Nadler and 
Codner. 1983]. but little information is available on the behavioral response o f  an 
infant orangutan  that is allowed to remain in its group after orphaning.

This case study describes the behavior o f  a 3-year-old orangutan after the death 
o f  her mother, in a situation where the infant orangutan  successfully remained in its 
social group. A quantification o f  the changes in behavior and in social interactions 
that occurred after the death o f  her m other is provided.

METHODS 

Study Animals

The orangutans involved in this study are described in Table 1. The study 
commenced in Novem ber 2007, when the group consisted o f  Jorong ( d ) ,  Maggie, 
Leonie, Riona. and M ujur (all 9). The infant orangutan, Mujur, was 2 years when 
this study began, and turned 3 years toward the end o f  the study. Jorong was 
removed from the group in M arch 2008. Maggie, the m other o f  Mujur. died 
unexpectedly due to a respiratory problem in July 2008. Leonie was a full sister of 
Maggie, and therefore aunt o f  Mujur. In October 2008, a flanged male, Sibu, 
returned to the group in Dublin Zoo after having been absent from it for 7 years. 
Riona was the adolescent daughter of Leonie and Sibu.

Zoo Biology



Behavior of a Zoo-Housed Infant Orangutan 207

TA B LE 1. Orangutans at Dublin Zoo

Name Jorong Maggie Leonie Riona M u ju r Sibu

Gender Male Female Female Female Female Male
Year born 1995 1983 1981 1996 2005 1978
Status U n Breeding Breeding Permanent Infant Breeding

flanged contraception
Further Renio\ed M ujur's Fu ll sister Daughter o f Daughter o f Removed
info from mother. o f  Maggie Sibu and Jorong and from

group in Full sister Leonie. Hand Maggie. group
2008 o f Leonie. reared Parent 2001.

Died July reared returned
2008 2008

Housing

The orangutan group was housed in an indoor enclosure at night and for part 
o f the day. During daylight hours and depending on husbandry requirements, the 
orangutans were given access to a grassy outdoor enclosure containing climbing 
structures and surrounded by a moat. The indoor enclosure consisted o f two areas, 
one larger than the other. Both areas contained climbing structures, nesting baskets, 
and enrichment devices. The group were generally housed together during the 
daytime but were sometimes separated at night, either with the male being separated 
from the rest o f the group, or with the male and Leonie being separated t'rom the 
other females in the group and housed in the smaller indoor enclosure.

Observations

There were two stages o f observations o f the orangutans:

1. Between November 2007 and March 2008 (38 replicates o f 1-hr samples), before 
Maggie, the mother o f M ujur. died; and

2. between July and October 2008 (23 replicates o f 1-hr samples), after Maggie died. 
Observations o f the orangutans during the second phase began 1 w'eek after 
Maggie's death.

Data were collected evenly throughout zoo opening hours (9:00-18:00) with a 
break o f at least 1 hr between consecutive samples. Behavior o f all individuals was 
recorded concurrently using hour-long scan samples w ith 1-min intervals. Behavior 
categories are shown in Table 2. Although some o f these are not mutually exclusive, 
a single behavior was recorded at any one time, with the most dominant behavior 
determined by the observer.

A t each scan, the location, identity o f nearest neighbor, and distance from 
nearest neighbor o f each individual was also recorded. The map o f the enclosure was 
divided into 20 sections, which were coded and the codes used to record the location 
o f each individual. I f  orangutans were on the border o f a section, the section that the 
greatest part o f their body was in was recorded. The distance between each 
individual at each scan was assigned to one o f four categories: 0 = physical contact; 
l> 0 -2 m  apart; 2 > 2 -5 m  apart; 3 > 5 m  apart. The amount o f time per hour that 
each individual spent w ithin different ranges o f each other was calculated.
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TA B LE 2. Ethograin of Orangutan Behavior

Behavior Description

Walk Locomotion along the ground
Climb Locomotion along branches or other climbing structures
Feed Chewing and manipulating food, e.xtracting food from feeding enrichments
Rest Sitting or lying at rest, no obvious activity
Play Apparently aimless activity or interaction with other indi\iduals. mainly 

observed in the infant
Manipulate Interaction with non-food items; investigation o f enrichments; pulling, breaking 

or rearranging items, such as branches and bedding
Sexual Copulation and attempted copulation; touching or sniffing genital area o f self or

behavior other individuals
Groom Removing particles from fur. scratching, combing through fur with fingers, 

examination o f fur and skin o f self or other individuals
Out o f sight Not visible to the observer

RESULTS

Data were analyzed using SPSS 14.0 for Windows using r-tests and 
M ann-W hitney U  tests. Distributions and variances o f all behaviors for each 
individual during each period were checked to ensure that the appropriate statistical 
tests were used.

Behavior

After Maggie's death. M u jur increased the proportion o f time she spent 
climbing significantly from 11.3 to 18% ( l  — —2.678; d f == 53; P — 0.01). The time she 
spent manipulating objects also increased significantly, from 3.7 to 9.6% 
(/ = —3.655; d f= 4 9 ; f  =  0.001). M ujur spent 43.4% o f her time in resting when 
her mother w'as alive, but this fell significantly to 28.9% after her mother's death 
(/ = 3.385; d f=  66.7; P = 0.001).

Associations

After Maggie’s death. M u jur significantly increased the amount o f time she 
spent in physical contact w ith Leonie from 4.5 min per hour to 15.3min per hour 
(r -  —3.682; d f =  29.12; P =  0.01) (Fig. 1). M u jur had originally spent an average o f 
28.8 min per hour (48% o f her time) in physical contact w ith her mother. A lthough 
higher than the amount o f time spent with Leonie after Maggie's death, it appears 
that Leonie became a foster mother for M ujur. A lthough Leonie was not lactating, 
M ujur was observed by the author and keepers to attempt to suckle from her. and 
was also observed by keepers to sleep in the same nest as Leonie.

Riona and M ujur spent more time within closer range of each other after the death 
o f Mujur's mother. Maggie. They significantly increased the amount o f time spent within 
2 m o f each other from an average o f 4 min per hour to 8.8 min per hour {t  =  —2.331; 
d f =  25.481; P =  0.028) and M ujur also spent significantly more time 2-5 m away from 
Riona (r =  —2.640; d f =  35.632; P = 0.012). There was a corresponding significant 
decrease in the amount o f time spent over 5 m apart (r =  3.319; d f =35; P — 0.002).
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Proximity

BetOfe mofl>er's dealh Foiowing mo«her's aeath

Fig. I. Mean amount o f  time that M u ju r spent w ith in  each p rox im ity  range o f Leonie before 
lier m otlier died ( i i  =  38) and after her mother died { i i  =  23). P roxim ity  o f  M u jiir  and Leonie is 
coded as follows: 0 =  physical contact; 1 > ()-2 m  apart; 2 > 2 -5 m  apart; 3 > 5 m  apart. E rro r 
bars: 95% C l.

DISCUSSION

After tiie death o f her mother. M ujur showed an increase in activity (consisting 
o f more manipulation and movement), balanced by a decrease in resting. This may 
be attributed to the absence o f her mother. Maggie, as much o f M ujur's resting time 
was originally in contact with Maggie. However, such levels o f manipulation and 
movement are not unusual in captive juvenile orangutans, and similar levels have 
previously been observed [Edwards and Snowdon. 1980]. A  previous study o f the 
effect o f separation o f a mother and infant orangutan found that certain behaviors 
indicative o f protest and despair increased in the infant following that event [Nadler 
and Codner. 1983], In this case, the increase in locomotion could be deemed 
indicative o f protest. How'ever. there did not appear to be any changes in behavior 
that might indicate despair, namely decreased activity or increased self-directed 
behavior. This suggests that the separation may not have had as great an iiiipact as 
was reported in the aforementioned case o f mother-infant separation.

Observations o f wild orangutans o f a similar age to M ujur found that, 
although the infants w’ere largely independent o f their mothers for travel and feeding 
by the age o f three, they still sought body contact for needs such as warmth and 
protection until the age o f 8 years [van Noordwijk and van Schaik. 2005]. 
Furthermore, these young orangutans still remained w ithin close proxim ity o f their
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m o th ers  when not in physical co n tac t ,  an d  the process o f  w eaning  took  place very 
gradually , over periods  o f  u p  to  the  age o f  8 years.

In this case s tudy, the adu lt  female. Leonie. becam e a foster m o th e r  to  M u ju r  
af te r  M aggie 's  dea th . She allowed M u ju r  to  sleep in the sam e nest with her an d  to 
suckle from  her. even th o u g h  she w as not lactating. A llom othering .  including 
suckling from  adu lt  females o th e r  th an  the m o ther ,  has been observed in o th e r  
p r im a te  species, such as squirrel m o n k ey s  (Saimiri holirieiisis holiyieii.si.s) [Williams 
et al.. 1994]. Successful su rrogacy  has  been reported  in several o ra n g u ta n  g ro u p s  
[M aple. 1980; S odaro .  2007]. H ow ever,  in those cases, the y oung  o ra n g u ta n s  were 
tem pora ri ly  rem oved  from  their social g ro u p s  and  h an d-rea red  before being 
in tro d u ced  to  their su rro g a te  m others .

In this case, the infant o ran g u tan  was allowed to remain with the group, and  no 
intervention from  zoo staff was necessary after the dea th  o f  M ujur 's  mother. T he bond 
tha t  developed between M uju r  and  her aunt.  Leonie. appears to  have allowed M u ju r  to 
continue behaving in a relatively similar w'ay after Maggie's death  as she had before it.

M uju r  significantly increased the am o u n t  o f  time she spent in physical contact 
with Leonie after her m other 's  death. I f  she had  m aintained the same level o f  physical 
contac t with Leonie as before her m other 's  death  she would have been receiving only 
4.5 min o f  physical contact per h o u r  com pared  with the 28.8 min o f  contact she 
originally had  with her m other. T he  increase in the am oun t o f  physical contact with 
Leonie suggests that  Leonie was an  im portan t form o f  security and com fort to M uju r  
after her m o ther  had  died. M u ju r  also increased the am oun t o f  time she spent in closer 
proxim ity to  R iona. the o ther adult female in the group. The high frequency o f  physical 
contac t between M uju r  and  Leonie suggests that this relationship w'as probab ly  o f  
greater direct benefit to the infant o ran g u tan  than  her contact with Riona. However, 
the closer proximity to R iona m ay also have provided a certain am oun t o f  security that 
would normally  be provided by the close proxim ity an o rangu tan  o f  this age would 
have with its m o ther  [van N oordw ijk  and  van Schaik. 2005].

Z o o -h o u sed  o ra n g u ta n s  exist successfully in social groups, and  su rrogacy  can 
be necessary to  ensure  the survival o f  infants. This  case study confirms that,  no t  only 
can  they func tion  elTectively in a small social g ro u p  but also tha t  adu lt  females 
a lready  present in the g ro u p  can successfully take  on the role o f  a lloparen t w ithou t  
in te rven tion  from  zoo  staff'. It also show s tha t  a 3-year-old infant o ra n g u ta n  m ay  
cope quite  well with the dea th  o f  its m o th e r  if  there is an o th e r  related individual tha t  
can  tak e  the m o th e r 's  place, even th o u g h  the infant had  not yet reached an age w hen 
independence  w ould  no rm ally  be achieved. This  s tudy confirms the streng th  o f  
re co m m en d a t io n s  th a t  re lated female o ra n g u ta n s  are housed  together [Cocks, 2000; 
S o d a ro ,  2007] as, in this case, the in fan t o ra n g u ta n  benefited from  the presence o f  the 
re la ted  adu lt  female after the dea th  o f  her m other.

CONCLUSIONS

1. T he  d ea th  o f  the adu lt  female o ra n g u ta n  resulted in h er  dependen t  offspring 
significantly increasing the a m o u n t  o f  time she spent in physical con tac t  w ith  a 
re la ted  adu lt  female, w ho  exhibited a l lom othe ring  behavior.

2. T h e  in fan t o ra n g u ta n  show ed an  increase in c lim bing an d  m an ip u la t io n  a n d  a 
decrease in the am o u n t  o f  time spent in resting after the dea th  o f  her m o ther .  
O th e r  behav iors  in her reperto ire  did  not change significantly.
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3. As the presence o f  a related adult female in the group appears to have been 
beneficial to the infant orangutan, it is recommended that in situations where 
separation o f  mother and dependent oft'spring is necessary or inevitable, the 
infant orangutan should be housed with a related adult female.
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Appendix 2: Orangutan data sheet

A copy o f  the orangutan data sheet used during the first stage o f  the orangutan case study is 

shown overleaf At each stage o f the study the names o f the orangutans were edited 

according to the new group structure, but the stmctiu'e o f  the data sheet rem ained the same. 

The sheet overleaf shows 30 minutes due to space restrictions, but in practice data sheets all 

had 60 minutes. The start and end time o f  each observation session was noted, along with 

the location o f the orangutans (indoors or outdoors), and the w eather conditions.

The abbreviations used in the data sheet are as follows:

Loc: Location code within the enclosure.

Beh: Behaviour code.

NN: Identity o f  the nearest neighbour

Dist; Distance to the nearest neighbour (in metres)

This information was recorded for each individual in the group at one-m inute intervals. A 

stopwatch was used to determ ine when each m inute had elapsed. Any supplem entary 

infom iation, such as copulations or incidences o f aggression that were o b sen  ed between 

scan points were recorded in the m argins o f the data sheet, specifying the nam e o f the 

individual that instigated the behaviour and the recipient o f  the behaviour.
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Appendix 3: Effect of a Birth on the Behavior of a Family 
Group of Asian Elephants {Elephas maximus) 
at Dublin Zoo
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Effect of a Birth on the Behavior 
of a Family Group of Asian Elephants 
{Elephas maximus) at Dublin Zoo
Jenny Whilde* and Nicola Marples

Department of Zoology, School of Natural Sciences, Trinity College, Dublin, Ireland

Elephants in the wild live in herds o f related females from several generations. Zoos, 
therefore, tend to house elephants in female groups, consisting where possible o f 
related ind i\ idi,ials. This type o f group structure is very beneficial as it allows group 
members to e.xperience events such as births in the group, and means that natural 
social interactions can take place between the group members. The beha\ io r o f  four 
related female Asian elephants (Elephas nuixiinus) at Dublin Zoo was recorded 
before and after the birth  o f a calf, to examine what effects it would have on the 
behavior and associations in the elephant group. The mother o f the ca lf significantly 
decreased the amount o f time she spent walking after the birth  and the aunt o f the 
calf showed significant decreases in both walking and standing. The mother spent 
the m ajority o f her time clo.sest to her ca lf after the birth, but the proportion o f time 
she sjTent w ith each o f the other individuals in the group did not change. The 
associations o f the aunt also did not change after the birth. The older sister o f the 
new born ca lf increased the proportion o f time she spent nearest to her mother after 
the ca lf was born, and reduced the time she spent close to another young elephant in 
the group. The new ca lf seems to have been successfully assimilated into the 
elephant group. Zoo Biol .^ 0 :1 -1 1. 2011. (C) 2 (iii wiiey-Liss. inc.

Keywords: Asian elephants; Elephas maximus; birth; social interactions; behavior

INTRODUCTION

Asian elephants (Elephas tuaxiiniis) in the wild foi'm matriarchal groups, 
consisting o f closely related adult females and their young offspring with males 
dispersing at puberty [Vidya and Sukumar. 2005]. The relationship o f African
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elephant calves (Loxodouta africaiia) with other members of their herd in the wild has 
been well documented [Lee, 1987]. A lthough immature elephants were observed most 
frequently to be close to their mothers, other females, particularly young juveniles, 
were the next most frequent neighbors o f  the calves. Siblings were more likely to assist 
calves, although Lee [1987] suggests that the association between siblings may also 
reflect the persistence o f  m other-daughter  relationships into adolescence.

A lthough Asian elephants reproduce well in the wild, reproduction in zoos is 
not without both logistical and pathological problems, and differences in 
reproductive function betw’een wild and captive elephants have also created 
difficulties in managing reproduction [Hildebrandt et al., 2006]. As o f  2006, three 
of the four m anaged Asian elephant populations in Europe and N orth  America were 
considered not to be self-sustaining without continued importation [Wiese and 
Willis, 2006]. The life expectancy o f  calves in Europe has previously been reported to 
be only 6.1 years [Schmid, 1998], and it has been recommended that the current zoo 
population o f  elephants needs to be consolidated into social herds to facilitate 
natural breeding behavior [Rees, 2003; Sukumar, 2003].

Elephant calves in the wild learn many vital skills from their mothers and other 
older group members, and although the zoo situation does not require as m any of 
these skills to be learned, some, such as maternal skills, are extremely valuable 
[Clubb and M ason, 2002]. It has been suggested that a lack of inherited maternal 
skills may be a reason for high rates of infanticide in elephants in captivity [Kurt and 
Hartl. 1995, cited in Clubb and M ason. 2002]. Primiparous cows that have witnessed 
other cows giving birth and have other experienced cows present during parturition  
may experience fewer problems during this period [Veasey, 2006]. Therefore, 
experience o f  a more "n a tu ra l"  group structure in captivity is im portant for 
enhancing socialization o f  elephants and in helping them to reproduce successfully 
[Veasey, 2006]. Zoos are encouraged to make every effort to maintain elephants in 
social groups with a minimum o f  three females [AZA, 2003], and to house young 
females with older females and young elephants so that they can learn allomothering 
skills [Taylor and Poole, 1998]. However, in 2002. a report commissioned by the 
RSPCA stated that only 17.7% of  facilities within the EEP had elephant groups 
containing at least one m other-daugh ter  pair [Clubb and Mason. 2002],

Although keeping a social group o f  elephants is more desirable than keeping 
them in solitude, changes to the group structure, such as an introduction o f  a new 
elephant, may cause stress to the individuals in the group [Schmid et al., 2001]. 
However, it is unclear whether the birth o f  an elephant into the group, as opposed to 
an introduction from outside the group, would have a similar effect. The British and 
Irish Association o f  Zoos and Aquarium s has recognized that further research into 
the social interactions o f  elephant groups postpartum  are necessary [Walter. 2010].

Dublin Zoo currently houses five elephants— two adult females who are full 
sisters (Dina and Yasmin), two juvenile females (Anak and Asha), and one infant 
male (Budi). A nak  and Budi are the offspring o f  Yasmin. and Asha is the daughter 
o f  Dina. All the elephants at Dublin Zoo are related to each other, so the group 
structure provided a unique opportunity  to study a family of zoo-housed Asian 
elephants. The behavior o f  the elephants at Dublin Zoo was recorded before and 
after the birth o f  Budi. with a view to determining whether the natural expansion o f  
the group resulted in any significant behavioral changes. It is hypothesized that, in a 
stable cohesive group such as this one. a birth would not unduly disrupt the behavior
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o f the elephants, and therefore, few behavioral changes were expected to be 
observed. The associations the elephants in the group had w ith one another were 
also m onitored to determine w'hether the b irth  had an effect on the group dynamics. 
It was expected that the mother o f the newborn elephant would reallocate a 
significant p roportion  o f her time to being nearest to her ca lf rather than to other 
members o f the group. It was also hypothesized that the young female elephants 
would take an interest in the newborn calf, and therefore that a shift in their 
association patterns would be expected after the birth.

METHODS 

Study Animals

When the study commenced, the group o f Asian elephants at D ub lin  Zoo 
consisted o f four individuals: two adult females (D ina and Yasmin) who are fu ll 
sisters and two young females (Anak and Asha). Anak is the daughter o f Yasmin 
and Asha is the daughter o f D ina (Fig. 1). Dina. Yasmin. and Anak arrived in the 
D ublin  Zoo from  the Rotterdam Zoo in October 2006. On M ay 7. 2007. D ina gave 
b irth  to Asha, the first elephant ca lf to be born in Ireland. Yasmin then gave b irth  to 
a male elephant. Budi, on February 17. 2008. Budi and Anak were sired by the same 
bull, and are therefore t'ull siblings. Dina and Yasmin had previous experience o f 
giving b irth  [van Wees. 2004]. and they and Anak had also been present at the b irth  
o f elephants at Rotterdam Zoo as well as the b irth  o f Asha.

Housing

The elephants were housed indoors at night and given access to a sand-covered 
outdoor enclosure during daylight hours, depending on weather and husbandry 
requirements during the m onth o f February. The elephants were given 24 hr access 
outside from M arch through to October. The tota l area o f the outdoor enclosure is 
approximately 8.500 m ‘ . and contains a pool and feeding structures. The elephants 
were provided w ith  scatter feeds and hidden food enrichments at irregular intervals.

Observations

Observations o f the group were carried out before the b irth  o f Budi between 
February 5, 2008 and February 15, 2008. Eleven replicates o f I hr scan samples and 
two replicates o f 30m in scan samples were obtained during this period. Observations 
o f the group after the b irth  o f Budi took place between February 25 and A p r il 21, 
2008. D uring  this period, 12 replicates o f 1 hr scan samples, one each o f 40 and

Yasmin $Dina $

Asha 9 (b.2007) Anak 9 (b.2003) Budi (^(b. 2008)

Fig. 1. Relationship between the Asian elephants housed at D ub lin  Zoo in 2008.
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30 mill and two 20 min samples were obtained. Observations that were under an hour 
were curtailed owing to poor weather conditions resulting in the elephants being 
brought indoors during an observation session.

Data were collected evenly throughout the period that the elephants were in 
their ou tdoor  enclosure (approximately 10:00-16:00 hr), with a break o f  at least 1 hr 
between consecutive samples. All data were collected by a single observer to 
maintain consistency. Scans were taken at 1 min intervals during each sampling 
period. At each scan, the behavior o f  each individual in the group was recorded. The 
categories o f  behavior that were included are shown in Table 1. The identity o f  the 
nearest neighbor and distance from the nearest neighbor o f  each individual was also 
recorded at each scan.

Analysis

Data were analyzed using SPSS 16.0 for Windows. The distributions and 
variances o f  all the behavior for each individual during the periods before and after 
the birth o f  Budi were checked, and nonparam etric  tests were used with any data sets 
which violated the assumptions o f  parametric  statistical testing. The total 
observation time was used to calculate the mean num ber o f  scans per hour that 
the elephants were observed carrying out each type of behavior. Data were tested 
using /-tests or M ann -Whitney V tests.

The mean proportion o f  time that each elephant was the nearest neighbor of 
each other individual during each sampling session was calculated. The proportions 
o f  time each elephant spent closest to each other elephant before and after the birth 
were compared, again using parametric or nonparam etric  tests as appropriate . When 
elephants were out of sight, they were not assigned a nearest neighbor, so each time 
was calculated as a proportion o f  the total time that the elephant was visible to the 
observer, rather than the total time o f  the observation session.

TABLE 1. E thograni of Elephant Behavior

Behavior Definition

Walk M ovem ent I'rom one area to another in the process 
o f  taking m ore than one stride at the tim e o f  the scan

Feed Eating or m anipulating food  items
Stand Rem aining m otionless in one spot (while not swaying)
Sway M ovem ent o f  the body and head from side to  side while 

standing in one spot
Trunk swing Swinging trunk back and forth while standing still and 

not carrying out any other activity
M aintenance Scratching, dust bathing, washing
M anipulate M anipulating n onfood  item s, such as logs, stones, 

enclosure furniture
Play A pparently aim less activity or interaction, m ainly observed  

in young elephants
Lie Lying on the ground
Other Infrequent or unclear behaviors
Out o f  sight N ot visible to the observer
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The presence o f a new elephant in the herd meant that there were fou r other 
individuals available to be the nearest neighbor to each ind iv idua l after the b irth , 
rather than three. Therefore, to determine whether the orig inal group dynamic had 
changed after the b irth , the data were also analyzed excluding from  the data set all 
the occasions after the b irth  where Budi was the nearest neighbor. The proportions 
c)f the remaining time that the four orig inal elephants in the group were nearest 
neighbor to each other were calculated. This analysis demonstrates whether the time 
that was not allocated to Budi was otherwise apportioned as it had been before the 
b irth . This analysis allowed a more direct comparison o f  the associations o f the tour 
orig inal elephants in the group.

RESULTS

Behavior

The behaviors o f each animal m the group before and after the b irth  were 
compared and some differences were found. The behaviors o f each elephant before 
and after the b irth  are shown in Figure 2. The categories o f “ trunk sw ing." 
"m aintenance." "o th e r."  and "o u t o f s ight" all contributed very small proportions 
o f time to the tota l, and therefore in Figure 2 have been combined in to the category 
"o th e r" fo r clarity. However, each o f those behaviors was analyzed separately and 
found to be unchanged after the b irth . Anak manipulated objects signiticantly more 
before the b irth  than after the b irth  (M W U  =  56.5; d f=  27; P =  0.036). Asha spent 
significantly less time standing after the b irth  than she did before the birth 
(M W U  =  48; d f = 2 7 ; P =  0.013). Yasmin spent significantly less time walking after 
the b irth  (/-test: / '=  3.61; d f =  27; P =  0.001), D ina showed significant decreases in 
both walking and standing after the b irth  (walking: M W U  =  38.5; d f= 2 7 ; 
/^ =  0.003; standinsi: M W U  =  28,5; d f = 2 7 ;  f* =  0.001). This was balanced by a

100%

Dina
Before

Yasmin Yasmin Anak 
Before After Before

Asha
Before

n Other

■ Playing
■ Manipulating
□ Swaying

□ Standing
□ Feedirtg

□ Walking

Fig. 2. A c tiv ity  budgets o f  each elephant in the group at D ub lin  Zoo before and after the 
b irth  o f Budi. Yasmin is the m other o f  Budi and Anak. D ina is the m other o f  Asha.
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6 Whilde and Marples

nonsignificant, but noteworthy increase in swaying (M W U  = 63.5; d f= 2 7 ;
= 0.075). Also noteworthy is the fact that none o f the other elephants carried 

out similar levels o f swaying. Asha and Anak were observed to play both before and 
after the birth, whereas the adult elephants did not exhibit play behavior.

Associations

The proportion o f time that each individual was the nearest neighbor to each 
other individual during each scan sample was calculated, and the mean proportion o f 
time for each individual was calculated for the periods before and after the birth 
(Fig. 3). The proportions o f time were calculated from the total observation time, 
and so included the times that Budi was the nearest neighbor o f each individual. 
Dina was found to have spent significantly less time with Anak as her nearest 
neighbor after the birth than before it (M W U = 47; d f =27; P  -  0.012). H owever. 
Anak did not choose Dina as her nearest neighbor any more or less after the birth 
than she did before the birth. Not surprisingly. Yasmin spent the greatest proportion

Dina Yasmin

Asha

Fig. 3. Proportion o f time that each elephant in the group was nearest neighbor to each 
other individual in the group before and after the birth o f Budi (+2SE); light bars = before 
birth, dark bars = after birth.
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Asian Elephant Behavior After a Birth 7

o f  time w ith  her newborn calf. Budi. as her nearest neighbor once he was born, 
whereas her associations had been fa irly  evenly spread before the b irth  o f Budi. The 
p ropo rtion  o f time that she spent nearest to D ina decreased significantly (/ =  4.131; 
d f = 2 7 ;  P =  0.000). as did the p roportion  o f time she spent w ith  both Asha 
( M W U  =  10.5; d f = 2 7 ;  P =  0.000) and her daughter Anak (M W U  = 38.5; d f = 2 7 ;  
f  =  0.004). However, Anak did not show a significant change in the proportion  o f 
time she spent w ith  Yasmin as her nearest neighbor. She did spend a significantly 
lower proportion  o f time w ith Asha as her nearest neighbor after the b irth  ( t  = 4.694; 
d f  = 1 1 : P — 0.000). This was echoed in the p roportion  o f time that Anak w'as Asha's 
nearest neighbor after the b irth  this also fell significantly (? =  3.237; d f = 2 7 ;

= 0.003).^
Figure 4 shows the proportions o f time that each elephant was the nearest 

neighbor to each o f the other elephants, exchidiug the newborn calt'. D ina's 
associations after the b irth  changed in the same way, regardless o f the inclusion o f 
the time she spent nearest to Budi -she spent significantly less time close to Anak 
than she had done before the b irth  (/ =  2.606; d f = 2 7 ;  7̂  = 0.015). Interestingly, 
Yasm in's associations w ith  the group did not change significantly at all once her 
interactions w ith Budi were excluded, showing that although she did have her

Dina Yasmin

Anak Asha

Fig. 4. Proportion o f time that each elephant in the group was nearest neighbor to each 
other individual in the group, e.xcluding Budi. before and after the birth (±2SE); light 
bars = before birth, dark bars = at'ter birth.
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8 Whilde and Marples

new b o rn  ca lf  as her im m edia te  nearest ne ighbor for a large p ro p o r t io n  o f  the time, 
her re la tionship  with  the o th e r  e lephan ts  in the g ro u p  did not seem to change.

A n ak ,  how ever, did spend significantly m ore  time with  Y asm in  as her nearest 
n e ighbor af te r  the b ir th  o f  her sibling (M W U  =  49; d f  - 2 1 :  P =  0.015). T h ere  was a 
co rrespond ing ,  th o u g h  nonsignificant, decrease in the p ro p o r t io n  o f  time th a t  A n ak  
spent w'ith A sha  ( / =  1.978; d f  =  27; P  =  0.058). A sh a 's  associa tions w'ith the o ther 
e lephan ts  in the g ro u p  were n o t  found  to  change  significantly after the birth .

DISCUSSION

T he  b irth  o f  the m ale e lephan t.  Budi, did no t result in m any  noticeable changes 
in the behav io r  o f  the g ro u p  an d  did no t seem to cause any  m a jo r  d is rup tions  in the 
g ro u p  d ynam ic  beyond  w ha t h ad  been expected. This  positive o u tco m e  o f  the birth 
m ay  have been because the g ro u p  before the b irth  was a lready  cohesive a n d  stable 
an d  consisted o f  related females w ho  w'ere fam iliar with each o ther,  and  also because 
three  o f  the four  e lephan ts  h ad  previously  experienced o r  witnessed a b irth  tak ing  
place. T he  only change  in the g ro u p  d y n am ic  was tha t ,  as hypothesized, the m o th er  
o f  the ca lf  shifted m uch  o f  her assoc ia tion  to her new born  infan t and  the young  
females in the g ro u p  seemed to take  som e interest in the calf.

Y asm in . the m o th e r  o f  the new calf, show ed a significant decrease in s tand ing  
a lo n g  W'ith a nonsignificant increase in feeding. T he  increase in feeding w as not 
su rp ris ing  as she was lacta ting  and  the p ro p o r t io n  o f  time Y asm in spent feeding was 
similar to tha t  repo rted  by e lephan ts  in o th e r  zoos [Rees, 2009; S toinski et al., 2000].

T he  decrease in the time A n a k  spent m an ip u la t in g  objects is unlikely to  have 
been ow ing to the b irth ,  and  as seen in F igure  2, there was a nonsignificant increase 
in feeding which suggests tha t  it m ay  be ow ing to  observer e r ro r  in categorizing 
activities as m an ip u la t io n  before the birth  tha t  w'ere categorized as feeding af te r  the 
b irth . F u r th e rm o re ,  the nonsignificant increase in feeding tha t  was seen in all 
ind iv iduals  in the g ro u p  was ow ing  to  a change  in the feeding regime o f  the elephant 
g ro u p  du r in g  the period  after the birth. T h e  decrease in the am o u n t  o f  time that 
A sha spent s tand ing  af te r  the b irth  w as balanced  by an  increase in playing, feeding, 
an d  walking. T he  p lay ing  an d  w alking m ay be owing to  the presence o f  Budi 
p ro v id in g  increased interest an d  incentive to  m ove ab o u t  the enclosure, a n d  it is 
suggested th a t  the add it ion  o f  a n o th e r  juvenile  to  the g ro u p  helped to  increase the 
level o f  activity o f  the y oung  elephant.

A less desirable behav io ra l  change a f te r  the b irth  was the increase in D in a 's  
swaying. A l th o u g h  the difference was no t found  to be significant a t the  conven tiona l 
level, it is nonetheless  n o tab le  because stereotypic behavior in e lephan ts  has 
prev iously  been assoc ia ted  with increases in cortisol levels [Laws et al.. 2007], and  
there fo re  m ay  p rov ide  an  ind ication  o f  the stress levels o f  the e lephant.  D ina  did not 
seem to  spend as m uch  time close to  Budi as the o th e r  individuals in the g ro u p  and  
experienced a decrease in the level o f  assoc ia tion  with A n ak  (Fig. 3). C hanges  in 
social g ro u p  s truc tu re  have been previously  repo rted  to  increase stereotypical 
b eh av io r  in zoo -housed  e lephan ts  [Laws et al., 2007; Schm id et al.. 2001], albeit in 
s i tua t ions  w here  e lephan ts  were m oved to  different zoos  and  in troduced  to  unre la ted  
ad u l t  e lephants .  It m ay  be possible tha t  D in a 's  increase in swaying was because o f  an 
increase in stress levels owing to  o th e r  individuals  in the g ro u p  diverting  their 
a t ten t io n  to  the n ew b o rn  ca lf  o r  ow ing  to  D in a 's  lack o f  assoc ia tion  with the calf.
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However, it cannot be determined for certain whether the change in Dina's social 
interactions contributed to the increase in sw'aying, as other studies have suggested 
that daily routines [Friend, 1999; Wilson et al., 2004] or seasonal variation 
[Elzanowski and Sergiel. 2006; Rees, 2009] may also contribute to increased levels o f 
stereotypic behavior in zoo-housed elephants. This study did not span an entire year, 
so it cannot be determined whether the cause o f the change in Dina's level o f swaying 
was seasonal or social or a combination o f both factors.

The most noticeable, though not unexpected, effect o f the birth on the 
association pattern o f the elephant group was that Yasmin spent the greatest 
proportion o f time with Budi as her nearest neighbor once he was born. However, 
before the birth, she had associated with each other individual in the group in similar 
proportions o f time, and when Budi was excluded from the analysis, Yasmin's 
associations did not change significantly, suggesting that a new calf did not have a 
major impact on her interactions with the group. Asha spent more time close to 
Yasmin and Budi after the birth than she did before the birth, and therefore less time 
with Anak. This may have been partly owing to curiosity about the new calf and 
partly owing to the fact that she is closer in age to Budi than to Anak, and therefore 
preferred Budi as a companion.

Anak also spent more time close to Yasmin and Budi, as had been expected, 
and the proportion o f time that she spent with Asha decreased. Allomothering or 
"aunting" behavior has previously been reported in zoo-housed elephants [Lang. 
1967] as well as in the wild [Lee, 1987], providing a range o f benefits to both the giver 
(gaining experience, enhancing status in the group) and the receiver (assistance, 
protection), and may also help to strengthen social bonds in a group [Schulte, 2000]. 
As the older sibling o f Budi, Anak may have been engaging in some allomothering 
behavior toward him, whereas Asha may have lost some allomothering interactions 
that she previously had with Anak. This was the second calf that Anak had witnessed 
being born into this group and the fourth birth that she had witnessed during her 
lifetime, so her previous experience may have contributed to her interest in this calf. 
Furthermore, the fact that this calf is her full sibling may have also contributed to 
the increased association that Anak had with her mother and brother, thus 
enhancing the natural family unit and strengthening the bonds between them.

The opportunity that Asha and Anak had to observe and interact with the 
newborn calf and its mother means that they were gaining parenting knowledge, 
w'hich w ill be beneficial to them when they reach breeding age. and their increased 
proxim ity with Yasmin may also have been helping to cement their relationship with 
her. Although the breeding rate o f elephants in zoos is increasing, it is still not self- 
sustaining [Wiese and W illis, 2006], so a situation that increases a female's likelihood 
o f successfully breeding is highly desirable. The presence o f related female elephants 
in the group may contribute to making the birth and rearing less stressful for the 
mother [Schulte. 2000]. The experience that Anak and Asha obtained from the birth 
o f Budi may. therefore, have a positive influence on them breeding and rearing calves 
o f their own successfully in the future, as well as their presence in the group creating 
a natural family unit in which to rear the infant calf. Schulte [2000] recommends that 
studies o f behavior, particularly allomothering. in related family groups would be 
helpful to the management and handling o f captive elephants. This study confirmed 
that the birth o f an elephant into a stable family group could take place with minimal 
disruption to the behavior and the associations o f the elephants, providing a
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10 Whilde and Marples

beneficial environment for the mother and calf, as well as valuable experience for the 
younger female elephants in the group.

CONCLUSIONS

1. The effect o f  the birth on the behavior o f  the elephant group was generally 
positive, with few significant changes in behavior overall. The new calf seemed to 
be accepted into the group and no intervention by keepers was necessary.

2. The two adult females in the group. Dina and Yasmin. did not significantly  
change their associations with other members o f  the group when the newborn ca lf  
was excluded from the analysis, suggesting that the birth did not cause excessive 
disruption to them.

3. Anak and Asha both allocated more o f  their time to be near the new calf and its 
mother after the birth, potentially providing the two young female elephants with 
valuable parenting experience.

4. This study supports previous recommendations that elephants be housed with 
related individuals, in natural family groups where possible, and that births take 
place within the group with minimum disruption. However, it is recommended  
that longer studies o f  elephant groups before and after births in which the effects 
o f  seasons are taken into account are carried out. as well as research into 
allomothering behavior in zoo-housed elephants to determine the long-term  
etYects o f  this behavior.
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Appendix 4: Elephant data sheet

A copy o f  the elephant data sheet used during the second stage o f  the elephant case study is 

shown overleaf During the first stage o f  the study, the names colum n for ‘Baby’ was 

om itted but the structure o f  the data sheet rem ained the same. The date, stail time o f each 

obsei'vation session and the w eather conditions were noted. The data sheet here shows 30 

m inutes due to space restrictions, but all data sheets in practice had 60 m inutes.

The abbreviations used in the data sheet are as follows:

Beh: Behaviour code.

Nei: Identity o f  the nearest neighbour

Dist: Distance to the nearest neighbour (in m etres)

This infonnation was recorded for each individual in the group at one-m inute intervals. A 

stopwatch was used to detem iine when each minute had elapsed. Any supplem entary 

information, such as incidences o f  aggression or other infrequent, unusual behaviour that 

were observ ed between scan points were recorded in the margins o f  the data sheet, 

specifying the name o f the individual that instigated the behaviour and the recipient o f the 

behaviour.
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Date Start W eather
Time Dina Yasmin Anak Asha Baby Com m ents

Beh Nei Dist Beh Nei Dist Beh Nei Dist Beh Nei Dist Beh Nei Dist
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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Appendix 5: Letter of support from BIAZA

BIAZA
W O fkK lN C  TOG£THef^

BIAZA Research Group (BRG)
Letter of Support for Zoo-based Research

Projects
The BIAZA Research Croup, which operates under the auspices o f BIAZA's 
Conservation and Animal Management Committee, supports basic and 
applied research o f conservation relevance both in situ and ex situ.

This study by Jenny Whilde, Trinity College, Dublin/Dublin Zoo has been 
given the following level o f approval by the Research Croup;

1. the methodology presented by this applicant will, in the opinion of 
BRC, be able to provide data that can answer the research question 
set by the applicant.

2. the outcomes o f this project are likely to be relevant and useful to 
zoos and aquariums.

In the interest o f scientific training and, where applicable, the furthering of 
science, the BIAZA research group encourages members to take part.

In providing this letter o f support, the BIAZA office will have given Jenny 
Whilde the appropriate contacts from within the BIAZA membership.

Yours faithfully,

Amy Plowman
Chair, BIAZA Research Croup 
May 2009
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Appendix 6: Covering letter for preliminary questionnaire

To w hom  it m ay concern.

I am a postgraduate  student at Trinity  College, D ublin  and I am ca iry ing  out a survey on 
changing  social groups o f  zoo populations as part o f  m y  Ph.D. research. The aim  o f  the 
survey is to gather information on the m ethods that are cuiTently being used in zoos to 
change social groups, and find out which m ethods have been found to be m ost successful. 
Although this type  o f  information is know n by  zoo staff, it is not w idely  available  in zoo 
literature, and this project w'ill help such in fom iation to be readily  accessible to anyone 
m aking  changes to social gi'oups in zoos.

I have received Level 1 and Level 2 approval from the B IA ZA  R esearch G roup  to ca iry  out 
the survey and the letter o f  support is attached with this email. Because  every  zoo, at som e 
time, needs to change the social group structure o f  its animals, the information gained by 
this survey will be o f  use to every participant. A greater n um ber  o f  participants will mean 
that the greatest possible am ount o f  in fom iation will be obtained, so the participation by 
your zoo will be extrem ely  valuable and very m uch appreciated.

The survey consists  o f  two parts -  the first is a pre lim inary  questionnaire , which can be 
com pleted  online by clicking on the fo llowing link:

Preliminary Q uestionnaire

The second part o f  the questionnaire  will contain m ore detailed questions about changes to 
social groups that have taken place at your zoo, and w'ill be sent to the s ta ff  m em ber  at the 
zoo best able to answ er the questions.

All respondents to the survey will be kept anonym ous, unless express penn iss ion  has been 
given by zoos to use their name. A sum m ary  o f  the information gathered by  the survey will 
be provided to all the participating zoos, and will also be m ade available  for publication.

1 w ould  like to thank you in advance for taking part in this survey and again em phasise  the 
importance o f  the in fonna tion  that you will be providing.

If  you have any questions relating to the survey, p lease do not hesitate to contact m e at 
w hildei@ tcd.ie  or at the postal address below. I can be contacted by  phone  at +(353)-  
879601404

Yours sincerely,

Jenny  W hilde
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Appendix 7: Preliminary questionnaire

Note: Please see Appendix 17 for examples of the appearance of the online 
questionnaires, and refer to the following link for the actual online questionnaire: 
https://www.survevi'nonkev.com /s.aspx?sm =qlbm R2uiUvwbM CTdGCs4]VlQ 3d 3d 
In this Appendix, all of the questions and answer options are shown. Answer boxes 
are not shown in this appendix but were provided below each question in which an 
answer box was required. Drop-down menus and selection buttons are not shown 
here, but again were in place for each question and examples can be seen in Appendix 
17 and online. Mechanisms that were put in place in the online version are shown here 
in italic font. For example: Allow respondents to choose only one answer, or Skip logic: 
I f 'n o ’, go to question 12. These instructions were built in to the questionnaire and 
could not be seen by the respondent. Any instructions that were visible to the 
respondent are shown in normal font. Page breaks that were present in the online 
survey are indicated here by a dashed line.

Introduction

Thank you very much for taking part in this survey. Your contribution will provide 
valuable infom iation about the m anagem ent o f  m ammalian social groups in zoos.

The aim o f the survey is to find out which methods are currently being used in zoos to 
change social groups o f animals. The survey relates to both successful and unsuccessful 
group changes. Information from zoos throughout the U.K. and Europe will help to identify 
the most effective m ethods available to change social groups.

The survey is m ade up o f  two questionnaires. The puipose o f this prelim inary questionnaire 
is to find out which three mammal species at each zoo have most recently had a change in 
their social groups, and to obtain contact details o f  the staff m em ber best able to answer 
questions about each o f  these three species.

This will take about 5 minutes to complete. The second questionnaire will collect further 
details about each o f  the three most recent group changes that took place, and will be sent 
directly to the staff m em ber best able to answer the questions.

The results o f  the survey will be provided to all the zoos that participate and will also be 
m ade available by publication. Participating zoos will be kept anonymous in the published 
results.

If  you need to return to any questions during the survey, please click the 'Back' button. On 
com pleting the questionnaire, please rem em ber to click 'Done' to register your answers.

To begin the prelim inary questionnaire, please click 'Next'
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Group changes

1. Please enter the name and address of your zoo in the box below.

The following questions relate to changes that took place in social groups o f M AM M ALS 
at your zoo. The survey focuses on the THREE most recent changes that took place in 
groups o f  mammals.

2. Which THREE mammal species have most recently had changes to the structure of 
their social groups?

Please type the species in the boxes below.
Species I :
Species 2:
Species 3:

3. For each species, please say what type of group change took place by selecting an 
option from the drop-down menus below. Select only one answ er for each species.

Species 1: - Introduction Species 2: - Introduction Species 3: - Introduction
- Removal - Removal - Removal
- Birth - Birth - Birth
- Death - Death - Death

If there was another type o f  change or more than one type o f  change sim ultaneously, please 
enter the type o f  change in the box below'.

4. Please rate the success of the resulting group after each of the three changes by 
selecting one option for each species. Select only one answer for each species.

Please ensure that Species I in this question coiTesponds to Species I in Question I .

Successful Unsure Unsuccessful
Species I :
Species 2:
Species 3:

5. Please say w hy you gave this rating for the outcome of each change.

Species I:
Species 2:
Species 3:
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Contact details

6 . 1 would like to contact the staff member w ho w ould be best able to answer further 
questions about each group change. In the boxes below, please enter the name AND 
email address of the person best able to answer questions about each species.
If you are the person best able to answ er further questions about the group changes, 
please enter your own details in the first box.

Species 1:
Species 2:
Species 3:

7. Please select the preferred method of receiving and completing the questionnaires 
about the group changes. Select only one answer.

-  Online - tiie questionnaire will be in a similar format to this one and submitted online
- E-mail/post - the questionnaire will be sent as an attachment by einail and can be 

printed off and returned by post
- Post - the questionnaire will be sent by post and returned by post

Written records

8. Do you have w ritten records of the three group changes that took place? Select only 
one answer.

-  Yes, for all changes.
- Yes, for some changes.
- No. Skip logic: Go to questionlO

9. If written records of the group changes exist, would you be willing to provide a copy 
of them? Select only one answer.

-  Yes, written records exist and I will be able to provide a copy to the address given on the 
last page o f the questionnaire.
- Written records exist but I will be unable to provide a copy and would prefer to be 
contacted directly for further details.
- Written records exist but I am unable to provide fiirther details about them.
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Thank you

10. Thank you very much for taking the time to complete this preliminary  
questionnaire. Your input is very much appreciated and will provide valuable 
information about the types of social group changes that take place in zoos.

Copies of  any available written records of group changes can be posted or emailed to 
the address below.

If you have any questions or comments regarding the survey, or any questions or 
useful information regarding changing social groups in zoo populations, please enter 
them in the box at the bottom of the page, or alternatively do not hesitate to contact 
me directly.

The second questionnaire will be sent to the staff members you specified within the 
next two weeks.

In order to complete the survey and register your answers, please click 
'Done'

Thank you

Jenny Whilde

Email: whildej(a tcd.ie 
Address; Dept, o f Zoology,

School of  Natural Sciences,
Trinity College,
Dublin 2,
Ireland.
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Appendix 8; Covering letters for detailed survey

Dear________________

1 am a postgraduate student at Trinity College, Dublin and I am cariying out a suivey on 
changing social groups o f  zoo populations as part o f  my Ph.D. research. The sui'vey has 
been approved by the BIAZA Research Group. The aim o f  the survey is to gather 
infonnation on the m ethods that are cunently  being used in zoos to change social groups, 
and find out which m ethods have been found to be most successful. A lthough this type o f 
infonnation is known by zoo staff, it is not w idely available in zoo literature, and this 
project will help make such infonnation readily accessible to anyone m aking changes to 
social groups in zoos.

The survey consists o f  a series o f  questions relating to changes that took place in social
groups. I con tac ted________ who told me that there was recently a change in the group o f
____________ a t _____________ and that you would be the person best able to answer
questions about the change. Because every zoo, at some time, needs to change the social 
group structure o f  its anim als, the infonnation gained by this survey will be o f  use to every 
participant. A greater num ber o f  participants will mean that the greatest possible amount o f 
infonnation will be obtained, so your participation will be extrem ely valuable and very 
much appreciated.

The questionnaire takes approxim ately 15 minutes to complete. In order to complete the 
questionnaire, please click the following link and you will be directed to it. If you need to 
stop the questionnaire at any time before it has been completed, you can retum  to it again 
by clicking on the link in this email.

Alternatively, you m ay print out the attached version o f  the questionnaire, com plete it and 
post it back to me at the address below within the next two weeks.

LINK

All respondents to the sui'vey will be kept anonym ous, unless express pennission has been 
given by zoos to use their name. A sum m ary o f  the infonnation gathered by the survey will 
be provided to all the participating zoos, and will also be made available for publication. I 
would like to thank you in advance for taking part in this sui'vey and again em phasise the 
im portance o f  the infonnation that you will be providing. If you have any questions 
relating to the survey, please do not hesitate to contact me at w hildei@ tcd.ie or at the postal 
address below. 1 can also be contacted by phone at +(353)-879601404,

Yours sincerely,

Jenny W hilde
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Alternative covering letter for detailed surveys if contacting the respondent who 
completed the preliminary questionnaire:

Dear__________________

Thank you very much indeed for responding so promptly to the preliminaiy questionnaire 
last week. Questionnaires about each o f  the three group changes you specified are now 
available and can be accessed by clicking on the links below. Each questionnaire takes no 
more than 15 minutes to complete. If you need to leave a questionnaire at any point before 
completing it, progress will be saved and the questionnaire can be accessed again by 
clicking on the relevant link.

LINK

As 1 mentioned in my previous email, the information gained by this survey will be o f  use 
to every participant so a greater number o f  responses will mean that the greatest possible 
amount o f  information w'ill be obtained. Therefore, your participation will be extremely 
valuable and very much appreciated.

All respondents to the survey will be kept anonymous, unless express pennission has been 
given by zoos to use their name. A summary o f  the information gathered by the survey will 
be provided to all the participating zoos, and will also be made available for publication.

1 would like to thank you again for taking part in this sun'ey and again emphasise the 
importance o f  the infonnation that you will be providing.

If you have any questions relating to the survey, please do not hesitate to contact me at 
whildei@tcd.ie or at the postal address below. 1 can also be contacted by phone at +(353)- 
879601404.

Yours sincerely,

Jenny Whilde
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Appendix 9: Introduction questionnaire

Note: Please see Appendix 17 for examples of the appearance of the online 
questionnaires, and refer to the following link for the actual online questionnaire: 
https://www.sui~vevmonkev.com/s.aspx?sm=sF8a3aHniW XRVU15o7 2 f lA 0  3d 3d 
In this Appendix, all of the questions and answer options are shown. Answer boxes 
are not shown in this appendix but were provided below each open question. Drop
down menus and selection buttons are not shown here, but again were in place for 
each question and examples can be seen in Appendix 17 and online. Mechanisms that 
were put in place in the online version are shown here in italic font. For example: 
Allow respondents to choose only one answer., or Skip logic: I f  'no \  go to question 12. 
These instructions were built in to the questionnaire and could not be seen by the 
respondent. Any instructions that were visible to the respondent are shown in normal 
font. Page breaks that were present in the online survey are indicated here by a 
dashed line.

Introduction

Thank you very much for taking part in this sui"vey.
An introduction recently took place in the group o f  [Species].

The purpose o f  this questionnaire is to find out in more detail how this introduction took 
place and will take no more than 15 minutes to complete.

Please answer each question in as much detail as possible, i f  you have any further 
information that m ay be useful, please include it in the boxes tliroughout the questionnaire, 
or at the end o f  the questionnaire.

You m ay use the 'Back' button to return to questions if  you wish to change an answ er or 
add further infonnation. Please rem em ber to click the 'Done' button at the end in order for 
your answers to be submitted.

Group structure

1. An introduction took place in the group of [Species X].
Please enter the number of each type of animal that was present in the original group 
in the boxes below. If no animals of a particular type were present, please enter 'O'

Adult males;
Adult females;
Juvenile males;
Juvenile females;
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2. How many of each type o f  individual were introduced to the group?  
If none were introduced, please enter 'O'.

Adult males;
Adult females:
Juvenile males:
Juvenile females:

Hierarchv

3. Was there a dominance hierarchy in the group before the introduction took place?
Select only one answer

- Yes, a strong hierarchy
- Yes, but the hierarchy was not \ ery strong 
-N o
- Don't know
Skip logic: I f  ‘No ' or ‘Don  7 k n o w s k i p  to question S.

Please add any other information relating to the dominance hierarchy in the group.

4. Was there a dominance hierarchy in the group that the introduced individual came 
from? Select only one answer

- Yes, a strong hierarchy
- Yes, but the hierarchy was not very strong 
-N o
- Don't know

Please add any other infonnation relating to the dominance hierarchy in the group.

5. What w as the status o f  the animal being introduced in its original group? Select only  
one answer

- Dominant over the whole group
- Only dominant over males
- Only dominant over females
- Sub-ordinate
- Status changed frequently
- Don't know
- None o f  the above
Please add any comments about the status the introduced animal had in its original group.
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6. What position was the introduced animal expected to take in the hierarchy of its 
new group? Select only one answer.

-  D om inant over the w hole  group
- O nly  dom inan t over ind iv iduals o f  the  sam e sex
- O nly  dom inan t o v er ind iv iduals o f  the opposite  sex
- Subord inate
- U nsure - status w as expected  to change on a regu lar basis (i.e. w ith in  a range o f  days or 
w eeks)
- D on't know
- N one o f  the above

Please add any  com m ents abou t the status the in troduced  anim al w as expected  to  have in 
the group.

Hierarchy after the introduction

7. If the hierarchy in the group changed after the introduction, how long did it take
for the new hierarchy to become established? Select only one answer.

-  0-3 days
- 4-7 days 
-8 -1 4  days
- 2-4 w eeks
- O ver 1 m onth
- Did not re-estab lish
- N ot applicab le  - h ierarchy  did  not change
- D on't know

A ny o ther in fo n n a tio n  about the expected  h ierarchy  o f  the group after the in troduction?

Introduction period

8. Prior to the introduction taking place, was the animal being introduced: Select only 
one answer.

-  O n its ow n for a tem porary  period  (e.g. days or w eeks, such as w hen  in quaran tine)
- O n its ow n for a lo n g -ten n  period  (e.g. m onths o r years)
- D o n ’t know

W ould you like to add any  o ther in fo n n a tio n  abou t the orig inal social situa tion  o f  the 
in troduced  anim al?
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Introduction -  initial contact

9. W hen the animal was being introduced, w hat type of contact w as it first given w ith 
the rest of the group? Please tick all that apply.

- Sound and scent
- S ight, sound  and scent
- Partial physical con tact (eg. T hrough a fence barrier)
- Full physical contact
- D on't know
- A ny o ther type o f  con tac t - p lease specify  below

Skip logic: I f  'Full physica l contact, skip to Question 14.

If there w ere any o ther types o f  contact or i f  you have any  fu rther com m ents p lease enter 
them  in the box below .

10. How long was the initial type of contact maintained? Select only one answer.

- Less than one w eek
- I -2 w eeks
- 3-4 w eeks
- O ver I m onth

11. W as this period of initial contact; Select only one an.swer.

-  Longer than orig inally  expected
- Shorter than orig inally  expected
- A s long as o rig inally  expected

Response to introduction

12. How did the animal being introduced respond to the initial contact? Please select 
all that apply.

- D isplayed aggression  tow ards the rest o f  the group
- S how ed anxiety  (e.g. s tereo typic  behaviour)
- S how ed in terest in the rest o f  the group
- D isin terested  in the rest o f  the group
- A voided  con tact w ith  the rest o f  the group
If  there w ere any o ther responses o f  the in troduced  anim al to the rest o f  the group during 
the initial contact period , p lease en ter them  in the box  below .
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13. How did the group respond to initial contact with the introduced animal?

- D isplayed aggression towards the introduced animal
- Showed anxiety (e.g. stereotypic behaviour)
- Showed interest in the introduced animal
- D isinterested in the introduced animal
- Avoided contact with the introduced animal

Please describe any other responses o f  the group to the introduced animal that occun ed 
after the initial contact took place.

Introduction -  full contact

14. W hat criteria were used to determine when the animals were ready to be put in 
full physical contact with each other?

Response to full contact

15. How did the introduced animal behave towards the rest of the group w hen they 
were given full contact with each other?

- Approached group m embers
- Avoided o f  group members
- Showed aggression towards the group
- Showed signs o f  fear
- Groom ed other anim als in the group
- Increased sexual behaviour
- Showed subm ission to other anim als in the group
- Asserted dom inance over the other animals in the group
- Played with other anim als in the group

Further com m ents - please describe any other behaviour that occuned at the introduction
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16. How did the animals in the group behave tow ards the introduced individual w hen 
they were given full contact with each other?

- A pproached  the introduced animal
- A voided the introduced animal
- Showed aggression towards introduced animal
- Show ed signs o f  fear tow ards the introduced animal
- G room ed  the introduced animal
- Engaged in sexual behav iour  with the introduced animal
- Showed subm ission tow ards the introduced animal
- Asserted dom inance  over the introduced animal
- Played with the introduced animal

Further com m ents  - p lease describe any other behaviour worth noting that occurred  at the 
introduction

After the introduction

17. W as the introduced animal allowed to remain with the group permanently after 
the introduction? Select only one answer.

- Y e s
- No
Skip logic: I f  ‘Yes skip to question 20.

After the introduction -  Separation

18. Why was the introduced animal separated from the group after the introduction? 

19: Was this separation: Select only one answer

-  Tem porary
- Pem ianen t

Please explain w hy this decision w as taken.
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Behavioural responses to the introduction

20. Overall, how do you think the following behaviours changed in the group after the 
introduction? Please select one option for each of the behaviours listed below.

Increased No change Decreased D on’t know
Groom ing
Play
Social interactions 
Sexual behaviour 
Aggression 
Feeding
Exploration o f  enclosure 
Undesirable behaviour 
(e.g. stereotypic behaviour)
Desirable behaviour
(e.g. interacting with enrichm ents)

Please mention any specific behaviours that changed (e.g. which stereotypic behaviour, 
desirable behaviour, etc.).

21. And how do you think the following behaviours of the introduced individual 
changed after the introduction? Please select one option for each o f  the behaviours 
listed below.

Increased No change Decreased D on’t know
Groom ing
Play
Social interactions 
Sexual behaviour 
Aggression 
Feeding
Exploration o f  enclosure 
Undesirable behaviour 
(e.g. stereotypic behaviour)
Desirable behaviour
(e.g. interacting with enrichm ents)

Please m ention any specific behaviours that changed (e.g. which stereotypic behaviour, 
desirable behaviour, etc.).
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Introduction recommendations

22. If the introduction took place again under identical circumstances, is 
there anything you would recommend doing DIFFERENTLY? Please include any 
ideas you may have. If there is nothing you w ould do differently, please type 'No' in 
the box.

23. And what did you do during this introduction that you would
recommend doing the SAME? Again, please include any ideas you have, or if  none, 
please type 'No'.

24. Finally, in your opinion, what made this introduction |successful/unsuccessful|?

General questions

25. Generally, what criteria would you use to determine w hether a group change has 
been successful? Please select as many as apply, and enter any other criteria that you 
use in the space provided.

- Stress levels
- Feeding behaviour
- Aggression levels
- Exploratory  behaviour
- Sleeping patterns
- Sexual behaviour
- Social interactions betw een  animals
- Health and fitness levels
- O ther (please specify)
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Thank y o u

Thank you very much for taking the time to com plete this questionnaire. Y our contribution 
is greatly appreciated and will provide valuable inform ation about changing social groups.

In the event o f  follow-up contact being required, please enter the details for your prefen ed 
method o f contact in the boxes below.

Post:
Email:
Telephone:
Fax:

If you have any queries, com m ents or further infonnation relating to this survey, please do 
not hesitate to contact me at the following address:

Jenny W hilde 
Dept, o f Zoology,
Trinity College,
Dublin 2,
Ireland.
whildej(oJtcd.ie
Phone: 00-353-87-9601404

Again, thank you very much for com pleting this questionnaire. To finish and subm it your 
answers, please click 'Done'
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Appendix 10: Removal questionnaire

Note: Please see Appendix 17 for examples of the appearance of the online 
questionnaires, and refer to the following link for the actual online questionnaire: 
https :/ /w w w .survevm onkev .com /s .aspx?sm =sF8a3aH niW X R V U 15o7  2 f l A 0  3d 3d 
In this Appendix, all of the questions and answer options are show n. Answ er boxes 
are not show n in this appendix but were provided below each open question. Drop
down menus and selection buttons are not shown here, but again were in place for 
each question and examples can be seen in Appendix 17 and online. Mechanisms that 
were put in place in the online version are show n here in italic font. For example: 
Allow respondents to choose only one answer, or Skip logic: If'n o ', go to question 12. 
These instructions were built in to the questionnaire and could not be seen by the 
respondent. Any instructions that were visible to the respondent are shown in normal 
font. Page breaks that w ere present in the online survey are indicated here by a 
dashed line.

Introduction

Tliank you very m uch for taking part in this survey.
O ne o f  the group o f  [Species] was rem oved  from the group at [zoo/sanctuaiy/faciiity].

The purpose o f  this questionnaire  is to find out in m ore  detail how this group change took 
place and will take no m ore than 15 m inutes  to complete.

Please answ er each question in as m uch  detail as possible. If  you have any further 
information that m ay be useful, please include it in the 'Com m ents ' boxes throughout the 
questionnaire  or at the end o f  the questionnaire.

You m ay  use the 'Back' bu tton  to return to questions i f  you wish  to change an answ er or 
add further infomiation. P lease rem em ber to click the 'Done' button at the end in order for 
your answ ers to be submitted.

Group structure

1. The group of (Species 1| had an animal removed. Please enter the numbers of each 
type of individual that was present in the group BEFORE the removal in the boxes 
below. If there w ere no individuals of a certain type, please enter 'O'.

Adult males:
Adult females:
Juvenile  males:
Juvenile  females:
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2. Please enter the number of each t> pe of animal that was removed from the group. 
If there were no individuals of a certain type, please enter 'O'.

Adult males:
Adult females:
Juvenile males:
Juvenile females:

Hierarchy

3. Was there a dominance hierarchy in the group where the removal took place?
Select only one answer

- Yes, a strong hierarchy
- Yes, but the hierarchy was not very strong
- No
- Don’t know
Skip logic: I f  ‘No ’ or ‘Don 7 know skip to question 7.

Please add any other information relating to the dominance hierarchy in the group

4. W hat w as the status of the animal being removed from the group? Select only one 
answer

- Dominant over the whole group
- Only dominant over males
- Only dominant over females
- Sub-ordinate
- Status changed frequently
- Don't know
- None o f the above

Please add any comments about the status o f the animal that was being removed from the 
group.

5. Following the removal from the group, were the remaining animals in the group 
expected to: Select only one answer

- Establish a new dominance hierarchy
- Maintain the same dominance hierarchy as before the removal 
Further comments:
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Hierarchy after the removal

6. If the hierarchy in the group changed after the removal, how long did it take for the 
new hierarchy to become established? Select only one ansM er

-  0-3 days
- 4-7 days 
- 8 - 1 4  days
- 2-4 weeks
- O ver 1 month
- Did not re-establish
- Not applicable - hierarchy did not change
- Don't know

A ny other information about the  expected  hierarchy o f  the group after the introduction?

Behavioural responses to the removal

7. Overall, how do you think the follow ing behaviours changed in the group after the 
removal? Please select one option for each of the behaviours listed below .

Increased N o change Decreased D o n 't  know
G room ing
Play
Social interactions 
Sexual behaviour 
Aggression 
Feeding
Exploration o f  enclosure 
Undesirable behaviour 
(e.g. stereotypic behaviour)
Desirable behaviour
(e.g. interacting with enrichm ents)

Please m ention any specific behav iours  that changed  (e.g. w hich  stereotypic behaviour, 
desirable behaviour, etc.).
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8. And how do you think the following behaviours of the removed individual changed  
after the removal? Please select one option for each of the behaviours listed below.

Increased No change Decreased D on’t know
Groom ing
Play
Social interactions 
Sexual behaviour 
Aggression 
Feeding
Exploration o f  enclosure 
Undesirable behaviour 
(e.g. stereotypic behaviour)
Desirable behaviour
(e.g. interacting with enrichm ents)

Please m ention any specific behaviours that changed (e.g. which stereotypic behaviour, 
desirable behaviour, etc.).

Recommendations

9. If the removal took place again under identical circumstances, is there anything you 
would recommend doing DIFFERENTLY? Please include any ideas you may have. If 
there is nothing you would do differently, please type 'INo' in the box.

10. Which aspects of  the removal procedure would you recommend doing the SAME?  
Please list anything that you considered useful during the removal, or if  none, please 
type 'No'

11. Finally, what do you think made this removal |successful/unsuccessful|?
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General questions

12. Generally, what criteria would you use to determine whether a group change has 
been successful? Please select as many as apply, and enter any other criteria that you 
use in the space provided.

- Stress levels
- Feeding behaviour
- Aggression levels
- Exploratory  behaviour
- Sleeping patterns
- Sexual behaviour
- Social interactions betw een  animals
- Health and t'ltness levels
- O ther (please specify)

Thank vou

Thank you very m uch for taking the time to com plete  this questionnaire. Y our  contribution 
is greatly appreciated and will provide valuable inform ation about changing  social groups.

In the event o f  follow-up contact being required, please enter the details for your p re fen ed  
m ethod o f  contact in the boxes below.

Post:
Email:
Telephone:
Fax:

If  you have any  queries, com m ents  or further inform ation relating to this survey, p lease do 
not hesitate to contact m e at the fo llowing address:

Jenny  W hilde 
Dept, o f  Zoology,
Trin ity  College,
Dublin  2, 
h'eland.
whildej(o^tcd.ie
Phone: 00-353-87-9601404

Again, thank you very m uch  for com pleting  this questionnaire. To finish and submit your 
answers, please click 'Done'
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Appendix 11: Birth questionnaire

Note: Please see Appendix 13 for examples of the appearance of the online 
questionnaires, and refer to the following link for the actual online questionnaire: 
httDsV/www.survevmonkey.com/s.aspx?sm =wET6iOXpCv2NiTivZTwEnHTw 3d 3d 
In this Appendix, all of the questions and answer options are shown. Answer boxes 
are not show n in this appendix but were provided below each open question. Drop
down menus and selection buttons are not shown here, but again were in place for 
each question and examples can be seen in Appendix 13 and online. Mechanisms that 
were put in place in the online version are shown here in italic font. For example: 
Allow respondents to choose only one answer, or Skip logic: I f  'no \ go to question 12. 
These instructions were built in to the questionnaire and could not be seen by the 
respondent. Any instructions that were visible to the respondent are shown in normal 
font. Page breaks that were present in the online survey are indicated here by a 
dashed line.

Introduction

Thank you very much for taking part in this sui'vey.

A new [Species] was recently born at [zoo/sanctuary/facility]. The puipose o f this 
questionnaire is to find out in more detail how this change to the social group took place, 
and will take no more than 15 minutes to complete.

Please answer each question in as much detail as possible. If you have any further 
information that may be useful, please include it in the 'Com m ents' boxes throughout the 
questionnaire, or at the end o f  the questionnaire.

You may use the 'Back' button to return to questions if  you wish to change an answer or 
add further infonnation. Please rem em ber to click the 'Done' button at the end in order for 
your answers to be submitted.

1. A birth took place in the group of [Species]. Please say how many of each type of 
animal were in the group before the birth by entering a number in each box below. 
If there were none, please enter 0.

Adult males:
Adult females:
Juvenile males:
Juvenile females:
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2. How many of each sex were born?

Male:
Female:
Unsure:

Hierarchy

3. W as there a dominance hierarchy in the group where the birth took place? Select 
only one answer

- Yes. a strong hierarchy
- Yes. but the hierarchy was not very strong 
- N o
- Don't know
Skip logic: I f  'No ' or 'Don V know skip to question 6.

Please add any other information relating to the dominance hierarchy in the group.

4. W hat position did the mother of the newborn |species| hold in the dominance 
hierarchy? Select only one answer

- Dominant over the whole group
- Only dominant over males
- Only dominant over females
- Sub-ordinate
- Status changed frequently
- Don't know
- None o f  the above
Please add any comments about the status o f  the mother o f  the newborn animal in the 
gioup.

5. Was the baby/babies expected to hold the same position or a similar in the group 
hierarchy as its mother? Select only one answer

-Y e s
-N o

Further comments about the expected status o f  the newborn animal;
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Pre-birth management

6. Before the birth took place, where was the pregnant animal housed? Select only one 
answer

- W ith  the group, as norm al th roughou t the p regnancy  and birth
- O n its ow n for a short period  o f  tim e (i.e. for a period  o f  days o r a few  w eeks)
- On its ow n for an ex tended  period  o f  tim e (i.e. for a period o f  several w eeks or m onths)
- I f  the anim al w as separated  from  the group for a period  o f  tim e, p lease say  how  long this 
w as for;

7. What level of contact was the newborn animal first given with the rest of the 
group? Please select all that apply

- N one
- Scent and sound  only
- Scent, sound  and visual
- L im ited physical contact (e.g. th rough  a barrier)
- Full physical contact 
Further com m ents;

Skip logic: I f  'Full physical contact skip to Question 12

Introduction

8. For how long was the initial type of contact maintained BEFORE full contact 
between the animals was allowed? Select only one answer.

-  0-3 days
- 4-7 days
- 1 -2 w eeks 
- 3 - 4  w eeks
- O ver 1 m onth

9. How long did the initial contact go on for? Select only one answer.

-  L onger than  o rig inally  expected
- S horter than  o rig inally  expected
- A s long as orig inally  expected
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Response to introduction

10. How did the newborn [species] respond to initial contact w ith the rest of  the 
group?

- Approach towards group members
- Avoidance o f  group members
- Showed aggression towards other animals in the group
- Showed fear o f  other animals in the group
- Groomed other animals in the group
- Showed submission to other animals in the group
- Played with other animals in the group
- Showed no particular response to rest o f  group

Please describe any other responses o f  the newborn animal to the gi'oup.

11. How did the other [species] in the group respond initial contact with the 
newborn [species]?

- Approach towards the newborn animal
- Avoidance o f  the newboni animal
- Showed aggression towards the newborn animal
- Groomed the newborn animal
- Showed submission to the newborn animal
- Played with the newborn animal
- Showed no particular response to the newborn animal

Please describe any other responses o f  animals in the group towards the newborn animal.

Introduction -  full contact

12. Please say w hat criteria were used to determine when the newborn ]species] was 
ready to be put in full physical contact w ith the rest of the group.
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Response to introduction

13. How did the newborn animal behave towards the rest of the group when they w ere 
given full contact?

- Approached group m em bers
- Avoided o f  group m em bers
- Showed aggression towards other anim als in the group
- Showed fear o f  other anim als in the group
- Groom ed other anim als in the group
- Showed subm ission to other anim als in the group
- Played with other anim als in the group
- Showed no particular response to the rest o f  the group

Please describe any other behaviour o f  the newborn animal that occurred after the 
introduction

14. How did the animals in the group behave towards the newborn animal when they 
were given full contact?

- Approached the newborn animal
- Avoided the new born animal
- Showed aggression towards new'bom animal
- Showed signs o f  fear tow ards the newborn animal
- Groom ed the newborn animal
- Showed subm ission towards the newborn animal
- Played with the newborn animal
- Showed no particular response to the newborn animal

Please describe any other behaviour o f anim als in the group towards the newborn animal 
that occuned  after the introduction.
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Response of mother to introduction

15. How did the mother of the new born animal respond to other individuals coming in 
contact with her offspring? Select one response fo r  each option.

Y e s  N o  D o n ' t  k n o w
A llo w e d  p h y s ic a l  co n tac t  
P re v en te d  p h y s ic a l  con tac t
R e s p o n d e d  a g g re s s iv e ly  to  an y  o th e r  in d iv id u a ls  t ry in g  to
c o m e  in co n ta c t  w i th  h e r  o f fsp r in g
E n c o u ra g e d  o th e r  in d iv idua ls  to  c o m e  in c o n tac t  w i th  her
o f fsp r in g

P lease  d e s c r ib e  a n y  o th e r  r e sp o n se s  the  m o th e r  h ad  to  o th e r  in d iv id u a ls  in the  g ro u p  
c o m in g  in c o n ta c t  w ith  her  o f fsp r in g ,  o r  g ive  fu r the r  de ta i ls  a b o u t  the  se lec ted  re sp o n se s .

16. Was the new born animal allowed to stay in the group permanently? Select only one 
response.

-  Y es 
- N o
Skip logic: I f  'Yes skip to question 19

17. Why was the new born animal separated from the group?

18. Was the separation temporary or permanent? Select only one response.

-  T e m p o ra ry
- P e m ia n e n t

P lea se  e x p la in  the  rea so n  for this.
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Behavioural responses to the introduction

19. Overall, how do you think the following behaviours changed in the group after the 
birth? Please select one option for each of the behaviours listed below.

Increased No change Decreased D on’t know
Groom ing
Play
Social interactions 
Sexual behaviour 
Aggression 
Feeding
Exploration o f  enclosure 
Undesirable behaviour 
(e.g. stereotypic behaviour)
Desirable behaviour
(e.g. interacting with enrichm ents)

Please mention any specific behaviours that changed (e.g. which stereotypic behaviour, 
desirable behaviour, etc.).

Recommendations

20. If the birth was to take place again under identical circumstances, w ould you 
recommend anything be done DIFFERENTLY? If there is nothing you would do 
differently, please type 'No' in the box.

21. And what did you do during this birth and subsequent introduction that you 
would recommend doing the SAME? Please include any techniques and methods that 
you found useful. If there are none, please type 'No'.

22. Finally, in your opinion, what made this birth and subsequent integration 
Isuccessful/unsuccessful]?

288



General questions

23. Generally, what criteria would you use to determine w liether a group change has 
been successful? Please select as many as apply, and enter any other criteria that you 
use in the space provided.

- Stress levels
- Feeding behaviour
- Aggression levels
- Exploratory  behaviour
- Sleeping patterns
- Sexual behaviour
- Social interactions betw een  animals
- Health and fitness levels
- O ther (please specify)

Thank vou

T hank you very much for taking the time to com plete  this questionnaire. Y our  contribution 
is greatly appreciated and will p rovide valuable information about chang ing  social groups.

In the event o f  follow-up contact being required, p lease enter the details for your preferred 
method o f  contact in the boxes below.

Post:
Email:
Telephone:
Fax:

I f  you have any queries, com m ents  or further in fom iation relating to this survey, p lease do 
not hesitate to contact me at the following address:

Jenny  W hilde 
Dept, o f  Zoology,
Trin ity  College,
Dublin 2, 
he land .
whildej(oi,tcd.ie
Phone; 00-353-87-9601404

Again, thank you very m uch for com pleting  this questionnaire. To finish and subm it your 
answ'ers, please click 'Done'
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Appendix 12: Death questionnaire

Note: Please see Appendix 17 for examples of the appearance of the online 
questionnaires, and refer to the following link for the actual online questionnaire; 
https://w w w .survevm onkev.com /s.aspx‘?sm =8pAHncASi2ZvSEqK 2bwRvnA 3d 3d 
In this Appendix, all of the questions and answer options are show n. Answer boxes 
are not shown in this appendix but were provided below each open question. Drop
down menus and selection buttons are not shown here, but again were in place for 
each question and examples can be seen in Appendix 17 and online. Mechanisms that 
were put in place in the online version are shown here in italic fon t. For example: 
Allow respondents to choose only one answer^ or Skip logic: If'n o ', go to question 12. 
These instructions were built in to the questionnaire and could not be seen by the 
respondent. Any instructions that were visible to the respondent are shown in normal 
font. Page breaks that were present in the online survey are indicated here by a 
dashed line.

Introduction

Thank you very much for taking part in this sui'vey.
One o f the [Species] at [zoo/sanctuary/faciiity] recently died.

The purpose o f  this questionnaire is to find out in m ore detail how this group change 
affected the social group and will take no more than 15 minutes to complete.

Please answer each question in as much detail as possible. If you have any further 
infonnation that may be useful, please include it in the 'Com m ents' boxes throughout the 
questionnaire or at the end o f  the questionnaire.

You m ay use the 'Back' button to retiim to questions if  you wish to change an answer or 
add further infonnation. Please rem em ber to click the 'Done' button at the end in order for 
your answers to be submitted.

Group structure

1. An animal in the group of [Species I| died. Please enter the numbers of each type of 
individual that was present in the group BEFORE the animal died.

Adult males;
Adult females:
Juvenile males:
Juvenile females:
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2. Please select which type of animal died. Select only one answer.

-  A dult males
- A dult females
- Juvenile  males
- Juvenile  females

Further com m ents

3. Was the death of the animal: Select only one answ er.

-  Expected
- Unexpected

W hat was the cause o f  death?

Hierarchy

4. Was there a dominance hierarchy in the group where the death took place? Select 
only one answ er

- Yes, a s trong hierarchy
- Yes, but the hierarchy was not very strong
- No
- D o n 't  know'
Other. Please specify:

Skip logic: I f  'No ’ or Don  7 k n o w s k i p  to question 8.

5. What w as the status o f  the animal that died? Select only one an.swer

-  D om inant over the w hole  group
- O nly  dom inant over m ales
- O n ly  dom inant over females
- Sub-ordinate
- Status changed  frequently
- Don't know
- N one  o f  the above. P lease explain below

I f  the status changed, or  the anim al had a position in the m iddle  o f  the hierarchy, please 
explain  the status o f  the animal in the gi'oup.
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6. Following the death of the animal, were the remaining animals in the group 
expected to: Select only one answer

-  E stablish  a new  dom inance  h ierarchy
- M aintain  the sam e dom inance  h ie ra rch y  as befo re  the rem oval 

F u ilh er com m ents:

7. If the hierarchy in the group changed after the death, how long did it take for the 
new hierarchy to become established? Select only one answer

-  0-3 days
- 4-7 days 
-8 -1 4  days
- 2-4 w eeks
- O ver 1 m onth
- Did not re-estab lish
- N ot applicab le  - h ierarchy  did not change
- D on't know

F urther com m ents:

Behavioural responses to death

8. Overall, how do you think the follow ing behaviours changed in the group after the 
death? Please select one option for each of the behaviours listed below .

Increased  N o change D ecreased  D o n ’t know
G room ing
Play
Social in teractions 
Sexual behav iou r 
A ggression  
Feeding
E xplora tion  o f  enclosure 
U ndesirab le  behav iour 
(e.g. stereo typic  behav iour)
D esirab le  behav iou r
(e.g. in teracting  w ith  enrichm ents)

P lease m ention  any specific  behav iou rs that changed  (e.g. w hich  stereo typ ic  behav iour, 
desirab le  behav iour, etc.).
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Recommendations

9. If the death took place again under identical circumstances, is there anything that 
you would do DIFFERENTLY to manage the group of animals following the death? 
Please include any ideas you may have. If there is nothing you w ould do differently, 
please type 'No'.

10. If the death took place again under identical circumstances, is there anything that 
you w ould do the SAME to manage the group of animals following the death? Please 
list any management techniques that you consider to have been useful, or if there are 
none, please type 'No'

11. What do you think made the group change following the death 
|successful/unsuccessful|?

General questions

12. Generally, what criteria would you use to determine whether a group change has 
been successful? Please select as many as apply, and enter any other criteria that you 
use in the space provided.

- Stress levels
- Feeding behaviour
- Aggression levels
- Exploratory behaviour
- Sleeping patterns
- Sexual behaviour
- Social interactions between animals
- Health and fitness levels
- O ther (please specify)
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Thank you

Thank you very much for taking the time to com plete this questionnaire. Your contribution 
is greatly appreciated and will provide valuable information about changing social groups.

In the event o f  follow -up contact being required, please enter the details for your prefeired 
method o f  contact in the boxes below.

Post;
Email:
Telephone:
Fax:

If you have any queries, com m ents or further infom iation relating to this survey, please do 
not hesitate to contact me at the following address:

Jenny W hilde 
Dept, o f Zoology,
Trinity College,
Dublin 2, 
heland.
whildej@ tcd.ie
Phone:' 00-353-87-9601404

Again, thank you very m uch for com pleting this questionnaire. To finish and submit your 
answers, please click 'Done'
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Appendix 13: Results of Introduction questionnaire.
Responses to closed questions (i.e. questions that were answered from a given selection o f 
options), shown as a percentage o f total responses to the questions relating to introductions. 
Responses to each question are sorted according to the percentage o f respondents that 
selected each response. Total numbers o f respondents to each question are also show'n.

SUCCESSFUL INTRODUCTIONS % Responses

Total
number of 
respondents

Dominance hierarchy in group 70
No dominance hierarchy 40.00
Weal< dominance hierarchy 30.00
Strong dominance hierarchy 27.14
Don't know dominance hierarchy 4.29
Dominance hierarchy in original group 60
No dominance hierarchy in original group 35.00
Don't know dominance hierarchy in original group 33.33
Strong dominance hierarchy in ohginal group 23.33
Weak dominance hierarchy in original group 10.00
Status of introduced animal in original group 38
Introduced animal subordinate in original group 31.58
Don't know status of introduced animal in original group 26.32
None of the above re. status of introduced animal in original 
group 21.05
Introduced animal dominant over original group 13.16
Introduced animal dominant over females in original group 7.89
Introduced animal dominant over males in original group 0.00
Status of introduced animal changed frequently in original group 0.00
Expected status of introduced animal in group 32
Introduced animal expected to be dominant over group 43.75
Introduced animal expected to be subordinate 34.38
Introduced animal expected to be dominant over females 15.63
Introduced animal's status expected to change frequently 15.63
Don’t know expected status of introduced animal 12.50
Introduced animal expected to be dominant over males 6.25
None of the above re. expected status of introduced animal 3.13
Time taken for hierarchy to establish 22
N/A Hierarchy did not change 45.45
Over 1 month for hierarchy to establish 27.27
0-3 days for hierarchy to establish 13.64
8-14 days for hierarchy to establish 4.55
2-4 weeks for hierarchy to establish 4.55
Don't know if hierarchy changed 4.55
4-7 days for hierarchy to establish 0.00
Hierarchy did not establish 0.00
Location of introduced animal prior to introduction 70
Prior to introduction, introduced animal was alone for a 
temporary period 35.71
Prior to introduction, introduced animal was in another group 34.29
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Response to introduction

13. How did the new born animal behave tow ards the rest of  the group w hen they w ere 
given full contact?

- Approached group m em bers
- Avoided o f  group m em bers
- Showed aggression towards other anim als in the group
- Showed fear o f  other anim als in the group
- Groom ed other anim als in the group
- Showed subm ission to other anim als in the group
- Played with other anim als in the group
- Show'ed no particular response to the rest o f  the group

Please describe any other behaviour o f the newborn animal that occurred after the 
introduction

14. How did the animals in the group behave towards the newborn animal when they 
were given full contact?

- Approached the newborn animal
- Avoided the newborn animal
- Showed aggression towards newborn animal
- Showed signs o f fear towards the newborn animal
- Groomed the newborn animal
- Showed subm ission towards the newborn animal
- Played with the newborn animal
- Showed no particular response to the newborn animal

Please describe any other behaviour o f  anim als in the group towards the newborn animal 
that occurred after the introduction.
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Response of mother to introduction

15. How did the mother of the newborn animal respond to other individuals coming in 
contact with her offspring? Select one response for each option.

Yes N o D o n 't  know
A llow ed  physical contact 
Prevented physical contact
R esponded  aggressively  to any other individuals t iy ing  to
com e in contact with her offspring
Encouraged  other individuals to com e in contact with her
offspring

Please describe any other responses the m other had to other individuals  in the group 
com ing  in contact w'ith her offspring, or give further details about the selected responses.

16. Was the newborn animal allowed to stay in the group permanently? Select only one 
response.

- Y e s
- N o
Skip logic: I f  ' Yes skip to question 19

17. Why was the newborn animal separated from the group?

18. Was the separation temporary or permanent? Select only one response.

- Tem porary
- Perm anent

Please explain the reason for this.
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No change feeding 76.81
No change aggression 62.32
No change positive behaviour 59.42
Increase exploration 57.14
Increase sexual behaviour 55.07
No change grooming 54.29
No change play 47.83
Increase play 40.58
No change sexual behaviour 39.13
No change exploration 35.71
Increase grooming 31.43
Increase positive behaviour 30.43
Increase aggression 18.84
Increase feeding 14.49
Don't know negative behaviour 13.04
Don’t know grooming 12.86
Don’t know aggression 11.59
Don't know positive behaviour 10.14
Don't know play 8.70
No change social interactions 8.70
Don't know social interactions 7.25
Don't know feeding 7.25
Don't know exploration 7.14
Don’t know sexual behaviour 5.80
Decrease aggression 5.80
Decrease negative behaviour 4.35
Decrease play 1.45
Decrease feeding 1.45
Increase negative behaviour 1.45
Decrease grooming 0.00
Decrease social interactions 0.00
Decrease sexual behaviour 0.00
Decrease exploration 0.00
Decrease positive behaviour 0.00
Behaviours generally used to determine whether a change 
has been successful?

70

Social interactions 90.00
Aggression 85.71
Health and fitness levels 82.86
Stress levels 81.43
Feeding behaviour 62.86
Sexual behaviour 55.71
Sleeping patterns 42.65
Exploratory behaviour 41.43
Other 8.70
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INTRODUCTIONS -  OUTCOME UNSURE
0//o
responses

Total number 
of
respondents

Dominance hierarchy in group 7
Strong dominance hierarchy 28.57
Weak dominance hierarchy 28.57
No dominance hierarchy 28.57
Don't know dominance hierarchy 14.29
Dominance hierarchy in the original group 4
Don't know dominance hierarchy in original group 50.00
Strong dominance hierarchy in original group 25.00
No dominance hierarchy in original group 25.00
Weak dominance hierarchy in original group 0.00
Status of introduced animal in original group 3
Don't know status of introduced animal in original group 66.67
Introduced animal dominant over females in original group 33.33
Introduced animal dominant over original group 0.00
Introduced animal domiant over males in original group 0.00
Introduced animal subordinate in original group 0.00
Status of introduced animal changed freguently in original group 0.00
None of the above re. status of introduced animal in original group 0.00
Expected status of introduced animal in group 4
Introduced animal expected to be dominant over group 25.00
Introduced animal expected to be dominant over females 25.00
Introduced animal expected to be subordinate 25.00
Don't know expected status of introduced animal 25.00
None of the above re. expected status of introduced animal 25.00
Introduced animal expected to be dominant over males 0.00
Introduced animal's status expected to change frequently 0.00
Time taken for hierarchy to establish 1
2-4 weeks for hierarchy to establish 100.00
0-3 days for hierarchy to establish 0.00
4-7 days for hierarchy to establish 0.00
8-14 days for hierarchy to establish 0.00
Over 1 month for hierarchy to establish 0.00
Hierarchy did not establish 0.00
N/A Hierarchy did not change 0.00
Don't know if hierarchy changed 0.00
Location of introduced animal prior to introduction 4
Prior to introduction, introduced animal was in another group 50
Prior to introduction, introduced animal was alone for a temporary 
period 25
Prior to introduction, introduced animal was alone for a long period 
of time 25
Don't know where the introduced animal was prior to the introduction 0
Initial type of contact between introduced animal and group 7
Animals were first given sight, sound and scent 28.57
Animals were first given partial physical contact 14.29
Animals were first given full physical contact 14.29
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Animals were first given sound and scent 0.00
Don’t know what type of physical contact they were first given 0.00
Other kind of first contact given 0.00
Duration of initial contact 5
Initial contact was less than a week 40.00
Initial contact was over 1 month 40.00
Initial contact was 1-2 weeks 20.00
Intital contact was 3-4 weeks 0.00
Expectations of initial contact 5
This was as expected 80.00
This was longer than expected 20.00
This was shorter than expected 0.00
Response of introduced animal to initial contact 5
Interest 60.00
Aggression 20.00
Anxiety 20.00
Avoid contact 20.00
Disinterest 0.00
Group response to initial contact 5
Aggression 60.00
Interest 60.00
Anxiety 0.00
Disinterest 0.00
Avoid contact 0.00
Response of introduced animal to full contact with group 6
Approach 66.67
Avoid 16.67
Fear 16.67
Groom 16.67
Submission 16.67
Sexual behaviour 16.67
Assert dominance 16.67
Play 0.00
No response 0.00
Aggression 0.00
Group response to full contact with introduced animal 6
Approach 33.33
Sexual behaviour 33.33
Aggression 33.33
Avoid 16.67
Groom 16.67
Assert dominance 16.67
Fear 0.00
Play 0.00
Submission 0.00
Result of introduction 3
Introduced animal was allowed to remain in the group permanently 66.67
Introduced animal was separated temporarily 33.33
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Introduced animal was separated permanently 0.00
Group behaviour changes after full introduction 6
No change play 100.00
No change feeding 100.00
No change positive behaviour 100.00
No change negative behaviour 83.33
No change grooming 66.67
Increase social interactions 66.67
No change sexual behaviour 66.67
No change exploration 66.67
Increase aggression 50.00
No change aggression 50.00
Increase grooming 33.33
No change social interactions 33.33
Increase sexual behaviour 33.33
Increase exploration 33.33
Increase negative behaviour 16.67
Decrease grooming 0.00
Don’t know grooming 0.00
Increase play 0.00
Decrease play 0.00
Don't know play 0.00
Decrease social interactions 0.00
Don't know social interactions 0.00
Decrease sexual behaviour 0.00
Don't know sexual behaviour 0.00
Decrease aggression 0.00
Don't know aggression 0.00
Increase feeding 0.00
Decrease feeding 0.00
Don't know feeding 0.00
Decrease exploration 0.00
Don't know exploration 0.00
Decrease negative behaviour 0.00
Don't know negative behaviour 0.00
Increase positive behaviour 0.00
Decrease positive behaviour 0.00
Don’t know positive behaviour 0.00
Individual behaviour changes after full introduction 6
No change feeding 66.67
Increase grooming 50.00
Don't know play 50.00
Increase social interactions 50.00
No change sexual behaviour 50.00
No change aggression 50.00
No change negative behaviour 50.00
No change positive behaviour 50.00
Don’t know grooming 33.33
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No change play 33.33
Don't know social interactions 33.33
Don’t know sexual behaviour 33.33
Don't know aggression 33.33
Don't know feeding 33.33
Increase exploration 33.33
No change exploration 33.33
Don't know exploration 33.33
Don't know negative behaviour 33.33
Don’t know positive behaviour 33.33
No change grooming 16.67
Increase play 16.67
No change social interactions 16.67
Increase sexual behaviour 16.67
Increase aggression 16.67
Increase negative behaviour 16.67
Increase positive behaviour 16.67
Decrease grooming 0.00
Decrease play 0.00
Decrease social interactions 0.00
Decrease sexual behaviour 0.00
Decrease aggression 0.00
Increase feeding 0.00
Decrease feeding 0.00
Decrease exploration 0.00
Decrease negative behaviour 0.00
Decrease positive behaviour 0.00
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UNSUCCESSFUL INTRODUCTIONS % responses
Number of 
responses

Dominance hierarchy in group 11
No dominance hierarcliy 45.45
Weal< dominance hierarctiy 27.27
Strong dominance hierarchy 18.18
Don't know dominance hierarchy 9.09
Dominance hierarchy in original group 8
Don't know dominance hierarchy in original group 37.50
Strong dominance hierarchy in original group 25.00
Weak dominance hierarchy in original group 25.00
No dominance hierarchy in original group 12.50
Status of introduced animal in original group 5

Don't know status of introduced animal in original group 40.00
None of the above re. status of introduced animal in original group 40.00
Introduced animal subordinate in original group 20.00
Introduced animal dominant over original group 0.00
Introduced animal domiant over males in original group 0.00
Introduced animal dominant over females in original group 0.00
Status of introduced animal changed frequently in original group 0.00

Expected status of introduced animal in group 5
Introduced animal's status expected to change frequently 40.00
Introduced animal expected to be dominant over group 20.00
Introduced animal expected to be subordinate 20.00
Introduced animal expected to be dominant over males 0.00
Introduced animal expected to be dominant over females 0.00
Don't know expected status of introduced animal 0.00
None of the above re. expected status of introduced animal 0.00
Time taken for hierarchy to establish 2
2-4 weeks for hierarchy to establish 50.00
Don't know if hierarchy changed 50.00
0-3 days for hierarchy to establish 0.00
4-7 days for hierarchy to establish 0.00
8-14 days for hierarchy to establish 0.00
Over 1 month for hierarchy to establish 0.00
Hierarchy did not establish 0.00
N/A Hierarchy did not change 0.00

Location of introduced animal prior to Introduction 11
Prior to introduction, introduced animal was alone for a temporary 
period 63.64
Don't know where the introduced animal was prior to the introduction 18.18
Prior to introduction, introduced animal was in another group 9.09
Prior to introduction, introduced animal was alone for a long period of 
time 9.09
First type of contact 11
Animals were first given sight, sound and scent 36.36
Animals were first given full physical contact 27.27
Animals were first given sound and scent 9.09
Animals were first given partial physical contact 0.00
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Don't know what type of physical contact they were first given 0.00
Other kind of first contact given 0.00
Duration of initial contact 9
Initial contact was less than a week 33.33
Initial contact was 1-2 weeks 33.33
Intital contact was 3-4 weeks 11.11
Initial contact was over 1 month 11.11
Expectations of initial contact 8
This was as expected 75.00
This was shorter than expected 12.50
This was longer than expected 12.50
Response of introduced animal to initial contact 8

Anxiety 62.50
Interest 50.00
Avoid contact 50.00
Aggression 37.50
Disinterest 0.00
Group response to initial contact 8
Interest 75.00
Aggression 25.00
Avoid contact 25.00
Disinterest 12.50
Anxiety 0.00

Response of introduced animal to full contact with group 11
Avoid 63.64
Fear 45.45
Submission 27.27
Aggression 18.18
Play 9.09
Approach 0.00
Groom 0.00
Sexual behaviour 0.00
Assert dominance 0.00
No response 0.00

Group response to full contact with introduced animal 11
Avoid 45.45
Aggression 45.45
Approach 27.27
Assert dominance 27.27
Fear 18.18
Groom 0.00
Sexual behaviour 0.00
Play 0.00
Submission 0.00
Result of introduction 11
Introduced animal was allowed to remain in the group permanently 45.45
Introduced animal was separated permanently 36.36
Introduced animal was separated temporarily 18.18
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Group behaviour changes after full introduction 11
Increase aggression 81.82
No change feeding 81.82
No change negative behaviour 81.82
No change positive behaviour 81.82
No change grooming 72.73
Increase social interactions 63.64
No change play 54.55
No change exploration 54.55
No change sexual behaviour 45.45
Increase sexual behaviour 36.36
Don't know grooming 27.27
Don't know play 27.27
No change social interactions 27.27
Don't know sexual behaviour 18.18
Decrease exploration 18.18
Don't know exploration 18.18
Don't know negative behaviour 18.18
Don’t know positive behaviour 18.18
Increase play 9.09
Don't know social interactions 9.09
No change aggression 9.09
Don't know aggression 9.09
Decrease feeding 9.09
Don't know feeding 9.09
Increase exploration 9.09
Increase grooming 0.00
Decrease grooming 0.00
Decrease play 0.00
Decrease social interactions 0.00
Decrease sexual behaviour 0.00
Decrease aggression 0.00
Increase feeding 0.00
Increase negative behaviour 0.00
Decrease negative behaviour 0.00
Increase positive behaviour 0.00
Decrease positive behaviour 0.00

Introduced individual behaviour changes after full introduction 11
No change feeding 72.73
No change negative behaviour 63.64
No change positive behaviour 63.64
No change grooming 54.55
No change sexual behaviour 54.55
Don't know grooming 45.45
Don’t know play 45.45
Increase social interactions 45.45
No change play 36.36
Don’t know sexual behaviour 36.36
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Increase aggression 36.36
No change exploration 36.36
No change social interactions 27.27
No change aggression 27.27
Don't know aggression 27.27
Increase exploration 27.27
Don't know exploration 27.27
Don't know negative behaviour 27.27
Don't know positive behaviour 27.27
Don't know social interactions 18.18
Don't know feeding 18.18
Increase play 9.09
Decrease play 9.09
Increase sexual behaviour 9.09
Decrease aggression 9.09
Decrease feeding 9.09
Decrease exploration 9.09
Increase negative behaviour 9.09
Decrease positive behaviour 9.09
Increase grooming 0.00
Decrease grooming 0.00
Decrease social interactions 0.00
Decrease sexual behaviour 0.00
Increase feeding 0.00
Decrease negative behaviour 0.00
Increase positive behaviour 0.00
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Appendix 14: Results of Removal questionnaire.
Responses to closed questions (i.e. questions that were answered from a given selection o f 
options), shown as a percentage o f total responses to the questions relating to removals. 
Responses to each question are sorted according to the percentage o f respondents that 
selected each response. Total numbers o f respondents to each question are also shown.

% responses 
-  outcome 

SUCCESSFUL

Total number 
of responses 

-  outcome 
SUCCESSFUL

Total number 
of responses 

- outcome 
UNSURE

Hierarchy in the group 34
Strong hierarchy in the group 64.71
Weak hierarchy in the group 23.53
No hierarchy in the group 11.76 1
Don't know hierarchy in the group 0
Status of removed animal 30 1
Removed animal was subordinate 46.67
Removed animal was dominant over 
whole group 33.33
Status of removed animal changed 
frequently 13.33
Don't know status of removed animal 6.67
Removed animal was dominant over 
males 3.33
Removed animal was dominant over 
females 0
None of the above, re status of removed 
animal 0
Expectations of group hierarchy 31 1
Group hierarchy was expected to stay the 
same 80.65
Group was expected to establish a new 
hierarchy 19.35
Time taken to establish new hierarchy 31 1
N/A - hierarchy did not change 54.84
Hierarchy took 0-3 days to re-establish 12.90
Hierarchy did not re-establish 12.90
Hierarchy took 2-4 weeks to re-establish 9.68
Hierarchy took 4-7 days to re-establish 3.23
Hierarchy took 8-14 days to re-establish 3.23
Don't know whether the hierarchy 
changed 3.23
Hierarchy took over 1 month to re
establish 0
Changes in group behaviour 34 1
No change feeding 88.24
No change negative behaviour 76.47
No change grooming 73.53 1
No change sexual behaviour 67.65
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No change positive behaviour 67.65
No change exploration 61.76
No change play 52.94 1
No change social interactions 52.94
Decrease aggression 44.12
No change aggression 35.29
Decrease play 29.41 1
Decrease social interactions 26.47
Increase exploration 26.47
Increase social interactions 20.59
Decrease sexual behaviour 20.59 1
Increase positive behaviour 20.59
Increase aggression 17.65
Increase play 14.71
Increase grooming 11.76 1
Decrease grooming 11.76
Decrease exploration 11.76
Don't know sexual behaviour 8.82
Decrease feeding 8.82 1
Increase negative behaviour 8.82
Decrease negative behaviour 8.82
Don't know negative behaviour 8.82
Decrease positive behaviour 8.82 1
Don't know grooming 5.88
Don't know play 5.88
Increase sexual behaviour 5.88
Don't know aggression 5.88 1
Increase feeding 5.88
Don't know positive behaviour 5.88
Don't know social interactions 2.94
Don't know exploration 2.94 1
Don't know feeding 0
Removed individual behaviour 
changes after removal 34 1
No change feeding 52.94
No change negative behaviour 47.06
No change positive behaviour 47.06 1
Decrease aggression 44.12
Don't know negative behaviour 41.18
No change sexual behaviour 38.24
Don't know positive behaviour 38.24 1
No change grooming 35.29
Don’t know grooming 35.29
Don’t know sexual behaviour 35.29
Don't know exploration 35.29 1
No change play 32.35
Don't know aggression 32.35
Increase exploration 32.35
Don’t know play 29.41 1



Don't know social interactions 29.41
Don't know feeding 29.41
No change exploration 29.41
Decrease social interactions 26.47 1
Decrease play 23.53
Increase social interactions 23.53
No change social interactions 23.53
Decrease sexual behaviour 23.53 1
Decrease grooming 20.59
Increase play 17.65
No change aggression 17.65
Increase positive behaviour 17.65 1
Increase grooming 11.76
Decrease negative behaviour 11.76
Increase aggression 8.82
Increase feeding 8.82 1
Decrease feeding 8.82
Decrease exploration 5.88
Increase sexual behaviour 2.94
Increase negative behaviour 2.94 1
Decrease positive behaviour 0
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Appendix 15: Results of Birth questionnaire

Responses to closed questions (i.e. questions that were answered from a given selection o f 
options), shown as a percentage o f total responses to the questions relating to births. 
Responses to each question are sorted according to the percentage o f respondents that 
selected each response. Total numbers o f respondents to each question are also shown.

SUCCESSFUL BIRTHS
%
responses

Total number of 
responses

Dominance hierarchy in group 60
Strong dominance hierarchy 46.67 28
No dominance hierarchy 31.67 19
Weak dominance hierarchy 16.67 10
Don't know dominance hierarchy 5.00 3
Status of mother in group 38
Mother dominant over whole group 44.74 17
Mother sub-ordinate 23.68 9
Mother dominant over females 15.79 6
Mother's status none of the above 13.16 5
Mother's status changed frequently 2.63 1
Mother dominant over males 0 0
Don't know mother's status 0 0
Expectations of baby's status 38
Baby not expected to hold same position as mother 76.32 29
Baby expected to hold same position as mother 23.68 9
Location of pregnant female before birth 60
Pregnant female housed with group before birth 83.33 50
Pregnant female housed alone for a short period before 
birth 11.67 7
Pregnant female housed alone for an extended period 
before birth 5.00 3
First contact between newborn and group 59
Animals were first given full physical contact 77.97 46
Animals were first given sight, sound and scent 11.86 7
Animals were first given partial physical contact 5.08 3
Animals were first given sound and scent 3.39 2
Don’t know what type of physical contact they were first 
given 0 0
Other kind of first contact given 0 0
Duration of initial contact 10
Initial contact was over 1 month 60.00 6
Initial contact was less than a week 20.00 2
Initial contact was 1-2 weeks 10.00 1
Initial contact was 3-4 weeks 10.00 1
Expectations of initial contact 10
This was as expected 70.00 7
This was longer than expected 30.00 3
This was shorter than expected 0.00 0
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Response of baby to initial contact 9
No response 44.44 4
Approach 33.33 3
Fear 11.11 1
Play 11.11 1
Group response to initial contact 9
Approach 44.44 4
No response 22.22 2
Avoidance 11.11 1
Groom 11.11 1
Submission 11.11 1
Play 11.11 1
Aggression 0.00 0
Response of newborn animal to full contact with 
group 58
Approach 46.55 27
No response 40.35 23
Play 37.93 22
Groom 12.07 7
Submission 5.17 3
Avoid 3.45 2
Fear 3.45 2
Sexual behaviour 0.00 0
Assert dominance 0.00 0
Aggression 0.00 0
Group response to full contact with newborn animal 58
Approach 63.79 37
Play 34.48 20
Groom 31.03 18
No response 29.31 17
Aggression 6.90 4
Avoid 5.17 3
Submission 3.45 2
Fear 1.72 1
Sexual behaviour 0.00 0
Assert dominance 0.00 0
Response of mother to contact of group with baby 58
Mother allowed physical contact 62.07 36
Mother prevented physical contact 15.52 9
Mother responded aggressively to contact 17.24 10
Mother encouraged physical contact 13.79 8
Result of introducing newborn to group 60
Newborn animal was allowed to remain in the group 
permanently 91.67 55
Newborn animal was separated permanently 6.67 4
Newborn animal was separated temporarily 1.67 1
Group behaviour changes after full introduction 60
No change negative behaviour 90.00 54
No change positive behaviour 83.33 50
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No change sexual behaviour 73.33 44
Increase social interactions 71.67 43
Increase play 68.33 41
No change aggression 65.00 39
No change grooming 61.67 37
No change feeding 58.33 35
Increase exploration 46.67 28
No change exploration 45.00 27
Increase feeding 38.33 23
Increase grooming 33.33 20
No change play 28.33 17
Increase aggression 28.33 17
No change social interactions 26.67 16
Increase positive behaviour 15.00 9
Increase sexual behaviour 13.33 8
Decrease sexual behaviour 8.33 5
Decrease negative behaviour 8.33 5
Decrease exploration 6.67 4
Don't know sexual behaviour 5.00 3
Don't know grooming 3.33 2
Decrease aggression 3.33 2
Don't know aggression 3.33 2
Decrease grooming 1.67 1
Don't know play 1.67 1
Don't know social interactions 1.67 1
Don't know feeding 1.67 1
Don't know exploration 1.67 1
Don't know negative behaviour 1.67 1
Don't know positive behaviour 1.67 1
Decrease play 0.00 0
Decrease social interactions 0.00 0
Decrease feeding 0.00 0
Increase negative behaviour 0.00 0
Decrease positive behaviour 0,00 0



Responses to closed questions (i.e. questions that were answered from a given selection o f 
options), show'n as the total number o f responses to the questions relating to births with 
outcomes that were unsuccessful or unsure.

Births
with
outcome
unsure
(n=1)

Births with 
unsuccessful 
outcomes 
(n=1)

Dominance hierarchy in group
Strong dominance hierarchy 0 1
No dominance hierarchy 0 0
Weak dominance hierarchy 1 0
Don't know dominance hierarchy 0 0
Status of mother in group
Mother dominant over whole group 0 0
Mother sub-ordinate 0 0
Mother dominant over females 0 0
Mother's status none of the above 0 0
Mother's status changed frequently 0 1
Mother dominant over males 0 0
Don’t know mother's status 0 0
Expectations of baby's status
Baby not expected to hold same position as mother 0 1
Baby expected to hold same position as mother 0 0
Location of pregnant female before birth
Pregnant female housed with group before birth 0 1
Pregnant female housed alone for a short period before birth 1 0
Pregnant female housed alone for an extended period before birth 0 0
First contact between newborn and group
Animals were first given full physical contact 0 0
Animals were first given sight, sound and scent 1 0
Animals were first given partial physical contact 0 0
Animals were first given sound and scent 0 1
Don't know what type of physical contact they were first given 0 0
Other kind of first contact given 0 0
Duration of initial contact
Initial contact was over 1 month 1 0
Initial contact was less than a week 0 0
Initial contact was 1-2 weeks 0 0
Initial contact was 3-4 weeks 0 0
Expectations of initial contact
This was as expected 0 0
This was longer than expected 1 0
This was shorter than expected 0 0
Response of baby to initial contact
No response 1 0
Approach 0 0
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Fear 0 0
Play 0 0
Group response to initial contact
Approach 1 0
No response 0 0
Avoidance 0 0
Groom 0 0
Submission 0 0
Play 0 0
Aggression 0 0
Response of newborn animal to full contact with group
Approach 1 1
No response 0 0
Play 0 0
Groom 0 0
Submission 0 0
Avoid 0 0
Fear 0 0
Sexual behaviour 0 0
Assert dominance 0 0
Aggression 0 0
Group response to full contact with newborn animal
Approach 1 1
Play 0 0
Groom 0 0
No response 0 0
Aggression 0 0
Avoid 0 0
Submission 0 0
Fear 0 0
Sexual behaviour 0 0
Assert dominance 0 0
Response of mother to contact of group with baby
Mother allowed physical contact 1 0
Mother prevented physical contact 0 1
Mother responded aggressively to contact 0 0
Mother encouraged physical contact 0 0
Result of introducing newborn to group
Newborn animal was allowed to remain in the group permanently 1 1
Newborn animal was separated permanently 0 0
Newborn animal was separated temporarily 0 0
Group behaviour changes after full introduction
No change negative behaviour 0 0
No change positive behaviour 0 0
No change sexual behaviour 1 1
Increase social interactions 0 0
Increase play 0 0
No change aggression 0 0
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No change qroominq 1 1
No change feeding 0 0
Increase exploration 0 1
No change exploration 0 0
Increase feeding 1 0
Increase grooming 0 0
No change play 0 0
Increase aggression 0 0
No change social interactions 1 1
Increase positive behaviour 0 0
Increase sexual behaviour 0 1
Decrease sexual behaviour 0 0
Decrease negative behaviour 1 0
Decrease exploration 0 0
Don't know sexual behaviour 0 1
Don't know grooming 0 0
Decrease aggression 1 0
Don't know aggression 0 0
Decrease grooming 0 0
Don't know play 0 0
Don't know social interactions 1 1
Don't know feeding 0 0
Don't know exploration 0 0
Don't know negative behaviour 0 0
Don't know positive behaviour 1 1
Decrease play 0 0
Decrease social interactions 0 0
Decrease feeding 0 0
Increase negative behaviour 1 1
Decrease positive behaviour 0 0
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Appendix 16: Results of Death questionnaire

Responses to closed questions (i.e. questions that were answered from a given selection o f 
options), shown as a percentage o f total responses to the questions relating to deaths in 
which the gi'Oup change was considered successful. Responses to each question are sorted 
according to the percentage o f respondents that selected each response. Total numbers o f 
respondents to each question are also shown.

% responses Total number of responses
Which animal died? 22
Adult females died 54.55 12
Adult male died 36.36 8
Juvenile male died 9.09 2
Juvenile females died 0 0
Hierarchy in group 22
Strong hierarchy in the group 54.55 12
Weak hierarchy in the group 27.27 6
No hierarchy in the group 18.18 4
Don't know hierarchy in the group 0 0
Status of animal that died 18
None of the above, re status of animal that died 27.78 5
Animal that died was dominant over whole 
group 22.22 4
Animal that died was dominant over females 16.67 3
Animal that died was subordinate 16.67 3
Status of animal that died changed frequently 16.67 3
Animal that died was dominant over males 0 0
Don't know status of animal that died 0 0
Expectations of group hierarchy 18
Group was expected to establish a new 
hierarchy 50.00 9
Group hierarchy was expected to stay the same 50.00 9
Time taken for hierarchy to establish 16
N/A -  hierarchy did not change 43.75 7
Hierarchy took 8-14 days to re-establish 18.75 3
Hierarchy tookover 1 month to re-establish 12.50 2
Hierarchy did not re-establish 12.50 2
Don't know whether the hierarchy changed 12.50 2
Hierarchy took 0-3 days to re-establish 0 0
Hierarchy took 4-7 days to re-establish 0 0
Hierarchy took 2-4 weeks to re-establish 0 0
Changes in group behaviour 22
No change exploration 100.00 22
No change negative behaviour 95.45 21
No change sexual behaviour 90.91 20
No change feeding 90.91 20
No change positive behaviour 90.91 20
No change aggression 77.27 17
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No change play 72.73 16
No change social interactions 68.18 15
No change grooming 63.64 14
Increase grooming 18.18 4
Decrease social interactions 18.18 4
Don't know grooming 13.64 3
Decrease play 13.64 3
Increase social interactions 13.64 3
Decrease aggression 13.64 3
Don't know play 9.09 2
Increase aggression 9.09 2
Increase sexual behaviour 4.55 1
Don't know sexual behaviour 4.55 1
Increase feeding 4.55 1
Decrease feeding 4.55 1
Increase negative behaviour 4.55 1
Increase positive behaviour 4.55 1
Decrease positive behaviour 4.55 1
Decrease grooming 0 0
Increase play 0 0
Don't know social interactions 0 0
Decrease sexual behaviour 0 0
Don't know aggression 0 0
Don't know feeding 0 0
Increase exploration 0 0
Decrease exploration 0 0
Don't know exploration 0 0
Decrease negative behaviour 0 0
Don't know negative behaviour 0 0
Don't know positive behaviour 0 0
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Responses to closed questions (i.e. questions that were answered from a given selection o f 
options), shown as the total responses to the questions relating to deaths with an 
unsuccessful or unsure outcome.

Total number of 
responses when the 
outcome of the group 
change was unsure 
(n=2)

Total number of 
responses when the 
outcome of the 
group change was 
unsuccessful (n=3)

Which animal died
Adult females died 2 2
Adult male died 0 1
Juvenile male died 0 1
Juvenile females died 0 0
Hierarchy in group
Strong hierarchy in the group 1 3
Weak hierarchy in the group 1 0
No hierarchy in the group 0 0
Don't know hierarchy in the group 0 0
Status of animal that died
None of the above, re status of animal 
that died 0 2
Animal that died was dominant over 
whole group 1 0
Animal that died was dominant over 
females 0 0
Animal that died was subordinate 1 0
Status of animal that died changed 
frequently 0 0
Animal that died was dominant over 
males 0 0
Don't know status of animal that died 0 1
Expectations of group hierarchy
Group was expected to establish a new 
hierarchy 0 2
Group hierarchy was expected to stay 
the same 2 1
Time taken for hierarchy to establish
N/A -  hierarchy did not change 0 0
Hierarchy took 8-14 days to re-establish 0 0
Hierarchy took over 1 month to re
establish 0 1
Hierarchy did not re-establish 0 0
Don't know whether the hierarchy 
changed 0 0
Hierarchy took 0-3 days to re-establish 1 1
Hierarchy took 4-7 days to re-establish 1 1
Hierarchy took 2-4 weeks to re
establish 0 0
Changes in group behaviour
No change exploration 0 0
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No change negative behaviour 0 0
No change sexual behaviour 2 3
No change feeding 0 0
No change positive behaviour 0 0
No change aggression 0 0
No change play 2 3
No change social interactions 0 0
No change grooming 0 2
Increase grooming 1 0
Decrease social interactions 1 1
Don't know grooming 0 0
Decrease play 0 0
Increase social interactions 0 0
Decrease aggression 2 3
Don't know play 0 0
Increase aggression 0 2
Increase sexual behaviour 0 0
Don't know sexual behaviour 2 1
Increase feeding 0 0
Decrease feeding 0 0
Increase negative behaviour 0 0
Increase positive behaviour 2 3
Decrease positive behaviour 0 0
Decrease grooming 0 0
Increase play 0 0
Don't know social interactions 2 3
Decrease sexual behaviour 0 0
Don't know aggression 0 1
Don't know feeding 0 0
Increase exploration 2 2
Decrease exploration 0 0
Don't know exploration 0 0
Decrease negative behaviour 0 0
Don't know negative behaviour 2 3
Don’t know positive behaviour 0 0
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ABSTRACT
Changing social groups in zoo populations Jenny Whilde

Changes in social groups of animals in zoos occur frequently, and group structures can be 
changed in a variety of ways: introductions of animals, removals o f animals, births and deaths. 
Information on procedures used to manage group changes in zoos is not generally published in 
the scientific literature which means that useful information is not always freely available. 
This project comprises two main components designed to address the lack of information on 
changing social groups in zoos. The first component focuses on changes in social groups that 
took place in Dublin Zoo, in the Bomean orangutan Pongo pygmaeus and the Asian elephant 
Elephas maximus groups, and the second part of the project was a survey of international zoo 
staff to examine the methods and outcomes of mammalian social group changes.

In the Bomean orangutan group, three changes to the group stmcture occurred: the 
removal of a male, the death of a female (and hence the orphaning o f her infant daughter), and 
the introduction of a new male. There was a decrease in sexual behaviour and grooming, and 
an increase in resting in both the adult and adolescent females after the removal of the male. 
After the dominant female died, the remaining adult female showed allomothering behaviour 
towards the dead female’s infant, and the amount of physical contact between the adult female 
and the infant increased. The infant increased her climbing and object manipulation, and 
decreased her resting after the death of her mother. The introduction of the new adult male 
resulted in a marked increase in grooming and sexual behaviour in the remaining adult female.

In the Asian elephant group, the birth of a male calf took place. The mother of the 
newborn calf significantly decreased the amount of time she spent walking after the birth. She 
spent the majority of her time closest to her calf after the birth, but the proportion of time she 
spent with each of the other individuals in the group did not change. The older sister of the 
newbom calf increased the proportion of time she spent nearest to her mother after the calf 
was bom, and reduced the time she spent close to another young elephant in the group.

The second part of the project gathered information about group changes from keepers 
and curators at zoos throughout Europe, North America, Australia and New Zealand using an 
online survey tool, SurveyMonkey^'^. A total of 112 zoos participated in the survey, providing 
information about 212 different group changes in 127 different mammalian species. The 
greatest number of group changes reported was introductions, and the majority of group 
changes were reported as being successful. The survey results were first analysed according to 
the type of group change, and found that gradual introductions tend to be more successfiil than 
those in which animals are immediately given full physical contact with each other. The 
characteristics of the animals involved in the group changes appeared to be an important 
contributing factor to the outcome of the changes.

The responses were then subdivided into sets according to species or type of animal. 
This gave 19 sets of similar species in which at least three groups had undergone the same 
type of group change, which were considered in further detail. The available literature on 
managing the species was collated, and compared with the information provided by the 
surveys. Recommendations were made for managing group changes in each of the 19 sets of 
species. Areas where information is currently lacking and further research is necessary were 
highlighted, such as more consistent records of animal behaviour after group changes, and the 
dissemination of this information to the zoo community.


