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Preface
The Federation of Zoological Gardens of Great Britain and Ireland (Zoo Federation)
is a conservation, education and scientific wildlife charity (Registered Charity
Number: 248553). It was founded in 1966 out of a mutual desire within the zoo
community to see sound principles and practices of animal management widely
adopted in the British Isles. Today, the Zoo Federation is the principal, professional
zoo body representing the responsible zoo community in the UK and Ireland.
The Zoo Federation Research Group (ZFRG) operates under the auspices of the Zoo
Federation's Conservation and Animal Management Committee and supports basic
and applied research of relevance to both in situ and ex situ conservation, welfare and
other zoo-related topics. Every year the group holds a symposium on zoo research to
promote scientific research in zoos, and to provide a forum for the exchange of ideas,
methodologies and results of scientific studies.
The Fifth Annual Symposium on Zoo Research was held at Marwell Zoological Park
on the 7th and 8th of July 2003. Approximately 120 people attended the symposium
which consisted of oral and poster presentations, and a half day workshop.
Presentations covered a diversity of subjects including training and enrichment, stress
evaluation and welfare, feeding and nutrition, parasitology, visitor effects and
behaviour. The workshop was dedicated to methods and protocols for carrying out
research into the effects of visitors on animal behaviour. The results of this workshop
will be published in a separate volume of the Zoo Research guidelines, and so details
are not contained within this publication.
Prizes were presented to the authors of the best poster, as voted for by the symposium
delegates. The winners were in first place; Julian Chapman, Matt Robinson and
Poppy McDonald from Paignton Zoo Environmental Park for their poster on
‘Manipulating dormice diets to regulate hibernation’. The second place poster prize
went to Deborah Wells and Emma Blaney from Queen’s University Belfast, for their
poster on ‘Camouflaging gorillas: a method of reducing the ‘visitor effect’’. The third
place prize went to Erik Dayall from Michigan State University and Kirsten Pullen
from Paignton Environmental Park for their poster on ‘Post occupancy evaluation of a
red river hog enclosure at Paignton Zoo Environmental Park: targeting effective
enrichment’.
These proceedings contain papers for the presentations given at the symposium,
however, some of these are full papers and some are extended abstracts as the papers
will be published in full elsewhere. The papers are divided into two parts, the first
lists the oral presentations and are ordered according to the session in which they
were presented. The second part contains papers and extended abstracts for the poster
presentations, which are ordered alphabetically according to the first author.
Thanks go to all the numerous staff at Marwell Preservation Trust for making the
symposium an interesting and successful event, but in particular to Mark Edgerely for
agreeing to Marwell hosting the event, for giving the opening address and his ongoing
support throughout; Marwell’s volunteers who worked tirelessly to provide
refreshments throughout the two days; Steve Sagrott who acted as our audio-visual
technician; and the team in the Department of Conservation and Wildlife
I

Management who contributed so much of their time and energy into organising the
event. Thanks also go to Geoff Hosey from the Bolton Primate Institute for
organising and running the workshop on visitor effects, and the core members of the
Zoo Federation Research Group for their support and assistance in organising and
running the symposium.
Copies of the proceedings are available from the Zoo Federation office
(admin.fed@zsl.org) in CD format. Limited copies of the previous proceedings are
also available from the Zoo Federation office. Electronic versions will be available
through the Zoo Federation website (www.zoofederation.org).
Tania Gilbert
December 2003
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Delegates Photograph

Photograph of delegates outside the Conservation Education Centre at Marwell
Zoological Park on Monday the 7th of July 2003. Photograph: Bill Hall.
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Oral Presentation Papers

Session One
Training and Enrichment
Chair: Dr Stephanie Wehnelt
Home improvements: behavioural responses of captive gorillas (Gorilla gorilla
gorilla) to enrichment efforts
Sonya P. Hill¹ & Donald M. Broom
Department of Clinical Veterinary Medicine, University of Cambridge, Madingley
Road, Cambridge CB3 0ES, UK.
¹Corresponding author: sph27@cam.ac.uk
Abstract
This study, split into three parts, describes the behavioural changes in eight adult
gorillas (Gorilla gorilla gorilla) housed at several European zoos, in response to
environmental manipulations. These manipulations were aimed at encouraging more
normal behaviour in captive gorillas, by increasing the complexity of food
presentation (hiding food in plastic tubes, in holes, in woodwool, etc). In Part One of
the study, baseline data of the gorillas’ behaviour were collected daily for one week,
under each zoo’s normal husbandry routine. In Part Two, inexpensive environmental
enrichment efforts were then employed in the gorillas’ enclosures, and data were
collected daily for one week. In Part Three, the experimental enrichment efforts were
halted and data were collected daily for one week under each zoo’s normal
husbandry routine (as in Part One). The gorillas’ behaviour has been compared
across the three parts of the study, and preliminary analysis suggests that the amount
of time spent in normal behaviour increased during Part Two and that the gorillas
benefited from the more complex feeding environment. This information about the
coping responses of the eight gorillas following enrichment efforts allows conclusions
about the welfare of these individuals to be made.
Introduction
Environmental enrichment can be defined as the provision of stimuli that provide the
opportunity to express species-typical behaviour and mental activities, while
addressing the animals’ needs. Enrichment efforts are an essential part of modern zoo
animal husbandry, but it is only relatively recently that scientific assessments of the
effects of such efforts have been made. Gorillas have been kept in captivity outside
Africa since the 1850s, and their coping responses (in relation to their needs for both
resources and behaviour opportunities) have yet to be fully explored scientifically.
This study investigates the behaviour of captive western lowland gorillas (Gorilla
gorilla gorilla), before, during and after experimental food-related enrichment efforts
are employed. We know from previous studies that food-related behaviours are timeconsuming in western lowland gorillas in the wild (e.g. Jones & Sabater Pi, 1971;
Sabater Pi, 1993).
Methods
A three-part enrichment study was conducted at Duisburg Zoo (Germany), Paignton
Zoo (UK) and Lisbon Zoo (Portugal). Subjects were eight captive western lowland
gorillas, constituting all of the gorillas housed at those institutions. A combination of
focal animal sampling with continuous recording, and instantaneous scan sampling,
were used to measure the behaviour of the gorillas during each part of the study
(Altmann 1974; Martin & Bateson, 1994).

1

Session One: Training and Enrichment
In Part One, baseline data were collected daily for one week between the hours of
approximately 10:00-17:00, with the gorillas experiencing their normal conditions at
their zoo (i.e. no experimental changes were made). In Part Two, inexpensive foodrelated enrichment efforts were employed in the enclosure (the food given formed part
of the gorillas’ regular diet at each zoo). The apparatus used were feeding tubes
(sections of pipe fixed horizontally to cage bars and filled with small food items, e.g.
nuts, seeds, dried fruit) and honey logs (holes drilled into logs or wooden climbing
structures in the enclosure, and filled with sticky foodstuffs such as honey, peanut
butter, etc). There were more feeding tubes and honey logs than gorillas in the
enclosure, to ensure that all individuals could potentially use the devices at any one
time. Browse was also provided daily during Part Two, to give the gorillas the
opportunity to use the sticks to obtain food from these devices. At Duisburg and
Lisbon zoos, food items were also scattered around the enclosure (scatterfeed) and
placed at different heights or hidden in woodwool, to increase the complexity of their
feeding environment further. Gorillas at Paignton Zoo already received a daily
scatterfeed as part of their normal routine, and so this was continued during Part Two
and where possible made slightly more complex. Some extra woodwool was provided
at Duisburg and Lisbon zoos during Part Two, to provide the opportunity for foraging
(the quantity of woodwool already provided at Paignton Zoo was deemed sufficient
for hiding food in during this experiment). During Part Three of the study, the feeding
tubes and honey logs were left in the enclosures as they were fixed to existing
structures, and to record further attempts by the gorillas to obtain food from them,
(although they were empty). Gorillas were observed under their original living
conditions during Part Three (i.e. under the same conditions as in Part One), with each
zoo’s normal routine being employed again.
Results
The data presented in this paper are taken from Hill (in prep.). Five categories of
behaviour were analysed using a doubly repeated measures MANOVA. We are
referring to these behaviours as “universal behaviours.” These universal behaviours
are feeding, foraging in woodwool or feeding tubes, being stationary but vigilant (i.e.
the animal is inactive but alert and observing its surroundings), sleeping/resting (the
animal is, sitting or lying down inactive with closed eyes, not observing its
surroundings), and tool-using/tool-making. The displays of some other types of
behaviour were only observed in one or two individuals, for which alternative
analyses are being undertaken.
Preliminary analyses reveal significant changes in the amount of time that gorillas
spent performing the universal behaviours between the three parts of the study. Post
hoc tests are being completed to identify exactly where these differences lie. The
overall trend is that when experimental enrichment was provided in Part Two of the
study, the amount of time gorillas spent feeding, being stationary (but vigilant), and
tool-making/tool-using increased, and the amount of time spent sleeping/resting
decreased, compared with the “baseline” and “unenriched” phases.
Among the non-universal behaviours that were observed in this study, two gorillas
performed abnormal behaviours. These abnormal behaviours are hair-plucking
(pulling hair from self, and sometimes ingesting it) and regurgitation and reingestion
or R/R (“the voluntary, retrograde movement of food or fluid from the oesophagus or
2
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stomach into the mouth (Lukas, 1999), or into the hand or onto the floor, often
followed by reingestion (Hill, in prep). During Part Two of this study, when gorillas
were provided with the experimental enrichment, the amount of time spent engaged in
hair-plucking and R/R were significantly reduced.
Conclusions
Preliminary results show that the provision of inexpensive food-related enrichment in
Part Two of the study has significantly increased the amount of time gorillas spend
engaged in normal behaviour, and abnormal behaviours have been significantly
reduced. Enrichment efforts must be further evaluated if we are to provide captive
environments that meet the animals’ needs as much as possible, and which increase
the opportunities for species-appropriate behaviours to be performed.
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Enrichment timetable for Goeldi’s monkeys (Callimico goeldii) at Paignton Zoo
Environmental Park
Ali Gibbs
School of Biological Sciences, Cardiff University, PO Box 915, Main Building, Park
Place, Cardiff, CF1 3TL, UK & Paignton Zoo Environmental Park, Totnes Road,
Paignton, Devon TQ4 7EU
Abstract
As with all captive animals, the seven Goeldi’s monkeys (Callimico goeldii) at
Paignton Zoo require environmental enrichment to add variation and complexity to
their environment. The most effective way to continuously provide enrichment is by
following an enrichment timetable. The aim of this project was to devise such a
timetable, assessing the effectiveness of a range of enrichment devices. The interval
between successive introductions of each device was varied to assess how much the
effectiveness of the device depended on novelty and to determine an appropriate
interval to ensure effects due to novelty were maintained. For analysis, the devices
were classified into two broad categories – food oriented and non-food. It was found
that food oriented devices greatly increased the activity levels of all seven monkeys
when compared to baseline and the effectiveness of food oriented devices did not
appear to decline over successive uses of each device. Non-food enrichment had little
effect and did not cause a significant increase in activity (in some cases activity
dropped below baseline). Successive re-introductions of non-food devices continued
to have a consistently low or no enriching effect.
Introduction
A common problem faced by keepers in zoos is how to keep their animals stimulated
and active, despite the inevitable restrictions imposed by captivity. Environmental
enrichment, whereby the environment of the animal is altered in such a way to
promote species typical behaviour and activity budgets, is used to overcome these
constraints. Enrichment can take many forms, including alternative ways of
presenting food, aural, olfactory or visual stimulation, or simply changing the
enclosure furniture.
Enrichment can be extremely effective however problems may arise as the animal
becomes habituated to it (e.g. Melfi et al., in press). This happens when an enrichment
method depends in part on novelty value, and the novelty is lost after repeated uses.
To prevent habituation to enrichment, a timetable is needed to ensure rotation of all
available devices with an adequate interval between repeated uses of the same device.
Most zoos practice environmental enrichment and many also evaluate its effects to
ensure their efforts genuinely result in positive changes for the animals; however little
research has been conducted on suitable time intervals between repeated uses of the
same device.
Goeldi’s monkeys, Callimico goeldii, are small, black relatives of tamarins and
marmosets, found in the rainforests of Columbia, Ecuador, Peru, Brazil and Bolivia.
Their diet mainly consists of fruit, insects and small vertebrates. Each member of the
group (which typically includes six or seven individuals) searches for food
independently, and water is usually obtained from pools on the ground. The group
will travel up to 2km a day through its territory, which is often shared by other
Callitrichidae (Pook & Pook, 1981).
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The aim of this project is to devise an enrichment timetable for the seven Goeldi’s
monkeys at Paignton Zoo to ensure optimal use of available enrichment. Although the
monkeys are quite active already, there is lack of variety in enclosure layout and food
presentation. By introducing different enrichment items it is hoped that the activity
levels, largely of positive species typical behaviour, of the monkeys will increase.
Information gathered from this investigation will be used by keepers to maintain a
high level of enrichment for the Goeldi’s monkeys, without the need for a vast
number of enrichment devices.
Methods
Enrichment and data collection
The enrichment devices were grouped into two categories, food and non-food (Table
1).
Table 1.

Enrichment devices used for Goeldi’s monkeys at Paignton Zoo

Food devices
Fruit rope
Astroturf
Piñata
Mesh feeder
Honey log

Non-food devices
Bamboo chime
Herb sprigs
Scented log

Pieces of fruit threaded onto rope and hung from cage furniture
Mealworms scattered over an astroturf board
Paper mache balloon filled with a mix of food and straw
Two hanging baskets secured to form a sphere, filled with a
mix of food and straw
A drilled log with suspended from the cage furniture, with
honey smeared into the holes

Wind chime made of bamboo pieces suspended from a half
coconut
Sprigs of mint or basil hung on branches around the enclosure
Log sprayed with scent (e.g. spiced water, deodorant) and
placed in the enclosure

Each device was presented to the monkeys on two occasions separated by a four week
gap. This gap length was suggested by the keepers as a previous enrichment study,
had demonstrated that a 3 week gap between enrichment presentation was necessary
to maintain the interest of Sumatran tigers, Panthera tigris sumatrae (Melfi et al., in
press). On each presentation the device was left in place for two consecutive days.
The devices were tested one at a time with data collection carried out on both days of
each presentation. Data were collected for five days prior to testing, creating a preenrichment baseline.
Data collection
The behaviours of all seven individuals were recorded during 30-minute observation
sessions, with instantaneous scan sampling every two minutes. At least two
observation sessions were conducted daily. For the purpose of this analysis
behaviours were grouped into two categories; active and inactive (Table 2).
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Table 2.

Behaviour types recorded in an enrichment study of Goeldi’s monkeys at
Paignton Zoo.

Active behaviours
Feeding
Interacting (with device)
Leaping
Searching (for food other than device)
Scenting
Vocalising
Watching, alert
Inactive behaviours
Grooming (self or other)
Being groomed
Resting (2 or more individuals together)
The monkeys did not interact with the non-food enrichment devices after the first
presentation and so it was decided that they should not continue to be included in the
study.
Data were analysed using Single Case Randomisation Trials, which make no
assumption about normality or spread of data (ProGAMMA, 1999). Mean daily
activity level (proportion of time spent in active behaviours) for each device was used
as the dependant variable for the SCRT in each case.
Results
The mean time spent active was significantly different between conditions (N=7, p <
0.001). Figure 1 indicates that the food devices as a group lead to increased activity;
the mesh feeder was particularly successful.

KEY
1 – Baseline
Food enrichment
2 – Fruit rope
3 – Astroturf board
4 – Piñata
5 – Mesh feeder
6 – Honey log
Non-food enrichment
7 – Bamboo chime
8 – Herb sprigs
9 – Scented log

Figure 1.
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There was no significant difference between activity levels during the first and second
presentations of the food devices (p = 1.0). Figure 2 indicates that contrary to
expectation all the food devices had a greater effect on the second presentation.

Figure 2.

Discussion
Only enrichment items involving food appeared to significantly increase activity
levels in the Goeldi’s monkeys. Further analysis will be carried out on each of the
devices separately and looking in more detail at types of activity. However, the lack
of effect of the non-food devices suggests that the monkeys have little motivation to
investigate new items introduced to their enclosure unless there is a possibility of
gaining food from them.
Although the food devices as a group appeared to increase activity, one of the devices
the honey log had little effect on activity. This is possibly due to the fact that unlike
other Callitrichids, which extract exudates from trees, this behaviour is not especially
noted in C. goeldii. In fact, this species does not have the anatomical adaptations
necessary for gouge exudates and so only occasionally feeds on gum which leaks
from a particular plant pod in the form of sticky exudates.
When the successful food devices were re-introduced after four weeks, the monkeys
did not show any signs of habituation to the devices. In fact, for all four devices, the
activity levels increased on the second presentation relative to the first. This may
suggest that the monkeys had learnt how to use the enrichments. Low activity levels
seen when the enrichments were first introduced may be explained by the fact that it
took the monkeys didn’t know how to most successfully gain food from them and
therefore and they lost motivation to interact with them when food was not
forthcoming. By the second presentation, it is possible that the monkeys were able to
use the devices more effectively and so their interest was maintained.
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From these results it was concluded that four of the five food devices could be
considered to be successful in increasing activity levels in Goeldi’s monkey. Since
only four devices were shown to be effective, either additional devices are needed to
fill the four week rota (14 in all if each is presented for two consecutive days) or
perhaps the time gap between device presentation could be reduced. Further studies
are currently being undertaken.
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How enriching is training?
Wanda McCormick
School of Biological Sciences, Cardiff University, PO Box 915, Main Building, Park
Place, Cardiff, CF1 3TL, UK & Paignton Zoo Environmental Park, Totnes Road,
Paignton, Devon TQ4 7EU
Abstract
Over the last three decades, environmental enrichment has become commonplace in
many zoos to stimulate the lives of captive animals and overcome the inevitable
limitations resulting from a captive environment. Enrichment often aims to reduce
abnormal behaviour, encourage wild-type activity patterns and increase behavioural
diversity. It has been suggested that training animals, as routinely done in many zoos
for husbandry purposes, could act as enrichment due to the mental stimulation and
physical activity created. However, to our knowledge, until now there has never been
an investigation into the enriching effects of training. The aim of this study was to
compare the effects of training and enrichment on the behaviour of captive elephants.
The elephants (N=2) at Paignton Zoo Environmental Park were observed over 24hrs
during six experimental conditions involving combinations of training and
conventional enrichment. The activity budget and behavioural diversity of the
elephants were calculated and compared across these conditions using two-way
ANOVAs.
Neither training nor enrichment significantly altered the elephants’ activity budgets,
with one exception; object manipulation by one elephant increased significantly with
enrichment. However, enrichment but not training significantly increased the
elephants’ behavioural diversity. Thus, based on these criteria, training is not
considered to be enriching and should not be implemented at the expense of other
forms of environmental enrichment.
Introduction
The use of environmental enrichment is now commonplace in zoos to provide
stimulation to captive animals and in some situations to mitigate the effects of
restrictive environments (Hediger, 1950 in Kleiman et al., 1996; Thomas et al., 1999).
Fundamental aims of enrichment frequently include that it should increase
behavioural diversity, reduce abnormal behaviour and encourage wild-type activity
patterns (Markowitz 1975 in Markowitz et al., 1978; Hutchings et al., 1978a; Mellen
& MacPhee, 2001). The methods used to enrich captive animals are diverse, including
the daily provision of simple items, such as browse, or more complex devices based
on operant conditioning (Markowitz et al., 1978; Hutchings et al., 1978a; Hutchings
et al., 1978c; Chamove et al., 1982 in Kleiman et al., 1996). Alternatively, enclosures
can be designed to create dynamic environments that provide animals with the
opportunity to express natural behaviours (Vargas 1993 in Carlstead & Shepherdson
1994; Kleiman et al., 1996).
Training to facilitate animal husbandry and veterinary health checks has become
increasingly popular in recent years as it can make stressful and/or time consuming
procedures proceed more quickly and easily (Lewis & Houck 1981 in Kleiman et al.,
1996; Line et al., 1991 in Carlstead & Shepherdson 1994; Mineka et al., 1986 in
Laule & Desmond 1998; Phillips et al., 1998; Rodgers, 1997). In situations where
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training has been integrated into animal management regimes it has been claimed to
have several benefits, including that it can act as a physical and psychological form of
enrichment for captive animals (Hediger, 1950 in Kleiman et al., 1996; Hediger, 1955
in Kleiman et al., 1996; Kleiman et al., 1996; Bloomsmith et al., 1998). However, no
studies appear to have been undertaken to quantify this phenomenon (Laule, 1993;
Mellen & MacPhee, 2001).
There is a long history of training captive elephants in order to adequately and safely
manage these animals, particularly to facilitate necessary husbandry procedures such
as foot care. Elephants are also prime subjects for environmental enrichment in their
daily husbandry, as their size, strength, intelligence, and complex social structure
make them particularly vulnerable to the behavioural changes that can occur in
captivity (Thomas et al., 1999; Gloyns et al., 1999).
The aim of this study was to evaluate whether training could meet some of the criteria
expected of enrichment through:
1. Increasing active behaviours, such as foraging & feeding and object manipulation.
2. Decreasing 'undesirable' behaviours, such as swaying and inactivity.
3. Increasing behavioural diversity.
The subjects were two adult female elephants which had been studied as part of an
intensive enrichment programme over several years prior to this study (Thomas et al.,
1999; Gloyns et al., 1999). The elephants’ management regime had recently (within
the last 12 months) changed to protected contact using positive reinforcement training
(see Appendix A) and thus provided us with the opportunity to investigate whether
this type of training could be used as a form of enrichment as has been previously
suggested.
Method
Study animals, enclosure and husbandry.
Two elephants housed at Paignton Zoo Environmental Park were studied; Duchess,
Loxodonta africana (34 years), and Gay, Elephas maximus (33 years). They have
been housed together for 27 years, the last five years in an extensive enclosure (inside
area 230m2 and outside paddock 3200m2). The inside house can be divided into two
separate areas by a movable gate, although the elephants are only separated during
training. A drinking trough is situated between the two areas. Each area has a hayrack
just outside of the perimeter fence (made from six cm2 wire mesh) to provide
enrichment. Other permanent features include several sections of PVC tubing, hung
around the wire fencing and, in each area, a large section of log that is used during the
foot-care regime. The outside enclosure has both sanded and grassed areas. There are
also several upright posts, log piles, a small pool and a selection of enrichment
devices, such as tyres and chimes that are permanently fixed within the enclosure
following earlier enrichment studies (see Thomas et al., 1999).
The elephants receive food throughout the day: 1) 08.00hr, a scatter feed is presented
outside and the elephants are locked out while cleaning takes place for approximately
an hour, 2) 10.00hr, a foot-care training session takes place for approximately 30minutes finishing with a ‘jackpot’ reward of a bucket of food (this is additional to

10

Session One: Training and Enrichment
their normal food ration and does not replace normal feeding), 3) 1130hr and 1400hr,
feed either inside or outside, 4) 17.00hr, a second training session frequently takes
place that involves another ‘jackpot’ reward feed, or on non-training days a final feed
is given at this time. When browse was available, it was provided ad libitum (three or
four times per week). Up to four bales of hay (50cm x 30cm x 90cm) were provided
for the elephants to feed from ad libitum throughout the day. This was normally
placed within the racks, although it was occasionally placed directly into the
enclosure to vary the routine. All scatter-feeds, mesh feeders and permanent
enrichment devices were maintained throughout the study.
During training sessions the elephants were separated inside (the same side was
consistently used for each elephant). Carrot chunks, with the occasional banana half,
were used as the reward during training sessions.
Enrichment
The additional enrichment for this study consisted of pasting a mixture (see below)
onto six large stripped beech logs (approximately 20cm diameter and 150cm length).
The mixture was prepared using three kilograms of plain flour with enough water to
make it viscous. Approximately 600g of Parrot Food Superior Quality (J. E. Haith
Ltd, Park Street, Cleethorpes, DN35 7NF, www.haiths.com) was added to half the
mixture, and six large finely chopped carrots were added to the other half. Three logs
were covered with each mixture and then left to dry overnight. They were then placed
in the enclosure at either 10.00hr (considered morning enrichment) or 17.00hr
(considered afternoon enrichment).
Experimental design & data collection
The experimental design included six conditions: - 1) no training and no enrichment;
2) no training and morning enrichment (10.00hr); 3) no training and afternoon
enrichment (17.00hr); 4) training and no enrichment; 5) training and morning
enrichment; 6) training and afternoon enrichment. The order of the conditions was
assigned randomly so that each condition was repeated five times and data were
collected on a maximum of three days a week (see appendix B).
Twelve 15-minute observation sessions were conducted over 24-hours, starting at
09.00hr. Instantaneous scan sampling every 60-seconds was used to record behaviour
(see appendix C) during these sessions. Observations were not made during training
sessions or immediately after presenting the enrichment. Direct observations were
made between 09.00hr and 17.15hr, and outside of these times, observations were
made indirectly from video footage.
Behaviours were recorded using a hierarchical system for those that could occur
simultaneously. Priority was given to those behaviours that were closer to the feeding
and investigative behaviours of wild elephants and thus were recorded preferentially.
The hierarchy of behaviour started with object manipulation, locomotion, foraging,
and then feeding (i.e. if foraging and feeding were occurring only foraging was
recorded).
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Data analyses
All data analyses were carried out per elephant as they were different species.
Only four behaviours were included in the analysis. Activity budgets were determined
with respect to swaying, inactivity, foraging and feeding, and object manipulation.
They were calculated as the mean frequency of the behaviour per 15-minute session
per day. The behavioural diversity was calculated daily using the Shannon-Weaver
Index (Fowler et al., 1998). Two two-way analyses of variance were used to compare
the effects of training with morning enrichment, and training with afternoon
enrichment on each of the key behaviours and diversity. Pearson’s Product Moment
Correlation Coefficient (Fowler et al., 1998) was used to determine the degree of
correlation between the diversity indices of the two elephants across the six
conditions.
All data analysis was carried out on Minitab version 3.0.
Results
Neither training, morning enrichment, nor afternoon enrichment had a significant
affect on the swaying, inactivity, or foraging & feeding of either elephant (see Figures
1-3).

Mean occurrence
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Figure 1. Mean (+/- SE) occurence of
swaying across conditions.
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Figure 2. Mean (+/- SE) occurence of
inactivity across conditions.
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Figure 3. Mean (+/- SE) occurrence of foraging &
feeding across conditions.
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Figure 3.

Both morning and afternoon enrichment significantly increased the frequency of
object manipulation carried out by Duchess, whether training was present or not (AM:
F=6.40, p=0.02; PM: F=16.42, p=0.001). There was no significant affect on object
manipulation by training or either enrichment with respect to Gay (Figure 4).
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Mean occurrence
per 15 min session

Figure 4. Mean (+/- SE) occurance of object
manipulation across conditions.
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There was a significant increase in both elephant’s behavioural diversity with
morning enrichment irrespective of training (Duchess: F = 9.04, p = 0.008; Gay: F =
8.30, p = 0.01; figure 5), but training and afternoon enrichment had no effect.
There was a significant positive correlation between the behavioural diversity of both
elephants across all treatments (r = 0.54, p = 0.002; Figure 5).

Mean Shannon-Weaver
Index

Figure 5. Mean (+/- SE) Shannon-Weaver Index
across conditions.
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Discussion
Training did not have a significant effect on any of the behavioural categories tested
(swaying, inactivity, foraging & feeding, object manipulation) nor on behavioural
diversity. These are the traditional ways in which the effectiveness of enrichment is
evaluated (Maple & Finlay, 1989; Markowitz, 1975, 1976 & 1977, in Forthman
Quick, 1984; Hancock, 1980, in Forthman Quick, 1984; Thomas et al., 1999;
Carlstead & Shepherdson, 1994; Whittaker et al., 2002; Bloomsmith, 1992). This
evidence suggests, therefore, that training is not enriching.
However, in this study the studied enrichment also had very little impact on
behaviour. The enrichment did lead to a significant increase in object manipulation (in
one elephant) and increased behavioural diversity (in both elephants). The elephants
have been provided with an increasingly complex enrichment programme which has
been evaluated over the last six years (Thomas et al., 1999; Gloyns et al., 1999). This
has already reduced ‘undesirable’ behaviour (swaying and inactivity) to very low
levels (especially during day time) and promotes active behaviours such as foraging
and interaction with the environment. The log enrichment used in this study was
additional to the existing enrichment programme which was not stopped during data
collection. The log enrichment and training may both have caused greater differences
to the behaviour of the elephants if their enclosure and management was not so varied
and complex. In addition, observing behaviour over 24-hours may have obscured the
impact of the logs and/or training which may not have had such long-term effects.
It is also possible that a different form of enrichment might have had more impact.
However, choosing an enrichment which will interest both elephants is difficult; the
African elephant is only motivated to interact with food enrichment, while the Asian
elephant appears to favour object manipulation. As a consequence, the immediate
‘life’ of the device is quite limited by how long it takes the elephants to retrieve all of
the food. They may return over a longer period to check that they have collected all of
the food items, but would not use the object in such an intensive manner as during the
initial period.
With regards to the swaying of the Asian elephant, there is possibly some confusion
as to the reason for its occurrence; which may lead to some misinterpretation.
Although it has long been regarded as a stress-related behaviour it is possible that in
some cases it may be connected to excitement. On several occasions Gay was
recorded to sway when she was given access to the enrichment logs, possibly due to
excitement or to concern that Duchess would deny her access to them. It would be
useful to correlate some other factors (maybe cortisol levels) with swaying in an
attempt to unravel these causes. One factor that appeared to be frequently associated
with the Asian elephant swaying was the occurrence of the African elephant lying
down.
Conclusions
• Neither training nor enrichment significantly affected swaying, inactivity, or
foraging & feeding by either elephant.
• Enrichment significantly increased the object manipulation of the African
elephant.
• Enrichment in the morning significantly increased behavioural diversity of both
elephants, but training and enrichment in the afternoon had no effect.
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•
•

As analysed here training had no detectable effect on the behaviour of the
elephants outside training sessions.
According to the criteria used here training is not considered to be enriching.
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Appendix A
Positive reinforcement training procedure
Positive reinforcement training is carried out using a bridge, a noise-making
instrument, such as a whistle or clicker, that can be used to ‘bridge’ the gap between
achieving the desired behaviour and having the opportunity to reward. A sound is
chosen that would not normally be heard within the animal’s day in order for
opportunity for confusion to be minimal. The training is begun by associating the
bridge with rewards through its use on every instance that the reward is given, i.e. for
elephants, a whistle may be blown whenever a treat food is presented. This normally
takes approximately three days to form a strong association, dependent on the species
and individual involved. Once the bridge is established, training can begin with the
simplest behaviour first. This, and any subsequent behaviour, is achieved by
rewarding the animal for progressively closer attempts at what is required whilst using
the command. For example, elephants are initially trained using a target (a ball on a
stick). The target is touched to the elephant’s trunk, the command ‘target’ stated, the
bridge signalled and a reward given. Over time the elephant associates the command
‘target’ with touching it’s trunk onto the target in order to receive a reward. Once
established, this can in turn be used to form other behaviours, such as moving the
elephant to different sections of the enclosure or touching the target with its feet, and
eventually lifting them on command. Each command learnt allows more opportunity
for further trained behaviours.
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Appendix B. Timetable of conditions

Date
19/11/02
21/11/02
23/11/02
25/11/02
30/11/02
01/12/02
04/12/02
06/12/02
08/12/02
10/12/02
11/12/02
15/12/02
18/12/02
20/12/02
21/12/02
03/01/03
11/01/03
19/01/03
24/01/03
27/01/03
06/02/03
07/02/03
10/02/03
12/02/03
13/02/03
18/02/03
20/02/03
22/02/03
26/02/03
28/02/03

Condition
1
1
4
3
2
1
4
2
6
6
3
4
5
4
3
5
4
5
2
3
6
1
6
3
1
5
5
2
6
2
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Appendix C. Ethogram of elephant behaviours observed (*extended from Stoinski et al.,
2000).

Behaviour
Forage
Feed
Object examination and
manipulation.
Locomotion *
Lying down
Social: displace *
Social: kick *
Social: investigation *
Social: push *
Swaying *
Self-directed behaviour*
Other *
Inactive *
Not visible *

Description
Includes searching for, processing and manipulating food
devices.
Actual consumption of food items (chewing, etc…).
Behaviour directed at an object that does not involve
preparing it for or actual consumption.
Movement that transports the elephant forward or backward
more than half a body length.
Elephant immobile on floor on side.
Movement of one animal results in another animal leaving
its location.
Strike out or hit elephant or object with foot.
Animal sniffs another animal; usually directed at toes, vulva
or mouth.
A forward, lunging motion usually directed at the rump that
may result in the displacement of the pushed animal.
Elephant with all four feet on ground moving head from left
to right. May move one foot off the ground.
Any behaviour directed at self-maintenance (scratching,
rubbing, putting dirt on self, etc…).
Any other behaviour not listed.
Animal is standing and not engaging in any specific
behaviour (includes sleep).
Animal or its behaviour is not visible.
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Operant conditioning can be used to train common marmosets (Callithrix
jacchus) to scent-mark on demand
F.A.P. McDermott¹ & Tessa E. Smith²
¹School of Biology and Biochemistry, Queens University of Belfast, 97 Lisburn Road,
Belfast, BT7 9BL
²Biology Department, Chester College of Higher Education, Parkgate Road, Chester,
CH1 4BJ.
Abstract
Operant conditioning has been used to successfully train non-human primates to cooperate with a range of management procedures including; sample collection for
physiological analysis, veterinary purposes, the transfer in and out of enclosures and
general husbandry routines. The current study assessed if operant conditioning could
be used as an effective tool to train marmosets to exhibit a naturally occurring
behaviour, scent-marking.
There were three main goals to the study, 1) to determine if operant conditioning,
using a positive reinforcer, could be used to increase the frequency of scent-marking
behaviour in family groups of Callithrix jacchus (the common marmoset). (2)
Quantitatively assess the training procedure and, 3) to determine if there were any
sex or age differences in training ability. In total, six family groups each consisting of
a breeding pair, sub-adults, juveniles and infants, were trained to deposit a
circumgenital mark on a specialised scent collection apparatus. The training
procedure consisted of five consecutive stages with each study group experiencing
one 30-minute training session per day.
An animal was defined as trained, when it consistently deposited a scent-mark within
30-seconds of the researcher approaching their home cage with a favoured food item.
During each training period all occurrences of olfactory behaviour were recorded for
all members of each family group. Data was assessed to determine changes in scentmarking frequency across the five training phases with particular attention paid to
any sex and age differences in marking frequency, as training progressed.
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The benefits of positive reinforcement training and its effects on human nonhuman animal interactions
Hannah M. Buchanan-Smith
Department of Psychology, University of Stirling, Stirling, FK9 4LA, Scotland
E-mail: h.m.buchanan-smith@stir.ac.uk
Introduction
Positive reinforcement training (PTR) is when you strengthen, or increase the
frequency of, a particular behaviour through rewarding its performance. PRT is
increasingly being used with animals in laboratory and zoo settings, and its benefits
are becoming more widely recognised. PRT is probably used inadvertently by care
giving staff in most animal collections (for example, if animals are rewarded with
food for moving from one part of the enclosure to another), but the active use of PRT
in zoos in Europe lags behind that in North America.
There are two main aims of this paper. The first is an attempt to encourage wider use
of PRT by describing its beneficial uses, and in line with the theme of the symposium
workshop, to describe how PRT affects the relationship between humans and animals.
The second aim is to outline some of the concerns of using training in a zoo setting.
Non-human primates are used as examples, but it is stressed that PRT can be, and has
been, used on a wide range of animals from different taxonomic groups. Many of the
examples are based upon articles in a Special Issue of the Journal of Applied Animal
Welfare Science (JAAWS, currently in press), for which Mark Prescott, Senior
Scientific Officer at the RSPCA, U.K. and I acted as guest editors (Prescott &
Buchanan-Smith, in press).
The Uses and Benefits of Positive Reinforcement Training
Perhaps the most important use of PRT techniques in the zoo setting is to improve
veterinary care. It is well known that compulsory restraint causes a stress response
(e.g. Reinhardt, in press), and capture, restraint and removal of the animal may disrupt
the whole group and risk injury to the keepers. It has been common place to use
squeeze backs or chemical immobilisation to allow veterinary care. However, there is
increasing use of PRT to allow in home cage weighing, inspection of body parts, and
it is possible to train to position for a portable x-ray machine (e.g. Colahan & Breder,
in press; McKinley et al., in press; Savastino et al., in press). The positioning and
presentation of body parts allows administration of, for example, wound medication,
oral medication, or eye drops (e.g. Colahan & Breder, in press; Savastino et al., in
press). It is even possible to train animals to cooperate in venipuncture within a zoo
setting. Priest (1991) described the methods used to train a diabetic drill (Mandrillus
leucophaeus) to accept insulin injections.
PRT has also been used to improve general day-to-day management of zoo animals.
Training animals to move from one part of the enclosure to another (shifting) swiftly
and reliably facilitates daily routines. Shifting is important to allow cleaning and for
example, will ease the retrieval of an object dropped into the exhibit that might cause
the animals harm (Colahan & Breder, in press). Although a less frequent occurrence
than shifting, the transport of animals between zoos can also be assisted by training.
Not only will it be less time-consuming for staff, but animals which are trained to
target to specific locations and to enter transport cages are likely to suffer reduced
stress associated with separation and capture, than their non-trained counterparts.
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Infant care can also be improved by training (Philipp et al., 2001; Richards et al.,
2001). The goal of infant care training is to ensure the infant remains within its group
and does not have to be hand-reared. At Disney Animal Kingdom, infant care training
is a priority for animals that are first time mothers or have a history of poor maternal
care (Colahan & Breder, in press).
It has also been shown that PRT can be used to decrease unwanted behaviours, or
increase desirable behaviours. For example, abnormal and/or stereotypic behaviour
(Laule, 1993) and aggression (Bloomsmith et al., 1994) have been reduced in a range
of species. It is possible to increase the amount of affiliation performed by rhesus
macaques (Macaca mulatta) during training sessions and this increase persists outside
the training sessions (Schapiro et al., 2001).
Animals can be trained to cooperate in the production and collection of samples for
research and veterinary purposes. Collection of urine can be used to monitor
reproductive cycles, pregnancy and can be used to assess cortisol levels. It has been
shown that animals can be trained to provide urine samples upon request in both
laboratory and zoo settings (e.g. McKinley et al., in press; Colahan & Breder, in
press).
There is considerable anecdotal evidence that PRT is enriching, based on the premise
that animals like to work for their food (Neuringer, 1968), but further quantitative
research is required. Whether PRT is enriching is likely to be based upon a number of
factors such as whether the behaviours that are being trained are positive, neutral or
negative. However, there are good quantitative data to show that training helps
common marmosets (Callithrix jacchus) to cope with routine stressful procedures
(Bassett et al., in press), and therefore may have a long-term enrichment value
through a reduction in stress.
PRT does require additional time to be spent with the animal, and it is important that
the animal is recognised individually for most training to be successful. It appears that
working together on a one-to-one basis benefits both the trainer and the animal, who
is often named. Individual naming and training means that the trainer learns more
about each individual and develops a relationship and respect for him or her. In
addition, given that training is voluntary, is based upon trust and the animal receives
rewards, it is perhaps not surprising that there is some evidence to suggest that PRT
improves the relationship between people and the animals in their care (Bayne et al.,
1993; Bloomsmith et al., 1997; Heath, 1989) and increases the safety of the attending
personnel (e.g. Reinhardt, 1997). However, there is rather limited evidence to suggest
that the improved relationship human-animal relationship is related to PRT per se,
and not simply due to increased positive human interaction. It is known that increased
positive human interaction alone improves behaviour in chimpanzees (Pan
troglodytes: Baker, 1997; Bayne et al., 1993).
To tease apart the effects of positive human interaction and PRT, Bloomsmith et al.
(1999) compared two groups of chimpanzees. One group was trained whilst the other
had positive contact with humans. The behaviour of both groups improved as
indicated by a reduction in agonism, solitary and inactive behaviour. However, in
addition the training increased social play whilst positive human contact reduced
indicators of compromised well-being (Bloomsmith et al., 1999). A similar study
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described by McKinley and Buchanan-Smith (this volume) compared the behaviour
of a “trained” and a “contact” group (that received the equivalent time of increased
positive human interactions, and number of rewards as the trained group) of common
marmosets. It was found that for both groups their welfare post-training/interaction
was improved compared to their welfare pre-training/interaction.
It is possible that training, or increased positive human interactions, not only affects
the relationship with the trainer but also with other humans, as the animals lose their
fear and associate humans with more positive experiences. It appears that once
behaviours have been trained, it is possible to transfer them to other trainers very
rapidly (e.g. Bloomsmith et al., 1998; McKinley, unpub. data) which suggests that the
improved human relationship is not limited only to the trainer, but to other trainers
and caregiving staff. At Bronx Zoo it is reported that following training, animals that
had previously typically responded to the presence of keepers in their enclosures by
moving to the highest area, retreating into nest boxes, alarm calling, and/or displaying
aggressive threats, no longer did so. Instead they approach and interact with the
keepers (Savastino et al., in press).
Whilst the direct effects of training on visitors have not been quantitatively assessed,
Savastino et al. (in press) also argue that their training program has improved the
visitor experience on two levels. First, they claim that the trained animals (in this case
New World monkeys, which are small nervous animals often difficult to see) are more
visible in their exhibits than they were prior to the establishment of the program.
Following training, the monkeys frequently perch near the front of their enclosure
where visitors can easily view them. Second, Savastino et al. (in press) argue that the
public now view interactive animals engaged in their environment and that they learn
about training for enhancing animal care during public displays and informational
graphics describing the program. Certainly the public appear to be fascinated by
keepers at work, even when they are just cleaning an enclosure!! If visitors are able to
view keepers interacting with their animals it will surely enhance their experience,
and providing sufficient information is available, it will educate them on animal care
and the uses of training. Appropriate information and/or keeper talks may even lead to
the public reconsidering how they keep their pet animals.
Misconceptions and Concerns About Training in Zoos
Given all the benefits of PRT it is perhaps surprising that it is not used more widely.
There are a number of misconceptions and concerns about the use of training. First,
there are still those who believe that training is cruel and primarily used to get animals
to perform tricks such as those often seen in circuses. It is clear that this is truly a
misconception and all the training described here uses positive as opposed to negative
reinforcement or punishment. Negative reinforcement is where a particular behaviour
is strengthened, or increased in frequency, because a negative condition is
removed/avoided on its performance. For example chasing an animal or using a brush
or a hose to encourage it to enter a part of the enclosure is negative reinforcement
(sometimes also called escape/avoidance learning). Punishment is where a particular
behaviour is weakened, or decreased in frequency, because a negative condition is
introduced/experienced on its performance. An example in zoos is when an animal is
squirted with water or shouted at for performing and undesirable behaviour such as
unwanted grabbing, etc).

23

Session One: Training and Enrichment
There are also concerns that PRT may alter natural behaviour and decrease chances of
survival should the animals be released into the wild. While further research is
certainly needed, the evidence so far is that behaviour outside training can be
positively rather than negatively affected (Bassett et al., in press; McKinley et al., in
press; Schapiro et al., 2001) and there is no evidence that training will necessarily
prevent successful reintroduction (for discussion see McKinley and Buchanan-Smith,
this volume).
There are also genuine concerns about the time investment required. It is extremely
difficult to quantify the time investment needed, as this will vary amongst for
example, individuals, ages, dominance, species, task, and enclosure design. However,
a number of researchers have provided indicators of the likely time investment (e.g.
McKinley et al., in press; Reinhardt, in press; Schapiro et al., in press; Savastino et
al., in press). As already stated, times vary considerably, and a critical part of the
training procedure is that the animals overcome any fear they may have of humans
(McKinley et al., in press).
To give a brief indication of the range of times, it has been shown that pairs of
common marmosets (Callithrix jacchus) housed in a laboratory can be trained for in
home cage weighing, or to provide a urine sample on request in between two and 13
ten-minute training sessions. Schapiro et al. (in press) found that 27 out of 30 rhesus
macaques (Macaca mulatta) were reliably trained to come up to the front of the cage
on request after their group had received a mean of 2.5 hours of training. Training
sessions were 15-minutes and took place three times a week, so within a month a
group can be trained to perform this basic behaviour. It took a mean of a further 2.5
hours of training per group to get 24 of these 27 monkeys to target (a target is simply
an object the animal is trained to touch; Schapiro et al., in press). Savastino et al. (in
press) compared the number of sessions to train five behaviours (hand feeding,
syringe feeding, targeting, scale and crate training, and transponder reading) in a wide
range of different New World monkeys. While some animals participated in the
training program immediately and performed all of the basic behaviours within five
training sessions (e.g., one group of silvery marmosets, Callithrix argentata), others
required months even to accept hand feeding (e.g. one group of golden lion tamarins,
Leontopithecus rosalia).
One point to note from this is that even a few minutes spent hand-feeding known
named individuals three to four times per week may lead to positive changes in
behaviour. Given that hand-feeding is the basis for all future training in all nondangerous species, and that no staff training is required to perform hand-feeding, this
would be a good starting point for many zoos until the management develops a full
training program with clear goals and structure.
The final reason why training is not implemented more is possibly due to a paucity of
information. This includes a lack of information on how to train, on time investment,
and on the wider effects of training on behaviour. Whilst the special issue of JAAWS
may go some way to address this, there is undoubtedly a need for further research.
Laule, Bloomsmith and Schapiro (in press) provide an excellent summary of the
techniques, and Colahan and Breder (in press) describe in detail the program used at
Disney Animal Kingdom. Whilst these are of enormous value, it is important that
trainers are properly trained themselves, both in theory and in practice. The
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establishment of courses in the UK, where one can get hands on experience and learn
how to train using positive reinforcement and the associated techniques such as
successive approximation and desensitisation are vital if we are to realise the full
potential of training in European zoos.
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Improving the animal-human relationship with laboratory-housed common
marmosets (Callithrix jacchus): increased interactions and positive
reinforcement training
Jean McKinley & Hannah M. Buchanan-Smith
Department of Psychology, University of Stirling, Stirling, FK9 4LA, Scotland.
Abstract
Improving animal-human relationships in a laboratory environment presents a
number of specific challenges. While the benefits of positive relationships with
caregivers have been demonstrated with macaque species, relatively little work has
been done on other primate species commonly found in laboratories. Common
marmosets have been described as the “lab rats” of the primate order. They are
small, difficult to identify individually and are often kept in large numbers. The
present study examined changes in the behaviour of these animals following
increased levels of positive animal-human interactions. Nine male/female pairs were
target-trained using positive reinforcement techniques. A further nine pairs
experienced increased levels of interactions with humans (talking and hand-feeding),
but no training. Results showed that with improved animal-human relationships,
stress-related behaviour decreased while social grooming and behaviours such as
foraging increased. Levels of aggression were unchanged. There were no differences
between animals who were trained and those who received increased level of positive
interactions with humans. The results are discussed in terms of benefits to the animals
themselves and their human caregivers.
Introduction
The findings reported here form part of a wider study examining the effects of
positive reinforcement training (PRT) on the welfare of captive non-human primates.
A review of the literature conducted when this research began in 1999, revealed some
marked differences in attitudes towards training and desired levels of contact between
animals and caregivers found in Britain and the United States (US).
In US laboratories, the uses and benefits of training were widely recognised, largely
due to the pioneering work of researchers such as Viktor Reinhardt. Indeed, North
American laboratories were the primary source of evidence supporting the view that
training reduces the stress associated with restraint by humans (Reinhardt, 1997).
However, most of these studies concerned the training of various macaque species
and there was a paucity of information concerning the effects, or indeed the feasibility
of training small, nervous callitrichid species.
While training was carried out by some British laboratories, little information was
available regarding the extent to which this occurred or what techniques were used.
However, current Home Office guidelines and the National Research Council (NCR)
now recommend training to co-operate with routine procedures as the least stressful
way of handling laboratory animals (Home Office, 1986; NRC, 1998).
The literature concerning North American zoos showed that positive reinforcement
training was used with a wide variety of species to facilitate both routine management
and veterinary care. Equally important, training was highly organised with provision
for staff training and monitoring of results (Desmond & Laule, 1994). By contrast,
what little training appeared to be conducted in British zoos was confined to a limited
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number of species. Indeed, the cultural norm in Britain appeared to be that a “hands
off” policy, keeping contact between caregivers and animals to a minimum, was the
most desirable option.
One of the main objections to close relationships between caregivers and zoo animals
is that this is unnatural. A related belief is that close contact with humans renders
animals unsuitable for reintroduction and may even be the first step on the slippery
slope to domestication. While carrying all the undesirable elements of close contact,
training (where an animal is deliberately taught to perform specific behaviours on
request), arouses the additional fear that this will disrupt normal social behaviour as
animals become “fixated” on gaining food treats from humans (see KileyWorthington, 1990). Although the primary aim of our research was to examine the
usefulness of PRT as a means of reducing the stress associated with human activity,
the wider effects on behaviour were also examined.
Evidence that shows that it is possible to train common marmosets using solely
positive reinforcement techniques and that such training does reduce the stress
associated with routine laboratory procedures has been presented elsewhere
(McKinley et al., in press; Bassett et al., in press). The question addressed in this
paper concerns the effects of both increased positive interaction with humans and
PRT on the behaviour of the study animals outside training sessions.
Methods
Study animals
Thirty-eight common marmosets (Callithrix jacchus) were selected from 60 animals
pair-housed in the same colony room at the Medical Research Council (MRC) Human
Reproductive Sciences Unit, Edinburgh. The initial criterion for selection was that at
least one member of each pair would take a food reward from the trainer’s hand. Pairs
who showed aggression at this stage were not selected. The study animals were
divided into two groups. Eighteen marmosets, all male/female pairs, formed the
“trained” group while the remaining animals, three male/female, two male/male and
four female/female pairs, formed the “contact” group. While it would have been better
if the sex distribution between groups had been identical, the experimental design and
availability of study animals meant that this was not possible. However, common
marmosets show few sex differences in behaviour (Woodcock, 1982; Harrison &
Tardif, 1989). Both sexes show higher levels of aggression towards same-sex
conspecifics than towards members of the opposite sex (Epple, 1970; Stevenson &
Rylands, 1988), and while some studies have shown a greater tendency for aggression
in females (Michels, 1998) others have found that males direct more agnostic
behaviours outside the homecage (Evans & Poole, 1984). As stated above, any pair
(opposite- or same-sex) with an aggressive member was excluded during the selection
procedure.
Housing and husbandry
The colony room measured 2.7m x 3m x 5m and contained eight housing units, each
subdivided into four sections measuring 55cm wide x 95cm high x 110cm deep, with
one pair per section. Cages had wood shavings as a floor substrate and were furnished
with a nestbox, shelves and two wooden logs. Some cages contained additional
enrichment devices. Water was available ad libitum from a bottle mounted on the
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front mesh of the cage. Rooms were maintained at a temperature of 22 – 24°C and a
relative humidity of 50%.
Food was provided once a day at around 12.30h. The marmosets were fed with
commercially manufactured primate pellets (Mazuri Primate Diet, E; Witham, Essex,
England) and a variety of fresh fruit daily. This was supplemented by either a high
protein porridge or a mixture of dried fruit and nuts.
Procedure
The presence of a new caregiver has been shown to adversely affect the behaviour of
macaques (Heath, 1989). However, the observer had regularly participated in routine
procedures such as cleaning and feeding for a period of eight months prior to the start
of the study. In addition, she always wore clothing identical to that worn by laboratory
staff so it seems reasonable to assume that at the start of the study her relationship
with the marmosets was comparable to that of regular technicians.
Pre-training observations
Each pair was observed for eight, ten-minute sessions, half of which were conducted
in the morning and half in the afternoon. Each experimental and matched contact pair
was observed consecutively with the order counterbalanced across observations.
Instantaneous scan sampling was used with a 15-second sample interval between
scans. The following behaviours were recorded:
•

“Watch Observer” (wire) and “Watch Observer” (cage) - Preliminary observations
showed that the marmosets showed intense interest whenever a human entered
their room. The monkeys would commonly cling to a position at the highest point
of their cage door and remain watching until the human left. When an individual
pair was approached, the more nervous monkeys (as indicated by willingness to
take food from the observer’s hand) would retreat inside the cage but continue to
watch closely. As the present study was interested in the behaviour of the
marmosets when a human was present, these two behaviours were recorded.

•

“Locomotion” - this can be a difficult behaviour to interpret as animals in distress
may respond by increasing the time spent moving around or conversely by
remaining apathetically in one place. However, as increased locomotion has been
shown to indicate arousal in marmosets housed in the same laboratory (Bassett et
al., in press), it was predicted that locomotion would increase if the marmosets
found training or increased contact with humans stressful.

•

“Groom” - grooming was rarely seen during preliminary observations. This
behaviour was recorded as any increase could indicate that the marmosets were
becoming more relaxed in the presence of humans.

•

“Nestbox” - time spent in the nestbox was recorded as it is possible that the
marmosets would hide in there if frightened. The marmosets did tend to retreat to
the nestbox as soon as the technicians opened their cage door. Conversely, a
desire to maintain close observation of humans may result in a decrease in nestbox
use.
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•

“Other” - although behaviours such as resting, foraging, feeding and interacting
with enrichment devices were infrequently performed in the presence of humans,
they were observed more frequently through the glass panels on the colony room
door and were often terminated as soon as the door was opened. As these
behaviours were clearly affected by human activity they were included in the
“other” category as increases in these behaviours may suggest that the marmosets
were more relaxed.

In addition, all occurrences of aggressive behaviours and affiliative behaviours were
recorded as were the following brief behaviours shown to indicate arousal in
callitrichid species:
•
•
•
•

“Scratch” (Moodie & Chamove, 1990; Bassett et al., in press)
“Genital present” (Stevenson & Poole, 1976)
“Scent-mark” (Sutcliffe & Poole, 1978; Bassett et al., in press)
“Vocalise” - vocalisations are also widely used as a measure of arousal (Norcross
& Newton, 1999; Stevenson & Poole, 1976). However, marmosets use a wide
variety of calls for different reasons and not all are easy for a human observer to
locate. Open-mouth “phee” calls are both easy to distinguish and have been
shown to increase with distress. “Tsk” calls are again distinctive and used when
marmosets are alarmed (Epple, 1968). Instances of these calls were recorded. The
full definitions of behaviours used during observations are given in Table 1.

Training phase
Marmosets in the trained group were target-trained to allow in home-cage weighing.
Training sessions lasted a maximum of ten minutes, ending sooner if each animal had
earned the maximum of twelve rewards. Each “trained pair” was matched to one of
the “contact” pairs. Following each pair’s training session, the trainer then spent the
same amount of time talking to the matched contact pair who was fed the same
number of treats that the trained pair had earned. This process continued until all of
the animals in the trained group would remain holding their targets long enough for
their weights to be recorded.
Post-training observations
Once training was complete, observations were repeated exactly as conducted during
the pre-training phase.
Statistical analysis
The percentage of the total activity budget spent engaged in each behaviour was
calculated. For behavioural categories where all occurrences were recorded, the mean
frequency per ten-minute observation period was calculated using the scan sampling
data. A mixed-design ANOVA was performed with within subject factor: Stage (pretraining or post-training) and between subject factor: Group (trained or contact). In
instances where equal variances could not be assumed, as indicated by a significant
result of Mauchly’s Test of Sphericity, any significant outcome was determined using
the more conservative Greenhouse-Geisser test. Significance was set at p < 0.05
throughout the analyses.
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Table 1.

Definitions of recorded behaviours

Behavioural category
Watch observer (wire)

Definition
Located in a position either clinging to the wire cage-front or sitting on
the shelf attached to the upper section of the cage door. Eyes looking
towards the observer
Positioned at any point in the cage other than the door. Eyes looking
towards the observer
Walking, running or climbing
Moving fingers through hair or picking at skin. Watching movement of
hand. Includes self-grooming or being groomed by cage-mate
Not visible in cage therefore must be in the nestbox
All other behaviours including foraging, interacting with objects in cage
and resting without watching the observer
Biting or scratching cage-mate. Includes angry “twitter” vocalisations
when directed at cage-mate (Stevenson & Poole, 1976)
Brief, affiliative behaviours such as touching, nuzzling and food-sharing
Rapid scratching of any part of the body. Distinguished from selfgrooming by brief duration and the marmoset not watching movement of
hand
Marmoset sits and rubs anogenital area on branch or other area of the
cage. May be preceded by gnawing of marked area
Orienting body away from observer while raising tail and showing
genitals. Turns head to watch observer over the shoulder
Open mouthed “phee” calls and “tsk” calls (Epple, 1968)

Watch observer (cage)
Locomotion
Groom
Nestbox
Other
Aggression
Affiliate
Scratch
Scent-mark
Genital present
Vocalise
Results

Activity budgets
The mean percentage time spent engaged in the six behavioural categories recorded
by instantaneous scan sampling are shown in Figure 1.

Mean % sample points
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90%
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Nestbox

70%
60%
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40%
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Figure 1.
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Contact

Watch observer
(inside cage)
Watch observer
(wire)

Mean percentage sample points spent engaged in each behavioural category pretraining and post-training.
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During observation periods, the marmosets spent a considerable amount of time
watching the observer. Before training, the combined “watch observer” (wire) and
“watch observer” (cage) categories accounted for 48.8% of sample points. After
training, there were no significant changes in the amount of time spent watching the
observer from the cage door. However, significantly less time was spent watching the
observer from inside the cage (F(1,16) = 6.72, p = 0.02). After training, more time
was spent engaged in “other” behaviours (F(1,16) = 9.78, p = 0.006). Grooming was
rarely observed, accounting for less than one percent of sample points. Time spent
grooming was significantly higher after training than before (F(1,16) = 6.05, p =
0.03). There were no significant differences in the amount of time spent in locomotion
or in the nestbox. There were no significant differences between the trained and
contact groups. No interactions were significant. The mean time spent engaged in the
behavioural categories where significant differences were found are shown in Figures
2 and 3.
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Figure 3.

Mean sample points spent grooming pre-training and post-training.
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Mean occurences per session

All occurrences
There were no significant changes in the mean occurrences of aggressive or affiliative
behaviours. The “genital present” category also remained unchanged. Recorded
instances of scratching decreased after training/contact (F(1,16) = 23.6, p = 0.001).
Instances of scent-marking also decreased (F(1,16) = 19.55, p , 0.001), as did
vocalisations (F(1,16) = 6.03, p = 0.026). There were no significant differences
between the trained and contact groups in any behavioural category. The mean
recorded instances of behaviours where a significant difference was found after
training are shown in Figure 4.
6
5
4
3
2
1
0

Pre

Post

Scratch

Pre

Post

Scent-mark
Trained

Pre

Post

Vocalise

Control

Figure 4. Mean instances of scratching, scent-marking and vocalisation recorded pretraining and post-training.

Discussion
The main focus of this paper was to examine the view that training or increasing
positive contact with humans disrupts the social behaviour of non-human primates
and leads to a “fixation” with gaining food treats from humans. This study produced
no evidence to support these views and found that neither intervention had any
significant negative impact on the social behaviour of the study animals. The
reduction in the time spent watching the observer from inside the cage with a
subsequent increase in other activities and grooming suggests that the marmosets
became less interested in human activity. However, the amount of time that the
marmosets spent watching human activity could be interpreted in a number of ways. It
is possible that humans provide a significant focus of interest in a relatively
impoverished environment, especially as these animals have no access to outside
enclosures (Ely et al., 1998). However, it is also possible that this vigilant behaviour
indicates that the animals are nervous in the presence of humans. The reduction in
time spent watching from inside the cage could suggest that marmosets feel less
threatened once relations with humans have improved. This interpretation is
supported by the observed increase in grooming and the reduction in frequency of
stress related behaviours such as scratching, scent-marking and vocalisations. The
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absence of any differences between the trained and contact groups suggests that the
training does not differ in effect from simply increasing positive interactions with
humans. However, a study on chimpanzees found that whilst both positive contact
with humans and training had positive effects on chimpanzee behaviour, they did so
in different ways. Whilst agonism, solitary and inactive behaviour decreased in both
groups, training increased prosocial play and positive human contact reduced
indicators of compromised well-being (Bloomsmith et al., 1999). This suggests that
there may be species differences, or that training for different tasks affects behaviours
in different ways outside training (Bloomsmith et al., 1999).
With regards to other objections to training, or indeed any form of close relationship
between captive wild species and caregivers, it is perfectly true that such relationships
are unnatural. However, it could also be argued that the captive environment, with its
absence of predators, hunger and other challenges is unavoidably unnatural anyway
(Poole, 1998). Veterinary treatment of disease and injury is another feature of the
captive environment absent in the wild. Training has been shown to facilitate such
treatment and, to reduce the stress associated with such interventions (Desmond &
Laule, 1994). There is a growing body of evidence that shows the benefits of positive
reinforcement training. Where is the evidence to support the view that a “hands off”
policy is in the best interests of captive animals?
There may well be validity in the belief that close relations with humans creates
problems with animals destined for reintroduction and this issue does need to be
addressed. Losing all fear of people while in captivity would clearly be problematic in
species that may hunt, or be hunted by humans in the wild. There is also the danger of
disease transmission from humans to wild populations via released animals (Warren
& Swan, 2002). However, the existence of such problems does not justify the view
that close relations with humans preclude return to the wild. While our research does
not address this issue, there are a number of points worth making in order to challenge
the view that this is always and unavoidably the case.
Firstly, contact with humans often continues after release either through provisioning
until the animals are able to feed themselves (Kierulff, 2002) or post-release
monitoring. Such monitoring is now considered “one of the most important
components of a re-introduction or translocation project...” (IUCN/SSC, 2002; p 42).
The presence of a familiar caregiver has proved useful in the re-introduction of
chimpanzees (Pan troglodytes) (Farmer, 2002), and drills (Mandrillus leucophaeus)
(Gadsby, 2002). Primates have been successfully returned to the wild despite close
contact with humans and this includes animals released from rehabilitation centres
dealing with orphans of the bushmeat trade, reared by humans and kept as pets
(Russon & Galdikas, 1993; Farmer, 2002).
While discussion of re-introduction focuses exclusively on the deliberate reintroduction of wild species, some important clues as to the effect of contact with
humans can be overlooked. For example, some of the most successful journeys back
to the wild have been undertaken by domestic animals. For example, Australian
dingos (Canis dingo) are descended from the domestic dog (Canis familiaris). The
free living herds of mustangs in the US and brumbys in Australia are all descendants
of escaped domestic horses (Equus caballus).
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With regards to animals destined for re-introduction, at present there is simply not
enough evidence to support any judgement regarding the desirability of increasing
positive contact with caregivers or introducing PRT, and many questions remain
unanswered. Does a close relationship with familiar caregivers generalise to all
humans? Does affinity with humans continue once animals are no longer dependent
on them for food? How does the behaviour of tamed animals influence the behaviour
of their young? Until such questions are addressed, there are legitimate reasons for
caution. However, many zoos contain animals who stand no realistic chance of a
return to the wild and withholding techniques that could promote the welfare of these
individuals is harder to justify.
In the last few years, attitudes in Britain have shown signs of change and interest in
training has grown considerably in both laboratories and zoos. The care of captive
animals, with regards to feeding, housing and environmental enrichment, has already
been revolutionised, a process that has always involved challenging the status quo and
questioning the beliefs that underpin it. During this process the importance of
research, particularly with regard to monitoring the effects of change has been well
recognised. Improving the lives of captive animals is an on-going process and it
would appear that a willingness to re-examine our relationship with the animals in our
care is becoming increasingly apparent.
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Abstract
Bears in captivity are highly susceptible to the development of stereotypies, behaviour
patterns that are invariant in style, performed repetitively, and appear to have no
function. These behaviours are of concern because they may indicate poor welfare,
are sometimes detrimental to health, and may have implications for species
conservation efforts. For zoos, stereotypies represent a further problem in that they
attract criticism from the public and from animal welfare organisations, a factor
suggested to have contributed to the decline of bear species in British zoos.
To date, efforts to alleviate stereotypies in bears have largely focused on
environmental enrichment. However, ‘enrichments’ are often applied indiscriminately
and their effects are frequently short-lived. To reduce stereotypy in the long-term, the
motivation(s) underlying the behaviour need to be identified and targeted. Hence to
treat a stereotypy it is first necessary to understand it. Examining the properties of a
stereotypy, in particular, its form, the location in which it is performed, and the times
of day when it is most frequent, can often help elucidate motivations underlying its
performance. This approach should be combined with careful consideration of
behaviours that might be naturally important to an individual (accounting for species,
sex, age, past experience and seasonal fluctuations), but are thwarted or restricted in
captivity. Hypotheses can then be formulated on the causal basis of the behaviour and
tested experimentally to enable enrichments and husbandry changes to be targeted
more effectively. In some cases, however, a stereotypy might not be reduced even
when its cause is addressed, perhaps because the behaviour is so firmly established in
the animal’s behavioural repertoire. Properties of a stereotypy such as its frequency
and variability can reflect the behaviour’s stage of development, and therefore could
indicate how readily it might be alleviated.
These approaches to understanding stereotypies are explored referring to examples
from research on Asiatic black bears (Ursus thibetanus), Malayan sun bears
(Helarctos malayanus) and polar bears (Ursus maritimus), with the aim of providing
a simple framework for examining individual stereotypies that will identify the most
effective methods of treatment.
Introduction
In zoos, stereotypies, behaviour patterns that are invariant in style, performed
repetitively and appear to have no function (eg Ödberg, 1978; Mason, 1991a), are
arguably the most problematic and poorly understood of behaviours. They are of
concern primarily because they may indicate poor past or current welfare (reviewed
by Mason 1991b; Mason & Latham, in press), but also because they may be
detrimental to an animal’s health (eg Sambraus, 1985; Meyer-Holzapfel, 1968) and
can have implications for species conservation efforts. For example, they may hinder
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visitor education (Carlstead, 1998), and have been associated with reduced
reproductive success (Carlstead & Shepherdson, 1994; Mason et al., 1995) and
impaired behavioural flexibility (Garner & Mason, 2002; Vickery & Mason, 2003).
Furthermore, stereotypies attract intense criticism from the public and animal welfare
organisations (eg Ormrod, 1992; Fielding, 2001); a potential marketing problem for
zoos, and a factor suggested to have contributed to the decline of bear species in
British zoos (Irven, 1993).
Although animals of a range of species exhibit stereotypies in zoos, bears appear
particularly susceptible to the development of these aberrant behaviours (Shepherdson
et al., in press; Ames, 2000; Clubb, 2002). Typical stereotypies include pacing (Ames
2000; Swaisgood et al., 2001; Vickery & Mason, in press), repetitive swimming
(Barry, 1999; Ames, 2000), weaving (Hennessy, 1996), head-swaying (Fox, 1971),
and oral forms such as tongue-flicking (Wechsler, 1991; Kolter & Zander, 1995) and
teeth grating (Meyer-Holzapfel, 1968).
Alleviating stereotypies in bears
To date, attempts to reduce stereotypy in bears have largely focused on environmental
enrichment. While these techniques have had some success in tackling stereotypies
(Redshaw, 1989; Carlstead & Seidensticker, 1991; Swaisgood et al., 2001), many
enrichments are habituated to after relatively short time periods (Carlstead et al.,
1991; Vickery, 2003) and/or have no generalised effect on behaviour (i.e. do not
affect behaviour outside of the period in which they are actually used (e.g. Forthman
et al., 1992; Landrigan et al., 2001; Vickery, 2003).

Other attempts to reduce stereotypy in bears have involved physically restricting
access to preferred stereotypy areas (pers. obs.) or obstructing stereotypy routes
(Hennessy, 1996; Vickery, 2003). However, these methods usually have little effect
since bears quickly move their stereotypy to different locations or incorporate the
obstacle into the behaviour. Behavioural conditioning has also been used as a tool for
reducing stereotypy. Hare (1995) used remote-controlled feeders to reinforce only
‘desirable’ behaviours (e.g. active investigative behaviours) in two brown bears
(Ursus arctos gyas), and reported an overall reduction in stereotypy but the possible
development of schedule-induced polydipsia (excessive drinking) in one animal.
Homeopathic, anti-depressant and anti-psychotic drug remedies have also been
experimented with (Poulsen et al., 1996; Uchida & Dodman, 1998; Jordan-Owers,
2003) and some have successfully reduced stereotypy. However, their effect on
stereotypy is often only transient and some of these drugs have side-effects, for
example, many suppress all types of activity (reviewed by Garner, 1999). Until more
is understood of the neurobiological basis of stereotypies these approaches are
unlikely to offer long-term solutions and they also prompt ethical concerns since they
may mask rather than solve the underlying problem.
Therefore, although a range of approaches have been taken to reduce stereotypies in
bears, as yet, none has proven to be universally effective. Nor does it seem that the
effects of any one approach can be predicted from one animal to the next. For
example, a given enrichment might reduce the stereotypy of one bear but not of
conspecifics living in the same environment (Redshaw, 1989; Kolter & Zander,
1995). Also, while the anti-depressant, fluoxetine, reduced the stereotypy of one
female polar bear (Poulsen et al., 1996), over a similar course of treatment it both
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reduced and exacerbated that of her similarly aged female companion (Poulsen et al.,
1998).
A major limitation in our ability to alleviate stereotypies is that when a treatment does
work we often do not understand why. This is partly due to the complex nature of
stereotypies, but also because we do not yet fully understand how treatments, even
basic environmental enrichments, really work. For example, do enrichments work
solely by providing an outlet for motivated behaviours, or do factors such as stress
reduction, restoring contingency between behaviour and consequence, and general
physical and sensory stimulation also play a role? Also, how do enrichments exert
their effect biologically, for example to what extent do they alter brain functioning
and by what process? These questions and many more have yet to be answered and
can only be addressed by hypothesis-driven research. However, the wealth of
enrichment studies conducted to date on bears and on other animals have taught us
two very general rules regarding the treatment of stereotypy: 1) to treat stereotypies in
the long-term, the root cause of the behaviour must be identified and targeted; and 2)
all stereotypies are not equally ‘curable’. These two points are discussed further
below.
1. To treat stereotypies in the long-term, the root cause of the behaviour must be
identified and targeted
Stereotypies rarely seem to be alleviated in the long-term unless the treatments
employed address the underlying cause of the behaviour. For example, two polar
bears (Ursus maritimus) ceased stereotypy completely when transferred to a large
naturalistic enclosure, but several weeks later the female’s, but not the male’s,
stereotypy resurfaced (Barry, 1999). A later study (Vickery & Mason, 2002)
suggested that the male’s dominating behaviour was the cause of the female’s
stereotypy. Therefore, although by providing extra space and novel stimulation, the
improved enclosure initially reduced the female’s stereotypy, it was not tackled in the
long-term because the cause of the behaviour (the male) had not been addressed.
Similarly, Carlstead and Seidensticker (1991) reported that the stereotypy of an
American black bear (Ursus americanus) differed seasonally in its underlying
motivation, and that enrichments which successfully tackled it at one time of year,
were less effective at other times.

These examples and others (e.g. Kolter & Zander, 1995; Wiedenmayer, 1997) suggest
that to reduce stereotypy effectively in the long-term, enrichments and/or husbandry
changes should be implemented that enable highly motivated behaviours and/or goals
to be met. In some cases this might not be possible, but other behaviours/goals may be
acceptable substitutes. For example, visual barriers or hiding places may to some
extent substitute for being able to escape from fearful stimuli (Carlstead et al., 1993).
Alternatively, the behaviour’s underlying motivation might be reduced by other
means. For example, providing a fennec fox (Fennecus zerda) with the same total
volume of meat, but chopped into small rather than large pieces, reduced its
motivation to cache uneaten food, and therefore reduced stereotypy which developed
as a result of not being able to cache food in its artificial rock enclosure (Carlstead,
1991).
This is not to say that enrichments are worthless unless they meet these criteria,
because many increase general stimulation, complexity and control, and offer the
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chance to engage in preferred activities — all factors likely to promote welfare. They
may also cause transient reductions in stereotypy due to behavioural substitution (i.e.
a behaviour promoted or enabled by the enrichment is performed in preference to
stereotypy) and/or by time occupation (i.e. use of the enrichment leaves less time
available in which to stereotype). However, over time these enrichments might be
habituated to, or become less effective as the item’s novelty decreases or the animal
learns to utilise it more efficiently (Ings et al., 1997), and if the cause of stereotypy
has not been addressed the behaviour is likely to continue.
2. All stereotypies are not equally ‘curable’
Conspecifics living in the same enclosure and even of the same age and sex often
respond quite differently to treatments designed to reduce stereotypy (e.g. Anderson
et al., 1994; Kolter & Zander, 1995). This may be because different motivations
underlie their stereotypies (discussed above), because they gain different benefits
from the treatment (reviewed in Vickery, 2003), because different processes underlie
their stereotypies (reviewed in Mason & Latham, in press), or because their
stereotypies are at different stages of development.

Well-developed stereotypies are often termed ‘established’ (e.g. Ödberg, 1978;
Mason, 1991a), a term that represents one extreme of a range of developmental
stages. Although there appears to be no generally accepted means of distinguishing
‘established’ from ‘developing’ stereotypies, the former are generally classified on the
basis that they occupy more time (e.g. Cronin & Wiepkema, 1984; Mason, 1993a;
Vickery & Mason, in press), and/or are performed less variably (i.e. the precise form
of the behaviour is more consistent from one repetition to the next (e.g. Mason,
1993a; Clubb, 2002; Vickery & Mason, in press). Established stereotypies are also
more difficult to interrupt with external stimuli (Cronin et al., 1984; Sambraus, 1985);
to inhibit with drugs (Duncan & Wood-Gush, 1974; Kennes et al., 1988); to alleviate
with environmental enrichment (Sorensen, 1987, cited in Powell et al., 2000; Cooper
et al., 1996; Vickery, 2003); and even to reduce when the motivation underlying their
development is met (Bildsøe et al., 1991; Terlouw & Lawrence, 1993). Therefore the
developmental stage of a stereotypy appears to determine how readily it can be
treated, with more-established behaviours being more difficult, and perhaps even
impossible, to alleviate.
More recently it has been shown that characteristics of an individual might also
dictate how reversible its stereotypy is. Experiments on bank voles (Clethrionomys
glareolus), songbirds (Parus caeruleus and Parus palustris) and bears (Ursus
thibetanus and Helarctos malayanus) have shown that individuals with the highest
frequencies of stereotypy (in terms of the proportion of time they occupy), continue
responding for longer on operant tasks where a previously rewarded response
becomes unrewarding, i.e. they appear to be more persistent in their behaviour
(Garner & Mason, 2002; Vickery & Mason, 2003; Garner et al., 2003). These
findings could suggest an underlying change in the way in which the behaviour of
stereotypic animals is controlled (see Garner & Mason, 2002). This might mean that
animals with more established stereotypies are less able to adapt their behaviour, and
hence to benefit from changes intended to reduce stereotypy. Evidence for this has not
yet been found (Garner, 1999; Vickery, 2003) but the hypothesis is plausible and
requires further testing. This issue is not elaborated on further in the course of this
paper, partly because more research is necessary before we can be sure that there are
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implications for treating stereotypies, but also because measuring behavioural
persistence can be a difficult and lengthy process and the measurements obtained are
only useful when data on similarly housed conspecifics are available for comparison.
However, these findings do serve to draw further attention to the importance of
treating animals as individuals when attempting to tackle their stereotypies.
The following sections discuss how attempts to reduce stereotypy can benefit from an
awareness of these two general principles. Section One looks at how the motivation
underlying an animal’s stereotypy might be identified, thereby allowing testable
hypotheses to be formulated and husbandry and/or enrichment changes to be more
effectively targeted. Section Two considers methods of determining how readily a
stereotypy might be manipulated by assessing the behaviour’s stage of development.
While examples from a range of species will be presented, where possible, cases will
be illustrated using new empirical data obtained on a group of 29 Asiatic black bears
(Ursus thibetanus) and Malayan sun bears (Helarctos malayanus) individually housed
in a government confiscation facility in Thailand (see Vickery & Mason, in press for
further details). Data on the stereotypy of a female polar bear housed with a male in a
more conventional zoo enclosure will also be referred to (from Vickery & Mason,
2002). Although the focus throughout this paper is on bears, it should be noted that
most of the issues raised are equally applicable to other zoo species.
Section One: Identifying the Underlying Motivation of a Stereotypy
Determining species-specific and individual-specific motivations
The first step in determining the root cause of a stereotypy is to identify motivations
likely to be important to a particular animal. Several authors have acknowledged the
value of taking a species’ natural ecology into account when trying to understand and
resolve behavioural problems in captivity (e.g. Carlstead, 1998; Poole, 1998; Clubb,
2002). For example, an animal’s natural social grouping, foraging strategy and
predation risk, along with species-typical behaviours such as nest-building and
territory defence, might all suggest motivations of particular importance in the wild,
which, if thwarted in captivity, might lead to stereotypy. In the case of bears whose
wild habits often involve considerable ranging and exploration primarily to locate
food, important motivations might centre around foraging and exploration, although
species and seasonal differences are likely to exist. An individual’s age and sex will
also dictate important motivations, for example their motivation to mate and to defend
a territory. Furthermore, past experience, particularly during the early rearing period,
can affect motivations experienced later in life, for example fear of humans or of
novel objects (Menzel et al., 1963; Hemsworth & Barnett, 1992).
Examining the properties of a stereotypy
Previous authors have emphasised the importance of analysing stereotypies in detail,
both to increase our fundamental knowledge of these behaviours, and also to gain
insights into their underlying motivations (Mason, 1993a & 1993b; Carlstead, 1998).
Properties of a stereotypy such as its form, location and timing, can help us
understand the behaviour’s causal basis because these properties do not arise at
random, but are connected to how and why the behaviour developed. Such properties
might accurately identify the motivation underlying a stereotypy or at least
motivations that are naturally important to the animal but are thwarted in captivity. In
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the latter case, by meeting these motivations, welfare is likely to be improved and the
real cause of the stereotypy might become clearer.
Form — Stereotypies sometimes physically resemble the behaviour that they
developed from. For example, food-restricted chickens repeatedly peck at floors
(Kostal et al., 1992; Savory & Mann, 1999) while pigs sham-chew or show redirected rooting behaviours (Rushen, 1984; Terlouw et al., 1991). The stereotypies of
black bears, sun bears and polar bears were found to be primarily locomotory in form
(Vickery & Mason, 2002; Vickery & Mason, 2003), suggesting that thwarted ranging
(perhaps associated with motivations such as escape, foraging or mate-seeking) might
underlie these behaviours (see Clubb & Vickery, in prep. for a discussion of the
motivations underlying pacing in carnivores). Although most stereotypies were
locomotory, comparison of Asiatic black bears and sun bears revealed the former to
exhibit more non-locomotory, non-oral stereotypies, while sun bears displayed a
higher frequency and wider diversity of oral forms, perhaps suggesting different
motivations to underlie some of the stereotypies of these two species (Vickery &
Mason, in press).
Location — Animals typically stereotype where they can detect something that they
crave such as food or escape (e.g. Mason, 1993a; Lyons et al., 1997; Nevison et al.,
1999) and/or away from feared or dangerous stimuli, such as humans or aggressive
cage-mates (e.g. Meyer-Holzapfel, 1968; Kolter & Zander, 1995). Therefore the
location in which stereotypy is performed could indicate the motivation underlying it.
The female polar bear (referred to previously) was found to stereotype as far away as
possible from her dominant male companion’s favoured resting area (Vickery &
Mason, 2002), while Asiatic black bears and sun bears paced most along cage lengths
from which they were first able to view the arrival of food (Vickery & Mason, in
press). Interestingly, although sun bears stereotyped in this location more than any
other location, Asiatic black bears were equally likely to stereotype along a cage
length adjoining a neighbour’s cage, perhaps suggesting social stimulation to be of
greater importance to this species.
Timing and eliciting circumstances — Plotting changes in the frequency of stereotypy
across the course of a day can help identify events that trigger these behaviours. Like
many carnivores, Asiatic black bears and sun bears displayed a peak in stereotypy
prior to their scheduled feeding time (Vickery & Mason, in press). Anecdotally, some
bears also began stereotyping when keepers came close to their cages or in response
to aggressive vocalisations from other bears. Similarly, the female polar bear’s
stereotypy was concentrated in the period before food arrival but was also often
prompted by confrontations with her dominating male cage-mate (Vickery & Mason,
2002).

However, care should be taken in interpreting data based on the timing of stereotypy
because certain husbandry practices (e.g. regularly scheduled feeding times) might
influence timing without necessarily underlying the behaviour (see Carlstead, 1998;
Clubb & Vickery in prep.), and any frustrating situation can potentially cause
increases in stereotypy. However, husbandry practices and circumstances that elicit
stereotypy do still indicate problems that need to be addressed, and often it might not
be possible to identify the real motivation behind a stereotypy without first dealing
with these ‘secondary’ problems. One further note of caution is that as stereotypies
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develop they may be elicited by an increasingly diverse range of stimuli and therefore
performed in a wider range of situations, a process termed ‘emancipation’ (Cooper &
Ödberg, 1991) and discussed further below. Therefore the timing of well-developed
stereotypies might not reflect their true underlying motivations.
Developmental history — Knowledge of how a stereotypy has developed, particularly
the context in which it first arose, might also help identify probable causes. For
example, Kolter and Zander (1995) reported that stereotypy first appeared in a polar
bear cub when it was frustrated at being able to see but not access food.
Seasonal changes — Seasonal changes in the properties of a stereotypy might reflect
seasonally changing motivations. For example in captivity, male polar bears often
exhibit a peak in stereotypy during their natural breeding season, a time when they are
motivated to search for mates (Ames, 1993; Kolter & Zander, 1995). Also, Carlstead
and Seidensticker (1991) identified changes in stereotypy form and timing that
reflected seasonally changing motivations in an American black bear.

The value of examining the properties of a stereotypy in detail is clearly shown by the
comparative study of Asiatic black bears and sun bears (Vickery, 2003; Vickery &
Mason, in press). Although in general the stereotypies of these two species appeared
analogous, for example the form of their movements was often the same, they did not
differ in overall frequency of stereotypy, and both species concentrated their
stereotypy in the pre-feed period, closer examination revealed clear species
differences. Sun bears were found to: 1) exhibit a higher frequency and wider
diversity of oral stereotypies; 2) display a significantly higher pre-feed stereotypy
peak; and 3) stereotype more exclusively in areas of the cage from which they could
view food arrival. Together these findings seem to suggest that there was something
about feeding, perhaps in the amount or type of food provided or in its schedule of
delivery, that was particularly unsuitable for the sun bears. This hypothesis was also
supported by later observations which revealed that sun bears consumed their daily
food allowance more quickly than Asiatic black bears and responded more quickly on
a food-rewarded operant task — both factors that suggest they were more
food-motivated (Vickery, 2003).
Section Two: Assessing How ‘Curable’ a Stereotypy is

The properties of a stereotypy not only reflect how the behaviour developed, but also
might indicate when, because stereotypies typically change during development in
predictable ways. Recognising how established the behaviour is in an animal’s
behavioural repertoire could be important in treating a stereotypy. For example,
several studies have reported more established stereotypies to be more difficult to
alleviate with environmental change (Sorensen, 1987, cited in Powell et al,. 2000;
Cooper et al., 1996; Vickery, 2003).
Age — The age of a stereotypy is a useful starting point for assessing its
establishment because in general the longer the behaviour has been performed the
further developed it can be expected to be. However, this is not to say that
stereotypies all develop at an equal rate, because development is influenced by
environmental and species factors, and also because some individuals seem to develop
stereotypies, and habits in general, more readily than others (e.g. Benus et al., 1990).
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Frequency — Stereotypies typically become more frequent (i.e. occupy an increasing
proportion of time) as they develop (e.g. Cronin & Wiepkema, 1984; Cooper &
Ödberg, 1991; Mason, 1993a). Therefore a stereotypy’s frequency might indicate its
stage of development, although comparisons are probably only valid within an
individual or between individuals with similar backgrounds. Across 29 Asiatic black
bears and sun bears, an individual’s age (ranging between 1.5 and 11 years) was
significantly correlated with its stereotypy frequency, such that older bears spent more
time stereotyping (Vickery & Mason, 2003; Vickery & Mason, in press).
Variability — The variability of a stereotypy (i.e. the inconsistency with which
movements are displayed on subsequent repetitions) has been shown to decrease with
age and/or stereotypy frequency (Mason, 1993a; Clubb, 2002). Therefore this
measure might be a reliable index of stereotypy establishment. Across 24 Asiatic
black bears and sun bears, individuals with more frequent stereotypies performed
them less variably, in that a significantly greater proportion of their total stereotypy
was categorised as ‘Invariant’ (a category comprising observations of stereotypy that
were morphologically identical over at least three repetitions (Vickery & Mason, in
press).
Timing (degree of emancipation) — Well-developed stereotypies may become
emancipated (i.e. uncoupled) from their original underlying cause and performed in a
wider range of situations. For example Cronin (1985) reported that the stereotypies of
tethered sows were initially performed in the period after feeding, but later they began
to encroach into the middle of the day when the sows had previously been inactive.
Several authors have also reported well-developed stereotypies to occur in the
absence of any clear stimulus, particularly at times of high arousal (Berkson & Saxon,
1963; Ödberg, 1978; Lukas, 1999). Therefore, plots of stereotypy frequency that bear
little relation to actual environmental influences or events, or stereotypies being
elicited by non-specific stimuli (e.g. loud noises) that previously did not trigger them,
or by a diverse array of stimuli, may indicate that the behaviour has become divorced
from its underlying motivation and is therefore well-established. Consistent with this,
Asiatic black bears and sun bears with more developed stereotypies (as indicated by
higher frequencies) performed these behaviours in more diverse situations. For
example, they were more likely to stereotype at night, and also bears with higher
stereotypy frequencies performed a greater proportion of their total stereotypy outside
of the pre-feed period, the most ‘usual’ time of stereotypy (Vickery & Mason, in
press).
Awareness of surroundings during stereotypy — During their development
stereotypies are thought to become more ‘internally controlled’ and therefore
increasingly difficult to interrupt with external stimuli because the animal pays less
attention to its environment (Fentress 1976 & 1977). In support of this, animals with
well-established stereotypies have sometimes been reported to be ‘not mentally alert’
or ‘trance-like’ while stereotyping (Cronin et al., 1984; Ormrod, 1992; Moon-Fanelli
& Dodman, 1998). It is also logical that stereotypies that are more difficult to
interrupt will be performed less variably and occupy more time. Therefore an
animal’s attentiveness during stereotypy, as assessed by the ease with which it can be
interrupted, is a potential method of assessing stereotypy establishment. For example,
the female polar bear’s stereotypy was easily interrupted by often minor disturbances
(e.g. a bird landing nearby) and she stopped stereotyping completely, rather than
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moving the behaviour elsewhere, when the area in which she stereotyped was sprayed
with water. She was also very attentive to her surroundings during stereotypy: she
paused during weaving significantly more often when a moving rather than a
stationary figure was within her visual field (Vickery & Mason, 2002).
Developmental history — Changes in stereotypy form might also tell us something
about the likely establishment of the behaviour. For example, over a period of several
years the primary stereotypy of the female polar bear fluctuated between pacing,
weaving and circular swimming, even though all were physically possible at all times
(data from Ames, 1993; Barry, 1999; Vickery & Mason, 2002). Different forms were
often displayed during the same observation period, suggesting that they did not
reflect seasonally changing motivations, but instead might indicate a degree of
flexibility in the behaviour. These observations suggest (on the basis of
developmental theories of stereotypy e.g. Fentress 1976 & 1977) the bear’s stereotypy
to be less established than might be the case if a single form was consistently
repeated.
Using This Approach to Understand and Treat Stereotypies
The examples outlined above suggest several properties of a stereotypy to be of value
in understanding the behaviour’s underlying motivation and also its stage of
development — both factors of importance in treating these behaviours. Using this
approach, hypotheses can be formulated on the cause of a stereotypy that can then be
tested experimentally and/or used to target husbandry changes and enrichment efforts
more effectively. Importantly, unlike enrichment studies, which typically increase
opportunities to perform particular behaviours and then look for changes in stereotypy
frequency, this approach is not limited to looking at what might be missing from an
animal’s environment. Instead it looks more generally at what influences stereotypy,
an important consideration given that factors such as unnatural feeding practices,
social conflict or fear of people might underlie some of these behaviours. This
approach also has the advantage of treating animals as individuals, which is important
since stereotypies arising from quite different origins may look very similar (Mason,
1993b) but are likely to require quite different treatments. Also, being able to
recognise a stereotypy’s stage of development is important not only in predicting how
the behaviour might change with a given treatment, but also in identifying individuals
likely to benefit most from enrichment efforts, at least in terms of stereotypy
reduction (although not necessarily in terms of welfare, see Mason & Latham, in
press).

Some care is necessary in interpreting the meanings of some properties however,
since in certain situations they could generate ‘red herrings’. For example, an animal
might be physically prevented from stereotyping in its preferred ‘purposeful’ location.
Also, developmental measures might not co-vary in the manner expected (Vickery,
2003). This therefore argues the case for examining as many properties as possible
and giving weight to those which draw the same conclusions, particularly since it is
not yet clear which properties might be the most meaningful.
Analysing stereotypies in such detail has further benefits. It could lead to new
methods of evaluating the efficacy of enrichments. For example, we might find that
stereotypies become more variable in their performance before they become less
frequent, which would offer a finer measure of their effectiveness. Furthermore,
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gathering detailed data on stereotypies will increase our fundamental knowledge of
these behaviours and bring us closer to understanding them more in a more general
sense.
Despite the knowledge we can gain from this approach, few studies to date have
considered properties of a stereotypy other than its frequency (see Vickery & Mason,
in press), and many attempts to reduce stereotypy involve no quantification of the
behaviour at all (e.g. Ford, 1994; Underwood, 1996). Yet if we take the trouble to
look, stereotypies can offer important clues that can be used to our advantage when
trying to alleviate these behaviours. Also, examining their properties is relatively
straightforward and need not require much more effort than measuring frequency
alone. For example, when sampling behaviour an extra code can be used to denote the
animal’s location within the enclosure, and basic frequency data can be used to
examine the timing of stereotypy and its degree of emancipation, as long as data are
collected over a sufficiently extensive period of the day. Stereotypy variability can
also be quantified relatively easily, for example by categorising each observation of
stereotypy on the basis of how consistent its movements are between repetitions and
then calculating the proportion of all stereotypies comprising a particular
classification (cf. Mason, 1993a; Vickery, 2003), or by looking at variability in the
time or number of steps taken to complete a full cycle (cf. Carlstead & de Jonge,
unpublished, cited in Mason, 1993a; Wechsler, 1991).
Conclusion
Evidence presented here suggests that, combined with recognition of motivations
likely to be of importance to a particular animal, examining the properties of a
stereotypy can increase our understanding of why the behaviour has arisen and how
established it has become. This knowledge is important in treating stereotypies
because it enables us to identify husbandry changes and enrichments that have the
best chance of tackling these behaviours, and can help predict how readily an
individual’s stereotypy might be reduced. Future studies that aim to alleviate
stereotypy would benefit from quantifying a greater range of the behaviour’s
properties.
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Abstract
Snow leopards have been bred in captivity for a long time in a number of zoos. They
are an endangered species and captive breeding is a valuable resource to sustain
their population, although their reintroduction is fraught with difficulties. The
understanding of their behaviour in captivity is an important component of their
captive breeding and husbandry. For this reason we have undertaken this study to
compare two males held in different conditions, and investigate their behaviour. The
aim of this project was to compare the behaviour of two male snow leopards held in
the same zoo under different conditions in order to highlight any stereotypic
behaviour, and understand how they use their enclosures.
The subjects of this study were two male specimens held at Marwell Zoological Park;
Kiril, who is part of a family group (female and male juvenile) and Omega, who is
held alone in a neighbouring enclosure. The study was carried out over a three-week
period, and behavioural observations were conducted for 80-hours with focal
sampling in order to compare typical male behaviours (mark scenting and patrolling),
and detect the presence of stereotypic behaviours, which are thought to a sign of
stress. At the same time fresh faeces were collected from both animals in order to
evaluate the presence of 11,17 – dioxoandrostane (a faecal cortisol metabolite) with
an EIA kit (Prof. Moestl, Wien University) as an alternative method to evaluate stress.
In Omega’s faeces, 11,17 – dioxoandrostane levels were 67 ± 2,4 ng/g (mean ± SEM),
significantly higher (p<0,02) then in Kiril’s (41 ± 2,6 ng/g). The behavioural study
revealed that Omega scent marked and patrolled his enclosure significantly less
(p<0,05) then Kiril, and he also showed stereotyped behavioural patterns that were
not observed in Kiril.
Our data reveals a positive relation between the two stress evaluation methods; the
physiological (cortisol metabolites in faeces) and behavioural. It appears clear that
the male Omega showed stressful behaviours which may be reduced by an enrichment
programme.
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The effect of an enriched environment on behavioural and hormonal indicators
of welfare in orang-utans at Chester Zoo
Eleanor Condon & Stephanie Wehnelt
Chester Zoo, North of England Zoological Society, Caughall Road, Upton, Chester
CH2 1LH, England
Abstract
Continuing research into the behavioural needs and social dynamics of primates has
lead to significant changes in the way they are managed in zoos. Changes in
husbandry designed to improve welfare should be scientifically evaluated to
determine the true effect. In order to get a more comprehensive picture of the welfare
status of an animal, modern zoo studies now combine behavioural observations with
endocrinological measurements of stress. To date no reliable behavioural indicators
of welfare have been identified for orang-utans. Potential stressors such as high
visitor numbers or barren environments can be used to identify any behavioural
welfare indicators. Blood cortisol levels can be used as an indicator of stress. Novel,
non-invasive extraction methods using saliva, urine and faecal samples allow
measurement of cortisol levels without the ethical problems associated with taking
blood samples. A long-term study of the orang-utans at Chester Zoo is currently
underway using potential hormonal and behavioural indicators of welfare.
Introduction
Orang-utans are classified by the IUCN as endangered and in the near future they face
a very high risk of extinction in the wild (IUCN, 2002). Zoo-based populations of
orang-utans, which contribute to international breeding programs, are therefore vitally
important. Research into the behavioural needs and social dynamics of this species
can help to identify necessary changes in the way orang-utans are managed in zoos
and consequently improve their breeding success. Changes in husbandry that are
designed to improve zoo animal welfare should be scientifically evaluated to
determine the true effect. A long-term study of the welfare of the orang-utans at
Chester Zoo is currently underway, co-ordinated by the Research Officer. In order to
get a comprehensive picture of the welfare status of the orang-utans, this study
combines behavioural observations with measurements of stress hormones. To date,
no reliable behavioural indicators of welfare have been established for orang-utans.
The study uses existing stressors, such as high visitor numbers, and a comparison of
an enriched versus a traditional environment to identify any behavioural welfare
indicators. This paper introduces the methods used in the long-term welfare
assessment and focuses on a one-year study of the effects of an intensive
environmental enrichment programme. The study is still in progress and results will
be presented in the near future. The effect of visitor numbers on the behaviour of
Chester Zoo’s orang-utans is the subject of a paper by Jones & Wehnelt (this volume).
Subjects and housing
Study subjects are ten orang-utans housed at Chester Zoo. Five (one male, four
females) are Bornean orang-utans Pongo pygmaeus pygmaeus and five (two males,
three females) are Sumatran orang-utans Pongo pygmaeus abelii. The individuals are
housed in social groups that are similar to associations found in wild orang-utans and
the individual temperaments and preferences of the orang-utans are also considered
(Yarwood, 2000). In the Borneo group, the oldest female is housed with her two
daughters, one is an adult and the other one is a sub-adult. Another adult female, who
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receives contraception, is housed together with a related sub-adult male. The
Sumatrans are housed as a family group, two sisters together with their infants plus
the adult male who is father of both offspring.
Chester Zoo’s ‘Ape House’ was built in 1969 and was originally designed for both
orang-utans and gorillas (Yarwood, 2000). The old fashioned design of the building
provides good visibility for the public but does not meet the contemporary criteria for
a high-standard orang-utan exhibit. A new exhibit ‘Realm of the Red Ape’ is currently
in the planning stage and will offer a species-appropriate, complex and stimulating
environment.
Behavioural indicators of welfare
The orang-utans at Chester Zoo do not display obvious abnormal behaviours.
However, previous studies suggested that the adults spend a considerable amount of
time inactive (Birke, 2002). In general, orang-utans rarely display indications of
stress, which are often found in other primates, such as stereotypies or self-injuring
behaviours. For zoos to quickly assess the welfare status of orang-utans, other aspects
of behaviour must therefore be found which may be used as indicators of welfare.
Aspects of reproduction and mortality are established welfare indicators but in longlived, slow breeding species like orang-utans these are very slow processes and more
importantly do not allow a prompt assessment of an individual's current situation.

A number of zoo studies have shown that large visitor numbers can be stressful for
primates (e.g. Chamove et al., 1988; Hediger, 1970; Mitchell et al, 1991; Hosey,
2000). Therefore, high visitor numbers and noisy groups can be seen as external
stressors that can be used to establish welfare indicators. In addition, a barren
environment can cause stress-related behaviours, such as stereotypies, which can be
reduced by adding stimuli that are biologically relevant to the particular species
(Carlstead et al., 1993; Bloomsmith & Lambeth, 1995; Baker, 1997). We therefore
assume that an enriched environment can reduce stress levels and stress responses.
This study investigates if an intensive environmental enrichment programme produces
any significant changes in behaviour. Other possible indicators are behaviours that are
expressed at significantly different frequencies in zoos compared to the wild, for
example foraging frequencies and locomotion types.
Previous studies at Chester Zoo have identified a number of possible direct and
indirect behavioural welfare indicators (see Jones & Wehnelt, this volume). Extreme
inactivity and reduced locomotion can be directly related to compromised well-being
(Tripp, 1985) and may lead to obesity and other serious health problems. On the other
hand, behaviours such as sack use or prolonged staring at visitors are not inherently
negative. A strong increase in these behaviours in the presence of large noisy visitor
groups suggests however, that they might indicate a stressful situation caused by
visitors.
Such behaviours can only be used as welfare indicators if they are linked to raised
cortisol levels or other direct behavioural indicators such as stereotypies (Table 1).
The aim of the long-term study is to collect more data to investigate if any behaviours
can be used as reliable indicators of reduced welfare for orang-utans.
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Table 1.

Possible behavioural indicators of welfare for orang-utans.

Potential Behavioural Indicators of Compromised Welfare
High levels of
inactivity

Activity in zoo orang-utans is greatly decreased. In the presence of high visitor
numbers time spent in mobile activities including locomotion and climbing
decreased and the time spent sitting immobile increased (Birke, 2002)

Reduced
foraging

Adult orang-utans in the wild spend from 45-60% of their daily activity foraging
(Galdikas, 1988). At Chester Zoo, Birke (2002) found less than 10% of time was
spent foraging in the absence of browse

Reduced
locomotion

In the wild, orang-utans use at least five different types of locomotion including
quadrupedal walking, brachiation, bridging etc. In zoos, locomotion is greatly
reduced and bipedal locomotion is most prevalent in zoo orang-utans although
rare in the wild (Kahn, 2001). A study of orang-utans at four zoos in the UK
(including Chester Zoo) found any form of locomotion occurs significantly less
compared to studies in the wild (Khan, 2001)

Reduced play

It is expected that animals in compromised welfare conditions play less. Birke
(2000) found a decrease in social play in the presence of noisy visitor groups at
Chester Zoo

Use of sacks to
cover the head
and/or body

Long-standing anecdotal information suggests that sack use might be connected
to avoiding visitor contact, but no long-term study has shown this conclusively.
The amount of sack use would be a clear and easy to measure indicator but
preliminary results suggest that sack material is used for a variety of purposes:
play, weather protection, warming material etc., which makes it difficult to
interpret its purpose (Birke, 2002; Jones, 2003).

Prolonged
staring at
visitors
Increase in
juvenile
approaches to
mother

Both infants and adults have been found to spend more time sitting and looking
directly at the public during noisy periods (Birke, 2002).
The arrival of visitors caused infants to approach their mothers more often and
hold onto them for longer (Birke, 2002) than in the absence of visitors. A
relatively high infant mortality is known for orang-utans in zoos and any
disturbance of juveniles should be avoided. An infant approaching its mother is a
natural part of their behaviour, only an excessive number of approaches linked to
a stressor can be considered as compromising welfare.

Hormonal indicators of welfare
Novel, non-invasive extraction methods using saliva, urine and faeces samples allow
measurement of stress hormone levels without the ethical problems associated with
taking blood samples. In response to stressful stimuli, the hormone cortisol is released
from the adrenal cortex directly into the blood. The level of plasma cortisol can
therefore be used as an indicator of stress. However, the relationship between stress
and cortisol levels is not simple. Exposure to a known stressor can produce an
increase, a decrease or no change in cortisol levels (Smith, 1999). It is not yet known
what represents a ‘normal’ level of stress in either wild or zoo housed orang-utans.
This situation is further complicated by individual differences in stress levels and the
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fact that levels of stress hormone are often subject to biological rhythms and may vary
depending on reproductive status, age, time of year etc. (Sapolski, 1990; Smith,
1999).
When assessing welfare, it is important to distinguish between acute stress, which is
not inherently negative, and chronic stress, which can have serious ill-health effects.
Moderate acute stress can potentially be enriching but strong acute stress, or any form
of long-term chronic stress, is to be avoided in a restricted environment where animals
can not avoid the stressors. Unfortunately, it is not yet known how a chronic stress
response is represented by cortisol levels in orang-utans. In humans, long-term high
levels of cortisol have been found to down-regulate the stress response in some
individuals so that cortisol levels actually fall after prolonged exposure to a stressor
(Sapolski, 1997). By linking cortisol levels to behavioural observations, the accuracy
of both methods will be improved and will allow the physiological state of each
orang-utan to be assessed in relation to environmental variables.
Enrichment
At Chester Zoo, environmental enrichment for the orang-utans is limited by the
traditional structure of the enclosure. Prior to the start of the study, hessian sacks were
provided regularly but browse and other types of enrichment were only provided
opportunistically. A list of appropriate enrichment was produced in conjunction with
the keepers. Enrichment needed to be suitable for the type of enclosure, quick and
easy for keepers to construct and safe for both orang-utans and visitors. A month-long
timetable was produced providing a different enrichment method every day. Months
using the enrichment timetable were alternated with months using the traditional
husbandry regime. When complete, the study will include four months of baseline
data and four months using the daily enrichment timetable. It is assumed that a
constantly enriched environment will improve the welfare of the orang-utans in
comparison to an un-enriched environment. Therefore, any behaviours that change in
frequency during months with the enrichment timetable might serve as indicators of
improved welfare.

A number of studies have demonstrated that providing enrichment decreases cortisol
levels compared with baseline, un-enriched conditions (Carlstead & Shepherdson,
2000). However, the majority of previous studies have found that the addition of
enrichment does not alter baseline levels of cortisol but does cause a lowered cortisol
response to other, acutely stressful situations (Carlstead & Shepherdson, 2000). This
suggests that enrichment may help the orang-utans to cope with any acute stressors,
for example high visitor numbers.
Methods
Behavioural observations were carried out from 09.00h – 16.00h when the orangutans were in their daytime enclosures. Observations were not possible in the night
quarters. Each individual in turn was the subject of a 15-minute focal observation
during which the behaviour was recorded by instantaneous sampling every 30seconds. A scan sample of all individuals was completed at the start of the
observation day and after every 15-minute focal observation. A count of the total
number of visitors at the inside and outside enclosures was completed prior to each
scan and the temperature and weather were noted during each focal observation. The
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type of enrichment present each day (if any) was also noted along with the time it was
added to the enclosure.
Observation days were carried out at least twice per week and were followed by
collection of saliva, urine and faeces samples between 08.00h and 08.30h the next
morning. Saliva was collected by the keepers by offering the orang-utans dental rolls
that had been dipped in blackcurrant cordial and left to dry in a fridge. The orangutans chewed the dental rolls, then returned them to the keepers in exchange for a
small food reward. The rolls were transferred with minimal handling to labelled
sample pots and were immediately frozen. It has not yet been possible to collect saliva
samples from the two four year old Sumatran youngsters who will take the rolls and
chew but have not yet learned to return them to the keepers. Urine and faecal samples
were collected when available from the night quarters once the orang-utans had been
transferred to their daytime enclosure. With the exception of the three mothers and
offspring, the individuals are housed separately at night allowing positive
identification of urine and faecal samples.
Analysis
Samples are sent to University College Chester for analyses. A cortisol ELISA
(enzyme-linked immunosorbent assay) that has been validated for use with saliva,
urine and faeces from orang-utans is used to measure the level of cortisol in each
sample. The cortisol level in each sample can be linked to the appropriate behavioural
observations, carried out the previous day.
Validation of the sample method
Orang-utans have been found to exhibit a circadian pattern of cortisol release that is
normal for diurnal primates (Elder & Menzel, 2001). This includes a peak of cortisol
in the early morning followed by a decline in cortisol levels during the day. At several
points during the study, the keepers have been able to collect saliva samples from the
orang-utans at two-hour intervals throughout the day to establish if there is any
diurnal variation in cortisol levels. The results are promising but the time period for
which it is possible to collect saliva does not cover the full daily spectrum.
Unfortunately it is not possible to collect samples earlier in the morning as the orangutans are not used to their keepers being present until after 8.00am. To collect samples
earlier would be likely to cause the animals stress and influence the results. We are
now looking for a biological evaluation of the method by collecting samples on days
when obvious stressful situations occurred (e.g. offspring weaned and separated from
mother) and comparing cortisol levels to days without any unusual events.
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Abstract
The fossa (Cryptoprocta ferox) is an endangered carnivore found on Madagascar
with a highly unusual mating system described as a cross between lekking and
scramble competition polygyny (Piertney et al., 2000). A small captive population
exists, allowing research into its underlying reproductive physiology. We have used
non-invasive hormone analysis to investigate hormonal change longitudinally with
little or no disturbance to the study animal. In this pilot study we provide proof of
principle that non-invasive faecal hormone analysis, using an enzyme-linked
immunosorbent assay (ELISA) can describe hormonal changes in fossa, and that
observed behavioural change is linked to hormonal change. A preliminary finding
suggests that induced and spontaneous ovulation can occur in fossa under different
management regimes. A more extensive study is currently in progress and the findings
will be used to improve the husbandry of captive fossa.
Introduction
Reproductive sciences have a fundamental role to play in the conservation of
endangered species, however, research is often restricted to the study of behaviour.
Yet, when combined with physiology, the validity of behavioural observations may be
strengthened (Wildt et al., 2001). The technique of assaying hormones in urine and
faeces has a number of important benefits over previous techniques. For example,
blood sampling for the analysis of circulating hormones generally involved the
anaesthesia of the study animal and posed inherent risk to the animal and sometimes
to the zoo personnel restraining them. It has also been shown that the anaesthetic
drugs used can disrupt the circulating hormones of interest (Wildt et al., 2001). By
analysing reproductive hormones in faeces or urine, which can be collected very
easily during normal cleaning procedures, there is no risk to animal or staff, the study
animal behaviour is not affected and longitudinal data can be collected.

The fossa (Cryptoprocta ferox) is the largest terrestrial carnivore found on the Indian
Ocean island of Madagascar. Its taxonomy has been revised on numerous occasions,
and remains contentious (Yoder et al., 2003). However, general consensus has been
that fossa are Viverrids that display felid-like features as a result of convergent
evolution (Kitchener, 1999). Fossa are classed as ‘Endangered in the Wild’, with only
an estimated 2500 surviving in the fragmented forests of the island (IUCN, 2002). A
small captive population of 86 individuals is housed at 26 zoos worldwide, with the
bulk of this number being maintained in European institutions (Winkler, 2002). They
are unusual, displaying traits, both anatomical and behavioural, unknown in any other
mammalian species studied to date (Hawkins, 1998), including transient
masculinisation of the genitalia in juvenile females (Hawkins et al., 2002) and a
mating system described as ‘combining features of scramble competition polygyny
and lekking’ (Piertney et al., 2000).
These unusual aspects of reproductive anatomy and behaviour piqued our interest in
examining further their reproductive physiology. Our objective here is to present the
results of a pilot study on the potential use of an enzyme-linked immunosorbent assay
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(ELISA) for the measurement of faecal progesterones in captive fossa and to link
measured physiological change to observed behavioural change.
Materials and Methods
Subjects
The subjects were two adult females called ‘Kia’ and ‘Fossa’ housed at two zoos in
the UK, Suffolk Wildlife Park and Colchester Zoo respectively. During the period of
this study (2001 –2002) ‘Kia’ became pregnant and gave birth to three young in 2001.
She had previously given birth to eleven young from 1997 –1999. ‘Fossa’ had given
birth to one offspring in 1999.
Sample collection
At both zoos faecal samples were collected during routine morning cleaning
procedures on a daily basis whenever possible. In the northern hemisphere, fossa
come into breeding condition between March and May. Births are usually observed in
June. At Suffolk Wildlife Park, faecal samples were collected from 15/3/2001 to
25/6/2001 and from 14/3/2002 to 6/6/2002. In total 64 samples were collected. At
Colchester Zoo, samples were collected from the 10/4/2001 to 31/5/2001 and from the
1/1/2002 to 4/6/2002. 130 samples were collected in total. All samples collected were
placed in plastic sample bags and labelled with date and identity of fossa. They were
then frozen at -20°C on the same day as collection.
Faecal sample extraction and analysis by enzyme immunoassay
All samples were moved frozen to the ZSL Institute of Zoology in London, for
analysis. The samples were thawed and dried overnight in an oven at 65°C, then
crushed and sieved to remove large particulate matter.

The steroid hormones present in the faecal samples were extracted by using a one-step
methanol extraction procedure wherein 0.1g of dried and crushed faecal sample was
placed in a glass test tube and 100µl dH20 and 900µl Methanol were then added.
Samples were vortexed for ten minutes, and centrifuged at +4°C, 2400rpm for 20minutes. The supernatant was removed for analysis. For our purpose, the supernatant
was diluted, with Tris buffer (0.02M, pH 7.5), 1:300 or 1:600 for non-pregnant
animals and 1:6000 for pregnant animals.
Progesterone metabolite concentrations in the faecal samples were determined using a
competitive immunosorbent assay technique. Briefly the assays were performed in
microtitre plates with a non-specific coating antibody of goat-anti-mouse
immunoglobulin G (Sigma M8890, Sigma Chemical Co., Poole, Dorset, UK). The
standard curve was prepared with progesterone standard (Sigma P0130, Sigma
Chemical Co., Poole, Dorset, UK) kept at a 20ng/ml concentration in 200µl aliquots.
Standards with concentrations between 5ng/ml and 0.078ng/ml were prepared fresh
for each assay from the 20ng/ml working stock. Aliquots of faecal extract were
diluted as described above and 50µl duplicates of each sample were analysed.
The progesterone metabolites in the samples competed for binding to a monoclonal
progesterone antibody (Quidel clone #425, 1:200,000; final purification by C. Munro,
Davis, CA) with biotinylated 20α-hydroxyprogesterone (EL57, Dr. Eric Mostl,
Vienna, Austria). After incubation with Streptavidin-Horseradish Peroxidase (Sigma
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S5512, Sigma Chemical Co., Poole, Dorset, UK), the oxidation of o-phenyline
diamine (Sigma S8412, Sigma Chemical Co., Poole, Dorset, UK) was measured as a
colourmetric endpoint. Optical densities were read on an automatic plate reader using
SOFTMAX Pro. software. In this pilot study the metabolites of progesterone excreted
were not identified.
Statistical analyses
Longitudinal progestagen profiles are presented graphically with annotations
describing behavioural events. Elevations in progestagens were assessed visually
from the graphs and first visually significant increases in progesterone metabolites
were presumed to be pregnancy in the case of ‘Kia’ in 2001 and the onset of luteal
phase in ‘Fossa’ in 2001/2002. The Mann-Whitney U test was used to assess changes
in progesterone metabolite levels within and out with pregnancy in ‘Kia’ in 2001 and
between peri-ovulatory phase and luteal phase in ‘Fossa’ in 2001/2002.
Results
Validation of assay system in application to the fossa
This assay system was validated in the fossa by two different validation techniques;
parallelism and recovery. For parallelism, serial dilutions of four samples, two from
early pregnancy and two from mid-late pregnancy for ‘Kia’ were used. Two samples
from early pregnancy were subject to a serial dilution of 1:10 to 1:1280. The
remaining two samples from mid-late pregnancy were subject to a serial dilution of
1:1000 to 1:12000. Percentage binding data were then generated from the
progesterone standard curve and plotted against the logarithmically transformed doses
on the x-axis. Data from the serially diluted samples were then plotted in the same
way and the results examined for parallelism by analysis of covariance. The four
extracted samples gave displacement curves parallel to that of the standard (p =
0.11885, p = 0.41036, p = 0.77549 and p = 0.54322).

In the recovery procedure known quantities of standard progesterone were added to
the four extracted samples as above and then measured and compared to untreated
equivalents. The mean recovery of exogenous progesterone for the samples was
131.8% ± 22.6 (n = 3) for early pregnancy and 115.7% ± 7.2 (n = 4) for late
pregnancy.
Measurement of progesterone metabolites longitudinally in the fossa
Five different plates were run to achieve results for both years for both animals.
Interassay coefficients of variation (CV) for high (1.25ng/ml) and low (0.4ng/ml)
quality control samples were 12.5% and 49.88% respectively across the five plates.
All samples collected from ‘Kia’ were analysed on two plates. The interassay CV for
these samples was 16.235% (QC high) and 22.305% (QC low) respectively. Three
plates were used to produce progestagen profiles for ‘Fossa’ and interassay CVs for
QC high and QC low were 7.469% and 6.891% respectively.

Composite standard curves were produced from the three plates that produced the
‘Fossa’ results and two plates that produced the ‘Kia’ results used in this study. The
sensitivity of the assay was 0.08 ng/ml at 80% B/B0 for ‘Fossa’. The sensitivity of the
assay was 0.22 ng/ml at 80% B/B0 for ‘Kia’. Figure 1 shows the progestagen profile
for ‘Kia’ in 2001. Full and prolonged mating (< 1hr in duration) was observed by the
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lead author on the 17th, 18th, 19th, 20th, 21st, 22nd, and 23rd of April. An increase in
progesterone metabolites was noted two days after the initial mating had taken place.
Parturition occurred on the 12th June and three young were produced (1.2). Gestation
was estimated at 56 days and this concurs with previously published estimates
(Hornsey, 2000). Mean progesterone metabolite levels outside pregnancy (periovulatory and post-partum) were 24,169 ng/g (± 12,409 ng/g), and during pregnancy
114,891 ng/g (± 51,496 ng/g) (U = 2, p<0.0001, Mann-Whitney U test). In 2002 the
female was housed alone and not in the vicinity of a male, the elderly breeding male
having been euthanased the previous September. Mean progestagen levels were
25,378 ng/g (±17,371 ng/g) (Figure 2) and no significant increase in progesterone
metabolites was noted.
Figure 3 illustrates the progesterone metabolite profile of ‘Fossa’ in 2001 and Figure
4 in 2002. In both graphs a very similar change in progestagens is observed. This
female was housed adjacent, but with no access, to a male in both the 2001 and 2002
seasons. They had previously produced an infant in 1999. In both 2001 and 2002,
increases in progesterone metabolites were noted in mid-April and early May, over a
15 to -18 day period. In 2001, mean progestagen concentrations rose from 7058 ng/g
(±4260 ng/g) in the peri-ovulatory phase to 67,140 ng/g (±75,259 ng/g) during luteal
phase (U = 14, p<0.0001, Mann-Whitney U test) and in 2002 from 7974 ng/g (±6719
ng/g) in the peri-ovulatory phase to 68,880 ng/g (±43,122 ng/g) during luteal phase (U
= 3, p<0.0001, Mann-Whitney U test).
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Figure 1.

Progesterone metabolite profile for ‘Kia’ 2001, Suffolk Wildlife Park.
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Figure 2.

Progesterone metabolite profile for ‘Kia’ 2002, Suffolk Wildlife Park.
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Progesterone metabolite profile for ‘Fossa’ 2001.
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Figure 4.

Progesterone metabolite profile for ‘Fossa’ 2002, Colchester Zoo.

The keeping staff noted an increase in scent marking behaviours from the 28th April
2001, which lasted several days. A reduced appetite was also noted and did not return
to ‘normal’ levels until mid-May. Similar behavioural changes were noted in 2002
with an increase in scent marking noted from 12th April onwards. From the 16th to 20th
of April 2002 the female did not eat at all and her reduced appetite continued until late
April or early May.
Discussion
This study demonstrates in principle that the technique of non-invasive faecal
hormone analysis by enzyme immunoassay can be used to investigate longitudinal
change in gonadal hormones in the fossa. In the Carnivora, non-invasive steroid
monitoring has been used in felids (Brown & Wildt, 1997, Graham et al., 1995),
canids (Gross & Rodden, 1991; Wasser, 1995; Walker et al., 2002), ursids
(McGeehan et al., 2002) and herpestids (Creel et al., 1992), but not before in
viverrids. The reproductive anatomy of the fossa male, in particular the large
spinescent penis and presence of a baculum, and the prolonged copulations and brief
mating season observed in wild fossa, are suggestive of induced ovulation. However,
our results were equivocal. In 2002, at Suffolk Wildlife Park, the reproductively
active female was housed alone, and the park held no adult male. Her progestagen
profile suggests that she did not come into breeding condition and no increases in
scent marking or any other behaviour associated with oestrus were noted. These
observations concur with the anatomical and behavioural suggestions that induced
ovulation is the norm for fossa. In contrast, at Colchester Zoo the adult female, who
was housed in isolation, but in close proximity to the adult male (< 1 m) exhibited
increases in progesterone metabolites, suggestive of luteal phase changes, in both
2001 and 2002. It would appear that under certain management conditions in
captivity, fossa females in close proximity to males, can spontaneously ovulate. This
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has also been noted in Margay (Leopardus wiedii) in captivity, but not in ocelots
(Leopardus pardalis) or tigrinas (Leopardus tigrinus) (Moreira et al., 2001).
In both animals, changes in behaviour could be directly associated with alterations in
their physiology. This observation may prove to be a useful management tool for
understanding reproductive condition and making management decisions as to when
animals are introduced to each other. Collection of faecal samples is ongoing at five
zoos in Europe from 14 animals, including both sexes, and will form the basis of a
larger study in which longitudinal progesterone, oestrogen and testosterone metabolite
profiles will be examined. We hope that physiological change in both males and
females will be linked to their behaviour, and that timing and type of ovulation in this
species will be more fully understood.
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The welfare of zoo elephants in Europe: mortality, morbidity and reproduction
Ros Clubb & Georgia Mason
University of Oxford, Department of Zoology, Oxford OX1 3PS, UK
Introduction
In 2001, the RSPCA commissioned us, as independent researchers with no
preconceptions about elephant keeping, to review the welfare of elephants held in
European zoos. The Zoo Federation were initially partners in this project but later
withdrew their support. The project had two primary achievable aims: 1) to identify
the welfare problems associated with keeping elephants in captivity; and 2) to make
ethically-based recommendations for improving their welfare. The study was
restricted to Europe, which holds over half of the world’s zoo population, because
including zoos in the US and other countries was beyond the scope of the project. The
output of this work was the scientific report “A Review of Zoo Elephant Welfare in
European Zoos”, published in 2002. In this paper we summarise some of the main
findings of this report, specifically those relating to the mortality and reproduction of
zoo elephants.
Methods
Most of the data discussed here were extracted from the 1999 Asian (Dorresteyn &
Belterman, 1999) and 2001 African elephant (Terkel, 1999) European Endangered
Species Program (EEP) studbooks. These cover the periods 1896 to 1st January 1999
and 1960 to 9th September 2001, respectively, although analyses were limited to data
collected from 1960 onwards. We also discuss some additional preliminary analyses
conducted since the publication of the report, including some using data from more
recent years, wherever possible and relevant. As well as studbook records, we also
used a database collated by other researchers (Hutter et al., 2000) and the published
literature.

This yielded data on several biological variables, which we used to investigate
elephant welfare in zoos. These included life span, mortality, cause of death, breeding
rate, maternal care and infanticide. Estimates of life span were calculated from ages at
birth and death from the studbooks. Mortality rates (age-specific mortality) were
calculated using standard life-table techniques using the same age at death data
(Caughley, 1977). Breeding rates were calculated using the number and dates of zoo
births from the studbooks, and trends over time were tested using Pearson’s
correlation coefficients.
In order to have some frame of reference with which to compare our results, we also
gathered data for elephants held in different captive conditions (i.e. timber camps) and
from wild populations. Timber camps differ in several respects from zoos. Most
notably, when the elephants are not working they are maintained in very large, mixed
sex groups and are allowed to roam (hobbled) and browse in the forest, where females
often mate with wild males (Kurt, 1995). Timber camp mortality data were taken
from Mar (2001), which consists of studbook records of over 9600 Asian elephants
held in over 200 Burmese camps, and from published reports on one Asian (Sukumar
1989) and three African wild populations (Laws, 1969; Jachmann, 1986; Whitehouse
& HallMartin, 2000). Data on other variables for wild and timber elephants (e.g.
breeding rates) were taken from various published sources. Mortality rates of zoo
elephants were statistically compared with data from these other populations using
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Chi-squared tests for specific age classes. Other statistical tests are highlighted in the
text. All statistics were carried out using Minitab version 13.
Results
Origin of the zoo population
The studbook data used in our report covered a total of 534 Asian elephants and 242
African elephants, living and dead. Looking at the source of living elephants we
found that only a small proportion had been born in zoos (19.4% of Asians, 14.7% of
Africans) while most had been caught and imported from the wild (59.7% of Asians,
83.3% of Africans). It was assumed that the additional 21% of Asian elephants had
been imported from timber camps, as they were listed as having been born, rather than
captured, in an Asian country and no zoo name was stated.
Captive breeding success
Looking at the total number of Asian elephant births recorded in European zoos over
the years (, solid line) it can be seen that between 1960 and 1999, during which 121
calves were born, there has been a significant increase (r = 0.608, n = 39, p < 0.001).
However, if we look at the number of captive females of breeding age (over ten years
of age according to Wiese (2000), although breeding can take place earlier) at each
year, compared to how many calves were produced, there has actually been a
significant decrease over time (r = -0.375, n = 39, p < 0.05). These figures do include
females that would be considered past reproductive age by zoos (over 35-years of age
according to Wiese (2000)), an issue that will be discussed later, and so figures were
recalculated to exclude females over 35 years. This recalculation shows that there has
not been a significant decrease, but also no significant increase in the number of zoo
births per female over this period (r = -0.248, n = 39, p > 0.05, , dotted line). Of
course these data cover quite a number of years, and arguably do not account for the
numerous putative improvements in husbandry that have occurred during this time.
So, restricting data to 1980 onwards (around the time when the EEP was formed)
shows that there has indeed been a significant increase in the number of births per
female of breeding age (10-35 years) in Asian elephants (r = 0.607, n = 20, p =
0.005).

A similar result was found for African elephants. The total number of zoo births has
shown a significant rise from the first recorded captive birth in 1974 to 1999 (r =
0.626, n = 26, p = 0.001), but there has been no significant change in the number of
captive births per female aged between 10 and 35 years of age (r = -0.135, n = 26, p >
0.05). If we look at data from 1980 onwards, however, we find that there has been a
significant increase (r = 0.494, n = 20, p < 0.05). Notably, though, no African captive
births occurred between 1980 and 1984, and looking from 1984 reveals no such
increase (r = 0.226, n = 16, p > 0.05).
Thus, captive breeding rates do appear to have improved significantly in the past 20
years, at least in Asian elephants. This is not to say, however, that zoo elephants are
breeding well. Looking at the last century, Asian females produced an average of one
birth per 42 females annually (one per 34 females excluding ‘post-reproductive’
females), while zoo Africans produced one birth per 59 females annually (one per 56
females excluding ‘post-reproductive’ females). This is around ten times slower than
rates reported in the wild or in timber camps (which range from one birth to every
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12.5 females a year to one birth to every 2.8 females per year). Thus, the median zoo
female produced just one calf in her lifetime, compared to six in wild elephants
(Laws, 1969; Sukumar, 1989).
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The number of births of Asian elephants in European zoos between 1960 and
1999. Data are presented as the total number of captive births (left-hand y-axis,
solid line) and the annual number of captive births per female of breeding age,
according to zoos (i.e. between ten to 35 years of age) (right-hand y-axis, dotted
line). It can be seen that although the number of captive births has increased
significantly over the years in Asian elephants, there has actually been no change
in the number of calves per female. Since 1980, however, there has been a
significant increase in the number of births per female of breeding age.

One reason for this low breeding rate is that only a small proportion of females are
actively reproducing: all zoo-born calves to date having been produced by just 21% of
the Asian and 20% of the African female population that have reached breeding age.
As a point of reference, around 95-96% of post-pubertal females in the wild have
produced at least one calf (Sukumar, 1989; Whitehouse & HallMartin, 2000), and 50
to 100% of timber camp females (Kurt, 1995; Taylor & Poole, 1998). The obvious
explanation for these figures is that females are often simply not given the opportunity
to breed (e.g. Schulte, 2000): there are relatively few males in the population and
most do not gain access to females (Brown, 2000; Dorresteyn & Terkel, 2000). This is
obviously a contributory factor, but even those that are mixed show very low breeding
rates. For instance, Taylor and Poole (1998) found that out of a sample of 20
European and North American zoos keeping both males and females, only 10% of
females produced a calf every six to seven years, and 50% produced a calf every 17 to
25 years (i.e. probably just one in their lifetime). In addition, Kock (1994, cited in
Kurt 1995) noted that only 20% of females transported to another zoo for mating
actually conceived.
Thus, factors other than logistical constraints must be partly responsible for the
overall low breeding rate of zoo elephants. One such biological explanation is the low
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fertility of females. Even during their reproductive life, many female elephants appear
unable to conceive, despite being repeatedly exposed to bulls and even observed to
mate (e.g. Hess et al., 1983; Mainka & Lothrop, 1990; Niemuller et al., 1993). This
may be due in part to the apparently high level of acyclicity in zoo females (i.e. they
do not experience normal oestrus cycles and are hence infertile (Brown & Lehnhardt,
1997)). This is a known problem for the US population, where 17% of Asian and 26%
of African females that are regularly tested are acyclic (Brown, 2000). Many females
in European zoos have not been tested, but of those that have, 15% of sexually mature
females were acyclic. Whether such high rates of acyclicity are a phenomenon of zoo
females is unknown as no equivalent data are available from wild and timber camp
populations, but some data suggest that this may indeed be the case. For example,
ovarian cysts, which have been linked to acyclicity (Brown et al., 1999), have a
higher incidence in zoo elephants (c. 5% of Asians and c. 15% of Africans) compared
to free-living African elephants (<1%) (Hildebrandt et al., 2000). Another potential
cause relating to the captive environment is excessive body weight. A survey of Asian
female elephants by Kurt & Kumarasinghe (1998) found that those held in zoos were
31 - 72% heavier than their wild counterparts. Obesity is a well-known cause of
ovarian cysts (e.g. Christman et al., 2000; Fedorcsak et al., 2000) as well as other
fertility problems (e.g. Wittemer et al., 2000) in a range of other species, and may also
play a role in the low breeding rate of elephants.
A second biological explanation is the apparently narrow window of opportunity
during which female zoo elephants are capable of breeding. Looking at Asian females
that have produced more than one calf, we find that the average period between the
first and last calf is just 7.2-years, with a range of two to 17 years (n = 9). This is at
least four times shorter than in the wild and timber camps, where reproduction
generally lasts for around 30-years (Sukumar, 1989). As mentioned earlier, zoo
females are considered to be reproductively senescent when they reach the age of
around 35-years (Wiese, 2000), whereas in wild populations females regularly breed
into their 50’s or 60’s (Hanks & McIntosh, 1973; Sukumar, 1989; Whitehouse &
HallMartin, 2000). There would thus appear to be something specific to the zoo
population that causes the early termination of reproduction in females. Interestingly,
a study of timber camp elephants found very different breeding patterns for wildcaught and captive-born elephants. The latter group displayed a significant decline in
the production of calves after the prime breeding age of 21-years and were reported to
be virtually barren by the age of 43, compared to wild caught elephants which showed
very little decline until about 44-years of age (Mar, 2001). The cause of this pattern
remains to be investigated, but we did find a trend for the early cessation of
reproduction to be related to the early onset of breeding (Regression: F1,7 = 25.49 p <
0.10). This information, coupled with the fact that captive-born females produce their
first calf significantly earlier than females imported from timber camps (Two-sample
t-test: T = 2.33, df = 23, p < 0.05) or caught from the wild (T = 2.67, df = 8, p < 0.05),
suggests that a risk factor for premature reproductive cessation is the attainment of
early sexual maturity: a factor related to another welfare indicator, discussed later.
Mortality of calves
For Asian zoo females that do manage to conceive, there is a high chance the calf will
not survive beyond the first year (26% mortality in females and 13% in males), but
the risk is far lower in African elephants (8% in females and 7% in males). Updated
studbook records show that the former estimate is actually higher, with 35% of Asian
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calves dying in the first year (28% on the day of birth, (Stevenson, 2002)), and even
higher figures have been reported in other studies of the Asian elephant zoo
population (see Figure 2). Our estimates are over two times higher than figures
reported for elephants held in timber camps and over three times higher than those
reported for wild populations (see Figure 2). Interestingly, African infant mortality in
European zoos is much lower than the US population, which is reported to be as high
as 50% of births (Ryan & Thompson, 2001). The reason for this species difference is
unknown, but one which would be interesting to investigate.
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Reported infant mortality rates in Asian elephants. Data represent the percentage
of calves of both sexes born that died within their first year. Different columns
represent figures stated in different reports for the European (references one to
three) and the US zoo population (references four to six), contrasted with data
reported for timber camp and wild elephant populations.

Data on the cause of infant deaths were taken from Hutter et al., (2000) and the EEP
studbooks. The predominant cause of death in Asian infants is stillbirths. Out of 111
births listed by Hutter et al. (2000), 15.3% of calves were stillborn. In contrast, only
one out of 46 African births (2.2%) were stillborn, but the cause of death was only
known for two infants. None of the three African infant deaths recorded by the EEP
were noted as being stillborn. Similarly high figures have been reported for the Asian
elephant population in North American zoos (e.g. Keele, 1996) and Ryan &
Thompson (2001) report that none of the 18 African captive births in North America
were stillborn. This apparent species difference proved significant for both the
European (G-test = 5.472, df = 1, p < 0.05) and North American populations (G-test =
5.771, df = 1, p < 0.05), but the cause remains unknown. Stillbirths in the Asian
elephant are far more common in zoos compared to other situations. Taylor & Poole
(1998) report a rate of 3% or less in Burmese and Indian timber camps, and Mar
(2001) also reports a low incidence of 3.1% of captive births in Asian timber
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elephants in Burma. Although difficult to estimate, Kurt & Mar (1996) believe that
stillbirths are rare in wild populations.
In addition to stillbirths, zoo elephants frequently attack and sometimes kill their
newborn calves. Data from Hutter et al. (2000) contains data on five such attacks, all
for Asian elephants, representing 4.5% of all captive births. No infant deaths in the
EEP studbook are attributed to infanticide. These figures are far lower than reports
from other authors. Haufellner et al. (1993, cited in Kurt & Mar, 1996) report an
infanticide rate of 9.9% of births, and Schmid (1998) states the higher figure of
17.7%, both for European zoos. Poor maternal care can also contribute to mortality
through the rejection of infants. Hutter et al. (2000) report two deaths attributable to
rejection, one for each species, and Haufellner et al. (1993, cited in Kurt & Mar,
1996) report that out of 121 calves born in European zoos, 9.9% were killed by their
mothers and 5.8% were rejected and had to be hand reared. In marked contrast, data
from timber camps in Burma and Kerala (India) show that only two calves, out of 426
captive births, were rejected by their mothers (Kurt & Mar, 1996). Kurt & Mar (1996)
also believe that both rejection and infanticide are rare in wild elephants due to
observations of several births in the wild, although data are generally lacking for wild
populations.
Mortality in elephants that survive infancy
Studbook data on age at death show that elephants that manage to survive the first
year live, on average, to 21-years of age in Asian elephants, or 18-years of age in
African elephants. The former is nine years fewer than the average survival reported
for Asian elephants living in timber camps (Schmid & Mar, 1996, cited in Schmid,
1998), and although data on longevity in the wild is difficult to find, elephants of 65years and older are reported to be relatively frequent (Moss, 1988; Sukumar, 1989).

Further analyses showed that zoo-born female Asian elephants are, on average, likely
to die at a far younger age (15.4-years, range 4.5 - 37.9) compared to wild-caught
individuals (25.1-years, range 4.3 – 49.5), controlling for age at import. A similar
result was found in male Asian elephants, in that zoo-born males lived to be an
average age of 19.1 years (4.3 - 40.8), whereas wild-caught males reached 26.9-years
(11.7 – 49.8 years). A General Linear Model, including sex as a factor, revealed this
difference to be significant (F1, 109 = 9.82, p < 0.01). Insufficient data were available to
test this in African elephants. Further analyses on these data are currently being
conducted to include elephants still living in the zoo population.
Although the cause for early death in zoo-born Asian elephants remains to be
investigated, we found an interesting quadratic relationship between the age at which
females first bred and their longevity (F2,8 = 5.95, p = 0.026), with longevity
increasing the later a female started to breed (see Figure 3). Given that captive born
females start to breed far earlier than wild-caught females (Clubb & Mason, 2002),
this may also explain why zoo-born females are not living as long as those caught
from the wild. However, whether or not a female had bred did not affect longevity
(F1,68 = 0.07, p > 0.05), suggesting that breeding per se at an early age may not be the
causal factor behind this relationship, but rather some other related aspect, such as the
age at which females start to cycle, perhaps because this indicates particularly high
body fat.

72

Session Two: Stress Evaluation and Welfare
45

Longevity (years)

40
35
30
25
20
15
10
8

13

18

Age at first calving
(years)

Figure 3.

The relationship between age at first calving and life expectancy. A significant
positive correlation was found between the age at which females calved and the
age at which they died. Thus breeding before age 12 is associated with early
death.

We found a similar relationship when we compared the rate of mortality within
distinct age classes (i.e. age-specific mortality) of elephants from different sources.
We found mortality to be higher in zoo-born Asian elephants compared to wildcaught individuals, for juveniles (χ2 = 6.52, df = 1, p < 0.01) although not for adults
(χ2 = 1.49, df = 1, p > 0.05). Mar (2001) found a similar relationship for Burmese
timber camp elephants. We also compared age-specific mortality between elephants
in different situations. We found that Asian zoo elephants had significantly higher
mortality than timber camp elephants when they were infants (165% higher; χ2 =
53.31, df = 1, p < 0.001) and adults (76-389% higher depending on the age range
analysed; χ2 = 52.62, df = 1, p < 0.001), but not when they were juveniles. Asian zoo
elephants also had higher mortality than wild elephants (data taken from Sukumar,
1989) when they were under ten years of age, but particularly up until five years of
age (58% higher), but this was not statistically significant. In African zoo elephants,
mortality was significantly higher compared to one wild population (Addo Elephant
National Park, South Africa (Whitehouse & HallMartin, 2000)), but not when
compared to another two wild populations (Tsavo National Park, Kenya (Laws,
1969), and Kasungu National Park, Malawi (Jachmann, 1986)). However, analyses
were hampered by small sample sizes and so non-significant results were perhaps not
surprising.
Summary and conclusions
The data presented here reveal several areas of concern surrounding the keeping of
elephants in European zoos, particularly for the Asian species. Zoo elephants have
shorter life expectancies, and experience relatively high mortality compared to those
held in timber camps and some wild populations. This was particularly so for
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elephants born in zoos, which died, on average, at a far younger age than we would
expect. Zoo-born Asian calves are particularly at risk in their first year, primarily
from being stillborn or from being killed by their mother. Elephants born in zoos also
become sexually mature at a far younger age compared to those from other sources,
which itself is associated with a curtailed reproductive lifespan not normally seen in
elephants.
These problems, as well as the other welfare concerns discussed here and in our
report, clearly show that the causes underlying them need to be investigated as a
matter of urgency. We feel that until it is possible to get to the bottom of the main
problems, it would be wise not to introduce more elephants into the European zoo
population through importation from Asian and African countries, or indeed through
captive breeding, particularly when we consider the problems facing zoo-born
elephants. Until then, we recommend that zoos follow interim guidelines to maximise
the welfare of the elephants in their care, including the EAZA and AZA standards and
some additional recommendations in our report. Ultimately, only zoos that are able to
demonstrate that they have overcome these problems should be able to keep elephants
in the future.
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An investigation into the nutrient intake, output and approximate digestibilities
of the Polynesian tree snail (Partula clara)
Claire Stallard
Sparsholt College, Sparsholt, Hampshire, SO21 2NF
Abstract
The Polynesian tree snails of the genus Partula once inhabited the volcanic islands of
the west, central and South Pacific. In 1974, the French government introduced a
carnivorous species of snail to French Polynesia in an attempt to control the spread
of another introduced species, the Giant African land snail, which had originally been
introduced as a food source. Unfortunately, the carnivorous snail favoured the
smaller Partula snails and the consequence of this has led to the extinction of many
species and the severe decline of others.
A captive-breeding programme was developed to protect the remaining populations
but it is apparent that some species are more successful in captivity than others. One
of the reasons for this could be the diet that is fed. The composition of the diet varies
within institutions keeping Partulas and London Zoo would like to provide
appropriate dietary guidelines.
This investigation, by means of a replicated experiment aimed to establish the intake,
output and approximate nutrient digestibilities of Partula clara. Four tanks were
used, each containing six snails and faecal samples were collected over a period of
five-weeks. Proximate analysis was carried out on the Partula feed used, cuttlefish
bone and the faecal matter obtained. Crude fibre (ADF), Crude Protein, Ether
Extract, Total Ash and a range of mineral levels were determined for each. Statistical
analysis showed that there was no significant difference in the intake and output
overall or over time for each of the four tanks. Statistical tests also showed that there
was a significant difference in the digestibility of certain nutrients but not of others.
However, due to the small amount of faecal matter available for analysis and the
subsequent problems associated with this, it is recommended that further
investigation be undertaken to verify any results obtained from this project.
Introduction
Within the Gastropod mollusc family Partulidae, there are three partulid genera: Eua
(four species), Samoana (25 species) and Partula, which is the most abundant and
widespread, consisting of over 100 species (Coote & Pearce-Kelly, 2002). These
unique Polynesian tree snails once inhabited the volcanic islands of the west, central
and South Pacific (Cowie, 1992 cited by Mace et al., 1998).

In 1967, circumstances changed for the Partula snails. The giant African land snail,
Achatina fulica, was introduced to French Polynesia, to be farmed as a food source,
but individuals soon escaped and it became a severe agricultural pest. In 1974, against
scientific advice, the French authorities introduced a carnivorous snail, Euglandina
rosea, (native to South-Eastern United States) in an attempt to control the spread of A.
fulica (Kloeck, 1993). Unfortunately, E. rosea preferred the native Partulas and many
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species were driven to extinction. The seven species of Partula, which originally
inhabited the island of Moorea, all vanished within just ten years of the introduction
of E. Rosea (Tudge, 1992). The consequence of this erroneous attempt at biological
control is that the Partulids may now be one of the most endangered families of
animals in the world today (Mace et al., 1998).
It was deemed necessary to develop a conservation-breeding programme for the
endangered Partulas, (Pearce-Kelly, 1993) and there are currently 18 institutions
worldwide (eight are in Britain) who breed various species of Partula snails.
Generally, there is a lack of information regarding pulmonate nutrition. The majority
of studies carried out regarding nutrition have used species that are farmed for food,
namely Helix aspersa and Achatina fulica. Captive Partula snails are fed an artificial
substitute to their natural diet, which is a powder consisting of porridge oats, grass
meal, trout pellets, calcium carbonate and vitamin and mineral supplements (Mace et
al., 1998). This has been modified over the years and different institutions keeping
Partulas, feed diets that vary considerably in their composition. Some species of
Partula snails are particularly prone to unexpected population crashes and it is
thought that the diet that is fed could be a factor (Pearce-Kelly, 2001).
London Zoological Society, one of leading institutions keeping Partulas would like to
provide information on the most suitable diet composition. The aim of this
investigation is therefore to investigate by means of a replicated experiment, the
general nutrition of Partula clara (the species chosen for this study).
Method and Materials
For the purpose of this experiment, the snail species Partula Clara was used. Twentyfour adult individuals were obtained from the invertebrate section at London Zoo
from existing stocks. Four tanks were used, each containing six snails.

The following procedure was carried out twice a week for each tank:
•

Uneaten food was removed and weighed

•

All faeces were collected and weighed

•

Partulas were removed from each tank and weighed as a group

•

Cuttlebone was removed, replaced with another piece and weighed three days
later (cuttlefish bone absorbs water so this allowed it to dry)

•

Any offspring born were removed as soon as possible and placed in a separate
tank (young have possibly been observed feeding from adult faeces)

•

Food was again added to the tanks

•

Laboratory analytical procedures
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The following parameters in cuttlebone, Partula feed, Hibiscus stems (the natural diet
in the wild) and P. clara faeces were determined:
•
•
•
•
•
•

Dry Matter (D.M.)
Crude Protein (C.P.)
Acid Detergent Fibre (A.D.F.)
Total Ash (T.A)
Ether Extract (E.E) or Oils
A range of minerals

P.clara faecal output and analysis
It was discovered that there was not enough faecal sample to carry out each analytical
procedure properly. It was decided to use another material in addition to the faecal
matter if all parameters were to be tested for. Cuttlebone, which was going to be
analysed as part of the study, was considered the most appropriate material for this.

Acid detergent fibre, Crude Protein and Ether Extract were all tested for using a
combined weight of cuttlebone and faeces. Using the known amount found in
cuttlebone, the amount found in the combined sample and the weights recorded, it
was possible to determine the various parameters of P. clara faeces. The remaining
faecal matter was used to determine Total Ash.
Results
Tables 1, 2 and 3 reveal the results of the study.
Table 1.

Average intake and output of P. clara over five consecutive weeks (all weights
are in grams and on a dry matter basis).

Average
Average intake per Average output
Tank intake (total)
snail
(total)
Tank A
0.338
0.056
0.190
Tank B
0.313
0.052
0.140
Tank C
0.290
0.048
0.128
Tank D
0.292
0.049
0.142

Table 2.

Average digestibility results for P. clara.

Nutrient
Protein
Total Ash
Ether Extract
Crude Fibre (ADF)
Calcium
Phosphorus

Average digestibility (%)
39.50
5.17
93.63
32.08
99.99
88.62
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Table 3.

Summary of results for all samples analysed.

Parameter
Dry Matter (%)
Crude fibre (ADF)
(%)
Crude fibre (NDF)
(%)
Total Ash (%)
Ether Extract (%)
Protein (%)
Gross energy (MJ/kg)
Magnesium (%)
Calcium (%)
Copper (%)
Zinc (%)
Iron (%)
Manganese (%)
Phosphorus (%)
Potassium (%)
Sodium (%)

Partula feed Cuttlefish bone Hibiscus stems
93.7
98
89.4
18.8
1.3
50.6

P. clara faeces
33.04
25.67

33.9

8.0

58.9

-------

27.4
4.7
14.9
13.72
0.233
7.974
0.001
0.013
0.047
0.001
0.550
1.225
0.554

91.4
0.1
4.13
0.52
0
31.75
0.0008
0.0228
0.0167
0.0001
0.0228
0.0392
0.9292

9.0
0.2
14.31
14.25
0.63
0.065
0.00071
0.0037
0.0067
0.00037
0.041
0.62
0.084

27.9
1.74
18.53
------0.0022
0.0018
0.0003
0.0022
0.0040
0.0001
0.1266
0.0167
0.0422

Statistical tests showed that the digestibility of protein, total ash and ADF were highly
variable over time, whereas the digestibility of ether extract, calcium and phosphorous
appear to remain constant.
Discussion
Intake and output of P. clara
There was no significant difference in the overall intake and output of Partula clara
overall or over time. From this, it could be assumed that the Partula’s appetite
remained at a constant throughout the five-week period.

Although cuttlebone intake has been added to the overall intake, there is actually
extreme variance in cuttlefish bone intake on its own. It is important to note however,
that the variability of the cuttlefish bone may actually have been due to factors other
than the Partulas intake. Two pieces of cuttlebone were used for each tank, so that a
rotation of the two pieces could occur. As mentioned, cuttlebone absorbs water, so it
was necessary to allow one piece to dry whilst the other was within the tank. Once
dry, weight was determined and once all the data had been collected it was established
how much had been eaten. It was noticed that occasionally bits of cuttlebone would
‘flake’ off whilst the procedure was being carried out. The bits were weighed and this
was accounted for when calculating how much had been eaten, but it could be that
there were some losses. Furthermore, when a piece of cuttlefish bone was removed
from the tank to dry, occasionally faecal matter was present. This was removed with
care, but it is possible that cuttlefish bone may have been removed also. Cuttlefish
bone has a very dusty texture and although the amount lost may have been minimal, it
may have contributed to the weight variance.
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P. clara faecal analysis
As mentioned, the cuttlefish bone was used to ‘bulk’ up the faeces, as there was not
enough faecal sample to carry out all the procedures. It was calculated that there was
25.67% ADF present in the faeces, but due to the unreliability of the cuttlefish bone
analysis of ADF, this result may be questionable. It was possible to carry out four
replicates of protein analysis, (this was considered an important component) and as
the results show, the protein found ranges form 15% to 20%. However, apart from the
protein analysis it was only possible to carry out each procedure once. Ideally three
replicates should have been carried out. This invalidates the results somewhat as it is
necessary to compare in order to eliminate other variables, such as experimental error.
Nevertheless, it was important to utilise what results had been obtained, however
unreliable, so nutrient digestibility was still determined.
Digestibility
From the results obtained it can be seen that the average protein digestibility is
39.50%. However, the statistical analysis shows that there is a significant difference
in the digestibility of protein overall and overtime for each individual tank. This
suggests that P. clara has varying degrees of protein requirements. Why this is so is
not apparent. The snails used were all adults so no growth was occurring, however the
snails did give birth on a regular basis. Over the five weeks, a total of 27 young were
removed from the five tanks. Unfortunately, it was not noted which tank produced the
young and how often. It could be that there was a correlation between the young
produced and the protein digested.

Statistical analysis showed that there was also a significant difference in total ash
digestibility. The average was 56.17%. This can probably be attributed to the fact that
the cuttlebone intake varied greatly. Cuttlebone has an ash value of 91.4% and the
Partula feed a smaller amount of 27.4 %. So the results suggest that when more
cuttlebone is consumed, the greater the digestibility of total ash. Whether this is really
the case can be disputed as there were problems actually determining the intake of
cuttlefish bone as already mentioned.
Calcium digestibility was almost 100% and there was no significant difference in the
overall digestibility or over the five-weeks for each individual tank. This suggests that
the Partulas have a very high calcium requirement indeed. Although the intake of
cuttlefish bone varied greatly the digestibility remained constant. There has been
much debate as to whether Partula snails do require as much calcium as other
gastropods. Although Kloeck (1993) stated that Hibiscus was high in calcium, only
0.065% was found in the sample analysed. This could mean that the Partulas do
actually obtain calcium from other sources in their natural habitat. According to
Pearce-Kelly (2001), aquatic environments are rich in calcium (400ppm Ca2+) and it
has been suggested that there may be a significant amount of calcium deposited from
the ocean onto the islands native to the Partulas. Perhaps the Partulas obtain a
sufficient amount of calcium from the environment itself. However, the accuracy of
the digestibility results cannot be solely relied upon due to problems mentioned
earlier. The Partulas need for calcium can only be demonstrated by setting up an
investigation whereby one tank is provided with cuttlefish bone and another without.
The resulting digestibility of calcium could therefore indicate the Partulas
requirements.
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Further areas to be investigated
It was not anticipated how little the Partula snails would excrete during this
investigation and the lack of sample available for analysis meant that the results
obtained could not be verified. A five-week period for collection originally appeared
adequate but a much larger time scale is needed to collect sufficient amounts.
Alternatively, it may be acceptable to allow London Zoo, or other collections keeping
Partulas to keep and freeze all faeces so further analysis can be carried out. Although
there were problems with assessing intake (particularly cuttlebone), perhaps the data
could still be used from this investigation to assess digestibilities once additional
faecal matter has been analysed. There are obvious problems associated with using
endangered species, as there is a limit to how many can be used for studies such as
this. If faecal matter only was collected, the Partulas could remain in situ, thus
minimising any potential problems. This would be particularly useful when dealing
with the more vulnerable species.

It has been suggested that different species of Partula have different nutritional
requirements (Tudge, 1992). Assuming this is true, it is necessary therefore to
determine nutrient digestibilities for all of the species kept in captivity. In addition to
this, it would also be beneficial to analyse all of the diets used by different institutions
keeping Partulas and the faeces of all the species. Certain species fair better in
particular institutions and it could be that the diet used is the reason for this. The
species used for this investigation, Partula clara are particularly successful and the
reason for this could be that the London Zoo diet fed meets all their nutritional needs.
Conclusion
Unfortunately due to various problems experienced, exact approximate digestibilities
for the species Partula clara cannot be determined from this investigation. It has
however highlighted many of the difficulties associated with dealing with such small
species despite a seemingly ‘controlled’ experiment. Losses that occur when
collecting samples from larger species may not necessarily affect the outcome of an
experiment, but when the chosen species ingests and excretes such minute amounts,
the losses that occur may result in completely inaccurate data.

Further investigation is required to obtain the necessary results needed to ascertain
nutrient requirements of the Partula species. This will involve an extension of this
particular study and most certainly an evaluation of all the diets used for the captive
Partulas.
Although the results obtained from this investigation cannot be relied upon, it is
hoped that it may have at least provided preliminary data that may be used as a basis
for further investigations into the nutrient requirements of Partula clara.
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Nutrition, foraging behaviour and space use by plains zebra (Equus burchelli)
housed in mixed species exhibits
Stephanie Armstrong1,2 & Nicola Marples1.
1
Department of Zoology, Trinity College Dublin, Dublin 2.
2
Dublin Zoo, Phoenix Park, Dublin 7.
Abstract
A study was undertaken to determine the efficacy of mixed species exhibits for the housing
of plains zebra (Equus burchelli) through the use of behavioural and nutritional analysis.
It looked specifically at the African Plains exhibit at Dublin Zoo. The exhibit contained
five giraffe (Giraffa camelopardalis), five plains zebra (Equus burchelli), five scimitarhorned oryx (Oryx dammah) and three ostrich (Struthio camelus). It was divided into two
main outdoor sections, the summer pasture and the winter hardstand areas; therefore it
was possible to determine whether seasonality and changes in husbandry affected the
stability of the herd.
Behaviours such as foraging, locomotion and resting have an effect on the nutritional
status of the animal. Behavioural time-budgets were compiled to assess the time spent in
these activities. This study assessed specifically foraging behaviour, which was
significantly less in winter than in summer. The use of space and resources within the
exhibit can be linked foraging behaviour and nutritional status. These aspects were
assessed initially by determining the hierarchical structures within the exhibit. It was
found that relatively stable hierarchies existed within the exhibit and that these
hierarchies were not significantly affected by season and the resultant changes in
husbandry. A correlation was found between body size and social rank between the
species within the exhibit. The study also determined the use of space by the zebra in the
exhibit using a Spread of Participation Index (S.P.I.). It was found that a negative
correlation exists between space use and social rank within the zebra herd in the summer
enclosure whereby animals of lower social rank showed higher space use. At the time of
the study there were no major conflicts either within the zebra herd or between the
separate species in the exhibit. However, it was found that both aggressive and nonaggressive interactions between all animals increased slightly in the winter which could
lead to conflicts should stocking densities be increased in the future.
Keywords: nutrition, plains zebra, hierarchy, space use, mixed species exhibits.
Introduction
Zoo animal nutrition is a growing area of research. Until the early 1970’s zoos did not
generally consider conservation important as they could easily replace animals from the
wild. Prior to this time 60-70% of the animals dying in zoos did so as a result of poor
management and husbandry with nearly 25% dying from nutritional disorders (Robbins,
1993). In order to prevent unnecessary deaths research in zoos became more important,
however the majority of this research has concentrated on behaviour and reproduction
with nutrition being largely ignored. The European Zoo Nutrition Centre (EZNC)
surveyed 275 EAZA (European Association of Zoos and Aquaria) members in 1999 and
found that less than 20% have a dedicated nutrition employee of which less than half are
qualified nutritionists. However, 75% of the respondents felt that there were continuing
health problems associated with inadequate diets and that more research was needed in
this field.
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At present the majority of captive animal diets are based on that of the nearest domestic
relative. However, even in species that appear as closely related as the domestic horse and
zebra this may not always be adequate. In evolutionary terms the zebra and horse have a
common point of divergence around four million years ago and from that time continued
to develop into the separate species seen today (Budiansky, 1997). Comparative studies of
gastro-intestinal tract (GIT) anatomy have also found significant differences in the size
between the GIT of the horse and that of the zebra (Clauss, In press). At present however,
due to lack of specific research in this area the domestic horse is the only model available
for comparison with zebra diets. Condition scoring was used to determine the sufficiency
of the current diet of the zebra at Dublin Zoo.
Mixed exhibits are popular with the public and are becoming increasingly common for
housing a variety of species in zoos. However, little is known about the interactions
between the species in such exhibits or the way in which they use the available resources.
Zebra herds are often found with species such as oryx, giraffe and ostrich.
According to the EEP Equid TAG Space Survey (1994), the incidence of zebra attacking,
injuring and occasionally killing the young of other species is well documented with 27%
of responding zoos reporting aggression in zebra. This behaviour ranges from chasing
behaviour to attacking very young calves and breaking ostrich eggs (EEP Equid TAG
Space Survey, 1994). Boyd (1986) also reported incidences of aggression in captive
equids including infanticide and aggression towards keepers. Anecdotal evidence suggests
that zebra would tend to be dominant over most other grazing species in mixed exhibits,
allowing them to control resources such as choice grazing areas and water. Studies by
Joubert (1972) support this theory; he reported instances of Hartmann zebra (E. zebra) in
the wild displacing kudu and gemsbok from choice water and shade spots. Andersen
(1992) found that the levels of social interactions, both aggressive and non-aggressive,
were inversely correlated to the size of the exhibit. This implies that the proximity to
other individuals may also be a factor in determining space use. Behavioural time-budgets
were used to assess foraging behaviour and inter- and intra-specific interactions. Finally, a
Spread of Participation Index (S.P.I.) was used to assess space use within the exhibit to
determine whether the zebra made good use of the available resources (Pullen & Buchan,
2001).
Methods
Study animals
The African Plains mixed-species exhibit at Dublin Zoo housed five Grant’s zebra (Equus
burchellii boehmi), five scimitar-horned oryx (Oryx dammah), five giraffe (Giraffa
camelopardalis) and three ostrich (Struthio camelus) (see Table 1). The exhibit consisted
of a large pasture area of approximately two acres and a smaller hardstand area of
approximately 0.7 acres. Linked to the hardstand area were individual houses for each
species, with smaller fenced areas of hardstand for separation. During spring, summer and
early autumn the animals had access to the pasture area. They were turned-out at around
09.00h and re-housed between 16.00h and 17.00h for the night. During late autumn and
winter the animals had access to the large hardstand area. Similarly they were turned-out
between 09.00h and 10.00h and re-housed between 14.00h and 15.00h.
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The zebra herd consists of a castrated male and four females. Identification of the zebra is
found in Table 2. All the animals had reached their adult size and finished growth. This
was not a breeding group.
Table 1.

Species present in the African plains mixed species exhibit at Dublin zoo. Numbers
broken down into male (m), female (f).

Species
Giraffe (Giraffa camelopardalis)
Zebra (Equus burchellii boehmi)
Scimitar-horned oryx (Oryx dammah)
Ostrich (Struthio camelus)
Table 2.

Number (m.f)
2.3
1.4
0.5
0.3

Identification of zebra at Dublin zoo, ‘G’ denotes gelding or castrated male, ‘M’
denotes mare or adult female.

Dublin zoo I.D.
A0M050
A0M056
A0M057
A0M060
A0M061

Name
Striker
Yankee
Whiskey
X-ray
Zulu

Sex
G
M
M
M
M

Date of Birth
21/08/1997
05/08/1993
18/06/1985
17/06/1997
13/06/1997

Age
6y
10y
18y
7y
7y

Behaviour
Behavioural time-budgets were compiled using scan samples taken every 60 seconds
between the hours of 09.00h and 17.00h (Altmann, 1974) for states such as foraging and
locomotion. Foraging behaviour in particular has an affect on the nutritional status of the
animal and was analysed to determine whether there were differences in time spent
foraging between the zebra in the herd or between summer and winter. More rare
behaviour such as inter- and intra-specific interactions was recorded using ad libitum
sampling (Altmann, 1974). These interactions were used to determine both the hierarchy
within the zebra herd and that between the species within the exhibit.
Condition scoring
Condition scoring was used to determine the sufficiency of the current diet of the zebra.
This was achieved using scoring system based on that of Carroll and Huntingdon (1988)
which scores the animal from one to five where one is very thin or emaciated and five is
very fat or obese.
Hierarchies
The intra-specific hierarchy was determined using the number of aggressive interactions
between the zebra. These were scored depending on severity based on a scoring system
used by Houpt and Wolski (1980) and were as follows:

Ear Laying
Threat to Kick
Threat to Bite
Kick
Bite
Prolonged chasing

=
=
=
=
=
=

1
2
3
4
4
5
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Each incident of aggression were scored according to severity and totalled to give an
aggression score. Those showing the most aggression i.e. those with the highest score
were placed higher in the hierarchy than those with a lower score.
Acts of aggression were rarely seen to occur between the species within the exhibit
therefore it was not possible to use this method to determine the inter-specific hierarchy.
However, there were incidences of non-aggressive displacement and these acts were
noted. Those animals that were seen to displace animals of another species more often
were deemed to be higher in the hierarchy than the animals they displaced.
Space use
To determine how well the zebra were using to resources available to them a Spread of
Participation Index (S.P.I.) was used to determined space use. First detailed maps of the
enclosures were produced and divided into sections based on physical features. During the
behaviour recordings the time spent in each area was noted. Due to the sectors within the
enclosures being of uneven size an adjusted spread of participation index (S.P.I.) was
found using to following equation (Pullen & Buchan, 2001).

∑ (Fe-Fo)/2(N-F1)
where

Fe = expected frequency
Fo = observed frequency
N = total observations
F1 = lowest value for expected frequency
(Pullen & Buchan, 2001)

The S.P.I. varies between zero and one where zero shows no preference for certain areas
and one shows the use of one area only.
Statistical analysis
Statistical analysis was carried out using SPSS ver. 10.0 for windows (SPSS Inc., 1999).
Data were analysed for normality and found not to be normally distributed, as a result
non-parametric analysis was used. Kruskall-Wallis tests were used to determine whether
difference existed within the group. Mann-Whitney U tests determined whether
differences existed between different conditions such as season. To determine whether
correlations exist between space use and hierarchical position Spearman’s rank order
correlation was used.
Results
Behaviour
Figure 1 shows the time spent foraging during the summer; this includes time spent
grazing whilst in the paddock and eating hay and concentrate feed (i.e. horse and pony
nuts) whilst in the indoor enclosure. Figure 2 shows the time spent foraging during the
winter; this includes time spent eating hay, nuts and straw only. On both charts the line
represents the mean time spent in these activities. Statistical analysis of the time spent
foraging found that there was no significant difference between animals within the group
for summer (χ2 = 5.411, df = 4, p > 0.1) or winter (χ2 = 2.171, df = 4, p > 0.5). However,
there was a significant difference between summer and winter (Mann-Whitney U test - Z
= -5.978, n = 5,5, p < 0.05).
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Figure 1.

Summer foraging behaviour mean
= 395.55 ± 29.02 (82%).

Figure 2. Winter foraging behaviour
mean = 281.35 ± 35.64 (61%).

Condition scores
Condition scores were determined during the summer and winter observation periods and
were not perceived to change between the seasons. Table 3 shows the condition scores for
the zebra in Dublin zoo.
Table 3.

Condition scores for summer
and winter.

Animal Name

Condition Score

Striker
Whiskey
X-ray
Yankee
Zulu

3.5
4
3.5
3
3.5

Table 4. Total aggression scores for zebra in
summer and winter enclosures.

Animal
Name
Striker
Zulu
X-ray
Whiskey
Yankee

Summer
Score
25
13
8
4
2

Winter
Score
33
13
26
6
2

Hierarchy
To determine whether the enclosure had an effect on the hierarchies separate calculations
were determined for summer and winter. The intra-specific hierarchy was found using
aggression scores, Table 4 shows the total aggression scores for the summer pasture and
the winter hardstand enclosures. The inter-specific hierarchy was determined using a
hierarchy matrix based on the number of displacements. Tables 5 and 6 show the interspecific hierarchies for summer and winter respectively. A correlation was found between
body size and social rank within the inter-specific hierarchy using Spearman’s rank
correlation (rs = -0.781, p < 0.05).
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WINNERS

Table 5.

Giraffe
(700-1900 kg)
Zebra
(200-340 kg)
Ostrich
(90-130 kg)
Oryx
(200 kg)
Total
Submissions

Table 6.

WINNERS

Hierarchy matrix for inter-specific interactions on the summer grass enclosure.

Giraffe
-

LOSERS
Zebra Ostrich
0
8

Oryx
0

Total Challenges
8

0

-

1

2

3

0

3

-

0

3

0

0

0

-

0

0

1

12

2

Hierarchy matrix for inter-specific interactions on the winter hardstand enclosure.

Giraffe
(700 – 1900 kg)
Zebra
(200 – 340 kg)
Ostrich
(90 – 130 kg)
Oryx
(150 – 200kg)
Total
Submissions

Giraffe
-

LOSERS
Zebra Ostrich
17
4

Oryx
3

Total Challenges
24

0

-

1

7

8

0

0

-

3

3

0

0

0

-

0

0

17

5

13

Space use
The S.P.I. for both the summer and winter enclosures is shown in Table 7.
Table 7.

Spread of participation index (S.P.I.) per animal in the summer and winter enclosures.

Animal
Name
Striker
Zulu
X-ray
Whiskey
Yankee

Summer
S.P.I.
0.3
0.3
0.3
0.2
0.2
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Winter
S.P.I.
0.3
0.5
0.3
0.3
0.4
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Spearman’s rank order correlation showed there was a negative correlation between
rank and space use during the summer (Spearman’s r = -0.866. p < 0.05),
demonstrating that animals of higher rank used less of the enclosure. However, when
on the winter hardstand there was no correlation between rank and space use (p >
0.5). Analysis of the number of interactions between animals in the two enclosures
found that both inter- and intra-specific interactions increased on the winter hardstand
area.
Finally, inter-specific hierarchies were analysed. The positions of the ostrich and
zebra in the summer hierarchy were determined by the fact that the only time the
zebra displaced the ostrich was as the result of an aggressive threat whereas the
displacement of the zebra by the ostrich was non-aggressive. The winter hierarchy
confirmed this when the ostrich did not displace the zebra at all. As with previous
studies it was found that a correlation exists between hierarchy rank and body size
(rho = -0.781, p < 0.05) (Berger, 1977; Andersen 1992).
Discussion
Behaviours such as foraging, resting and locomotion have an impact on the nutritional
status of the animal. As foraging has the major impact on nutrition this paper
concentrates on this aspect of the behavioural time-budget. All the zebra within the
herd spent a similar length of time foraging both in winter and summer. However,
there was a difference in the overall mean time spent foraging between each season
with significantly more time (82%) spent foraging in summer than in winter (61%).
This difference could be accounted for in several ways. One reason for the difference
is that during the winter the amount of forage available was limited to that provided
whereas in summer the zebra had open access to grazing. In addition this time-budget
only accounts for the hours of 09.00 to 17.00 and once 24-hour time-budgets have
been completed the difference in foraging time may be reduced.

These results compare well to studies looking at Przewalski and domestic horses that
found that Przewalski horses spend between 14 – 41% (Berger et al., 1999) and 30 –
68% (van Dierendonck et al., 1996) time grazing whilst domestic horses spend
between 61.6% (Marsden, 1993) to 70.3% (Francis-Smith, 1977) of their time spent
grazing.
Condition scoring was used to determine the sufficiency of the current diet; this is the
first step of the nutritional analysis. It was carried out during the behaviour
observations and was not found to change between the seasons. With the exception of
Yankee all the zebra were considered slightly-overweight to overweight. Whiskey
was found to be the most overweight which was probably due to her being the
smallest and oldest zebra without any additional requirements such as growth or
reproduction however, as previously stated she did not eat significantly less than the
other zebra. Yankee on the other hand was the largest of the zebra so would have a
higher maintenance requirement. On the whole however, it would appear that the
current diet is more than sufficient for most of the zebra in the exhibit.
Hierarchies are found when social species aggregate into groups of two or more. This
can occur both within a single species herd or where multiple species are housed
together. By determining both inter- and intra-specific hierarchies within the African
Plains exhibit at Dublin Zoo it was hoped to highlight whether these hierarchies
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affected the zebras use of available resources. The hierarchy within the zebra herd
was relatively stable with Striker being the most dominant. The only change in the
hierarchy was between X-ray and Zulu, who swapped positions in the winter. This
could be due to the similarity in age that may result in them testing each other more
often. Andersen (1992) found that interactions between animals housed in three zoos
increased as the size of the enclosure decreased. Similarly in Dublin Zoo interactions
between all animals in the exhibit increased in the smaller winter enclosure.
Space use also decreased in the winter enclosure. The group average S.P.I. for the
summer enclosure was 0.2 compared to 0.3 in the winter enclosure. This shows that
there was a good overall use of the available space although there was a trend to use
less space in the winter. Again this was caused by the concentration of resources into
several small areas in the winter enclosure compared to the summer where the major
resource i.e. grass is spread out over the entire enclosure.
A negative correlation was found between space-use and rank in the summer
enclosure – as the zebra’s rank decreases it’s use of the available space increases.
Previously it has been suggested that social rank within the hierarchy determines
access to resources (Joubert, 1972; Weeks et al., 2000). Therefore it is possible that
the lower ranking animals were being denied access to the preferred grazing areas
resulting in them having to move between wider ranges of grazing patches. There was
no significant correlation between social rank and space use in the winter, and there
was a decrease in space use overall. Zulu in particular showed a marked decrease
from 0.3 in summer to 0.5 in winter, at the same time she moved down in social rank.
This was further quantified by looking at the areas most frequented. Zulu spent the
majority of her time in areas where the hay was put out. This may also explain her fall
in rank as the closer proximity to others in the herd meant she was more exposed to
threats.
This study also looked at whether the inter-specific hierarchy affects the zebra herd.
Again, this hierarchy was stable between the seasons. Previously it has been
hypothesised that rank is correlated to body size with large animals having a higher
rank than smaller ones (Berger, 1977; Andersen, 1992). This was confirmed by this
study although an anomaly occurred between the oryx and ostrich in terms of body
weight. However, when making threats or displacing other animals the ostrich often
flap their wings, this had the effect of making the ostrich appear much larger which
could explain this anomaly.
The Future
The next phase of the project is currently underway. This includes repeating the above
data at Fota Wildlife Park to enable an increase in sample size and a comparison of
husbandry techniques. Nutritional analysis of the current diets is being completed to
determine the major macronutrients i.e. acid detergent fibre (ADF), neutral detergent
fibre (NDF), digestible energy (DE), crude protein (CP), ash and oil. These will be
used to compare the diets to that of the domestic horse (E. caballus). It is hoped that
this will highlight any major differences in the zebra diet or determine any obvious
excesses or deficiencies.
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Finally, taste tests will be carried out to assess the whether the zebra have preferences
for particular grass species. Seven commercially available agricultural grasses have
been grown in seed trays and these will be tested along with several tropical and
prairie species. The animals will be given a known amount of each grass and after a
fixed time the remaining grass will be weighed. Once the preferences have been
assessed the grasses will be tested for the major macronutrients to see if there is a
correlation between nutrient content and preference. The data gathered by this study
will be used to formulate an ideal mix of grass species for use in paddocks used to
house captive zebra.
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Feeding schedules, obesity, and disturbed behaviour patterns in captive blackand-white ruffed lemurs (Varecia v. variegata)
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studpri@zoo-koeln.de
Abstract
Obesity is a common finding in captive lemurs (Pereira & Pond, 1995; Terranova &
Coffman, 1997). The problem is assumed to be related to feeding schedules deviating
from species-specific patterns with regard to the total amount of energy consumed as
well as the energy intake distribution over the day (see Terranova & Coffman, 1997).
The latter moreover may also lead to disturbed behaviour which usually shows in
form of stereotypies (e.g. Bassenge et al., 1998).
This study examined differences in body weight between captive and wild ruffed
lemurs as well as the distribution of obese individuals in the European captive
population. Also, food and energy intake in captive groups of black-and-white ruffed
lemurs was analysed in three different European zoos with regard to obesity possibly
caused by super-optimal feeding. Moreover, the energy intake patterns of the study
groups over the day were looked at with reference to a possible relation to patterns of
disturbed behaviour shown by the animals. In one zoo (Cologne), meal frequency was
experimentally increased by one meal, and behavioural observations were carried out
prior to and after the change.
Body weight data of 106 ruffed lemurs were collected in 16 European zoos altogether
and were compared to wild weights of the species compiled from the literature
(Morland, 1991; K.E. Glander & E. Balko, unpublished data; cf. Terranova &
Coffman, 1997). Following Kemnitz et al. (1989), an animal was regarded as obese
when its body weight exceeded the mean weight of the wild sample plus two standard
deviations. Individual food intake of ten black-and-white ruffed lemurs was recorded
in three zoos on 150 days altogether using focal sampling (Altmann, 1974). The
nutrient and energy intake of the animals was calculated with the software
Zootrition™ (WCS, 1999). A digestibility trial was carried out with two V.v. variegata
at Cologne Zoo for measuring digestible energy (DE). The energy requirement of the
species was approximated using the equation MMR (ml O2/h) = 835.2 M (kg)0.76,
where MMR = maintenance metabolic rate and M = body weight (see Schwitzer,
1999, 2003; Schwitzer & Kaumanns, 2000, 2001). To draw up activity budgets, the
behaviour of 17 black-and-white ruffed lemurs in three zoos was observed on 48-days
altogether using scan sampling (Altmann, 1974; ethograms: Pereira et al., 1988;
Colquhoun, 1997). Night observations were carried out exemplary at Cologne Zoo
during two nights (n=3 lemurs).
Body weights of ruffed lemurs in European zoos were significantly higher than the
mean weights of two samples of wild V.v. variegata (T-test: Wild sample 1: p<0.01;
T=3.981; Wild sample 2: p<0.01; T=9.953; two-tailed). Of all weighed captive ruffed
lemurs 23.6% were obese. Body weight correlated positively with age (Spearman
rank correlation: rs=0.355; p<0.01; n=106; two-tailed). The lemurs in all three zoos
that were included in this study showed a high energy intake when compared to the
calculated energy requirement of the species (113-126%). A preference for fruit over
vegetables was obvious. The pattern of energy (and dry matter) intake over 24-hours
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differed between the three zoos. This coincided with differences in the proportion of
stereotypies exhibited by the animals. Stereotypies were mainly shown prior to
feeding times. After an increase of meal frequency at Cologne Zoo the animals
showed slightly less stereotypic behaviour than before.
The findings are discussed with regard to possible adaptations of lemurs to an
unpredictable environment with long periods of food scarcity (Wright, 1999). Lemurs
seem to have generally low basal metabolic rates (e.g., Ross, 1992; Schmid &
Ganzhorn, 1996; Drack et al., 1999), they prefer sweet (and therefore energy-rich)
food (e.g., Schwitzer & Kaumanns, 2000), and they reduce their activity and home
range size during times of food scarcity (e.g., Richard, 1978; Harcourt, 1991). When
kept in zoos with a stable supply of energy-dense food, lemur body weights increase
and the animals may finally become obese (Pereira & Pond, 1995; Olfenbüttel, 1987,
for Papio hamadryas). Decreasing the amount of food offered to captive lemurs
however may lead to an increase in locomotor stereotypies (e.g., Bassenge et al.,
1998).
It is therefore necessary to apply an integrated approach to feeding lemurs in
captivity, which takes into account both behaviour and physiology of the respective
species. If a considerable proportion of a captive population is overweight, its
suitability as a reserve population is questionable. The zoo diet should therefore be
adapted to the nutrient and especially the energy requirements of the respective
species. Species-specific spatiotemporal food intake patterns should be taken into
account when designing diets for captive animals.
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Giraffe (Giraffa camelopardalis) nutrition in European zoos:
a comparative study.
Vicki Munday, Andy Beer & Vicky Hart.
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Abstract
Giraffes (Giraffa camelopardalis) have been historically held in zoological
collections and are often fed according to methods based on old practices within the
institution. The requirement of a greater understanding of captive giraffe diets led to
the development of the current study, in which giraffe diets at three European zoos
are examined.
The dietary intake and faecal output of one giraffe at each zoo was monitored over a
five or six day period. Following this, proximate analysis was used to determine the
dietary intake and faecal excretion of crude protein, acid detergent fibre and gross
energy.
Significant variation was found in the dietary content of crude protein and acid
detergent fibre. Dietary content of gross energy was not significantly different. The
only significant difference found in excretion was for acid detergent fibre. Caution
should be exercised when interpreting these results, due to the small sample of just
three giraffes. This study has provided preliminary data for nutrient intake and
excretion, but further work is required to determine the true nutrient requirements of
captive giraffes.
Introduction
The giraffe is the largest ruminant in the world, weighing up to 1,200kg (MacDonald,
2001). At present the giraffe has a wide spread distribution across sub-Saharan Africa,
being found in savannah, open woodland and on flood plains (Kingdon, 1997).

Giraffes are selective browsers, feeding at any level up to five metres above the
ground (MacDonald, 2001). Their staple food in the wild is acacia and, given the
opportunity, giraffes are highly selective choosing to eat the higher quality plant parts,
such as fresh leaves, shoots, fruits and flowers when they are available. Hofman &
Mattern (1988), claim that the giraffe's preferred forage is young shoots and agree
with Pellew (1984), concerning the giraffe’s selectivity. These authors report that
giraffes select food according to its quality, nutritional content and digestibility, rather
than choosing in proportion to availability.
Giraffes are, however, able to tolerate a wide range of quality in their diet and are
capable of roaming in undisturbed savannah and maintaining a diet superior to that
required for maintenance (MacDonald, 2001). Giraffes can also survive leaner times
by eating the fibrous leaves of drought hardy trees, as well as twigs, leaf litter and
seed pods as rumination and remastication improves the digestibility of such forage.
While domestic animal nutrition is well understood, zoo animal nutrition remains
relatively unexplored (Oftedal & Allen, 1996). As a result, zoo animal diets are often
formulated by extrapolation from domestic animal data. Additionally, zoo species are
often fed foods that are of agricultural importance to humans, such as hay, produce
and livestock feeds (Oftedal & Allen, 1996).
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Hatt (2000), acknowledges that zoo diets are rarely the same as would be consumed in
the wild, accepting that a substitute has to be designed and pointing out that most zoo
diets are based on tradition. Captive giraffe diets tend to consist of lucerne or hay as
forage and a variety of concentrates, such as maize and oats and various pelleted
foods, such as horse and pony nuts, giraffe nuts and acacia pellets.
Produce, such as apples, carrots and bananas, are often fed to captive herbivores,
including giraffes. This is possibly because wild giraffes are known to consume
botanical ‘fruits’ in the wild (Oftedal et al., 1996). However, most produce fed in zoos
is low in plant fibre and is therefore very different to fruits consumed in the wild.
Domestic produce is also high in sugars and can cause explosive fermentation in
foregut fermenters (Oftedal et al., 1996).
Most zoos also endeavour to feed browse, in the form of cut branches, to their
giraffes. This tends, however, to be viewed more as a source of enrichment rather than
as part of the diet, due to its unpredictable availability. Some varieties fed as browse
are relatively high in nutrients but little is known about the specific nutritional value
of most plant species offered as browse (Oftedal et al., 1996).
In their ‘Introduction to Zoo Animal Nutrition’, Nijboer & Hatt (2000), acknowledge
that a good diet is an important step towards the good health and longevity of zoo
animals. They state that such a diet should improve wellbeing and have a positive
long-term effect on the management of the species. Hatt (2000), points out that diet
related diseases still occur in zoo animals, particularly in the most frequently kept
species, the ruminants. He claims that to lose animals due to improper feeding is not
acceptable, from both an ethical and a conservation standpoint.
Hofman & Mattern (1988), support this view, with specific reference to giraffes
stating that the general condition of zoo kept giraffes has often been considered
unsatisfactory in comparison to wild giraffes, with particular regard to muscle
development and hair coat. They further state that this has been related to the
traditional methods employed in giraffe husbandry.
It has been suggested that a diet that is high in protein and low in fibre should be
adopted in captivity by feeding more concentrates and less hay in order to more
closely approximate the diet consumed in the wild. Additionally, the feeding method
is also an important consideration in captive diets (Hofman & Mattern, 1988). Wild
giraffes spend up to 50% of their time feeding, (Pellew, 1984), and Hofman and
Mattern (1988) suggested that all forage selectors should have the opportunity to feed
selectively and intermittently throughout the day.
Aims
The apparent need for a greater understanding of captive giraffe nutrition led to the
current study, which aims to:

1.
2.
3.
4.

Assess the protein, fibre and gross energy content of captive giraffe diets
Record the total quantity of diet consumed
Record the total quantity of faeces excreted
Assess the protein, fibre and gross energy content of captive giraffe faeces
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Methods
Locations and subject animals
Three zoos were involved in the study, Marwell Zoological Park in England,
Rotterdam Zoo in the Netherlands and Edinburgh Zoo in Scotland. At each zoo the
adult male was studied, this provided some consistency in the study and caused the
least disruption to the social grouping of the giraffes.

All three zoos fed a variety of different food types (see Table 1).
Table 1.

The standard diet of giraffe at the three institutions (approximate quantities per
day).

Marwell
Lucerne: ad libitum
Giraffe nuts: 3kg
Flaked maize: 1kg
Oats 1kg:
Apple: 2 or 3
Carrot: 2 or 3

Rotterdam
Lucerne: ad libitum
Willow: ad libitum
Rose: as available
Dried: leaves 1kg
Horse nuts: 3kg
Maize screenings: 1kg
Acacia pellets: 1.5kg
Linseed meal: 0.75kg
Apple: 1.5-2kg
Carrot: 1.5-2kg

Edinburgh
Hay: ad libitum
Horse hage: ad libitum
Ungulate pellets: 16kg
Browser pellets: 4kg
Linseed chips: 1.5kg
Bran: 0.1kg
Apple: 4-6
Carrot: 4-6

Procedure
For the duration of each study week, the male giraffe was separated from the rest of
his group in order to monitor his individual dietary intake and faecal output. All food
offered had to be weighed and any rejected food was also weighed, this allowed the
approximate total intake to be calculated:

DIET OFERED – DIET REJECTED = DIET CONSUMED
Faeces were collected and weighed twice a day to ascertain total faecal excretion.
Small samples from each faecal collection were retained, along with samples of each
food type so that laboratory analyses could be carried out.
Laboratory analysis
At the end of each study period the food and faecal samples collected were subjected
to laboratory analysis at Sparsholt College Hampshire. The Kjeldahl Steam
Distillation method was used to determine crude protein levels, fibre was determined
using the Acid Detergent Fibre method and Bomb Calorimetry was employed to
calculate the gross energy content of the samples.

Three replicates of each sample were subjected to each of the analytical methods, with
the mean value of these results being used to generate a single value for each nutrient
contained in the food and faecal samples. These average values were then used to
calculate the crude protein, acid detergent fibre and gross energy contained in 1kg of
combined diet at each zoo, assuming that each kg consisted of proportionate amounts
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of each food type. It was then possible to compare total diet intake and the intake and
excretion of protein, fibre and energy at each of the zoos on a g/kg basis.
Statistical testing
To test whether any of the differences detected were significant, rather than due to
chance, statistical testing was carried out. The Chi-squared test was selected, as it is
suitable for use with small samples, such as that represented in this study (n=3).

It should be noted, however, that the small sample used and the low values produced
mean that the results of the Chi-Square tests generated in this study should be treated
with caution.
Results
Dietary intake
Table 2 and Figure 1 show the mean quantity of diet offered and consumed at each
zoo. The amount of diet offered varied between 21.21kg a day at Marwell and
30.29kg a day at Edinburgh. However, this nine-kilogram difference was not found to
be significant (P>0.05).

At Marwell and Rotterdam the dietary intake was around 15kg a day, while at
Edinburgh the daily intake of diet was around 20kg per day. Again, the difference
between the zoos was not significant (P>0.05).
Table 2.

Mean quantity of diet offered and consumed in kg/day.

Institution
Marwell
Rotterdam
Edinburgh

Diet offered kg/day
21.21
27.62
30.29

Diet consumed kg/day
15.49
15.50
20.14

Mean quantity of diet offered and consumed
35
kg per day

30
25
20
15
10
5
0
Marw ell

Rotterdam
Offered

Figure 1.

Edinburgh

Consumed

Mean quantity of diet offered and consumed in kg/day.
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Crude protein
Table 3 and Figure 2 show the dietary content and faecal output of crude protein in
g/kg. The dietary content varied between 105.75g/kg at Rotterdam and 168.58g/kg at
Edinburgh, which was deemed a very highly significant difference (P=0.000).
However, faecal excretion of crude protein did not vary significantly (P>0.05),
ranging from 94.62g/kg at Edinburgh and 120.89g/kg at Marwell.
Table 3.

Crude protein in diet and faeces in g/kg.

Crude protein g/kg
Marwell
Rotterdam
Edinburgh

Diet
116.19
105.75
168.58

Faeces
120.89
110.73
94.62

Crude protein in diet and faeces
200

g/kg

150
100
50
0
Marw ell

Rotterdam
Diet

Figure 2.

Edinburgh

Faeces

Crude protein in diet and faeces in g/kg.

Acid detergent fibre
As can be seen in Table 4 and Figure 3 the dietary intake of acid detergent fibre
varied between 315.57g/kg at Rotterdam and 417.68g/kg at Edinburgh. This
difference was found to be very highly significant (P=0.001). The difference between
acid detergent fibre excretion was also very highly significant (P=0.000), ranging
from 212.89g/kg at Rotterdam and 423.81g/kg at Edinburgh.
Table 4.

Acid detergent fibre in diet and faeces in g/kg.

Acid detergent fibre g/kg
Marwell
Rotterdam
Edinburgh

Diet
352.60
315.57
417.68

Faeces
402.71
312.89
423.81

101

Session Three: Feeding and Nutrition

Acid detergent fibre in diet and faeces
500

g/kg

400
300
200
100
0
Marw ell

Rotterdam
Diet

Figure 3.

Edinburgh

Faeces

Acid detergent fibre in diet and faeces in g/kg.

Gross energy
The gross energy contained in the offered diets was broadly similar, ranging from
13.99MJ/kg at Marwell to 17.42Mj/kg at Edinburgh, as shown in Table 5 and Figure
4. This difference was not deemed to be statistically significant (P>0.05). Similarly,
the excretion of gross energy was not significantly different (P>0.05), ranging from
11.56MJ/kg at Rotterdam and 15.16MJ/kg at Marwell.
Table 5.

Gross energy in diet and faeces in MJ/kg.

Gross energy MJ/kg
Marwell
Rotterdam
Edinburgh

Diet
13.99
15.47
17.42

Faeces
15.16
11.56
14.27

Gross energy in diet and faeces
20

MJ/kg

15
10
5
0
Marw ell

Rotterdam
Diet

Figure 4.

Faeces

Gross energy in diet and faeces in MJ/kg.
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Discussion
The results of the study were somewhat mixed, with no single zoo feeding
significantly more or less of all three nutrients examined.
Diet consumption
Although not deemed significantly higher, the intake of total diet at Edinburgh was
greater than that observed at the other two zoos. This can be linked to the fact that
both hay and concentrate rations were available to the giraffe at Edinburgh at all
times, while at Marwell and Rotterdam concentrates were only fed in the afternoon
and left available over night. The feeding method adopted at Edinburgh is in line with
Hofman and Mattern’s (1988) suggestion that forage selectors, such as giraffes,
should have the opportunity to feed selectively and intermittently throughout the day.
Crude protein
The significantly higher protein intake at Edinburgh can be attributed to the protein
rich concentrates that make up a large proportion of the total diet offered at the zoo,
specifically ungulate and browser pellets. Some of the foods offered at the other zoos
were also high in protein, such as giraffe nuts and linseed meal, but were not fed in
particularly high quantities. This is opposition to Hofman and Mattern’s (1988)
suggestion that, in order to replicate wild diets, captive giraffes should be fed a high
protein low fibre diet.

In contrast to their dietary intake, the giraffes’ faecal excretion of crude protein was
quite similar and was not deemed significantly different. It is interesting to note,
however, that at Edinburgh and Rotterdam crude protein excretion appeared to exceed
intake. This may be explained by the fact that ruminant gut bacteria can synthesise
protein, which is subsequently excreted in the faeces. Alternatively, this phenomenon
may be explained by the fact that the analysis assumed that each kg of diet consisted
of proportionate amounts of each food. Of course, the giraffes are unlikely to have
eaten a proportionate diet, so their protein intake is likely to have been
misrepresented.
Acid detergent fibre
The significantly low intake of fibre at Rotterdam was also attributed to the
proportions of foods in the diet. For example, the horse nuts that formed a large
portion of the offered diet were quite low in fibre. The higher fibre levels recorded at
Edinburgh were linked to the high fibre content of the hay and hage fed as forage,
while the lucerne fed at Marwell and Rotterdam was lower in fibre.

The low fibre in the diet fed at Rotterdam was reflected by the significantly low
excretion of fibre at the zoo. At all three zoos fibre excretion was either higher or
roughly equal to the dietary content. This is usually accepted as a natural process, but
it may have been caused, in part, by faecal contamination from the straw and bark
substrates used at the zoos.
Gross energy
There were no significant differences detected in either dietary or faecal content of
gross energy. The slightly lower content in the diet offered at Marwell can be
attributed to the low energy content of the Lucerne that made up quite a high
proportion of the diet during the study period.
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It was observed that gross energy excretion at Marwell was higher than the dietary
content, suggesting that the giraffe at this zoo was metabolising stored energy, some
of which was subsequently excreted in the faeces. Alternatively, this result can also be
linked with the likelihood that the giraffe ate disproportionate quantities of the offered
diet.
Conclusion
This study found that the average combined diets at the study zoos provided
significantly different quantities of crude protein and acid detergent fibre, but similar
amounts of gross energy. There was a significant difference in fibre excretion, but
crude protein and gross energy excretion were seen to be similar.

The results of the study provide a good starting point for giraffe diet analysis.
However, in the absence of any data regarding the nutritional requirements of captive
giraffes, it is difficult to accurately review current feeding practices. In view of
Hofman and Mattern’s (1988) comments, it seems that Edinburgh is best replicating
the wild situation by feeding higher levels of protein in the form of concentrates and
by allowing constant access to all food types.
It is clear that further work is essential in determining the nutrient requirements of,
not only giraffes, but also other zoo species. Comparisons with wild animal diets are a
good starting point, but as the environments and life choices of wild and captive
animals vary so greatly it would seem fair to assume that their nutritional
requirements would also vary. Such work, together with consideration as to how to
offer the chosen diet, will help to provide a cornerstone in the modern zoo’s mission
to ensure good animal health and welfare.
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Providing foraging opportunities for nectar feeding parrots
Andrew Bagnall
North of England Zoological Society, Caughall Road, Chester, CH2 1LH
a.bagnall@chesterzoo.co.uk
Introduction
On the 8th of July, one hundred and forty five years ago, Alfred Russel Wallace was
on the island of New Guinea. He was there collecting zoological specimens for both
his own private collection and to sell to museums and private collectors to fund his
expedition. Amongst the vast array of biodiversity that awed and attracted him were a
group of birds that impressed him such, that when he published the account of his
travels eleven years later, he wrote; “…the beautiful little long-tailed Charmosyna and
the great variety of gorgeously coloured lories have no parallels elsewhere.”

The ‘beautiful little long-tailed Charmosyna’ he referred to seems most likely to have
been Charmosyna papou; the Papuan or Stella’s lorikeet. This exquisite little parrot is
distinguished from other Charmosyna species on New Guinea by the presence of two
long tail streamers.
The ‘great variety of gorgeously coloured lories’ to which Wallace referred is the
Loriinae, a sub-family of the Parrots, commonly referred to as the Brush-tongued
Parrots. The 50-plus species spread widely across Australasia and the Indo-Pacific
region, from the Philippines to beyond Tahiti in the Pacific ocean, gain there common
name from a morphological adaptation to their diet. The tongue of all Loriinae is
tipped with a cluster of papillae that can be raised or lowered under muscular control.
This tongue, longer and more slender than in other parrots, is probed into flowers to
gather nectar and pollen upon which the birds feed (Forshaw, 1989).
This last statement, does however, require some qualification.
Feeding Ecology
Although it is widely stated in many texts that lories feed on nectar and pollen
collected from flowers, much of the evidence for this comes from anecdotal
observations and assumptions. Many of these anecdotal observation describe lories
feeding from flowers, and pollen has been found in the digestive tract of freshly killed
wild lories (see Stresemann, 1912) but this information has only been given for a
minority of species and it is not known for certain whether the birds consumed pollen
incidentally whilst feeding on nectar or whether pollen is their primary energy source.

Some of the most detailed observations of wild lories feeding have been published for
the Purple-crowned lorikeet Glossopsitta porphyrocephala in Southern and Western
Australia. Churchill and Christensen (1970) hypothesised that pollen must be the
primary energy source for purple-crowned lories based on an estimated maximum
feeding rate, the calorific values of nectar and pollen and the volume of nectar to be
found in the flowers on which they observed their subjects feeding (Churchill &
Christensen, 1970). This was later disputed when observations suggested that the
required feeding rate Churchill and Christensen (1970) had calculated for nectar to be
the main energy source, was easily attainable for this species (Hopper and Burbridge,
1978). Further support for nectar as the principle energy source has been provided by
discussion of the digestibility of pollen (see Brice et al., 1989).
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Although field studies do not provide us with all the answers as to how and on what
wild lories feed, they do provide us with a strong indication of the number of flowers
a lory requires to visit each day and an approximation of how long this activity takes
the bird. With this information in mind we can make some comparisons of wild lories
and the feeding of lories in captivity.
Lories in Captivity
As with most parrots, the most commonly observed set-up for lories in European zoos
is a pair housed in a single species aviary. In such circumstances, lories are typically
provided with nectar in a shallow open container such as a stainless steel or ceramic
dish. The nectar is almost always a synthetic mix, either of commercially produced
origin or a ‘home made’ recipe of the zoo.

Feeding in this way has a number of drawbacks in comparison with the natural
feeding ecology of lories:
1. Usually only a single feed point is offered. The bird is not required to move from
point to point to obtain its daily energy requirements.
2. The open dish allows the bird to immerse its beak into the nectar. This can result
in feathers around the face becoming soiled.
3. The nectar is often fed ad libitum, which in combination with the reduced need for
movement, can lead to health problems such as obesity.
4. The feeding posture on an open dish is not a natural position for a lory to feed in.
An interesting recent trend in lory management is the rise in popularity of walk
through aviaries where visitors are permitted to feed lories with small quantities of
nectar.
The origins of this type of exhibit can be traced back to 1949 when Currumbin
Sanctuary in south Queensland, Australia started to offer bread soaked in sugar
solution to wild Rainbow Trichoglossus haematodus and Scaly-breasted lorikeets T.
chlorolepidotus. This became extremely popular with the Sanctuary’s visitors and
subsequently aviaries allowing this interaction have been created in many collections
around the globe.
Such a situation offers multiple feed points for the lories, with new feed points being
introduced throughout the day as new visitors arrive. Aviaries of this kind are only
successful however, when a reasonable sized flock of birds are kept and those
occupants are habituated to the visitors. Unfortunately, these requirements make this
type of management set up impractical for some of the endangered species of lories
where population sizes are too small for flocks to be created, exact parentage of
chicks needs to be known, or the species are particularly timid. There may also be
considerations of hygiene, zoonotic diseases and quantifying the amount of food
offered.
The aim of this project is to offer lories held in conventional ‘pair only’ aviaries, the
opportunities to forage in a manner similar to their wild counterparts.
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A Novel Feeder for Captive Lories
In order for captive pairs of lories to display natural foraging behaviour certain
criteria have to be met. Additionally, the practicality of using any feeder that fulfils
these, does itself dictate further criteria. In all, any feeder must:
•
•
•
•
•
•

Encourage a natural feeding posture.
Provide multiple feeding points.
The feed points must be exhaustible to prevent a bird from feeding from only a
single point.
The feeder(s) must be easy to clean.
The feeder(s) must be quick to load.
The feeder(s) must be fast to place and collect.

The author designed a feeding device that fulfilled these criteria and a number of
models have been constructed (Figure 1). The feeder consists of an approximately
35cm long, 6cm diameter, solid plastic rod. The material, food grade polypropylene
(supplied by Ensinger Ltd., Manchester) is hygienic and non-porous and is slightly
translucent. Twenty to thirty narrow holes (approx. 0.5cm diameter) are drilled into
the rod at approximately 45 degrees to the vertical. On the prototype, hole length and
diameter were drilled to be slightly longer and wider than a lories’ tongue based on
our estimates. From observations these measurements could be subsequently adjusted.
Some false feed points were also incorporated into each rod by drilling a hole that
either crossed another or passed through to the other side of the rod. The rationale for
this is that some of the flowers that wild lories visit will already have been drained of
their nectar by other nectivores. The volume contained in a rod could easily be
quantified using simple displacement.
The rods were hung from the mesh roof of the aviary by a small screwed in hook,
with three or four lengths of rope hung vertically around them at an appropriate
distance (approximately 10cm).
The feeder was designed so that the lories could grip vertically on the ropes and reach
across to probe their tongues into the nectar filled holes (Figure 2).

Figure 1.

Figure 2.
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Results
This is an ongoing project that seeks to provide a long-term improvement to the
foraging opportunities for lories at Chester Zoo. However, it was felt necessary to
provide some quantification of the impact that the feeders had on the lories both to
ensure that the design was appropriate and to add further substance to this paper. The
rods were initially trialed with three of the species held at the zoo. These were;
Duyvenbode’s lory (Chalcopsitta duivenbodei), Mount Apo lorikeet (Trichoglossus
johnstoniae) and yellow-backed Chattering lory (Lorius garrulus flavopalliatus). At
the time of the initial observations, these consisted of 1.2, 1.3 and 3.4 individuals
respectively with the chattering lories held in groups of 1.3 and 2.1. After a short pilot
period it was noted that the yellow-backed chattering lories readily accepted and used
the feeders but that neither of the other species had investigated them. It was
suspected that the Duyvenbode’s lories and Mount Apo lorikeets were intimidated by
a large novel object which they did not associate with food, and that some training
process would be required to habituate them to the rods. This is an ongoing part of the
project and no results are available at the time of writing.

Yellow-backed chattering lories have a reputation for being both bold and inquisitive.
This reputation was certainly justified from observation of the introduction of the
feeders into their aviaries. Within five minutes of the rods being hung the lories in
both aviaries were probing their tongues into the holes and feeding on the nectar from
them.
After a period of several days, sampling was commenced to quantify the rod’s effect.
Between the 15th April and the 9th June the yellow-backed chattering lories were
observed for 30-minute periods between the hours of 08.00h and 17.00h using
instantaneous scan sampling at 15-second intervals. The observations were made on
random individuals, either within a group of 1.3 or 2.1, or, for the observations made
in June, in one of two pairs of 1.1, or within a group of 2.2. This change in the group
composition represented the two daughters and single son being removed from their
parents and mixed in a separate aviary together with an additional female that had
joined the collection and completed quarantine.
During the observations, days with or without the novel feeders were in alternate
clusters. At no time were the conventional open dishes of nectar unavailable; the
feeders were always provided in addition to these. In total, 2760 counts were made for
each condition. The behaviours were then grouped into active and inactive and those
involving direct contact with the feeders were grouped as a subset of ‘active’. The
results, as a percentage of the daily time budgets, are shown in the Table 1.
Table 1.

Percentage of daily time budgets.

Condition
With feeder
Without feeder

% Active
74
53

% Directly on rod
9
N/A

% Inactive
26
47

From these results it can be seen that the use of the feeder has a positive effect on the
lories opportunities for foraging. On days when the feeding rods were provided, the
lories’ active behaviour increased on average by 40%.
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Hygiene
One of the constraints on unconventional feeding methods can be the time available to
keepers to service them. In comparison to stainless steel dishes, the feed rods are more
complex to clean and provide more of a challenge due to their numerous small holes.
Additionally, the artificial nectar used with the rods is an ideal medium for bacteria
and fungus to grow on, which if not thoroughly removed during cleaning can present
a health hazard to the birds.

Different cleaning regimes were tried and the efficacy of these assessed using a twotone dental disclosing solution. The rods were rinsed in cold water and then agitated
and left to soak in a solution of Hibiscrub, detergent or Milton’s solution. After each
treatment the rods were again rinsed and assessed for cleanliness by running the
disclosing solution over them and into the holes. The solution stains fresh bacterial
growth pink and older growth blue. Using this method it was observable that the
cleaning regime using Milton’s solution was fully effective in cleaning the rods.
Additional Benefits
One unplanned advantage of the new feeders has been the opportunity for zoo visitors
to observe how lories use their tongues. The rod material is semi translucent and by
positioning the rods near the aviary mesh it is possible for visitors to observe the
tongue probing inside the nectar filled holes (Figure 3). Added signage can put these
observations into the context of the lories’ natural behaviour (Figure 4).

Figure 3.

Figure 4.

Further investigations are planned, centred on the feeding ecology of lories. It is
intended to examine in greater detail the effect of the feeders on specific behaviours
such as preening and social interactions and the composition of the nectar used is
being examined.
It is also hoped that any resulting welfare benefits for captive lories can be extended
to lories in other institutions.
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Current zoo research at APU
Sheila Pankhurst
Anglia Polytechnic University, East Road, Cambridge, CB1 1PT
Abstract
Undergraduates reading for a degree in Animal Behaviour at APU undertook a
variety of zoo-based research projects during the summer of 2002. In a brief review of
some of their work, data will be presented on a trial of novel scents for use in
olfactory enrichment for captive jaguars; initial results from a new study of the
semiochemistry of the red panda, and the relationship between stress, parasite burden
and social status in the mara.
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The importance of interdisciplinary co-operation in zoo based research
Claire Raisin
Blackpool Zoo, East Park Drive, Blackpool, FY3 8PP
Abstract
Many zoos have a history of working with zoology/animal science departments of
higher education establishments to conduct research or have chemical samples
analysed. Many of these colleges and universities also have a wealth of, as yet untapped, resources.
Blackpool zoo research department has, for a number of years worked with the
Animal Academy of Myerscough College but one project this year gave us the
opportunity to monopolise a number of other available facilities.
In October 2002 the research department was approached by a final year student on
the Animal Behaviour and Welfare BSc course wishing to conduct her dissertation at
the zoo by devising an enrichment device for our elephants. After some planning the
design of the device was finalised, but how to build it was creating some problems.
Any enrichment device that will be introduced to an animals’ enclosure has, of
course, to be strong and durable, this is especially difficult when the device will have
to withstand the attention of four elephants. Limited resources and staff availability
meant that the device could not be constructed at the zoo and limited financial
backing meant the design could not be contracted out to an independent engineer.
The approximate design was taken to the Landscape Design Department of
Myerscough College. One of the lecturers showed a keen interest and volunteered to
take on the construction. The design was shown to a second year class as a proposed
design brief. Throughout the following weeks the class discussed possible structural
techniques and it was then built as a class effort.
The second hurdle came when considering how to mount the device. It was decided
that the cable it would run along would have to be attached 12 feet up the steel
girders that support the 90 foot wide elephant house. Health and safety restrictions
meant that any members of zoo staff could not conduct the work and, again financial
restrictions meant the work could not be contracted out.
At this point the skills from another department of Myerscough were employed. The
arboriculture department had all the safety equipment required to work at such
heights and the specialist equipment to drill and mount plate attachments to the
girders.
Both these approaches provided highly effective and cheap solutions to challenges
that would have otherwise inhibited the project and possibly halted it all together.
Many colleges and universities have other practical based courses whose students
and staff can be used around the zoo. Good relations with arboriculture and
horticulture departments have proved highly beneficial to the college as well as to the
zoo allowing the zoo to use the skills and expertise of those within the college. A
number of staff and students have begun to consider the wider applications of their
skills as well as being able to see their work put to good use.
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Much ado about bonobos: ten years of management and research at
Planckendael Wild Animal Park, Belgium
Jeroen Stevens1,2, Hilde Vervaecke1,2, Ward Melens3, Marleen Huyghe3, Peter De
Ridder1 & Linda Van Elsacker1,2,3
1
University of Antwerp, Universiteitsplein 26, B-2610 Wilrijk, Belgium
2
Centre for Research and Conservation, Royal Zoological Society of Antwerp, K.
Astridplein 26, B-2018 Antwerp Belgium
3
Planckendael Wild Animal Park, Royal Zoological Society of Antwerp,
Mechelsesteenweg 26, B 2812 Muizen-Mechelen
Abstract
This paper consists of two parts. In the first, we review the history of the bonobo
group at Planckendael since 1993, describing group history, enclosure design and the
different research topics of past and present. The second part consists of a case study
of the utilisation of the outdoor enclosure throughout the past ten years. In 1993 only
a few bonobos ventured outside. In 1997 all animals spent more than 50 percent of
their time outdoors and this trend had stabilised by 2001. Interestingly the spread of
participation indices decreased between 1997 and 2001, showing that the bonobos
used the island more equally in 2001. Finally we compiled a list of 80 plant species
that could be found on the island in 1997, and found evidence that bonobos ate at
least 16 of these species. We show that applied ethology also has been part of our
objectives and this will be more so in the future.
Introduction
The Bonobo Project at Planckendael Wild Animal Park (Belgium) of the Royal
Zoological Society of Antwerp (RZSA) started in 1992. Its original aim was the
fundamental study of the species in the zoo and in the wild, combined with in- and exsitu conservation efforts. For this purpose, a new bonobo housing facility was
designed, and in 1993 an adjacent outdoor island was completed. A special
publication about the founding of the colony (‘Bonobo Tidings’, 1993) was edited in
which some preliminary findings and some first events were described. In the current
paper, we elaborate on what happened in the colony in the ten years that followed. We
focus on group history, management and research programmes and show, by means of
a case study on enclosure utilisation how the latter two have interacted.
Group History
The Royal Zoological Society of Antwerp has kept bonobos in its collection since the
1940s. They were kept in pairs or small groups, until 1986 when a first attempt was
made to create a single group (Beyers, 1987). Due to construction works on the
Antwerp ape house, this group was then split up temporarily in 1987 again. The
breeding pair, Desmond and Dzeeta, was moved to Planckendael Wild Animal Park
and was reunited with the two females Hermien and Hortense in 1989 (Hol & Van
Elsacker, 1990). This resulted in both Hermien and Hortense each giving birth to a
son in 1990. Since both females had no experience with rearing offspring, a
successful training program was set up to stimulate maternal behaviour (Van Elsacker
& Struyf, 1990). Despite the original success, Hermien’s son Riddle died at 18months in 1991. The remaining five bonobos were moved to the newly built enclosure
in 1992 and were joined by three young males Joey, Kidogo and Ludwig (Van
Elsacker, 1997). At this point the whole original group that had been formed in 1986

114

Session Four: General Zoo Research

was reunited. The addition of Joey proved to be difficult however, and it was decided
not to integrate him in the group. The two other males integrated well.
In 1993 the first birth occurred in this group, when Hermien gave birth to a daughter
Unga (Van Elsacker et al., 1993). Four more births followed in 1994, 1998 and 2003.
No infants were hand-reared. The mothers were not separated at the time of birth and
all these bonobos were born in the presence of all group-members, including several
adult males. See Table 1.
Table 1.

Overview of group membership between 1989 and 2003.

Name

Sex

Year of Birth
(estimate)

In Group
since

Desmond
Kidogo

Male
Male

(1970)
28/02/1983

11/12/1987
04/03/1992

11/02/2000 (Death)

Dzeeta
→ Joey
→ Ludwig

Female
Male
Male

(1971)
13/12/1982
26/08/1984

11/12/1987
04/03/1992
04/03/1992

17/10/2002 (Death)
07/08/1992 (to Antwerp)
20/05/1999 (to Frankfurt)

Hermien
→ Riddle
→ Unga
→ Zomi

Female
Male
Female
Female

(1978)
08/04/1990
02/02/1993
28/01/1998

06/06/1989
08/04/1990
02/02/1993
29/01/1998

12/10/1991 (Death)
11/09/2001 (to Columbus)

Hortense
→ Redy
→ Vifijo
→ Zamba
→ E…

Female
Male
Male
Male
Male

(1978)
24/11/1990
23/07/1994
16/04/1998
27/04/2003

06/06/1989
24/11/1990
23/07/1994
16/04/1998
27/04/2003

Kosana
Djanoa

Female
Female

(1980)
27/03/1995

21/06/1999
01/09/2002

Removal/Death

27/06/2003
11/09/2001 (to Milwaukee)

Apart from births, the group demography has known a few deaths and some
migrations. Since the start of the project, four animals have died. Hermien’s first-born
infant, Riddle, died at 18-months of age due to vitamin D deficiency. Since then,
artificial UV radiation is routinely provided to all newborns on days when they cannot
go out. In 1999 Desmond, the oldest male, died at 29-years of age and in 2002 Dzeeta,
the long time alpha female, died at 31-years of age. Very recently, in 2003, the last
born infant of Hortense died too, of yet unknown cause.
Apart from births and deaths a number of migrations have taken place. All of these
transfers were part of the international breeding programme for bonobos, co-ordinated
by Antwerp Zoo and Milwaukee Zoo. Studies in the field have shown that females
migrate at adolescence while sons remain within their natal group throughout life
(Kano, 1992). As a consequence, in the wild, females are less related to each other
than males are (Hashimoto et al., 1996; Gerloff et al., 1999), although some male
bonobos do transfer occasionally too (Hohmann, 2001). SSP and EEP members have
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agreed to mimic these natural migration patterns and in captivity, females are
transferred at adolescence. Males normally remain in their birth group and are
transferred only exceptionally. For example, in 1999, it was decided to remove the
adult male Ludwig from the Planckendael group. He had been hand-reared and
seemingly did not recognise Dzeeta as his mother. Copulations between the two were
observed and to prevent inbreeding, Ludwig was moved to Frankfurt Zoo. Later that
same year an adult female, Kosana arrived from Leipzig Zoo. She was introduced to
all animals within one day. No problems occurred during this process, despite
Kosana’s limited experience with adult female bonobos. As far as is known, she had
spent the major part of her life with only one up to a few males. In September 2001
Kosana and the adolescent Unga, daughter of Hermien, moved to the USA. In
September 2002 Djanoa, a young female from Berlin Zoo, arrived. Once again the
introduction was completed within one day and no problems occurred.
The Enclosure
The enclosure consists of a main hall, five smaller off-exhibit cages and an outdoor
island (For details see Van Elsacker et al., 1993). The bonobos are housed together
for most of the day and night. The group always has access to the 600m³ hall and no
animal is separated from the others, except in case of serious illness. In the morning,
this hall is cleaned and the bonobos are temporarily kept off exhibit in five cages.
After each bonobo has received an individual portion of food (milk and fruit), the
group returns to the hall where the rest of their meal (a variety of fruit and vegetables)
has been spread out. In the late afternoon the bonobos are called back in the cages
again, where each of them receives an individual portion of food, before they all
return to the main hall where again the rest of their food is spread out. When
temperatures are too low for the bonobos to go on the outdoor island, they receive an
extra ‘snack’ (mostly nuts, sliced vegetables and fruit or browse) at noon.

The bonobos are given access to the 3000m² island, as soon as temperatures rise
above 12°C,. The group always has the choice to remain inside and is never locked
out.
The island is surrounded by a moat that consists of several parts (see Van Elsacker et
al. 1993). First there is a shallow area, then a steeper slope, fenced by electric wire
and finally a deep ditch. Bonobos have a reputation for not being afraid of water and
it had been suggested that keeping them on an island would be impossible (de Waal,
1989). In Planckendael, the bonobos do not shun the water yet sometimes play in it or
wade in it. The major reason for them to enter the moat is to obtain food, thrown to
them by visitors (which is discouraged) or to collect vegetation growing there
naturally (see below). Most often they enter the moat bipedally and enter the water up
to waist-level. There have been no incidents of drowning, in contrast to chimpanzees,
where drowning was reported occasionally in similar exhibits (Angus, 1971; Adang et
al., 1987). No attempts to escape by jumping across the moat have been made either.
The electric fence seems to be an adequate extra barrier that keeps the bonobos from
entering too deep or from trying to cross the moat.
In 1993, before the bonobos could go out on the island, they were given experience
with an electric fence in a temporary outdoor cage (see Van Elsacker et al., 1993).
The electric fence was marked with brightly coloured ribbons. If the apes touch the
wire, they experience a mild electric shock and learn to avoid it. When the apes went
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on the island for the first time, the same brightly coloured ribbons were attached to all
wires around the island, to indicate the presence of electric fences to the apes. This
procedure has been repeated each time a new bonobo entered the group.
During the first years after the island was opened, vegetation was settling and electric
fencing were used to protect most plants too. The next summer the fences were
removed and bonobos had access to most plants on the island. A large weeping
willow and a maple tree were accessible to the bonobos too. The old weeping willow
has died and fell down in 1998. The maple tree has had to be protected again with
electric wire since 1999 as the bonobos stripped the bark and the tree was damaged.
Research
Research on bonobo behaviour was one of the prerogatives when the building was
designed. Therefore a special observation area was constructed from which the apes
can be observed in both the inside and outside enclosures. The research team consists
of zoo staff and students, from different universities in Belgium as well as from
several other countries, such as Japan, Austria and Germany. The different research
topics that have been or are currently under study can be roughly divided in four
categories. First, there is an interest in cognition, such as social learning, laterality,
mirror recognition and tool-use (Walraven et al., 1993; Walraven et al., 1995; de
Vleeschouwer et al., 1995; Takeshita & Walraven, 1996). Second, mother infant
relations are being studied (De Lathouwers et al., 2000). Third, social relationships
have been studied extensively (Vervaecke, 1999; Vervaecke et al., 2000a, 2000b,
2000c) often using a multidisciplinary approach in which data on behaviour are
combined with endocrinological data (Heistermann et al., 1996; Vervaecke et al.,
1993; Vervaecke et al., 1999; Shimizu et al., 2003; Sannen et al., 2003). Finally the
species’ locomotion is being studied (Aerts et al., 2000; D’Aout et al., 2001; D’aout
et al., 2002).
Case Study of Applied Research and Management: Utilisation of the Island
Methodology
When the bonobos were given access to the island in 1993, only a few of them
ventured out. It was therefore decided to start a long-term follow up study of how the
bonobos utilised the island. Here we present some results of this study. Data were
collected during three summer seasons, at four-year intervals: April – October 1993,
September 1997 and April - July 2001. In 1993, when the island was first opened, we
only scored whether bonobos were inside the hall or out on the island by using
instantaneous scan sampling (Altmann, 1974). In 1997 and 2001 this was repeated,
but now the specific location of each individual was noted as well. For this purpose, a
grid of 70 squares of approximately 6.5 metre by 6.5 metre each was superimposed on
the island map (see Figure 1). This allowed us to evaluate utilisation of the island by
means of a Spread of Participation Index (SPI) (Dickens, 1955). This index has been
used to evaluate utilisation of captive habitats in various species (Hedeen, 1983;
Sheperdson et al., 1993; Traylor-Holzen & Fritz, 1985). The index ranges from 0 to 1.
The maximum value of 1 indicates individuals make minimum use of the enclosure,
spending all time in one quadrant. When the index approaches 0, the individuals
utilise the full range of the island, using all quadrants equally.
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Figure 1.

A map of the island with superimposed grid.

Indoors versus outdoors
Figure 2 shows the proportion of time the bonobos spent on the island for 1993 versus
1997 and for 1997 versus 2001. In 1993 most bonobos spent most of their time in the
inside enclosure. Only the oldest female Dzeeta, and Kidogo, a sub-adult male, spent
up to 60% of their time outdoors. All the others initially preferred the inside enclosure
and spent for more than 50% of their time inside. There was a significant increase for
the whole group in 1997 compared to 1993 (Wilcoxon matched pair test: n=7, z=
2,20, p<0.05). This is mainly due to Hermien, Hortense and Desmond, and to a lesser
extent to Redy and Ludwig. There was little or no increase for Dzeeta and Kidogo.
Interestingly, by 2001 this trend had stabilised. Although there is a slight decrease for
Hermien and her daughter Unga, there was no significant difference between 1997
and 2001 (Wilcoxon matched pair test: n=7, z=1,18; p>0,05).
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Figure 2.

Percentage of time spent outdoors in 1993, 1997 and 2001.

SPI indices
Figure 3 shows the SPI indices for individual bonobos in 1997 compared with 2001.
In 1997 the SPI indices ranged from 0.64 to 0.78, indicating that the bonobos
systematically used only a small part of the island. By 2001 however, the SPI had
dropped significantly (Wilcoxon matched pair test: n=7, z=2.37, p<0.05) and ranged
between 0.27 and 0.42. This may be partially due to growing independence of
immature individuals Vifijo and Unga, but is also very remarkable for the adults.
Even Kidogo and Dzeeta, who were often outside from the opening of the island (see
Figure 2), had a high SPI index in 1997, which had lowered by 2001.
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Plant consumption
In 1997 we compiled a list of 80 plant species, belonging to 35 different families that
could be found on the island (see Appendix I 2). These included both vegetation that
was originally planted on the island in 1992 (P), as well as plants that colonised the
island by themselves in the subsequent years (C). Sixteen species of these plants
(belonging to ten families) were eaten regularly by the bonobos during a two-week
period in September 1997. This list is not exhaustive, as some plants flower or bear
fruit during months that were not sampled here.
Discussion
It is clear that the bonobos were very cautious of going out on the island in 1993.
Only two individuals spent more than 50% of their time outside. By 1997 most
individuals spent about 60% of their time out on the island, and this remained so in
2001. The spread of participation indices show that, while in 1997 the bonobos only
used certain areas of the island, they used the island more extensively in 2001. We
explored this difference visually by calculating for each quadrant the average how
often it had been visited by the different individuals in 1997 and in 2001 (see Figure
4).
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areas visited most frequently by bonobos, grey bars show frequency for the other
areas).

Apparently, in 1997, bonobos preferred the area around the inside enclosure near a
large climbing structure and, to a lesser extent, the nearby visitors area. Although on
average the bonobos used more quadrants in 2001, there still is a preference for the
area around the main building. The climbing structure had been renewed and this site
was still very popular. We now also see a new pattern arising. The bonobos preferred
an area on the south-western side of the island. We suspect this may be due to public
feeding. Although the public is not allowed to feed the animals, zoo visitors
frequently do so. In 1997 this happened mostly on the visitor’s site near the main
building and the bonobos developed the habit of begging for food. Therefore in 1998
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we started playing a sound message, pointing out in four languages to the visitors in
this area that feeding the apes is strictly forbidden. This was partially effective, in that
feeding on this side of the island decreased. But visitors started to feed the bonobos
more frequently on the opposite side of the island, which may correspond with the
‘sudden interest’ of the bonobos for this spot. The effects of public feeding and the
presence of visitors in general, may be a fruitful research topic in the future. We also
suspect that shade is a very important factor that decides which sites are preferred by
the bonobos. This opens the potential for experimental set ups, creating places of
shades at places where the public can more easily observe the apes. This might also
decrease the visitors urge to feed the bonobos to lure them closer by.
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Appendix I.
Family
Alismataceae
Apiaceae

List of identified plant species on the Planckendael bonobo island.

Species - Latin name
Saggitaria saggitifolia
Heracleum sphondylium
Daucus carota
Asteraceae
Eupatorium cannabinum
Erigeron canadensis
Achillea millefolium
Matricaria recutita
Tanacetum vulgare
Artemisia vulgaris
Tussilago farfara
Senecio jacobea
Cirsium vulgare
Hypochaeris radicata
Taraxacum officinale
Sonchus asper
Crepis biennis
Petasites hybridus
Petasites japonicus
Betulaceae
Alnus glutinosa
Boraginaceae
Symphytum officinale
Myosotis palustris
Cannabaceae
Humulus lupulus
Caprifoliaceae Sambucus nigra
Ceratophyllaceae Ceratophyllum demersum
Convolvulaceae Calystegia sepium
Cyperaceae
Scirpus lacustris
Dryopteridaceae Dryopteris filix-mas
Elatinaceae
Hypericum perforatum
Equisetaceae
Equisetum arvense
Fabaceae
Amorpha fruticosa
Cytisus scoparius
Vicia cracca
Lathyrus pratensis
Melilotus officinalis
Medicago lupulina
Trifolium repens
Trifolium rubens
Lotus corniculatus
Geraniaceae
Geranium rotundifolium
Geranium robertianum
Grossulariceae Ribes spp
Iridaceae
Iris pseudacoris
Juncaceae
Juncus effusus
Lamiaceae
Lycopus europaeus
Mentha aquatica
Glechoma hederacea
Lamium purpureum
Prunella vulgaris
Menyanthaceae Menyantes trifoliata

Species - English name
Arrowhead
Hogweed
Wild carrot
Hemp-agrimony
Horseweed
Yarrow
Scented Mayweed
Common tansy
Wormwood
Colt's-foot
Common ragworth
Spear thistle
Cat's ear
Dandelion
Prickly Son-thistle
Rough Hawk's beard
Butterbur
Japanese butterbur
Alder
Common comfrey
Water Forget-me-not
Golden hop
Common elder
Hornwort
Bindweed
Common club-rush
Male fern
Perforate St.John's-wort
Field Horsetail
False Indigo Bush
Broom
Tufted Vetch
Meadow Vetchling
Ribbed Melilot
Black Medick
White clover
Red Trefoil
Common Bird's-foot-trefoil
Round-leaved Crane's-bill
Herb-robert
Currant
Yellow flag
Soft rush
Gipsywort
Watermint
Ground-ivy
Red Dead-nettle
Selfheal
Buckbean
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planted
P
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
P
P
P
C
C
C
P
P
C
P
C
C
C
C
C
C
C
C
C
C
C
C
C
C
P
P
C
C
C
C
C
C
C

Eaten
N
N
N
N
N
N
N
N
N
N
N
N
N
Y
Y
Y
N
N
Y
Y
N
N
N
N
N
N
N
N
N
Y
N
N
N
N
N
Y
N
N
N
N
N
Y
Y
N
N
N
N
N
N
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Appendix I continued…
Family
Species - Latin name
Nympaeceae
Nymphea alba
Oleaceae
Fraxinus excelsior
Onagraceae
Lythrum salicaria
Osmundaceae
Osmunda regalis
Plantaginaceae Plantago major
Poaceae
Glyceria maxima
Phragmites australis
Poa sp.
Polygonaceae
Rumex hydrolaphatum
Rumex conglomeratus
Polygonum persicaria
Pontederiaceae Pontederia cordata
Ranunculaceae Ranunculis lingua
Ranunculus acris
Rosaceae
Sorbaria sorbifolia
Rubus caesius
Potentilla anserina
Alchemilla spp
Salicaceae
Salix caprea
Salix pendrata
Salix cinerea
Salix acutifolia
Salix repens
Sparganiaceae Sparganium erectum
Staphyleaceae
Acer platanoides
Acer sacharinum
Acer campestre
Acer capillipes
Typhaceae
Typha latifolia
Urticaceae
Urtica dioica

Species - English name
White water-lily
Ash
Purple loosestrife
European royal fern
Greater Plantain
Glyceria
Common reed
Grass
Water Dock
Clustered Dock
Ladysthumb
Pickerel weed
Greater Spearwort
Meadow buttercup
Sorbaria (tree spiraea)
Dewberry
Silverweed
Lady's mantle
Goat willow
Bay willow
Grey willow
Siberian Violet-willow
creeping willow
Bur-reed
Norway maple
Silver maple
Field maple
Jap. stripped-bark maple
Common cattail
Common nettle

planted
P
P
C
P
P
C
P
P
P
C
C
C
C
C
P
C
C
C
P
P
P
P
P
P
P
P
P
P
P
C

P: Plants were put on the island
C: Plants “colonised” the island by themselves
N: Bonobos were not seen consuming these plant species (in September 1997)
Y: Bonobos were seen consuming these plant species (in September 1997)
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Eaten
Y
N
N
N
N
N
N
Y
N
Y
Y
N
N
N
N
N
N
N
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
N
N
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Social effects on the Trichuris burdens of Abyssinian colobus (Colobus guereza)
housed at Paignton Zoo
Fay Poyser
Paignton Zoo Environmental Park, Totnes Road, Paignton, Devon TQ4 7EU &
Department of Biological Sciences, Manchester University, Oxford Road,
Manchester.
Abstract
The Trichuris trichiura burdens of twelve Abyssinian colobus (Colobus guereza)
housed at Paignton Zoo Environmental Park were monitored over seven months using
faecal analysis. T. trichiura burdens were correlated to age, sex and social
dominance. Overall, adult C. guereza had greater T. trichiura burdens than juveniles;
this relationship was very pronounced in males but not so apparent in females. It is
suggested that the high T. trichiura burdens seen in adult males are due to stress
caused by vying for social dominance.
Introduction
Abyssinian colobus (Colobus guereza) are large, arboreal primates from tropical
Africa. In the wild C. guereza live in social groups of approximately eight individuals.
These are often single male groups, although multi-male groups also occur (von
Hippel, 1996). C. guereza are territorial and although group boundaries can overlap,
the males will vigorously defend their core territory. Female C. guereza are believed
to have an egalitarian society with no dominance hierarchy (Grunau & Kuester,
2001).

Paignton Zoo Environmental Park have two groups of captive C. guereza and one
group of king colobus (Colobus polykomus). Brown (2002) found that all three
colobus groups were positive for Trichuris sp. and that the two C. guereza groups had
significantly greater Trichuris sp. burdens than the C. polykomus.
Trichuris spp. are parasitic nematodes that live in the colon and caecum of their host.
There are approximately 60 different species of Trichuris, which infect a variety of
mammals. The species that infects primates is Trichuris trichiura (Schwartz, 1928
cited by Chandler et al., 1961). This is the same species that infects humans and is
more commonly known as the human whipworm. An estimated 1000 million people
are infected with T. trichiura world wide, making it an important zoonosis
(Stephenson et al., 2000).
T. trichiura has a simple, direct life cycle. After copulation, each female lays between
2,000 and 20,000 eggs per day which are passed in the host’s faeces. Diagnosis of T.
trichiura is made by the discovery of these distinctive, bipolar eggs in the faeces. An
estimation of host worm burden is then made by calculating the number of eggs per
gram of faeces (Urquhart et al., 1988).

Once in the soil T. trichiura eggs need at least 14 days to become infective, although
this embryonation stage is temperature dependent and can take four to six months at
15ºC (Chandler & Read, 1961). The eggs are resistant to freezing, although they will
desiccate if conditions become too dry. A host animal becomes infected by ingestion
of embryonated eggs in contaminated soil or water.
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Most T. trichiura infections in humans are low level, asymptomatic infections of <100
worms (Schmidt & Roberts, 1985). According to Jung and Beaver (1951), clinical
symptoms should always be expected in humans when the egg count is 30,000 per
gram faeces; this correlates to several hundred worms. Heavy infections can cause a
range of clinical symptoms, including growth retardation, clubbed digits, chronic
diarrhoea, prolapsed rectum and chronic haemorrhaging resulting in anaemia
(Stephenson et al., 2000). Deaths due to heavy T. trichiura infections have been
reported in non-human primates (Emikpe et al., 2002).
There appear to be no published studies of the intensity or incidence of helminth
infection in any colobus species. There is however, documentation of the incidence of
helminth infections in various other primates (bonobos, Pan paniscus, Hasegawa and
Takayoshi,1983; rhesus macaques, Macaca mulatta, Kessler et al., 1984, Phillipi and
Clarke, 1992, Eberhard, 1981). A number of these studies have investigated
correlations between social dominance, age, sex and parasite incidence.
It is well documented that the intensity of helminth infection in humans is
significantly greater in children than in adults. There is evidence that this is not
simply due to decreased exposure with age but is also due to an age-dependent
immunity response (Bundy et al., 1991).
Kessler et al. (1989) found that in the free-range macaques of Cayo Santiago Island
colony, Strongyloides spp. (a parasitic nematode) was found most frequently in
animals under three years of age. He also analysed Strongyloides infection in adult
macaques by sex, social dominance rank and matriline. He found that infection was
significantly more prevalent in males versus females and more prevalent in high
versus low ranking males. This evidence is contrary to popular belief that submissive
animals are more prone to parasitic infections. There was however no significant
difference between matrilines (Kessler et al., 1989).
Hausfater and Watson (1976) studied parasite ova emissions in free-range olive
baboons (Papio cynocephalus anubis). Their research showed that high ranking males
and mid ranking females had higher egg counts per gram of faeces than low ranking
animals. This indicated that there was a correlation between rank and parasite burden
in males but not in females. However, in free-range howler monkeys (Alouatta
palliata), Stuart et al. (in press, cited by Phillipi and Clarke, 1992) found that males
and females were both equally parasitised, although any rank correlation was not
investigated.
This suggests that the stress of dominance may increase risk of parasitism; however
dominance and age are normally confounded. This is not the case in spider monkeys
(Ateles spp.). Unlike rhesus macaques and baboons, in spider monkeys the oldest
animals tend to be lower ranking. Stuart et al. found that it was the younger, more
dominant animals which were more heavily parasitised (cited by Phillipi & Clarke,
1992).
This study aims to determine whether the intensity of T. trichiura burden is correlated
to age, sex or social dominance in the captive C. guereza housed at Paignton Zoo.
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Methods
Study subjects
Two groups of C. guereza, A and B were housed in the monkey house at Paignton
Zoo. There was no physical contact between the groups but their management and
housing were similar.

Group A consisted of eight animals; three adult males (more than four years at start of
study), three juvenile males (less than four years) and two adult females (more than
four years). One of the females was lactating and pregnant; the other was believed to
be anoestrous. Group B consisted of four females; two adults (more than four years)
and their two respective young (less than four years). The two enclosures were
identical except in size (Internal area: group A, 10.0 x 5.0 x 2.5m; group B, 5.0 x 3.0
x 2.5m. External area: group A, 10.0 x 5.0 x 5.0m; group B, 5.0 x 10.0 x 4.0m). In
addition, group A had bark chip flooring in their external enclosure whereas group B
had a grass floor.
Both internal houses were cleaned every morning at 08.00h with Annihilate A.C.R.
(Hydra International LTD, Milton Keynes) at which time all of the animals were
locked outside. The same cleaning tools were used throughout the monkey house and
were not cleaned between enclosures, the order in which the enclosures were cleaned
depended on the keeper present. Group A’s external enclosure was cleaned daily
whereas group B’s was cleaned every other day.
Data collection
The study was conducted between October 2002 and April 2003. Faeces were
collected during autumn (22/10/02 – 24/11/02) and spring (22/01/03 – 02/04/03)
periods. C. guereza were wormed and were negative for T. trichiura for at least threeweeks between periods.

The two C. guereza groups, A (N=8) and B (N=4) were studied simultaneously.
Faeces voided between 14.00h–15.00h, were marked on a map of the enclosure and
the colobus responsible identified. Any faeces that fell on top of another sample were
not collected, in case of cross contamination. At 15.00h all the samples identified
were collected in plastic pots and labelled with the date and monkey’s name; these
were then stored in a freezer (at -5ºC) until analysis could be carried out. The colobus
were observed on 11 out of 14-days during each period although the total number of
days on which samples were collected depended on the colobus defecating inside and
so varied across condition (group A autumn 28-days and spring 50-days; group B
autumn 14-days and spring 46-days).
T. trichiura burdens were estimated using the average egg counts per gram faeces
obtained using McMaster’s technique (Urquhart, 1988).
Behavioural data collection
Continuous focal animal sampling was used to note all displacement behaviours
experienced by an individual in a 15-minute session. Displacement was defined as
“movement of one animal towards another, the moving animal causing the stationary
animal to move away”. Additional observations were made during feeding (N= 6
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sessions/ animal) and non feeding periods (N= 6 sessions/ animal). This data was used
to construct a dominance hierarchy for the male colobus in group A.
Analysis
For each individual, Levene’s test for equality of variance was used to compare the
autumn and spring periods. Following this, two sample two-tailed t-tests were used to
compare the autumn and spring data for each individual and the data for each group.
There was no significant difference between the periods or the groups, so these data
sets were pooled for all further analyses.

A two-way between subject ANOVA was carried out on transformed data, with the
independent variables being sex (male, female) and age group (adult, juvenile). The
behavioural data were arranged into two displacement matrices; the individual that
was never supplanted was placed at the top of the table and the individual always
supplanted was at the bottom. The mean T. trichiura egg count of each individual was
correlated against body weight and male social dominance. Pearson’s correlations
were also carried out to compare egg count against the actual age (in years) of the
colobus for the whole sample and each gender separately.
Results
There was considerable variation in the Trichuris burdens of the 12 individual
monkeys (Table 1).

There was a highly significant interaction between T. trichiura burden and age group
and sex (F [1, 11] = 51.12, P= 0.00; Figure 1). When T. trichiura burden was analysed
by sex and age group there was a highly significant main effect of age group, but not
of sex (age group: F [1, 11] = 56.97, P = 0.00; sex: F [1, 11] = 0.74, P = 0.39).
Table 1.

Mean egg counts for all individuals in the study; Ad= adult, Ju= juvenile, L=
lactating, P= pregnant, A=anoestrus, 1-6=most – least dominant.

Group

Name

A
A
A
A
A
A
A
A
B
B
B
B

Erroll
Milo
Fraiser
Fergus
Lou
Deanna
Hope
Kabul
Beattie
Scragg
Lottie
Diamond

Mean Trichuris
egg/ gram faeces
5,777
4,225
2,674
1,249
1,140
942
870
749
10,945
2,027
1,688
1,154

Age in years
(age group)
20 (Ad)
5 (Ad)
6 (Ad)
3.5 (Ju)
17 (Ad)
8 (Ad)
1.5 (Ju)
2.5 (Ju)
11 (Ad)
3.5 (Ju)
3.5 (Ju)
9 (Ad)
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Sex

Male
Male
Male
Male
Female (L&P)
Female (A)
Male
Male
Female
Female
Female
Female

Dominance
rank
1
2
3
4
n/a
n/a
5
6
n/a
n/a
n/a
n/a
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Figure 1.

Mean (± SE) Trichuris burdens of different age/sex classes of Abyssinian colobus
at Paignton Zoo.

Beattie (adult female group B) was an obvious outlier within the population with a
mean T. trichiura burden five times that of the next highest female and almost twice
that of the closest male (Table 1). With the data from this outlier removed there was a
significant interaction between T. trichiura burden and age and sex (f [1, 10] = 151.15,
P = 0.00); a. significant main effect of sex (F [1, 10] = 19.93, P=0.00); and a significant
main effect of age (F [1, 10] = 35.97, P = 0.00).
There was no significant correlation between mean egg count and colobus weight
(r[12] = 0.41, P = 0.19), actual colobus age for the whole group (r[12] = 0.41, P = 0.19)
and actual colobus age for females only (r[6] = 0.167, P = 0.77). However, mean egg
count did correlate significantly with actual colobus age for males only (r[6] = 0.86, P
= 0.03) and with male dominance status (r[6] = 0.95, P = 0.00).
Discussion
When all of the data were analysed, there was no significant difference between male
and female T. trichiura burdens. However, one of the adult females had a T. trichiura
burden almost twice that of the closest male and five times that of the closest female.
This appears to be an abnormal egg count but due to the small population size it is not
possible to tell whether it is abnormally high at the population level. When the data
were reanalysed excluding data from the outlier, male colobus had significantly
greater T. trichiura burdens than females. This difference due to one animal means
that it is impossible to draw any conclusions as to whether male or female C. guereza
would be expected to have differing T. trichiura burdens in other captive populations.

Regardless of whether the data from the outlier was included; the adult age group had
a greater T. trichiura burden than the juveniles. This was not however a straightforward interaction as there was a highly significant interaction between age group
and sex. This interaction meant that age group was a more important factor regarding
T. trichiura burden in males than in females; with the adult males having many more
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T. trichiura than juvenile males, while adult females had similar T. trichiura burdens
to juvenile females.

There was a strong correlation between the actual age of male colobus and their T.
trichiura burden, with the oldest animals having higher egg counts. There was also a
very strong correlation between male social dominance and T. trichiura burden with
the more dominant animals having higher egg counts. Unfortunately age and
dominance are confounded in the C. guereza studied, as the oldest animals were also
the most dominant. This was not the case in female C. guereza. As females have an
egalitarian society there is no dominance hierarchy, therefore age and dominance can
not be confounded. In the case of the females there was no correlation between age
and T. trichiura burden.
As age does not affect T. trichiura burdens in female C. guereza or in the group as a
whole, it would suggest dominance rank is a more important determinant of male
worm burden than age. Contrary to these results, previous research in humans has
shown that adults have lower T. trichiura burdens than children; this appears to be in
part due to an age dependent immune response (Bundy et al., 1991). It is possible that
there is an age dependent immune response that is not apparent in the study perhaps
due to the small sample size or because natural immunity patterns are altered due to
some factor associated with captivity.
However other studies with non-human primates have also related dominance
hierarchy and parasite burdens. Most notably Hausfater and Watson (1976) found that
dominant males and mid-ranking females were most heavily parasitised in olive
baboons (Papio cynocephalus anubis). While Stuart et al. (in press, cited by Phillippi
and Clarke, 1992) found that it was the younger, more dominant male spider monkeys
which were most heavily parasitised. This relationship may be due to increased stress
levels caused by maintaining high dominance rank or higher testosterone levels in
more dominant animals. These hypotheses could be tested in future by correlating
cortisol and testosterone levels to parasite load this and other similar captive groups.
Conclusion
The adult C. guereza housed at Paignton zoo have greater T. trichiura burdens than
the juveniles. This difference is most pronounced in the males, with adult males
having far more T. trichiura than the juvenile males. This high T. trichiura burden in
adult males should be viewed with caution due to the small sample size but is possibly
due to stress caused by vying for social dominance. More research is needed into the
population level T. trichiura, especially in female C. guereza.
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Chair: Heidi Mitchell
Two approaches to measure the effect of visitor numbers on orang-utan welfare
Ruth Jones & Stephanie Wehnelt
North of England Zoological Society, Caughall Road, Chester, CH2 1LH, UK.
Abstract
For zoo animals, visitors can have an enriching effect, be a stressor, or animals can
stay unaffected by the presence of visitors. For reasons of animal welfare and in
order to assess the display value of exhibits, it is essential for zoos to know how
visitors affect their animals. One visitor attribute that is often connected with
behavioural changes in animals is visitor numbers and noise.
This paper discusses two different methods of measuring the effect of visitor numbers
and noise on orang-utans, the experimental and the non-experimental approach.
Using research examples from Chester Zoo, the benefits and disadvantages of both
methods are outlined and results are compared. Within this framework, the
importance of finding appropriate categories for visitor numbers is emphasised.
Orang-utans are a good example, where an assessment of the welfare status of the
individuals is not easily made by behavioural cues alone. This paper also outlines
how visitor effect studies were used at Chester Zoo to develop a welfare assessment
programme for orang-utans by identifying possible welfare indicators.
Introduction
For welfare reasons, it is essential for zoos to assess what effect visitors have on the
animals in their care. It has been suggested that zoo visitors can be an enriching
(Morris, 1964), stressful (Hediger, 1970) or neutral (Snyder, 1975) stimulus. If
enriching, visitors can be encouraged to get close to a species and in some cases
interact with them (e.g. underwater viewing with penguins), increasing visitor
enjoyment. It has also been suggested that visitor-animal interactions may be
beneficial for captive primates (Moodie & Chamove, 1990). If stressful, measures
need to be taken to eliminate or reduce this effect. Some research indicates that visitor
presence promotes changes in behaviours that indicate low standards of welfare
(Table 1). Most species studied seem likely to react in some way to human audiences,
and may only become partially habituated to human presence. Thus, it can generally
be assumed that human presence has an effect on animals and the nature of this effect
needs to be identified.

The orang-utan poses a real challenge when trying to assess what effect visitors have
on the welfare of these animals. Their behaviour is not easy to interpret and so far no
real welfare indicators have been established. Markham (1991) states that ‘stress
induced by the captive environment does not generally show itself in orang-utans until
it results in death’. Orang-utans often fail to show those for primates usual signs in
stressful situations, such as stereotypies or displacement behaviours, i.e. high
frequencies of auto-grooming, self-scratching and yawning (Maestripieri et al., 1992).
Therefore, other aspects of behaviour must be found which may be used as indicators
of welfare.
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Table 1.

Behavioural changes in some zoo species as reaction to an increase in visitor
numbers.

Species

Reactions to increasing visitor presence *

Saguinus
oedipus

Less frequent social behaviour and an increase in agonistic behaviour between parent
and offspring (Glaston et al., 1984).

Ateles spp.

Less frequent social behaviour and an increase in visitor-directed and intra-group
aggression (Lahm, 1981).

Macaca spp.

High fear and hostility responses towards audiences (Clarke & Mason, 1988).

Hylobates
syndactylus

Increased activity levels and hostile actions towards the public (Nimon & Dalziel,
1992).

Increased aggressive behaviours towards unfamiliar people (Maki et al., 1987).
A three-fold increase in the occurrence of self-wounding episodes (Lambeth et al.,
1997).
* Visitor presence taken as the increase in number and/or noise of visitors.

Pan
troglodytes

When investigating behavioural changes, with respect to rising visitor presence, either
an experimental or non-experimental approach can be used. At Chester Zoo, we have
carried out both approaches and this paper is to compare the outcome. The studies
took place as part of a long-term welfare assessment of the orang-utans at Chester
(outlined by Condon & Wehnelt, this volume).
Experimental approach
To measure visitor effect through experimental design, the alteration of certain
parameters is required in order to identify certain changes in behaviour that are
meaningful. Birke (2002) investigated the effects of crowd noise on orang-utan
behaviour in order to identify possible adverse behavioural changes, which could be
used as welfare indicators. With the help of the Zoo’s Education Division, teachers
and supervisors were asked if their groups would participate in this experiment. Birke
manipulated audiences by introducing visiting school children and students into the
indoor visiting area during morning periods. They were requested to walk past the
indoor enclosure either making high or low levels of noise and the occurrence of
behaviours displayed by the orang-utans were recorded and compared.

Birke (2002) found that visitors with high noise levels affected orang-utan behaviour
to a greater extent than quiet groups. Both infants and adults spent more time sitting
and looking at the public during noisy periods. As a result of this project gaze
direction was subsequently included in all the future welfare assessment ethograms at
Chester Zoo. Arrival of visitor groups caused infants to approach their mothers more
frequently and hold onto them for longer periods. A relatively high infant mortality is
known for young orang-utans in zoos, therefore any disturbance of juveniles can be
regarded as having a potentially negative effect on welfare. Following this result,
‘juvenile approaches to mother/adult female’ was used as a potential welfare
indicator. Birke concluded that high levels of noise had effects on orang-utan
behaviour that could be interpreted as negative where they became more aware of the
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visitors and responded by infants approaching an adult and maintaining high periods
of sustained holding. However, future results will show if these behaviours prove to
be reliable indicators of welfare.
Critical review of experimental approach and use of set categorisation of visitor
groups
Using pre-determined groups is beneficial as it reduces variation in visitor
characteristics and can test certain variables such as noise, group size and visitor type
separately. Many aspects of visitor type have been found to elicit different responses
in the same species. Mitchell et al. (1992) found that male mangabeys specifically
threatened male visitors more frequently; whereas females targeted female members
of the public. In contrast, toddlers and senior citizens were rarely threatened at all by
either sex.

But how appropriate is the experimental method in a zoo environment? Animals in a
zoo environment experience not only visitor groups of one certain type, such as
school children, but they are exposed to a variety of different visitors. Using visitor
groups of a certain type for experimental studies can therefore represent unrealistic
situations. It is also important to select the appropriate time of day for any
experimental investigation.
The orang-utan behaviours seen in Birke’s report may not represent usual reactions to
visitor groups as the animals are not used to seeing large crowds of noisy visitors at
the time of data collection, which was carried out in the morning.
Group size itself is a subjective measure. ‘Large’ or ‘small’ visitor groups chosen by
the experimenter may be perceived differently by animals. Behavioural changes in
relation to increasing visitor numbers should be plotted and interpreted, first in the
form of pilot studies, to determine thresholds in visitor numbers or other visitor
characteristics.
As an additional criticism Hosey (2000) argues that different species may be affected
in varying degrees and using similar categorisation across several genera or families
might be inadequate.
Non-experimental approach
The non-experimental approach is more commonly found in zoo research than
experimental methods. In fact, the same amount of observations for each category are
obtained as in an experimental approach, but instead of collecting data directly from
experimental manipulations, visitor numbers are ‘controlled’ by choosing days when
high (holidays, weekends) or low (weekdays) visitor numbers are expected to attend
the zoo. However, unlike the experimental methods, in the non-experimental
approach the confounding factors can often not be controlled.

Jones (2003) used non-experimental methods to build on the findings of Birke’s
(2002) preliminary study on visitor numbers. Jones (2003) too tested the effect of
visitor numbers on orang-utan behaviour but included higher numbers of visitors
counted in front of the orang-utan exhibit. After a pilot study Jones (2003) decided to
define her categories as HVN (high visitor numbers) 100+ and LVN (low visitor
numbers) 20-40 (Birke: HVN 8≤ and LVN 5≥) in order to identify if the higher
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categories cause any significant changes in behaviour. Categorisation of visitors was
mainly based on usual visitor numbers that the orang-utans encounter at the Zoo (i.e.
LVN on weekdays and HVN at weekends).
Similar results were found to those of previous studies. Spatial (i.e. bodily orientation
in relation to the visitor group) and visual (eye contact) orientation towards the public
increased during HVN. This indicates that the orang-utans became more aware of the
visitors. During HVN less time was spent in mobile activities, in particular foraging
behaviour decreased and sitting increased. Actively searching for food is likely to
increase physical fitness and to provide mental stimulation, whilst at the same time
the animals are more interesting to the public than stationary animals. Foraging and
locomotion levels can therefore be potential welfare indicators. The time infants held
on to their mothers increased during HVN. Sumatran orang-utan females also tried to
interact more with the public through the use of begging signals. Begging is a
behaviour that should not be encouraged for reasons of appropriate visitor education.
It focuses the animals’ attention on the visitors rather than engaging in more natural
active foraging strategies. Food or other objects, can also be harmful to the orangutans. Since Birke’s (2002) study, Chester Zoo has made a considerable effort to
prevent the public from feeding the orang-utans.
By including the normal occurrence of a higher number of visitors, additional trends
in behaviour were identified. There was a decrease in affiliative behaviours between
conspecifics (i.e. social play). This could be an additional welfare indicator as it can
be expected that animals in compromised welfare conditions play less. There were
differences in results between Jones’ (2003) and Birke’s (2002) report. Sack use
increased, but the results were statistically significant only in Birke’s (2002) study
when the animals encountered larger visitor groups. Anecdotal information suggests
that sack use might be connected to visitor avoidance, but no long-term study has
reliably confirmed this. Further research at Chester Zoo is hoping to further clarify the
function of sack-use and the behaviour is included in the ethogram for further studies.
Preliminary results suggest however, that sack material is used for a variety of
purposes: play, weather protection, warming material etc, which makes it difficult to
distinguish from visitor avoidance. The holding event frequencies between mother
and young increased with HVN, but approach/leave behaviour was not affected, in
this the results differed from Birke’s (2002) report. Table 2 summarises the results of
Birke’s and Jones’ reports.
Table 2.

Significant increases and decreases in behaviours between LVN and HVN in the
three studies by Birke (2002) and Jones (2003) (+increase, - decrease).
Behaviour
Approach mother Immobile
Holding Social
Experiment
Foraging
Begging Sack use
/adult female
activities
mother
Play
Birke (2002)
+
+
+
Visitor noise
Birke (2002)
Visitor density
Jones (2003)
Visitor number

+

+

-

+

+

-

+
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Jones (2003) did not find significant changes in approach/ leaving behaviour or sackuse for the infants or adults. Birke found that these behaviours were exhibited more
frequently when the orang-utans were first introduced to a group of visitors. In Jones’
(2003) report, visitors were a more ‘constant stream’ of people who walked through
the house. In contrast, Birke (2002) repeatedly re-introduced groups of people, which
is likely to have a different effect on the animals. She suggests that juveniles
approaching adults is an immediate response to visitor arrival and is then typically
followed by a period of holding behaviour. Approaches only occurred within three
minutes of the appearance of an audience. Also, in Birke’s (2002) study the groups
visited at times that were unusual for visitors to be present in the orang-utan house.
These points highlight the importance of careful and clear project planning and that
comparisons of different projects have to be undertaken with caution.
Conclusions
Experimental versus non-experimental approach
Both methods can produce similar results but potential differences have to be
considered carefully. Using a non-experimental approach depends on whether or not
enough variation in visitor numbers occurs during the study period and if similar
amount of data for all visitor categories can be obtained. Non-experimental methods
often require a considerable amount of time to collect data for low/high visitor
numbers under similar weather and husbandry conditions. When carrying out pilot
studies, a non-experimental approach may reveal certain threshold values of visitor
numbers which affect orang-utan behaviour and which may be missed using an
experimental design. Once the visitor categories have been established, categorisation
may then be further investigated by using an experimental approach.
Welfare indicators for orang-utans
The studies reviewed in this paper have shown that high visitor numbers and noise
change the frequencies of certain behaviours, which can be interpreted as being signs
of compromised welfare. However, only long-term studies and comparison to orangutans at other zoos will reveal if any behavioural traits can be used as reliable welfare
indicators and if the changes observed have indeed a negative long-term effect on the
animals or lie within their natural boundaries of stress response. In addition, the
combination of behavioural and physiological or endocrinological welfare indicators
may help establish how orang-utans perceive changes in their environment. There are
a number of additional welfare indicators which have not been discussed in this paper:
veterinary indicators (e.g. injuries, disease history, weight gain/loss, vitamin/mineral
or other deficiencies); reproductive indicators (age of sexually maturity, infertility,
number of offspring etc). They all should be included when undertaking a welfare
assessment of a certain species.
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Abstract
Zoo animals are subjected to many different disturbances which cause stress and
consequent modification of behaviour. This study compared the behaviour of two
groups of black and white ruffed lemur at Marwell Zoological Park. One group was
held on exhibit and subject to disturbance by zoo visitors, but these effects were
noticeably greater in the afternoons than mornings. The second group was
maintained in an off-show enclosure, but subjected to continuous noise disturbance
from various sources that were not visible to the lemurs.
Differences were noted in the behaviour of the exhibit group between mornings and
afternoons. Their behaviour in the afternoon when visitors were present was similar
to that displayed by the off-show lemurs throughout the course of the day. Scent
marking and sniffing behaviours were greater in the off-show group compared to the
exhibit group, which together with continuously high levels of vigilance and
locomotion may represent responses to unidentified noise disturbance.
Introduction
Zoo animals are subject to many different disturbances including activity of zoo
visitors, vehicle movements and maintenance work. As captive animals have limited
freedom of movement they may not be able to avoid or withdraw from these causes of
stress (Carlstead, 1996) and this may lead to changes or modification of behaviour.
Indicators may include changes in social interactions, spectator directed behaviour
(Hosey, 2000), increases in natural but over exaggerated traits (Hediger, 1968;
Carlstead, 1998) such as scent marking, or displays of aberrant behaviour
(Weilobnowski et al., 2002). The influence of zoo visitors on several species of
primates has previously been highlighted with increased aggression and suppressed
levels of activity reported as common reactions (Chamove et al., 1988).

Among the primates housed at Marwell Zoological Park are five species of lemur.
They include two groups of black and white ruffed lemurs. An exhibit group is kept in
a relatively secluded part of the zoo, but are subject to visual and noise disturbance
from zoo visitors. Their off-show counterparts are held in an enclosure within a
walled stable yard, directly adjacent to a busy part of the zoo. They are subject to
greater levels of noise, but are unable to see the cause of this disturbance.
The aim of this study was to compare the behaviour of these two groups of lemurs and
to evaluate it in the context of different disturbances to which they are subjected.
Methods
Two groups of black and white ruffed lemurs were studied. Both groups were subject
to the same husbandry treatments. Feeding and cleaning routines occurred at similar
times of the day.
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The exhibit group consisted of a seven year-old male, a seven year-old female, and
their offspring, a three year-old male. Their enclosure which included outdoor and
indoor areas was situated in Marwell’s lemur complex, and open to public viewing.
The outdoor section was surrounded on three sides by walls and on one side by large
viewing windows. The height of the enclosure allows the lemurs to have good views
of their surroundings. Most visitors arrived at the lemur complex in the afternoons
because of the distance from the zoo entrance gate and the mornings were therefore
relatively quiet.
A pair of black and white ruffed lemurs comprising a seventeen year-old male and a
fourteen year-old female was housed in an off-show enclosure. Their enclosure was
smaller than that of the exhibit group, but they also had access to indoor and outdoor
areas. These animals were subjected to greater levels of noise disturbance than the
exhibit lemurs, which occurred throughout the day in this busy part of the zoo. Noise
was generated from vehicle movements, the miniature train station, refreshment
kiosk, and visitors to the tropical house; all of which were located immediately
adjacent to the lemur enclosure. The limited height of the enclosure meant that the
lemurs were unable to gain a view of their surroundings or the causes of unexpected
noise.
The lemurs were studied between October and December 2002. The behavioural state
of the lemurs was recorded using instantaneous sampling at two-minute intervals.
Olfactory investigation and scent marking were recorded whenever they occurred.
Data was collected during morning sessions between 10:00hrs and 12:30hrs, and
during afternoon observation sessions between 13:00hrs and 15.30hrs. This was
repeated over six days for the exhibit group and five days for the off-show group.
The behavioural states of the lemurs were grouped into the following categories: alert
(vigilance); social interactions and self-grooming; inactive (resting or sunbathing);
locomotion (any movement); feeding; and, apparently aberrant behaviours.
Activity budgets were based on percentages of time invested in each behavioural
category. This data was converted to proportions and arcsine transformed prior to the
use of parametric statistical tests. Differences in time budgets of exhibit and off-show
lemurs during morning and afternoon observation sessions were evaluated using Oneway analysis of variance (ANOVA) with a Tukey test for Honestly Significant
Difference applied post hoc.
Differences in the frequencies of sniffing and scent marking between exhibit and offshow lemurs during morning and afternoon were evaluated using a Kruskal-Wallis
test.
Results
The activity budgets of the off-show group remained consistent throughout the day.
The activity budgets of the exhibit group changed during the course of the day,
becoming similar to that of their off-show counterparts in the afternoon (Figure 1).

Higher levels of inactivity were observed in the exhibit group in the morning
compared to the afternoon (Figure 1a &1c) and that displayed by the off-show group
throughout the day (Figure 1b & 1d) (F = 23.19, d.f = 3, 52, P <0.0001). During the
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morning the exhibit group also spent less time engaged in locomotion (F= 15.63,
df=3, 52, P<0.0001) and being vigilant (F=23.67, d.f = 3,52, P<0.0001) compared to
the afternoon and the behaviour of the off-show group throughout the day.
The only apparently aberrant behaviour shown was wall licking observed in the
exhibit group. This occurred consistently during the morning and afternoon. (Figure
1a & 1c)
The off show group engaged in more scent marking behaviour (K =13.7, df = 3,52, P
= 0.0033) and more sniffing behaviour (K = 7.84, d.f =3,52, P= 0.0494) than the
exhibit group. However, levels of scent marking and sniffing increased in the exhibit
group from the morning to afternoon, although frequencies of these behaviours did
not reach the levels of the off-show group. (Figure 2).
a

Fd 2.2%

WL 1.1%

Loc. 4.7%

b

Al 6.5%

Fd. 1%

Loc.
18.1%

Int 9.6%

Al 22.9%

Int. 8.5%

Inact
49.5%

Inact. 74.6%

c

WL 1.7%
Fd 4.6%

d

Fd 5.8%

Al 14.8%

Al
19.7%

Loc
24.%
Int 9.2 %

Loc 24.6%

Int 6.6%

Inact
43.9%

Inact 44.3%

Figure 1.

Mean activity budgets during morning for the exhibit (a) and off exhibit (b)
groups and afternoon for the exhibit (c) and off show (d) groups.
WL= wall licking; Al=alert; Int=social interacting and self grooming; Inact=
inactive; Lo=locomotion; Fd=feeding
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Figure 2.

Off show group

a) Mean ± S.E scent marking frequencies of the exhibit and off show group,
during morning and afternoon and b) Mean ± S.E sniffing frequencies in the
exhibit and off show group during morning and afternoon.

Discussion
The original aim of this study was to evaluate effects of visitors on black & white
ruffed lemurs by comparing the behaviour of exhibit animals with that of their
counterparts maintained in an off-show area. However, it was apparent that the offshow animals were in fact just experiencing different forms of disturbance. Moreover,
the exhibit lemurs experienced a single source of disturbance (zoo visitors) which
could be identified by the animals by sight as well as sound. In contrast, the off-show
lemurs were subjected to multiple sources of unpredictable noise, which they were
unable to investigate or to see the cause of that disturbance.

While it is possible that other factors including social and age structures of the lemur
groups may have affected behaviour, there is evidence from this study to suggest that
differences seen between the groups were influenced by their respective
environments. It was notable that the exhibit lemurs were less active, spent more time
resting and displayed almost no scent marking or sniffing behaviour during the
morning when there was minimal disturbance, but that this changed during the
afternoon when more visitors arrived. During this part of the day, the time-budgets of
142

Session Five: Visitor Effects

the exhibit lemurs were similar to those of their off-show counterparts that were
subjected to disturbance during mornings and afternoons. The consistently high levels
of sniffing, together with continuous vigilance and locomotion displayed by the offshow lemurs may represent exploratory or investigatory behaviour in response to
noise disturbance from unidentified sources throughout the day.
A key question is whether these behavioural observations signify stressful conditions
or should be considered a measure of environmental stimulation? In terms of
recognised behavioural indicators of stress, there were no differences in levels of nonaggressive social interactions shown by the two groups, nor did changes occur
between mornings and afternoons in the exhibit group when levels of disturbance
differed. Indeed, there were no other signs in the social behaviour of the animals, such
as overt aggression to indicate stress. However, scent marking, which has previously
been cited as an indicator of stress, was carried out more frequently by the exhibit
lemurs during the afternoon when they encountered zoo visitors and at a much higher
level throughout the day by the off-show lemurs that were subjected to higher levels
of continuous disturbance.
There were no signs of apparently aberrant behaviour except the wall licking carried
out by the exhibit group. As this occurred at all times of the day, and did not appear to
be related to visitor numbers, there is no evidence to suggest this behaviour is
disturbance related. An obvious consideration is mineral deficiencies or imbalances,
but this requires further investigation.
Lemurs have highly developed sensory perception (Macdonald, 2001) and are reliant
on a combination of good eyesight, hearing & olfactory senses to evaluate their
environment (Poole, 1998) This appears to have been reflected in the responses of the
exhibit and off-show groups of black and white ruffed lemurs at Marwell Zoological
Park that were subjected to different causes of disturbance. The off-show group may
have compensated for their inability to view causes of disturbance by increasing use
of hearing and olfaction as seen in their high levels of vigilance, scent marking and
sniffing. This warrants further investigation as an understanding of their responses to
different sources, levels and longevity of disturbance may help in the development of
enrichment techniques or the design of enclosures to manage effects of visitors and
other disturbances in zoos.
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Abstract
The purpose of the study was to assess the effects of zoo visitors on the behaviour of a
group of gorillas (Gorilla gorilla gorilla) housed in the Dublin Zoo. The gorillas’
behaviour was observed before and after the birth of an infant, during various zoo
visitor crowd conditions.
Findings showed that before the infant’s birth, when visitors were present in large
numbers, feeding/foraging decreased, inactivity increased, visitor directed aggression
increased, and avoidance behaviour increased, in the silverback. This was also the
direction of observed behaviour for the adult female and juvenile male, although their
behaviour tended to be more sporadic and less statistically significant. Immediately
after the birth of the infant, visitors appeared to have less of a significant effect on the
gorillas’ behaviour.
Once the visitor effect was determined, measures were taken to alleviate any negative
visitor effect by implementing temporary cage alterations. These alterations included:
construction of a temporary barrier between the visitors and the viewing window,
installation of a carpet and wall hangings, and posting signs around the gorilla house
requesting visitors to be quiet and not bang the glass. The barrier appeared to be the
most effective in reducing visitor related stress in the gorillas.
Introduction
One thing that makes a zoo different from other captive animal facilities is the almost
constant presence of human visitors. These human visitors come to the zoo with one
purpose, to see the animals. Some visitors will be passive observers; others will
actively seek interactions with the animals or even threaten them. Different reasons
for visiting the zoo, and previous experiences or sympathies with animals, can lead to
different types of visitor behaviour. Whatever their motivation for visiting the zoo or
their actions while there, one fact remains the same, zoo visitors are a regular part of
life for the animals.

Only recently have researchers begun to investigate this relationship in depth. Early
work in this area suggested that visitors were a source of enrichment or stimulation
for animals (Morris, 1964) or zoo animals became habituated to visitors and showed
no response to them (Snyder, 1975). However, as zoos expand their domain from
entertainment to education and take on the role of conservator and protector of animal
welfare, these theories are not as willingly accepted and researchers are again asking
the question: How do zoo visitors affect the animals?
Most of the work recently done in this area has focused on primates, and studies have
shown that there is a visitor effect on primate behaviour in zoos. Hosey and Druck
(1987) found that primates acquired new behaviours directed at the public and that
primates did not become fully habituated to the presence of humans as was previously
thought. A follow up to the Hosey and Druck study found that the size of the visitor
group, as well as their activity level, was related to primate behaviour with large
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active groups being the most disturbing (Mitchell et al., 1992). Zoo visitors have been
associated with diminished frequencies of foraging, object-use, grooming, and play in
chimpanzees (Wood, 1998). Chamove et al. (1988) found that primates, especially
arboreal ones, were less affliliative, more active, and more aggressive when visitors
were present. The same study found that the presence of visitors increased threat
behaviour, visitor watching, and stereotyped behaviour in Mandrills, specifically the
male. He was also observed positioning himself between the viewers and the females
in a protective pose when visitor density was highest (Chamove et al. 1988).
Chamove et al. (1988) suggest that human visitors were a source of stress not
enrichment in primates. One study, looking at spatial distribution in eastern lowland
gorillas (Gorilla gorilla graueri) in relation to zoo visitors, found that only one animal
was influenced by the visitors and that this young, hand-raised, female gorilla
appeared to seek out human interaction (Vrancken et al., 1990).
Previous studies have demonstrated that there is a visitor effect, and most of them
have shown that it is stressful. Still, it is not clear how different species and
specifically individuals are affected, exactly what aspect of the visitors different
primates find stressful, and what can be done to reduce visitor induced stress. This
study sought to quantify the effect that visitors have on gorillas and explore options
for alleviating any negative effects caused by them.
Methods
Behavioural observations
Data were collected from a group of gorillas kept at the Dublin Zoo (see Table 1).
Prior to the birth of the infant, the study group consisted of three western lowland
gorillas (Gorilla gorilla gorilla). The infant’s behaviour will not be discussed, as it
was too small and still completely dependent on its mother. All of the gorillas were
born in captivity and have lived in the Dublin Zoo for a minimum of four years.
Table 1. Identification of gorillas at Dublin Zoo, ‘M’ denotes male, ‘F’ denotes female.

Name
Harry
Lena
Kesho
Infant*

Sex
M
F
M
Unknown

Age
17years
21years
4years
4months

*The infant was born on the 10th of February 2003. The name and sex are still unknown.

For the purpose of this study, the gorillas were only observed in their inside enclosure.
The enclosure was equipped with ropes and ledges for the gorillas, and the adult
female and juvenile male had access to a second cage where they were not visible to
the visitors or the observer. A thick glass wall separated the viewers from the animals.
An ethogram was generated for gorilla behaviour (see Table 2). It was found that
during the three visitor conditions, four main behavioural changes occurred. The
changes occurring in other behaviours were limited and this paper will not cover
them. The behaviours that will be discussed include: aggression/visitor attention (for
the silverback, Harry, aggression towards visitors will be used, but for the other two
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gorillas, Lena and Kesho, visitor attention will be used as they did not show overt acts
of aggression towards visitors), inactivity, feeding/foraging, and back to the glass.
Table 2. Ethogram for gorilla behaviour
Behaviour
Definition
Aggression
Threat posture, banging glass, charging glass, chest beating (visitor oriented)
Conspecific
Chasing (non-play), biting, hitting, threatening, chest beating, charging (gorilla
Aggression
oriented)
Inactive
Sitting or lying down, motionless, sleeping
Not Visible
Animal has retreated to night cage
Grooming
Self grooming
Social/Affiliative Positive non-aggressive interactions; grooming, touching, ‘play’
Feeding/Foraging Ingesting food, searching for food
Locomotion
Walking, running, non-chasing movement, travel
Visitor Attention Staring, touching glass by visitors
Vocalisation
Emitting sound
Play
Autonomous play, rolling, jumping, playing with objects, displayed by Kesho only
Baby Attention
‘Play’ with baby, feeding, displayed by Lena only
Stereotypies
Sitting with hand to head, covering head, displayed by Harry only
Back to Glass*
Animal has its back turned away from the viewers; avoidance behaviour
Elevated*
Animal is sitting on raised platform in cage

* Cage Orientation
Data were recorded using instantaneous scan sampling during 20-minute periods
(Altmann, 1974). Every minute the behaviour and position of the animal was recorded
as well as the number, age, sex, position, and noise level (using a digital sound meter)
of the visitors. The gorillas were observed during three different visitor conditions and
at three times of day. Five replicates were taken for each combination of visitor and
time condition. Visitor condition consisted of ‘no visitors’ (0-3 visitors), ‘few visitors’
(4-9 visitors), and crowded (10< visitors). These categories were chosen arbitrarily
except that ten people were enough to fill the viewing window. Testing for the
different visitor conditions was carried out between 10am-12pm, 12pm-2pm and
2pm-4pm. However, it was found that time of day had such a limited affect on
behaviour, that for the purpose of this paper time of day categories have been merged
and will not be discussed further.
Statistical analysis
The statistical analyses were carried out using SPSS. The behaviours were analysed
using the Kruskal Wallis test (using
0.05) unless otherwise stated to determine if
differences existed during the different visitor conditions. The above methods were
used to generate baseline results. Further experiments were carried out using the same
methods, and then compared to the baseline.
Results
Experiment one
The first experiment was the generation of the baseline results before the infant’s
birth, and the subsequent analysis of gorilla behaviour during three different visitor
conditions. Significant changes in four behaviours were revealed during the different
visitor conditions. These changes are illustrated in Figure 1.
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Figure 1.

Inactive

Feeding/Foraging

Back to Glass

Mean rate of four behaviours for the three gorillas during three different visitor
conditions (white denotes no one, grey denotes few, black denotes crowded)
before the infant’s birth

A significant difference in aggression/visitor attention and back to glass occurred
during the different visitor conditions in the two males, Harry and Kesho. As the
crowd level increased so did the instances of aggression/visitor attention, as well as
back to glass orientation. Lena’s behaviour was in the same direction as the other
gorillas, but was not altered enough to reach statistical significance. The Kruskal
Wallis test also revealed significant differences for inactivity and feeding in the two
adult gorillas, Harry and Lena. They spent less time feeding and more time inactive as
the crowd level increased (see Table 2).
Table 2.

Kruskal Wallis test results for four gorilla behaviours during three different
visitor conditions before the birth of the infant.

Gorilla name
Statistics
Aggression/
Visitor attention
Inactivity
Feeding/Foraging
Back to Glass

Harry

Lena
d.f. p

2

Kesho
P

2

.616 7.95

19.86 2

.000 .97

14.52 2
11.44 2
9.55 2

.001 9.65 2
.003 9.88 2
.008 5.44 2

147

2

d.f.

d.f. p
2

.019

.008 4.58 2
.007 2.79 2
.066 10.59 2

.101
.247
.005
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The presence of zoo visitors was also associated with an increase in the sound level.
As the number of visitors increased so did the sound level. It was also discovered that
as the noise level increased above a threshold of 60 dB, the silverback’s aggression
increased in frequency (Figure 2).
Aggression vs. Sound
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Figure 2.

Aggression versus sound level in the silverback.

Discussion
These results show that while there is a consistent and significant visitor effect, it
differs for each individual. Zoo visitors may affect each gorilla differently. However,
some generalisations can still be made. Both the male gorillas showed significant
changes in aggression/visitor attention as crowds increased. This could be due to the
dominant and protective nature of the male gorilla. Both the males also sat with their
backs to the glass more, suggesting that they are more irritated by the visitors and had
developed this avoidance behaviour as a coping mechanism. The two adult gorillas
showed an increase in inactivity and a decrease in foraging. The juvenile, Kesho,
showed the same trends but these did not reach statistical significance. This is
probably because these behaviours represented a smaller proportion of his overall
time, since he spent a lot more time than his parents in other behaviours such as
playing and climbing.

The two adult gorillas both appeared to have a tolerance threshold for visitors. Harry’s
behaviour did not change until visitor density reached the maximum level
(10<visitors). He also has a tolerance threshold for sound. He did not show any acts of
aggression until the sound level reached at least 60dB as measured outside the
enclosure. Lena had a lower threshold of tolerance for visitor numbers. She showed
changes in behaviour when visitor density was only at its midpoint (four to nine
visitors).
Experiment two
The second part of the project was to reassess the gorillas’ behaviour using the same
methods and visitor conditions as before, after the birth of the infant gorilla. The birth
of the infant appears to have lessened the visitor effect in some of the gorillas’
behaviours (see Table 3).
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Table 3.

Kruskal Wallis test results for four gorilla behaviours during three different
visitor conditions after the birth of the infant.

Gorilla name
Statistics
Aggression/
Visitor attention
Inactivity
Feeding/Foraging
Back to Glass

Harry

Lena
2

d.f. p

Kesho
2

d.f. p

d.f. p

10.05

2

.007

.000

2

1.00

7.94

2

.019

1.89
2.06
9.37

2
2
2

.387
.356
.009

16.89
1.65
14.91

2
2
2

.000
.438
.001

3.67
.769
6.48

2
2
2

.159
.681
.039

Aggression /visitor attention and back to glass behaviour remained similar to before
the birth for Harry and Kesho. Lena’s attention to visitors was negligible, but her
back to glass behaviour now became significantly affected by the crowd size. Harry’s
inactivity was no longer significantly altered by the visitor conditions, while Lena
continued to be more inactive once crowds exceeded four people. However, the
reduction in feeding seen in the first experiment when high numbers of visitors were
present was no longer significant for any of the gorillas after the birth of the infant.
These changes are illustrated in Figure 3.
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Figure 3.

Inactivity
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Back to Glass

Mean rate of four behaviours for the three gorillas during three different visitor
conditions (white denotes no one, grey denotes few, and black denotes crowded)
after the infant’s birth.
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Discussion
The recent birth of the baby and its effect on Lena’s behaviour could be easily
misinterpreted. The changes in her behaviour during this time could have been caused
by a variety of reasons, such as her spending a lot of time in a maternity den where
she was not visible, natural changes in appetite, and maternal stress. These changes do
not necessarily reflect the direct results of visitors. However, one change worth
discussing is her back to glass behaviour. Before the birth of the baby this was not
statistically significant in Lena, but after the birth it increased significantly with the
size of the crowd. The amount of time she spent with her back to the glass in crowded
conditions was significantly different between the two experiments (Mann Whitney
U=40.0, N=15, p=0.002 (2-tailed)). This difference in behaviour could suggest that
she was trying to shield her baby form the visitors as she engaged in this particular
behaviour significantly more after the birth of the baby than she did before.

It appears that for Harry and Kesho, the baby became a distraction from the visitors at
least in terms of feeding/foraging and inactivity. However, the results also showed
that they were still affected by visitors; specifically aggression/visitor attention, and
avoidance behaviour. It may also have been the novelty of the baby that was
distracting them and this could diminish as they become used to the infant’s presence.
From the results thus far, it is reasonable to assume a stressful visitor effect in at least
some aspects of the gorillas’ lives.
Experiment three
Methods
After establishing that there was a stressful visitor effect in relation to visitor density
and sound level, the next step was to implement temporary cage alterations that would
alleviate the negative visitor effects. The first alteration was a temporary barrier made
of red and white caution tape and five traffic cones. The barrier was placed one meter
in front of the viewing window and ran the entire length of the window. The second
alteration was a temporary carpet, which covered 75% of the floor and wall hangings
made of burlap sacking, which covered 70% of the wall area. This was intended to
reduce echo in the gorilla house and noise level in general. For the third alteration,
signs were posted around the gorilla house requesting visitors to be quiet and not bang
the glass. A total of 18 signs in 5 different varieties were used a) ‘Shhh….Gorillas.
Quiet Please! Flash photography, loud voices, and banging on the glass could frighten
the gorillas. Please show your respect for these amazing animals.’ b) ‘While visiting
the gorillas please do not: bang the glass, use flash photography, scream or shout. The
animals can see and hear you through the glass.’ c) ‘Please do not bang on the glass!!
You could frighten the animals. Thank you for your co-operation.’ d) ‘Teasing
gorillas is not nice. Why? Gorillas are peaceful, gentle creatures. They can become
irritated, frightened or sad when provoked. Harry, Lena, and Kesho, like kind and
quiet treatment.’ and e) Don’t Bang Symbol.
Results
The barrier was the most effective alteration as during the time it was present the
gorillas reduced the amount of time they spent with their backs turned to the glass in
an avoidance posture. The Kruskal Wallis test revealed a significant difference in the
amount of time Lena spent with her back to the glass during the different conditions
( 2 =15.89, d.f.=4, p=.003). Harry spent less time with his back to the glass when the
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barrier was present than when the carpet was installed (Mann-Whitney U=39.5
N=11,14 p=.039 (2-tailed)). Kesho similarly showed less back to glass behaviour with
the barrier present than with the other alterations, but this difference did not reach
statistical significance (see Figure 4).
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0

0
Before Birth

After Birth

Barrier

Carpet

Before Birth After Birth

Signs
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Kesho
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Figure 4.

After Birth
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Signs

The graphs show the mean behaviour rate for gorillas back to glass orientation
(+/- standard error) during the two controls and three alterations.

The Kruskal Wallis test did not reveal a significant difference in sound during the
various treatments (p=.653). However, the sound ranged from 68.2dB to 69.9dB,
reaching its low point before the birth and with the carpet. See Figure 5. The signs had
no statistically significant effect.
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Sound Level
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Figure 5.

Comparison of mean sound levels in decibels (+/- standard error) during the five
different treatment conditions.

Discussion
The close proximity of the crowd to the viewing glass may have been one stressful
aspect of the visitors to the gorillas. Thus keeping the visitors further back from the
window lowered the back to glass avoidance behaviour in the gorillas. Other
behaviours remained unchanged during this portion of the study. The carpet did
succeed in lowering the sound level, although not to a statistically significant degree.
While it was not a large change, it does suggest that a carpet and wall hangings of
better quality that offered more coverage might be more effective. The signs appeared
to have no effect.
General Discussion
If aggression and avoidance behaviour can be considered indicators of stress, then the
presence of the public in large noisy crowds is indeed disturbing to the gorillas in this
study. Moodie and Chamove (1990) suggest that brief threatening events could be
beneficial to captive primates however, in the case of the Dublin zoo gorillas this does
not appear to be relevant as the results suggest that the presence of visitors is not
enriching. Hosey (2000) suggests that the amount of exposure animals have to human
audiences should be in the control of the animal. Cages that would allow the animals
to move away from the crowd could achieve this. The animals in this study had no
such option. They were unable to escape from the crowds and noise, or even to
respond with an appropriate behavioural response to an aversive situation, which can
lead to stress (Carlstead & Shepherdson, 2000).

It is important for the public to have a positive zoo experience, in order to establish
concern for the animals, nurture ideas of animal welfare, and promote animal
conservation. However, at no cost should the well being of the animals in the zoo be
compromised. These two ideas could pose a conflict because of the inherent
behaviour of some visitors. A carefully designed enclosure based on an understanding
of the effects of crowds, may present the best temporary solution. However, the key to
permanently preventing harassment of animals in zoos may not be as simple as
altering the animal’s environment. In this particular area, the responsibility for animal
welfare lies with the public. A more lasting solution for the reduction of the ‘visitor
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effect’ may be achieved by in depth education and public awareness; this could be an
area for further study.
Conclusions
• Zoo visitors affect the gorillas.
• The male gorillas showed higher levels of aggression/visitor attention and
avoidance behaviour when visitors were present.
• The adult gorillas spent less time foraging and more time inactive when visitors
were present.
• Both adult gorillas showed a threshold of visitor tolerance in terms of noise, and
in the male’s case, also in terms of sound level.
• The birth of the infant appeared to reduce the visitor effect.
• The barrier did reduce the amount of time gorillas spent with their backs toward
the audience.
• Carpeting could be an effective way of reducing sound if properly installed.
• The signs did not appear to have an effect but could have modified visitor
behaviour in subtle ways. More effective signage could be tried again.
Further Work
The next phase of the project will involve more alterations to the gorillas’ house that
focus on the visual aspect of visitors rather than the sound level. Alterations such as
camouflage netting and bamboo screening to block visitors from the gorillas’ view are
under consideration. Then, the process will be repeated for the outside enclosure.
Also, the long-term observation of the juvenile in relation to visitor effects will be
carried out in order to assess how his attitude toward visitors evolves as he ages.
Information obtained from this study will be used to advise the Dublin Zoo on how to
build a new gorilla enclosure, which both minimises visitor effect, and maintains
visitor enjoyment.
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Neglected areas of visitor effect studies
Alexandra Farrand & Hannah M. Buchanan-Smith
Department of Psychology, University of Stirling, Stirling, FK9 4LA, Scotland
Abstract
Despite the number of studies investigating the behaviour of zoo mammals, relatively
few studies address the potential influence of visitors on their study animals.
Understanding the variables that influence captive animal behaviour is integral to the
validity of research conducted on animals housed in zoos and the effect of humans is
a factor which warrants further research. The absence of data is particularly true in
the case of non-primate species. Although virtually all of the research focusing
explicitly on the effect of visitors on zoo animals concerns primates, the influence of
visitors on primates is not thoroughly understood. The inability to generalise the
results of zoo visitor effect studies may be due to the confluence of variables inherent
in zoo environments, the small sample size of many zoo visitor studies, and the
species-specific nature of primate behaviour. Given these impediments, it is not
surprising that underlying principles regarding the effect of visitors on zoo primates
have not been forthcoming.
This presentation outlines several neglected areas of visitor effect research in the
context of the preliminary findings of the authors’ current study of seven mammalian
species commonly found in zoos.
One of the more compelling reasons to conduct visitor effect studies is to identify
factors which threaten the psychological or physical well-being of zoo mammals.
There are significant welfare concerns associated with exposing zoo animals to
visitors and few practical solutions to these concerns have been empirically tested
with an adequate sample size. This presentation will identify several possible sources
of stress resulting from the presence of visitors, such as noise, threats, and constant
visual contact. Methods of reducing these hypothesised stressors, while incorporating
as much animal choice as possible, are being tested and preliminary results will be
presented. Although there is a tendency to characterise interactions between visitors
and zoo animals as undesirable and detrimental to animal welfare, the social
enrichment potential of zoo visitors is another important aspect of visitor effect
studies which should be investigated and an enrichment technique for great apes will
be presented.
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Observations of scimitar-horned oryx (Oryx dammah) under summer and winter
management at Marwell Zoological Park
Alison V. Van de Velde
Marwell Preservation Trust, Colden Common, Winchester, Hampshire, SO21 1JH
Abstract
Scimitar-horned oryx are one of the most common antelope species found in captivity
(Wakefield et al, 2003). However, husbandry regimes may vary between different zoos
according to available space. The scimitar-horned oryx at Marwell Zoological Park
have access to large paddock during the summer months, but are restricted to a
hardstand area during the winter. The effects of these different environments on the
behaviour of the herd have not previously been assessed.
There were no significant differences in the amount of time that the herd spent
engaged in locomotion, although the manner in which animals moved did change
according to season. As expected, the herd spent less time feeding when confined to
the hardstand which was predicted because of a lack of grazing opportunities and
provision of feed concentrates. There was an increase in levels of aggression within
the herd when confined to the hardstand and a notable increase in the intensity of
aggressive encounters. Horn rubbing and wall licking were seen when the animals
were confined to the hardstand, but not when the herd had access to the grazing
paddock.
Introduction
Scimitar-horned oryx are extinct in the wild (IUCN, 2002), but are one of the most
common antelope species found in captivity, with over 70 European institutions
holding the species in their animal collection (Gilbert, 2003). Conditions and
management regimes vary considerably between the different institutions, with some
zoos holding the scimitar-horned oryx on a hardstand area all year round with limited
or no access to grazing. Other institutions operate a dual management system with the
oryx being held on grass paddocks throughout the summer, but restricted to a smaller
hardstand area during the winter months (T Gilbert, pers comm.). Reasons for doing
this vary, but include hoof care, parasite control and paddock regeneration (P Bircher,
pers comm.).

In many institutions, this practice has been in place for a number of years, but no
work has been carried out to assess the effects of confinement on the behaviour of
captive scimitar-horned oryx. Hence, this study aimed to quantify seasonal differences
in the behaviour of scimitar-horned oryx at Marwell Zoological Park.
Methods
At the time of the study, Marwell Zoological Park managed a single sex herd of 18
female scimitar-horned oryx that ranged in age from three to 14 years. During the
winter, the herd was maintained on a hardstand with access to stables. During the
summer, the herd was maintained in a large 2.4ha paddock.

Observations of the oryx were carried out between 09:15hrs and 16:45hrs during
summer and winter. Data collection was based on focal animal follows of randomly

156

Session Six: Behaviour

selected individuals. The behavioural state of the focal animal was recorded using
instantaneous sampling at 30-second intervals for a period of 30-minute per animal.
This was repeated 70 times during the summer and 60 times during the winter.
Results
A number of differences were seen in the behaviour of the oryx between summer and
winter management. The herd spent less time feeding (P < 0.01) and levels of
aggression increased (P < 0.05) when the oryx were confined to the hardstand. Horn
running and wall licking, which was absent when the herd had access to the grazing
paddock occurred during the winter (P < 0.01). The oryx spent around 5% of their
time engaged in locomotion and there was no significant difference between paddock
and hardstand management.
Discussion
This study aimed to quantify the amount of time that scimitar-horned oryx spent
engaged in specific activities that were expected to differ between summer and winter
because of seasonal changes in management regime at Marwell Zoological Park.
Differences were noted in the amount of time that the oryx spent feeding and engaged
in aggressive and apparently non-functional behaviours. However, the exception was
the amount of time spent in locomotion which remained at just over 5% of the
daytime activity budget during both summer and winter.

It was expected that locomotion reduced in the winter with the restricted area of the
hardstand. However, the activity budgets do not reflect the distinctive manners in
which the animals moved around in the two different environments. Individuals
tended to restrict themselves to slow movements over short distances while on the
hardstand, and this activity appeared to be independently motivated. In contrast, the
herd moved together in a co-ordinated manner when given access to the paddock, and
varied the pace at which they moved.
The oryx spent a large proportion of the day foraging and grazing when given access
to the paddock. In contrast, the limited distribution of food and high quality feedstuffs
offered to the oryx on the hardstand reduced their need to forage during the winter. It
was interesting to note that the oryx were drank from puddles on the hardstand on a
number of occasions, but were never seen drinking whilst on the paddock. It is
possible that the paddock vegetation met their water requirements, or they may have
been drinking in the evenings when they had access to the indoor house when not
seen.
It was expected that aggressive encounters would increase within the herd when they
were restricted to the hardstand because of the enforced close proximity of individuals
and lack of opportunity to escape conflict. This proved to be the case, although the
increase in time invested in aggressive encounters remained comparatively low,
possibly because of the herd’s established and stable social structure. However, the
intensity of aggression did appear to increase when the oryx were restricted to the
hardstand, with initial threats of aggression developing into physical contact when the
submissive individual could not retreat to a sufficient distance to placate the instigator
or dominant individual. It was noted that approximately half of all aggressive
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incidents were horn blows, with little or no permanent injuries being received. In
contrast, physical encounters were not seen when the herd had access to the paddock.
The horn rubbing seen when the oryx were restricted to the hardstand did not occur on
when the animals were in the paddock. The reason for this behaviour is not known,
but appears to be associated with confinement apparently non-functional behaviour
might be another indicator of exaggerated social behaviour in a confined area, or a
replacement activity caused by lack of opportunities to engage in more natural
behaviours.
Acknowledgements
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What is the function of notification in hamadryas baboons?
Órlaith Fraser
Paignton Zoo Environmental Park, Totnes Road, Paignton, Devon TQ4 7EU &
School of Biosciences, University of Wales Cardiff, PO Box 915, Cardiff CF10 3TL
Abstract
Notification is a form of ritualised greeting behaviour unique to adult male
hamadryas baboons (Papio cyanocephalus hamadryas). Originally observed in the
wild when harem leaders signalled the direction of travel to their followers on daily
foraging marches, its true function is as yet unknown. Notification involves the
approach of an adult male baboon to another male and presentation of his hindquarters, followed by retreat. It has been suggested that notification is used to avoid
aggressive conflicts in many circumstances, possibly having an appeasing effect on
the notifier, and it has also been linked to the dominance-subordination relationship
between the males. The aim of this study is to investigate the possible functions of this
behaviour.
Instances of notification were observed over six months amongst eight adult males in
a troop of 60 captive-bred hamadryas baboons at Paignton Zoo. Observation sessions
in which notification occurred were compared with control periods. Different forms of
notification have been classified according to the recipient’s response, which might
be presenting, mounting, touching of the buttocks or genitals or simply ignoring.
Results suggest that submission, alliance, peacekeeping and reconciliation are the
main functions of notification.
Introduction
Hamadryas baboons are one of five subspecies of baboon (Barrett, 2000), but are
socially distinct from the other subspecies in that they have a strict harem system
(Kummer, 1968) and live in a patrilinear society (Kummer, 1984). Each harem is
made up of one male leader and between one and ten females and their juvenile
offspring. Females only mate with the leader of their harem and will stay with their
male for many years, leading to a very stable unit. Males remain with their natal troop
throughout their lives, kidnapping immature females from surrounding troops and
guarding them until they are able to reproduce (Kummer & Kurt, 1963).

Notification is a ritualised greeting behaviour between two adult males, whereby one
male approaches another male, presents his hindquarters and then retreats. The
receiving male may ignore the notification, or respond in a variety of ways, such as
touching the notifier’s genitals or buttocks, mounting him or presenting in return.
Notification may therefore be reciprocated or unreciprocated, asymmetrical or
symmetrical, depending on the response (Colmenares, 1991).
The aim of this study is to ascertain the function of notification in a troop of captivebred baboons in Paignton Zoo. Past research has suggested that notification is more
likely to occur during periods of high tension or excitement (Hall & DeVore, 1965),
during or after contests over females (Kummer et al., 1974; Kummer, 1995), before
aggressive interactions (recruitment) as well as afterwards (reconciliation)
(Colmenares, 1990).
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Colmenares (1991) suggests that greeting behaviours, which include notifying, could
be a strategy of negotiation, allowing the baboons to resolve conflicts without having
to fight. Aureli et al. (2002) include greeting gestures such as notification in the
mechanisms used in 'conflict management', thus serving either to prevent aggressive
conflicts or to repair the damage caused by them. Smuts and Watanabe (1990), who
studied greeting behaviours in wild olive baboons (Papio cyanocephalus anubis), note
that greeting is the only context in which adult male baboons routinely exhibit
affiliative behaviours, outside of this context interactions are usually very tense and
competitive. But why do baboons, by notifying, present their most vulnerable and, in
terms of evolution, valuable part of their body to their rivals?
Seven hypotheses as to the possible function of notification are tested in this study
(Table 1).
Table 1.

Hypotheses for the function of notification and their predictions.

Possible function
Prediction
Greeting
Notification would occur randomly between all individuals in the troop.
Alliance
Particular pairs who interact frequently would notify to each other in
approximately equal proportions and would not notify to others.
Peace-keeping
Notification would occur between individuals of a similar rank who do not interact
frequently, in order to avoid conflict.
Recruitment
Notification would occur between two males before they pair attack a third party.
Submission
One way notification from lower ranking males to higher ranking males in the
hierarchy would be observed.
Appeasement
Threatening baboons would be notified but wouldn’t notify in return.
Appeasement would reduce the tension, so self-directed behaviours, such as
scratching and yawning which indicate high stress levels, would be lower
following notification.
Reconciliation
Notification would occur after aggressive behaviour between individuals involved
in the fight.
Method
Subjects
All data was collected from a troop of 61 hamadryas baboons at Paignton Zoo. The
subjects of the study were the eight adult males of the troop, all harem leaders. As
there is no clear dominance hierarchy in hamadryas baboons, the males are classified
according to their age and physical appearance (Table 2).
Table 2.

The subject baboons. Ages for Old Males are approximate due to incomplete
records.

Name of Adult Male
Uncle B
Blackface
Yoric
Mark
Pete
Box
Heimlich
Benjamin

Age
10
15
8
~30
~23
7
6
5

Harem Size
8
5
3
3
3
2
1
1
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Category
Prime Male
Prime Male
Prime Male
Old Male
Old Male
Young Male
Young Male
Young Male
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The baboons are housed in a large outdoor rock enclosure measuring 30m long by
10m wide with the rock reaching 15m high. The rock is surrounded by a dry moat and
a 5m high wall. The enclosure is designed to imitate the baboons’ natural environment
in the wild. There is also a connecting off-show cage, where the baboons are confined
while the rock is being cleaned between 08.30h and 10.45h each morning. The
baboons also have access to a small ‘house’ between the rock and the cage at all
times.
The baboons are fed on entering the cage at 08.30h, when returning to the rock at
10.45h and again at 16.00h.
Data collection
Data was collected using continuous focal sampling of all adult males, in random
order, over 18 twenty-minute sessions divided equally between the rock and the cage.
Notifications involving the focal animal during each session were classified according
to their type (Table 3). During all sessions a tally was also kept of all notifications that
were observed within the troop at any time, irrespective of the focal animal. Nearest
neighbours and their distances were also categorised every minute (touching, short,
medium or long distances).
Table 3. Types of notification received or instigated by focal baboon.
Notification Type
Description
1 (unreciprocated)
Brief presenting of hind quarters with no lip-smacking or physical
contact by either animal
2 (unreciprocated)
Presenting of hind quarters accompanied by lip-smacking by one or
both animals but without any physical contact
3a (reciprocated)
Presenting followed by touching genitals or buttocks
3b (reciprocated)
Presenting followed by mounting of the instigator by the receiver
4(reciprocated,
Mutual presentation where there is no clear instigator or receiver
symmetrical)

Results
1. Greeting hypothesis
This predicts that notification would occur randomly between individuals (Figures 1
and 2). Chi-squared tests show that the male baboons do not instigate ( ²[7] = 75.25, p
< 0.05) or receive ( ²[7] = 140.79, p < 0.05) notifications equally. Notification is not
random amongst males.
2. Alliance hypothesis
The alliance hypothesis predicts that notification would occur repeatedly between
particular pairs who interact frequently. The strengths of the spatial relationships
between each dyad were calculated from the nearest neighbour data. A Mann Whitney
test comparing the notification frequency between the five pairs with the strongest
spatial relationship and five pairs with the weakest spatial relationship shows that
pairs with a strong spatial relationship notify significantly more to each other than
pairs with a weaker spatial relationship (P = 0.01, Figure 3).
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3. Recruitment hypothesis
This hypothesis predicts that a male would notify to another male immediately before
attacking a third party. This was never seen during the 144 hours of data collection
suggesting it is not a function of notification.
4. Submission hypothesis
The submission hypothesis predicts that notification would occur in one direction
from a less dominant individual to a more dominant individual. Chi-squared tests
show that non-prime males instigate significantly more notifications than prime males
( ²[1] = 10.45, p < 0.05). Significantly more of their notifications are directed towards
the prime males ( ²[1] = 42.55, p < 0.05) and therefore prime males receive
significantly more notifications than non-prime males ( ²[1] = 54.0, p < 0.05).
5. Peacekeeping hypothesis
The peacekeeping hypothesis predicts that notification would occur between
individuals of a similar rank who do not interact frequently. An example of these
would be the prime males (Blackface, Uncle B, Yoric) who are all of similar rank yet
rarely interact. Chi squared tests show that prime males notify more to each other than
they do to other individuals. This suggests that peacekeeping might be a function of
notification behaviour, however if it was the primary function we would expect most
notifications to occur within the age categories rather than between them and this is
clearly not the case.
6. Appeasement hypothesis
This hypothesis predicts that threatening baboons would be notified but wouldn’t
notify in return. In addition to the same predictions as submission, self-directed
behaviours (SDBs), which indicate stress levels, are predicted to be lower following
notification. Chi-squared tests show that there is no significant difference between the
number of SDBs in the two minutes directly preceding notification and the two
minutes following it.

Mann Whitney tests were also used to compare the rate of SDBs preceding
notification with a matched control (MC) period for each baboon. The rate of SDBs
post-notification was also compared with the MC. In both cases, no significant
differences were found between the rate of SDBs during the notification period and
the MC. This would suggest that notification does not lower stress levels and
therefore does not function as appeasement.
7. Reconciliation hypothesis
Although not enough data is available to test this hypothesis due to the low instances
of aggression, anecdotal evidence and previous studies suggest that reconciliation
could be a function of notification.
Types of notification
The above results suggest notification could have four meanings depending on
circumstances: alliance, submission, peacekeeping and reconciliation. Each dyad was
categorised according to their predominant reason for notification, and the types of
notification used predominantly between those dyads, where recorded, were then
analysed (Figure 4).
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Types of notification between dyads grouped according to the main function of
notification between that dyad.

Where submission was the primary reason for notifying, there were significantly more
unreciprocated than reciprocated notifications (Mann Whitney P=0.0008). Where
alliance was the predominant reason for notifying between pairs, there were
significantly more reciprocated notifications (Mann Whitney P=0.0086). Chi-squared
analysis showed that when baboons notified for peace-keeping reasons, significantly
more of the notifications were reciprocated ( ²[1] = 5.0, p < 0.05). However even
though dyads were categorised according to their predominant function for
notification, notification may also have been used in other instances, such as for
reconciliation.
Discussion
Notification appears to have four functions from the results of this study: submission,
alliance, peacekeeping and reconciliation. In submitting to a higher-ranking male, a
subordinate can increase the receiver’s tolerance of his presence and reduce the
likelihood of an attack (Preuschoft & van Schaik, 2000). Submission here appears to
be the primary function of unreciprocated notification, where non-prime males notify
to prime males. As prime males face little threat from non-prime baboons, there is no
need for them to respond to the notification. Non-prime males, however, risk serious
injury if attacked by a prime male, and so notify the more dominant males in order to
pacify them.

Alliance appears to be the main function of reciprocated notification, used in the main
by baboons with a close bond, or those who interact frequently in order to reassure
their peaceful relationship. The young baboons in this study are of a similar age and
played together as juveniles, possibly reinforcing their bonds. Two of the three young
males are also brothers. In contrast to olive baboons (Papio cyanocephalus anubis),
who greet each other as a precursor to aggression over dominance status (Smuts &
Watanabe, 1990), notification in young hamadryas baboons appears to be an
affiliative interaction.
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Peacekeeping notification fulfils a similar role to that of submission, but occurs
between rival males of equal status who rarely interact and pose a significant threat to
each other. As both males are faced with a threat here, notification is almost always
reciprocated. Notification acts as a form of conflict management, indicating the nonagonistic intent of both parties.
Though reconciliation was not proved to be a function of notification in this study, a
previous study on the troop in Paignton Zoo (King, 2003) shows that notification is
used to resolve conflicts, though it is unsure whether this is actually reconciliation or
merely an indication of the end of the conflict. Colmenares (1990) describes postconflict greetings amongst former opponents as reconciliation and reveals it to be one
of the contexts in which notification occurs, in agreement with personal observations
of the troop in Paignton.
Notification, whichever its function, is an affiliative interaction, used as an important
strategy to avoid conflict, and thus the injuries that might result. By assessing the
intentions of another individual and reassuring potential opponents of non-agonistic
objectives, potentially damaging conflict can be avoided. If physical aggression does
occur, notification can be used to repair the wounded relationship, relieving tension
and avoiding further conflict. Even when used for submission or alliance, notification
is used as a conflict management strategy, increasing a dominant males’ tolerance of a
lower-ranking male or confirming a peaceful relationship with a similar-ranking
individual.
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Transitive inference and transitive effects in Bornean orang-utans (Pongo
pygmaeus) at Paignton Zoo Environmental Park
Poppy McDonald
School of Biological Sciences, Cardiff University, PO Box 915, Main Building, Park
Place, Cardiff, CF1 3TL, UK & Paignton Zoo Environmental Park, Totnes Road,
Paignton, Devon TQ4 7EU
Introduction
Transitive Inference is a test of reasoning and has been demonstrated in humans and
many other animal species. It involves learning, through training, the relationship
between two or more stimuli, AB, BC and so on. Following reaching a certain criteria
in training, test sessions are conducted where stimuli are presented which have been
seen in training but not together, for example AC. During training stimulus pairs are
presented where one stimuli is always rewarded (+) and the other is not (-) e.g. A+B-,
B+C-. By the end of training the subject should therefore have the information
A>B>C>D>E, so if transitive inference (TI) is present the subject should be able to
infer B>D in test sessions. TI behaviour was therefore defined in this investigation as
choosing B over D significantly above chance.

There are two transitive effects which previous studies have identified:
1. The End Anchor Effect - "Subjects perform faster and more accurately when a test
pair contains one of the ends - A or E." This can be explained by the fact that A is
always rewarded and E is never rewarded, whereas the internal pairs B,C,D are
rewarded 50% of the time. For example when B is paired with A it is not
rewarded, but when paired with C it is rewarded.
2. The Symbolic Distance Effect - "The further apart on the series the two items are,
the faster and more accurately the subject will make a judgement" This is because
the more steps there are between stimuli the easier it is to distinguish between
them.
Few studies have investigated TI in great apes, and no previous investigations have
focussed on orang-utans.
Aim
To establish whether orang-utans exhibit transitive behaviour, and if any of the
transitive effects are present.

This was investigated by training subjects separately on a five term series and then
conducting test sessions.
Method
Two adult female Bornean orang-utans - Bulu aged 42y and Chinta aged 13y were the
study subjects. At the time of study they were housed together in the Ape Centre at
Paignton Zoo, along with Bulu's daughter, six year old Gambira.

As safety was a prime concern equipment was constructed which was strong enough
for the orang-utans to use and so the investigator would not come into contact with
them. Two plate steel boxes with slots at top for inserting stimuli, a flap at the front
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for the orang-utan to insert its hand, and a hole at the back for dispensing rewards was
constructed by the Maintenance Department of the Zoo. The stimuli used were black
symbols on a white background mounted onto Perspex which could be slotted onto to
boxes. Each represented a letter from A-E.
Procedure
Three sessions per week, per individual were conducted each consisting of 25
presentations of pairs. After each presentation the response (correct or incorrect) and
the reaction time was recorded. If the correct response was made a reward was
dispensed - a grape, which does not form part of the orang-utan's daily diet. Initially
the method was adapted from Treichler and Van Tilburg (1996) which involved
presentation of a pair (A+B-) until a criteria of 80% correct over two sessions was
completed. Then the next pair was presented in the same way B+C- and so on.
However some modifications were needed to increase the motivation of the subjects
to perform the tests:
Session 3: Number of trials reduced to 20 to maintain interest
Session 9: Began testing on all training pairs (AB BC CD DE) randomly dispersed in
all sessions; introduced 20-second timeout - if the subject made the wrong choice, or
did not respond within five seconds the investigator faced the other way for 20
seconds; introduced a two minute wait limit, where if the subject left the testing area
for more than two minutes the session was abandoned. Time-outs and wait limits
encouraged the subjects to realise they only had a finite time in which to respond to
each trial. Also a grape jackpot was introduced where randomly two or three grapes
were given instead of just one.
Session 22: Rewards always in right hand box to remove significant left hand
preference. Reverted to random sides once this was overcome.

One subject, Chinta, did not complete the training sessions, so data analysis and
further investigations were carried out on Bulu only.
Results
Training sessions
The criteria of 80% correct was not reached over 30 sessions (Figure 1). Method
modifications resulted in better performance for short periods indicating novelty was
a significant factor in promoting motivation. After session 12 performance rarely
above the 50% chance due to a significant left box preference
Testing sessions
There was an improved performance compared with training sessions suggesting the
novelty of the new test pairs improved the response (Figure 2). The key test BD (the
only non-end anchored, non-training pair) was performed above chance (63%), but
not significantly (chi-squared test) suggest that TI may be weakly present.
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Figure 1.

Proportion of correct responses in training sessions for adult female orang-utan,
Bulu.
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Figure 2.

Proportion of correct responses in testing sessions for adult female orang-utan,
Bulu.

Further analysis indicated that the End-Anchor Effect and the Symbolic Distance
Effect were also apparent but not at statistically significant levels (Figure 2).
Discussion
Although the trends indicated TI behaviour and effects the orang-utans did not
produce a statistically significant performance. There are several possible
explanations for this. The orang-utans’ motivation was the greatest limitation to the
investigation, brought about by a variety of factors. The orang-utans at the zoo are
well fed and knew they were about to receive a scatter feed immediately after the
session was completed, which decreased their motivation to work hard for a food
reward. Also their environment which is highly stimulating and complex, provides
many distractions from the task, further decreasing motivation. The repetitive nature
of the task served to decrease novelty and therefore interest in the task. This was seen
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in the results where method modifications only improved performance for a short
time. In future investigations the methodology could be modified to reduce the
stereotyped responses the task instigated. This could be achieved by further
investigating different reward items, stimuli, and ways of presenting the task.
It was decided to investigate the preference seen for the left-hand box during sessions
as this may have affected performance. If the subject had a left hand preference in
other daily activities and was not particularly motivated by the reward it could always
choose the left box and still be rewarded 50% of the time, which was seen in the
results. This was investigated by conducting behavioural observations (on Bulu only)
for 4 x 45min periods for 15-days recording behaviours which require hand choice to
be made (e.g. reaching for an object, scratching) and also noting the posture. Results
showed a significant left hand preference in sitting and lying postures in all
behaviours expect self grooming whilst sitting and reaching for food whilst lying. No
significant preference was found in the tripedal posture and in several behaviours the
right hand was favoured. This suggests the left hand is favoured in a supporting
function in this posture. The preference seen may have been as a result of a possible
stroke in early 1996 (Baxter, 2003 pers. comm.). Results suggest that the right side of
the body was affected and as a result the left has become stronger and more dextrous
and thus the preferred hand.
Conclusions
• Criteria was not reached but Transitive Inference and effects were indicated, but
not at a statistically significant level.
•

The subject’s motivation, environment, loss of novelty and a significant left-hand
preference inhibited performance in this investigation. It was felt that low success
rates were due to these factors rather than the orang-utans cognitive capabilities.

•

Methodology needs to be modified to prevent the occurrence of repetitive
responses

•

In a study where discrimination between two stimuli is required hand preference
needs to be investigated first, unless the task is presented in a way where hand
preference would not be an issue.
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A pilot study on the effects of enrichment on a pair of Amur Leopards (Panthera
pardis orientalis) at Marwell Zoological Park.
Heidi Mitchell¹ & Natalie Chasmer²
¹Marwell Zoological Park, Colden Common, Winchester, Hampshire, SO21 1JH
²Bishop Burton College, Nr. Beverley, East Yorkshire, HU17 8QG
Introduction
In 2002, Marwell Zoological Park acquired a pair of Amur leopards from two
separate institutions. The animals were housed in a temporary enclosure during the
construction phase of a new leopard exhibit. Casual observations suggested that the
female leopard was becoming increasingly inactive, choosing to spend a large
proportion of time hiding in one corner of the enclosure, away from the public
viewing area. In contrast, the male leopard developed a pacing habit. The location
and nature of the pacing was unvarying and exhibited along the public viewing area.
This animal was also known to react to the public with varied vocal responses.

Pacing and hiding have both been associated low stimulus environments (Carlstead
1996) and with increased concentrations of faecal corticoid, supporting the idea that
these behaviours may provide indicators of chronic stress (Broom, 1983;
Wielebnowski et al., 2002). Hence, the aim of this study was to assess the behaviour
of the Amur leopards at Marwell Zoological Park. Moreover, we sought to evaluate
the responses of the two animals to stimulation through environmental enrichment.
Methodology
The animals
Table 1.

Species

Details of the study animals.

Sex Names Studbook #

D.O.B

P.O.B

Panthera pardis orientalis M

Akin

5811

19.05.01 Olomouc

Panthera pardis orientalis F

Jade

6012

13.11.00

Acquisition

01.05.02

Cricket St Thomas 24.07.02

The enclosure
During the study, the animals were held in a temporary enclosure. This comprised a
shared indoor house and an outdoor enclosure. The outdoor enclosure was furnished
with three platforms; one at approximately 1m from the ground and other two at
approximately 2m from the ground. There was an additional swinging platform
suspended approximately 30cm from the ground. The floor of the enclosure was
covered with woodchips.
The enrichment
Hessian sacks stuffed with poultry feathers were used for the enrichment phase of the
study. This was chosen as a way of introducing an unfamiliar object and to provide
novel but naturalistic stimulation with the hope of encouraging predatory behaviour.
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Three feather sacks were used in an attempt to avoid aggression or possessiveness.
Each sack was suspended from the roof of the enclosure by a 1.5m length of chain to
which it was securely fastened to ensure that the leopards were unable to remove
them. This left the sacks hanging at a height of approximately 60cm from the ground
so that they would swing in response to attack by the leopards.
Data collection
Data collection was based on an ethogram of Amur leopard behaviour constructed
during preliminary observations (Mitchell, 2003). Thereafter the study compared the
behaviour of the leopards during a baseline (non-intervention) period with their
behaviour following introduction of the enrichment. Observations were based on
instantaneous sampling at two-minute intervals. This was carried out between 10.00 –
12.00hrs and 14.00 -16.00hrs over four consecutive days resulting in 16-hours of data
for both the baseline and enrichment phases of the study. There was a three day
enforced gap between the baseline and the enrichment phases due to the female’s
unwillingness to enter the indoor house.
Data Treatment
Recorded behaviours were grouped into seven main categories for presentation of
activity budgets: Repetitive behaviour (repeated actions including pacing, circling
and head rolling); Inactivity (sleeping or resting with no sign of vigilance);
Investigation (direct but tentative sniffing, licking, pawing of objects including the
enrichment); Locomotion (movement between locations in the enclosure except for
pacing); Vigilance (alertness, generally directed at an auditory or visual cue);
Grooming (allogrooming, auto-grooming); Play (engaging an object through various
activities including tearing, dragging, biting, and swiping).

The daily trends in repetitive behaviour were examined for both animals, following
the introduction of the enrichment.
Results
There were two distinct differences in the respective behaviours of the leopards
during the baseline phase of the study (Figures 1a & 1c). The mean time spent
engaged in repetitive behaviour by the male (21.5%) was greater than that displayed
by the female (6%). The female leopard however, spent a much greater proportion of
time being vigilant (38.8%), compared to the male (12.5%)

The male leopard displayed playing behaviour following the introduction of the
enrichment (Figure 1b). Moreover, investigatory behaviours increased and the level
of repetitive behaviour shown by the male leopard decreased from over a fifth to a
mean of just below 10% of the activity budget over four days that the enrichment was
left in the enclosure (Figures 1a & 1b). There was no repetitive behaviour recorded
for this animal on the first day of the enrichment, but this type of activity was seen
again on days two, three and four (Figure 2). By the third day following introduction
of the enrichment, the level of repetitive behaviour shown by the male had returned to
within 95% confidence limits of the baseline mean (21.5% ± 10.85 for this behaviour
(Figure 2).
The introduction of the enrichment elicited negative response in the female. Although
levels of inactivity and vigilance decreased, she showed no obvious interest in the
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enrichment and her repetitive behaviour increased tenfold on its introduction (Figures
1c, 1d & 2). However, repetitive behaviour exhibited by the female decreased on the
second day after the introduction of the enrichment and by day three was within 95%
confidence limits the baseline mean (6% ± 15.15)
Male

Female

a

c.

Grooming, 0.2

Grooming, 2.1

Vigilance, 12.5

Repetitive
behaviour, 6.0

Repetitive
behaviour, 21.5

Locomotion, 7.1

Vigilance, 38.8

Inactive, 33.5

Investigation,
0.2

Male
Female

Inactive, 25.0

Locomotion,
6.7

d.

b.
Grooming, 4.4

Repetitive
behaviour, 9.6

Grooming, 1.3
Repetitive
behaviour, 25.4

Play, 11.9

Vigilance, 28.1

Inactive, 21.3
Vigilance, 14.8

Locomotion, 8.5
Locomotion,
10.4

Figure 1.

Investigation,
3.5

Investigation, 0.6

Inactive, 21.5

Mean Activity Budgets for the Amur leopards at Marwell Zoological Park, for the
baseline (1a & 1c) and the enrichment phase (1b & 1d).
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Figure 2: Repetitive behaviour displayed by Amur Leopards at Marwell Zoological Park following
the introduction of a Hessian sack enrichment on day 1.

Discussion
The baseline activity budgets of the leopards confirmed the dichotomous behaviour
of the two Amur Leopards at Marwell Zoological Park. These differences were
further highlighted by the respective responses of the two animals to enrichment.

The pre-enrichment repetitive behaviour displayed by the male leopard was almost
entirely accounted for by pacing. This is a particular concern for felids (Carlstead,
1998) and the amount of pacing carried out by the male was high in comparison to
other studies of captive leopard (e.g. Mallapur & Chellem, 2002).
Our observations also confirmed the tendency of the male to direct vocalisation at
zoo visitors whilst pacing. It is not known whether this commonly seen behaviour has
become occupational in nature, with the male trying to elicit a response from zoo
visitors. Other studies have reported a similar phenomenon in felids (Carlstead, 1996)
and other species (Morris, 1964).
The introduction of the enrichment had a tangible effect on the behaviour of the male
leopard as it appeared to provide a focus for stimulus seeking behaviour. As
predicted, the animal engaged in less repetitive behaviour which was replaced with
play and an increase in investigatory behaviour. The enrichment maintained the
male’s attention for two days, during which time displays of repetitive behaviour
were below those seen during the baseline phase of the study. Thereafter, the nature
of the enrichment altered as the sack and its contents had become spread around the
enclosure. Repetitive behaviour displayed by the male returned to the levels
previously seen as the opportunity to utilise the enrichment diminished.
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The repetitive behaviour shown by the male leopard at the front of the enclosure,
together with his tendency to direct vocalisations at zoo visitors and the effectiveness
of the enrichment in providing a focus for his attention are symptomatic of autostimulation (Carlstead, 1996). This is further supported by the fact that he returned to
his stimulus seeking behaviour as interest in the enrichment waned.
The female spent a large proportion of the day either inactive or vigilant and tended
to confine herself to a single location on a platform furthest from the public viewing
area. Inactivity can be a sign of lethargy that has been reported in zoo animals
maintained in low stimulus environments (Carlstead, 1996). However, the vigilance
displayed by the female and her tendency to distance herself from the male and zoo
visitors may simply be an exaggeration of natural behaviours which is a phenomenon
that has been reported in captive carnivores (Hediger, 1968). Female felids are often
more vigilant than males as an adaptation for the protection and rearing of the young
(Buirski et al., 1978; Gray, 1987) and may naturally hide from male to avoid
aggressive encounters (Vandenheed & Buoissou, 1993).
In contrast to the male leopard, the female did not benefit from the added stimulation
of the enrichment and its introduction appeared to cause some distress (Wielebnowski
et al., 2002). This may indicate an inability to cope with a novel stimulus (Christian
& Radcliffe, 1952; Inglis, 1975), or an aversive reaction to the change in behaviour of
the male and his use of the enrichment (Van Holst, 1998). Whatever the underlying
causes of her apparent distress, the female leopard’s behaviour was modified during
the first two days after the introduction of the enrichment, which coincided with
changes in the behaviour of the male. Similarly, repetitive behaviour displayed by the
female reduced to levels previously when the male’s interest in the enrichment waned
on day three (Figure 2). This supports the idea of an association between the
behaviour of the two animals.
The behaviour of both leopards is of concern for a number of reasons. The male
showed behavioural indicators of stress that may result from a low stimulus
environment. There were indications that the female was either lethargic or reacting
adversely to the presence and behaviour of the male. She also showed an inability to
cope with routine husbandry, let alone unpredictable changes. The repetitive
behaviour of both animals may also have a negative impact on the visitor experience.
Evidence from this study suggests that the repetitive behaviour of the male can be
managed through environmental enrichment which provides a focus for his attention
and leads to a more natural behavioural repertoire. However, this needs to be done
through an ongoing programme that provides unpredictability and novelty to satisfy
his stimulus seeking behaviour.
This solution for addressing repetitive behaviour in the male is counterproductive for
meeting the requirements of the female while they are housed together in such close
proximity. The female leopard may require sufficient space and structural diversity in
an enclosure to allow her to retreat from stress caused by the presence of the male and
changes in his behaviour following enrichment
Further work would be needed to evaluate the ability of the female leopard to cope
with change and the efficacy of using environmental enrichment techniques with her,
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but this would need to be carried out in isolation of the male. Gradual habituation of
the female to novelty may help overcome her sensitivity to routine husbandry,
unpredictable change and enhance her behavioural repertoire.
This case study highlights differences in the behaviour of large carnivores housed
together and their contrasting management requirements. Moreover, observational
work can help to understand the individual behavioural needs of captive felids
leading to specific recommendations for husbandry and enclosure design.
Acknowledgements
We would like to thank Tim Woodfine for his comments on the manuscript, and Phil
Hindmarsh and Marc Fox for their assistance throughtout the study.
References
Broom, D.M. (1983): Stereotypies as animal welfare indicators. In: Indicators
relevant to farm animal welfare (D. Schmidt, Ed.): 81-87. Current topics in
veterinary medical animal science, 23. The Hague: Martinus Nijhoff.
Buirski P., Plutchik, R. & Kellerman, H. (1978): Sex differences, dominance and
personality in the chimpanzee. Animal behaviour 26: 123-129.
Carlstead, K. (1998): Determining the causes of stereotypic behaviour in zoo
carnivores: toward appropriate enrichment strategies. In: Second nature (D.
Shepherdson, J. Mellen, & M. Hutchins, Eds.). Smithsonian Institution Press.
Carlstead, K. (1996): Effects of captivity on the behaviour of wild mammals In: Wild
mammals in captivity (D. G. Kleiman, M.E. Allen, K.V. Thompson & S. Lumpkin,
Eds.): 317-333. The University of Chicago Press.
Christian, J.D. & Ratcliffe, H.L. (1952): Shock disease in captive wild animals.
American journal of pathology 28: 725-37.
Gray, J.A. (1987): The psychology of fear and stress. 2nd Edition. Cambridge UK:
Cambridge University Press.
Hediger, H. (1968): The psychology and behaviour of animals in zoos and circuses.
New York: Dover Publications.
Inglis, I.R. (1975): Enriched sensory experience in adulthood increases subsequent
exploratory behaviour in the rat. Animal behaviour 23: 932-940.
Mallapur, A & Chellam, R. (2002): Environmental influences on stereotypy and the
activity budget of Indian leopards (Panthera pardus) in four zoos in southern India.
Zoo biology 21: 585-595.
Mitchell, H. (2003): Ethogram of Amur leopard at Marwell Zoological Park.
Unpublished report.
Morris, D. (1964): The response of animals to a restricted environment. Symp. Zool.
Soc. Lond. 13: 99-118.
Vandenheede, M. & Bouissou, M.F. (1993): Sex differences in fear reactions in
sheep. Applied animal behaviour science 37: 39-55.
Von Holst, D. (1998): The concept of stress and its relevance for animal behaviour.
In: Stress and behaviour (Moller, Milinski & Slater, Eds.). Advances in the study of
behaviour Vol. 27. London: UK Academic Press.
Weilobnowski, N.C., Fletchall, N., Carlstead, K., Busso, J.M. & Brown, J.L. (2002):
Noninvasive assessment of adrenal activity associated with husbandry and
behavioural factors in the North American clouded leopard population. Zoo biology
21: 77-98.

176

Session Six: Behaviour
Personality profiles of the cheetah in the UK and Ireland, in relation to
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Abstract
The cheetah (Acinonyx jubatus) has a long history of extremely poor, and inconsistent
breeding results in captivity. The current captive population is not self-sustaining, so
still relies on importation from the wild. As the cheetah is listed as Endangered on the
IUCN Red Data List, there is a strong incentive for rectifying the poor breeding
success in captivity.
By determining the behaviour profile (or ‘personality’) of cheetahs held in the UK
and Ireland, it was hoped that some possible behavioural reasons for this variable
breeding success could be established. Keeper questionnaires were used to obtain the
keepers’ impressions of their animals’ personalities, and the results validated by
carrying out simple behavioural tests with a novel object. The personalities were then
related to environmental factors and to individual breeding success rates, to search
for any common links. Institutional performance variables were also correlated with
the environmental factors, in order to try and explain the great variation in success
seen between different institutions.
Several effects of the environmental factors on cheetah personalities were found.
However, no difference was found between the personalities of cheetahs who had
bred and those who had not, so no common links could be established. At an
institutional level, breeding success was correlated significantly with the regularity of
the care-taking regime, and with how often a keeper enters the enclosure with the
cheetahs. These results therefore suggest that keepers should encourage a predictable
and close relationship with the cheetahs in their care, in order to maximise their
chances of breeding success.
Introduction
One of the main objectives of modern zoos is the maintenance of viable captive
populations, i.e. populations that are self-sustainable and do not need input from the
wild. This is especially important with species listed as threatened with extinction,
such as the cheetah (Acinonyx jubatus) (listed as Endangered on the IUCN Red Data
List and as an Appendix 1 species by CITES; IUCN, 2002). Historically, the cheetah
ranged throughout Africa and Asia, even as far north as the southern provinces of
Russia. Its numbers were estimated to be around 100,000 in 1900 (Myers, 1975).
Unfortunately, mainly due to persecution by humans and habitat fragmentation, the
Asian population today stands at only 100, in small pockets of Iran (Nowell &
Jackson, 1996) and, although the cheetah still ranges over a wide section of Africa, its
numbers have declined dramatically, perhaps to just 7,000. Botswana, Namibia and
Kenya are the only countries with 2000 or more individuals left in the wild (Myers,
1975).

The declining wild cheetah population is a strong incentive for the establishment of a
viable population in captivity. Unfortunately, the cheetah has a very poor and
inconsistent reproductive record in captivity. There is also great variability between
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institutions with regard to cheetah breeding success, with only 8% of institutions
holding cheetahs in 2001 having success (and 90% of these had had success
previously). Of the 1376 cheetahs alive in captivity at the end of 2001, only 160
(11.6%) have ever bred (Marker, 2002). This contrasts markedly with the situation in
the wild. For instance in a study by Caro (1994), 95% of the females which he radiocollared and tracked reproduced.
As a result of poor breeding success in captivity, the current captive population is not
self-sustaining (Marker, 2002), although there is large variation within each region,
due to some institutions having considerably more success than others. This
dependence of the global captive population on importation from the wild must be
quickly addressed in order to protect the wild population from becoming extinct.
Previously suggested solutions to the captive breeding problem
Several possible explanations for the poor reproductive results in captivity have been
proposed in previous years. The cheetah’s famous genetic impoverishment (O'Brien et
al., 1983) has been suggested, due to its supposed link to high levels of disease, sperm
abnormalities, and infant mortality (Marker & O'Brien, 1989). However, these have
since been ruled out as major causes.

Recently, inappropriate management and husbandry techniques have been identified
as likely major factors in poor breeding success (Lindburg et al., 1993; Caro, 1994;
Brown et al., 1996). However, the exact effect of environmental factors on an
individual will vary between cheetahs, reflecting the inherent variability of an
individual’s ability to cope with environmental change and challenges (Carlstead &
Shepherdson, 2000). The consistency of this variation over time has been
demonstrated, indicating the existence of underlying genetic and physiological
differences (Boissy, 1995).
Due to this variability between individuals, in order to fully understand the
environmental factors which have an impact on individual breeding success, one must
first examine the behaviour profile (or ‘personality’) of that individual. This is
because the environment influences performance via the individual animals’
behaviour. The personalities can be linked to environmental, social and husbandry
factors, and then to breeding success. If the behavioural traits distinguishing
successful breeders from non-successful breeders are the same as those influenced by
environmental factors, then a possible causal mechanism for poor breeding success
has been identified. However, the identification of a link between an environmental
factor and a particular behaviour trait does not prove that the factor is the sole cause
of that trait, only that it accounts for some portion of the variation seen between
individuals.
Constructing individual behaviour profiles
In order to carry out an examination into relationships between captive environments
and the behaviour of individual cheetahs, as many institutions and individuals are
needed as possible. Using traditional methods of quantitative behavioural
observations by one observer, this would be very time consuming and costly. An
alternative method, which has recently gained popularity, is to use the observations of
keepers at each zoo. Keepers observe and integrate an animal’s behaviour over time,
and over many environmental challenges, and so are ideally placed for describing
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their behavioural style. This method was originally considered to be too subjective, as
it relies on a keeper’s perceptions of an animal’s behaviour. However, several studies
in recent years have shown the method to be a valid way of measuring the behaviour
of multiple animals across multiple institutions. Gold and Maple (1994), and
Wielebnowski et al. (2002) both have used this technique to great success in gorillas
and clouded leopards respectively. Studies by Carlstead et al. (1999) and
Wielebnowski (1999) both used the technique on cheetahs, and were also able to
demonstrate the method’s validity by carrying out simple behavioural tests to novel
objects on each individual, and correlating the results with those of the keeper
surveys. In both cases, the method was shown to be valid for cross-institutional
analyses of individuals, providing a standardised survey is used (i.e. the keepers’
ratings are based on actual measurable differences in behaviour between individuals).
The goal of this investigation was to analyse the behavioural styles (or personalities)
of the cheetahs held in UK and Irish institutions using keeper observations, and to
relate these findings to environmental, social and husbandry factors, as well as to
performance variables (of an institution and of an individual).
Method
Questionnaires and novel object tests
In order to evaluate a cheetah’s personality using keeper impressions, a behavioural
questionnaire was constructed. This consisted of questions whereby each keeper had
to circle a number on a scale of one to seven on 25 behaviour attributes, for example
“On a scale of one to seven, how active do you consider this cheetah to be?” A score
of one would indicate that the behaviour did not apply at all, and a score of seven
would indicate that it applied strongly. A similar rating system was also used on a set
of 23 important behaviours performed by cheetahs, for example body rolling, to
identify how often the keeper had seen each behaviour performed. Short explanations
for all behaviour elements were given.

At each institution visited by the researcher, the behaviour questionnaires were
distributed to the two keepers who had spent the most time working with the cheetahs.
Detailed instructions on how to complete the questionnaires were given. A smaller
questionnaire concerning enclosure design and husbandry routine was also devised
and completed by the researcher at each institution, for each enclosure holding
cheetahs (see section ‘Housing and Husbandry Factors’).
In order to validate the responses obtained from the behaviour questionnaires, reaction
tests to novel objects were carried out with each animal at the institutions visited. A
novel object and a novel scent were chosen for each institution, namely a small traffic
cone and peppermint scent. The tests involved placing either the object or scent in an
enclosure and carrying out focal scan sampling at one-minute intervals for 30minutes. As well as noting the behaviour of each individual at each minute sample,
the time it took each animal to first contact the object/ scent was also noted, as was
the total time spent in contact. Each individual was tested with both the scent and the
object on separate days (the order of presentation was random). Unfortunately, due to
the restraints of working within established keeper care-taking routines, some
individuals were tested alone whereas others were tested alongside any other cheetahs
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present in their enclosure. Ideally, all individuals would have been tested individually
however, in order to minimise disruption, this was not possible.
Institutions and cheetahs involved
Of the 11 institutions in the UK and Ireland that held cheetahs at the end of 2002, six
were chosen to be visited by the researcher. Choices were based on the number and
sexes of animals at each institution, as well as the relative cost and time involved. The
following six institutions were therefore visited during January- March 2003, giving
an experimental population of 32 (17.15) individual cheetahs: Belfast Zoo, Colchester
Zoo, Fota Wildlife Park, Hamerton Zoo, Marwell Zoo and Paignton Zoo. Two
cheetahs were unable to be tested with the novel object and scent during the zoo
visits, due to their being kept in temporary off-show exhibits at the time.

In order to potentially increase the sample size for the study, the behaviour and
enclosure questionnaires were also distributed by mail to the five zoos that were not
able to be visited by the researcher. Of these, replies were obtained from three
institutions (Banham Zoo, Suffolk Wildlife Park and Whipsnade Wild Animal Park).
This increased the total sample size to 41 (23.18)- 85% of the UK/ Ireland population.
The novel object/ scent tests were not able to be carried out on these individuals.
Information regarding each cheetah’s age and rearing history was obtained through
the International Cheetah Studbook (Marker, 2002). For the purposes of this
investigation, females were labelled F1- F18 and males were labelled M1- M23.
Housing and husbandry factors
At each institution, the researcher completed a questionnaire concerning nine features
of housing facilities and husbandry routine for each enclosure holding cheetahs
(N=16). The environmental factors were: outside enclosure area, % foliage, % grass,
% wall/ wooden fence in perimeter, % public access perimeter, regularity of cleaning
regime, regularity of feeding regime, how often keeper enters with cheetahs and
whether prey was in sight.

A measure was also made of the average number of zoos an individual has been held
in per year of life, as well as whether an individual was housed with other members of
the same sex or not.
Reducing the number of behaviour elements
The behavioural questionnaire examined a total of 48 behaviour elements. However,
in order to include only the most reliably rated elements, it was necessary to reduce
the number as far as possible before carrying out further statistical analyses.

Firstly, any elements, which, in retrospect, were considered hard to interpret, were
eliminated. Also, those behaviours that could be performed by only one sex were
eliminated. The frequency distributions of the remaining elements were examined and
any which showed a skewed distribution (i.e. were performed rarely or almost always)
were removed. This decreased the number of elements by 15, to give a new total of
33.
Two keepers rated each animal at all but one institution. This enabled an ‘absolute
difference between keeper ratings’ score (=inter-rater difference) to be calculated for

180

Session Six: Behaviour

each element for each animal. The average inter-rater difference could then be
calculated for each element across all individuals. This gave values ranging from
0.344 to 1.313, with a mean of 0.926. Taking the mean as an arbitrary cut-off point,
those elements with scores above 0.926 were eliminated from further study. This left
a group of 19 elements, considered to be the most reliably rated of all the original 48
elements.
The 19 elements were: Friendly to keeper, Active, Aggressive, Assertive, Curious,
Dominant, Even-tempered, Fearful, Persistent, Playful, Self-defensive, timid/shy,
Vigilant, Object/ground sniff, Flehmen, Faecal marking, Contact aggression, Spitting,
Sleep.
Reliability of each cheetah’s ratings
As well as including only the most reliably rated behaviour elements in further
analysis, the inter-rater reliability of each individual cheetah was also calculated,
using Spearman’s rank correlation coefficients on the remaining nineteen elements.
This enabled the reliability of each animal’s ratings to be checked. Any individuals
with low, non-significant correlations (i.e. the keepers marked the same animal very
differently for most behaviour elements) could then be eliminated from the
investigation.
Constructing the behaviour profile
The primary keeper’s ratings for each animal were used to statistically reduce the 19
remaining behaviour elements into a few, more comprehensive, ‘traits’. A Principle
Components Analysis (PCA) was used to explore the relationships between the
elements, and pick out those that appeared to explain most of the variation seen
between individuals. Each cheetah’s ‘personality’ was then taken to be its scores on
the resultant traits.
Calculating performance variables- of an individual and of an institution
Institutional breeding success was calculated by dividing the number of births
(surviving or not) at an institution by the total number of adult cheetahs they had kept
(and which had the opportunity to breed) divided by the number of years that they had
kept adult cheetahs. All cheetahs over three years of age were classified as adult (and
therefore a potential breeder), as three years is the recognised average age at which
cheetahs first become sexually active (McKeown, 1991).

Institutional mortality rates were calculated by dividing the total number of cheetah
deaths (of any age) by the total number of cheetahs held, and then by the number of
years that institution had kept cheetahs.
Individual breeding success was simply noted as either “breeder” or “non-breeder”.
Only breeding success at an individual’s current institution was counted, in order for
correlations with environmental factors to be made. Any pregnancies which were
known to have occurred but ended in miscarriage at a late stage, were also included.
Individuals who were not yet three years of age, or who had never been placed with a
member of the opposite sex whilst at their current institution, were not included in
individual breeding success analyses.
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Relating Environmental Factors, Personality Traits and Performance Variables
Relating environmental factors to personality traits
Independent sample t-tests were used to examine whether or not there were significant
differences in the personality scores of cheetahs who had been hand-reared and those
who had been parent-reared. The same method was also used to examine possible
effects of inbreeding, gender, whether potential prey was in sight and whether an
individual was housed with other members of the same sex, on personality scores. All
these tests were carried out for males and females separately, as well as for the whole
sample.

Spearman’s rank correlation coefficients were calculated between the personality
traits and the other housing and husbandry factors, as well as an individual’s age.
Relating personality traits to individual breeding success
In order to examine possible links between a cheetah’s personality scores and its
breeding success, an independent sample t-test was carried out, between breeders and
non-breeders.
Relating environmental factors to institutional performance variables
Spearman’s rank correlation coefficients were calculated between institutional
breeding rate/ mortality rate and institutional environmental variables (averaged
across all cheetah enclosures at those institutions with more than one enclosure). The
number of years each institution had been keeping cheetahs was also taken into
account.
Results
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Performance variables
Figure 1 shows the average number of cubs born at an institution per number of adult
(> three years of age) cheetahs per year of holding adult cheetahs, as well as the
average number of deaths at an institution per cheetahs held per year of holding
cheetahs.

Institution

Figure 1.

Institutional performance variables: Breeding rate (births/adult cheetahs/year) and
mortality rate (deaths/cheetahs/year) at the nine institutions.
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Only seven individuals in the study had bred whilst at their current institution- F1, F4,
F5, F9, F12, M8 and M14.
Reliability of each cheetah’s ratings
Spearman’s rank correlation coefficients were calculated for each individual cheetah
rated by two keepers, giving values ranging from 0.721 to 0.982. The critical value for
a one-tailed test at 5% significance and N= 19 is 0.388. All individuals which had
been rated by two keepers therefore had significantly correlated ratings (i.e., the two
keepers rating the same animal gave similar ratings on all behaviour elements), and
none were eliminated from further study.
Creating personality profiles
A PCA was carried out on the 19 behaviour elements, in order to group them into a
few, more comprehensive, traits. Three main traits were discovered from the PCA.
Trait one consisted of high positive loadings on aggressive, dominant, self-defensive,
contact aggression, and assertive elements. This trait was therefore labelled as
“aggressiveness”. Trait two consisted of high positive loadings on active, curious,
playful, and persistent. This trait was therefore labelled “inquisitiveness”. The final
trait consisted of high positive loadings on flehmen, faecal marking, and sleep. As
sleep is not obviously related to the olfactory behaviours of flehmen and faecal
marking, this trait was simply labelled as “flehmen/faecal-mark/sleep”, to avoid
misinterpretation. An individual’s score (as calculated by the PCA) on each of these
traits made up its personality profile for further analyses.
Validating the personality profiles
Results obtained from the reactionary tests to the novel object (traffic cone) were
grouped into five aspects of a cheetah’s behaviour during the tests. These were
cumulative scores of resting behaviours, active behaviours and olfactory behaviours,
as well as the number of bouts of contact that a cheetah had with the cone and the
total time it spent in contact. These five measures were then correlated with the
personality traits calculated previously for each cheetah. Non-parametric Spearman’s
correlation coefficients were used, and the results are shown in Table 3. The novel
scent results were not used in any statistical tests, as the results were very skewed (most cheetahs paid little or no interest in the scent). Aggressiveness was found to be
significantly negatively correlated with the number of bouts of contact with the cone,
and the total contact time. Inquisitiveness was significantly positively correlated with
the total contact time, and flehmen/ faecal mark/ sleep was significantly negatively
correlated with the number of contact bouts and the total contact time.
Table 3.

Spearman’s correlation coefficients between behaviour traits and frequencies &
durations measured during testing with a novel object (N=30).

Observed behaviours during tests with novel objects
Trait
Resting Active
Olfactory
Bouts of Total contact
contact
time
Aggressiveness -0.001
0.074
-0.194
-0.570*
-0.428*
Inquisitiveness 0.349
-0.221
0.042
-0.030
0.379*
Flehmen/ faecal -0.246
0.128
-0.202
-0.427*
-0.575*
mark/ sleep
*P< 0.05
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Relating Environmental Factors, Personality Traits and Performance Variables
Relating environmental factors to personality traits
The results of independent samples t-tests between the three personality traits and the
dichotomously measured environmental factors were as follows:
•
•
•
•

•

Gender: Males scored significantly higher on trait three (flehmen/faecalmark/sleep) than females (t= 2.379, p= 0.022, 2-tailed).
Inbreeding: No significant effect on personality scores when whole sample (N=
41) was considered, or when males and females were examined separately.
Rearing history: No significant effect on personality scores when whole sample
was considered, or when males and females were examined separately.
Housed with members of the same sex: No significant effect on personalities when
whole sample or just females considered. When males were examined separately,
those housed with other males scored significantly lower on flehmen/faecalmark/sleep (t= 2.625, p= 0.019, 2-tailed) than those housed with no other males.
Prey in sight: When the whole sample was considered, those individuals who did
have prey in sight from their enclosure scored significantly lower on trait two
(inquisitiveness) than those who did not (t= 2.627, p= 0.012, 2-tailed), and
significantly higher on flehmen/faecal-mark/sleep (t= 2.035, p=0.049, 2-tailed).
These significances were also found when only males were examined, but not
when only females were examined.

The effects of the other environmental factors on personality scores were measured
using Spearman’s rank correlation coefficients, giving the following significant
results (N= 41):
•

Aggressiveness was significantly correlated with:
Age (r= 0.335, p= 0.032,r2=0.112, 2-tailed)
• Inquisitiveness was significantly correlated with:
Age (r= -0.559, p=< 0.001, r2=0.312, 2-tailed)
% Foliage (r= -0.525, p< 0.001, r2=0.276, 2-tailed)
%Wall/wooden fence (r= -0.418, p= 0.007, r2=0.175, 2-tailed)
• Flehmen/faecal mark/sleep was significantly correlated with:
% Wall/ wooden fence (r= 0.372, p= 0.017, r2=0.138, 2-tailed)
Relating personality traits to individual breeding success
The results of a t-test between the personality scores of breeders and non-breeders
showed no significant difference.
Relating environmental factors to Institutional performance variables
When a Spearman’s rank correlation was carried out, institutional mortality rate was
not significantly correlated with any environmental factors. However, institutional
breeding rate was found to be significantly positively correlated with three factors:
•
•
•
•

How often a keeper enters the enclosure (r=0.728, p=0.026, r2=0.530, 2-tailed).
The regularity of the cleaning regime (r=0.878, p=0.002, r2=0.771, 2-tailed).
The regularity of the feeding regime (r=0.742, p=0.022, r2=0.551, 2-tailed).
The percentage of foliage in the enclosure was also extremely close to being
significantly positively correlated (r=0.704, p= 0.051, r2=0.496, 2-tailed).
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Discussion
The use of keeper impressions to construct behavioural profiles for individual animals
is a method still in its infancy, but gaining in popularity. Initially dismissed as being
far too subjective, studies in the past decade have shown this not to be the case.
Renner & Renner (1993) showed that training people to rate animals does not add to
the accuracy of their behavioural discriminations, and Carlstead et al. (1999) and
Wielebnowski (1999) showed that behaviour ratings obtained through this method
were able to be correlated with direct measures of behaviour. Both these studies also
re-tested a sample of their study group a year later, and obtained the same results,
again showing the method to be valid.

A possible problem of using keepers to rate individual animals is that the animals will
probably behave differently towards different keepers. This was overcome in this
investigation by calculating the reliability of each animal’s ratings. Each individual
was found to have high inter-rater agreement, therefore showing that each keeper
rating the same animal considered its behaviour to be very similar. Also, very few
keeper-directed behaviours were included in the original survey, to minimise the
effect of different keepers. The benefits of using keeper ratings to measure behaviour
include less time (and therefore cost) involved in zoo visits by the researcher.
The production of a personality profile for each cheetah in the study was successful.
Reducing the behaviour elements to the 19 most reliably rated before carrying out a
Principle Component Analysis hopefully produced the most reliable assessment of
individuals. The three traits on which the animals were scored, were similar to the
three main dimensions along which Cloninger et al. (1993) showed animal
personalities tended to vary: (a) an approach/aggression/boldness factor; (b) an
avoidance/escape/anxiety factor; (c) a factor for sociality or curiosity/ exploration
(aggressiveness, flehmen/faecal-mark/sleep, and inquisitiveness respectively).
Although the exact underlying meaning of the flehmen/faecal-mark/sleep trait is not
known, it is quite likely that it relates to fearfulness/tenseness, as excessive sleep is
often taken as a sign of fear in animals.
In order to try to prove the validity of the three traits discovered, that is, to prove they
do identify measurable differences in behaviour between individuals, the results from
some simple behavioural reactivity tests to a novel object were examined. Ideally, the
results should have been based on more than one novel object test, in order to provide
repetitions. However, the cheetahs in the study showed so little interest in any scent
tested, that the final analyses had to be carried out only on reactionary tests to the
small traffic cone.
When the results of these novel object tests were correlated with the personality traits,
each trait was significantly correlated with at least one of the behaviour types
measured during the tests. Individuals with the highest scores on aggressiveness, for
instance, had the least number of bouts of contact with the cone, and spent the least
total time in contact with it. This suggests that perhaps the cone was simply not
thought of as a threat to the cheetahs. As expected, the individuals rated highest on
inquisitiveness spent the longest in contact with the novel item. As the underlying
cause of the flehmen/faecal-mark/sleep trait was not known, no expectations were
made about correlations with behaviours during the tests (although perhaps higher
amounts of olfactory behaviours would have been expected to occur, which was not
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found). The trait was, however, significantly negatively correlated with the number of
bouts of contact and the total contact time. This again suggests the trait may be a
measure of fear. These significant correlations suggest that the traits identified do
represent measurable differences in the cheetahs’ personalities. Similar methods used
by previous studies (Carlstead et al., 1999; Wielebnowski, 1999) have produced very
convincing evidence supporting the method’s validity from tests with novel objects.
The main aim of this investigation was to find if the personality traits affected by
environmental factors were the same as those affecting performance variables (i.e.
individual breeding success), and therefore identify a possible source of the species’
poor reproductive record in captivity. The first step in this process, after identifying
the personality traits on which the cheetahs varied, was to relate the environmental
factors to these traits. When the effect of gender was examined, it was found that
males scored higher on flehmen/faecal-mark/sleep than females. If this trait is taken to
be a measure of fearfulness, then the finding is the opposite of that found by
Wielebnowski (1999), who discovered the females in her USA study scored higher on
“tense- fearful” than the males. A similar result was also found by Carlstead (1999),
who discovered females scored higher on “fearfulness” than males. Whether a cheetah
was inbred or not appeared to have no effect on personality in this study. It was
expected that inbred cheetahs might score less on aggressiveness than non-inbred, as
this was the case in a study of the oldfield mouse by Garten (1976), as well as in the
cheetah study by Carlstead (1999). Rearing history (hand or parent) also appeared to
have no effect on personality, although the sample size of hand reared individuals was
very small, at only six (3.3). When the ages of the individuals were considered,
aggressiveness appeared to increase with age, whilst inquisitiveness appeared to
decrease (this appears to be supported by evidence from the novel object tests, as the
youngest animals spent the most time interacting with the cone).
The effect of the housing factors (properties of the cheetah enclosures) on the
personality traits was also examined. A Spearman’s test of correlation showed
inquisitiveness to be significantly negatively correlated with the percentage of foliage
in the enclosure and the percentage of wall/wooden fence in the perimeter. This can
perhaps be explained by realising that cheetahs in enclosures with more foliage and
more solid walls will be able to generally see less, from wherever they are in the
enclosure. This could lead to keepers rating them lower on inquisitive- type
behaviours. The percentage of wall/wooden fence in the perimeter was also positively
correlated with flehmen/faecal-mark/sleep. If this trait is taken as a sign of fear, then
perhaps having a more open- sided enclosure creates a feeling of space and makes the
enclosure seem larger, resulting in less fear among the cheetahs. The t-test carried out
to show any effects of being able to view potential prey on personality showed that
those with prey in sight scored lower on inquisitiveness than those who could not.
This is the opposite of the seemingly sensible assumption that being able to view prey
would increase inquisitiveness. Those with prey in sight also scored higher on
flehmen/faecal-mark/sleep. When the effect of being housed with other members of
the same sex on personality was examined, it was found that males housed with other
males scored lower on flehmen/faecal-mark/sleep than those housed alone or with
other females. As males would usually be found in small all-male coalitions in the
wild, then perhaps this suggests that those kept with other males in captivity show less
fearful behaviours, as they are housed in conditions natural to them. Several of the
males kept together were even brother pairs, a situation just like one would find in the
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wild. However, it should be noted that only four of the 23 males in this study were not
kept with other males.
After identifying any effects of environmental factors on personality, it was necessary
to relate personality to individual breeding success (the performance variable). This
was examined using an independent sample t-test, which showed that there was no
significant difference in the personalities of breeders and non-breeders. Unfortunately,
there were only seven (2.5) breeders in the 41 cheetahs sampled (17.1 % of the
sampled population- slightly higher than the global average), so this result can not be
taken to be very reliable. Also, a more reliable result could perhaps have been
obtained if a measure other than breeder/non-breeder was used. Such a measure
would ideally have taken into account the number of years a cheetah had, or had not,
bred relative to the number of years of opportunity it had. Also, in order for breeding
success to be related to environmental factors, only those individuals who had bred
whilst at their current institution could be included in the analyses. This resulted in
one cheetah in the sample (F2), who had bred at another institution, being classed as a
non-breeder. The t-test to identify the personality differences of breeders and nonbreeders was carried out again with this individual included, but it still failed to
identify any significant differences. Future investigations of this kind, however, may
contain several individuals who had bred elsewhere, and this may affect the ability to
identify links between the environment, personalities and breeding success.
Success with cheetah breeding varies dramatically between institutions. Therefore, the
housing and husbandry routine at each institution (averaged across all cheetah
enclosures) was examined, to hopefully identify an optimum set of conditions for
breeding success. When these environmental factors were correlated with institutional
breeding success rates and mortality rates, some interesting results were found.
Although no factors were found to affect mortality rates, the regularity of the feeding
and cleaning regimes were significantly positively correlated with breeding success,
as was how often the keepers entered the enclosure. These results appear to back up
research carried out on small exotic felids by Mellen (1991), which suggested that a
key to breeding success is a positive, predictable relationship with the keepers. She
also found that more litters were produced when the keepers spent more time per day
interacting with the cats. It would appear from this investigation that breeding success
does increase when predictability of the care-taking routine increases, and when the
amount of time keepers spent in close contact with their cheetahs increases. Another
possible reason for the increased breeding success in institutions where the keepers
enter the enclosures more often, is that they are able to be more flexible with their
male/female combinations. In the wild, males and females would only encounter each
other very briefly, before deciding whether to breed or not, and this is able to be
replicated much more easily in institutions where the keepers can enter the enclosure
and remove females after just a short period with the males. Institutions where the
keepers do not enter the enclosures, have much less scope for ‘experimenting’ with
different cheetah combinations, as swapping two individuals would involve
encouraging the first to enter an indoor enclosure, before then releasing the second.
Unfortunately, any analyses involving housing and husbandry factors must assume
that the cheetah enclosures have not changed since the institution first started keeping
the species. In at least two institutions studied this was not the case. However,
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husbandry regimes have probably not changed drastically, and it is only husbandry
factors that have been found to be significantly correlated with performance variables.
It should be noted that any significant correlations found in this investigation do not
demonstrate cause and effect; they simply describe trends in the sample and can only
point in the direction of further research. The main point, which warrants further
investigation, to arise from this study is probably the relationship between the
regularity of the care-taking regime and institutional breeding rates. It would appear
that, in order to maximise success, feeding and cleaning should be carried out in a
regular routine, and keepers should be allowed access to the occupied enclosures to
provide the necessary flexibility for breeding pairs to form. Indeed, keepers who do
enter their cheetah enclosures have reported feeling no danger from the animals,
provided a safe distance is kept, as the animals will usually retreat in fear.
Conclusion
This investigation successfully managed to create personality profiles for the 41
cheetahs in the sample. These consisted of scores on three attributes: aggressiveness,
inquisitiveness, and flehmen/faecal-mark/sleep. The method of constructing these
profiles, using keeper ratings, was considered to be valid.

No significant differences were found between the personalities of cheetahs who had
bred, and those who had not. The probable reason for this was that the sample size of
breeders was only seven (2.5). Future studies of this kind should ensure that sample
sizes are approximately equal.
The environmental factors could not, therefore, be related to breeding success through
cheetah personalities.
When the effects of the environmental factors on institutional performance variables
were examined, breeding rate was found to be significantly correlated with how often
the keeper enters the enclosure, as well as the regularity of the care-taking regime.
This suggests that a close and predictable relationship with the keepers can be
beneficial for cheetah breeding success.
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Factors affecting pool use by captive Humboldt penguins (Spheniscus humboldti)
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Abstract
For captive penguins that are fed their food by hand it is important that the extra
hours in the day, which are no longer required for foraging, are occupied by other
activities. The staff at Marwell zoo observed that the Humboldts were not spending a
large amount of time using the pool and instead spent a large proportion of the day
resting by the side of it. The aims of this study were firstly to provide visual
enrichment, in order to increase activity levels by encouraging greater use of the pool
and increase diving behaviour. Secondly, to investigate the affect of both number of
visitors and weather on the amount of pool use. The enrichment device had no
significant affect on the frequency of diving, or on the frequency of other pool
behaviours, performed by the group. The number of visitors around the enclosure was
found to have no significant correlation with percentage of penguins using the pool.
The amount of rain per day had a significant correlation with total pool behaviours,
but not with diving. The results showed a highly significant correlation of amount of
cloudy weather per day with total pool behaviours and also with diving.
Introduction
The Humboldt penguin
The Humboldt penguin, Spheniscus humboldti, is also known as the Peruvian
penguin. This species is found off the West Coast of South America in the area
supplied by the cold nutrient-rich Humboldt Current. Breeding colonies stretch from
Isla Foca off the coast of Peru to Algarrobo in Chile. The combined Chilean and
Peruvian population is approximately 10,000 to 12,000 individuals (Wallace et al.,
1999). They weigh an average of 4.2 Kg and average length of 65cm. Their plumage
is similar to that of Magellanic (African) penguins, except the two white bands merge
to form one thick band across the throat of the Humboldts. The eyes are reddish
brown and their bills are larger than those of Magellanic penguins. Male Humboldts
are slightly larger and heavier than the females. Humboldt penguins dive to a
maximum depth of 54m, but most dives are less than 30m. Males have a slightly
greater maximum depth than the females, which may be due to their larger size
(Taylor et al., 2002). They are visual hunters so it is likely that dive depth is limited
by light and water turbidity. This idea is supported by the fact that they do not forage
much at night (Culik et al., 2000). Anchovies and sardines are found as large shoals
close to the water’s surface, so the penguins do not need to make deep dives. Instead
they make short shallow dives in order to catch their prey.
Threats to Humboldt penguins
Spheniscus humboldti are one of the most threatened species of penguin and are
commonly kept in captivity, as they are adapted to the warmer climate. They were
classified in 2000 as vulnerable, according to the International Union for the
Conservation of Nature (IUCN) red list of threatened species (IUCN, 2002). This is
defined as “not critically endangered or endangered, but is facing a high risk of
extinction in the wild in the medium-term future”. These penguins have a small
breeding range and have suffered an overall reduction in number of breeding colonies,
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causing them to be classed as vulnerable. They are also listed in Appendix One of the
Convention on International Trade in Endangered species of wild fauna and flora
(CITES, 2003).
Guano extraction
The major threat faced by Humboldts in Peru is habitat loss due to commercial
extraction of guano for use as a natural fertiliser. Guano forms from bird droppings
over hundreds of years due to the weather conditions in Peru. The combination of
cold water and warm air virtually prevents the fall of rain in this region. The
droppings are baked dry, which retains nitrates within them. It was in the early 1800’s
that guano deposits were discovered to be valuable as fertilisers, and by the late
1800’s it accounted for 60% of Peru’s Gross National Product (Blay & Côté, 2001).
Humboldts use the guano to dig out nest burrows, but extraction has left the substrate
too shallow in many mainland areas. The penguins resort to use of surface nests,
which do not have the advantage of protection from overhead predators. The nesting
Humboldts are disturbed by the extraction of guano, and the guano collectors have
also been seen to harvest some of the penguins and their eggs, presumably as a food
source (Blay & Côté, 2001). Guano harvesting has been demonstrated to have a
negative effect on Humboldts but it is an important source of income for the Peruvian
government. The critical economic conditions in Peru make it harder for conservation
biologists to protect Humboldts from this threat. A breakthrough in 1998 was the
agreement by PROABONOS, the government agency responsible for the guano
reserve system, to allow the Wildlife Conservation Society (WCS) to manage Punta
San Juan in Peru for eight years. The WCS have acted by the presence of observers
during the harvests and fencing off penguin rookeries to exclude those areas from
harvesting (Paredes & Zavalaga, 2001). The results of these actions have yet to be
reported.
Accidental entanglement
It has been estimated that 922 Humboldts from the colony nesting at Punta San Juan
in Peru died from accidental entanglement in fishing nets between the years 1991 and
1998 (Majluf et al., 2002). The largest population of Humboldts in Peru is found at
Punta San Juan. In 1996 the population of nesting birds was 3,400 but fell to
approximately 1,500 by 1998, after the strong El Niño of 1997-98. Long-term studies
on bycatches have been carried out by Majluf et al. (2002) in this region. Two or three
permanent observers were stationed at San Juan port to interview fishers as they
landed their catch. The fishers were found to keep any of the penguins and small
cetaceans that had been accidentally entangled in their fishing nets. The fishers did
not specifically target these marine birds and mammals, but the majority caught were
retained rather than thrown back overboard.

Majluf et al. (2002) concluded that a decrease in numbers killed in the late 90’s was
likely to be due to the change in fishing methods from drift gillnets to bottom gillnet
fishing and shellfish diving. The study showed that the majority of accidental
entanglements were seen with use of drift gillnets rather than fixed gillnets. About
68.2% of foraging trips by penguins are overnight (Taylor et al., 2002), which involve
resting at the surface. Drift nets are set during the night and removed some time after
dawn. This means that the penguins are vulnerable to entrapment by these drift nets
while foraging overnight close to shore. The United Nations General Assembly
resolution 46/215 in December 1991 placed a temporary prohibition on large-scale
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fishing with pelagic drift nets in all the world’s oceans. Some use of small driftnets
still occurs today, including off the coast of Peru. There are also restrictions on
retaining entrapped penguins and cetaceans, but this can be difficult to enforce in
isolated areas such as Punta San Jan.
El niño southern oscillation
Another major factor affecting Humboldts is the recurring El Niño Southern
Oscillation (ENSO). El Niño is Spanish for ‘the boy’ or ‘Christ child’ and was first
used in the late 1800’s by Peruvian fishermen to describe the warm, nutrient-poor
current seen around Christmas time that lasts for several months. It is a naturally
occurring phenomenon in which the upwelling of nutrient-rich cold bottom water in
the Southeast Pacific Ocean is depressed. La Niña, meaning ‘the girl’, describes a
cooling of the current and is the opposite extreme phase to El Niño of a temperature
oscillation. The term ENSO includes the Southern Oscillation phenomenon, which is
a shift in surface air pressure between Darwin, in Australia, and the South Pacific
Island of Tahiti. ENSO is an interaction between the ocean and the atmosphere with a
combined affect on climate. El Niño results in heavy rainfall in South America, while
causing droughts in Eastern Australia. These events occur approximately every two to
seven years.

During El Niño penguin nests are flooded and there is a decrease in the biomass of
plankton. This affects the distribution of anchovy, which move to depths below 100m
or migrate southwards. In response to the food shortages the Humboldts are forced to
leave the colony to make abnormally long foraging trips. In 1982-83 the largest El
Niño event of this century occurred and a reduction in breeding population of
approximately 65% was observed in Peru and 72% in Chile (Culik, 2001). Another
strong El Niño occurred in 1997-98 with similar effects on the anchovy distribution
(Daly, 2003).
Aims of project
The captive Humboldt penguins at Marwell Zoological Park are fed twice daily, by
hand, on a diet of sprats (Sprattus sprattus). They cannot be fed live prey due to
regulations and the fish are not thrown into the pool because it would clog the pool
filter system. This means that the penguins do not have to work for their food. In the
wild, a large proportion of their time is spent foraging out at sea, often remaining
overnight before returning to the colony. On average they spend 0.8 hours travelling,
3.7 hours foraging and 7.2 hours resting at the surface per day (Luna-Jorquera &
Culik 2000). For captive penguins that are fed their food by hand it is important that
the extra hours in the day, which are no longer required for foraging, are occupied by
other activities. The staff at Marwell zoo observed that the Humboldts were not
spending a large amount of time using the pool and instead spent a large proportion of
the day resting by the side of it.

For these reasons, the aims of this study were to: (1) provide visual enrichment in
order to increase activity levels (2) encourage greater use of the pool and increase
diving performed by the penguins by means of visual enrichment (3) investigate the
affect of both number of visitors and weather on the amount of pool use.
By encouraging the penguins to spend more time foraging, it is hoped that their
behavioural time budget will more closely resemble that of wild populations
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(Newberry, 1995). Stress can be an important factor in lack of breeding success with
captive animals. Projects working to stimulate natural behaviour of the animals by
enclosure enrichment aim to reduce stress and so could have an importance in
breeding programs. Since 1983 no Humboldt penguins have been legally captured
from the wild, so breeding is required in zoos to maintain their captive populations
(Blay & Côté, 2001).
Materials and Method
Study location and group
The study was carried out at Marwell Zoological Park, near Winchester, during July
2002. Penguin World is situated in the south section of the park, close to the entrance.
The enclosure is made up of a single large pool, with one end much deeper than the
other end. The deep end also has an underwater viewing area to allow the public to
see the penguins diving. Besides the pool is a flat concrete area, where the keepers
feed the penguins. The public is able to get close to the penguins by the concrete area
and also at the shallow end of the pool. At the time of this project Penguin World
housed 16 Humboldt penguins, aged between two and seven years, with the majority
of them being hand-reared. The Humboldts all arrived at Penguin world in March
2000. So far none of the Humboldts have successfully bred. All the penguins
generally display low levels of activity.
Data collection
For the first week of recording nothing was added to the penguin enclosure in order to
obtain baseline counts for the behaviours studied. The device that was hoped to act as
visual enrichment for the penguins was made from 12 plastic drinks bottles with all
the labels and rings removed. The bottles had red lids, a height of 21cm and lid
diameter of 3.5cm. The bottles contained strips of tin foil, to mimic the effect of
scales on fish catching the light. They were filled almost to the top with water to sink
them to the bottom of the pool, but still allow them to be slightly buoyant.

Twelve bottles were used so that there would not be limited accessibility to them,
which could provoke competition between the penguins. They were added to the pool
in the deep end only, as this was the area in which the public could observe the
penguins through underwater viewing windows. This allowed the public to see any
effects of the enrichment scheme. The aim of the bottles was to visually stimulate
diving behaviour and increase pool use by the penguins. This study assesses the
effectiveness of the bottles as an enrichment device. The behaviour of the penguins
was recorded for a week, before removing the enrichment device from the enclosure.
A further week of observations post-enrichment was recorded. Total recorded
observations for the study amounted to 75 hours (five hours daily). For each of the
three weeks, the behaviour of the 16 Humboldt penguins was observed at one-minute
intervals.
Results
Behavioural ethogram
The behaviours observed in the pool were diving, surface swimming, preening,
fighting and porpoising. Any penguins not in the pool were simply recorded as ‘out of
pool’. The total number of individuals performing each of the behaviours was noted in
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an ethogram and was collected for the group as a whole because it was very difficult
to identify individuals from the observation point. The coloured identification tags on
the wings were not easy to see even using a pair of binoculars, particularly when the
penguins were swimming under water. The observation point was chosen as it gave
the best overall view of the pool and meant that there were no effects on the behaviour
of the penguins caused by the observer. A predetermined schedule was used to reduce
any bias, such as not recording on rainy days. Observations were taken during the
weekdays and at the same time each day (10.15h-12.45h and 13.00h-15.30h). The
number of visitors around the edge of the enclosure and at the underwater windows
was noted at ten-minute intervals, as these are the areas where the public would be
visible to the penguins. The weather was noted throughout the day.
Affect of enrichment device on behaviour
The category for diving was divided into shallow end and deep end because the
enrichment device was only added to the deep end of the pool. Surface swimming,
preening, fighting and porpoising were grouped together as ‘other pool behaviours’.
Diving in the deep end of the pool decreased throughout the study with highest counts
in the baseline week, less in the enrichment week and fewest in the post enrichment
week. Diving in the shallow end increased in the enrichment week compared to the
baseline week and decreased greatly in the post enrichment week. The other pool
behaviours decreased throughout the study in a similar fashion to the diving in deep
end (Figure 1).
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Figure 1.

Frequency of diving and other pool behaviours for each of the three observation
weeks.

There was a statistically significant difference between observed and expected
frequencies for diving and other pool behaviours during baseline, enrichment and post
enrichment weeks (X24 = 463.88, P<0.05, Chi Squared test).
This difference found was thought to be mainly due to the large decrease in diving
during the post enrichment week. To further examine the affect of the enrichment
device on behaviour, Mann-Whitney tests were performed to specifically compare
other pool behaviours during baseline and enrichment weeks, and also to compare
diving during baseline and enrichment weeks.
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Affect of enrichment device on other pool behaviours
The frequency of other pool behaviours increased from day one to day four during the
baseline week, before decreasing on day five (Figure 2).
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The frequencies of other pool behaviours during enrichment week tended to decrease
from day one to day five, with a notably large exception on day three (Figure 3).
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Frequency of other pool behaviours during enrichment week.

There was no statistically significant difference between medians of other pool
behaviour frequencies during baseline and enrichment weeks (U5, 5 = 28.0, P>0.05,
Mann-Whitney U test).
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Frequency of other pool
behaviours

The affect of enrichment device on diving
The frequency of diving increased throughout the baseline week, apart from a large
drop on day five (Figure 4).
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Frequency of Diving

There was a general trend for frequency of diving to decrease throughout the
enrichment week, apart from a large rise on day three (Figure 5).
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Figure 5.

Frequency of diving during enrichment week.

There was no statistically significant difference between medians of diving
frequencies during baseline and enrichment weeks (U 5, 5 = 24.0, P>0.05, MannWhitney U test).
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Affect of number of visitors on pool use
The percentage of penguins in the pool was used rather than the frequency because
during day one of post enrichment the penguins were taken out of the enclosure to be
examined by a vet and put back gradually one at a time. The number of visitors every
30-minutes was used as it was considered that most people would spend less than this
amount of time at the enclosure, making the data independent. The data shows no
correlation between visitor numbers and % penguins using the pool (Figure 6).
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Correlation between number of visitors and percentage of penguins in the pool.

There is no statistically significant correlation between visitor numbers around
penguin world and the percentage of penguins using the pool (rs = -0.068, N = 150,
P> 0.05, Spearman’s rank correlation coefficient test).

Frequency of pool use

Effect of weather on pool use
Weather was looked at in detail first using the time for which it rained during the
daily observation hours. The data shows a weak negative correlation between rain and
frequency of pool use (Figure 7).
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Correlation between rain and total pool behaviours.
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There is a statistically significant negative correlation between amount of rain per day
(in mins) with frequency of pool use (rs = -0.584, N= 15, P<0.05, Spearman’s rank
correlation coefficient test).

Frequency of pool use

Weather was then looked at in terms of the time in which the weather was cloudy
during the daily observation. The data shows a negative correlation between cloudy
weather and frequency of pool use (Figure 8).
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Correlation between cloud and frequency of pool use.

There is a highly significant correlation between amount of cloudy weather per day
(in mins) and frequency of pool use per day (rs= -0.779, N=15, P<0.01, Spearman’s
rank correlation coefficient test).

Frequency of diving

Affect of weather on diving
Correlation between rain and cloudy weather with diving was then investigated. The
data indicates that there is no correlation between rain and frequency of diving
(Figure 9).
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There is no statistically significant correlation between amount of rain per day (in
minutes) with frequency of diving (rs = -0.45, N= 15, P>0.05, Spearman’s rank
correlation coefficient test).

Frequency of diving

The data indicates that there is a negative correlation between cloudy weather and
diving (Figure 10).
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Figure 10. Correlation between cloudy weather and frequency of diving.

There is a highly statistically significant negative correlation between amount of
cloudy weather per day (in minutes) and frequency of diving (rs = - 0.713, N= 15,
P<0.01, Spearman’s rank correlation coefficient test).
Discussion
Affect of enrichment device on diving and other pool behaviours
A significant difference was found between observed and expected frequencies for
diving and other pool behaviours during baseline, enrichment and post enrichment
weeks. This difference was thought to be mainly because of the large decrease in
frequencies of diving and other pool behaviours in the post enrichment week. This
decrease in pool use was very likely to be caused by the penguins moulting. Once
they begin to moult they lose their waterproofing so would tend not to enter the pool
as much. Some of the penguins were beginning to moult during the enrichment week,
which was the third week of July. Wild populations begin their annual moult six
months earlier than this in late January (Simeone et al., 2002), during the summer
months of the Southern Hemisphere. The moulting period lasts approximately threeweeks. The beginning of the moulting period in the captive penguins probably slightly
decreased the frequency of diving and pool use in the enrichment week as well as the
post enrichment week. This could have masked a significant increase in diving and
other pool behaviours by the non-moulting individuals. This is one of the limitations
of the study from using group frequencies rather than individual frequencies. By the
post enrichment week all the penguins had began their moult. For this reason the
effect of the enrichment device was looked at in more detail by comparing just the
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baseline frequencies to the enrichment frequencies for other pool behaviours and for
diving.
Affect of enrichment device on other pool behaviours
Other pool behaviours increased in frequency during the baseline week from day one
to four, apart from a decrease on day five. During the enrichment week other pool
behaviours decreased throughout, apart from a large increase on day three. The total
frequencies for the enrichment week was actually slightly less than the total for
baseline. This could be due to the first of the penguins starting their moult, as
mentioned before. There was no significant effect of the bottles on other pool
behaviours, so they did not increase pool use. Had the bottles caused an increase in
other pool behaviours this category would have been looked at in more detail. The
frequencies for surface swimming, preening, fighting and porpoising were recorded
separately but then grouped together as ‘other pool behaviours’ for analysis of the
results. Fighting and porpoising had relatively few counts during the study in
comparison to all the other behaviours. For enrichment devices that are found to
increase pool use it could be useful to look at its effects on other behaviours, such as
fighting, to investigate any negative effects of the enrichment.
Affect of enrichment device on diving
Total counts for diving in the shallow end did increase from the baseline to the
enrichment week. Diving in the deep end actually decreased slightly in the enrichment
week compared to the baseline. This decrease in diving in the deep end may have
been because the penguins were noticeably wary of the novel objects for the first few
days. They were seen to dive down and swim past the objects along the length of the
pool. After a few days the penguins were seen to actively move the bottles about and
even bring them to the surface. The daily pattern for diving frequencies during
baseline week, and also enrichment week, was similar to the pattern for other pool
behaviours. This could indicate another factor having an influence on pool use, such
as the weather. If deep end and shallow end diving were looked at together, there was
a small increase in total diving behaviour in the enrichment week compared to the
baseline week. However, this was found not to be statistically significant, so the
bottles did not provide a visual enrichment to the penguins.
Future enrichment projects
A change in behaviour when enrichment devices are added does not necessarily mean
they are enriching the lives of the captive animals. Newberry (1995) defined
environmental enrichment as “an improvement in the biological functioning of
captive animals resulting from modifications to their environment. Evidence of
improved biological functioning could include increased lifetime reproductive
success, increased inclusive fitness or a correlate of these such as improved health”. It
was hoped that the bottles used in this project would serve as a visual enrichment
device to increase pool use and diving behaviour performed by the penguins. In doing
this it would have increased the physical health and fitness of the individuals. When
the penguins at Marwell were encouraged to dive repeatedly, by people creating hand
shadows on the bottom of the pool, they were often breathless on surfacing (personal
observation). Another advantage to an increase in the penguins’ activity would be the
“holding power” of the exhibit, as visitors would prefer to see the animals performing
natural behaviours rather than resting by the side of the pool (Newberry, 1995). For
future enrichment devices, increasing physical health of the animals would be an
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important aim. If trying to stimulate foraging behaviour it may be more effective in
future projects to provide destructible items with a nutritional value, rather than
inedible object such as the bottles used in this project. This of course can lead to
weight gain if the total amount of food offered increases, but providing smaller, more
frequent meals or increasing time and skill required to catch or extract food could lead
to an increase in the frequency of foraging behaviours observed (Newberry, 1995).
The bottles might not have caused a significant increase in pool use or diving because
the penguins could have given up playing with the objects once they realised that they
did not provide any food. They were also not visible to the penguins from out of the
pool, so were probably not effective at encouraging the penguins into the pool from
the concrete beach. The penguins were notably very keen to chase any moving
objects, for example shadows, dragonflies, moorhens and the eider ducks that share
the enclosure with them. Future enrichment ideas may benefit from using movement,
particularly when aiming to stimulate foraging behaviours. It would also be worth
measuring the duration of the dives, as very little is known about this in penguins so
far, and also the time that individual penguins are in the pool on each occasion. This
would allow the effect of the enrichment on both frequency and duration of dive and
pool use to be evaluated.
Affect of visitor numbers on pool use
The data indicates that there is no significant correlation between the number of
visitors around the enclosure and the percentage of penguins using the pool. This was
slightly surprising as the penguins appeared to be attracted to the visitors by the
concrete beach and were often seen to jump up at the windows of the underwater
viewing area when visitors were present. The visitor numbers were not divided into
different areas around the enclosure, had this been done it may have revealed more
about their effects on the penguins. The visitors that stood by the concrete beach
would be expected to have more of an influence on the penguins’ behaviour as they
were able touch the penguins, which many people did despite the notices asking them
not to. Visitors at the observation point would be much less visible to the penguins. In
future studies that look at affects of visitors it would be useful to note where
specifically the visitors are located. This study concentrated on the effect of visitors
on the penguins in terms of pool use, but further work could be done to study any
effects of visitors on other behaviours.
Affect of weather on pool use
In previous work by Dyke (2001), it was found that the penguins tended to enter the
pool when it rained. This study actually found that amount of rain per day in minutes
had a negative correlation with pool use, although it did not look in detail at the
behaviour of the penguins as it was raining. On rainy days it would have also been
cloudy, which have been found to have a strong negative correlation with pool use, so
it is hard to separate these two factors.

The data showed a highly significant negative correlation between cloudy weather
and pool use. As the amount of cloudy weather in minutes per day increases, the
frequency of pool use by the penguins decreases. If more cloud is present this will
obviously affect the light level in the water. Penguins are visual hunters so the amount
of light in the surrounding environment could have an effect on foraging behaviour.
Underwater predators that hunt visually can only forage during daylight (Wilson et
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al., 2002). As previously mentioned, it is thought that dive depth could be limited by
light and water turbidity (Culik et al., 2000). This could also apply to captive
penguins with the amount of daylight affecting pool use as it is already known that
light level in the environment affects predation risk and behaviour of animals (Mori,
1999).
Affect of weather on diving
Although there was a weak negative correlation between rain and pool use, there was
no significant correlation found between rain and diving behaviour. There was a
highly significant negative correlation between cloudy weather and frequency of
diving. This can again be explained by the amount of light restricting diving
behaviour. Penguins display a diurnal diving activity because they are unable to
perceive prey under low-light conditions (Taylor et al., 2002). In a study by Culik et
al. (2000) the majority of dives by wild Humboldts were recorded during daylight
hours. They rarely dived at night (between hours of 21.00 and 03.00 local time),
accounting for only 4.1 % of all dives in the 24-hour period. All dives during this time
were always less than 10m deep. They also found that dives were deepest and most
frequent around noon, which is when light conditions would be maximal.

In order to study the effects of weather on the penguin’s behaviour further, it would
be interesting to measure temperature and light intensity. This would be more
accurate then using a personal description of weather, such as being cloudy. As this
study used a visual enrichment, amount of light is likely to have been an important
factor in its effectiveness. The daily patterns seen in frequencies of diving and other
pool use for the baseline enrichment and post enrichment weeks could be due to
changing weather conditions during this time. The drop in diving and other pool
behaviours during the post enrichment week may not have been entirely due to the
penguins moulting, but also influenced by weather.
Concluding remarks
Humboldt penguins are at risk from a number of threats in the wild, the majority of
these being caused by human activities. The most important threat is that of habitat
loss through guano extraction, as it severely decreases reproductive success of the
population. Reduction in biodiversity worldwide is accelerating largely through the
destruction of natural habitats such as this (Ehrlich & Wilson, 1991). Zoos have an
important role in wildlife conservation through public education and awareness,
research and in situ conservation programs (Gippoliti & Carpaneto, 1997). For captive
animals, enclosure enrichment can benefit them through increased fitness and
reproductive success by lowering stress levels. This is the first step to ensuring
maintenance of captive population numbers, until conditions are more favourable in
the wild.
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Abstract
We studied the effect of changes in accommodation (spatial crowding) and changes in
group composition (social de-crowding) on affiliative behaviour in a captive bonobo
group. We found that females were affected by the change in accommodation. They
groomed each other longer in winter, when they were confined to the inside
enclosure. There was no difference in the behaviour of the males. After two females
had left the group, female behaviour did not change, but males showed more
affiliative behaviour towards other males, and more submissive behaviour towards
females. We suggest that bonobos use grooming behaviour to cope with a higher
stress levels in winter. Further data on aggressive behaviour are needed to confirm
this coping hypothesis.
Introduction
Primates are gregarious animals, and most species form large groups. This grouping
involves benefits for the individuals, such as a higher foraging efficiency or defence
against predators, but is also involves costs, such as a higher potential for conflicts. In
primates, social relations with fellow group members can be seen as valuable
resources that may be damaged by conflicts (de Waal, 1989; Aureli & de Waal,
2000). Many species therefore have developed strategies to cope with this risk and
can try to avoid conflicts or to resolve conflicts.

Nieuwenhuijsen and de Waal (1982) compared the behaviour of captive chimpanzees
when they were housed indoor or in a larger outdoor enclosure, and found that serious
aggression was not influenced by the reduction in available space. But there was an
increase in mild aggression, formal submissive greeting behaviour and grooming
when the apes were confined to their indoor enclosure. This strategy was called a
“coping strategy” by de Waal (1989). Later studies have shown that on a short term
chimpanzees tend to avoid conflicts. The animals adapt to the change in housing
conditions by decreasing the frequency of all social interactions (Aureli & de Waal,
1997). When chimpanzees are confined to smaller enclosures for a longer while, they
develop the coping strategy after a few weeks already (Nieuwenhuijsen & de Waal,
1982).
In this study we examine whether bonobos use a coping strategy to deal with the
effects of spatial crowding, by increasing affiliative behaviour when they are in the
indoor enclosure. Furthermore we look at the effects of the departure of two females
on the affiliative behaviour. This departure of two females is seen as a form of “social
de-crowding”.
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Methodology
Study group and housing conditions
Subjects of this study were the eight adult and sub-adult bonobos, housed at
Planckendael Wild Animal Park (see Table 1). In summer these bonobos have access
to a 300m² outdoor island, while in winter they are confined to a 600 m³ indoor hall
(for more details about housing conditions, see Van Elsacker et al., 1993 and Stevens
et al., this volume). This allowed us to compare the behaviour of the bonobos under
these two conditions and study the effects of spatial crowding on their affiliative
behaviour.

On September 11th 2001, two female bonobos left the study group, as part of the
international breeding program for the species. This allowed us to examine the effects
of this departure on affiliative behaviour.
Table 1.

Individual
Dzeeta
Hermien
Hortense
Kosana°
Unga°
Zomi
Kidogo
Redy
Vifijo
Zamba

Composition of the bonobo group at Planckendael Wild Animal Park.

Sex
Female
Female
Female
Female
Female
Female
Male
Male
Male
Male

Date of birth
1971*
1978*
1978*
1982*
02/02/1993
28/01/1998
28/02/1983
24/11/1990
23/07/1994
16/04/1998

Place of birth
Wild
Wild
Wild
Wild
Planckendael
Planckendael
Stuttgart
Planckendael
Planckendael
Planckendael

*: Estimated year of birth, after Leus & Van Puijenbroeck (1996)
°: Transferred in September 2001

Data gathering and analysis
Data were gathered during three periods. In winter 2000, 172 hours were gathered (26
days), in the summer of 2001, the bonobos were observed for 230 hours (29 days).
After the departure of the two females, Unga and Kosana, we collected data for
another 146 hours (19 days).

Observations of affiliative behaviour were made by all occurrence sampling
(Altmann, 1974) of interactions between the adult and subadult individuals. The
behaviour of the two juveniles, Zomi and Zamba, was not considered for this study.
Observations started as soon as the bonobos entered the enclosure, and lasted until 30
minutes after they had received their evening meal. By this time the bonobos started
to prepare for the night, and social interactions generally ceased.
Behaviours were grouped in different behavioural categories. Ambivalent behaviour
was used to define a group of various behaviours (peering, crouching and grinning)
that are associated with submission, but also involve a request for tolerance.
Grooming was considered as a separate affiliative behaviour and both grooming
frequency and grooming duration were measured. Sexual affiliation comprised sexual
inspections, sexual presentation, copulations and non-copulatory mounts. Non sexual
affiliation included follow, buddy-walk, mountwalk play and embrace.
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To compare frequencies of affiliative and ambivalent behaviour, we used Student ttests when data were normally distributed, and Wilcoxon matched pairs for data that
were not normally distributed. After the departure of the females, we corrected for the
different number of individuals. Because strategies may vary according to the nature
and strength of relations between individuals (Judge & de Waal, 1997), we analyse
behavioural changes first on a group level, and then for different dyads (male-male,
male-female and female-female).
Results
Change in housing conditions: Spatial crowding
Overall, we found that the bonobos groomed each other significantly longer in winter
than in summer (see Table 2). The effect of housing conditions differed between
males and females (see Table 3). The tendency to groom longer in winter held for the
females. Furthermore females had less non sexual affiliative contacts with males,
which seem to indicate they avoided males in winter.

The affiliative behaviour of males did not differ between the two conditions.
Table 2.

Comparison of affiliative behaviours for the group as a whole: spatial crowding.

Wilcoxon matched pairs signed-ranks test
T
Z
Grooming frequency
9
1.26

p-value
n.s.

Grooming duration

4

1.96

<0.05

Non-sexual affiliation

13

0.70

n.s.

Sexual affiliation

1.91

1.82

0.069

t-value
1.10

Df
7

p-waarde
n.s.

w>s
w>s

Student-t test
Ambivalent behaviour
w: winter

Table 3.

s: summer

Comparison of affiliative behaviour for different dyads: spatial crowding.

Grooming frequency

♂-♂
n.s.

♂-♀
n.s.

♀-♂
n.s.

Grooming duration

n.s.

n.s.

n.s.

Non-sexual affiliation n.s.

n.s.

Student-t test:
t=3.00; df=4;
p<0.05 (w<s)

n.s.

Sexual affiliation

n.s.

n.s.

n.s.

n.s.

Ambivalent behaviour n.s.

n.s.

n.s.

n.s.

w: winter

s: summer
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Change in group composition: Social de-crowding
After the departure of the two females there was a significant increase in grooming
duration for the group as a whole (Table 4). The increase in grooming occurred within
all types of dyads, and was not specific to a certain category of animals. Again there
was a different effect for males and females (Table 5). Female affiliative behaviour
towards females or males was not influenced by the change in group composition.
The males on the other hand showed more non sexual behaviour towards other males
(Student t-test: t=5.14; df=2; p<0.05) and more ambivalent behaviour towards
females, although this was not statistically significant (Student t-test: t=3.2; p=0.085).
Table 4.

Comparison of affiliative behaviours for the group as a whole: social decrowding.

Wilcoxon matched pairs signed-ranks test
T
Grooming frequency
3

Z
1.57

p-value
n.s.

Grooming duration

1

1.99

<0.05 (s2>s1)

Ambivalent behaviour

10

0.10

n.s.

Non-sexual affiliation

t-value
-1.29

df
5

p-value
n.s.

Sexual affiliation

-1.95

5

n.s.

Student-t test

S1: period prior to departure of two females
S2: period after departure of the two females

Table 5.

Comparison of affiliative behaviour for different dyads: social de-crowding.

♂-♂

♂-♀

♀-♂

♀-♀

Grooming frequency

n.s.

n.s.

n.s.

n.s.

Grooming duration

n.s.

n.s.

n.s.

n.s.

Non sexual affiliation

Student t-test:
t=5.14; df=2; n.s.
p<0.05 (s2>s1)

n.s.

n.s.

Sexual affiliation

n.s.

n.s.

n.s.

Student t-test:
t=-3.20; df=2;
n.s.
p=0.085
(s2>s1)

n.s.

Ambivalent behaviour n.s.

n.s.

S1: period prior to departure of two females
S2: period after departure of the two females
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Discussion
We found an increase in grooming in winter, and after the departure of the two
females. In primates grooming has a calming effect on the groomee (Boccia et al.,
1989; Aureli et al., 1999. We suggest the bonobos use grooming to cope with changes
in housing and group composition.

In relation to the spatial crowding, the effect was mainly due to female-female
grooming. Since coalitions with females are very important to females, it is not
surprising that they should invest more in maintaining social bonds under crowded
conditions. Male behaviour on the other hand was not influenced by the change in
housing conditions, which may reflect the weak bonds between them (Kano, 1992).
The departure of the two females seemed to have a destabilising effect and grooming
duration increased. Bonds between females seemed less disrupted, as we found no
difference in affiliative behaviour. This may be due to the fact that the females that
had left occupied middle ranking positions in the group. They ranked below the
group’s other three females, but above the group’s males (Bortels, 2002). Their
departure may have had less effect on the higher ranking females, but low-ranking
males faced a void in dominance hierarchy, and may have started to compete for
higher ranking positions. A change in dominance rank between the males was found
indeed (Bortels, 2002), and this might explain an increase in tension reduction
behaviours, such as ambivalent behaviours towards females and non sexual affiliation
towards other males.
The increase in affiliative behaviour seems to indicate bonobos may use a coping
strategy when confronted with spatial crowding or with the destabilising effects of a
change in social group composition. Further data on the influence of crowding on
aggressive behaviour are needed to confirm the coping hypothesis. Despite our
preliminary evidence for coping, endocrinological data from Planckendael
(unpublished data.) showed that the bonobos do experience higher stress levels in
winter, compared to summer. Combined with the finding that the departure of the two
females had a disruptive effect on the group, we suggest future transfers of animals
should preferably take place in the summer, when the bonobos can easier manage the
tension that may be associated with a disruption of the social structure.
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Workshop
Zoo Visitor Effects
Dr Geoff Hosey

The purpose of the workshop is to discuss methodological problems involved in
undertaking research on zoo visitor effects, with the aim of producing some
guidelines for researchers. These guidelines will be contained in a separate
publication and will be published at a later date.
The structure of the workshop was as follows:
•

Introduction to workshop and identification of methodological issues

•

Six working groups convened to each deal with a specific aspect of methodology.

•

These groups considered the following questions:
i)

What design would allow us to simultaneously sample both visitor
characteristics and behaviour and animal behaviour?

ii)

How would we achieve a “no audience” condition, and is it
necessary that we do?

iii)

What behavioural change would we look for in animals if human
audiences are stressful?

iv)

What behavioural change would we look for in animals if human
audiences are enriching?

v)

How can we define measures of audience characteristics and
behaviour?

vi)

How can we define measures of cage characteristics?

•

Working groups reported back

•

Overview and conclusion
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Goeldi’s monkeys (Callimico goeldii): olfactory enrichment to stimulate natural
behaviour and greater activity
Michelle Boon
School of Animal and Microbial Sciences, University of Reading, Whiteknights, PO
Box 228, Reading, Berkshire, RG6 6AJ.
Abstract
Environmental enrichment for Callimico goeldii is considered using olfactory
stimulation. Scents used included predator and non-predator faeces from the ocelot
and cheetah respectively and peppermint oil. Comparisons were made between
behavioural responses to each scent.
It was found that vocalisation tended to be greatest during the peppermint oil
observations (P<0.001). Interestingly time spent on the side of the enclosure where
the scent was placed decreased during the enrichment period and increased after the
scent was removed (P=0.077). Therefore scent presence deterred investigation but
once removed investigation was stimulated.
Many behavioural differences occurred between monkeys. A few of these include
clinging to the enclosure (P<0.001), grooming (P=0.005), loud calling (P=0.023)
and squeak calling (p=0.001). Despite this there was no significant difference in
behavioural responses to the introduction of the scents.
With replication of each enrichment, activity of the monkeys did decrease (P<0.001).
However this occurred not only on enrichment days but for baseline and post
enrichment days also, suggesting another factor is having an effect. This factor was
believed to be deterioration of the weather.
The findings of this report do not indicate successful environmental enrichment nor
do they support the theory that predator recognition by olfactory cues is innate, at
least not as far as faeces is concerned.
Introduction
Schapiro et al. (1997) stated that the goal of all primate enrichment is to provide
opportunities to exhibit species-typical behaviour. This can be achieved via visual,
auditory, olfactory and gustatory stimuli. This study explores the use of olfactory
enrichments to stimulate natural behaviour and greater activity in captive Goeldi’s
monkeys. Although sense of smell is the least developed of all the primate senses
(Preston & Mafham, 1992) olfactory cues within the environment can be important.
They can determine the sexual state of other individuals, provide the means of
marking the territorial boundaries within species, but more importantly allow the
detection of possible predator or even prey species.

The important statement that predator recognition commonly occurred via olfactory
cues in mammals made by Stoddart (1980) forms the basis of olfaction-predator
studies. It is expected that, as with the findings of Buchanan-Smith et al. (1993),
alarm reactions will develop as a result of the novel scents being introduced. This may
be especially true of the responses to faecal predator scent. It is evident from
Buchanan-Smith et al.’s (1993) study that the tamarins involved were able to
distinguish predator species from non-predator species. Buchanan-Smith et al. (1993)
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noted the ability of captive born tamarins to discriminate potential predator scents and
concluded that olfactory recognition to predators must be innate.
Griffin et al. (2000) considered anti-predator behaviour further, splitting it into two
categories, avoidance behaviour and response behaviour. Responses could then be
considered multipurpose (e.g. running, which may occur to stimuli other than predator
presence), or specialised. Obviously it is important for anti-predator behaviour to be
expressed on the first encounter to ensure survival, suggesting an innate mechanism is
involved. However Mineka and Cook (1988), cited by Griffin et al. (2000), suggest
that predator response can be conditioned in mammals. Another explanation
suggested by Griffin et al. (2000) was that improvement in the response to predators
could occur over time. This idea is an important one when considering reintroduction
of animals born in captivity into feral environments, but does have some significance
for this study. It could be that captive animals lose anti-predator behaviours, as they
are often costly and unnecessary in captive animals. For example they can lead to
reduced time spent foraging, which occurs to some extent in captive individuals as it
is part of their natural repertoire of behaviours.
Overall benefits in behaviour believed to be associated with successful environmental
enrichment are a decrease in aggression and abnormal behaviour, an increase in
activity, and improvements in reproduction, general health and survival (Vargas &
Anderson, 1999).
The aim of this project was to investigate differences in response to each of the three
scents; ocelot faeces, cheetah faeces and peppermint oil, while determining if any of
the scents effectively stimulate natural behaviour, and can therefore be incorporated
into an enrichment programme for this species. It is believed the introduction of
scents into the enclosure will stimulate investigation and increase activity. When
removed, levels of activity will start to return to the baseline level observed before
introduction occurred.
Method
This study was carried out on two female, captive born Goeldi’s monkeys from
Marwell Zoological Park. Observations were made for each individual, who, for the
purpose of this study, were referred to as Monkey one and two. Monkey one was born
at Marwell in 1998, whereas monkey two arrived at Marwell in May 2002 on loan
from Artis Zoo in Amsterdam. They were four and three years old respectively. The
monkeys were confined in an outdoor enclosure 4.9m long, 2.54m wide and 1.93m
high, which they share with two Agoutis.

Each of the three scents was introduced on three separate occasions over the course of
nine weeks. Each week was organised as follows:
Day 1: Collection of baseline behavioural data (prior to the introduction of stimulus)
Day 2: Collection of behavioural data during the presence of the stimulus
Day 3: Collection of behavioural data following the removal of the stimulus
The three scents were introduced into the enclosure on a stick placed at the front left
corner of the enclosure. Each stick was broken off the same branch at the same time
so presumed to be in the same condition before the individual scents were added.
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Removal of the stick occurred from a high branch so contamination from dog urine
was unlikely. Each stick was 150mm in length and approximately 7mm in diameter.
Scents were applied to a 50mm by 10mm strip. For the faeces this was applied to a
thickness of 2mm.
The reason for using a stick is that this is a familiar object to the Goeldi’s monkey as
sticks are found within their enclosure. This is considered important as a study carried
out by Parker and Gaffan (1995) found that it might be possible for monkeys to
experience olfactory-visual associative learning. Therefore visual stimulation should
be kept to a minimum. Applying the scent on a stick also means that it is certain the
scent is removed from the enclosure. This means post enrichment behaviour is indeed
behaviour after the scent has been removed. There is also an advantage in attaching
the stick to the enclosure itself. Not only as it makes it easier to add and remove the
enrichment, but also it prevents any change in behaviour that may occur when the
keeper enters the enclosure as it is not normal for them to do so.
Observations started at 09.00h and continued throughout the day until 14.40h.
Behaviours were recorded for ten-minute periods every 20-minutes at intervals of 30seconds. Order of scents were random to reduce habituation. Behaviours were
categorised by watching the monkeys the week before the study started. Elevation in
enclosure was also recorded.
Total activity was considered, and individual behaviours were converted to the
percentage of time that each behaviour was observed during the time spent in the
enclosure. Statistical analysis was carried out using the general linear model
procedure available on Minitab. Factors included in the model were treatment
(stimulus), day, replicate and individual monkey. The interaction terms treatment x
day, treatment x replicate, treatment x monkey and monkey x day were also included.
Results
Results are first presented as main effects of environmental stimuli, day, replicate and
individual monkey. Reference is then made to interactions between factors. All
behaviours were statistically analysed (P<0.05, behaviours approach significance and
P<0.1, there is a trend which approaches a statistical difference).
Behavioural differences between enrichment stimuli
Between the three scent treatments two behaviours were of significance. Time spent
in the middle area of the enclosure (m side), was greatest for the peppermint oil
enrichment and lowest for the cheetah faeces enrichment (P=0.033). Loud calling
(MC) was different between stimuli (P<0.001). Time observed to be calling loudly is
lowest with the presence of natural predator faeces, slightly higher with the presence
of non-predator faeces and higher still during the peppermint oil enrichment (Table
1). The squeak call (Sq) shows a similar trend (P=0.058). There is therefore a
tendency for vocalisation to be greatest with the peppermint oil enrichment (Table 1).
Behavioural differences between baseline, enrichment and post enrichment days
Eating appeared to be the only behaviour that differed significantly between baseline,
enrichment and post enrichment periods (P=0.007). It occurred to a greater extent
during baseline days before change to the environment occurred. Interestingly the
time spent on the stick side of the enclosure decreased on the enrichment day and
increased on the post enrichment day (P=0.077) (Table 2).
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Table 1. Behavioural effects of each environmental stimulus.
Behaviours (as % of time in Cheetah
Ocelot
Peppermint
enclosure)
faeces
faeces
oil
Total time in enclosure (% of
total observation time)
22.77
32.63
26.54
Sit
60
59.9
62.28
R
4.577
6.246
6.66
J
1.702
1.579
2.242
W
1.928
2.473
1.425
Ce
3.336
4.539
6.227
Cm
2.439
1.898
2.646
G
0.3022
1.0289
0.5139
F
2.287
2.259
1.507
cT
0.4444
0.475
0.64
Head
16.933
12.735
9.213
E
3.471
1.611
2.168
High
38.78
41.35
48.61
Middle
16.6
12.25
15.86
Low
17.9
18.66
15.66
Ground
0.22889
0.74
0.03944
stick side
26.12
24.32
27.78
M side
20
23.22
28.33
other side
25.98
27.02
26
C
2.516
2.677
2.088
MC
1.2983
0.2628
2.3422
Sq
1.171
1.643
2.821

SE of
difference

P-value

5.511
3.667
1.498
0.7467
0.8446
1.586
0.8384
0.4479
0.8634
0.2914
3.844
1.009
4.92
2.822
3.962
0.4495
4.091
3.205
4.533
0.7827
0.4855
0.691

0.207
0.255
0.347
0.643
0.469
0.198
0.656
0.259
0.595
0.772
0.144
0.179
0.128
0.267
0.734
0.282
0.702
0.033
0.967
0.741
0
0.058

KEY (for all tables)
P< 0.05 Approaching statistical significance
P< 0.1 Statistically difference

Table 2. Behavioural effects for baseline, enrichment and post enrichment days.
Behaviours (as % of time in Baseline Enrichment Post enrichment
SE of
P-value
enclosure)
(Day 1)
(Day 2)
(Day 3)
difference
Total time in enclosure (% of
total observation time)
29.11
28.76
24.07
5.511
0.597
Sit
59.08
63.17
62.93
3.667
0.463
R
6.281
6.98
4.222
1.498
0.172
J
1.583
2.852
1.088
0.7467
0.061
W
1.559
1.948
2.319
0.8446
0.669
Ce
4.974
3.799
5.328
1.586
0.605
Cm
2.622
1.984
2.378
0.8384
0.746
G
0.3922
1.1989
0.2539
0.4479
0.085
F
1.638
2.018
2.397
0.8634
0.682
CT
0.4661
0.4261
0.6672
0.2914
0.677
Head
12.02
11.09
15.77
3.844
0.441
E
4.326
1.125
1.8
1.009
0.007
High
42.44
45.61
40.69
4.92
0.602
Middle
16.7
13.63
14.38
2.822
0.529
Low
14.94
16.58
20.7
3.962
0.334
Ground
0.34444
0.03944
0.62444
0.4495
0.435
stick side
27.23
21
29.99
4.091
0.077
M side
24.04
25.54
21.96
3.205
0.514
other side
26.16
28.85
23.99
4.533
0.542
C
2.647
2.183
2.45
0.7827
0.838
MC
1.229
1.036
1.638
0.4855
0.454
Sq
2.384
1.107
2.143
0.691
0.157
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Behavioural differences between replicates
Many behavioural differences occurred between each replicate. The most important
was the striking decrease in general activity as the experiment progressed. Table 3.
This is evident for total time spent in the enclosure (P=<0.001). A similar trend is
apparent for grooming (P=0.009), foraging (P=0.006), loud calling (MC) (P=0.013),
and time spent on the ground (P=0.044). Strengthening this decrease in activity, the
proportion of time spent in the house looking out into the enclosure (head) increased
as the experiment progressed (P=0.002). Clinging to the enclosure (Ce) increased for
the second replicate but fell dramatically for the third (P=0.008). Whereas clinging to
the mesh (Cm) decreased during the second replicate (P=0.031). For both Ce and Cm
there seems to be no trend therefore this significance is likely to be due to chance
alone (Table 3).
Table 3. Behaviour effects for each enrichment replicate.
Behaviours (as % of time in Replicate 1 Replicate 2 Replicate 3
SE of
enclosure)
difference
Total time in enclosure (% of
total observation time)
39.98
26.98
14.98
5.511
Sit
60.36
65.01
59.81
3.667
R
5.916
7.419
4.148
1.498
J
2.297
2.178
1.047
0.7467
W
1.153
2.358
2.316
0.8446
Ce
5.143
7.036
1.923
1.586
Cm
3.566
1.292
2.126
0.8384
G
1.4561
0.2128
0.1761
0.4479
F
3.716
1.253
1.084
0.8634
cT
0.7094
0.4456
0.4044
0.2914
Head
8.306
9.112
21.463
3.844
E
2.355
1.654
3.242
1.009
High
40.77
48.15
39.82
4.92
Middle
14.44
15.48
14.79
2.822
Low
21.83
14.86
15.53
3.962
Ground
1.00833
0
0
0.4495
Stick side
28.88
28.63
20.72
4.091
M side
24.89
25.36
21.31
3.205
Other side
26.62
24.09
28.29
4.533
C
1.819
2.902
2.559
0.7827
MC
2.1161
1.14
0.6472
0.4855
Sq
0.9261
2.495
2.2133
0.691

P-value
0
0.306
0.103
0.193
0.279
0.008
0.031
0.009
0.006
0.529
0.002
0.298
0.191
0.932
0.163
0.044
0.079
0.372
0.63
0.376
0.013
0.063

Difference in behaviour between individual monkeys
The difference in behaviour between the two monkeys also became quite apparent
during the course of the study. Although there was not a large difference in the total
time each monkey spent active, their behaviours and positions in the enclosure during
this time did vary (Table 4). Monkey one spent a greater proportion of her time
clinging to the enclosure (P=<0.001), clinging to the mesh (P=0.001), grooming
(P=0.005), eating (P=0.003), in the middle of the enclosure (P=< 0.001), Sq calling
(P=0.001) and with her head looking out into the enclosure (P=<0.001). This suggests
Monkey one was more comfortable in her surroundings and was keen to know what
was going on around her. Monkey two in contrast spent a greater proportion of her
time sitting (P=<0.001), calling loudly (MC) (P=0.023) and positioned high up in the
enclosure (P=<0.001).
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Difference occurred also with respect to investigation of the stick itself. Monkey one
on several occasions made contact with the stick appearing to sniff it, whereas
Monkey two was not observed to go closer to the stick than approximately 40cm. This
again suggests that Monkey one is more comfortable with her surroundings and is
keen to investigate novel objects within it (Table 4).
Table 4. Behavioural differences of each monkey.
Behaviours (as % of time in enclosure) Monkey 1 Monkey 2 SE of difference
Total time in enclosure (% of total
observation time)
25.05
29.58
4.5
Sit
53.38
70.07
2.994
R
2.684
8.971
1.223
J
1.749
1.932
0.6097
W
1.348
2.536
0.6896
Ce
7.921
1.48
1.295
Cm
3.524
1.131
0.6845
G
1.15296 0.07704
0.3657
F
2.559
1.447
0.7049
cT
0.7252
0.3144
0.2379
Head
18.989
6.931
3.139
E
3.73
1.104
0.8241
High
33.72
52.11
4.017
Middle
21.254
8.553
2.304
Low
19.39
15.43
3.235
Ground
0.1911
0.4811
0.367
Stick side
26.16
25.99
3.283
M side
22.16
25.54
2.572
other side
26.99
25.67
3.637
C
2.428
2.426
0.6391
MC
0.8363
1.7659
0.3964
Sq
2.887
0.8693
0.5642

P-value
0.597
0
0.103
0.765
0.092
0
0.001
0.005
0.132
0.091
0
0.003
0
0
0.227
0.433
0.96
0.197
0.718
0.997
0.023
0.001

Time spent calling (%)

Interactions between enrichment stimuli and day
The most important interaction of this study was the interaction between olfactory
enrichment and day. Essentially this was the aim of the study and therefore
behavioural changes were expected. However only calling (C) appeared significant
(P=0.034) (Figure 1).
6
5

Baseline

4

Enrichment

3

Post
enrichment

2
1
0

Cheetah
Ocelot
Peppermint
faeces
faeces
oil
Enrichment stimuli
Figure 1. The effect of enrichment presence with respect to time spent calling.
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As seen in Figure 1 each enrichment had a different effect on this behaviour. For
cheetah faeces introduction of the scent had little effect on calling (C), but when the
enrichment was removed calling (C) doubled. For ocelot faeces the reverse occurred.
With the peppermint oil enrichment there was a decrease from baseline to enrichment,
followed by a small decrease from enrichment to post enrichment. This along with the
fact that neither loud calling (MC) or squeak calling (Sq) showed any statistical
difference with the interaction between enrichment stimuli and day suggests that the
increased vocalisation observed during the peppermint oil observations was not a
result of the introduction of the scent. Instead it was a chance occurrence that more
calling of all types occurred during observations associated with the peppermint oil
enrichment.

Total time in the enclosure (%)

Several behaviours were approaching statistical significance. Among these was the
proportion of time in the enclosure (P=0.074). Interestingly this increased during the
enrichment period suggesting increased activity (Figure 2).
45
40
35
30
25
20
15
10
5
0

Baseline
Enrichment
Post enrichment

Cheetah faeces

Figure 2.

Ocelot faeces
Enrichment stimuli

Peppermint oil

The effect of each enrichment on the total time spent in the enclosure.

Time spent calling loudly (%)

Interaction between treatment and replicate
The interaction with the most significant difference occurred between treatment and
replicate. Grooming (P=0.028), Head (P=<0.001) and MC or loud calling (P=0.035)
where all statistically significant with time spent in the middle area of the enclosure
(m side) being as good as significant (P=0.051). This interaction effectively looks at
habituation to each scent, therefore calling loudly is of importance as it is associated
with communication and frequently used for inter-specific communication (Figure 3).

6
5
4
3
2
1
0

Replicate 1
Replicate 2
Replicate 3

Cheetah
faeces

Ocelot faeces

Peppermint oil

Enrichment stimuli

Figure 3.

The effect of replication on each olfactory enrichment with respect to calling
loudly (MC).
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For both cheetah faeces and peppermint oil, each repetition of the enrichment shows a
decline in the animals calling (MC) (Figure 3). This suggests that this behaviour
habituates to each of these scents. This behaviour and decline in its activity would be
expected for the ocelot faeces if the Goeldi’s recognised that this scent was that of a
natural predator. However this was not the case. For the ocelot faeces calling (MC)
only occurred on the second replicate, which suggests that another factor is having an
effect.

Time spent with head looking out of
house (%)

Time observed to be looking out of the house (head) might be important as it may
show a desire to be in the enclosure but reluctance to venture out (Figure 4). This may
be an anxiety response to the introduced scent but again a downward trend would be
expected, which is clearly not the phenomenon occurring. In fact with the exception
of cheetah faeces there seems to be an increase in looking out of the house probably
as a consequence of weather deterioration.
45
40
35
30

Replicate 1
Replicate 2
Replicate 3

25
20
15
10
5
0
Cheetah faeces

Ocelot faeces

Peppermint oil

Enrichment stimuli

Figure 4.

The effect of replication on each olfactory enrichment with respect to head
looking out of the enclosure.

Interactions between monkeys
As monkey behaviour differed it was of interest to see if their behaviour differed both
to each treatment and to baseline, enrichment and post enrichment days. First
considered was the interaction between monkey and day. This showed no statistical
significance. running was statistically different (P= 0.071). Monkey one appeared to
run much less during the enrichment compared to Monkey two. But this trend was
also seen for both baseline and post enrichment days so it appears that Monkey two is
more active especially when the scent is present.

The interaction between monkey and treatment again showed no significant
behavioural differences. Walking (W) and clinging vertically to a trunk (cT) were
statistically different (P=0.068). For walking, however, there is only one clear
difference between the two monkeys (Figure 5). During the ocelot faeces enrichment
the percent of time spent walking is four times that of Monkey one and the other
enrichments. This may suggest the ocelot faeces is having an effect on Monkey two
by increasing this hesitant form of movement.
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7
6

Cheetah
faeces

5

Ocelot
faeces

4
3

Peppermint
oil

2
1
0

Monkey 1

Figure 5.

Monkey

Monkey 2

The effect of the olfactory enrichment on each monkey with respect to the time
spent walking

Discussion
Behavioural effects of enrichment stimuli
Unlike the study on cotton-top tamarins (Buchanan-Smith et al., 1993) little
significance was observed between behavioural responses to predator and nonpredator scents. The fact that calling (MC), considered a form of inter-specific
communication by Pook and Pook (1981), is lowest for ocelot faeces leads to the
assumption that in the presence of a predator this type of calling is reduced so not to
alert the predator to the monkey’s location. However, this seems unlikely as mobbing
calls are used in the presence of a predator meaning a switch to a mobbing call i.e. Sq,
would be expected which does not occur. For all replicates, both types of calling, MC
and Sq, are greatest for peppermint oil, and therefore this is the enrichment that has
greatest influence on stimulating behaviour. It is possible that calling (MC) is a call of
excitement alerting surrounding individuals to the presence of the introduced scent.
This would explain why the pleasant smelling peppermint oil elicits a greater response
than either of the faeces which these monkey may have been exposed to at some point
in their captive lives. Although careful consideration was given to the distance of the
Goeldi’s enclosure from each of the species providing faeces, it is not possible to
know if in the past either species have been located close by the Goeldi’s. If this were
the case then this would have a huge impact on the study.

Proportion of time spent in the middle of the enclosure was significant for the
peppermint oil (P=0.033), perhaps suggesting that the monkeys were intrigued by the
scent but apprehensive to investigate. However, as there was no significance for
proportion of time spent either on the stick or other side of the enclosure, the different
scents neither encouraged the monkeys to explore it nor avoid it.
It would be expected that significance would also be seen for the interaction between
day and scent but this did not occur. Calling (C) occupied a greater proportion of time
for the peppermint oil suggesting excitement to the scent. Much less calling is
observed for ocelot and cheetah faeces, an unexpected phenomenon. As described by
Pook and Pook (1981), Goeldi’s monkeys, like many other primates, have a
distinctive call when a predator is detected. This functions to alert other members of
the group to its presence. This did not occur in this study suggesting that, unlike the
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opinion of Buchanan-Smith et al. (1993), the ability to discriminate predator scents is
not innate.
Behavioural effects on baseline, enrichment and post enrichment days
Eating occurs to a greater extent on baseline days. As there is no difference when this
behaviour is compared to treatment or monkey, it suggests that the presence of any
scent in the enclosure deters food from being consumed when a novel scent has been
introduced. This also has a lasting effect, as although on post enrichment day’s
proportion of time observed eating does start to increase, it still remains much lower
than on baseline days.

Jumping doubles during the enrichment period and importantly falls again during the
post enrichment period. As jumping usually occurs in periods of high-speed activity it
suggests that the presence of scent increases activity. Less time also appears to be
spent on the stick side of the enclosure during the enrichment period suggesting a
deliberate avoidance to any of the scents regardless of whether it is predator, nonpredator or peppermint. However, once the scent was removed investigation of the
area where the scent had been introduced increased as more time was spent in that
area. As neither of these behavioural changes differ significantly they are not
conclusive, and this effect may be simply the result of chance.
Overall these observations show that few behavioural changes occur in response to
the introduction of these scents. It was expected that changes in behaviour would be
seen during the enrichment period with either an increase or decrease in appropriate
behaviours such as total time spent in the enclosure (activity), calling, and running.
This would be highlighted by the fact that the value for the baseline day would be
considered ‘normal’ behaviour, which would be similar to post enrichment behaviour,
as removal of the scent would return behaviour to it’s original state. This did not
occur, suggesting that the scents had only a small effect on behaviour so their value in
terms of environmental enrichment is questionable.
Behavioural effects of each monkey
Unexpectedly behavioural differences between monkeys had the greatest significance
in this study. This was noticed in the first enrichment. Monkey One was observed on
several occasions throughout the study to approach the stick, sniff it and run off, a
behaviour noticed by Buchanan-Smith et al. (1993) associated with anxiety. On the
other hand Monkey Two was never observed closer to the stick than approximately
40cm, and would sit watching the stick as described by Caine (1986) (cited by
Buchanan-Smith et al., 1993) as significant to anti-predator behaviour. There are a
number of studies that may provide a logical explanation to this difference.
Importantly, Joffe et al. (1973) and Widman et al. (1992) (cited by Carlstead and
Shepherdson, 2000) found that a lack of early experiences within the environment can
decrease the level of investigation and ability to learn about novel situations, while
also decrease the ability to cope with stressful situations.

The study by Schapiro et al. (1997) on rhesus macaques suggested that behavioural
differences found between activities could have been a result of differences in
environmental conditions two-years previous to the study. It is a well known
phenomenon in the study of biology that environmental conditions, not just genes,
play an important role in the development of an individual. Therefore it is not
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surprising that individual animals from different backgrounds react differently to
different stimuli. Both the Goeldi’s in this study were captive born and reared by their
parents. Potential differences in early development where therefore kept to a
minimum. Monkey one was born at Marwell in 1998 whereas Monkey two arrived at
Marwell from Amsterdam in May 2002. This illustrates two important differences that
are likely to effect behaviour. First is the length of time each monkey has been at
Marwell. It should be expected that Monkey one is more relaxed in the environment
and an environmental change will have a greater effect on her behaviour. Second,
transport will effect individual development as it will potentially expose the
individual to a larger range of variation, especially in the form of olfactory stimuli.
Monkey two had come in from Amsterdam so had been transported at least once in
her life while Monkey one had never left Marwell.
The difference in time each monkey had been a resident at Marwell can be illustrated
through differences in their behaviour. Clinging to the enclosure (Ce) is much higher
in Monkey one suggesting increased confidence and possibly reflecting that she felt
comfortable with her surroundings. Monkey two had only been at Marwell since May,
five months before the start of the study, so was likely to be more apprehensive to
change in the environment.
A study by Takagi (1989) illustrated that the continuous sniffing of a particular odour
decreases the ability to perceive it and that this olfactory acuity varies with individual.
Differences in olfactory acuity may explain the behaviour close up to the stick. It may
be possible that Monkey two had a stronger sense of smell compared to Monkey one
and therefore had no desire to go any closer.
It can also be assumed that dominance may play a role in the differences described. It
is hypothesised that Monkey one would be dominant and Monkey two subordinate.
Reasons for this assumption can be seen in behaviour. Monkey one was much more
explorative of the environment, and the action of sniffing the stick suggests
dominance through her confidence. Also it would be expected that precedence would
be taken over that of the introduced individual.
Although the monkey’s behaviours differ to a great extent, none/few of the
statistically significant behaviours are considered to be related either to anti-predator
responses or to excitable behaviour. This is confirmed by the interactions between
monkey x enrichment stimuli and monkey x baseline, enrichment and post enrichment
days. These show that despite of the fact that the two monkeys expressed different
behaviour they reacted to the olfactory enrichment in much the same way. Therefore
the fact that these monkeys differed in behaviour bears no reflection on this study.
Behavioural effect of replication
Behavioural changes were expected to decrease with each exposure to the scent, as a
result of habituation. This occurred to some extent. Foraging decreased with each
repetition but this was simply a result of seasonal change and the loss of leaves in the
enclosure therefore resulting in a loss of plant material to forage in. Calling loudly
(MC) decreased with each replicate suggesting habituation as this reduction in the
observed activity suggests a fall in the level of interest, so reducing the time spent
communicating with others about it. The proportion of time spent looking out of the
house increased for each replicate, which could be expected as it can be shown that
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more time was spent inside the house from total time in enclosure. Unfortunately this
overall decrease in activity is more likely to be a result of worsening weather
conditions than habituation. Pook and Pook (1981) noticed that during periods of
prolonged heavy rain all activities ceased. Therefore during periods of rain, time spent
in the enclosure was reduced which meant observations could not be taken.
Temperature also seemed to affect activity. As the study progressed it got colder and
less activity was observed. This was clearly illustrated in the video recordings and as
no behaviour was recorded in the later replicates.
Conclusion
This study found that these scent enrichments had varying degrees of influence to
stimulate activity, with peppermint oil being the most successful in terms of increased
activity. Ocelot faeces enrichment showed no obvious significant difference to the
other scents, especially to that of the cheetah. Therefore it is unlikely that predator
detection by olfactory cues is innate in captive born Goeldi’s.

Overall however, this type of olfactory enrichment appears to have little use as an
enrichment programme for this species. Line (1997); Novak and Suomi (1988) (cited
by Schapiro et al., 1997) stated that the goal of environmental enrichment is to
encourage species-typical behaviours with the hope of improving psychological well
being. None of the three scents satisfactorily enriched the environment stimulating
overall activity in a variety of different behaviours. It may be that the chosen scents
were not of particular interest to these monkeys, or more likely it may be that
olfactory enrichment has limitations in this species as olfaction is the least developed
of all the senses in primates. A study by Ostrower and Brent (1997) found that a
similar phenomenon occurred in chimpanzees. These workers presented various
scents to the study animals on a fleece and concluded that the presence of the scent
did not elicit a greater response than when there was no scent present. This led them
to the conclusion that olfactory stimulation may not be as prominent in chimpanzees
as it is in other mammals.
Olfactory studies are potentially an important form of environmental enrichment
which have the capacity to stimulate behaviour in captive animals. The extent to
which this can occur and the type of scent that will elicit a response will vary between
species and individual. This means that more research needs to be carried out in this
area not only with primates but with other mammals also.
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Matching horses for courses:
development of robust tests of equine temperament to address equine welfare
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Abstract
Robust tests of equine temperament are needed to match individual horses to their
optimum career and training methods and as a welfare research tool in individual
differences. Temperament is difficult to define but may be considered an individual’s
basic stance towards continuing changes and challenges in its environment. Attempts
to measure temperament by scoring an animal known to the assessor on a set of
subjective scales allows for measurements of qualities not readily dissected into
behavioural elements, but suffers from a lack of reliability. Here I used inter-observer
reliability to determine a reliable set of scales of paired-semantic-opposites and
frequencies or likelihood of observed behaviour in riding horses and ponies. Principle
Components Analysis revealed five independent dimensions that correspond to the
Five Factor Model of Personality – extraversion, agreeableness, emotionality,
openness to experience and conscientiousness – suggesting a valid tool for measuring
individual differences in these animals. Attempts to infer temperament from an
animal’s responses to specific behavioural tests are more objective but suffer from
high individual-situation interaction and so may also suffer from poor reliability as
well as validity. Here I found a set of reliable and discriminative behavioural tests
from concurrence on test-retest and the range of responses observed to unexpected
stimuli, novel object, tactile stimulation and unfamiliar substrate. However, their
validity as measures of temperament corresponding to the Five Factor Model was not
demonstrated, suggesting that the behavioural responses may reflect the animal’s
past experience more than its underlying temperament.
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Abstract
Post-occupancy evaluations (POE) of the built environment provide systematic
information about the success or failure of environmental designs (Maple & Finlay,
1987) and can be used to target inherent problems. While these evaluations are
common in human settings, POE’s have only been carried out on primates within a
zoo setting.
A post-occupancy evaluation of the new red river hog enclosure at Paignton Zoo was
carried out during three sampling periods commencing with the hogs arrival at the
zoo. Instantaneous scan sampling of behaviours and positional data for each of the
three hogs was carried out every minute for thirty minute observation sessions (four
hours per day) over a period of ten days. Initial observations were undertaken in late
October 2002 followed by subsequent data collection periods in late November 2002
and early January 2003.
Data was analysed to provide activity budgets and a spread of participation index for
each hog within the sampling periods. These were then compared using a Kruskal
Wallis with post-hoc comparisons. A significant increase in the spread of
participation index illustrated that the enclosure use dropped over the three
observation periods, while levels of behaviours were also significantly affected.
Suitable enrichment was then initiated to target this effect and a fourth observation
period undertaken. The subsequent data illustrated the effectiveness of the enrichment
in returning the spread of participation index to former levels and providing positive
behavioural enrichment.
Introduction
Post-occupancy evaluations (POE) of built environments have been used to provide
systematic information on the success or failure of design (Maple & Finlay, 1987),
particularly in work place situations. Typical research has determined environmental
factors (i.e. heat, air, lighting, sound and space) and their effect on the comfort and
working conditions of the building’s occupants (Yamagishi et al., 1993). Whilst these
evaluations are common in human settings, very few have been carried out on captive
animal enclosures and those that have tend to centre on primates (Chang et al., 1999;
Stoinski et al., 2001). The initiation of POEs allows the zoo to effectively evaluate
enclosure design and resultant behaviours of the animals housed. The commencement
of the POE at the time of the animals’ introduction to the enclosure allows an initial
assessment of the animals’ reaction to the enclosure and then progressive assessment
as the novelty decreases and exploratory behaviours decrease. Therefore the process
allows an evaluation of novelty effect and exploratory behaviours in addition to that
of a habituated response further into the research period.

Red river hogs are native throughout West and Central Sub-Saharan to Northern
South Africa. They occupy a variety of habitats, including primary and secondary
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forests, thickets in savannahs, and swamps. Red river hogs are predominantly gingery
to reddish in coloration, with a white dorsal stripe, a white and black facial mask and
long ears with tufts on the end. Males can be distinguished from the females by the
wide, bony protuberances on their cheeks. Although there is size dimorphism between
the sexes, it is not marked. They are the smallest of the African pigs at approximately
1-1.5 meters in length, and stand 0.5-0.9 meters tall at the shoulder.
Red river hog are generalist omnivores in terms of food preference. Food items
include roots, fruit, seeds, water plants, nuts, grasses, crops, fungi, insects, bird eggs,
invertebrates, and carrion. As with most pigs, they are a social species, living in
groups called sounders with anything from one to 11 individuals. Larger groups of
upwards of 100 individuals have been documented. Groups tend to contain three to
six individuals however, with one dominant male maintaining a group of fertile
females and juveniles.
Red river hog are notorious for their extensive damage to crops, and the decline in
numbers of their main predator, the leopard, has caused their numbers to increase
dramatically. This species of African pig is therefore not endangered, but is under
increasing threat from the bush-meat trade.
In August of last year, three red river hogs in an established grouping of one adult
male, one adult female and one juvenile female arrived at Paignton Zoo. They were
placed in a temporary enclosure until completion of the new enclosure in late October.
Aims
The aim of this research was threefold:

1. To assess the behavioural repertoire of the red river hogs on initial introduction to
the enclosure and over time.
2. To assess the levels of enclosure use by the red river hogs on initial introduction
and over time.
3. To evaluate the effects of changes (man- and hog-made) to the enclosure on
behaviour and enclosure use.
Methods
The enclosure was visually divided into 19 zones dependent on perceived resources
(i.e. deep litter area, sandpit etc) and the proportionate area of each zone estimated.
Behaviour and location of the hogs was recorded by instantaneous scan sampling
every minute for eight 30-minute sessions per day. Data was collected for three tenday periods, separated by at least four weeks (October, November and January).
Following initial analysis, scatter feeding was incorporated into the husbandry routine
and a fourth data collection period was done (March).

The spread of participation index (SPI) was calculated from the location data for each
observation period (Plowman, 2003). This index gives a value between zero and one,
with zero indicating maximum enclosure use and one indicating minimum enclosure
use. Kruskal-Wallis tests (with post hocs, Siegel & Castellan, 1988) were performed
to compare behaviour and SPI across observation periods.
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Results
Behaviour
The behaviour exhibited by the three red river hogs was similar and therefore only the
results for the male are presented below (Figure 1).
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Mean daily behaviours over the four observation periods for the male red river
hog.

The results of the Kruskal-Wallis post hocs clearly indicated that significant
differences were to be found in the time spent rooting, foraging and out of sight
between observation periods one and three (rooting: א2= 19.95; foraging: א2 = 18.59;
out of sight: א2 =13.79; p<0.00 for all; post hoc critical value = 9.43).
In addition, Figure 1 clearly illustrates an inverse relationship between the behaviours
of rooting and foraging.
The introduction of the scatter feeding (March) had a significant impact on hog
behaviour, promoting increased foraging.
Enclosure use
Enclosure use by the three hogs was similar throughout the four observation periods
(Figure 2).

The SPI increased significantly (i.e. enclosure use declined) during the first three
observation periods (male: א2 = 6.68, p=0.04; adult female: א2 = 7, p = 0.03; juvenile
female: א2 = 8.69, p = 0.01; post hoc critical value = 9.43).
However, the introduction of the scatter feeding (March) resulted in an SPI similar to
initial introduction to the enclosure (October).
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Conclusions
Time spent out of sight by the male red river hog decreased by 84% over the first four
months. This was due to an initial tendency to hide when first introduced to the
enclosure, but was reduced by the decrease in the novelty of the enclosure and the
reduced vegetation cover as a result of their activity.

The amount of time spent rooting and foraging had an inverse relationship. Initially
the hogs spent more time foraging for above ground food sources. As these were
depleted they turned to rooting behaviour, finally switching back to foraging in third
observation period as new vegetation began to grow.
Space use significantly declined over the first four months in the enclosure possibly
due to decreased novelty, reduced enclosure vegetation due to their behaviour and
repetitive feeding in one location.
Scatter feeding significantly promoted foraging and reduced time spent immobile and
returned the behavioural time budget and space use back to that on initial
introduction.
Post occupancy evaluation provided an accurate assessment of the behaviour and
enclosure use of the hogs when introduced to a new enclosure. It allowed the
effectiveness of the enclosure design to be quantified as well as pinpointing areas for
improvement and targeting enrichment needs.
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Abstract
When wild bonobo females (Pan paniscus) are seven to 13 years old they transfer to
another group where they establish bonds with senior females and give birth to their
first infants. Mimicking this natural migration pattern in captivity is adopted to
establish and sustain a genetically healthy population. On September 11th 2001 the
eight-year old adolescent female Unga, was transferred from the Wild Animal Park
Planckendael (Belgium) to the Columbus Zoo (US). We observed Unga’s mother and
juvenile sister before and after the transfer to examine whether their behaviour was
influenced by the event.
We could detect a number of behavioural changes. The first day after the separation
the mother was notably restless. This resulted in a completely different use of space in
the indoor enclosure. Additionally, the mother became less responsible in sustaining
proximity with her youngest daughter. Other behavioural changes we noticed were
changes in frequency of nipple rejections, nipple contact and grooming. Although the
abrupt separation seemed to evoke some stress, the behavioural changes were of
short term. Four days after the transfer mother and juvenile resumed their normal
habits which may indicate that they quickly adapted to the new situation.
Introduction
Transferring animals has become a frequent procedure of co-operative breeding and
population management programmes. This means separating individuals from
familiar partners or changing group compositions e.g. in order to achieve a desired
genetic breeding composition (Meister, 1995). Knowing the effect of these
separations is required to optimise these procedures and to find ways to minimise
possible problems.

When wild female bonobos (Pan paniscus) are seven to 13-years old they gradually
spend more time at the periphery of the unit group and regularly visit neighbouring
groups. Eventually they transfer to another group where they establish bonds with
senior females and give birth to their first infants (Idani, 1991; Furuichi, 1989).
Mimicking this natural migration pattern in captivity is highly promoted by the
behavioural advisors to the bonobo studbook.
As such, on September 11th 2001 two female bonobos from the Wild Animal Park
Planckendael, Belgium, were transferred to Columbus Zoo, USA. One of them was
the eight-year old adolescent Unga, older sibling of the three-year old juvenile female
Zomi, both offspring of Hermien. The other female was the 19-year old adult Kosana.
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Describing the transfer and integration process of these females, per se, is not the aim
of this study. Instead we followed the juvenile Zomi and her mother Hermien before
and after the transfer to examine whether their behaviour was influenced by the
transfer.
Methodology
Before the transfer the bonobo group in Planckendael consisted of ten individuals
(Table 1). The bonobo enclosure (Van Elsacker et al., 1993) consists of a large indoor
hall (600m3) from where four tunnels with sliding doors lead to five off-exhibit cages.
From the indoor hall two more doors give access to the outdoor island. The group
remains together throughout the day and night; except during the morning cleaning
and the preparation of the evening meal, when they are briefly separated in the offexhibit cages (Stevens et al., this volume).
Table 1.

Group composition.

Name

Sex

Dzeeta
Hermien
Hortense
Kidogo
Kosana
Redy
Unga
Vifijo
Zomi
Zamba

F
F
F
M
F
M
F
M
F
M

Year of Birth
(estimate)
(1970)
(1978)
(1978)
28/02/1983
(1980)
24/11/1990
02/02/1993
23/07/1994
28/01/1998
16/04/2003

Place of Birth

wild
wild
wild
Stuttgart
wild
Planckendael
Planckendael
Planckendael
Planckendael
Planckendael

Parents
(sire * dame)

Desmond * Hortense
Desmond * Hermien
Kidogo * Hortense
Kidogo * Hermien
Kidogo * Hortense

On September 8th, the two bonobo females were separated from the group during the
evening routine. The group returned to the hall, while Unga and Kosana stayed
behind. The two following days the females had access to two off-exhibit cages and
had visual contact with the group through a grille door. On the evening of the 10th
Unga and Kosana were separated to facilitate the preparation of the transport. The
transfer of the two females, in two separate boxes, took place the following morning.
During the procedure all the windows to the indoor hall, where the group stayed for
the night, were covered.
The observations started seven days before the transfer. The first five days are
referred to as the control period (CP). The two consecutive days, when the females
were separated from but visible to the group, are referred to as the separation period
(SP). After the departure of both females, observations continued for four days,
referred to as the post period (PP). Each day 2.5 hours of observations, five sessions
of 30-minutes spread randomly during the day, were recorded. Data were collected
using continuous and instantaneous animal sampling (Altmann, 1974) with a 15second interval.
We recorded the following behaviours. Mother-infant related behaviours including
mother-infant contact, approach and leave, grooming, nipple contact and nipple
rejection. We used the Hinde Contact and Proximity Indices to investigate changes in
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mother-infant proximity (Hinde & Atkinson, 1970). We calculated the indices from
the mother’s point of view. A positive index indicates that the mother takes less
initiative to remain in contact or proximity with her offspring.
The other behaviours recorded concerned the juvenile Zomi. Solitary play included all
locomotion play and object play. Social interactions in which one of the participants
expressed a “play face” are referred to as social play, which includes dangling,
tickling, wrestling, lead-and-chase and play bite.
We also scored Zomi’s temper tantrums, pouts and whimpers and grouped them
together as “distress behaviour”. Bonobos are known to use sexual behaviour to
reduce tension and to reconcile (de Waal, 1995). Hence, all sexual behaviour of Zomi,
including masturbation, was scored. Social sexual interactions are defined as all
genital contact between Zomi and other group members. We defined masturbation as
a non-social behaviour which included rubbing the genital area against objects,
ground or environmental structures.
We recorded the location of Hermien in the indoor play hall, which we divided into
three sections (Figure 1). The front section contains the doors through which the
bonobos had visual contact with Unga and Kosana. This part of the indoor hall also
borders the bonobo kitchen, where preparations for the transport were carried out. The
middle section contains the preferred resting area of Hermien. The rear section gives
access to the outdoor island.

Figure 1.

Schematic representation of the bonobo indoor enclosure.
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Results
Contact and proximity
We detected a definite change in behaviour according to the Hinde Contact Index
(Figure 2). During CP the Hinde Contact Index fluctuates around zero indicating that
Hermien is responsible for an equal proportion of contacts made and broken with
Zomi. During SP we detect no apparent change. The first day of PP however the
Hinde Contact Index reaches the highest observed positive value (HCI=0.3) indicating
that Hermien is responsible for a greater proportion of contacts broken than contacts
made. The next day already the index drops again to CP levels.

The Hinde Proximity Index follows the same pattern (Figure 2). It peaks the first day
of PP, when Hermien left Zomi more than she approached her. Afterwards the index
drops again to CP-values.
During SP Zomi and Hermien spend only 15% of the time observed in contact, which
is almost half the time they spend in contact during CP (Figure 3). Except for one day
in CP, where we also record the same low value. During PP levels rise again.
However, the changes in contact do not seem to correspond with the Hinde Contact
Index. According to the index we would have expected little contact the first day of
PP, which is clearly not the case.
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Figure 2.
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Contact between Hermien and Zomi across the different periods expressed as
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Nipple contact and nipple rejection
We detect a decline to an almost complete cessation of nipple contact on the first day
of SP (Figure 4), when we also score the highest frequency of nipple rejections
(Figure 5). The changes in nipple rejections are not very clear as they do not seem to
follow a distinct pattern across the different periods.
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Grooming
Grooming levels are low during CP and remain low during SP (Figure 6). However
they rise from the first day of PP onward and reach a peak on the third day of PP after
which they drop again. At the peak Hermien grooms Zomi for 18% of the time
observed.
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Figure 6.
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Proportion of the time observed that Hermien grooms Zomi across the different
periods.
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Play
Zomi’s solitary play does not change during the different periods; it fluctuates
between 15 and 20% of the observed time (Figure 7).

During SP and the first two days of PP Zomi does not engage in much social play
(Figure 8). Although we also record little social play during one day of CP, it is
markedly that social play remains low for four consecutive days following the
separation. Social play levels rise again from the second day of PP onward. Although
Unga was Zomi’s sister, she was not her favourite play mate. They only played on
average 6% of the total play time with each other. However Zomi’s most favourite
play partner the juvenile male Zamba remained to be her favourite across all periods
(Figure 9).
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Figure 9.

Percentage of total play time Zomi spends playing with her sibling Unga and
juvenile male Zamba across the different periods.

Distress
During SP and the first day of PP distress levels are two to five times higher than
during CP. Except for one day in CP where the high levels of distress are caused by a
single weaning bout lasting for 3.5 consecutive minutes. By the end of PP distress
levels are again comparable to distress levels in CP (Figure 10).
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Figure 10. Distress behaviour of Zomi expressed as percentage of the time observed across
the different periods.

Sexual behaviour
Social sexual behaviour does not change during the different periods (Figure 11).
Masturbation, however, reaches a spectacular peak on the first day of SP but drops
again the following days.
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Figure 11. Sexual behaviour (NCM is social sexual behaviour and MAS is masturbation) as
percentage of the time observed across the different periods.

Changes in use of the indoor play hall
In CP Hermien spends on average 8% of her time in the front section of the indoor
hall (Figure 12). On the first day of SP we detect a rise to approximately 28%. The
next day time spent in the front section declines again. However the second day of PP
time spent in the front section reaches a peak: Hermien spends 74% of the observed
time in the front section. Afterwards levels decline again.
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Figure 12. Changes in the use of the indoor play hall expressed as percentage of the time
observed Hermien spends in the different sections across the different periods.

Discussion
In this paper we report for the first time the effect of the transfer of an adolescent
bonobo female on the behaviour of her mother and her juvenile sister who stay
behind. We detected some specific changes in behaviour due to the transfer on both
the mother and the juvenile’s part.
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The Hinde indices indicated that Hermien’s behaviour changed during the separation
and post-transfer period. Hermien broke more contact than she made and she left
Zomi more than she approached her. However, this did not result in a detectable
difference in actual time spent in contact with her daughter across the different
periods. Hence we can describe the change in indices best as Hermien being
“restless”.
Hermien is usually a calm animal. She normally follows a daily pattern where she
chooses specific resting places in the course of the day. This pattern was disturbed as
Hermien walked around more, aimless, nervous, sitting on and shifting to places she
usually did not prefer to sit. Hence, the change in the use of the indoor play hall.
Contrary to our expectations the period in which Hermien spent most of her time in
the front section was not during the separation period when she still had visual contact
with her eldest daughter, but the day after the transfer. Keeping close to the kitchen
allows the bonobos to monitor the keepers, who were responsible for Unga’s transfer.
After this one day, Hermien resumed her daily pattern, which indicates that the
disturbance was only very short term.
The more “rejective” behaviour of Hermien is also reflected in the frequency of
nipple rejection the first day of SP, which resulted in very low levels of nipple
contact. Juveniles react to nipple rejections with pouts, whimpers and temper
tantrums. They were therefore, partly responsible for the higher levels of distress
during the separation period. Simultaneously, we recorded high frequencies of
masturbation, a tension reducing behaviour.
During the post transfer period, Hermien seems to try to reconcile with her youngest
daughter. The Hinde indices indicate that after the separation Hermien stops taking
the initiative to break contact and leave Zomi. She also grooms Zomi markedly more,
two to three times more than during the control period. Nipple contact also rises
again. This renewed “bonding” between mother and daughter seems to be appeasing
to Zomi, as her distress levels drop again towards the end of the post transfer period.
During the last two observation days, the percentage of time spent in social play rises
again after remaining low for four consecutive days.
Hormonal analysis of the urine of the bonobo group members during the quarantine
and introduction of an adult bonobo female already showed that visual and/or acoustic
contact is more stressful than actual contact (unpublished data, Birgen Meuleman).
With this notion, the actual period of separation in this transfer-case was kept
deliberately short. Although the separation and transfer seemed to evoke some stress
to mother and juvenile, the behavioural changes were of short term. Four days after
the transfer Hermien and Zomi resumed their normal habits which may indicate that
they quickly adapted to the new situation.
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Abstract
Hamadryas baboons (Papio hamadryas hamadryas) are known to reproduce very
successfully in captivity and birth control is often used to prevent overcrowding. In
this presentation we evaluate and compare two irreversible birth control methods:
male sterilisation (Antwerp Zoo, Belgium) and female sterilisation (Safari Beekse
Bergen, the Netherlands).
Male sterilisation is preferred over female sterilisation for a number of reasons. First,
female sterilisation is more time-consuming and invasive than male sterilisation
because of the one-male unit society of hamadryas baboons where there are more
reproducing females than males. Second, female sterilisation stimulates (fatal) infant
kidnappings by dominant sterilised females. And finally, female sterilisation limits the
genetic pool for reproduction more than male sterilisation because in the latter case
all females will eventually contribute to reproduction: females of one-male units with
sterilised males can reproduce through successful sneaky copulations with fertile
subadult and/or (bachelor) adult males or through changing to a one-male unit with a
fertile male.
Keywords: hamadryas baboon, sterilisation, birth control, colony management,
surplus males.
Introduction
Hamadryas baboons (Papio hamadryas hamadryas) are known to reproduce very
successfully in captivity, because females mature sooner and have shorter interbirth
intervals than in the wild (Asanov, 1972; Kaumanns et al., 1989). This leads to fast
growing captive populations in spite of frequently reported high levels of infant
mortality mostly due to infanticide (Angst & Thommen, 1977; Michelmore & Bath,
1978; Rijksen, 1981; Kaumanns, 1983; Gomendio & Colmenares, 1989; Adler, 1990;
Zinner et al., 1993; Leinfelder et al., 1999). Most zoos that keep hamadryas baboons
have to remove surplus animals at some point in time to avoid overcrowding: a survey
of 24 mostly European zoos (Leinfelder, 2001) showed that 87.5% of the institutions
removed at least once males and/or females from the group (83.3% males versus
62.5% females). As a consequence, it becomes more and more difficult to find new
homes for these surplus animals. Because of the multilevel social organisation of
hamadryas baboon groups with the one-male unit (OMU) as the smallest stable
subgroup (Kummer, 1968; Abegglen, 1984) and because of the longer lifespan
(Kummer, 1995) and longer OMU tenure length in captivity (Colmenares, 1992;
personal observation), especially surplus males create problems and often have to be
euthanased. Despite these facts only 41.7% of surveyed zoos used birth control
(Leinfelder, 2001). Since hamadryas baboons are not threatened (they are listed as
“low risk / not threatened” in the 2002 IUCN Red List (IUCN, 2002)), there is no
breeding programme for this species and because they breed well, irreversible birth
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control methods are most frequently used: of the ten zoos where one or more
contraceptive techniques were used, 60.0% had sterilised females, 40.0% had
sterilised males, 20% had implanted females and 10% had castrated males
(Leinfelder, 2001). There is no doubt that contraception will be used more and more
frequently in future to control captive populations, so evaluation of birth control
methods is very important.
In this presentation we evaluate and compare two irreversible methods of
contraception: male sterilisation by means of vasectomy (used in Antwerp Zoo,
Belgium) and female sterilisation by means of laparoscopic tubal coagulation (used in
Safari Beekse Bergen, the Netherlands).
Methods
Study groups
Antwerp zoo
Hamadryas baboons have been kept in Antwerp Zoo (Belgium) since 1977 when 11
(3.8) animals were transferred from Frankfurt Zoo (Germany). They are housed in a
106 m² enclosure consisting of a 76 m² outdoor enclosure and two interconnected
indoor enclosures (21 and 9 m² respectively). In spite of high levels of infanticide
(initially mainly by young males, later exclusively by one OMU-leader, see
Leinfelder et al. (1999) for more details) (Table 1) and the presumed removal of a
mixed-sex group in 1984 (zoological records are unclear before 1985), the group had
grown to 29 animals by the end of 1991 (Figure 1). To prevent overcrowding 12 (5.7)
baboons were removed from the group in 1992. Of these only four females could be
transferred to Colombo Zoo, one female died and seven animals eventually had to be
euthanased. The number of animals quickly rose again to 30 animals (divided in two
OMU's) by the end of 1997. To stop reproduction for an indefinite period of time both
OMU-leaders and four subadult bachelor males were sterilised by vasectomy. It was
important to sterilise the subadult males as well, since previous experiences with this
technique in baboons showed that young, subordinate males could father infants as
well (Cohnen, 1995).
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Figure 1.

Demography of the hamadryas baboon group in Antwerp Zoo. Full arrows
indicate years in which animals were removed from the group, dotted arrows
indicate years in which males were vasectomised.
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Safari Beekse Bergen
Hamadryas baboons are kept in Safari Beekse Bergen (the Netherlands) since 1993
when 58 (22.32.4) animals were transferred from Windsor Safari Park (UK). During
daytime they share a 13,000 m² outdoor enclosure with five female African elephants
(Loxodonta africana) consisting of a central rock formation, a sand plain with
quagmires and pines and a water basin (see Deleu et al., 2003, for further details).
Because of initial very high levels of infant mortality (most probably as a
consequence of infanticide by young males that could be associated with the stress of
relocation) (Table 2), the group had only grown to 63 animals by the end of 1995
(Figure 2). To prevent the group from growing too fast, 24 of 35 females were
sterilised by laparoscopic tubal coagulation in 1996 (see Kaandorp & Vervest, 1997,
for more details). Because this technique is difficult to perform in late gestation and
might be risky for the foetus, females where checked for pregnancy by ultrasound and
pregnant females were not sterilised.
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Figure 2.

Demography of the hamadryas baboon group in Safari Beekse Bergen. Full
arrows indicate years in which animals were removed from the group, dotted
arrows indicate years in which females were sterilised.

Data recording
Data on births and birth control from Antwerp zoo were collected during a study on
female social relationships from 1994 on. Before that year data are based on limited
and incomplete zoological records. Data on births and birth control from Safari
Beekse Bergen were collected during the same study from 2000 onwards. Before that
year data are based on limited and incomplete zoological records.
Results
Antwerp zoo
The sterilisation of the two leader males had no effect on the composition of their
OMU. In the six months following the vasectomy, four infants conceived prior to the
sterilisation of leader males were born (Table 1). Two of these infants were
immediately killed after birth by the leader male and one died a few months later in
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unknown circumstances. In the beginning of 1999 two vasectomised subadult males
started their own OMU. By the end of 1999 there were too many subadult bachelor
males and this resulted in heavy fighting that was stopped by removing five of these
males (of which two were sterilised) and euthanasing them (Figure 1). Surprisingly
the same year three infants were born (of which one died when it was about ten
months old, see below). It was not unlikely that the removed subadult fertile males
fathered the infants through sneaky copulations (Cohnen, 1995) and to prevent this
from happening again the six oldest juvenile males were vasectomised as well (one
young juvenile was castrated because vasectomy was technically impossible).
However, all the infants were born in the same OMU and we already suspected the
vasectomy of the leader of that OMU could have failed. When one more infant was
born in the same OMU in 2000 and two more females of that OMU were pregnant,
these suspicions were confirmed and the leader male was vasectomised again. While
he was separated from the group for the procedure a young OMU-leader took over
two of his females. One of these females had a nine-month old infant that was
mistreated by the new leader male and eventually died from infected wounds. The
other female was pregnant and gave birth in her new OMU, but the infant died after a
few weeks in unknown circumstances. The second pregnant female gave birth in the
OMU where the infant was conceived, but also her infant died a few months later in
unknown circumstances. Because the tension between the males had increased again,
at the end of the same year four subadult (three vasectomised, one castrated) and two
vasectomised juvenile males were removed from the group and euthanased. No more
infants have been born since. As it was the intention to stop breeding for an indefinite
period of time, another two juvenile males were vasectomised in 2002. Today the
group consist of 20 baboons (7.13) and four OMU’s. Except for one three-year old
juvenile male, all males have been vasectomised. The sex ratio of infants born after
the sterilisation of the first males was male-biased (0.33) and was male-biased (0.85)
for the infants with known sex before as well.
Table 1.

Year

Number of births and number of infants that survived more than one year (male,
female, unknown sex) in the hamadryas baboon colony of Antwerp Zoo.

Number
of births

Infants that
survived > 1 year

A. before vasectomy of males
1977-19931
81 (24.22.35) ?
33 (14.19) ?
1994-30/05/1998
33 (9.6.18)
9 (7.2)
Total
114 (33.28.53) ?
42 (21.21) ?
B. after vasectomy of 2 OMU-leaders and 4 subadult males mid 1998
31/05-12/12/1998
4 (2.0.2)
1 (1.0)
1999-31/04/2000
4 (3.1)
3 (2.1)
Total
8 (5.1.2)
4 (3.1)
C. after removal of 5 subadult males and vasectomy (castration) of 5(1)
juvenile males late 1999
01/05-12/12/2000
2 (1.1)
0
D. after re-vasectomy of 1 OMU-leader mid 2000
2001-2003
0
0
1

Data are based on limited and incomplete zoological records.
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Safari Beekse Bergen
Despite the sterilisation of the majority of females and the death of 13 juvenile and
adult animals over the years, the group of baboons had grown to 74 animals by the
end of 1999 (Figure 2). To prevent the group from growing further, another 11
females were sterilised in 2002 (using the same technique as before) with the
intention to reach a self-sustaining reproducing population. At least one, and possibly
three, females were sterilised for the second time in 2000, because they had lost their
chip and therefore could not be identified during the selection of females for
sterilisation. Of the 40 females in the group 30 were sterilised now and four of the
remaining fertile females were still juvenile. At the end of the same year there was a
lot of tension in the group because there were too many subadult and adult bachelor
males. To stop fighting one OMU-leader with a broken and infected wrist and nine
bachelor males (one adult, seven subadult and one juvenile) were removed from the
group and euthanased. Since then the group has not grown: 13 animals died and only
12 out of 27 infants survived (Table 2). Eight infants did not survive the day of birth,
one infant died (and was probably killed) after the female was taken over by another
male, one infant died after it was observed to be mistreated by the leader male, one
infant probably starved to death after being kidnapped (see below) and four infants
died in unknown circumstances. Sterilisation failed only in one female: although she
was sterilised in 1996, she had an infant in 2002 (and possibly others before 2000
when the group was not closely monitored). The sex ratio of infants with known sex
born after 2000 was male biased (0.55) and probably was male-biased before as well
(0.79).
Table 2.

Number of births and number of infants that survived more than one year (male,
female, unknown sex) in the hamadryas baboon colony of Safari Beekse Bergen.

Number
Infants that
of births
survived > 1 year
A. Before sterilisation of females
1994-20/03/19961
≥ 33 (6.4.23)
7 (5.2)
B. After sterilisation of 24 out of 35 females on 20/03/1996
21/03-31/12/19961
8 (3.2.3) ?
5 (3.2) ?
1
1997
≥ 5 (2.3) ?
5 (2.3) ?
19981
≥ 5 (2.3) ?
5 (2.3) ?
19991
≥ 7 (5.2) ?
7 (5.2) ?
1
2 (1.1)
1 (0.1)
01/01-30/03/2000
Total1
≥ 27 (13.11.3) ?
23(12.11) ?
C. After sterilisation of another 11 females on 30/03/2000
31/03-31/12/2000
8 (2,1,5)
3 (2,1)
2001
8 (4,1,3)
2 (2,0)
2002
8 (4,2,2)
4 (3,1)
2003
3 (1,2)
3 (1,2)
Total
27 (11,6,10)
12(8,4)
Year

1

Data are based on limited and incomplete zoological records.
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In two young adult females that were sterilised in 1996, we never observed a swelling
of the sexual skin. We witnessed two infant kidnappings by a sterilised nulliparous
female of which one ended with the death of the infant. In the other case, the mother
could retrieve her infant in time. For the moment there are 24 sterilised adult females,
ten reproducing adult females and four juvenile and infant females. The reproducing
females are not evenly distributed over the ten OMU’s, although this distribution has
improved since the sterilisation of females in 2000 (Figure 3).
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Distribution of fertile females over OMU’s in Safari Beekse Bergen from 2000
till present.

Discussion
According to Cohnen (1995) the effectiveness of contraception for zoo animals
should be 80% or more. For the vasectomy of males in Antwerp Zoo it is difficult to
evaluate the effectiveness, since sample size is small (14) and some males were
removed from the group relatively short after sterilisation. Furthermore without
genetic data it is impossible to determine paternity since other males than a female’s
OMU-leader can father her infants as well through sneaky copulations (Smith et al.,
1999). In the case of Antwerp Zoo we can however be quite sure that all infants born
after the sterilisation of the first males were sired by one leader male since all of them
were born in his OMU and since no more infants were born after he was vasectomised
for the second time. The failure of the first vasectomy suggests vasectomy to be
“only” effective in 93%, but this is probably an underestimation due to small sample
size. In addition, human error in the one failed vasectomy cannot be excluded.
Vasectomy is the most common way of achieving birth control in primates and is
generally considered to be effective (Cohnen, 1995). When male sterilisation is used
to stop reproduction temporarily as in Antwerp Zoo, starting reproduction again might
be problematic since introduction of fertile males would be contrary to the natural
pattern of female migration (Sigg et al., 1982; Abegglen, 1984) and is almost
impossible without removing the residing males. Male sterilisation can be used
effectively for limiting the number of births as well (Krebs & Kaumanns, 1999). But
it should be taken into account that hamadryas males mature early (in captivity) and
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can be fertile at the age of four (Zinner et al., in press) when OMU-leaders still
tolerate them in the presence of their females (Kummer, 1968). In Cologne Zoo, the
unexpected high number of infants that were born following the sterilisation of all
except one OMU-leader and all subadult males up to the age of five were presumed to
be sired by young subadult males (Krebs & Kaumanns, 1999). It cannot be excluded
however that also in this group vasectomy failed in one or more of the sterilised older
males. The sterilisation of females in Beekse Bergen proved to be very effective: 97%
of sterilised females stopped reproducing and since 2000 there has been a zero
population growth as planned.
Birth control should preferably be non-invasive and should be safe for the animal
(Cohnen, 1995). Although surgical sterilisation requires capturing and immobilising
the animals, it usually has to be applied only once in contrast to reversible
contraception. As for vasectomy, laparoscopic tubal coagulation is a small surgery
that allows quick recovery (Kaandorp & Vervest, 1977). The surgery required for
sterilisation did not cause complications in any animal, male or female. However
female sterilisation is still more time-consuming and invasive than male sterilisation
because of the OMU society of hamadryas baboons where there are more reproducing
females than males (Kummer, 1968). This is even more true because most captive
groups have (artificial) female-biased adult sex ratios (Leinfelder, 2001). It is not
clear if the amenorrhea of two young females was caused by their sterilisation,
because we do not know if they menstruated before and because they might even have
been sterilised before they reached the age of menarche. The males of both
amenorrhetic females did not show a lot of interest in them, and almost never herded
them, and as a consequence they are loosely attached to their male. Possibly these
females stayed in their natal OMU and are more attached to their mother than to the
leader male. Finally it should be mentioned that the swelling of the sexual skin in nonreproducing females of both Safari Beekse Bergen and Antwerp Zoo did not decrease
to its minimal size anymore after they stopped reproducing for some time, suggesting
that it is related to females stopping reproduction and not to females being sterilised
as in Beekse Bergen. It should further be mentioned that the prevalence of
endometriosis (that can lead to infertility) increases with uninterrupted menstrual
cycling (D’Hooghe et al., 1996).
Contraception should also have minimal effect on social organisation and behaviour
(Cohnen, 1995). Social organisation was not influenced by the interventions. One
male in Antwerp Zoo lost two females to another male when he was separated from
the group for sterilisation, so the loss of females was not related with being sterilised
itself. Respect of possession, a typical characteristic of hamadryas males that protects
pair bonds (Kummer et al., 1974) probably inhibited the male to take-over his former
females again when he was reintroduced in the group. To prevent changes in the
composition of OMU’s when one or more leader males have to be separated from the
group for a procedure like vasectomy, it is necessary to separate their females from
the group as well (or alternatively to separate all OMU-leaders and bachelor older
subadult and adult males together from the group). Since vasectomy and tubal
coagulation do not suppress hormone production, (major) changes in behaviour were
not expected and consequently not quantified. As Krebs and Kaumanns (1999)
observed, males in both study groups performed an increased amount of herding and
sexual behaviour after males respectively females were sterilised, because females
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keep having monthly sexual swellings uninterruptedly. A study on the behavioural
effects of sterilisation in female rhesus macaques, did not find differences in
behaviour related to the sterilisation (Wolfe et al., 1991). In Safari Beekse Bergen,
some sterilised females showed more interest in infants of OMU-members than usual,
that led to infant kidnappings of which one had a fatal ending. Although infant
kidnappings by (dominant) females have been reported before in hamadryas baboons,
these were done by females who recently lost their own infant (Smith et al., 1999).
Because these females were lactating, the kidnappings were not fatal and ended in
permanent adoption. It is obvious that potential fatal infant kidnappings by nonlactating females can also occur when males are sterilised, but we expect this to
happen less frequently because in the latter case all females will reproduce at some
point(s) in their lives. The motivation for infant kidnapping probably is higher in
sterilised females that have not reproduced for a long time and especially in sterilised
nulliparous females. In this respect, it probably is better not to sterilise nulliparous
females. With the exception of the fatal infant kidnapping, the high infant mortality in
both study groups did not seem to be related to the contraceptive interventions, since
in both groups high infant mortality was reported before. In Antwerp Zoo, two infants
were killed immediately after birth by the presumed father that developed this
pathological behaviour long before he was sterilised (Leinfelder et al., 1999). At least
one and possibly two infants in Antwerp Zoo and probably one infant in Safari
Beekse Bergen died from mistreating by the new leader male after a take over as
frequently observed in captivity (e.g. Rijksen, 1981; Kaumanns, 1983; Gomendio &
Colmenares, 1989). For some infants that died after a few weeks or months in
unknown circumstances it cannot be excluded though that exaggerated herding
behaviour provoked by the frequent herding of other males with non-reproducing
females, caused the death of the infants in some way. It should further be mentioned
that female sterilisation deprives the females permanently from maternal behaviour,
whereas male sterilisation does not limit the natural behaviour of the male. In the
latter case it is even possible that infants (conceived during sneaky copulations) are
born and raised in the sterilised male’s OMU (Krebs & Kaumanns, 1999).
Irreversible contraception inevitably limits the genetic pool for reproduction.
However, female sterilisation has a more negative impact on the gene pool than male
sterilisation. The number of reproducing males in hamadryas baboons is smaller than
the number of reproducing females because of the OMU society and even more
because of the (artificial) female biased adult sex ratio in captivity. In the case of male
sterilisation all females will eventually contribute to reproduction: females of onemale units with sterilised males can reproduce through successful sneaky copulations
with fertile subadult and/or bachelor males (Krebs & Kaumanns, 1999) or through
changing to an OMU with a fertile male. But in the case of female sterilisation only a
limited number of females will reproduce. When in addition – as in Safari Beekse
Bergen – reproducing females are not evenly distributed over OMU’s, inbreeding will
occur quickly. Therefore, care should be taken when choosing animals for
sterilisation, especially in the case of females. If new animals have to be introduced in
the group to preserve genetic integrity, the natural dispersal pattern of female
migration should be taken into account. In this respect, male sterilisation offers the
advantage that no new contraceptive methods are needed before the introduction of
females.
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When comparing male versus female sterilisation it is obvious that female sterilisation
is more problematic than male sterilisation. Therefore, if it is chosen to contracept
females, reversible techniques should be considered at least for some of them.
Different reversible contraceptives have been used in female zoo primates with
variable success (see Asa, 1996, for a review). Both MGA-implants (Portugal & Asa,
1995) and to a lesser degree Norplant implants (Plowman, 2002) have been used
effectively in hamadryas baboons.
We should mention one last point. Although both male and female sterilisation proved
to be effective for controlling population size, it does not offer a solution for surplus
males. Unfortunately, the sex ratio among infants of known sex has always been
male-biased in both Antwerp Zoo and Safari Beekse Bergen. Although the sex of
infants that died shortly after birth (most of the time through infanticide) was
unknown in most cases (because the infants were normally cannibalised), there is no
evidence or reason for a sex-dependent mortality (Leinfelder, 2001). Good nutritional
status (Trivers & Willard, 1973) (as is the case for most animals in zoos) or, in case
males are the dispersing sex as in hamadryas baboons, stress due to overcrowding
(Glatson, 1995) can both lead to a male-biased sex ratio. Castration of surplus males
at young age might offer a more ethical solution than euthanasing them when they
cause problems: it is expected that castrated males will be tolerated in the group by
OMU-leaders since they will not develop secondary sexual characteristics (Munson,
1993, as cited in Cohnen, 1995) such as the silvery-grey mantle of hamadryas males
and since they will lose their motivation to copulate eventually (e.g. in Macaca
mulatta (Schenk & Slob, 1986)). Unfortunately, the male that was castrated in
Antwerp Zoo was removed from the group too soon to evaluate this procedure.
Another solution for surplus males could be all-male groups, but because of space
limitations zoos are reluctant to do this and all-male groups for hamadryas baboons do
not exist to date.
Conclusions
• Although male and female sterilisation are both effective for birth control, male
sterilisation is preferred over female sterilisation.
• If females have to be contracepted, reversible techniques should be considered.
• Birth control does not prevent ending up with surplus males for which castration
might be a more ethical solution than euthanasia.
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Behaviour and ranging of Geoffroy’s marmosets (Callithrix geoffroyi) in the zoo
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Introduction
Constructing naturalistic environments for captive animals provides the opportunity
for expression of a wide range of natural behaviour with the increase in physical and
temporal complexity of the environment. For some species it is possible to give access
to areas that effectively leave them free ranging. Species that can be released vary
according to the legislation governing animal and human welfare in different
countries. Geoffroy’s marmosets (Callithrix geoffroyi) are a candidate species for
such housing in the United Kingdom.
Animals
A family group of Geoffroy’s marmosets
consisting of an adult male, adult female,
juvenile male and twin infants was introduced to
an enclosure within the new Zona Brazil exhibit
at Bristol Zoo Gardens. The juvenile male died
during the first month of study. Another set of
twins was born 2.5 months after the group had
been moved. After a short familiarisation period
a door in the outside enclosure was opened
allowing them access to the zoo gardens.

Enclosure
The indoor enclosure had a floor area of 3.4 m2 by 2m high constructed of “Zoomesh”
on a wooden frame and furnished with natural creepers and other plants and branches.
The inside enclosure is within the Zona Brazil house which is maintained between 21
and 28oC. Heat lamps are available to the animals in their indoor enclosure and nest
box. Food is offered in the indoor area.

The outside area has a floor area of 5.1m2 with grass and creepers. Creepers were
fixed at high level to provide walkways to nearby trees when a shutter in the outside
enclosure was open.
The area around Zona Brazil is illustrated in Figure 1 with 10m concentric circles
demarking distances from the home enclosure.
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Figure 1.

6 0m

5 0m

4 0m

3 0m

2 0m

1 0m

Area of zoo around marmosets’ home enclosure.

Methods
A scan sampling technique was used with the location of the animals being recorded
at one minute intervals, for 20- or 30-minute periods. In the second study activity was
recorded from scan samples taken every 30-seconds over 30-minute periods on a focal
animal. Activities were recorded for the adult male, adult female and one juvenile. It
was not possible to observe every animal at each recording time point. The animals
were given access to the wider environment in July 2002. The first study was
conducted in July and August the Summer of 2002, the second in October and
November 2002.
Results
Location
The locations recorded were grouped by distance from the home enclosure in 10m
concentric areas, see Figure 1. The proportion of time spent in each 10m zone is given
in Figure 2.
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Geoffroy's marmoset ranging
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Figure 2.
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41-50m

51-60m

61+m

Proportion of time spent in different areas during different weeks.

During the first two weeks the furthest that the animals were recorded from their
home enclosure was 40m. Not surprisingly much of the time (58.8%) was spent in
trees or bushes and 20.7% of their time was spent in a large tree within 20m of their
home enclosure. During the first few weeks the marmosets spent time on top of the
enclosures of other primates in the Zona Brazil exhibit (golden lion tamarins,
Leontopithecus rosalia, and black lion tamarins, Leontopithecus chrysopygus)
(16.9%). Over the next month the proportion of time spent further away from the
home enclosure increased although the proportion of time in the 11-20m zone
remained over 30%.
In the latter study the animals did not go out as much if the weather was cold and or
wet. In the October study the 11-20m zone was still the most frequented area. In
November if the animals were outside they were most likely to be in the 51-60m zone.
The animals were generally active and were recorded in an average of 2.0 different
zones in a recording period.
Effects of weather
The effects of rain were analysed by comparing the locations of the animals in
October and November during wet and dry observation sessions. Data were
compared using chi-squared tests. There were significant differences according to
weather (October period χ2=1515.5, df=6, p<0.005; November χ2=164.7, df=5,
p<0.005).
Activities
The activity data were grouped in to maintenance (foraging, grooming self),
locomotion (walk, run, climb, swing), still (sitting alert, resting), care of young
(grooming, suckling, carrying infants), and interactions (chase, play, grooming other,
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calling). The behaviour of the juveniles was usually similar so results from one are
presented (Table 1).
Table1.

Proportion of time in broad activity groups.
Activity
Adult male
Adult female
Maintenance
0.11
0.15
Locomotion
0.20
0.22
Tend young
0.40
0.05
Stationary
0.26
0.54
Interacting
0.03
0.03

Juvenile
0.16
0.34
0.02
0.32
0.16

The male carried the young most of the time which is reflected in the results. The
juveniles were most active and spent more time interacting with others. There were
significant differences between the distribution of activities and between individual
animals (χ2=1853, df=8, p<0.005).
Discussion
Location
The animals increased their range over the first few weeks of free ranging, exploring
areas up to 70m from their home enclosure. In the first weeks after release they spent
significant amounts of time interacting with the two tamarin groups in the exhibit
area. Unsurprisingly they were most likely to be in trees.

As the weather got colder and wetter the marmosets spent more time inside. In
November much of the time they were inside or within 10m from the enclosure but if
outside spent more time in the 51-60m zone. Much of the time outdoors was spent in
evergreen shrubs even in rain. The group remained cohesive with animals rarely more
than 5m from others.
It was noticeable that the marmosets did not range far to the east or south of their
enclosure which were bounded by wide pedestrian paths. Although they did come
down to the ground on the paths little time was spent there. There were occasional
sightings of the animals further towards the centre of the zoo.
Activities
Differences in activities reflected the social roles within the group with the dominant,
breeding male carrying out much of the care of infants. The juveniles were
significantly more active and interacted with all others in the group. The breeding
female spent significantly more time stationary.

The activities of the marmosets made an educational display for visitors. The animals
were not always readily observable but some regular visitors soon learned which areas
the marmosets used most and would seek them out. Interactions between the
marmosets and visitors were discouraged but the animals, and the juveniles in
particular would approach visitors on occasion. Other non-desirable behaviour
included investigation of litter bins.
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Conclusions
Over the first few months the animals expanded their range to a maximum of 70m
from their home enclosure in some directions. Vegetation had the effect on linking
different areas. In the autumn the best predictor of location in different areas was leaf
cover.

Moore and Feistner (1999) review the advantages of permitting small New World
primates access to as wide an area as possible. The more "natural" conditions of freeranging also permit realistic behavioral studies of captive animals and can reveal
skills already possessed by captive-born individuals or highlight any deficiencies.
Such information on behavioural plasticity is important for both long-term captive
breeding and for reintroduction programmes. These releases also have strong
education benefits for visitors.
Follow-up
In a follow-up study carried out in the Spring of 2003 the marmosets were recorded
further away from their home enclosure. The mean number of zones they visited in an
observation session increased from two to three suggesting that they were ranging
both further and more actively. They were also observed to venture over a boundary
wall for short periods. As a result the marmosets were confined to the enclosure for a
short period. On release they again crossed the boundary wall and currently they are
confined to their enclosure. This is under review.
References
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Introduction
The aim of this study was to compare the individual behaviour and social interactions
within the group of captive western lowland gorillas (Gorilla gorilla gorilla) while
one animal had very limited vision and after she had vision restored in one eye.
Background
A group of adult gorillas has been mixed together in the
Gorilla Island complex at Bristol Zoo Gardens. The group
consists of an adult female, Salome, who had been at the
zoo since 1998, an adult male, Bongo, and a second adult
female (Romina) who both arrived in November 2001.
Romina had cataracts in both eyes but had some peripheral
vision. She was functionally blind in bright light but had
learned to shade her eyes with her fingers to see around the
cataracts.

After a settling in period during which time Romina learned
about her new indoor environment she was assessed for
remedial surgery, (initially in one eye) which was
performed successfully in March 2002. Vision is important
for gorilla social interactions and surgery was undertaken
on welfare grounds.

Romina peeping through her fingers.

The Gorillas
Salome
female
age
27y
arrived in Bristol Nov 1998

Bongo
male
age 19y
arrived in Bristol Nov 2001
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female
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22y
arrived in Bristol Nov 2001
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Behaviour Studies
Behavioural observations of the gorillas were made over a six-week period prior to
eye surgery and again three months after surgery after she had become familiar with
the external enclosure. Activity, location and nearest neighbour were recorded by scan
sampling at one-minute intervals for a minimum of 20-minute sessions. The first
study covered a six week period in February and March 2002 when recordings were
made over six to eight times per day two days per week to a total of 80 sessions. The
second study was carried out over a seven week period in July and August four to
eight times per day to a total of 86 sessions. Recording session were made at various
times during the day between 10:00 and 16:30hrs. Activity and interaction results will
be presented here.
Surgery
Preparations for surgery included assembling a team of veterinary and “human”
experts in cataracts. Drugs suitable for three weeks of treatment were identified that
were both safe and palatable to gorillas. Romina was trained to approach the mesh in
the isolation area of the gorilla house complex and to accept administration of eyedrops.

The surgery was performed at the University of Bristol Veterinary School. The lens of
one eye was removed and an intra-ocular lens inserted. Romina was returned to the
zoo after regaining consciousness. She remained in physical isolation with dust free,
soft bedding for three weeks but had visual and auditory contact with the gorillas.

After cataract removal

Eye with cataract during surgery.

Behaviour results

Behaviour Results
The total observations of behaviours were grouped in to the following categories:

Locomotion
Rest
Alert
Feeding
Self care
Interactions

: Walking, climbing, running
: Sitting or lying down, not obviously performing other activities
: Standing, sitting or lying down but alert or watching
: Eating, or other food directed activities
: Grooming or body care
: Chasing, threatening, playing, courting, fighting, allogrooming

Scans when an animal was out of sight have been omitted from these results. The
proportion of time spent in the different activities results are presented in Figure 1.
“Spring” represents the results of a study before Romina underwent surgery and
“summer” after.
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Figure 1.

Individual Differences
Prior to surgery Romina spent more time moving around or resting. She spent less
time in alert postures and feeding (χ2 = 127, 1 tailed, d.f = 10, p<0.01). Bongo spent
more time alert and less time resting than the females.

In the summer study there were still significant difference between individuals with
Bongo spending more time foraging and less time resting than the females. Romina
still spent significantly more time moving but this was reduced. She interacted more
than before and Salome interacted less frequently.
Interactions
The number of different interactions were compared (Figure 2). In the spring study
Bongo exhibited threatening behaviour to both the females and the public. Both
females reacted submissively to his aggression. Bongo and Romina also interacted in
affiliative way, playing and grooming, although the latter was only observed on one
occasion.

In the summer study the number of interactions between Romina and Bongo had
increased with more play and grooming. Although Salome had fewer interactions with
the others both females showed less submissive behaviour when Bongo showed
aggression but rather moved away.
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Gorilla interactions
0.1
0.09

proportion of interactions

0.08
0.07

aggressive to public
submissive
aggressive
threaten
affiliative

0.06
0.05
0.04
0.03
0.02
0.01
0
Romina
spring

Romina
summer

Salome
spring

Salome
summer

Bongo
spring

Bongo
summer

Figure 2.

Discussion
Prior to her eye surgery Romina was able to move freely around the gorilla house
complex. She interacted with Bongo, whom she had known for several years, but was
submissive if threatened or approached closely.

It was immediately apparent after the eye surgery that Romina had vision in one eye.
It was soon apparent that Romina had good hand-eye co-ordination when foraging.
After a recovery period she was given access to the gorilla house and then to have
access to the outside enclosure which is bounded by a water barrier and electric fence.
She spent significantly more time foraging, both inside and in the outside enclosure,
and less time in alert postures. Her interactions with Salome were both aggressive and
affiliative and her interactions with Bongo included a greater proportion of playful
activities.
Salome was frequently away from the others. This behaviour had also been recorded
in her previous social group. When one gorilla was alone outside it was most likely to
be Salome. When one was alone inside it was most likely to be Romina.
There are consistent differences between the behaviour of the gorillas. The females
spend more time resting and less alert than the male. Some of the differences between
the behavioural studies may be attributed to the greater access to the outside
enclosure. Overall Romina showed a greater range of activities, foraging and
interactions following eye surgery.
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Conclusions
Romina (now aged 21y) had learned to
cope with her visual disability, which
had been evident from birth, and was
able to move around her familiar
environment with ease.
Coping
behaviours included shading her eyes
and moving around the enclosure. After
remedial surgery to one eye she
interacted more with the other gorillas,
chasing and playing. The restoration of
her sight has improved her social
integration within the group.
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Introduction
In the wild, Asian elephants (Elephas maximus) live in female-bonded kin groups,
which are usually led by the oldest female, the “matriarch” (Fernando & Lande, 2000;
Garai, 2001). Females remain in their birth group, while males disperse at
adolescence. Dominance hierarchies within and between families can be found,
reflecting age and body size of the cows (Payne, 2003). In captivity, elephant groups
are usually smaller and often composed of unrelated cows. The effects of this artificial
situation on social relationships and dominance hierarchies in captive elephants can
be interesting for management purposes. Here we elaborate on a case study of
aggressive behaviour and dominance in a small herd of five unrelated females.

In 1976 the Royal Zoological Society of Antwerp (RSZA) obtained three young
females from the elephant market in Dehli. In 1996 one of these three died, causing a
power struggle between the other two. Each cow was then sent abroad, while
construction of a new outdoor enclosure started, in which Antwerp Zoo wanted to
show a more naturalistic and larger herd to its public. After completion of this new
paddock, four cows arrived from the Berliner Circus Union GnBh. These had been
housed together at a German circus. Once these four cows had settled in, one of the
original Antwerp females returned and was confronted with the four cows. Soon a
power struggle broke out. It was then decided to start a study on dominance and
aggression in this small herd of five unrelated females, to fully understand the
relationships within this group.
Material and Methods
Study animals
Table 1 lists the five female Asian elephants that were housed in Antwerp during the
study, providing details on age and origin of each female.
Table 1.

Name
Dumbo
Bombay
Daisy
Jana
Dina

Study animals.

Year of Birth
1974
1948
1975
1976
1977

Origin
Dehli
Berliner Circus Union GNBH

In Antwerp since
1976
1999
1999
1999
1999

The enclosure
The renewed outside enclosure has a surface of 1177m². The area consists of a sanded
paddock with boulders and logs, includes a large pool and is surrounded by an electric
wire fence. Several large trees provide shade, but had to be protected from the
elephants by electric wires.
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Behavioural observation and analysis
The first author observed the elephants at Antwerp Zoo during a two-year period
(May 2000 - December 2002) for at least one day per week. Observations consisted of
focal observations (Altmann, 1974), following each of the cows for 30-minutes.
Agonistic behaviour was scored ad libitum (Altmann, 1974). Nearly 200 hours
behavioural observations were gathered. Records were made by hand, and later
entered in the Observer 3.0 for windows, to calculate frequencies of behaviours. We
analyse dominance relations (yielding) aggressive behaviours (kicking and pushing).
Dominance hierarchy was analysed using MATMAN software (De Vries et al., 1993),
using yielding as behavioural marker dominance. Apart from calculating the value
and statistical significance of the linearity index h (Appleby, 1983), this programme
gives additional descriptive measures for evaluating dominance hierarchies. The
directional consistency index DC gives the frequency with which a behaviour occurs
in its most frequent direction relative to the total number of times the behaviour
occurred (van Hooff & Wensing, 1987). This index varies from zero (completely bidirectional exchange) to 1 (completely unidirectional exchange). The proportion of
one way-relations gives the number of dyads in which the behaviour is shown in one
direction only, irrespective of the frequency of interaction within dyads.
Results
Dominance hierarchy
Dominance analysis showed a highly linear but not significant dominance hierarchy
(h=1, p>0.05). This was mainly due to the high proportion of two-way relationships
(80%) and a relatively low Directional Consistency Index (DC=0.71). Table 2 shows
the frequency of yielding for the whole study period. It is clear that dyadic
relationships were very symmetrical. Only the Antwerp female (Dumbo) had highly
asymmetrical relations with the four other cows: they mostly yielded for her, while
she only rarely yielded for them. This female therefore seemed to act as “matriarch”,
or at least as the most dominant member of the group. Dominance relations between
the other four cows were less equivocal. Table 2 shows the ranks assigned by
MATMAN to each of the cows, although the probability that this ranking is due to
pure chance could not be excluded.

Actors

Table 2.

Frequency of 'yielding' May 2000 - November 2002.

5.
Dina
5. Dina
***
4. Daisy
13
3. Bombay 3
2. Jana
3
1. Dumbo 4
Total given 23

4.
Daisy
17
***
7
14
8
46

Receivers
3.
Bombay
12
9
***
0
0
21

2.
Jana
5
15
11
***
18
49

1.
Dumbo
99
75
73
112
***
359

Total
received
133
112
94
129
30
498

Aggressive behaviour
The alpha female, Dumbo was most involved in aggressive behaviour, with peaks
occurring in January 2001 and April 2002. Jana retained a very low profile for most of
the study period, but unexpectedly increasingly became involved in conflicts with
Dumbo, reflecting a power struggle between these two individuals. By the end of the
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study period these conflicts began to escalate. Moreover, aggression was often
redirected to Bombay, the oldest female (Figure 1).
frequency of aggression in function of time

5

JANA
BOMBAY
DINA
DAISY
DUMBO

4
3
2
1
0

may 2000
june 2000
july 2000
August 2000
sep/00
october 2000
nov/00
dec/00
jan/01
feb/01
march/01
apr/01
may/01
jun/01
jul/01
aug/01
sep/01
Oct/01
nov/01
dec/01
jan/02
feb/02
march/02
apr/02
may/02
june/02
july/02
aug/02
sep/02
!!!okt/02

frequency of aggression
(rates per hour)

6

time

Figure 1.

Discussion
A linear but not significant hierarchy was found. This may be due to the highly
symmetrical relationship between four of the cows. Only the alpha female could be
discerned, while dominance relations between the four other cows remain unclear.
The alpha female was most often involved in conflicts throughout the study period.
By the end of the study period a young cow had started to engage in a power struggle
with this dominant female so that it was necessary to split up the group.

The results of this study proved to be very useful for making decisions in the
management of elephants in Antwerp Zoo. The aggression escalated to such an extent
that it was decided to split up the group. Jana and Bombay are being moved to a new
enclosure in Amiens Zoo (France), the three other cows remain in Antwerp. Since the
group has been split up, no more incidences of serious aggression have occurred and
the situation seems to have stabilised.
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Promoting zoo research: the Zoo Federation Research Group
Anna T.C. Feistner1 & Stephanie Wehnelt2
1
Durrell Wildlife Conservation Trust, Les Augrès Manor, Trinity, Jersey JE3 5BPl
2
Chester Zoo, North of England Zoological Society, Caughall Road, Upton, Chester,
CH2 1LH
Introduction
Through their living collections of animals zoos offer a unique contribution to
research. As many species kept in zoos are threatened with extinction, zoos are
particularly valuable for conservation-directed research. Moreover, since zoos attract
large numbers of people with a variety of ages and interests, they offer valuable
venues for researchers and the public to meet. Thus zoos provide an essential platform
for interpreting and communicating the outcomes of research and its implications for
conservation action. Studies that increase our ability to manage captive animals and to
communicate with and educate people about the environment and the biodiversity
crisis have direct relevance to zoos. All zoos are being encouraged (in many cases
with international and national legislation) to increase their involvement in, and
contribution to, research.

The Zoo Federation Research Group (ZFRG) leads the research aims of the
Federation of Zoological Gardens of Great Britain and Ireland (Zoo Federation). The
members of the Core Group are actively involved in research and responsible for
research co-ordination in Federation zoos. The ZFRG works with a large reporting
group of interested zoo and university professionals. The Reporting Group provides a
broad range of expertise in support of the Core Group, increases communication
among practitioners of zoo research, and helps to promote research in zoos.
If you are interested in finding out more about the Reporting Group contact the ZFRG
co-chair Stephanie Wehnelt and Amy Plowman (s.wehnelt@chesterzoo.co.uk;
aplowman@paigntonzoo.org.uk).
The ZFRG plays an increasingly important role in zoo conservation, research and
education by supporting and stimulating research activities in our member British and
Irish zoos. The main aims of the ZFRG are to communicate the importance and
benefits of zoo-related research, to act as stimulus and liaison with taxon advisory
groups (TAGs) on research issues and to raise the profile of zoo-related research both
within and outside the zoo community.
The ZFRG raises the profile of zoo research through a range of activities and outputs:
• Organisation of an ‘Annual Symposium on Zoo Research’ with a specialist
workshop
• Production of ‘Research News’, a quarterly newsletter on recent zoo research
studies
• Production of a series of ‘Zoo Research Guidelines’, advising on how to conduct
sound, scientific zoo research
• Compilation and production of the ‘Bibliography of Animal Husbandry Guidelines,
2002’
• Compilation of a database on ‘Plant Browse for Zoo Mammals’
• Acting as a stimulus and liaison for zoo-based research for zoo professionals and
academics
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Annual Symposium on Zoo Research
Each year the ZFRG holds a two-day symposium on zoo research. Contributions
come from experienced researchers, zoo professionals and students and cover subjects
as diverse as behaviour, enrichment, husbandry, nutrition, parasitology, and veterinary
studies.

Each symposium includes a specialist topic workshop, a theme chosen because of its
particular relevance to animal management and/or education. Workshop topics have
included behavioural research, diet and nutrition studies, evaluating stress, especially
through the use of non-invasive endocrinology, and the 2003 workshop focussed on
the effects of zoo visitors on animal behaviour and welfare. These specialist
workshops form the basis for the series ‘Zoo Research Guidelines’.
The symposium provides an excellent forum for the exchange of ideas, methodologies
and results.
Plowman, A.B. (Ed.) (1999): Abstracts of the 1st Annual Symposium on Zoo
Research. Paignton Zoo Environmental Park, Paignton.
Plowman, A.B. (Ed.) (2000): Proceedings of the 2nd Annual Symposium on Zoo
Research. Federation of Zoological Gardens of Great Britain and Ireland, London.
Wehnelt, S. & Hudson, C. (Eds) (2001): Proceedings of the 3rd Annual Symposium on
Zoo Research. North of England Zoological Society, Chester Zoo, Chester.
Dow, S. (Ed.) (2003): Annual Symposium on Zoo Research: 2002, Bristol Zoo
Gardens. Federation of Zoological Gardens of Great Britain and Ireland, London.
Research News
The ZFRG produces a quarterly newsletter, Research News, which reports on
research projects being undertaken in British and Irish zoos. The projects reflect the
breadth of studies being undertaken. The newsletter is distributed via e-mail to all Zoo
Federation members, the Reporting Group, other zoos throughout the world, academic
researchers and anyone with an interest in zoo biology. The newsletter is currently
circulated to over 300 people. Thus, it is a very effective way of spreading
information about zoo research and raising the profile of zoo-based studies.

The
latest
issue is
available
on
the
Zoo
Federation
website
(www.zoofederation.org.uk). Back issues are available on www.eaza.net or through
the Zoo Federation office. To be included on the mailing list please contact the Zoo
Federation office (fedzoo@zsl.org).
Zoo Research Projects Database
A substantial body of research is carried out in Federation zoos every year. In order to
collate and distribute this information, the ZFRG has been involved in setting up a
database on zoo-based projects. Accurate to 2000 and currently being extended, this
database can be used to track trends in research topics and to highlight potentially
under-explored areas of zoo-based research. In addition, researchers can build on
work that has already been done, find out where the gaps in the knowledge are and so
target projects that will be of real use to the zoo community.

267

Poster Presentations

450
400
350

Behaviour

By 2000, information on 904 projects was collected and categorised according to
subject of study. Fifteen categories were used and the distribution of projects is shown
in Figure 1. The topic of the majority of studies was animal behaviour. There was also
a strong emphasis on studies of enrichment (any form of environmental/behavioural
enrichment), followed by reproduction, veterinary studies and management issues.
We hope that these data will be useful in focussing future efforts on key research
topics in zoos.

Figure 1.
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Zoo Research Projects Database.
‘Behaviour’: behaviour and social structure; ‘Enrichment’: any form of
environmental/behavioural enrichment; ‘Reproduction’: breeding, rearing and infant
development; ‘Veterinary studies’: animal health, disease prevention; ‘Management’:
husbandry, enclosure design and general welfare; ‘Nutrition’: any aspect of diet,
digestion; ‘Visitor effects’: effects of visitors on captive animals; ‘Role of zoos’: use of
information boards, role of zoos in species conservation; ‘Physiology’: use of body parts;
‘Mixed species’: studies of mixed species exhibits; ‘Ex situ – in situ’: combining both exand in-situ research e.g. reintroduction; Ecology: animals’ general ecology; ‘Genetics’:
phylogenetic analyses, inbreeding; ‘Waste’: production and disposal of waste;
‘Unknown’: could not be classified due to insufficient information.

Bibliography of Husbandry Guidelines
Husbandry guidelines are important sources of information for the better care and
management of animals in zoological collections. They compile much of the
knowledge that is traditionally applied to the breeding and husbandry of particular
species. Often, they also give suggestions for the appropriate care of related species.
In addition, recent experience has shown that they stimulate the search for new
knowledge to optimise husbandry.

The compilation of husbandry guidelines is an essential component of managing
animal populations in zoos. In 2000, as part of an effort to support this ongoing
programme of research and husbandry manual production, a bibliography was
compiled. It consists of references to as many as possible of the existing guidelines.
This compilation has provided a foundation on which to build further.
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In order to make the husbandry information more widely available the database is
currently being reformatted, updated and extended and will be produced by EAZA
(European Association of Zoos and Aquaria). It will be made available as a searchable
database, with links to guidelines for the construction of husbandry manuals, and
where possible, to web-based versions of the husbandry manuals themselves.
The 2000 bibliography is available from the Zoo Federation office (fedzoo@zsl.org).
Macdonald, A.A. & Charlton, N. (Eds) (2000): A bibliography of references to
husbandry and veterinary guidelines for animals in zoological collections. The
Federation of Zoological Gardens of Great Britain and Ireland, London.
Plant Browse for Zoo Mammals Database
For many species fresh browse is an essential element of good animal husbandry,
providing important dietary components as well as helping to maintain species-typical
behaviour, both of which enhance animal welfare. However, in many zoos the supply
of browse is limited. This problem can be partially overcome by increasing the range
of plant species approved for use as browse, although it is difficult to find information
on the suitability of most plant species for feeding to exotic animals. With this is mind
the ZFRG, together with the Zoo Federation Plant Group, undertook a survey of
Federation zoos to find out what browse species are fed to which mammal species.
The resulting database comprises nearly 2,000 individual plant and mammal records,
including details of palatability, behavioural enrichment value and any adverse
effects. The database helps zoos to increase the range of browse species they use for a
diversity of mammals.

To purchase the database on CD-ROM (£6) please contact the Zoo Federation office
(fedzoo@zsl.org).
New Series of Zoo Research Guidelines
The ZFRG has launched a new series of guidelines on zoo research. They are
intended to assist students and other researchers who are planning projects in zoos
with carrying out sound, well-designed investigations that have scientific validity.
They will hopefully become a useful technical resource both to research co-ordinators
in zoos and academic supervisors. This series is being produced in response to the
considerable student interest in carrying out research projects in zoos. The guidelines
will help to harness and focus this research potential.

The first in the series was on ‘Project Planning and Behavioural Observations’. The
ZFRG is planning to produce at least one issue per year, many based on specialist
workshops held at the Annual Zoo Research Symposium. Forthcoming issues in the
series are on setting up dietary studies in zoos and studying visitor effects on zoo
animals.
The Guidelines are available from the Zoo Federation office (fedzoo@zsl.org).
Wehnelt, S., Hosie, C., Plowman, A. & Feistner, A. (2003) Zoo Research Guidelines:
Project planning and behavioural observations. The Federation of Zoological
Gardens of Great Britain and Ireland, London.
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Conclusions
The ZFRG promotes, develops and supports research in zoological institutions and
undertakes many outreach activities in support of these aims. It is also a leader on the
European level, being an active member of the EAZA Research Committee. The Zoo
Federation is the only national zoo federation in Europe with an active research group.
Research is a critical component of the animal management, conservation and
education roles of zoos. The ZFRG supports the scientific development of the zoo
community, increases its interactions with the academic community and enhances
opportunities for zoo collections to be productively developed as research resources.
Acknowledgements
With thanks to Sue Dow, Tania Gilbert, Mauvis Gore, Alastair Macdonald, Amy
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Beetle mania!
Conservation research for the endangered Fregate Island beetle
Polposipus herculeanus
Amanda Ferguson¹ & Tse Ling Lee²
¹Zoological Society of London, Regent's Park, London, NW1 4RY
²University College London, Gower Street, London, WC1E 6BT
Island Giants in Peril
The world’s largest tenebrionid beetle is the arboreal and nocturnal giant palm beetle
(Polposipus herculeanus). It has a highly restricted distribution, being endemic to the
tiny Seychelles island of Fregate in the Indian ocean. Classified as ‘Critically
Endangered’ (A2e) on the IUCN Red Data List, this striking beetle is vulnerable to
habitat alteration as well as introductions of predators and diseases.
A Conservation Breeding & Research Programme
Following the accidental introduction of rats to Fregate Island at the end of 1995, a
captive population of Fregate beetles was established at the Zoological Society of
London’s Invertebrate Conservation Unit (ICU) at the request of the Nature
Protection Trust of Seychelles (NPTS) and Birdlife International (BI). 47 wild
collected beetles were transferred to ZSL in 1996, followed by a further 20 in 1999. In
addition to establishing a secure ex situ population, the programme’s remit is to gather
as much information on the species as possible in order to inform in situ conservation
management efforts. The principle aims are therefore:
• To establish a successful husbandry protocol for maintaining and breeding Fregate
beetles in captivity
• To conduct research into their life history
• To investigate the disease profile of this species
Research Focus at ZSL
Many aspects of the beetles life history, biology and behaviour have been studied at
ZSL. Long term monitoring is carried out by zoo staff, and short term intensive
projects are carried out by undergraduate students. The beetles have proved to be an
extremely suitable species for research efforts. Research has focused on:
•
•
•
•
•
•
•
•
•
•

Mortality & fecundity rates
Lifecycle parameters (see box 1)
Disease profiling
Gender & biometrics (see box 2)
Successive generations & biometrics
Daily activity patterns & time budgets
Reproductive behaviour
Dietary analysis
Larval development and food preference
Influence of environmental parameters on activity patterns (see box 3)
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Conservation Benefits
By concentrating on practical aspects of the beetle’s life history, behaviour and health,
this research is helping to inform in situ conservation management action for the wild
populations. It has also helped the ex situ population to be successfully bred to the 5th
generation and assisted the development of a formal European Endangered Species
Breeding Programme (EEP) for the >500 beetles currently being cultured in five
participating institutions.

BOX 1
LIFECYCLE PARAMETERS
• This beetle undergoes complete metamorphosis. The following lifecycle
development times were monitored at room temperature 25-°C, humidity 6070% and soil temperature 24°C.
• Eggs are laid in the soil on/near decomposing wood. They can hatch in five
days.
• The larvae bury themselves in rotting wood and soil. They go through seven
instar stages reaching five centimeters in length after approximately seven
months. When ready to pupate they excavate a hollow chamber and lie still in
here for nine days before pupating.
• The pupa is initially white and gradually turns toast brown. It is very vulnerable
to disturbance at this stage. After 17 days it metamorphoses into a beetle. The
beetle remains in the chamber on its back for a further eight days before
darkening and tunnelling out to the surface.
• On emergence the beetles are individually marked and measured before being
moved into separate generation tubs. Some adults at ZSL are over seven years
old but average longevity is less than this.
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BOX 2
GENDER AND BIOMETRICS
Introduction
Some beetle species show sexually dimorphic biometric characteristics. In these
cases, individual sex can be determined by taking a simple set of measurements.

The aim of this study was to investigate whether the Fregate beetle is sexually
dimorphic by comparing the biometric records of known sex beetles.
Method
Beetles are sexed when copulation is observed. Gender data from previous studies
and the ICU animal management records were collated along with data from this
study. The elytra length of 101 males and females was compared by ANOVA. A
separate study had shown that all the biometric measurements recorded by the
ICU were strongly correlated (Figure 1).
COMPARISON OF MALE AND FEMALE BIOMETRICS AS A TEST FOR SEXUAL
DIMORPHISM
16
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Elytra length (cm)
Figure 1.

Conclusion
The ANOVA statistical test did not indicate any significant difference in
biometrics of male and female Fregate beetles. This indicates the beetles are not
sexually dimorphic and thus can not be sexed by comparing biometric
measurements.
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BOX 3
MONITORING RESPONSES TO ENVIRONMENTAL CONDITIONS
Introduction
To investigate response to environmental change, Fregate beetle activity was
monitored at two different levels of humidity. The results of this research might
indicate how the beetles’ activity in the wild varies with the season & weather
conditions.
Method
Preliminary studies showed that the beetles exhibit randomly distributed activity
patterns, so six separate populations of beetle were monitored at conveniently
selected times. They were first monitored under ‘normal’ humidity (68-84%) then
‘elevated’ humidity (83-91%) for a total of 222 minutes each.

The levels of activity observed under both conditions were expressed as a
proportion of the active population, and compared using ANOVA (Figure 2).

Mean % Population active in
tub

COMPARISON OF BEETLE ACTIVITY IN NORMAL AND ELEVATED
HUMIDITY LEVELS ACCORDING TO INDIVIDUAL TUBS
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F
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Tub

Figure 2.

Conclusion
ANOVA proved that the difference in activity observed under both conditions of
humidity was significant. Generally, an increase in humidity is accompanied with
an increase of beetle activity. The anomaly observed in Tub I requires further
investigation, as this effect may be attributed to the different population density of
that Tub.
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The Long and the short of it!
The effect of Lucerne fragment size on rumination and oral stereotypies in
okapis (Okapia Johnstoni)
Tania C. Gilbert¹ & Melissa Turner²
¹Department of Conservation & Wildlife Management, Marwell Preservation Trust,
Colden Common, Winchester, Hants, SO21 1JH
²School of Biosciences, Cardiff University, Cardiff, Wales, CF10 3XQ
Abstract
As a concentrate selector, okapis are adapted to exploiting rapidly digestible leaf
fragments of dicotyledonous plants. However, the natural browse diet is difficult to
duplicate in captivity where the species tends to receive Lucerne hay as a supplement
to rations of feed concentrates, fruit, vegetables and cereals. It has been suggested
that rumen stratification which is naturally atypical of concentrate selectors may
occur in okapis fed Lucerne with a theoretical consequence being the formation of
fibrous rafts in the rumen that are difficult to digest. This in turn may lead to
increased time spent ruminating and have physiological consequences for the animal.
We tested the behavioural implications of this hypothesis by offering Lucerne cut to
different lengths to okapis at Marwell Zoological Park to manipulate the properties of
the rumen contents, without altering their normal diet. There were significant
decreases in the amount of time spent ruminating and feeding on Lucerne by the
Marwell okapis with decreases in Lucerne length. The amount of time that the okapis
spent engaged in oral stereotypies reduced marginally, but not significantly, with
decreases in Lucerne length. We discuss these results in relation to the fibrous raft
hypothesis together with implications for husbandry of okapi, and offer
recommendations for further work.
Introduction
The okapi is a large, highly selective browsing ruminant which inhabits the rainforest
of the Democratic Republic of the Congo. It uses its long, prehensile tongue and
mobile lips to pluck leaves from the dicotyledonous plants which constitute its wild
diet (Lindsey et al., 1999). Based on Hoffman’s (1989) classification of ruminants
and taking into account their anatomy, ecology and feeding behaviour, Clauss et al.
(2002) consider okapis to be concentrate selectors (CS). The species is adapted to
exploiting rapidly digestible and comparatively small plant fragments like other
browsers (Gordon & Illius, 1996). However, foliage diets are difficult to duplicate in
captivity where okapi tend to be fed Lucerne hay to supplement other rations of feed
concentrates, fruit, vegetables and cereals (Kanselaar et al., 1998; Crissey et al., 2000)

The rumen musculature of CSs is weaker than that of their grazing ruminant (GR)
counterparts, which contend with a much more fibrous diet. Moreover, the
phenomenon of ingesta stratification seen in the rumens of grazers does not normally
occur in CSs (Hoffman, 1989) (Figure 1). However, Clauss & Hummel (pers. comm.,
2002) suggest that when CSs are fed diets more typical of GRs (grass or Lucerne
hay), stratification of the rumen contents may occur, leading to the formation of a
fibrous raft. CSs may have difficulties in processing these fibrous rafts because they
do not possess the features of the GR forestomach including differentiated ruminal
papillation and stronger muscle layers (Clauss et al., 2003).
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Figure 1.

Diagrams showing the rumen stratification of a GR when fed a grass/hay/Lucerne
diet (A), and a CS rumen when fed on a browse/foliage diet (B) (M. Clauss & J.
Hummel pers.comm., 2002).

The consequences of feeding an atypical diet to okapis and the formation of a fibrous
raft in the rumen that may result, are not known. The physiological consequences are
difficult to assess because they require controlled diet and nutrition trials. However,
mean retention time can increase with food fragment size in ruminants (Lechner-Doll
et al., 1991) and this could lead to increased time spent ruminating (see also Weeks,
2003). As this hypothesis can be tested through behavioural observations, we offered
the okapis at Marwell Zoological Park differing sizes of Lucerne hay fragments to
manipulate the properties of the rumen contents, without altering the fibre content or
any component of their normal zoo diet. In addition to changes in time spent
ruminating, we expected to see consequential changes in time spent feeding and
displays of oral stereotypies. The latter may be closely attuned to feeding behaviour
(Sato & Takagaki, 1991), but more likely time spent ruminating (Baxter & Plowman,
2001), and needed to be monitored as an indicator of animal welfare (Mason, 1991;
Mason & Mendl, 1993; Baxter & Plowman, 2001). Moreover, an imbalance in the
ratio between roughage and high energy material (feed concentrates) in the rumen can
result in acidosis and a subsequent increase in oral stereotypies to stimulate saliva
production as a coping mechanism (Hummel et al., 2002).
Methods
Four adult (three female and one male) okapis were studied at Marwell Zoological
Park. Their regular diet and routine feeding regime was maintained throughout the
study. The okapis were fed twice a day at 08:30hrs and 17:15hrs with each animal
receiving rations comprising: 900g of giraffe nuts, 650g carrots, 300 – 1000g of
bananas, 400g of lettuce, 700g of apples, 1500g of cabbage, 150g of flaked maize,
120g of rolled oats, 350g of brown bread, and a vitamin supplement. Lucerne hay was
provided ad libitum.

The study was carried out between June and August 2002. During this time,
behaviour of each okapi was noted when offered long (c. 45cm) Lucerne; medium
length (c. 15cm) Lucerne; and, short (c. 5cm) Lucerne. The long Lucerne was taken
straight from the bale without cutting and represented the normal presentation of this
forage to the okapis. The medium and short Lucerne lengths were created by putting
the Lucerne through a typical garden shredder once and twice respectively.
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As the shorter lengths of Lucerne would have fallen though the hay racks in the okapi
stables, raised feeding troughs were installed. This was done some weeks before the
study commenced so that the animals became accustomed to using them. For the
medium and short treatments, shredded Lucerne was fed to the okapis for 48-hours
prior to the study commencing.
Preliminary observations of the Marwell okapis showed that rumination primarily
took place at night, but that oral stereotypies predominantly occurred during the day
(Turner, 2002). Hence, this study was based on 24-hour observations.
Each of the four okapi was observed for two 12-hour periods: 08:00hrs to 18:00hrs by
direct observation and 18:00hrs to 08:00hrs by video recording with CCTV, for each
of the three Lucerne length feeding treatments. The behaviour of the okapi was
recorded using instantaneous sampling at five-minute intervals, based on a simple
ethogram (Table 1). The proportions of time spent in each activity were arcsine
transformed prior to testing with One-way Analysis of Variance (ANOVA)
Table 1. Ethogram of okapi behaviour.

Behaviour
Description of activity
Feeding on Lucerne The ingestion, chewing and swallowing of Lucerne
(Lucerne)
Rumination
Regurgitation of a bolus of Lucerne into the mouth and chewing
before re-swallowing
Feeding
The ingestion, chewing and swallowing of the standard diet
excluding Lucerne
Oral stereotypies
Repetitive non-functional oral activities e.g. bar licking
Out of sight (OUS) Animal is not observable, or the animal’s behaviour is not
observable
Results
Time spent ruminating varied between the three conditions (Figure 2). A decrease in
the amount of time spent ruminating corresponded with the reduction in Lucerne size.
The okapis spent more time ruminating when fed the long Lucerne than the short
Lucerne (p = 0.0125), but there was no significant difference in time spent ruminating
between the long and the medium, or the medium and short Lucerne.

The okapi spent more time feeding on the long Lucerne than the medium or short
Lucerne (p < 0.001) (Figure 2). There was no significant difference in time spent
feeding between medium and short Lucerne. At around 8% of the 24-hour timebudget, the amount of time that the okapis spent feeding on dietary items other than
Lucerne remained consistent throughout the study, regardless of changes in Lucerne
treatments.
The mean amount of time that the okapis spent engaged in oral stereotypies decreased
marginally with a reduction in Lucerne size, but there was no significant difference
between the three conditions (p= 0.1365) (Figure 2).
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Figure 2.

Mean percentage of time the okapi invested in feeding on Lucerne, rumination
and oral stereotypies over a 24-hour time period with the standard error of the
mean.

Discussion
Changing the size of the Lucerne offered to the okapi at Marwell Zoological Park
affected the time that the animals spent ruminating and feeding, and there were
marginal, though not significant, changes in displays of oral stereotypies. A reduction
in time spent ruminating on the smaller food fragments was expected due to the
reduced need to masticate this material. However, our study alone provides
insufficient evidence to support of the idea of fibrous rafts forming in the rumen. Such
a conclusion would be dependent on the assumption that Lucerne intake by the okapi
did not change between the three treatments, but this was not measured.

Intake of a herbivore is commensurate with bite size, bite rate and time spent feeding
(McDonald et al., 1995). During this study, the okapi spent less time feeding on the
shorter length Lucerne and so must have compensated for this if intake was to be
maintained. Our casual observations suggest that the okapi spent more time chewing
and ingesting longer length Lucerne, compared to the shorter length material, and this
could have resulted in consistent intake across treatments. However, there were other
potentially confounding factors and the reductions in the amount of time that the
okapi spent feeding and ruminating on shorter length Lucerne may simply have been
attributable to reduced palatability of shredded material, particularly if their daily
nutritional requirements were being met by other items in the diet.
Despite reductions in the amount time that the okapi spent feeding and ruminating on
smaller Lucerne lengths, displays of oral stereotypies that may be linked to
suppression of these activities (Sato & Takagaki, 1991), did not increase. This
suggests that there were no adverse behavioural welfare implications resulting from
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the temporary change in husbandry. Furthermore, it is possible that the shorter
Lucerne treatments modified the rumen fibre:concentrate ratio, thus alleviating
acidosis and the resulting oral stereotypies.
There was sufficient evidence from this preliminary study to warrant further
investigations of the effects of feeding smaller food fragments to okapi and other
ruminant concentrate selectors. The potential benefits of this practise include: a more
naturalistic presentation of food fragments; improved forage digestibility; and,
alleviation of acidosis. However, we recommend controlled dietary intake and
digestibility trials to shed further light on this phenomenon, with a particular emphasis
on the physiological consequences of changing husbandry regimes. This should be
complimented with further behavioural observations to ensure that welfare
implications of husbandry changes are monitored.
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Introduction
Ruminants in zoos have become more and more important, due to their decreasing
numbers in the wild, however collections of these exotic ungulates, kept intensively,
have always been burdened with parasites (Gorman et al, 1986; Madzingira et al.,
2002). Different reports indicate the occurrence of helminth related problems and
parasitic gastro-enteritis (PGE) in ruminants in zoological gardens (Geraghty et al.,
1982; Kaneene et al.,1985). In the Royal Zoological Society of Antwerp (RZSA),
previous reports showed a significant morbidity and even mortality due to nematode
infections, especially in antelopes. However, in contrast with research in domesticated
cattle (Barger, 1999), studies on the epidemiology of gastro-intestinal helminths of
exotic ruminants are limited, mainly hampered by the shy and unapproachable nature
of these wild animals. Very few zoological institutes use basic parasitological
diagnostic procedures and anthelmintic use is based on that in domesticated
ruminants, without knowledge of epidemiological features in the many different wild
ruminant species (Boyce et al., 1991; Isaza et al., 1990; Young et al., 2000;
Vercammen et al., 2001). Nothing is known of the pathological effects of present
helminth species, zoos themselves lay treatment thresholds.

The overall aim of the present study was to perform a detailed study on the
epidemiology of gastrointestinal parasites of antelopes, gazelles and Giraffidae at the
RZSA. Therefore, exotic ungulates were monitored for faecal egg counts during one
year and the nematode genera present were determined after coproculture.
Furthermore faecal consistency, body conditions, housing and feeding behaviour were
assessed.
Materials and Methods
The RSZA (Belgium) is a co-operation between two different zoological gardens. The
studied population in Antwerp Zoo consisted of four herds (males.females.juveniles):
Arabian oryx (Oryx leucoryx, 1.2.2), bongo (Tragelaphus euryceros, 1.3.2), kordofan
giraffe (Giraffe camelopardalis antiquorum, 1.3.3) and okapi (Okapia johnstoni,
2.3.2), in total 25 individual identified animals, all kept on sandy ground with dung
removed daily. In the larger animal park Planckendael, studied animals (n = 67)
belonged to eight herds living on grassy to sandy enclosures: Arabian oryx (1.3.0),
scimitar-horned oryx (Oryx dammah, 1.5.1), Cape eland antelope (Taurotragus oryx,
1.5.4), slender-horned gazella (Gazella leptoceros, 5.5.3), impala (Aepyceros
melampus, 0.4.0), bongo (1.1.0), sitatunga (Tragelaphus spekei gratus, 2.11.6) and
bleu wildebeest (Connochaetus taurinus, 2.3.3).
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In contrast with the exotic species kept at Planckendael, the antelopes and giraffidae
of Antwerp’ Zoo did not show morbidity due to helminth infections for the last five
years; and it was decided to take fresh faecal samples from all involved animals at
monthly intervals. In Planckendael, however, mortality caused by helminth infections
occurred in antelopes and gazelle, and it was decided to take faecal samples at twoweekly intervals and to treat the animals with fenbendazole (7,5mg/kg bodyweight,
three days, Panacur®) at the start of the study (April 2nd) and in July. At sampling,
age, sex, faecal consistency, body condition score and event of the ruminants were
noted. Faecal samples were examined by the McMaster technique and expressed in
eggs per gramme of faeces (epg); coprocultures were performed to identify present
nematode genera.
Results
Antwerp Zoo: in the 275 samples that were collected, no cestodes, trematodes or
lungworms were found. Of the 42 samples that were positive for nematode eggs,
coproculture revealed only Ostertagia/Trichostrongylus spp. Trichuris spp. and
Capillaria spp. occurred occasionally. When prevalence (= animals found positive for
shedding helminth eggs during the study period, given per ruminant species) was
computed, the Arabian oryx was the most affected species, however, even in species
like okapi and giraffe, that were presumed to be free of helminths, nematode eggs
were found. Faecal egg counts (FEC) were below 50 epg in all animal species at any
sampling occasion. This low shedding made it impossible to correlate FEC and
seasons, loss of faecal consistency, condition, age, sex and behaviour of the animals
(Table 1).
Planckendael: in the 1331 samples, no cestodes, trematodes or lungworms were
found. Nematode eggs were found in 544 samples. Genera found were mainly
Ostertagia/ Trichostrongylus spp. and less frequently Nematodirus spp., Capillaria
spp. and Trichuris spp. Especially the Arabian oryx, slender horned gazella and
scimitar-horned oryx antelope were affected. In the small non-breeding herds of
impala and bongo, no eggs were found. FEC’s reached the highest counts in the
gazelle, Arabian oryx and scimitar-horned oryx at the end of the grazing season
(October), before housing, respectively with a geometric means of 341(range FEC 0950), 228 (0-600) en 161 (0-750) epg. Although these high egg counts were not
accompanied by symptoms of PGE, it was decided to administer an additional
fenbendazole treatment to these three animal species. Before the administration of
fenbendazole in July, first rises in FEC were noted in gazelle, Arabian oryx and
scimitar-horned oryx, respectively eight (0,1350), 119 (0-450), ten (0-200). A small
rise in FEC was seen in Arabian oryx and scimitar-horned oryx in February, at
housing (111 (0-350) and 89 (0-250)). Nematodirus spp. were found mainly in
November in the Cape eland antelope (range FEC 0-150); Capillaria spp. were found
in the sitatunga mainly in February (range FEC 0-150). Trichuris spp. were found in
the gazelle in October (range FEC 0,200), simultaneously with high FEC counts for
Ostertagia/ Trichostrongylus spp. No evidence of a peri-parturient rise in antelopes
and gazelles was noted (Table 2 & Figure 1).

Loss of faecal consistency was noted, caused by dietary reasons (sitatunga) or
concurrent Eimeria spp. infections (gazelle). Cape eland juveniles were statistically
more affected by Nematodirus spp., in the case of Ostertagia/Trichostrongylus spp.,

282

Poster Presentations

adults and juveniles showed statistically no difference in FEC levels. Correlation
between sex and FEC could not be found, due to the small numbers of males.
Table 1.

Prevalence (%) of nematodes found in antelopes and Giraffidae in Antwerp Zoo.

Antwerp' Zoo
Arabian oryx
Bongo
Kordofan giraffe
Okapi

Table 2.

n
5
6
7
7

samples Ost/Tricho Capillaria Trichuris Nematodirus treatm./year
55
80
80
0
0
0
63
0
66.67
16.67
0
0
70
14.29
0
0
0
0
87
10
20
0
0
0

Prevalence (%) of nematodes found in antelopes and gazelles in Planckendael.

Planckendael
Arabian oryx
Scimitar-horned
oryx
Gazelle
Impala
Cape eland
Bongo
Sitatunga
Blue gnu

n
4

7
13
4
10
2
19
8

samples Ost/Tricho Capillaria Trichuris Nematodirus treatm./year
141
100
50
0
50
3

193
411
49
160
50
171
136

100
100
0
30
0
16.67
12.5

0
0
0
40
0
20.83
12.5

0
40
0
20
0
0
0

14.29
0
0
80
0
12.5
0

3
3
2
2
2
2
2

Geo mean Faecal egg counts

400
350
300
250
200
150
100
50
0
Apr

May

June

July

Fenbendazole

Figure 1.
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Discussion
The difference of helminth infection levels in wild ruminants in Antwerp Zoo and
Planckendael, indicated that daily dung removal, which is practised in Antwerp Zoo is
an effective measure to control helminth transmission.

In Planckendael, however, the larger grassy and humid pastures, favours transmission.
There is a clear interspecific difference in FEC, the desert ruminant species being the
most affected, therefore requiring a more rigorous anthelmintic control. The spectrum
of nematode species was unexpectedly narrow, indicating that nematode species
originate inside the zoological garden and probably are passed between species. Other
nematodes such as Cooperia spp. and Haemonchus spp. that are currently present in
domesticated ruminants in Belgium (Agneessens et al., 1997) were not found. The
helminth species found are known to lay eggs sparsely and this is important in
defining the threshold. The seasonal incidence revealed similarity between animal
species and fast re-infections probably occurred due to high enclosure contaminations.
In this variety of animal species, FEC could not be correlated with morbidity. To find
out more about the pathogenicity of the worm species and the level of tolerance of
these exotic species to nematode infections, proper species identification on adult
worms and total worm counts need to be performed.
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Keeping up appearances:
territoriality and stocking density in the phantasmal dart frog Epipedobates
tricolor
Charlotte Hosie, Nicola Hind & Emma Hind
Department of Biological Sciences, University College Chester, Parkgate Road,
Chester, CH1 4BJ
Abstract
The work presented here aimed to improve understanding of captive amphibian
behaviour and its potential for welfare assessment, using a commonly kept species as
a model in a short series of experiments. Frogs were kept at ‘high’ and ‘low’ stocking
densities and their space use, agonistic encounters and calling behaviour measured.
Consistent differences in behaviour were measured for frogs under these different
conditions (and by individual). Certain areas of the tank were occupied significantly
more than others, significantly different numbers of encounters (of different types)
occurred and evidence of territoriality was observed. The significance of these finding
for welfare assessment of frogs and suggestions for management of captive conditions
will be discussed.
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Is glowing in the dark detrimental?
Charlotte Hosie & Andrew Potter
Department of Biological Sciences, University College Chester, Parkgate Road,
Chester, CH1 4BJ
Abstract
Invertebrates are rarely considered in the context of animal welfare and
environmental enrichment, despite the growing popularity of these animals as pets
and zoo exhibits. This study is a first attempt to investigate the behaviour and cover
preferences of a commonly exhibited large arthropod, the Emperor scorpion, under
different lighting regimes. This species is often exhibited under UV light in order for it
to ‘glow in the dark’. Concern has been raised about whether this has short or longterm affects on welfare and longevity. The study found strong preferences for cover
objects, regardless of whether lit by daylight bulbs and no UV, or daylight and UV.
No significant differences in behaviour under UV and no UV were found, at least over
the timescale of this experiment. The significance of these results and suggested
further work will be discussed.
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A preliminary investigation of olfactory enrichment for captive ruffed lemurs
Kim Hutchings & Heidi Mitchell
Department of Conservation and Wildlife Management, Marwell Preservation Trust
Abstract
Olfactory communication is considered to be well developed in lemurs (Macedonia &
Stanger, 1994). Because olfaction alongside visual and auditory cues, appears to play
a more important role in lemur social interactions than perhaps is recognised in other
primates, it was thought that a form of olfactory enrichment could be effective. As
Marwell has two groups of black and white ruffed lemurs, this provided a good
opportunity to use conspecific scents as enrichment.
This study evaluated the effect of conspecific faeces as enrichment on a group of black
and white ruffed lemurs (Varecia variegata variegata) at Marwell Zoological Park.
The group comprised a seven year-old male, a seven year-old female, and their
offspring, a three year-old male. The enrichment involved placing a small amount of
faeces from another group of black and white ruffed lemurs onto the inside of a
bamboo ring, and placing it in the enclosure.
The enrichment had no effect on the overall activity budgets of the study group.
However, frequencies of sniffing (P=0.012, Kruskal Wallis) and scent marking
(P<0.0001, Kruskal Wallis) varied between baseline, enrichment and post enrichment
phases of the study (Figure 1). While introduction of conspecific faeces appears to
elicit a response in captive lemurs, olfactory enrichment could also be achieved by
swapping scent-marked objects between enclosures, or introducing novel scents. The
efficacy of these approaches should also be evaluated and compared with this study.
30

Mean frequency per day

25

Sniffing
Scent marking

20

15

10
5

0

Baseline

Enrichment

Post enrichment

Figure 1: Mean sniffing and scent marking frequencies for black and white ruffed lemurs at
Marwell Zoological Park.
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The social network of female hamadryas baboons in captivity: stability of
dominance, proximity and grooming relationships
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Abstract
Recent studies on chacma baboons indicated that baboons adapt their social structure
to changed ecological conditions (e.g. Byrne et al., 1990; Henzi et al., 1997).
Accordingly it was expected that the social structure in hamadryas baboons is
characterised by a similar flexibility and that a deviation in ecological circumstances
would be reflected in changes in the social interaction pattern. To investigate this
possibility the social interactions of female hamadryas baboons in captivity were
observed during five successive years. The clumped feeding regime (in time and
space) and the coinciding contest competition for preferred food in captivity differs
from natural conditions in which competition is of the scramble type. As predicted by
socioecological models stable linear dominance hierarchies and highly differentiated
affiliative networks were developed. However, some of the typical hamadryas
features, like the importance of the male leader as an affiliative partner and the lack
of female coalitions, seem to be the result of male policing behaviour rather than
phylogenetic constraints.
Keywords: female relationships, hamadryas baboon, dominance, affiliation
Introduction
The social system of most baboon, macaque and vervet species is rather similar: large,
relatively cohesive multi-male groups characterised by male dispersal from the natal
group and female residency (Melnick & Pearl, 1987; Pusey & Packer, 1987). Females
form the core of social networks, in which maternal genealogical affiliation is the
most important (Gouzoules & Gouzoules, 1987; Walters, 1980; Walters & Seyfarth,
1987, Harcourt & de Waal, 1992), but not the sole (Chapais & St.-Pierre, 1997)
determining factor for the formation of alliances and grooming relationships. The
linear, nepotistic dominance hierarchies, in which daughters and mothers occupy
adjacent ranks (baboons: e.g. Dunbar, 1980; Walters, 1980; Pereira, 1988; macaques:
e.g. Datta, 1983; vervets: e.g. Fairbanks & McGuire, 1986), and the affiliative
relationships seem to be stable for many years (baboons: Cheney et al., 1981,
Hausfater et al., 1987; Samuels et al., 1987, macaques: Ehardt & Bernstein, 1986;
vervets: Bramblett et al., 1982).

In contrast to this general pattern, hamadryas baboons live in one-male units
embedded within a multi-level fission-fusion system (Kummer, 1968). Females are
the dispersing sex (Sigg et al., 1982) and instead of extended female grooming and
alliance networks based on kinship (Stammbach, 1987), male leaders are the focus of
female attention and grooming interactions (Kummer, 1968). Although hamadryas
baboons are mostly described in terms of non-female bonded or patrilineally
organised, the term cross-sex bonded is probably a better description of their social
organisation (Byrne et al., 1990).
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Little is known about dominance and affiliative relationships of female hamadryas
baboons in general and about the stability of these relationships in particular, since
most behavioural studies in the field (see Kummer, 1968; Abegglen, 1984) and longterm studies in captivity (see Colmenares, 1990, 1991, 1992) focus on male-male
social relationships. Nevertheless, several short term studies in the field, in freeranging groups and in captivity report about linear dominance hierarchies across and
within OMU’s (captivity: Vervaecke et al., 1992; Zinner, 1993), about rank stability
(free ranging Chalyan et al., 1991), about females transferring by preference into
OMU’s which already contain females with whom they lived before (field: Sigg et al.,
1982; Abegglen, 1984), about females’ attempts to approach animals of their former
OMU (field: Abegglen, 1984), about females forming the typical star-shaped
sociogram in groups without a male leader (captivity: Stammbach, 1987; Coelho et
al., 1983) and about females interacting more intensively with other female OMU
members than with the male leader (field: Swedell, 1999) seem to indicate that
females’ intrasexual relationships might play a more important role in the
maintenance of the multi-levelled social structure than previously assumed
(Bachmann & Kummer, 1980?).
Recent studies on chacma baboons (Anderson, 1981a & b; Byrne et al. 1987, 1990;
Whiten et al., 1987; Barton et al., 1996; Henzi et al., 2000) revealed that the
dichotomy between female-bonded, despotically and nepotisticaly organised savanna
baboons (Wrangham, 1980; van Schaik, 1989; Sterck et al., 1997) and the non-female
bonded, egalitarian organised hamadryas or desert baboons (Wrangham, 1980; van
Schaik, 1989; Sterck et al., 1997) is less strict than previously assumed. Depending on
food distribution and predation risk the social structure of chacma baboons evolved
from the general savanna baboon pattern (e.g. Hamilton, 1985) to a resident
egalitarian pattern (e.g. Byrne et al., 1990; Henzi et al.; 2000) and a dispersal
egalitarian pattern in mountain populations (e.g. Anderson, 1981b) and back (Byrne et
al., 1987; Anderson, 1989). All this indicates that baboon behaviour is highly flexible
and radical deviations from the generally matrilineally organised groups are rather
common (Byrne et al., 1990, Barton et al., 1996).
Accordingly it can be expected that the hamadryas social structure is characterised by
a similar flexibility, and that a switch from the cross-sex bonded social structure
(Byrne et al., 1990) in which females’ social attention is focussed on males and
dominance relationships are egalitarian, to a more female-bonded structure, with
highly developed female social networks and nepotistic linear hierarchies, is possible
under specific circumstances. To investigate this possibility we observed the social
interactions of female hamadryas baboons in captivity during five successive years
and evaluated to what extent the clumped feeding regime (in time and space) and the
coinciding contest competition for preferred food (Deleu et al., in prep.) might lead to
the development of linear dominance hierarchies and highly differentiated affiliative
networks.
Methods
Subjects
The hamadryas colony at the Antwerp Zoo was founded in 1977 by the acquisition of,
probably 11 animals (three males and eight females) from Frankfurt zoo. Possibly one

290

Poster Presentations

of these females (Hoofd) is still alive1. Over the years the colony varied in size due to
births, deaths, and the removal of surplus animals in 1992 to prevent overcrowding.
During the time of the study (1994-1998) the group comprised between 21 and 29
individuals. There were two One-Male Units (OMU’s) at the start of this study:
Napoleon’s OMU contained seven adult females, Witte’s unit two. During the 1994
observation period one of Napoleon’s females transferred to Witte’s unit (Leinfelder
et al., under review). In 1996, 1997 and 1998 Witte’s unit further expanded by the
integration of maturing females. Another female that reached sexual maturity became
the first female of a third male (Soho) that reached adulthood in 1998. At the end of
the study period the colony consisted of three one-male units: Napoleon’s unit with
six adult females, Witte’s unit with six adult females and Soho’s unit with one adult
female (Table 1).
The animals were housed in an enclosure of about 100 m2 comprising two inside
enclosures and a 72m2 outdoor part surrounded by a ditch. The animals had free
access to the entire enclosure, but preferred to stay outside as soon as the weather was
not too bad (on rainy, windy and cold days they stayed inside most of the time).
Table 1.

Group composition and OMU membership during successive years.

1994
Before transfer
Donna (D)
Mekka (m)
Muis (M)
Piggy (P)
Pruts (p)
Tiet (T)
Zwart (Z)
Flap (F)
Hoofd (H)
Lätta (L)1
Quaza (Q)²
Renza (R)²
Benza (b)²

N
N
N
N
N
N
N
W
W
†
†
†
†

OMU membership
1995
After
transfer
N
N
N
N
N
N
N
N
N
N
N
N
W
W
W
W
W
W
†
†
†
†
†
†
†
†

1996

1997

1998

N
N
N
N
N
N
W
W
W
W
†
†
†

N
N
N
N
N
N
W
W
W
W
†
W
†

N
N
N
N
N
N
W
W
W
W
W
W
S

Only male leaders (N=Napoleon; W=Witte and S=Soho) and focal females were included.
1
Lätta is the daughter of Tiet; 2Quaza, Renza and Benza are daughters of Zwart; other genealogical
relationships are unknown.
†
Only when a female started cycling and a male had rather exclusive sexual access to her, she could be
assigned to this male’s OMU.

Observations
Since observation conditions in the outside enclosure were much better than in the
inside, observation periods were determined by the weather and observations occurred
from August till December 1994, from May till November 1995 and from May till

1

Hoofd died 28/02/2001.
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October 1996, 1997 and 1998. This resulted in a total of respectively 83, 118, 82, 93
and 84 observation days (all occurrence observations), 145.5, 182.5 and 252 hours
focal animal sampling (from 1996 till 1998 respectively) and in 361, 304, 136, 182
and 228 instantaneous scans for the successive observation periods.
Observations covered most of the active day, which ensured that most grooming bouts
and agonistic interactions were observed. Focal animal sampling data (Altmann,
1974) of the adult females were collected in 30-minute observation sessions
distributed evenly throughout the day. Frequencies and duration of grooming bouts
and frequencies of agonistic interactions by and towards the focal animal were scored.
In the mean time all occurrence data (Altmann, 1974) were collected on grooming and
agonistic interactions of all other animals.
Dominance hierarchy
Dominance hierarchies were based on the direction of spontaneous submissive acts
scored by means of all occurrence sampling (Altmann, 1974). Female dominance
relationships were evaluated on the basis of the improved linearity index h’ (a
linearity index which is corrected for the number of unknown relationships) (de Vries,
1995), and the directional consistency index DC (indicating the overall degree of
unidirectionality within the dyads) (for further explanation see Vervaecke et al.,
2000). According to de Vries (1998), ordering the individuals in a linear or near-linear
hierarchy is worthwhile and justified whenever the linearity test yields a significant
outcome. If a significant linear hierarchy was found the total number of
inconsistencies and their total strength were minimized (I & SI method) (see de Vries,
1998) to rank the females into a linear hierarchy, with rank number one assigned to
the highest-ranking individual and rank number 13 to the lowest-ranking female.
Adjacently ranking females with unknown relationships were assigned mean ranks.
Strictly considered it is inappropriate to use this method for ranking the females in
Witte’s OMU for most of the observation periods, because it is impossible to find a
significant linearity in groups of less than six individuals the significance level is not
reached. However, since no intransitive triangular dominance relationships were
present and DC’s were high, we applied the I & SI method for this unit as well.

Throughout the successive observation periods one female transferred from
Napoleon’s to Witte’s unit (Leinfelder et al., under review) and four females matured.
This resulted in unequal numbers of females within the OMU’s for the successive
years. To be able to investigate the stability of dominance hierarchies within the
OMU’s over the years, a standardisation was necessary. Therefore, the rank numbers
for the period in which group size was smaller than maximum were transformed
according to the following formula:
j=1+i(n-1/N-1), where j is the new rank number, n is the number of animals in the
group when group size was large, N is the number of animals in the group when
group size is small and i varies between 0 for the highest ranking animal and N-1 for
the lowest (Rhine et al., 1989). Consequently rank numbers in standardised
dominance hierarchies vary between one (highest ranking female) and n (lowest
ranking female).
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Proximity
Throughout the day data on proximity were collected by means of instantaneous
sampling (Altmann, 1974). Scans were made when at least 4/5th of the animals were
outside. To avoid temporal dependence of successive samples minimum intervals of
one hour were taken into account, unless major group movements took place in the
meantime. Two animals were considered to be in each other’s proximity when they
were located in the same subgroup, whereby subgroup is defined as all animals sitting
within arm-reach of at least one neighbour.
Grooming
For the three years that grooming data were collected by means of focal animal
sampling and all occurrence sampling (1996-1998), interactions in which the focal
female of that moment was involved were not scored by all occurrence sampling to
avoid double counting. Since grooming frequencies obtained by both observation
methods were significantly correlated (Leinfelder et al., 2001), the two data sets could
be pooled afterwards.

To verify whether females directed more grooming interactions towards male or
female grooming partners only focal animal sampling data were used to make an
accurate estimate of hourly grooming rates. Only grooming relationships of adult
females were compared, since females could only be designated to a male leader after
reaching sexual maturity.
Statistical methods
Data on grooming interactions and proximity are summarised in social interaction
matrices, where rows and columns represent individuals. Data in such interaction
matrices are statistically dependent and should be analyzed with special statistical
procedures, such as the Kr-test (Hemelrijk, 1990a & b). Matrix comparison by means
of the rowwise Kr-test takes the individual differences in capacities or tendencies into
account, as correlations are only performed within every row (“individual”) and
combined over all rows. Kendall’s rowwise matrix correlation coefficients (τrw) and
the corresponding probability values based on 10,000 random permutations were
calculated by MatMan for Windows, a programme for the analysis of sociometric
matrices (de Vries et al., 1993; see also de Vries, 1993). Symmetrical proximity
matrices were dually normalized by means of fitting homogeneous margins (Freeman
et al., 1992) in order to take into account the overall tendencies of some individuals to
stay in the neighbourhood of other animals.

To examine the directionality of female grooming interactions the hourly grooming
rates towards the male leader and towards female OMU members were compared by
means of a Wilcoxon matched-pairs test. Dominance hierarchies of successive years
are compared using Spearman rank correlation tests. All tests were two tailed.
Results
Female-bonded versus cross-sex bonded relationships.
One of the basic characteristics of female social networks is the importance of female
grooming partners, whereas in cross-sex bonded groups males are the focus of
females’ affiliative behaviour (Barton et al., 1996). To evaluate whether this bias in
grooming partners exists in hamadryas baboons in captivity, intra-sexual and
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intersexual female grooming interactions were compared by means of a Wilcoxon
matched pairs-test. Data obtained by focal animal sampling during the 1996, 1997 and
1998 observation periods indicated that female-male grooming relationships were not
significantly more important than female-female grooming interactions in two of three
observation periods (Table 2). Hence the cross-sex bonding pattern observed in
hamadryas baboons in their natural habitat was not always obvious in captivity and
females’ intrasexual grooming relationships became more important (Figure 1).
Table 2.

a

Wilcoxon matched-pairs test comparing females’ hourly grooming rates with
other females and with males for the 1997, 1997 and 1998 observation period.

Observation period
1996
1997
1998a

n
10
11
11

T
16
10
12

P value
0.241
0.041
0.062

The two youngest females were not included in the analysis since the final incorporation in their
respective OMU’s took place towards the end of the observation 1998 period.

grooms
grooms
grooms
grooms
squares

< average+st.dev.
> average+st.dev., but < average+2*st.dev.
> average+2*st.dev., but < average+3*st.dev.
> average+3*st.dev.
= females; ovals = males; animal codes see Table 1.

p

D
N
M

m

Q

T

Z

b

P

L

R

H
Figure 1a: 1994, before transfer

F

W
Figure 1.

Female grooming relationships over the five-year study period (1994-1998).
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Figure 1b: 1994, after transfer
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Figure 1c: 1995

295

Poster Presentations

D

p

N

M

m

P

T

Q

L

b
R

H

Z

F

W
Figure 1d: 1996

N

D

p

M

m

P

T

Q

L

b
R

H

Z

F

W
Figure 1e: 1997
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Figure 1f: 1998

Dominance relationships
Dominance hierarchies of hamadryas baboons and savanna baboons differ in three
general features. 1) Hamadryas baboons have inconsistent, egalitarian or shallow and
not necessarily linear dominance hierarchies, whereas most savanna baboons have
consistent, despotic or steep, linear hierarchies. 2) Dominance relationships of
hamadryas baboons are individualistic, those of savanna baboons nepotistic. 3)
Dominance hierarchies of hamadryas baboons are unstable, whereas dominance
hierarchies of savanna baboons are stable (references see introduction).

1) Linearity of dominance hierarchies
Based on spontaneous submission, the females in our study group could be ranked in
a linear dominance hierarchy for all observation periods (Table 3). The rather low h’
values were mainly caused by unknown relationships. Especially between females of
different OMU’s the number of spontaneous submissive interactions was very low.
High DCs confirm that low h’ values were not the consequence of a low degree of
unidirectionality. The obviously higher linearity and directional consistency of
dominance relationships within OMU’s (at least when group size allowed
determination) further supported this. The only exception was Witte’s unit in 1998,
but this was probably related to the fact that the three young adult females were never
observed interacting submissively towards one another.
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Table 3.

Dominance ranks were assigned based on spontaneous submissive acts between
females.
Dominance rank
1994°
1995°
1996°
1997
1998
Before transfer After transfer
(1)
1
(1)
2
(1)
2.5
(3)
5
5.5
D
(2.5) (3)
(6)
10.5
(6)
10.5
12.5 (6)
(6)
9
8.5
(5.5)
M
(6)
(2)
5
(2)
4.5
(3)
6
(1)
3
1.5
(1)
M
(1)
(5)
(3.5) 9
6.5
(2)
5
(2)
4
3.5
P
(2.5) (3)
(4)
8
(5)
8.5
(5)
9.5
(5)
8
8.5
(3)
P
(6)
(3)
(3.5) 6.5
6.5
(4)
7
(4)
7
8.5
(5.5)
T
(6)
(1)
12.5
(1)
1
(1)
1
(1)
1
5.5
(3)
Z
(4)
(3)
3.5
(3)
(2.5) 4.5
4
(3)
6
3.5
(2)
F
(2)
(3)
3.5
(2)
(2.5) 3
2.5
(2)
2
1.5
(1)
H
(1)
(3)
6.5
(4)
8.5
(4)
9.5
†
10
11
†
L
†
(5.5)
10.5
†
12
†
9.5
†
12.5
12.5 †
†
Q
(5.5)
12.5
(5)
10.5
†
9.5
†
11
12.5 †
†
R
(1)
12.5
†
13
12.5 †
†
12.5
8.5** †
†
b
h'=0.893;
h'=1.000;
h’=0.839;
h'=0.964;
h'=0.946;
N’s unit h'=0.845;
pr=0.010
pr=0.011
pr=0.003
pr=0.029
pr=0.005
pr=0.003
DC=1.000
DC=0.981
DC=1.000
DC=0.997
DC=1.000
W’s unit DC=0.994
h'=1.000;
h'=1.000;
h'=1.000;
h'=1.000;
h'=1.000;
h'=0.768;
pr=0.747
pr=0.372
pr=0.379
pr=0.124
pr=0.025
pr=0.069
all
females DC=1.000
DC=1.000
DC=0.929
DC=0.976
DC=0.993
DC=1.000
h'=0.657;
h'=0.761;
h'=0.648;
h'=0.629pr=0. h'=0.495;
pr=0.0004
pr=0.0001
pr=0.0005
0009DC=0.98 pr=0.015
5
DC=0.987
DC=0.884
DC=0.952
DC=1.000

•
•

•
•
•

The highest-ranking female has the lowest rank number.
Dominance ranks within the separate OMU’s are given between brackets. In order
to detect statistically significant linearity minimum group size is six animals
(Appleby, 1983). Therefore, the male leader was included to determine linearity
within the OMU’s. Nevertheless, for some years (marked with °) this was not
enough to reach the lower limit.
h’ is the improved linear hierarchy index (de Vries, 1995); DC is the directional
consistency index.
†
Only when a female started cycling and a male had rather exclusive sexual access
to her, she could be assigned to this male’s OMU.
**
The relative high dominance status during this year should be considered with
caution. Since this female was still an infant spending most of its time on its
mother’s belly and did not participate actively to agonistic interactions. As a
consequence she received a position in the hierarchy above females that gave
more submission than they received.

2) Individualistic or nepotistic dominance relationships?
Agonistic support of the female hamadryas baboons in this group was very rare. Most
incidents were observed in the context of defence of their OMU leader in conflicts
with one of the other males and in the context of defence of own or other females’
infants against other infants. Females supporting each other were rarely observed.
Since genealogical records were not available for the group members before
observations started, it was impossible to evaluate the effect of kinship on dominance
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relationships properly. However, in the four known mother-daughter pairs (with
daughters born shortly before or after the onset of the behavioural research in 1993)
we found little evidence supporting the existence of nepotistic dominance
relationships (Table 3). Young females started at the bottom of the hierarchy as soon
as they participated actively in social interactions. One female (Lätta) increased ranks
afterwards and ended up in the hierarchy immediately below her mother. The other
females remained low ranking despite their mother’s top ranking position.
3) Unstable or stable dominance relationships
The dominance hierarchy was very stable over successive years (Table 4). Dominance
hierarchies of successive years were significantly and highly correlated for all females
as well as for dominance relationships within the OMU’s. The only exception was the
comparison of rank relationships within OMU’s between 1994 and 1995, but the
transferred female working her way up in the hierarchy most likely caused this
discrepancy.
Correlation between the 1994 and the 1998 hierarchy of adult females was nonsignificant. However, a consistency on a year to year basis was present, and inclusion
of young females resulted even in a correlation between the hierarchy of the first and
the last year. Within OMU’s no correlation between the hierarchy of the first and the
last year was found. This is not surprising since one of the OMU’s tripled in size over
this five-year period.
Table 4.

Spearman rank correlation test evaluating the stability of dominance hierarchies
over five observation periods a) for all females together and b) within the separate
OMU’s.

a) all females
1994 - 1995
1995 - 1996
1996 - 1997
1997 - 1998
1994 - 1998
b) within the OMU’s
1994 (before transfer) - 1994
(after transfer)
1994 (after transfer) - 1995
1995 - 1996
1996 - 1997
1997 - 1998
1994 (after transfer) - 1998

n

R

t(n-2)

P value

13
13
13
13
13

0.856
0.870
0.947
0.943
0.641

5.484
5.853
9.746
9.403
2.769

0.000191
0.000110
0.000001
0.000001
0.018254

8

0.936

6.508

0.000627

9
9
10
11
9

0.654
0.953
0.877
0.908
0.026

2.286
8.360
5.161
6.496
0.069

0.056103
0.000069
0.000863
0.000112
0.946654

Proximity
Comparison of dually normalised symmetrical proximity matrices by means of a
rowwise matrix correlation test revealed that the same females were found in each
other’s proximity during successive years (Table 5, panel 1). Comparison of the 1994
proximity matrix with the one of 1998 indicated that the small year to year shifts
result in a weaker, but still significant correlation of proximity partners over the five-
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year period. Within Napoleon’s OMU the same pattern was found as for the females
in general, although correlation coefficients were lower and the significance level was
not reached for two year-to-year comparisons and for the comparison between the
1994 and the 1998 observation periods. Within Witte’s OMU stability of proximity
relationships could only be tested from 1997 to 1998, since the lower limit of five
animals necessary for the detection of significant matrix correlations was not reached
before. Proximity data of both observation periods were significantly correlated.
Table 5.

Results of the rowwise matrix correlation test, investigating the stability of 1)
females’ proximity relationships and 2) females’ grooming relationships.

1) proximity
All females
1994-1995
1995-1996
1996-1997
1997-1998
1994-1998
Napoleon’s females
1994 (after transfer)-1995
1995-1996
1996-1997
1997-1998
1994 (after transfer)-1998
Witte’s females
1997-1998
2) grooming
All females
1994-1995
1995-1996
1996-1997
1997-1998
1994-1998
Napoleon’s females
1994 (after transfer)-1995
1995-1996
1996-1997
1997-1998
1994 (after transfer)-1998
Witte’s females
1997-1998

τrw

p value

0.507
0.674
0.530
0.672
0.347

0.0002
0.0002
0.0010
0.0002
0.0016

0.542
0.441
0.448
0.435
0.359

0.0194
0.0324
0.0662
0.0102
0.0702

0.333

0.370

0.697
0.591
0.608
0.753
0.457

0.0002
0.0002
0.0002
0.0002
0.0002

0.701
0.621
0.702
0.783
0.586

0.0032
0.0072
0.0062
0.0034
0.0126

0.632

0.0314

Grooming
Comparison of grooming matrices of successive years by means of a rowwise matrix
correlation test (Table 5, panel 2) indicated that, on a year to year basis as well as over
a five-year period, females’ grooming relationships were significantly correlated, for
females in general and more pronounced for OMU-females (where testing was
possible).
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Discussion
Socioecological models (e.g. van Schaik, 1989; Sterck et al., 1997) predict ecological
conditions to be reflected in the social structure. Although species are mostly
categorised in their entirety, research on chacma baboons indicated that animals
within a single (sub) species have the plasticity to adapt their social according to
ecological conditions as well (e.g. Anderson, 1981; Byrne et al., 1990; Henzi &
Barrett, 1999). Therefore, a similar degree of flexibility to adapt social relationships
to changed ecological conditions was expected to be prevalent in hamadryas baboons
in captivity. To evaluate whether the shift from a scramble to a contest competitive
regime is reflected in the shift from a cross-sex bonded structure with few features of
female-bonding to one with a more female-bonded character, three aspects of female
social behaviour were considered in detail: dominance relationships, spatial proximity
and grooming relationships.
Dominance relationships
Dominance relationships within the study group are characterised by linearity and
stability, two features attributed to matrilineally organised species (Gouzoules &
Gouzoules, 1987; Melnick & Pearl, 1987; Chapais, 1992) and not expected in nonfemale bonded groups (van Schaik, 1989; Sterck et al., 1997). The occurrence of
female alliances is considered to be an important, but not the only determining factor
in rank acquisition and maintenance (Datta & Beauchamp, 1991; Chapais & St.Pierre, 1997) in matrilineal groups. Although female support in agonistic encounters
has been reported for hamadryas females in captivity (Gore, 1994), females were
never observed to support one another in this study. Consequently, alliance formation
seemed to be of minor importance for dominance relationships among the female
hamadryas baboons in this group. The very rare occasions in which females were
conform the reported cases of agonistic support by wild female hamadryas baboons
(Kummer, 1968): in the context of defence of their male leader against other males
and in conflicts of their own infants or of infants of female friends. Some argue that
these rare events can be sufficiently effective and important for the process of rank
inheritance (see Chapais, 1992). Nevertheless, the relative low dominance rank of the
three daughters of one of the top ranking females by the time they achieved sexual
maturity suggests that rank relationships are individualistic instead of nepotistic, since
maternal rank inheritance in matrilineally organised groups occurs before sexual
maturity is reached (Lee & Oliver, 1979; Walters, 1980; macaques: Prud’homme &
Chapais, 1993a & b).
Affiliative relationships
Since a recent field study reported a deviation from the typical star-shaped sociogram
for some groups (Swedell, 1999), an increased importance of female-female grooming
relationships was expected in our study group because related and familiar females
were numerously present. Although much of the females’ grooming interactions were
still directed towards the male leader, he was no longer the principal focus of females’
affiliative attention, which is in sharp contrast with most of the other reports on
hamadryas baboons (e.g. Kummer, 1968; Sigg, 1980; Zinner, 1993). The sociograms
indicated that female grooming relationships are indeed important and highly
differentiated (see also Leinfelder et al., 2001).

Unfortunately, the effect of kinship on grooming interactions and proximity could not
be evaluated profoundly for all individuals. Nevertheless, sociograms of successive
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years indicated that the four known mother-daughter and the four known sister pairs
were important grooming partners, especially when they were members of the same
OMU. The results of proximity relationships revealed the same pattern (Leinfelder et
al., 2000).
Although dominance rank is another determining factor for the development and
maintenance of stable affiliative relationships within matrilineally organised species
(Sade, 1972; Seyfarth, 1977, 1980; Gouzoules & Gouzoules, 1987), no evidence is
found that the distribution of grooming interactions is influenced by dominance rank
in this study group (Leinfelder et al., 2001). Instead, grooming relationships of
hamadryas baboons were found to be highly reciprocal and friendship seemed the
most important determinant for the distribution of grooming interactions. That
conclusion seems to be further supported now by the relative stability of proximity
and grooming relationships over the entire study period.
In general this study indicates that some features of closely related (more) femalebonded, matrilineally organised subspecies (i.e. linear, stable dominance hierarchies
and stable afffiliative networks) could develop in the cross-sex bonded hamadryas
baboon under certain circumstances. However, some characteristics of the hamadryas
social organisation (i.e. the lack of nepotistic alliances and mutual coalitions between
non-related females) remain prevalent. This indicates that on the one hand female
hamadryas baboons exhibit the flexibility to adapt their social interactions to changed
ecological conditions and to adopt some of the features of matrilineally organised
species. On the other hand they do not seem to be flexible enough to deviate
completely from the male-focussed affiliation and to establish the use of coalitionary
support. Consequently, the matrilineal social network could not develop to its full
extent. Although this incapability could be assigned to phylogentic constraints, this
possibility is refuted, since male hamadryas baboons seem to have the cognitive
capacities to form alliances with other, probably related, males (Kummer, 1968,
Abegglen, 1984) and females make use of coalitionary support as well, though mainly
in the context of agonistic support of infants or in favour of the male leader.
Therefore, it is more likely that the influence of the male and his policing behaviour
(Watts et al., 2000) made that female alliances lost their effectiveness.
Conclusions
• Female hamadryas baboons can develop stable linear dominance hierarchies under
certain circumstances.
• Female hamadryas baboons have the capacity to develop highly differentiated
affiliative networks: rather stable grooming and proximity relationships are
prevalent.
• Male policing behaviour is probably the cause of the female social network not to
develop to its full extent (male leaders are still important affiliative partners and
female coalitions are lacking).
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(Pteropus rodricensis) at Drusillas Park
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Abstract
This study aimed to investigate the behaviour and enclosure use of the fruit bats
(Pteropus rodricensis) held at Drusillas Park. The bats did not appear to fully utilise
their enclosure and were rarely seen flying. Using instantaneous scan sampling at
one minute intervals, behaviour was quantified by noting state behaviours and
enclosure use during 25 minute observation sessions, throughout the day. Analysis of
these data suggested that the bats’ enclosure use was determined largely by the food
source. To increase the bats’ enclosure use the number of food sources present was
increased, and further observations carried out as before. These changes to the
enclosure did appear to positively modify the bats’ behaviour and enclosure use.
Introduction
Wild Rodriguez fruit bats are crepuscular; active during dawn and dusk. They live in
large groups (of approximately 500 individuals, Burnie & Wilson, 2001) which roost
together. They spend their active hours flying between feeding and roosting sites. In
1976, the wild Rodriguez fruit bat population was estimated to be as low as 70-80
individuals (Carroll, 1981). The population had suffered from the effects of
deforestation which lead to reduced food and roosting opportunities, and had
increased their vulnerability to the effects of frequent cyclones which occur in this
region (Carroll, 1981). As such, this small and highly fragmented population was
categorised as critically endangered (IUCN, 2002).

The preservation of this species was initiated by the Jersey Wildlife Preservation
Trust (now the Durrell Wildlife Conservation Trust) in 1976, who began a captive
colony consisting of ten (three males and seven females) individuals. The creation of
a captive breeding programme to manage this species has been highly successful; the
most recent figures for the population illustrate that there are 401 bats surviving in 14
European collections (Brayshaw, 2000). It is now pertinent to restrict breeding in
some collections, so five single sex (both male and female) groups were established
(Brayshaw, 2000).
The aim of this project is to study the behaviour and enclosure use of the Rodriguez
fruit bats (Pteropus rodricensis) held at Drusillas Park, under diurnal conditions.
Using these data enclosure modifications will be made and the effects of these will be
monitored.
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Materials and Methods
Subjects, husbandry and housing
The study group consisted of 21 male Rodriguez fruit bats (aged between two and 22
years). All the bats originated from different collections within the UK and have all
been housed together continuously since August 2001.

The free-range enclosure consists of an inside (4.8m x 8.55m x 3.0m) and outside
(8.2m x 9.75m x about 6m) area. The bats have full access to both indoor and outdoor
enclosures but are sometimes restricted to the indoor area on cold and wet days. The
inside enclosure has an open fronted public viewing area where there is no barrier
between the inside enclosure and the public interpretation area; the bats are able to fly
and use this public area (Figure 1). Both inside and outside enclosure areas are
furnished with branches, vines, logs and natural vegetation. The indoor area also
contains a waterfall and heaters. The top portion of the outdoor area consists of nylon
netting.
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Figure 1.

Enclosure zones recorded according to their resources and height (three levels, A,
0.5m above ground & below, B, between A & C, C 0.5m below the ceiling &
above).

Data collection
Data were collected for 20 days (between May and June 2003); ten days before and
ten days after enclosure modifications, which consisted of providing more perching
and the suspension of vines from the ceiling.

Each observer was trained by Clare Reed, who ensured that interpretation of the
ethogram was consistent and data were reliably recorded.
Data were collected for 25-minutes, three times a day (am, 08.00h-10.59h; noon,
11.00h-13.59h; and pm, 14.00h-16.59h). Instantaneous scan sampling every 20seconds for five minutes, was used to record behaviour (Table 1) and enclosure use
(Figure 1) of a focal bat. Five bats were observed consecutively in an observation
period (using a standardised method to ensure random bats were observed). The first
bat in a period was chosen randomly from one of the four designated enclosure areas
(the enclosure was roughly divided into four equal areas, a, b, c and d); during period
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one the first bat was chosen from area a, the first bat in period two was chosen from
area b and so on using areas c and d. Thereafter, the next bats observed were
identified as those on the right hand side of the focal animal at the end of the
observation session.
Table 1.

An ethogram of the behaviours observed.

Behaviour
Roosting
Hanging alert
Walking
Walking on ground
Flying
Moving with food
Feeding
Aggression
Grooming
Allo-grooming

Description
Asleep, hanging from one or both feet
Hanging stationary but awake
Walking along branches/vines using both feet &/thumbs
Using all 4 limbs to crawl across the floor
Bat in motion with wings flapping
Bat either flying or walking whilst carrying food
Bat eating food
Shaking wings towards another bat
Licking &/scratching fur
One bat licking another bat’s fur

Data analyses
A two-way ANOVA was used to compare the bat’s activity budgets, by condition and
time of day (observation time). Those relationships which were statistical significant
were further tested using the Bonferoni post-hoc multiple pair-wise comparisons. All
statistics were carried out using SPSS (2001).

Adjusted Spatial Participation Indices (Plowman, 2003) were calculated daily for each
condition (before and after enclosure modification) using the total frequency of use
for each enclosure zone. This provides an index between one and zero; values close to
one represent poor enclosure use and suggest that zones within the enclosure are used
unevenly.
Results
The bat’s activity budgets did not alter significantly after changes to their enclosure
(F= 1.0; df = 5; p > 0.05). However, time of day did significantly effect their
behaviour (F = 3.4; df = 10; p = 0.001; see Figure 2), and they demonstrated less
active behaviours at noon.

The SPI values calculated, indicating the bats’ use of their enclosure, increased after
enclosure modifications (SPI before:0.69 and after: 0.56). This increase suggests that
after the enclosure modification the bats’ used their enclosure more evenly, instead of
the high preference shown for a couple of zones demonstrated prior to the enclosure
changes e.g. site three (heater & tree), six and two (feed trays & tree) and eight (tree)
prior to enclosure modification.
The frequency of enclosure zone use did not reflect the size of the zone (Figure 1 and
3), therefore the bats’ choice of enclosure zone must have been determined by
something else, e.g. resource type in the zone.
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Discussion
The enclosure modifications were successful at increasing the number of zones used
by the bats with the enclosure. Prior to the enclosure modifications, the data
demonstrated that the bats’ enclosure use was biased towards zones containing the
heat sources and feeding areas (sites two, three, six and 11), suggesting that they fed
and roosted in the same areas. After the enclosure modifications the bats were
observed to use more of the enclosure, for example zones four (flying zone) and nine
(fake tree). The bats were also observed in the outside enclosure (zones 13 – 19) more
frequently. However, this may have been an artefact of season, as the weather was
warmer during the later observations.

Due to the data collection method used, observations of the bats in the outside area
may have been artificially lowered. In an effort to randomise the focal bat being
observed (as they could not be individually identified), the first focal bat was chosen
from one of four inside enclosure areas. Subsequent focal bats were chosen as those
on the right hand side of the previously studied bat. This method obviously reduces
that chances of observing bats outside, unless the bat being observed were to move
outside. Thus providing data of a bat outside and enabling the next bat to be chosen
from one which was also outside.
The bats’ activity budgets did not vary significantly after the enclosure modifications.
This was not entirely unexpected as the changes made were structural which might
not be expected to stimulate activity (e.g. feeding or olfactory enrichment). Time of
day did significantly effect the bats’ behaviour, and they rested more at noon (11.00h13.59h) compared to the am or pm observations (am, 08.00h-10.59h; pm, 14.00h16.59h). These data are also not surprising as we know bats are crepuscular. Unlike
many captive bat groups, which are maintained under reverse lighting systems, the
Drusillas’ bat group has diurnal lighting. It has been suggested that this later
management method reduces the amount of active behaviours visitors will observe
during their visit. The data in this study suggests that bats kept under ‘normal’
lighting conditions behave as we would expect, and so to increase active behaviours
during the maximum the period when visitors are highest (middle of the day) the
lighting schedule would need to be tailored to provide twilight or dawn conditions
during this part of the day. The ethical and/or welfare implications of this would need
to be considered.
Conclusions
• The enclosure modifications provided increased the bats enclosure use.
• The bats’ activity budgets were crepuscular.
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Abstract
In order to encourage a longer, more stable hibernation pattern in captive bred
dormice, half the dormice kept at Paignton Zoo Environmental Park were fed a
reduced calorie diet over winter. From December 2002 until April 2003 activity was
monitored in each of 16 cages, with activity recorded when a food bowl had been
disturbed.
Activity was significantly correlated to temperature (p<0.001). Dormice on a low
calorie diet were less active (p<0.001) and showed longer periods of inactivity
(p=0.001). There was no relationship between weight change and diet given
(p>0.05). Individuals showing signs of stress only appeared to show torpor.
Hibernation length is influenced by food availability.
Introduction
The dormouse (Muscardinus avellanarius) has become extinct over a large part of its
previous range (Hurrel & McIntosh, 1984). Many areas of suitable habitat do not
contain dormice, possibly because of very slow recolonisation due to their arboreal
nature (Bright & Morris, 1991). Therefore reintroduction of captive bred animals
forms the basis of English Nature’s Species Recovery Plan.

It has been suggested that captive bred dormice travel less far when released thus
reducing their chances of finding sufficient naturally available food (Bright & Morris,
1994). It is also suggested that captive bred animals have a lower survival rate after
release (Bright et al., 1996) although there is no data on long term performance or
mortality or activity patterns over the winter period.
Hibernation in wild dormice usually lasts from October until April (Hurrell, 1962). It
has been noted that hibernation in captive dormice over the winter period is erratic,
with shorter hibernation lengths than those typically recorded in the wild and several
days of activity alternating with several weeks of sleep (Walhovd, 1971). In English
Nature’s conservation handbook (Bright et al., 1996) a diet of fresh fruit with nuts,
biscuit and seed is recommended for captive dormice so that on release individuals
have large fat stores giving them a higher chance of survival (Bright & Morris, 1994).
This study describes an investigation into whether a lower calorie diet encourages a
longer, more stable hibernation in captive-bred dormice. A captive dormouse with a
hibernation period comparable to that of a wild animal may adapt more readily upon
release into the wild.
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Method
The study was conducted on a group of captive dormice at Paignton Zoo
Environmental Park from October 2002 until March 2003. Sixteen 1m3 cages, holding
one to three dormice, were divided into two rows of eight. The top row was fed a
normal diet and the bottom fed a reduced calorie diet (Table 1). Activity was recorded
daily by placing the food only along one side of the dish and checking for disturbance
the following morning, a cage was deemed active if the food had been disturbed.
Previous data for activity periods revealed no difference in activity between top and
bottom cages. Most cages contained one dormouse except three which held a
male/female pair and one which had a family group of three dormice were kept
together. Both rows contained the same total number of dormice. Maximum and
minimum temperatures were recorded daily and each dormouse weighed every
month. Data was analysed using SPSS v10.0.
Table 1.

Alternative and normal winter diet provided for captive bred dormice.

Regular Diet (Control)
1 part Parrot Mix
2 parts Mixed Corn
1 part Vitalin Dog Food
1 part Small Dog Meal
½ part Mynah Bird Food
½ part Canary Egg Food
½ part Insectivore Food
½ part Dried Fruit
One piece carrot & One piece fruit

Low Calorie Diet
2 parts Small Dog Meal
1 part Insectivore Food
1 part Vitalin Dog Food
1 part Canary Egg Food

One piece carrot

Results
There was a large variation in number of nights active between cages, regardless of
diet (Figure 1). Very few of the dormice were active when the minimum temperature
dropped below 0°C but in many cages episodes of activity occurred when
temperatures fluctuated over 0°C. A correlation between minimum temperature and
total number of cages active was highly significant (p < 0.001).

Dormice provided with the lower calorie diet had significantly (t[125] = 5.35, p <
0.001) fewer periods of activity than the animals fed the normal diet; a mean total of
15 and 38 nights, respectively, excluding animals showing signs of stress. They also
had significantly longer periods of inactivity (two-sample t[125] = 7.92, p = 0.001;
Figure 1). The longest period of complete inactivity in all cages of dormice given the
normal diet was approximately two weeks compared to a month with the reduced
calorie diet. There were also fewer active cages on each day with the reduced calorie
diet compared with the normal diet (t[125] = 9.82, p < 0.001).
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temperature

Number of dormouse cages in which activity was detected each day and
minimum daily temperature.

Average Weight Loss Per Animal

The average weight loss per animal showed greater variation between individuals than
between diets. Weight loss on the adjusted low calorie diet was greater than on the
normal diet but this difference was not significant (Figure 2).
0
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-0.5
-1
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-2.5
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Figure 2.

Adjusted Diet

Average monthly weight loss/gain of captive dormice over winter on a normal
diet and an adjusted low calorie diet.

Individuals showing signs of stress
Four cages showed a much higher number of active periods throughout the study
(Figure 3) with brief periods of inactivity only occurring at very low temperatures.
These animals also showed signs of stress i.e. hair loss and foot sores. Three of these
cages contained more then one animal.

315

Number of cages

Poster Presentations

6
5
4
3
2
1
0

Adjusted
Normal

Dormice
↓showing ↓
stress

0-10

11-20

21-30

31-40

41-50

51-60

61-70

Number of active periods
Figure 3.

Frequency of active periods of dormice in each cage fed both diets.

Discussion
Weight change over the hibernation period showed large variation between
individuals. All dormice were fed the same diet over spring and summer and have
previously showed similar total weight loss regardless of cage position with similar
individual variation. A low calorie diet, although less appetising, is associated with
decreased activity, which seems to compensate for a low energy gain. Those
individuals constantly presented with abundant appetising food are more active when
temperatures allow. Therefore it appears that hibernation is regulated in part by the
availability of certain food types.

Dormice became inactive around the time of the first frost when temperature fell
below 0°C. This is comparable to wild populations (Hurrel, 1962) and thus entry into
hibernation appears to be linked to temperature. A low calorie diet, resulted in
reduced activity with some cages having only six active periods from December until
late March, all of which occurred within the last week of March. More frequent, short
periods of activity, like those seen previously in captive hibernating dormice
(Walhovd, 1971), were seen in those animals on the normal winter diet. Therefore by
reducing the calorie content of the diet hibernation can be sustained in captivity in
comparable periods to those observed in the wild.
Four cages showed frequent periods of short activity interspersed with short periods
of inactivity. It appears that the individuals within these cages were unable to sustain
hibernation. Of those four two had the normal and two had the adjusted diet. Activity
in these cages appeared to be linked solely to temperature as they were only inactive
in extremely low temperatures, therefore it appears that individuals or an individual
are showing torpor rather than hibernation. Three of these cages were the only ones to
contain more than one individual and were the only ones to contain individuals
showing signs of stress such as hair loss. It is possible that housing more than one
individual within a cage increases stress levels. Three individuals showing signs of
stress were contained within the same nest box. Nest boxes have been suggested to
provide insufficient areas in which a dormouse can hibernate (Morris et al., 1990),
due to their variable humidity and temperature. Bright et al. (1996) suggest that a soil
tray with a moss covering may provide a sufficient place for dormice to hibernate in
captivity. This may reduce stress levels and is suggested to be an area for future study
along with the separation of individuals over the winter period.
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Abstract
Wallowing or ‘dust-bathing’ is a behaviour commonly known in ungulates. Several
hypotheses for the function of wallowing behaviour in American bison (Bison bison
bison) have been suggested. A possible explanation regards wallowing as an
aggressive display in competitive male-male interactions during the breeding season.
We evaluated wallowing in bison males in semi-natural conditions. We looked at its
distribution over time (non-rut, rut: pre-rut, peak-rut, post-rut) and we evaluated its
frequency in function of dominance.
The study animals were held on a bison farm in southern Belgium. Animals could
graze outside year round on a total of 280ha. Bison bulls were assembled in a
bachelor group outside of the breeding season (non-rut) and were divided over four
female herds during rut with about one male per 15 females. Observations on
wallowing were carried out during several non-rut periods (1999-2000, total h=183h,
# males=6-8), and two rut periods (2000:578h, # males=14; 2001:394h, #=11) from
a 4x4 vehicle to which the animals were habituated. Wallowing was often preceded by
a sequence of other behaviours like sniffing the wallow pit, pawing, urinating and/or
head rubbing.
We found that males wallowed more during rut than during non-rut (one-way
ANOVA, F=13.70, p<.001, post-hoc Tukey non-rut vs. rut 2000 p<.001, non-rut vs.
rut 2001 p<.001). During rut 2000, males showed more wallowing during peak-rut
than during both pre- and post-rut (one-way ANOVA, F=14.47, p<.001, post-hoc
Tukey pre vs. peak p<.001, post vs. peak p<.05), while during rut 2001 this only
applied to the pre-rut (one-way ANOVA, F=5.03, p=.01, post-hoc Tukey pre vs. peak
p<.05). Dominant bulls wallowed more than subordinates during both rutting seasons
(two-way ANOVA corrected for group effect: rut 2000, F=29.97, p=.01; rut 2001,
F=44.32, p<.01).
Our results confirm the hypothesis of wallowing being typical rutting display
behaviour between competing bison bulls.
Keywords: bison bulls, wallowing, rut, dominance
Introduction
Wallowing or ‘dust-bathing’ is a behaviour commonly known in ungulates. Several
hypotheses for the function of wallowing behaviour have been suggested, such as
grooming, thermoregulation, scent marking or display behaviour (Bison bonasus:
Cabon-Raczynska et al., 1987; Rhinoceros unicornis: Pal & Bhattacharyya, 1986;
Cervus canadensis: Struhsaker, 1967; Dama dama: Massei & Bowyer, 1999; Alces
alces: Geist, 1963).
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When bison wallow, they lie down in an existing wallow pit and roll repeatedly onto
their side towards the top of the back. They almost never roll completely over to the
other side and thus have to get up and lie down again in order to wallow on the other
side. Wallowing is often preceded by a sequence of other behaviours like sniffing the
wallow pit, pawing with the forehooves, urinating in the pit or on the forelegs and/or
vigorous rubbing of head, chin, neck or horns in the earth (McHugh, 1958; Lott, 1974;
Reinhardt, 1985).
In earlier studies, multiple functions have been ascribed to wallowing in American
bison (Bison bison bison). McHugh (1958), who was one of the first to describe bison
behaviour in the wild, considered wallowing as an important conflict behaviour
between bulls during the breeding season or rut. Another study by Lott (1974) also
underlines that wallowing is associated with male-male agonistic interactions during
rut. Reinhardt (1985) on the other hand noted that the behaviour was not related to
breeding activity in his confined study herd, but its manifestation was dominance
related.
Wallowing is often seen as a comfort behaviour, especially outside the rut, shown by
both sexes, its function being a grooming behaviour serving as a relief from biting
insects, a tick defence strategy or useful to lighten itching skin irritations caused by
the process of moulting (Soper, 1941; McHugh, 1958; Lott, 1974; Reinhardt, 1985;
Mooring & Samuel, 1998; McMillan et al., 2000; Coppedge & Shaw, 2000).
Wallowing has also been associated with play (McHugh, 1958) or suggested to act as
a group cohesive element by contributing to the synchronisation of the herd’s activity
rhythm (Reinhardt, 1985).
It has been hypothesised that male wallowing is a scent-marking behaviour that may
be related to olfactory dominance signalling and/or the priming of oestrus in females
by males (Bowyer et al., 1997). Wolff (1998) also noted this scent-urination by
wallowing in over six-year old bulls throughout the rut. He supports the possibility
that the released odours may act in males to intimidate other bulls and signal
condition and rank. He also found that scent-urination may function to stimulate
ovulation in cows since bulls preferred to stand on the upwind side of a cow during
tending.
As mentioned above, a possible explanation regards wallowing as an aggressive
display in competing male-male interactions during the breeding season. We
examined this hypothesis within a broader study on reproductive behaviour and
investment of bison males. We evaluated wallowing in American bison bulls in seminatural conditions. We looked at its distribution over time (non-rut, rut: pre-rut, peakrut, post-rut) and we evaluated its frequency in function of dominance.
Materials and Methods
Animals & herd management
There are two study areas in southern Belgium (La Roche & Bastogne) where the
study animals are held in semi-natural conditions on a commercial farm. The animals
graze year round on meadows of 25ha on average on a total surface of 280ha in a
rotation system. In winter, these bison are supplementary fed with hay.
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Bison bulls were assembled in a bachelor group outside of the breeding season (nonrut) and were divided over four separate female herds during rut with a sex ratio of
about one male per 15 females. This is analogous to the group dynamic of wild bison
(McHugh, 1958; Lott, 1974; Rutberg, 1984; Komers et al., 1992).
All animals are individually recognisable through an eartag and phenotypic
differences (Table1).
Table 1.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Overview study animals: name of bison bull along with its abbreviation, birth
date and parentage.

Name
Gourmand
Bosse
Frère
Jérôme
Grimpeur
Cinq
Bond
Rouge
Orange
Sus
Vitale
Kastare
Louis
Pitou
Dali
Enio
Junior
Axe
Nozib

Go
Bs
Fr
Je
Gr
Ci
Bo
Ro
Or
Su
Vi
Ka
Lo
Pi
Da
En
Ju
Ax
No

°date
1992
April ‘92
1995
April ‘95
13/04/96
14/05/96
06/05/96
18/04/96
01/05/97
26/04/97
30/04/97
18/04/98
12/04/98
05/05/98
06/05/98
06/06/98
26/05/99
May ‘99
19/05/99

dam
USA
USA
230O
291Y
222W
125O
108O
107Y
FOLA
600W
213O
121O
129O
524W
230O
111O
207W
203Yk
622W

sire
USA
USA
201W
201W
USA
213G
213G
Mline
213G
213G
201W
77P
77P
213G
213G
213G
605O
77P
605O

Observations
Observations were conducted from a four-wheel drive vehicle. The animals are
habituated to this vehicle, and thus its presence does not influence their behaviour.
Observations are carried out by a combination of multiple focal animal sampling and
all occurrences sampling (Altmann, 1974).

We observed the bulls’ behaviour during different periods of the year, during rut or
the breeding season and during non-rut or out of the breeding season.
Observations on wallowing were carried out during several non-rut periods (19992000, total h=183h, # males=6-8), and two rut periods (2000:578h, # males=14;
2001:394h, #=11) (Table 2, 3 and 4).
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Table 2.

Non-rut periods: observation period, amount of hours observed and
representation of bison bulls making up the bachelor group during every non-rut
period.

Period
21Nov-03Dec’99
12Feb-21Feb’00
05Jun-07Jun’00
27Nov-03Dec’00
Table 3.

Observed hours
48h
70h
26h
39h

Rut periods: observation period and the division of bison bulls over the four
different female bison herds with indication of their dominance position (most
dominant = 1).
Dominance Group 1 Group 2 Group 3 Group 4
Period

Rut 2000 08Jun-08Sep’00 1
2
3
4
Rut 2001 12Jun-06Sep’01 1
2
3
Table 4.

Group composition
Go-Jé-Gr-Ro-Bo-Ci-Or-Su
Go-Jé-Gr-Ro-Bo-Ci-Or-Su
Ro-Bo-Ci-Or-Su-Lo-Ka-Pi
Bs-Gr-Ro-Bo-Or-Su

Ci
Bo
Ka
Lo
Bs
Or
Ju

Ro
Or
Su
Pi
Ro
Bo

Bs
Gr
Gr
Ax
No

Fr
Vi
Da
En
Fr
Vi
Da

Representation of the amount of females comprised by the four different female
herds over which the bison bulls were divided during the rut periods (see Table
3).

Rut 2000
Rut 2001

N group 1
52
42

N group 2
45
42

N group 3
34
30

N group 4
54
49

Wallowing was often preceded by a sequence of other behaviours like sniffing the
wallow pit, pawing, urinating and/or head rubbing.
Rut
Based on observations of rutting activity and on the timing of the birth season, we
found that rut peaked in early to mid-August.
•

Pre-rut or early-rut: start of observations till 1st August.

•

Peak-rut: 1st August till 25th August.

•

Post-rut or late-rut: 25th August till end of observations.

Dominance determination
During rut the number of males was too small to determine dominance in a statistical
way. Here we used a base set of behaviours (displacement, yield to, keeping distance
and get up upon approach) and reviewed their direction of movement. Dominance
was then set, since in all cases the direction of the interaction was uni-directional
(Table 3).
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Results
We found that males wallowed more during rut than during non-rut (one-way
ANOVA, F=25.83, p<.001, post-hoc Tukey non-rut vs. rut 2000 p<.001, non-rut vs.
rut 2001 p<.001) (Figure 1).

During rut 2000, males showed more wallowing during peak-rut than during both preand post-rut (one-way ANOVA, F=14.47, p<.001, post-hoc Tukey pre vs. peak
p<.001, post vs. peak p<.05), while during rut 2001 this only applied to the pre-rut
period (one-way ANOVA, F=5.03, p=.01, post-hoc Tukey pre vs. peak p<.05) (Figure
2).
Dominant bulls wallowed more than subordinates during both rutting seasons (twoway ANOVA corrected for group effect: rut 2000, F=29.97, p=.01; rut 2001, F=44.32,
p<.01) (Figure 3).

frequency / h

0,5
0,4
0,3
0,2
0,1
0
non-rut

Figure 1.

rut 2000

rut 2001

Comparison of the average wallow frequency per hour (with indicated standard
error) of bison bulls between non-rut and rut.

frequency

3
2
1
0
19-6

24-6

29-6

Figure 2.

4-7

9-7

14-7

19-7

24-7

29-7

3-8

8-8

13-8

18-8

23-8

Representation of the distribution of average wallowing frequency per day (with
indicated standard error) during rut 2001 for all bison bulls in the study groups
(n=4) together.
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w allow group 1 in 2001

w allow group 2 in 2000
100

100

75

75

50

50

25

25

0

0
Rouge

Orange

Figure 3.

Sus

Bosse

Pitou

Orange

Dominant bulls (black) wallowed more than subordinates (grey) during both
rutting seasons as illustrated for group 2/2000 and group 1/2001.

Discussion
In this paper, we looked at the wallowing behaviour of adult bison bulls in seminatural conditions within a larger study on reproductive competitive behaviour of
these animals. More specifically we investigated the hypothesis that wallowing by
male bison is associated with male-male sexual competition. We expected to find
more wallowing during rut and especially by the dominant males. Although
wallowing occurred during all observation periods, clearly males wallowed more
during rut than during non-rut. We also found that dominant bulls wallow more
frequently than subordinate ones during rut.

In European bison groups comprising several bulls, the frequency of wallowing
increased in the period in which they were sexually active and the dominant bull
exhibited this activity most often (Cabon-Raczynska et al., 1987). McHugh (1958)
found a large increase in wallowing by American bison bulls during the rut. Most of
the wallowing occurred previous to, during or in anticipation of hostile situations.
That wallowing occurs primarily before an aggressive encounter throughout the rut
was confirmed by other studies as well (Lott, 1974; Wolff, 1998; McMillan et al.,
2000).
Reinhardt (1985) on the other hand did not find a significant correlation of wallowing
behaviour with breeding activity. He did however note that dominant animals were
wallowing more frequently than subordinate ones, since they had more access to
wallow pits (grooming context). The confined animals stayed together all year
through, so that dominance relationships were stable and vicious encounters never
took place. It was argued that there was no need to signal dominance by wallowing
(aggression context) (Reinhardt, 1985). In studies on free-ranging bison (McHugh,
1958; Lott, 1974) that characterise wallowing as a threat gesture, the bulls vigorously
compete with each other over breeding priorities. Reinhardt (1985) argued that ‘such
high-intensity aggressive encounters between unpredictable rivals may occasionally
lead to a collision of the aggressive and of the fugitive drive in both contestants’,
resulting in wallowing as a displacement behaviour (as in McHugh, 1958).

323

Junior

Poster Presentations

In our study, no heavy aggressive encounters within groups were observed, though
between group encounters did provoke aggressive behaviour (snorting, bellowing,
vigorous pawing, tail lifting, bucking, …). Direct contact between opponents was not
possible and these mock-battles were always accompanied by increased wallowing
activity (pers. obs.). All this confirms that male wallowing behaviour is associated
with male-male conflict and the resulting tension during the rut.
McMillan et al. (2000) argued that since wallowing peaked both before and after the
rut during both years of their study (wallowing activity decreased during August), it is
unlikely that wallowing is primarily a social behaviour associated with male-male
conflict during the rut. However, our data show that bison bulls wallow more during
peak-rut than during pre-rut in both study years and they also showed more wallowing
during peak-rut than during post-rut in one study year.
Conclusion
Our results confirm the hypothesis of wallowing being typical rutting display
behaviour between competing bison bulls. However, wallowing by females was
common and both males and females also wallow outside the rut. Therefore we
postulate that the behaviour may serve different functions in bison, depending on the
sex of the actor and the season and context in which the behaviour is performed.
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The role of 2-acetylpyrroline in tiger communication
Sheralyn Smith
Anglia Polytechnic University, East Road, Cambridge, CB1 1PT
Abstract
Tigers (Panthera tigris) produce a milky white ‘marking fluid’ from their urinary
tract, which they spray onto vegetation. Tigers will exhibit ‘flehmen’ behaviour at a
site sprayed by a conspecific (Schaller, 1967). It is therefore believed that tiger
marking fluid may convey semiochemical information, such as territory boundaries,
but precise functions remain unconfirmed. The aim of this study is to determine the
function of 2-acetylpyrroline in the marking fluid of tigers (Panthera tigris).
Marking fluid consists of a large number of carboxylic acids, amines and aldehydes
but the most interesting constituent may be 2-acetylpyrroline which gives the marking
fluid its characteristic smell (Banks et al., 1992; Poddar-Sarker, 1996; Banks, 2000).
It is suggested that 2-acetylpyrroline may serve as an advertising function, alerting
tigers at a distance to the location of a sprayed site (Waterhouse, pers. comm.).
Preliminary observations suggest that behaviours such as scent marking, sniffing and
flehmen were expressed in response to marking fluid and 2-acetylpyrroline.
Behaviours were expressed for a longer duration in response to conspecific marking
fluid than to an isolated solution of 2-acetylpyrroline. The frequency of returning to
the treatment site was highest in response to conspecific marking fluid. These results
are supportive of the hypotheses that 2-acetylpyrroline may serve as an advertising
signal.
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Occurrence of female-to-female sexual behaviour and apparently non-functional
behaviours in female scimitar-horned oryx Oryx dammah before and after the
introduction of a male
Alison V. Van de Velde
Marwell Zoological Park, Colden Common, Winchester, Hampshire, SO21 1JH
Abstract
Scimitar-horned oryx are extinct in the wild (IUCN, 2002) and the species’ continuing
survival depends on ex situ breeding programmes. In captivity, reproduction needs to
be managed in accordance with genetic and demographic aims of the programme.
One approach is to manipulate social structure of herds to ensure breeding only
occurs when required. This may involve introducing a male to an all-female herd, and
then removing him again once the calves are born to prevent further matings.
All-female groups of scimitar-horned oryx are reported to display a distinct hierarchy
with the female of highest rank adopting the role of a dominant male, displaying many
male behavioural traits such as Flehmen (Pfeifer, 1985; Engel, 2003) and mounting.
The introduction of a male scimitar-horned oryx to the herd at Marwell Zoological
Park provided an opportunity to evaluate changes in the behaviour of a previously
all-female group. Some sexual behaviour was observed between females prior to the
introduction of the male (0.6% of daily activity budget), but ceased thereafter,
confirming previous accounts of this behaviour in this species.
Another notable feature of the behaviour of the female oryx was time spent hornrubbing and wall licking. These apparently non-functional behaviours increased from
1.9% to 8.4% of their daily activity budget following the introduction of the male. The
female oryx did not engage in these activities when given access to a grazing paddock
during summer months which suggests that they are a facet of confinement that
became exaggerated with the introduction of the male, possibly as a coping
mechanism.
The consequences of changes in social behaviour of scimitar-horned oryx when
maintained in a single sex group are not known, although it is clear from this study
that the instantaneous changes can occur with the introduction of a male. The nature
of horn-rubbing and wall licking that occur when the oryx are confined to the
hardstand (Van de Velde, this volume), and to a greater degree immediately after
changes in the social structure of the group, require further investigation.
Acknowledgements
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Abstract
The Royal Zoological Society of Antwerp (RZSA) - consisting of the Antwerp Zoo and
the Wild Animal Park Planckendael - has a clear-cut mission: the contribution to
nature conservation. The tools to achieve this goal consist of breeding programmes
for endangered species, problem-solving research focusing on animal management
and welfare, and education and entertainment ("edutainment") of the public. As a
result of the changing attitude in our zoological society towards the support of active
participation of research in zoo management, we are currently elaborating a new
kind of “product” for our visitors. In these projects we aim to bring “science” to a
larger public. In this contribution we want to introduce one of the latest projects
“Dank voor Stank” (literally translated: “Gratitude for Stench”). The project is
subsidised by the Flemish government in order to promote science. Its aim is to
popularise scientific information from each of the four specialist groups in our
research team: functional morphology, veterinary medicine, population biology and
genetics and etho-endocrinology. The central theme is the rationale that “faeces” are
a priceless substrate for science. Faeces allow us to determine in a non-invasive way
the health of an animal, its genetic background and hormonal status. "Faeces" serve
as the eye catcher and leitmotiv around which an amusing detective game was
elaborated. The visitors are invited to help resolve a fictive crime that has been
committed in the Park. They are offered clues in four different labs that are built in
the Animal Park for this purpose, each representing the disciplines practised in the
research group (functional morphology, veterinary medicine, population biology and
genetics and etho-endocrinology). In each lab relevant information will bring the
visitor closer to the resolution of the crime. As such we are able to illustrate in an
entertaining way the relevance of the different research disciplines that we practise in
order to serve nature conservation.
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Some aspects of reproduction in American bison (Bison bison)
Hilde Vervaecke1,2, Catherine Roden1,2, Franz Schwarzenberger3, Rupert Palme3 &
Linda Van Elsacker1,2
1
University of Antwerp, Department of Biology, Universiteitsplein 1, B-2610 Wilrijk,
Belgium, bisonobo@skynet.be.
2
Royal Zoological Society of Antwerp, Centre of Research and Conservation, K.
Astridplein 26, B-2018 Antwerp, Belgium.
3
Institute of Biochemistry, Veterinar Medizinische Universität of Wien, Veterinarplatz
1A, 1210 Wien, Austria.
Abstract
Hitherto duration of gestation in American bison (Bison bison) has been derived from
the interval between last observed copulation or tending bond with a bull, and
subsequent birth. It was suggested that gestation duration can be facultatively
adjusted by bison females in function of dominance rank. This implies a potential high
rank-related variation in gestation duration. Births early in the birth season are
beneficial in terms of calf survival and later fitness. We obtained hormonally
confirmed conception dates non-invasively in semi-free ranging bison females in a
commercial farm in the Belgian Ardennes. Hereto a series of faecal samples were
collected from 13 females - seven high ranking, six low ranking individuals,
throughout the rut to document luteal activity and conception dates. They were part of
a herd of 42 same-aged cows (10 yrs). Progesterone patterns were used to
complement of behavioural observation data on copulations and tending bonds in
order to determine probable timing of conception. The animals grazed year-round
(total 200 hectares) and were fed additional hay in winter. In June 2001, before the
onset of the breeding season, three breeding males joined the group. From May until
September 2001, agonistic and sexual behaviours were scored in the entire group by
focal and all occurrences sampling. The corresponding birth dates were collected
daily between April and August 2002. The hierarchy was found to be significantly
linear. Gestation length was on average 267.6 days; SEM=0,8589; range: 262-271,
n=10. Rank was only weakly related to gestation length (rs=0.627, two-tailed p=096,
n=8 after omission of females without calves in the spring preceding the rut) with
slightly shorter gestation periods for higher ranking females. The findings suggest little
variability in gestation duration and a weak relation between rank and gestation
duration in bison kept in provisioned conditions.
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Christmas comes once a month!
Feeding fully-feathered turkey carcasses to felids at Chester Zoo
S.Wehnelt¹ & A Roth²
¹Chester Zoo, North of England Zoological Society
²Royal Veterinary College, London
Abstract
Chester Zoo promotes and supports conservation by breeding threatened animals, by
excellent animal welfare, high quality public service, recreation, education and
science.
Large cats are among the most popular animals at the zoo. Many felid species are of
high conservation importance. Felids tend to be largely inactive and display pacing
which is perceived as negative by the public. Behavioural changes due to a restricted
environment raise welfare concerns, and zoos implement enrichment methods to
counteract and prevent undesired behaviours. Once a month, felids at Chester Zoo
receive intact, full-feathered turkeys instead of their conventional diet, consisting of
skinned, chopped meat. We investigated if the behaviour of the felids differed between
the two feeding conditions. The changes were assessed in relation to animal welfare
and visitor perception.
The behaviour of ten individuals of four species of felids was recorded. Feeding
whole turkey carcasses had a significant positive effect on the felids’ behaviour. The
enrichment technique encouraged natural, food-related behaviours rarely seen with
conventional feeding methods. The behavioural changes indicate health improvement
and that important physical and mental stimulation was provided. Undesired
behaviours such as inactivity and pace-walking decreased. Zoo exhibits with feeding
enrichment are likely to have a higher education and entertainment value.
In conclusions, turkey carcass feeds are recommended to be included in zoo diets for
felids. Environmental enrichment can be a successful tool to help zoos to fulfil their
mission of high standards in animal welfare, visitor education and entertainment and
it assists in the conservation of species and their behaviour.
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Camouflaging gorillas: a method of reducing the ‘visitor effect’
Deborah L. Wells & Emma C. Blaney
School of Psychology, Queen’s University Belfast, Belfast, BT7 1NN, UK
Abstract
For this study, the behaviour of six zoo-housed gorillas was recorded for one month
during their standard housing conditions (control condition) and one month later
following the installation of a camouflage net barrier to the viewing area of the
exhibit (barrier condition). Visitors’ (n=200) perceptions of the animals and the
exhibit were also explored during both conditions. The net barrier had a significant
effect on some components of the gorillas’ behaviour. The gorillas exhibited
significantly lower levels of conspecific-directed aggression and stereotypic
behaviours during the barrier, than the control, condition. The net also had a slight
effect on visitors’ perceptions of both the animals and their exhibit. The gorillas were
considered to look more exciting and less aggressive during the barrier, than the
control, condition. The exhibit was also considered to be more appropriately designed
for visitors following the introduction of the camouflage netting.
Introduction
Numerous institutions housing animals are open to the general public. Animals
housed at such sites are thus routinely exposed to the sight, sound and/or scent of
human visitors. This stimulation, whilst serving many of the suggested goals of
environmental enrichment, may also act as a potential source of stress to the animals
housed within (see Hosey, 2000 for review). Finding a way of screening captive
animals from human visitors may be one means of decreasing stress and enhancing
animal welfare (Birke, 2002). This study thus explored the effect of adding a
camouflage net barrier to the viewing area of a gorilla exhibit on both the gorillas’
behaviour and public perceptions of the animals and their environment.
Method
The behaviour of six gorillas (three males, three females) housed at Belfast Zoo was
studied for one month during their standard housing conditions (control condition)
and one month later following the installation of a camouflage net barrier to the
viewing area of the exhibit (barrier condition). The gorillas were studied during both
conditions five days a week, for two hours every day, using a scan-sampling
technique. One hundred visitors to the gorilla exhibit during each condition were also
surveyed to assess their perceptions of the animals and their environment. Visitors
were asked to indicate how, for example, happy, healthy, exciting and aggressive they
considered the gorillas, and how, for example, well-maintained, natural-looking and
interesting, they considered the animals’ exhibit.
Results
Gorilla behaviour
The gorillas spent significantly less of their time showing intragroup aggression
(F[1,4]=7.89, P<0.05) and abnormal behaviour (F[1,4]=8.40, P<0.05) during the
barrier condition than the control condition.
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Public perceptions
Visitors considered the gorillas to look significantly more exciting (F[1,199]=4.26,
P<0.05) and less aggressive (F[1,199]=14.06, P<0.001) during the barrier condition
than the control condition. The gorillas’ enclosure was also considered to be
significantly (F[1,199]=5.70, P=0.01) more appropriately designed during the barrier,
than the control, condition.
Discussion
The introduction of a camouflage net barrier to the viewing area of captive-housed
gorillas had a significant effect upon both the animals’ behaviour and visitors’
perceptions of the animals and their environment. Screening the gorillas from the
public resulted in reduced levels of conspecific-directed aggression and abnormal
behaviours, e.g. rocking, twirling. These changes could be considered positive,
suggesting greater relaxation and perhaps even reduced stress.

The camouflage netting also appealed to the visitors. Whilst it was not the purpose of
the study to explore the impact of the camouflage screen on the visitors’ behaviour, it
was noted that its presence resulted in quieter and calmer public activity.
Overall, camouflage netting could be considered a suitable means of reducing the
extent to which primates are constantly in the public eye, thereby leading to a greater
sense of self-control and enhanced animal well-being.
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Olfactory enrichment for the black-footed cat Felis nigripes
Deborah L. Wells & Justin M. Egli
School of Psychology, Queen’s University Belfast, Belfast BT7 1NN
Abstract
This study investigated the behaviour of six zoo-housed black-footed cats, Felis
nigripes, in response to four odours (no odour (control), nutmeg, catnip, body odour
of prey) introduced individually into the animals’ pens for four hours every day over a
period of five days. All of the experimental odours influenced the cats’ behaviour,
resulting in an increase in the amount of time that the animals spent in active
behaviours (moving, grooming, exploring) and a decrease in the amount of time that
the cats spent in sedentary behaviours (standing, sitting, resting). Nutmeg exerted less
of an effect on the cats’ behaviour than catnip or odour of prey. The cats’ response to
all of the experimental odours waned over the course of the five day observation
period. The results highlight the potential for odour to be employed as a method of
environmental enrichment for small captive-housed felids.
Introduction
Enriching the environment of wild cats housed in captivity has always presented a
challenge. Traditional methods of environmental enhancement for such animals have
focused on changing feeding regimes or introducing toys, with mixed results. More
recently, some attention has been directed towards the value of odours as a form of
environmental enrichment for large wild cats. Studies suggest that lions, for example,
become more active and exhibit more species-typical behaviour in response to the
introduction of spices and herbs, e.g. musk cologne, allspice, extracts of peppermint
and almond (e.g. Powell 1995; Schuett & Frase 2002). To date, the effect of odours
on the behaviour of small wild cats remains unknown. This study thus explored the
effect of odour introduction on one of the smallest zoo-housed felids, the black-footed
cat, Felis nigripes.
Method
The behaviour of six black-footed cats (three males, three females) housed at Belfast
Zoo was recorded during both a control condition (normal environment) and
following the individual presentation of three experimental odours: (1) the spice,
nutmeg; (2) the herb, catnip, and; (3) the body odour of a prey animal (quail). Each
odour was introduced individually for four hours a day into the cats’ environment on
sterilised flannel cloths. The cloth was then removed and replaced with a new cloth
with the same, but freshly impregnated, odour the next day. This procedure continued
for five days. Following an interim period of two days with no cloth, a new cloth
with a different odour was put into the cats’ pens for a further five days (four hours
per day). This process continued for four weeks, until the cats had been exposed to all
olfactory conditions. The cats’ behaviour was recorded using a scan-sampling
technique every five minutes, for four hours a day, on days one, three and five, for all
olfactory conditions.
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Results
The cats spent significantly (P<0.001 for all ANOVAs) more of their time displaying
active behaviours (i.e. moving, exploring cloth, exploring pen) and less of their time
exhibiting sedentary behaviours (resting, standing, sitting) during all of the
experimental conditions than the control. Of the scents employed, nutmeg exerted the
least influence on the cats’ behaviour, whilst the scent of prey, and, in particular,
catnip, elicited the strongest effects. The cats’ response to the experimental odours
waned significantly (P<0.001 for all ANOVAs) over the observation period.
Discussion
The introduction of the odours to the environment of the black-footed cats had a
significant effect upon the animals’ behaviour, resulting in considerably more activity.
This change in behaviour could be considered a positive one. Many wild cats, Felis
nigripes included, spend much lengthier periods of time inactive in captivity than in
their natural habitat. One of the suggested goals of environmental enrichment is to
encourage the expression of more species-typical behaviour, e.g. increase activity,
decrease inactivity. It appears from the present study, that olfactory stimulation may,
in part, fulfill this particular criteria of environmental enrichment.

The cats became less responsive to each of the experimental odours over time,
suggesting habituation. Altering the order of scent introduction, or only using odours
on an occasional basis so they serve as intermittent stimulants, may be potential
means of reducing the rate of habituation.
Acknowledgements
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Do female bison flehm? The distribution of flehmen behaviour in a herd of
American bison (Bison bison) in semi-natural conditions
Annemie Zenner1,2, Hilde Vervaecke1,2, Catherine Roden1,2 & Linda Van Elsacker1,2
1
University of Antwerp, Department of Biology, Universiteitsplein 1, B-2610 Wilrijk,
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2
Royal Zoological Society of Antwerp, Centre for Research and Conservation, K.
Astridplein 26, B-2018 Antwerp, Belgium
Abstract
In American bison (Bison bison) the bulls perform flehmen behaviour predominantly
in inter-sexual interactions during the rutting period. The behaviour, inhaling air and
curling of the upper lip, activates the vomeronasal organ and enables oestrus
detection. Females also exhibit the behaviour but the distribution and function of this
behaviour was hitherto uninvestigated. We describe the distribution of the female
intra-sexual flehmen behaviour throughout the rut and over the females in the herd in
function of rank of actors and receivers. It can be hypothesised that females flehm in
order to obtain information about the reproductive status of other individuals, and
that the capacity to access other individuals is rank related. The study was conducted
on three herds of American bison on a commercial farm in the Belgian Ardennes,
each containing three breeding bulls. We found that flehmen was performed more by
bulls than females. As expected, the female intra-sexual flehmen behaviour showed an
increase at peak rut, the period in which most females conceived, as derived from the
subsequent birth data. The behaviour was not related to female rank, neither for
flehmen nor for receipt of flehmen. Hence, there was apparently no limitation in terms
of rank to disperse or acquire information on the reproductive status from other
individuals.
Keywords: bison cows, dominance, flehmen, rut
Introduction
Olfactory communication is probably the oldest form of communication as it is
commonly used throughout the animal kingdom and has low energetic costs. It can
serve several functions such as territoriality, food marking and food selection, species
recognition, gender identification, individual recognition and reproduction (Doty,
1986).

Olfactory investigation in ungulates is characterised by the performance of flehmen, a
retraction of the upper lip accompanied by stretching of the neck and lifting of the
head (Døving & Trotier, 1998; Lott, 1981; Reinhardt, 1983). Flehmen is commonly
exhibited immediately following anogenital sniffing or investigating urine (Lott,
1981; McHugh, 1958; Ladewig & Hart, 1980).
Flehmen activates the vomernasal system by widening the nasal opening of the
nasopalatine duct (Ladewig & Hart, 1980). The vomeronasal system is one of the five
neural components in the mammal nose and is probably the prime system for
pheromone-reception. It also projects to regions in the brain that are associated with
reproductive behaviour.
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In American bison, flehmen is a prominent component of male reproductive
behaviour and is believed to enable males to evaluate the reproductive status of
females (Reinhardt, 1983, 1985; Berger, 1989; Berger & Cunningham, 1994).
Although all age classes and both sexes perform the flehmen behaviour, albeit in
different frequencies (Wolff, 1998; Berger & Cunningham, 1994), it has rarely been
quantified for females.
In our flehmen study, conducted on a bison farm in the Belgian Ardennes, we
quantified the flehmen behaviour in bison in relation to sex, rank and timing in the
rut.
Information on the timing of ovulation is most important for the reproductive success
of males. The same information is important for females in the context of female
intra-sexual competition. Dominant females are expected to gain access to other
individuals more easily without risk of aggression, and should be more successful in
obtaining information on the reproductive status of others through flehmen. Sexual
activity in bison is limited to the rutting season in high summer. Given these premises,
we expect flehmen to be (1) more performed by bison bulls than bison cows during
rut, (2) more performed during peak rut and (3) more performed by the more
dominant females.
Methods
Animals and management
The study animals are kept in three herds of bison maintained in semi-natural
circumstances on a commercial bison farm in southern Belgium. These bison are kept
outside on pastures (total surface 180 hectares) year round. The herds contain
breeding female individuals, ranging from three to 12 years of age. During the
observation period the three herds contained 42, 41 and 33 cows and their calves.
Each herd was joined by three bulls at the onset of rut.
Observations
Observations were conducted between 10th of July and 5th of September 2002. A
minimum of 54-hours were observed in each herd (total: 362h). Each group was
observed a minimum of two hours per day, in a random sequence. The animals were
individually recognisable by means of eartags (obligatory Sanitel number and large
coloured label with individual number) and phenotypical features (horns, moulting
condition, overall figure).

Flehmen is a rather infrequent behaviour, therefore, data were collected using all
occurence sampling (Altmann, 1974), recording identity of actor and receiver.
Observations were conducted from a four-wheel drive vehicle by use of binoculars
(7x50).
Dominance
Dominance relationships between the adult females were determined by ad libitum
recording (Altmann, 1974) of agonistic behaviour. Rank was analysed using the
statistical program MatMan (De Vries et al., 1993). The obtained dominance
hierarchy was then used to divide each herd into two groups, one containing the
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higher ranking individuals and another containing the lower ranking individuals. To
find out which rank the actor had relative to the receiver of the flehmen behaviour, the
absolute rank of the actor was compared to the absolute rank of the receiver for each
dyad.
Rut
Based on behavioural observations and on the timing of the birth season (2003), we
found that rut peaked in early to mid-August. (1) Early-rut: start of observations until
5/8; (2) peak-rut: 5/8 until 24/8; (3) late-rut: 24/8 until end of observations (Table 1).
This division into three periods is based on the number of days in which no female
conceived: in peak-rut the elapsed time between two conceptions was never longer
than two days.
Table 1.

Division of rut in three periods based on the percentage of females that conceived
each day.

Rutting period

Data

Early rut
Peak rut
Late rut

9/07/2002-5/08/2002
5/08/2002-24/08/2002
24/08/2002-13/09/2002

Percentage of females that
conceived during this period
36.59
43.90
7.32

Flehmen frequency analyses
For the comparison of flehmen behaviour between the two sexes and analyses
regarding the distribution of flehmen throughout the rut, data of only one study herd
were taken into account. To analyse the effect of rank on flehmen, all three herds
were considered.

Statistical analyses were conducted with STATISTICA®6.0. Effects of group were
taken into account by including group as random factor. The frequency data were logtransformed. When these log-transformed data were normally distributed (ShapiroWilks), a one-way or two-way ANOVA was conducted (Posthoc: Tukey HSD). When
data were not normally distributed, a Kruskal-Wallis test was performed.
Results
Flehmen and sex
We observed a total of 929 flehms in one study herd, of which 212 were performed by
females (37 different actors) and 717 were performed by males (three different
actors). As illustrated in Figure 1, we found that flehmen was performed more by
bulls than females (t-value=-19.2; p<0.05).
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Figure 1.

Absolute frequency of flehms per bison in relation to sex.

Timing of flehmen
In the same herd, analysis of the distribution of female intra-sexual flehmen behaviour
throughout the rut, showed a strong connection between flehmen frequency and
rutting period (df = 69; F = 7.62; p = 0.001; Figure 2). A posthoc test revealed a
significant difference between early- and peak-rut (p=0.004) and a tendency for the
cows to flehm less in late-rut (p=0.099).
F(2,69)=7,62; p<,0010
0,001

flehmen frequency per min per day

0,001
0,001
0,001
0,001
0,0000
0,0000
0,0000

early

peak

late

rutting period

Figure 2.

Mean flehmen frequency per minute per day in relation to the rutting period.
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Flehmen and female dominance rank
A total of 1928 flehms were observed over the three herds. Of these, 534 were
performed by female bison (107 different individuals) in 151 dyads (64 identified
actors and 74 receivers). Rank was found to be significantly linear (Table 2). The
flehmen behaviour however was not related to female rank (p>0.05). As opposed to
our expectations, females of a higher rank did not flehm more than lower ranked
females, nor was the flehmen behaviour more directed towards, relative to the actor,
lower ranked individuals (p>0.05).
Table 2.

Values of the statistical parameters of the dominance hierarchy in the different
herds.

parameter

DC-index = directional consistency index
h’ = improved index of linearity
p
number of randomisations
% unknown relationships
% one-way relationships
% two-way relationships

group 1
0.93
0.21
0.0001
10000
51.10
46.11
2.79

value
group 2
0.93
0.53
0.0001
10000
17.07
75.85
7.07

group 3
0.92
0.23
0.0004
10000
50.40
46.57
3.02

Discussion
We looked at the flehmen behaviour of adult female bison in semi-natural conditions.
We expected to find flehmen to be (1) more performed by bison bulls than bison cows
during rut, (2) more performed during peak rut and (3) more performed by the more
dominant females (2 & 3: competition hypothesis).

We indeed found that male bison flehm significantly more. The behaviour probably
enables them to evaluate the female subject’s reproductive status which makes it
possible for the bulls to invest their time and energy solely in the females nearing
ovulation (Reinhardt, 1983, 1985; Berger, 1989; Berger & Cunningham, 1994).
Female bison also flehm, but, as this study has proven, they do so less frequently than
bulls.
We found that females have higher flehmen frequencies at the onset of peak rut, the
period of peak sexual activity. The females might compete for access to a preferred
bull. Females could also compete intra-sexually for early parturition dates. Early born
calves profit from the abundance of high quality grass by means of milk of higher
quality and often obtain a higher dominance status (Green & Rothstein, 1993). Cows
also profit from early parturition, since this means they can conceive early in the
following rut and can calve again early in the next birth season (Green & Rothstein,
1993).
An increase of the investigated behaviour at the onset of peak rut can also be expected
in the light of the oestrus synchronisation hypothesis. Peak rut is the period with the
highest number of oestrus females. Oestrus synchronisation is related to parturition
synchronisation. This clustering of births results in an abundance of calves swamping
possible predators and thus in giving a higher chance of survival to every single calve.
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Contrary to the expectations the female flehmen frequencies are independent of rank
of actor and of receiver. The absence of a relationship between bison female flehmen
frequencies and dominance status was also reported by Wolff (1998). Studies on the
sable antelope (Hippotragus niger, Thompson, 1991, 1995), however, show a higher
frequency of flehmen carried out by older and higher ranked individuals. Genital
sniffing in bison has been found to be shown only by actors ranked higher than the
receivers (Reinhardt, 1985).
The functional importance of flehmen to bison males is easily understood in the light
of reproductive monitoring. The functional benefit of the behaviour to bison females
remains to be further investigated.
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