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Abstract

The attitudes of experts towards the husbandry of captive Great Apes was sought in order to gain a greater understanding of the
potential importance of different features of the captive environment that may be critical in maintaining a high standard of welfare.
Following initial consultation with the convener of the Primate Taxon Advisory Group of the Australasian Regional Association of
Zoological Parks and Aquaria, 17 husbandry attributes, such as social structure of the group, enclosure size and staff qualifications,
each with two to four levels (ie husbandry scenarios) of possible provision in an enclosure were identified and described. An online survey
using Adaptive Conjoint Analysis was distributed internationally to relevant stakeholders: zoo management staff, keepers and education
staff, research colony personnel, veterinarians, animal welfare organisation representatives and scientists. A total of 359 respondents
completed the survey, and the average importance values for the attributes, and rank order of importance for each of their levels were
calculated. Great Ape social structure, enclosure appearance, group size, avoidance provision and enclosure furnishings were consid-
ered the most important attributes of captive Great Ape husbandry, whereas feeding interval, staff qualifications, the inclusion of plants
within the enclosure, enrichment rotation, and the amount of time an animal spent in an outdoor enclosure were considered of low
importance. The order in which these issues were ranked was influenced by the Great Ape species, with physical attributes of the
enclosure being rated as more important for orangutans (Pongo pygmaeus) and group social attributes more important for the other
species. Stakeholder group had little influence on the ranking of issues. It is concluded that experts provided a consensus view on the
importance of husbandry attributes of the different Great Ape species that can be used to evaluate their welfare.
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used globally, with the objective of highlighting the
aspects most important for captive Great Apes. Fraser
(1995) asserts that an evaluation of the ‘most important’
factors affecting the ability of an individual to cope with
its environment is essential in the assessment of its
welfare; this has been done, for instance, in the Austrian
livestock industry with the development of the ‘Animal
Needs Index’ (Bartussek 1999). The first step towards
making this type of assessment a reality is to determine
what the most important husbandry factors are. This is
achieved commonly by interviewing relevant stake-
holders and reviewing the literature (Zubkowicz & Kaleta
2005), before comparing the findings with quantitative

Introduction

For a captive zoo animal to experience a high level of
welfare a variety of environmental and social needs must
be met. Currently, husbandry standards for captive Great
Apes are influenced primarily by minimum levels of
resources advised by regional zoological associations,
such as the Australasian Regional Association of
Zoological Parks and Aquaria (ARAZPA) and the
Association of Zoos and Aquariums (AZA) in their
published guidelines and Animal Care Manuals. These are
based generally on the opinion of stakeholders from affil-
iated institutions housing the species that were consulted
during their preparation, rather than a systematic review

of the importance of a variety of husbandry resources
attributed by experts with different types of involvement
with captive Great Apes. To assess the influence of
different husbandry scenarios on Great Ape behaviour
and welfare, a husbandry assessment is needed that can be

physiological values. We began this process for captive
Great Apes by asking the opinions of relevant experts.

Some studies have attempted to identify and list important
physical or social aspects of the environment for captive Great
Apes. Woolverton et al (1989) suggested that the key factors
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affecting the quality of the habitat for primates include its
social environment, available area and variety of furnishings.
A USDA report (USDA-APHIS-AC 1999) identified five
general elements critical to the psychological well-being of
non-human primates. These included social groupings, social
needs of infants, structure and substrate, foraging opportuni-
ties and the provision of objects to manipulate (USDA-
APHIS-AC 1999). 1t is particularly important to provide Great
Apes with conspecifics of appropriate age and gender in order
to meet their social, reproductive or psychological needs
(Price & Stoinski 2007), although flexibility in group size and
structure is warranted in solitary species such as orangutans
(Pongo pygmaeus) (Zucker et al 1978).

Enclosure furnishings have been demonstrated by several
researchers (Carlsted ef al 1993; Hebert & Bard 2000; Caws
et al 2008) to be more important for primates than the size of
the enclosure (Line ef al 1991). Avoidance provision, espe-
cially adequate routes or visual barriers to escape from
conspecifics and visitors, is also considered important (Wood
1998; Blaney & Wells 2004), since it can alleviate problems
created by artificial group sizes and/or structures. Similarly,
the importance of the provision of full spectrum, natural light
has been realised in recent years (O’Neill 1989; Poole 1995;
Wolfensohn & Honess 2005; Honess & Marin 2006).

Other issues, such as diet, staff quality and the availability of
plants in the enclosure, have sometimes been advocated as
important components of husbandry. Plants are often
discussed in terms of increasing the naturalness of a zoo
exhibit for the visitors’ benefit (Price et al 1994). Their
importance to primates has been rarely investigated
(Chamove 2005), although one study with Great Apes has
found that the addition of plants to an exhibit reduced the
severity of a stereotyped behaviour, regurgitation and
reingestion (r/r) (Struck et al 2007). Plants could also be
used to extend feeding time, hide from wvisitors or
conspecifics, provide shelter, tactile stimulation and an
opportunity to make tools (Worstell 2003). Control, in which
an animal’s behaviour influences events, has recently been
recognised as of potential welfare importance (Mineka &
Kelly 1989; Sambrook & Buchanan-Smith 1997), particu-
larly in the highly cognitive captive Great Apes
(Bloomsmith et al 2001; Bassett & Buchanan-Smith 2007).
Primates find it especially rewarding to have control over
food delivery (Line et al 1991) and auditory stimuli (Hanson
et al 1976). If control is not possible, human distribution of
food should be spontaneous and unpredictable to avoid
stereotypies when expecting a meal (Morgan & Tromborg
2007). In the wild, Great Apes spend 40—60% of their day
feeding (Goodall 1986; Mitani 1989; Boesch & Boesch-
Achermann 2000). Consequently, zoos often aim to promote
and lengthen foraging behaviour (Maki & Bloomsmith
1989) by providing whole rather than chopped foods (Smith
et al 1989; Elsner 2002), scattering food in the enclosure
substrate (Anderson & Chamove 1984; Elsner 2002), and by
packaging food items in containers (Elsner 2002).

Previously, no studies have assigned a weighting or rank for
the husbandry attributes of Great Ape enclosures, and so it
is impossible currently to make any comparisons between

enclosures in terms of the standard of husbandry they may
provide. The extant scientific evidence is inadequate to
enable a comprehensive index of husbandry needs to be
constructed for evaluating captive environments, and so the
opinion of a significant number of experts with different
involvement in Great Ape husbandry was sought. The aim
of this study was therefore to determine the perceived
relative importance of the various husbandry options for
captive Great Apes to the stakeholders involved indirectly
or directly in their care.

Materials and methods

Stakeholder selection

A review panel to consider the identification of the relevant
stakeholder groups that were either directly or indirectly
involved with the husbandry of captive Great Apes was
established, consisting of the UQ team and the convener of
the primate Taxon Advisory Group (TAG) of ARAZPA.
Previous studies of captive wildlife husbandry were
reviewed and seven groups were selected for inclusion in
the study: zoo management staff, zoo keepers, zoo
education staff, Great Ape research colony technicians and
managers, veterinarians, animal welfare organisation repre-
sentatives and scientists known to be working with Great
Apes. Suitable members of these groups were then identi-
fied by searching member lists and the websites of relevant
organisations. The appropriate representatives of welfare
organisations were identified by using the Google search
engine to find ‘animal welfare organisation’ and by
searching the websites of relevant organisations. Other
stakeholder groups were invited to participate, using
Primate Info Net (http://pin.primate.wisc.edu/idp/), the
International Primatological Society (IPS), the Australasian
Primate Society (APS), the South East Asian Zoos
Association (SEAZA) membership lists and zoo websites.
A total of 1,782 potential respondents were invited to partic-
ipate in the survey. The largest group, with over 900 people,
was the ‘scientist’ stakeholder group, deliberately chosen to
be large because of the potentially heterogenous nature of
responses from this group. For other groups we anticipated
a more homogenous set of responses, that is, most respon-
dents within a group would rank the husbandry attributes in
a similar fashion because of the similarity of their training
and job specifications. Although heterogeneity of responses
was hard to estimate, we considered that each group should
contain 330 respondents for a sampling error of 5.5% at
95% confidence interval (de Vaus 1995).

Creation of the attributes and assigned levels

Seventeen attributes of Great Ape husbandry were selected
by reviewing the scientific literature regarding captive
animal husbandry and in discussion with the TAG Convener
of ARAZPA. These were social structure, enclosure appear-
ance, enclosure furnishings, group size, avoidance
provision, duration of feeding, competition with
conspecifics, enclosure size, lighting, feeding interval,
temperature, diet, the apes’ control over their environment,
staff qualifications, enrichment rotation, enclosure plants,
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Table | Attributes and levels included in the survey and utility values of each level. Attributes are listed in a random
order within the four categories, diet, social environment, physical environment and management. Levels are listed
from best scenario to worst (as ranked by respondents).

Attributes Levels Orangutan Gorilla Chimpanzee Bonobo
Diet
Diet Diet which is adequate nutritionally and diverse 45.6 423 45.5 50.4
Diet which is adequate nutritionally but not diverse -45.6 -42.3 455 -50.4
Feeding interval ~ Routine includes activity feeds at random intervals through the day 45.7 43.3 34.0 36.6
Being fed four times per day at set times -58 -6.1 -0.83 33
Being fed twice per day at set times -39.8 -372 -332 -39.9
Duration of Lengthening feeding time by having to forage/manipulate the food 52.7 49.3 49.6 49.0
feeding before consumption
Having to forage/manipulate food somewhat before consumption 8.9 82 8.4 9.7
but able to consume quickly
No foraging/manipulation of food required, food able to be consumed very -61.6 -575 -579 -58.7
quickly
Social
environment
Competition with  Not having to compete with other individuals for minimal amount of 27.7 34.6 342 237
conspecifics food required
Some competition for an individual to get minimal amount of food  20.4 21.6 21.2 234
required
Intense and constant competition for food -48.1 -56.2 -554 -47.0
Social structure ~ Well balanced species-specific housing 60.6 734 719 70.7
Unbalanced social group -1.2 -0.2 1.4 -0.2
Solitary housing -59.5 =732 -733 -70.5
Avoidance Being able to escape from other dominant conspecifics or visitors at ~ 37.1 40.5 394 349
provision all times
Having sufficient space to avoid dominant conspecifics or visitors 30.7 33.6 348 34.0
most of the time
Unable to escape from conspecifics or visitors and not sufficient -67.8 -742 -742 -68.8
room to avoid them
Group size Group size matches that found in the wild 45.5 542 52.0 54.8
Group size is bigger or smaller than that found in the wild 13.0 19.5 18.5 21.1
Ape is kept solitary -585 -73.7 -70.5 -75.9
Apes’ control over Able to control several aspects of their environment 42.4 373 39.9 375
their environment Able to control some aspects of their environment 88 8.0 9.1 82
Apes have no control over their environment -51.2 -453 -49.0 -45.7
Enclosure size Enclosure size greater than defined standard 49.4 50.2 50.2 535
Enclosure size equal to standards 1.6 28 3.1 1.0
Enclosure size less than defined standard -51.0 -530 -532 -54.0
Lighting Natural and artificial lighting provided (access to indoor and 38.0 38.2 39.2 45.6
outdoor enclosure)
Only natural lighting provided (outdoor enclosure) 14.5 16.1 13.0 11.2
Only artificial lighting provided (indoor enclosure) -52.5 -543 -522 -56.8
Temperature Ape always has access to a temperature in comfort zone (18-30°C) 49.0 47.8 47.7 39.9
Temperature is occasionally higher or lower by 5°C then comfort 3.4 77 9.1 15.1
zone
Temperature regularly is lower than comfort zone by 5°C or more -33.8 -34. -340 -354
Temperature regularly exceeds comfort zone by 5°C or more -18.6 -214 -228 -19.6
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Table | (cont)

Attributes Levels Orangutan Gorilla Chimpanzee Bonobo
Physical environment
Enclosure A highly enriched environment with many furnishings (logs, 63.3 594 60.0 57.0
furnishings platforms, ropes)
Partially enriched environment with some furnishings -0.2 0.2 0.6 1.9
Minimal environmental enrichment or enclosure furnishings -63.1 -59.7 -60.6 -58.9
Enrichment rotation Changing environmental enrichment before the animals are habituated 44.0 373 372 36.0
Not changing environmental enrichment until after the enrichment -44.0 =373 =372 -36.0
is no longer enriching
Enclosure An enclosure which closely reflects the natural environment 543 55.5 533 53.9
appearance
An artificial enclosure -14.7 -158 -149 -15.5
A sterile environment -64.0 -64.5 -64.7 -64.4
A stimulating enclosure that does not reflect the natural 244 248 26.3 259
environment
Management
Outdoor enclosure Ape can choose to spend up to 24 h per day in outdoor enclosure  32.3 311 31.6 298
availability
Ape can choose to spend up to 14 h per day in outdoor enclosure 3.8 45 4.4 4.0
Ape is kept in outdoor enclosure for 8 h per day -36.0 -35.6 -36.0 -33.2
Enclosure plants  An array of edible plants/foliage is grown in or provided in the enclosure 39.7 36.2 33.9 375
Some edible plants/foliage are grown in or provided to the enclosure 5.1 4.7 3.7 4.9
No edible plants/foliage grown in or provided to the enclosure -44.8 -41.0 -375 -42.4
Staff qualifications Team includes keepers with extensive experience/education with 38.0 358 36.9 41.7
the species
60-75% of keepers have education or experience with the species 6.8 6.6 6.6 89
20% of keepers have education or experience with the species -44.8 -424 -435 -50.6

outdoor enclosure availability. The different possible levels
of each attribute were selected as, first, the ideal situation
for a species of captive Great Ape, and then between one
and three other scenarios that would provide less desirable
husbandry options for all or some of the Great Ape species
that are exhibited (Table 1).

Although every effort was made to include attributes that
were deemed important in terms of the husbandry of Great
Apes, the list could not be exhaustive. We also recognised
that particular stakeholders may have a view on the
inclusion of certain enclosure or husbandry elements, and
that only a very wide consultation, and a critical and
rigorous analysis of the attributes proposed could ensure
that the most relevant variables were covered for each of the
Great Ape species. However, in order to maintain the ques-
tionnaire response time at below 30 min and thereby
maximise the response rate, the number of attributes was
kept to below twenty, as advised by the software manufac-
turers (Sawtooth Software®, Evanston, IL, USA).

The online survey

An online survey of the respondents’ preferences for captive
ape husbandry methods was created using non-leading
questions for each of the 17 attributes. The attributes were
grouped into the following four categories: social environ-
ment; physical environment; diet; and management (Table 1).
Respondents could answer the survey for one of any of the
Great Ape species and the questions asked were not species-
specific. The survey incorporated a consent form, a brief
explanation, instructions on completing the survey, the
survey itself and an opportunity to comment on the survey.

Respondents were instructed initially to answer the survey
for the Great Ape species with which they were most
familiar. They were asked to identify that species, and to
provide background demographic and other information:
their gender, primary involvement with the species, the
amount of practical and educational experience they had
had with their chosen Great Ape species, the country in
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which they had gained that experience and the highest level
of education they had achieved.

Respondents were then asked to select the attributes that
they felt were most or least important for their species’
welfare, and then to rank the levels of each of the
17 attributes, from most to least desirable. In the next
stage of the survey, the respondent was asked to decide
how important, in terms of welfare, the difference
between two randomly selected levels of an attribute was
if all other aspects of the Great Apes’ husbandry were
ideal. Respondents were presented with a series of indi-
vidually customised (derived from previous answers by
the computer programme), paired comparison trade-off
questions (in the form of scenarios) and asked to choose
which of the two provided the better welfare. Using the
13 most highly rated indicators for each respondent,
determined during the initial ranking of attributes, the
Adaptive Conjoint Analysis (ACA) software combined
pairs of indicators by examining all the possible ways that
the levels could be combined and selecting those with
similar utilities and for which, based on previous
responses, it was expected that the two indicators would
be of similar merit. The software then used the informa-
tion obtained from each paired comparison to update the
estimates of each respondent’s utilities and to select the
next pair of options for trade-off. The advantages of using
this questioning technique for surveys relating to animal
welfare have been discussed previously (Phillips et al
2009). In brief, the ACA technique allows attributes to be
considered jointly rather than in isolation, thus enabling
trade-offs to be made between the different resources
indicated by the levels within attributes. The technique is
based on the assumption that complex decisions are not
based on a single factor or criterion but on several factors
considered jointly (Johnson 1974).

Finally, the survey asked the respondent to select which
statement best represented their position on the captive
management of Great Apes, with the four categories ranging
from ‘I disapprove of the keeping of Great Apes in
captivity’ to ‘I am comfortable with the current methods
used to keep Great Apes in captivity’, with a box for any
further comments on the survey.

A pilot survey was conducted with ten people who had
practical and/or academic experience with captive primates.
In the subsequent survey, which lasted four months,
potential respondents were sent an email containing infor-
mation about the online survey and a letter of support from
the primate convener of the TAG of ARAZPA. They were
invited to complete it with a unique username provided in
the email. A reminder was sent six weeks later to individuals
who had not completed the survey. Only completed surveys
were included in the analysis. The survey was approved by
the University of Queensland Human Ethics Committee
(approval number 2005000355) and adhered to the legal
requirements of Australia. All respondents were forwarded
a summary of the major findings.
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Statistical analysis

The overall weight attached to each level was decon-
structed into an importance value, that indicated the
importance attached to the attribute containing the level,
and a utility value, which indicated the value attached to
the level within the attribute.

Utility values

Utility values were determined for each level of the
different attributes, after importing respondents’ preferences
for each level into an ACA software analysis programme
(Sawtooth Software, North Orem, Utah, USA). This
employed a hierarchical Bayes algorithm to analyse the
data. First, the data were normalised across respondents by
zero-centring the utility values within each attribute so that
the sum of the utility values within each attribute was equal
to zero. Levels of an attribute which a respondent rated
highly are indicated by a positive utility value, and those
with a low rating, a negative value.

Importance values

The relative importance of each attribute was determined
and indicated in an importance value. These were a measure
of how much difference each attribute makes in the total
score for each respondent. Importance values are ratio data,
so0 an attribute with an importance value of 10% is twice as
important as an attribute with a value of 5%. The importance
values for each respondent were extracted from the
Sawtooth Software for further analysis. Two General Linear
Models were run in SAS to calculate the least square means,
standard errors and pair-wise differences in importance
values for the following terms, species and stakeholder
group. Prior analyses had evaluated the significance of level
of education and experience, but there were many missing
values and the variables were dropped from further analysis.
Residuals were examined for each attribute and were
normally distributed by the Anderson-Darling test at
P > 0.05. We considered the risk of Type 1 statistical errors
because of the significant number of attributes that were
tested separately. The degree of correlation between
variables was inspected and found to be low, adding validity
to the analysis of the attributed independently. We consid-
ered the inclusion of a multiple comparison adjustment to
probability values by the Bonferroni or Omnibus
Permutation test, but after inspecting this and similar
datasets for other ACA analyses we concluded that it was too
stringent and would potentially lead to many Type 2 statis-
tical errors (Perneger 1998). Instead, we reduced the critical
P-value to indicate a significant response from the usual 0.05
to 0.01. In addition, no attempt was made to make inferences
or do pair-wise comparisons when 0.05 > P < 0.10.

A perceptual map was created using the statistical package SAS
to display visually the preference of respondents in terms of the
attributes most important for each species of Great Ape
(Figure 1). These provided a graphical description of relationships
among the observations (or rows) and relationships among the
variables (or columns) in the data set (Armitage & Colton 1998).
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Figure |
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Perceptual map of means for each Great Ape species and attribute loadings. The x- and y-axes represent the two ideal vectors that best
characterised how the attributes were differentiated for the four Great Ape species by the respondents. Abbreviations for attributes names
have been used as follows: appearance = Enclosure appearance; availability = Outside enclosure availability; competition = Competition with
conspecifics; plants = Enclosure plants; rotation = Enrichment rotation; qualification = Staff qualification; social = Social structure; and
space = Avoidance provision. The position of the four species is presented in relation to the two axes.

Table 2 The number of stakeholder responses for each Great Ape species.

Stakeholder Number Number % response % of total Orangutan Gorilla Chimpanzee Bonobo
sent responded rate respondents

Animal welfare organisation 134 10 7 3 4 I 5 0

representative

Great Ape research colony 109 13 12 4 | I I 0

technician/manager

Keeper 159 46 29 13 I 19 14 2

Scientist 902 190 21 53 31 39 109 I

Veterinarian 153 37 24 10 10 14 13 0

Zoo education staff I55 I5 9 4 4 5 5 |

Zoo management staff 142 48 34 13 17 13 13 5

Total 1,782 359 - - 78 92 170 19

Percentage of total sent 100 20 - 100 21 26 48 5
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Table 3 Respondents’ characteristics (n = 359).
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Personal characteristic

Number of

respondents
(%)
Female 206 (57)
Highest education achieved
High school education 6(2)
Technical Further Education 18 (5)
Bachelor’s degree 88 (25)
Masters 91 (25)
Doctoral degree 132 37)
Veterinarian 25 (7)
Experience
No experience with chosen Great Ape 190 (28)
|-6 months experience with chosen Great Ape 31(1)
7-12 months experience with chosen Great Ape 28 (8)
I 3-48 months experience with chosen Great Ape 61 (17)
Over 48 months experience with chosen Great Ape 120 (33)
Education
No education with chosen Great Ape 91(25)
|-6 months education with chosen Great Ape 52 (14)
7-12 months education with chosen Great Ape 34 (9)
I3-48 months education with chosen Great Ape 73 (20)
Over 48 months education with chosen Great Ape 190 (28)
Region(s) where experience had been gained with Great Apes
Africa 124 (35)
Asia 63 (18)
Australia 37 (10)
Europe 88 (25)
South America 21 (6)
North America 212 (59)
Statement selected regarding keeping Great Apes in captivity
| disapprove of the keeping of Great Apes in captivity 39 (1)
| approve of the keeping of Great Apes in captivity providing welfare is good 228 (80)

| approve of the keeping of Great Apes in captivity providing they are involved in an endangered species breeding programme 83 (23)

| am comfortable with the current methods used to keep Great Apes in captivity 9(3)

Results

Response rates and respondents’ characteristics

A total of 359 completed surveys were returned online, with
another 204 surveys completed partially but excluded from
the analyses as the ACA software was unable to use incom-
plete responses. The overall response rate (%) of the people
sent a link to the survey who had active email addresses was
thus 359/1,782 or 20.1%, with the best response rate coming
from zoo management staff and keepers (Table 2), and the

lowest response rate coming from zoo education staff and
representatives of animal welfare organisations. The
majority of the respondents identified themselves as ‘scien-
tists’ (Table 2), and some of these were thought originally to
belong to other stakeholder groups but selected ‘scientist’
when asked to describe their primary involvement with the
species. We believe that the term ‘scientist’ is sufficiently
distinct from the nomenclature for other expert groups in
this study to be able to trust individual’s classification of
their role. Details of the respondents’ characteristics are
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Table 4 Least square mean (x SEM) importance values for the attributes by Great Ape species (df = 3, 355), listed in
order of declining mean importance value.

Attribute Chimpanzee Gorilla Bonobo Orangutan Weighted F-value P-value
mean

Social structure 856 (x0.13 1 862 (x0.18" 1 830(£03901 697 (0.1993 8.22 180  <0.0001
Enclosure appearance 747 (£0.12) 2 737(x0.17) 3 739 (£ 0.37) 3 7.48 (0.18) 2 7.42 0.10 0.96
Enclosure furnishings 7.09 (£ 0.08)°5 701 (£0.11»5 682 (x024)04 749 (0.12)° | 7.13 433 <0.0I
Group size 721 (£0.16)3 752(x£021)»2 769 (£04702 6.17(023)° 6 7.08 725  <0.0001
Avoidance provision 7.19(x0.12) 4 7.14 (£ 0.16) 4 6.56 (£ 0.35) 5 6.83 (0.17) 4 7.04 .74  0.16
Duration of feeding 633 (x0.11)6 628 (£0.15)6 6.33 (+ 0.33) 7 6.65 (0.16) 5 6.40 1.08 036
Competition* 6.18 (x0.15) 7 6.15(x020)7 531 (x044) /1 590(0.22)8 6.05 143 023
Enclosure size 6.08 (x0.11)8 6.08 (0.14) 8 6.35 (£ 0.32) 6 5.95 (0.16) 7 6.05 045 072
Lighting 565 (x0.11)9 574 (x0.15) 9 6.24 (£ 0.33) 8 5.74 (0.16) 10 5.71 093 042
Feeding interval 5.10 (£ 0.14)* 13 552 (£0.19)* /10 527 (£ 0.41)* /2 5.88(0.20)° ¢ 5.37 365 <00l
Temperature 532 (x0.11) Il 527 (x0.15) I] 487 (£0.32) 14 545 (0.16) /2 5.31 091 0.43
Diet 536 (£ 0.10) 10 497 (£0.13)* /2 593 (£029)9 530 (0.14)* I3 5.29 360 <00l
Control over environment 5.22 (£ 0.12)* /2 4.86 (£ 0.16)* 13 4.89 (£ 0.35)* /3 5.50 (0.17)* /| 5.18 277 0.04
Staff qualifications 471 (£0.13) 14 460 (x0.18) [4 543 (x0.40) I0 477 (0.20) 16 4.77 123 030
Enrichment rotation 438 (£0.11) 15 439 (x0.15¢ 16 424 (x0.33)¢ /6 5.06(0.16)° 14 4.55 469 <0.0l
Enclosure plants 419 (£0.11)* 16 454 (£ 0.15) I5 4.70 (x 0.34)° I5 4.90 (0.17)" 15 448 462 <0.0l
Enclosure availability 396 (x0.09) 17 392(x0.13) /7 3.67(x028)17 3.94(0.14) 17 3.96 034 079

LSM importance values within rows followed by the same superscript are not significantly different (P > 0.05). Number in italics indicates
order of importance placed on that attribute for each species. * With conspecifics.

Table 5 Least square mean (£ SEM) importance values for the attributes by stakeholder group (df = 6, 352).

Attribute Zoo Keeper Scientist Animal Great Ape  Veterinarian Zoo F- P-
management welfare research education value value
staff organisation  colony staff

representative personnel

Social structure 7.59 (£ 0.26)° | 7.71 (£ 0.27)° | 849 (+0.13)* | 821 (£ 0.57)° | 855 (x0.50)" | 834 (+0.30)° | 7.62(x047*2 2.70 0.0l

Enclosure appearance 7.57 (+ 0.23) 2 7.11 (£ 0.23) 3 747 (+0.12) 2 7.47 (£ 0.50) 3 7.69 (+ 0.44) 3 7.31 (+ 0.26) 3 7.87 (+ 0.41) | 0.67 0.68

Enclosure furnishings 7.25 (+ 0.15) 3 7.41 (£ 0.15) 2 7.09 (+ 0.08) 4 7.38 (£0.33) 2 7.35(+0.29)4 6.85(x0.17) 5 7.00 (+ 0.27) 5 1.39 0.22

Group size 6.68 (£ 0.30) 5 6.75(£031)6 729 (£0.15)3 626 (+0.67) 7 6.95(+£0.58)5 7.18 (£ 0.35) 4 7.29 (£ 0.54) 4 1.10 0.36

Space allowance 7.10(£022) 4 681 (£023)5 693 (x0.11)5 7.14(£049)4 7.71 (x043)2 7.69 (+ 0.25) 2 7.30 (+ 0.40) 3 1.90 0.08

Duration of feeding 6.57 (£ 0.21) 6 6.89 (+0.21) 4 6.29 (x0.10) 6 6.4 (£ 0.45) 6 6.38 (+ 0.40) 6 6.33 (+ 0.23) 7 5.66 (£ 0.37) 9 1.87 0.09

Enclosure size 573 (x020) /0 572 (x020) /0 6.19 (x0.10) 7 591 (£043)9 6.15(+0.38) 8 6.07 (+ 0.23) 8 6.57 (+ 0.35) 6

Competition 640 (£ 028) 7 6.13(£0.28) 7 594 (+0.14)8 545 (+0.60) /] 6.26 (£ 0.53) 7 6.45 (+ 0.31) 6 5.65(£049) /10 095 0.46

Lighting 584 (£ 021)9 588 (£021)9 558 (x0.11)9 644 (+£046)5 540 (+040) /0 584 (+0.24) 9 6.17 (¥ 0.37) 7 1.22 0.29

Feeding interval 586 (x0.26)* 8 6.09 (£ 0.26)*8 5.12(£0.13)° /3 598 (£ 0.57)* 8 5.53 (£ 0.50y* 9 5.14 (+ 0.29)° /2 520 (+ 046)* /12 2.80 0.0l

Temperature 5.16 (x0.20) /I3 525 (£0.21) I3 521 (£ 0.10) /10 5.67 (+0.44)* 10 522 (+ 0.39) /4 582 (+0.23) /0 5.77 (+ 0.36) 8 1.48 0.18

Diet 528 (x0.19) /12 548 (£ 0.19) /] 5.19 (£ 0.09) /2 490 (£ 0.41) /3 538 (£ 0.36) /| 544 (x021) /] 557 (x034) I/ 0.71 0.64

Control over 544 (x022) Il 539 (£0.23) /2 520 (x0.11) /] 483 (+0.48) /4 538 (+042) /12 447 (+ 0.25) /4 5.13(x0.39) /3 1.84 0.09

environment

Staff qualifications ~ 4.34 (£ 0.25) /16 4.56 (£ 0.25) /5 4.89 (£ 0.13) /4 4.29 (+ 0.55) /7 449 (£ 048) 13 4.75 (+ 0.28) /3 5.05 (£ 045) /4 0.98 0.44

Enrichment rotation 4.60 (£ 0.21) 15 4.70 (£ 0.21) /4 4.57 (£ 0.12) 16 4.93 (£ 0.46) 12 4.17 (£ 040) 15 4.38 (+ 0.24) /5 358 (x0.38) /7 1.55 0.16

Enclosure plants 467 (£ 021y 14 432(x022/° 16 4.63 (x0.11) 15 432 (x046)° 16 347 (x041) 17 386 (+024) 17 442 (£ 038)* |5 2.74 0.0l

Enclosure availability 3.91 (+0.17) /7 380 (£0.18) /7 3.90 (£ 0.09) /7 4.42 (+0.38) /16 393 (+0.33) 16 408 (+ 0.20) /6 4.17 (x0.31) /16 0.59 0.74

LSM importance values within rows followed by the same superscript are not significantly different (P > 0.05). Number in italics indicates
order of importance placed on attribute.
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presented in Table 3. Only 18 (5%) respondents indicated
High School or technical further education to be their
highest education level attained, most of whom were
keepers and zoo management staff that had not completed a
Bachelors degree. A total of 116 (32%) of the scientists had
a doctoral degree, with the remainder either having
completed a Masters or Bachelors degree. The respondents
had a varying level of experience with Great Ape
husbandry, with the majority (51%) having more than
13 months experience with their selected Great Ape species.
We investigated the possibility of a relationship between the
ranking of the attributes and the respondents’ level of
education and experience, but none was found. Most
respondents approved of Great Apes being kept in captivity
providing that their welfare is good (Table 3).

The majority of respondents answered the survey for chim-
panzees (Pan troglodytes), followed by gorillas (Gorilla
gorilla), and then orangutans, while the least number of
respondents answered the survey about the husbandry of
bonobos (Pan paniscus) (Table 2).

Utility and importance values

The greatest variation in utility values within an attribute
was seen for the attributes ‘enclosure furnishings’, ‘social
structure’ and ‘duration of feeding’. Others, such as
‘outdoor enclosure availability’” and ‘enclosure plants’ and
‘feeding interval’, showed less variation between levels.
Importance values attributed to the attributes ranged from
3.96 for enclosure availability to 8.22 for social structure
(with the maximum possible score for an attribute being 10)
(Table 4). Overall, the attributes considered in the ‘manage-
ment’ category (‘staff qualification’, ‘enrichment rotation’,
‘control over environment’ and ‘outdoor enclosure avail-
ability”) were ranked as least important.

Species differences

The order in which the attributes were ranked differed for
each species, with the order for orangutans being most
different to the others. The ranking of the attributes: ‘diet’;
‘feeding interval’; ‘social structure’; ‘group size’;
‘enclosure furnishings’; ‘enrichment rotation’; and
‘enclosure plants’ were influenced significantly by species
(Table 4). Physical attributes of an environment were rated
as more important for orangutans and social attributes were
considered more important for the other species. The
respondents for gorillas and chimpanzees had similar
responses, with ‘social structure’, ‘group size’ and
‘enclosure appearance’ being the top three for both species,
and ‘avoidance provision’ and ‘enclosure furnishings’ being
fourth and fifth, respectively.

When investigating the means for each species and
attribute loadings, the attributes: ‘duration of feeding’;
‘enclosure  furnishings’; ‘enrichment rotation’;
‘enclosure plants’; and ‘feeding interval’ received
higher ratings from the respondents for African Great
Apes than the respondents for orangutans, who focused
more on ‘group size’, ‘enclosure size’, ‘social structure’
and ‘avoidance provision’ (Table 4, Figure 1).
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Stakeholder differences

Only three attributes showed significant differences
between stakeholder groups in importance scores (Table 5).
‘Social structure’ was rated more highly by the scientists
than keeper and zoo management staff (P < 0.01). ‘Feeding
interval’ was rated more highly by keepers than scientists or
veterinarians (P < 0.01). ‘Enclosure plants’ was rated more
highly by zoo management staff and scientists than research
colony personnel and veterinarians (P < 0.01).

Discussion

Survey method

As no previous studies have assigned a weighting or rank for
the husbandry attributes of Great Ape enclosures it is difficult
to support the rankings found as a result of this study with the
literature, however we were able to establish that the opinions
of the stakeholders surveyed placed high importance on those
aspects of captivity considered in the Introduction that have
been demonstrated as important for Great Ape welfare. There
were several different techniques that could have been
adopted for this survey, including focus groups, a Delphi
study and a scientific literature review. Focus groups were
considered impractical because the limited number of experts
in any one region would preclude large group meetings,
giving rise to the risk of individuals deferring to the views of
most experienced members. Delphi studies are prone to a
high rate of attrition, and if bribes are offered to retain experts
this may bias the results. They assume experts are willing to
have their views reformed by the opinions of others, running
the risk of adherence to the median view to save time or
embarrassment that might arise from holding a minority
view. Scientific literature review has not demonstrated a
sufficient depth of knowledge on this topic to rely on this
assessment of husbandry requirements, and it is unclear how
to rank attributes with such a process. Hence, we chose the
most expedient method of research, an online expert opinion
survey, as it was believed that this could most effectively and
efficiently gather opinions from a wide range of stakeholders
worldwide. The widespread agreement between stakeholder
groups in their ratings suggests that a consensus was reached.
The discrepancies observed appear to relate to the involve-
ment of the different groups. Social structure is often the
subject of scientific investigation, whereas keepers are more
involved in feeding than scientists or veterinarians. Zoo
management staff were more likely to appreciate the aesthetic
benefit of enclosure plants to zoo visitors than research
colony personnel or veterinarians.

Response rate

The low number of responses from zoo education staff (9%)
was probably because members of this group forwarded the
survey on to the relevant keeper instead of completing the
survey themselves, thus increasing keeper response rate
(29%) (Table 2). The number of respondents answering for
each Great Ape species mirrors the unequal captive Great
Ape population, with a large number of chimpanzees
(1,200) and gorillas (788), and a small number of bonobos
(171) held in International Species Information System
member zoos (ISIS 2010).
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Species

The higher perceived importance for the attribute ‘feeding
interval’ for orangutans than for chimpanzees may be due to
the fact that orangutans are usually kept in smaller numbers
than chimpanzees due to their more solitary nature, so the
stimulation provided by regular feeding may be perceived
as more important for orangutans. This agrees with the
greater importance of ‘enclosure furnishings’ and ‘enrich-
ment rotation’ for orangutans and the lower ranking of
‘social structure’ and ‘group size’ than the African apes, as
orangutans use the vertical dimension more (Perkins 1992;
Hebert & Bard 2000) and may be perceived as requiring
more physical stimulation as they have less social stimula-
tion from conspecifics. The lower perceived importance for
the attribute ‘avoidance provision’ for bonobos than the
other Great Apes could be due to their more tolerant
behaviour of each other. Studies have shown them to be
much more co-operative with conspecifics when asked to
work for a food reward and frequently share food,
something chimpanzees will rarely do (Hare et al 2007).

Validation of the overall rankings with scientific evidence

The attributes perceived by the stakeholders as having
higher importance have been demonstrated in the scientific
literature as being essential for animal welfare, however as
the majority of the respondents fell into the ‘scientist’ group
this was to be expected. For example, studies have consis-
tently shown the provision of an appropriate social structure
is of critical importance in terms of the adequate behav-
ioural development of Great Apes in captivity (Davenport &
Rogers 1970; Bloomsmith & Baker 2001; Nakamichi et al
2001; Martin 2002), and this attribute was assigned the
highest importance by the respondents.

The five elements identified in the USDA report (USDA-
APHIS-AC 1999) correspond directly with the prime
position given to these attributes, with ‘social structure’
being ranked most with importance, followed directly by
‘enclosure appearance’, and ‘enclosure furnishings’, with
‘duration of feeding’ in sixth place. The high ranking of
‘social structure’ by the respondents is supported by many
papers in the literature asserting its importance (eg
Davenport & Rogers 1970; Boer [1983; p 279]; Traylor-
Holzer & Fritz 1985; Woolverton et al 1989). Both the
survey results and the current literature confirm that the
physical appearance of an enclosure can encourage both
activity budgets that are similar to wild Great Apes and low
frequencies of psychopathologies (eg Perkins 1992;
Kerridge 1996). ‘Enclosure furnishings’, the third most
important attribute, are supported by scientific literature for
their ability to provide a complex environment (Carlsted
et al 1993; Brent & Stone 1996; Hebert & Bard 2000; Caws
et al 2008). Similarly, group size is supported because it
influences the formation and maintenance of successful
social groups (National Research Council 1998; USDA-
APHIS-AC 1999; Price & Stoinski 2007) and has a large
impact on behaviour, welfare and reproductive success.
Sub-optimal group size has been associated with increased
abnormal behaviours (Price & Stoinski 2007), with solitary

housing associated with high levels of stereotypic behav-
iours, incompetent social and reproductive behaviours and
chronic stress (Erwin & Deni 1979; Carlstead 1996;
Reimersa et al 2007).

The attribute ‘competition with conspecifics’ was given an
identical importance value to ‘enclosure size’. High levels
of competition with conspecifics can cause a monopolisa-
tion of resources in captive Great Apes (Tarou et al 2004),
and thus should be avoided in the captive environment.
Competition to mate occurs in captivity (Price & Stoinski
2007), as well as competition for favoured items and
locations (Tarou et al 2004). Of similar importance was
small ‘enclosure size’, with respondents probably recog-
nising that an increase in cage size has little to no effect on
behaviour and activity levels (Line ef al 1990; Crockett et al
1995), unless it is associated with increased enclosure
complexity (Perkins 1992; Crockett et a/ 2000).

Aspects of ‘feeding interval’ were given a moderate level of
importance (5.37), and random presentation was favoured
over regular feeding times perhaps because of preprandial
stereotypies (Morgan & Tromberg 2007). Four times pres-
entation was rated better than twice daily, decreasing the
time that the animals spend inactive and reducing the occur-
rence of abnormal behaviours (Elsner 2002).

‘Diet’ was ranked of relatively low importance, even though it
is often addressed in relation to regurgitation and reingestion
(r/r). However, there are specific reasons for this, as fruit-
based diets containing high levels of water and excessive
amounts of sugar may be responsible for causing 1/r in gorillas
(Popovich & Dierenfeld 1997). Both Aspinall (1980) and
Struck et al (2007) support the high rating to a diverse diet.

The low importance placed on ‘staff qualifications’ corre-
sponds with the very limited information in the Great Ape
husbandry literature. The similarly low ranking of ‘enrich-
ment rotation’ was contradicted by a study that found
increased activity when chimpanzees were provided initially
with enrichment, but habituation developed quickly (Celli
et al 2003). The least importance was placed on ‘outdoor
enclosure availability’ by the respondents, despite the fact
that marmosets (Callithrix jacchus) have been shown to
prefer outdoor enclosures to indoor (Pines et al 2007).

Animal welfare implications

Understanding expert opinion in relation to Great Ape
husbandry requirements in captivity is valuable in the
light of inadequate scientific studies on the major species
to allow issues to be ranked for importance effectively.
Obtaining such information is the first stage in devel-
oping an effective welfare assessment tool to use in
captive situations. Further development of such a tool
requires: i) validation, in part by comparison with litera-
ture data, but also by direct evaluation of the welfare
outcomes of captive environments with different levels
of provision of the husbandry issues investigated; and ii)
evaluation of performance of establishments keeping
captive Great Apes, both of which are the subject of a
subsequent paper from this research group.
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Conclusion

The stakeholders of Great Ape husbandry ranked the attrib-
utes of husbandry in a consistent and useful manner, indi-
cating that those involved with the care of captive apes hold
similar opinions. Expected differences were found between
the attribute rankings for the different species, with a survey
of relevant literature confirming the value of the attributes
believed to be of most importance.
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