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Introduction

Abstract

Despite their ubiquity in captivity, specific dietary recommendations are few for captive hylobatid
apes. In the wild, these small apes consume a diverse array of food materials, with a predominance
of fibrous plant matter. In captivity, however, animals are more likely to be fed commercial diets and
locally available fruits and vegetables. For optimal health, animal diets must contain appropriate
amounts of macromolecules, nutrients and minerals, and dietary imbalances can contribute to poor
health and animal welfare. Captive hylobatids, in particular, commonly suffer from gastrointestinal
distress (GID), typically manifest as chronic diarrhoea (CD), but little documentation exists of the
extent of, causes of, or treatments for this often-chronic condition in small apes. In this study, an
anonymous survey of 10 questions pertaining to small ape diet and faecal characteristics was made
available globally to institutions housing small apes. A total of 53 different institutions completed the
survey, providing dietary and faecal characteristics data for 248 individuals representing eight of the
17 recognised small ape species. Little standardisation of hylobatid diet exists, with some institutions
feeding nearly all fruit and/or vegetable matter and others feeding only processed meals. A total of 26
of the 53 responding institutions reported animals with CD, in 51 out of the 248 subjects represented.
CD was evenly distributed across the subjects in the sample, having no specific association with subject
species, gender or age. Captive populations that included subjects with CD (CD+) and without CD (CD-)
received diets containing similar amounts of citrus fruits, plant-based matter and protein. However,
CD+ populations received non-citrus fruits at higher average levels than CD- populations, and also
received food-based enrichments, on average, more often than CD- groups. These data confirm that
(i) captive hylobatid diets vary widely among institutions, (ii) vegetables and fruits comprise the bulk
of most captive diets, with substantial protein but little citrus included, (iii) CD is a common aspect of
captive small ape health, (iv) the occurrence of CD is not specifically associated with any identified
captive small ape subpopulation, and (v) higher amounts of dietary fruits and food-based enrichments
are associated with the occurrence of CD in captive small apes. More work is needed to determine if
specific food types within these general categories are typical causative agents of CD in captive small
apes.

causes. While physiological stresses manifest in a variety of
ways, gastrointestinal distress (GID) is a common indicator of

Maintaining the physical and mental health of animals housed
in captivity is essential for animal welfare and conservation
efforts (Association of Zoos and Aquariums 2010), and the
zoological community is justly committed to striving for the
best housing conditions for captive animals. Despite best
efforts, however, zoological housing can generate high levels
of physiological stress in captive animals (Prongay et al. 2013;
Clayton et al. 2014; Kottwitz and Ortiz 2016; Reppert 2015),
whether due to space, social or environmental factors, or other
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compromised health in captive mammals (Bockus 1969; Chen
etal. 2018). Mammal GID can stem from many causes (including
changes in gut microbiota, poor diet, social stress; Lloyd et al.
1986; Dierenfeld 1997; Nijboer et al. 2006; Clayton et al. 2014;
Caravaggi et al. 2018; Chen et al. 2018), and may present as
impaired stool formation related to chronic diarrhoea (CD),
irritable bowel syndrome (IBS), or colitis (Fenoglio-Preiser et al.
1999; Lankester et al. 2008; Wilk et al. 2008; Aron-Wisnewsky
and Clement 2016; Vandeputte et al. 2016; Thompson 2018).
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Table 1. The survey questions used for data collection. In addition to the basic numerical responses, survey respondents provided a variety of open-ended,

textual descriptions of their subjects, their diets and their stool characteristics.

Number Question

1 How many gibbon(s) are housed at your current institution?

2 Please list the age, sex, and species of all the gibbon(s) you are including in this survey.
What percentage (from scale of 0%-100%) of the gibbon(s) diet at your institution is made up of:

3 non-citrus fruits (ex. apples, blueberries, bananas)?

4 citrus fruits (ex. oranges, grapefruit, lemons)?

5 vegetables (ex. spinach, romaine, kale, celery)?

6 high protein items (ex. beans, monkey biscuits, hard-boiled eggs)?

7 How often do your institution’s gibbon(s) receive food-based enrichment(s)?

8 Do any of your institution's gibbon(s) have chronic diarrhea?
Using the Bristol Stool Chart, what is the

9 most common type of stool you see the gibbon(s) produce?

10 most common type of abnormal stool you see the gibbon(s) produce?

Small apes (Hylobatidae; including the gibbons and siamang)
are common in captivity, popular for their relatively small size,
aerial acrobatics and engaging behaviours. They present a number
of housing challenges, including the attempt to match their
natural Southeast Asian diet of (primarily) plant matter. Hylobatid
diets in the wild generally consist of fruits, leaves, flowers and
insects, with ripe fruit making up >50% of the diet in some species
(Ripley 1984; Smith 1984; Chivers 2000; Rowe and Jacobs 2016).
However, diet is not uniform among these small apes; siamangs
Symphalangus syndactylus and crested gibbons Nomascus spp.
are known to consume more foliage than other gibbons (Chivers
1974; Palombit 1997), and the specific dietary components of
any particular species vary by geography (Elder 2009; Ni et al.
2014). Ideally, captive diets should, of course, mirror natural diets
as much as possible (Chivers and Raemaekers 1986; Dierenfeld
1997; Campbell 2008; Caravaggi et al. 2018). Collectively, small
apes generally thrive on captive diets containing local fruits and
plant matter, but GID is commonly reported (Keeling and McClure
1972).

While general guidelines for the captive feeding of frugivorous/
folivorous primates do exist (Edwards 1997), community-wide
guidance for hylobatid diets is lacking. At present, there is no
‘universal’ set of diet protocols for small ape species available
through the Association of Zoos and Aquariums (AZA), the
European Association of Zoos and Aquaria (EAZA), the United
States Department of Agriculture (USDA), Gibbon Species Survival
Plan (SSP), or the Ape Taxonomic Advisory Group (Ape TAG). This
lack of standardised hylobatid dietary protocols has led to a wide
diversity of small ape dietary practices (examples in Campbell
2008; Miller 2010), with hylobatid dietary and enrichment
practices varying considerably from institution to institution.

If captive hylobatid diets are being structured more through
habit and convenience than through the collective wisdom of the
zoological community, the risk of dietary imbalances increases,
with the concomitant potential to contribute to animal stress,
perhaps especially including gastrointestinal stress. Sub-optimal
diets are known to cause intestinal hypermobility, leading to the
production of loose, watery stool (Keeling and McClure 1972).

While acute diarrhoea is not uncommon in captive nonhuman
primates (Anderson et al. 1993; Prongay et al. 2013; Clayton et
al. 2014; Reppert 2015), chronic CD appears to impact hylobatids
frequently, and often without resolution. At most institutions,
resource limitations are likely to preclude exhaustive evaluation
of CD, and efforts to combat it appear to involve trial-and-error
dietary modifications, primarily (personal observation).

This landscape of diverse hylobatid dietary practices and the
commonality of captive gibbon CD supports the belief that dietary
GID contributes to CD in captive small apes. The goal of this study
was to evaluate this association through examination of specific
dietary components and practices, relative to the distribution of
CD in captive subjects. Specifically, the study sought to (i) survey
an array of institutions for the captive gibbon dietary practices
employed, including the diversity, amounts and presentation
of foods included, to (ii) examine how CD is distributed within
and among institutions housing gibbons, and to (iii) evaluate
associations between the diets reported and the occurrence of
CD. In doing so, the intention is to stimulate discussion of dietary
standards for captive hylobatids, with a concomitant goal of
reducing dietary stresses and the risk of CD in captive subjects.

Methods

Survey and data collection

A custom, online “Gibbon/Siamang Diet Survey” was created
using  SurveyMonkey (http://www.surveymonkey.com). The
survey (Table 1) evaluated (i) the size and make-up of the small
ape population held at an institution, (ii) the dietary practices
and foodstuffs used in their care, and (iii) the occurrence of CD
and the general stool characteristics (including Bristol stool score;
Lewis and Heaton 1997) which typified the subjects. Respondents
were asked to estimate dietary make-up by food class (non-citrus
and citrus fruits, vegetables), to identify the percentage of high-
protein foods in use, and also to identify the frequency and type of
dietary enrichments used. The amount of dietary protein provided
was a key point of interest, as protein is potentially limiting in the
natural diet of wild primates (Ganzhorn et al. 2017). Likewise,
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Table 2. A tally of specific food items regularly included as part of respondents hylobatid diets, have been nominally categorised as fruits, vegetables,
protein sources and enrichment: n=1 institution unless specified by number in brackets. Enrichment food items were also included as part of the regular
diet, by other insitutions; all enrichments were offered less regularly than other dietary components (see Results).

Fruits Vegetables Protein sources Enrichment
“non-citrus fruits” * “greens” (11)* “biscuits” (15)* "cereal"
apple lettuce (2) Mazuri Primate Browse "dry forage"
banana spinach (2) Mazuri Browser Breeder "insects"
honeydew Mazuri Leafeater (8) "nuts" (2)

“root vegetables” (7)*

“citrus fruits” (5)* carrot (4)
orange (3) swede
pineapple sweet potato (3)
tomato yam

“cruciferous vegetables” (5)*
broccoli (2)

cabbage

cauliflower

kale (2)

(other)*
aubergine
celery
cucumber (2)
green pepper
leeks

sweet corn

zucchini (2)

Mazuri Old World (2)

Mazuri Primate Growth & Reprod.

Mazuri Maintenance

egg (13)*

“legumes/beans” (8)*

"seeds/grains" (4)
apple juice
applesauce
cranberries (dried)
egg

grape

Hi-maize resistant starch

green beans (2) ice cubes
kidney beans Jello
peanuts (2) melon
oatmeal
“canned diet” (2) popcorn
Zupreem raisins
timothy
poultry meat (cooked) (2)* yogurt

chicken (2)
turkey

(other)*

“chow cake”

rice (white, cooked)
seeds

Trio Munch

*General food groups

“‘non-specific identifiers used by respondents in describing their subject diets

protein is normally carefully controlled in captive animal diets
in order to prevent over-feeding as well as to limit the effects on
stool solidity (Nijboer et al. 2006). Respondents also were asked
to delimit their uses of citrus versus non-citrus fruits, as hylobatids
in the wild make very limited use of citrus fruits, which are more
readily available and less seasonal in captivity.

Respondents also were asked to rate typical and extreme subject
stool scores, as a way to estimate the frequency and severity of CD
in their hylobatid subjects. Subjects’ responses were not bounded,
allowing respondents to provide additional textual description of
their numerical responses if they chose.

The survey was made available electronically in 2017 to
gibbon/siamang studbook keepers and through online “primate
keeper” social media groups. Responses were anonymised to the
extent that respondents wished them to be (e.g., no identifying
information was requested or required).
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Data summarisation and analysis
All data were tabulated in Microsoft Excel (Microsoft Corp.;
Redmond, WA). Data analyses were performed in both Microsoft
Excel and SPSS (Version 25; IBM Corp; Armonk, NY). Dietary
characteristics and food-based enrichments were summarised at
the institution level, as respondents most commonly reported a
single diet for all subjects at their location. The occurrence and
severity of CD first was assessed across the entire data set at the
institutional level as well, as only a subset of respondents reported
having any subjects with CD at their facility. The occurrence of
CD was also characterised at the individual level within a subset
of the data, as multiple respondents specifically described the
breakdown between individuals who were, or were not, afflicted
with CD at their institution.

Statistical analyses focused upon (i) assessments of the
distributions of dietary components (identity of foods within
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Figure 1. Of the 248 small apes described in survey responses, 152 small
apes were identified by species. In the sample, the most common subjects
were siamang, lar, and white-cheeked gibbons, which together comprised
92% of the identified subjects (top panel). An additional 96 subjects (39%
of the total number of subjects represented in our sample) were not
identified by species. Subjects ranged from 0.5 to 52 years of age (bottom
panel), with all age groups <45 years (9 of 11 age groups) represented by
>8 subjects in the sample.

each category, ranges and average of dietary percentages,
frequencies of dietary enrichment), (ii) dietary differences among
subject populations characterised as having CD versus not (via
t-test; t statistic reported), and (iii) associations between subject
characteristics and the presence of CD (via Chi-square tests;
X? values reported). Where appropriate, samples were tested
for equality of variances (F tests) and normality (Shapiro-Wilk
tests) before analysis; comparisons between samples of unequal
variances are identified below. All statistical tests were one-tailed.

Results

Respondents and described subjects

A total of 53 separate institutions responded to the survey
with information about their small apes, their diets and stool
characteristics, and the occurrence of CD. Respondent identity
and location were not requested as part of the survey; any
information that suggested either respondent identity or location
was removed before data summarisation in order to preserve
respondent anonymity. Due to partial responses from some
respondents, sample sizes in individual analyses vary and are
specified below.
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Figure 2. Survey respondent estimates of hylobatid dietary make-up
and enrichment frequency at their institutions. Plotted here are dietary
estimates (as percentages of total diet) for non-citrus fruits, citrus fruits,
vegetables, and high-protein items in subject diets, relative to the axis at
figure left. Symbol size indicates the number of data points at any one
location on the graph, relative to the symbol size scale at figure bottom.
Data means for each column are indicated by horizontal bars. Also plotted is
the frequency of dietary enrichment at institutions, relative to the scale at
figure right. The total sample size (# of reporting institutions) represented
in each data column is depicted at figure top. Because “high-protein”
content is not a food group per se, dietary component percentages total
>100%. The survey reveals that captive hylobatid diets are highly variable
among institutions, and are, on average, structured with a predominance
of vegetable matter and fruits, with protein supplementation.

Captive hylobatid population characteristics

Survey responses described a total of 248 small apes, with an
average of 4.8 small apes per institution (range: 1-42). A total of
152 small apes (n=248; 61%) were identified by species, while 96
(39%) were unidentified. Identified subjects were distributed very
unevenly (Chi square test: X?=205.47, df=7, P<0.001) across eight
small ape species. Siamang S. syndactylus (n=58), Lar Hylobates lar
(n=45), and white-cheeked gibbons N. leucogenys (n=37) were the
most common in the sample, while agile Hylobates agilis (n=2),
pileated Hylobates pileatus (n=2) and hoolock Hoolock spp. (n=1)
gibbons were the least common (Figure 1, upper panel). Subjects
in the sample averaged 19 years of age (range: 0.5-52 years old;
Figure 1, lower panel). Subjects were relatively evenly distributed
in age, rather than normally distributed (Shapiro-Wilk test for
normality of subject ages: S-W statistic=0.948, df=169, P<0.001).

Captive gibbon diet characteristics

Gibbons in the sample received a very broad mixture of food
materials. Vegetable matter (51% of diets, on average) and non-
citrus fruits (40% of diets, on average) comprised the bulk of the
foods reported, with relatively much smaller amounts of citrus
fruits (Figure 2). Still, within these general categories, there was
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Figure 3. Small ape subjects at institutions that did not report the presence of CD (CD- facilities) tended to have stools that commonly scored at moderate
levels (3-5) on the Bristol stool scale (open bars), with relatively fewer stools of high Bristol score. In contrast, individuals at institutions at which CD was
reported (CD+ facilities; shaded bars) most commonly had stools of Bristol score 6, with relatively fewer stools of moderate Bristol score.

much variation among institutions, with some reporting 100% of
the diet as non-citrus fruit, while other institutions offered a diet
that was 0% fruit and 100% vegetable in make-up. Five of the 53
responding institutions (10%) fed 100% fruit-free diets, while 20
institutions (38%) fed diets that lacked citrus fruits of any kind.
Most institutions used relatively little citrus fruit (averaging only
5% of the diet), and most diets contained a moderate amount
(20%, on average) of high-protein items (including high-protein
plant material, commercial primate “biscuits” and egg).

Respondent open-ended comments on dietary make-up
(Supplementary Table 1) suggest relatively fixed diets at some
locations and relatively more relaxed diets at others. The
comments also revealed the striking diversity of dietary items
used. Only a small number of institutions voluntarily identified
the specific food items they used in their diets (Table 2), with
oranges being the most-commonly identified fruit given (but
typically in small amounts). Vegetables comprised the largest
average portion of the diets reported (Figure 2), with leafy green
vegetables being identified most frequently (Table 2), followed by
root and cruciferous vegetables. A total of 17 specific vegetables
were mentioned as being used in subject diets (Table 2). Fruits
and vegetables were reported by multiple facilities to be on a
rotational basis (either by design or due to local availability).

Commercial primate “biscuits”, of a variety of types, were the
most commonly identified high-protein dietary items, closely
followed by eggs (typically identified as hard-boiled; Table 2). Care
staff also used high-protein plant matter (including legumes) in
subject diets, and less commonly reported uses of poultry meat
or canned diets (each at two locations only). A total of 19 different
foods were identified as enrichment items (Table 2), with dietary
enrichment frequencies ranging from daily to weekly (Figure 2).
A dietary enrichment frequency of 2-3 times per week was most
common (23 out of 52 facilities). Multiple respondents reported
that enrichment foods were either taken from or replaced typical
diet items, reflecting a general theme of caloric conservation and
maintenance of subject body masses.
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Institutional occurrence of chronic diarrhoea

CD, interpreted here as a sign of intestinal distress, was frequently
reported. A total of 26 institutions reported that one or more of
their small apes had CD, while 27 respondents reported not having
small ape CD at their institution.

Stool characteristics

That CD was reported at half of respondent institutions allowed a
comparison of populations at facilities at which CD was reported
(CD+ populations) with subjects at facilities at which CD did not
occur (CD- populations). These comparisons are conservative, as
not all subjects at CD+ institutions themselves were CD+. Still,
CD+ and CD- populations differed markedly in their general stool
characteristics. CD- subjects had lower typical Bristol stool scores
for their most common stool type than did CD+ populations (modal
Bristol stool scores of 4 vs 6), reflecting more-firm and better-
formed stool in CD- populations. Overall, common stool scores
differed markedly between CD- and CD+ populations (X*=13.42,
df=4, P<0.02; Figure 3), as CD+ populations produced more stools
of higher Bristol stool score. The distribution of stool scores at CD+
institutions was bimodal (Figure 3), reflecting the fact that not all
individuals at a CD+ facility were themselves afflicted with CD:
individuals of normal health produced firmer stools of scores 2—4,
while individuals with CD commonly produced stools of Bristol
scores 5-6.

Dietary contributions to the presence of chronic diarrhoea

In order to evaluate the ability of dietary make-up to contribute to
CD, the study assessed whether diets at CD+ and CD- institutions
differed. Institutions that reported the presence of CD gave their
animals more non-citrus fruits (47.3 £7.5% of total diet) than did
institutions that did not report the presence of CD (35.3 +5.6%);
a difference that was marginally distinct statistically (two-sample
t-test: t=1.34, df=49, P=0.092; Figure 4). In contrast, neither the
percent of citrus fruit (4% vs 5%) nor the percent of plant matter
(54% vs 55%) in small ape diets differed between CD+ and CD-
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institutions. CD+ institutions provided more variable amounts of
dietary protein than did those without CD (two-sample test for
equivalence of variances: F525=0-47, P<0.05), although the mean
amounts of dietary protein did not differ between CD- and CD+
populations (18.5 +2.2% vs 21.6 +3.5%; t=0.76, NS; Figure 4).
However, institutions reporting small ape CD gave food-based
enrichment items a greater number of days per week (on average)
than did institutions without small ape CD (4.6 +0.5 vs 3.3 +0.4
days per week), a difference that was highly statistically significant
(t=2.14, df=50, P=0.015; Figure 4).

Non-dietary predictors of chronic diarrhoea

Apart from institutional-level analyses of the occurrence of CD, this
study also sought to examine individual subject characteristics for
associations with CD. Some survey respondents provided enough
individual subject detail that it was possible to compare CD+ and
CD- subject characteristics across identified individuals. These
comparisons did not yield any specific subject associations with
CD. The overall sample included eight identified small ape species,
and the occurrence of CD was not associated with any particular
species (X?=10.19, df=8, NS). Siamang (38%), lar (30%), and white-
cheeked gibbons (24%) made up the majority of the sample pool,
and they constituted similar percentages of the CD+ sub-sample
(31%, 29% and 27%, respectively). Likewise, the occurrence of CD
was equally distributed among male and female subjects (X?=0.06,
df=1, NS), as females comprised 46% of the sample and 47% of
observed CD+ subjects.

The global sample pool included individuals from 0.5 to 52
years of age. However, there was no apparent age structure to
the occurrence of CD, as the age distributions of subjects with
CD (mean: 21 years) and without CD (mean: 18 years) were
equivalent (t=1.67, df=125, NS). Thus, the occurrence of CD in the
captive small apes represented here appears to have an extrinsic
(e.g., environmental) basis, rather than stemming from an intrinsic
characteristic of one or more subpopulations of captive small apes.

Discussion

The data and analyses presented here provide several clear
findings relative to the diets used in support of captive hylobatids
as well as the frequency of chronic diarrhoea (CD) and how diets
may contribute to its occurrence in captive small apes, including:

I. On average, captive hylobatids are fed diets that are roughly
half vegetable in make-up, with slightly lesser amounts of fruit
(mostly non-citrus), with substantial protein supplementation and
frequent/diverse enrichment. Individual institutions, however,
vary widely in their relative uses of these categories of foods.

Il. The specific fruits and vegetables used in captive hylobatid
diets varies widely among institutions, and is likely to be driven
by local availability. Many specific food items were reported as
being in use at only a small number of institutions. That captive
hylobatids generally thrive on such an array of foods is likely to
reflect some combination of their ability to tolerate a natural
diversity of foodstuffs, combined with individual subject abilities
to choose from among the food items presented.

Ill. CD is common in captive small apes, with half of all
respondents reporting gibbon CD at their institution. At any one
institution, typically only a subset of subjects experienced CD,
with others being unaffected.

IV. Captive small ape CD is unrelated to subject species,
age or sex, suggesting that the occurrence of CD is related to
environmental variables, rather than intrinsic factors.

V. While the relatively low level of detail in subject responses
precludes fine-grained analyses, the occurrence of CD in
captive small apes is significantly related to diet, with greater
amounts of non-citrus fruits and greater frequencies of food-
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Figure 4. In order to assess the ability of diet to contribute to CD, the study
evaluated captive hylobatid dietary make-up independently for those
institutions reporting the absence (-), or presence (+), of chronic diarrhoea
(CD) in their small apes. Non-citrus fruits, citrus fruits, plant-based matter
and protein were evaluated in terms of their overall contribution to diet
(in percent; figure left axis), while food-based enrichment was assessed
in terms of the average number of offerings per week (figure right axis).
The CD status of each data column is indicated at figure top; significant
differences between CD- and CD+ institutions for individual dietary
elements are denoted by asterisks (* for P<0.1, ** for P<0.02). Bubble
size indicates the number of institutions represented at each point in the
graph, relative to the scale at figure bottom. Due to incomplete survey
responses, sample size in figure data columns ranges from 24-27 reporting
institutions within each column. Solid bars indicate population means
within each data column. The amount of citrus fruit, plant-based matter
and overall protein in captive small ape diets did not differ between
institutions reporting the presence or absence of CD. However, institutions
at which CD was reported gave higher amounts of non-citrus fruits, and
offered food-based enrichments more frequently, than did institutions
whose small apes do not experience CD.

based enrichments being significant predictors of CD in captive
hylobatids.

Survey respondents successfully used a diverse array of
fruits and vegetables in their hylobatid diets, and the relative
percentages of dietary fruits (from 0-100%) and vegetables (from
18-100%) varied widely among institutions. The survey did not
evaluate the relative success with which these different food
items or groups were consumed, but the data do suggest that
captive hylobatids can thrive on a wide variety of natural plant
materials. Hylobatids naturally eat an array of plant products in
the wild, including fruits, shoots, buds and leaves (Ripley 1984;
Palombit 1997; Rowe and Jacobs 2016), and their generalist
dietary tendencies do not appear to be constrained in captivity. A
small number of institutions used diets which were entirely fruit
or entirely vegetable (Figure 2), a practice which seems likely to
risk insufficient provisioning of dietary protein. Captive subjects
have little access to natural sources of protein, and protein
supplementation was very common in the present survey (with
commercial diets and eggs as the most-frequently used items).
In the wild, hylobatids are known to include insects, seeds/
grains and flowers in their diets, but these were represented very
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infrequently here (voluntarily reported by 1, 5 and 0 institutions,
respectively). As expected, citrus fruits made up a relatively small
proportion of diets overall (mean of 5%; Figure 2), but comprised
10-20% of the diets at a quarter of respondent institutions (12 of
49 reporting institutions).

The survey also confirms that CD is common among captive
hylobatids and that it typically strikes only a subset of animals at
any one location. This latter finding suggests that an infectious
basis for CD is less likely than some other causative agent. While
the study found no specific subject characteristics associated with
the occurrence of CD (such as species, gender or age), it did find
two significant dietary predictors of CD. Higher levels of non-citrus
fruits and higher rates of dietary enrichment were both associated
with the occurrence of CD (Figure 4). How these could lead to
CD in some subjects is unknown, although alterations of the gut
microbiome are an obvious candidate. It is tempting to assume
that a diverse diet is generally associated with a diverse intestinal
bacterial flora (Heiman and Greenway 2016), but this effect is not
uniform in the human and animal studies to date (e.g., Bolnick et
al. 2014). It is also true that temporary introductions of atypical
food items (e.g., enrichment of diet with novel foods) may cause
significant and unexpected alterations in gut bacterial diversity (Xu
and Knight 2014; Singh et al. 2017), which themselves can trigger
significant changes in gut regulation and function (Guarner and
Malagelada 2003; Barbara et al. 2005; Bercik et al. 2012). There
is much about the relationships between animal and human
diets, intestinal microflora and physiological health that is yet
to be discovered, and appreciation for the complexity of their
interactions is growing (Conlon and Bird 2015). Investigations of
these relationships in captive hylobatids is underway.

Dietary recommendations

While dietary preferences and needs are expected to differ
among hylobatid species and among individuals of differing age
class or reproductive condition, these data lend themselves to
some general suggestions regarding diets for captive hylobatids,
in concert with the general recommendations available for
frugivorous/folivorous primates (Edwards 1997). Assuming that
the diets reported here have been shaped by local experience
and found to be generally effective at their institution, these
data suggest that captive hylobatid diets should be comprised
predominantly of vegetable matter (primarily leafy greens), with
non-citrus fruits making up the next largest dietary component.
Proteins can be included through the use of legumes, although
plant-based protein sources alone appear to be generally
insufficient in their ability to provide enough protein, given the
widespread use of non-plant-based protein supplements. Eggs
are a widely accepted choice of supplemental protein, and one
that is easily used as enrichment. Commercial diets, specifically
manufactured to include protein and fibre, are advantageous in
that they are available with an array of nutrient content, allowing
specific use to support growing or lactating individuals, or to
support weight loss/management. Citrus fruits are best used
only at very low levels (no more than 5% of the overall diet),
and enrichment of atypical dietary items should be relatively
infrequent (<2x per week), with concomitant reductions in other
daily rations. It is also suggested that significant attention be paid
to the selection of food choices by individual subjects, as non-
optimal food selection among dietary items may contribute to
individually compromised subject health.

Limitations of current study design and suggestions for further
research

While this survey has provided clear evidence of the diversity of
captive hylobatid diets and the associations between diet and the
incidence of CD in captive small apes, additional details of subject
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dietary components is required to determine if particular types
of fruits or food-based enrichments are causal for the occurrence
of CD. For example, the survey reveals that high-fruit diets alone
are not sufficient to cause small ape CD, as some CD- subjects
received diets that were nearly all fruit. This suggests that the
choice of particular fruit types, or their preparation/handling, is
crucial. In addition, respondents identified (by percentages) the
primary components of their subjects’ given diets but did not
evaluate subject free choice among dietary elements. Individual
subjects are likely to have consumed parts of their diets at very
different rates/amounts (authors’ observations), which could
explain why only a subset of individuals at any one institution
could be reported to have CD.

It is intended that this survey and these results will stimulate
the development of a more standardised dietary plans for captive
small ape species, including the identification of diets that can be
used to prevent or manage the occurrence of CD. Because captive
primate CD may arise from a number of hypothesised causes,
the development and use of standardised dietary protocols will
be necessary to eliminate diet as one of the contributing factors
to this unhealthy and troublesome condition often seen in small
apes.
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