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Abstract: Regurgitation and reingestion (R/R) is a prevalent, abnormal behaviour observed in captive
great apes. R/R may be related to animal welfare and while less R/R appears to occur when apes are
provided with browse and continuous foraging opportunities, the aetiology of the behaviour (e.g.,
foraging time or taste characteristics such as sweetness) is not well understood. This study aimed to
determine how environmental enrichment may affect R/R in three zoo-housed, adult orangutans.
Over eight weeks, nine fillable enrichment items were provided twice to each orangutan—once with
a sweet filling and once with a savoury filling. Enrichment engagement time and R/R behaviour
were monitored for 1-h after the item was provided. Individual differences were found in R/R
occurrence. One individual was more likely to perform R/R when given enrichment with a sweet
filling (p < 0.05), and a second was more likely to R/R with savoury filled enrichment (p < 0.05). R/R
behaviour from the third orangutan was unaffected by enrichment filling (p > 0.05), however he
engaged longer with savoury filled enrichment, compared to sweet (p < 0.05). No relationship was
found between engagement time and amount of R/R behaviour, for any of the orangutans (p > 0.05).
While these results should not be generalized without a larger study, they do suggest that diet and
enrichment qualities may play a role in the performance of R/R, and individual variation should not
be overlooked when considering causation.
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1. Introduction

Contemporary zoos increasingly strive to provide husbandry that is supported by
evidence-based research [1]. While many zoo-based animal welfare studies have focused
on mammals, particularly great apes [2], there are still gaps in our knowledge that may
prevent zoos and sanctuaries from providing optimal care. Regurgitation and reingestion
(R/R) is one poorly understood behaviour observed in captive great apes, which is likely
to be detrimental to welfare [1]. Lukas [3] summarises R/R as the voluntary movement of
food or fluid from the oesophagus or stomach, to the mouth, hand, or floor, followed by
reingestion of this regurgitant. Although regurgitation may outwardly resemble vomiting,
it is not an involuntary action brought on by autonomic activity or necessarily preceded by
contractions of abdominal muscles and retching ([4] cited in Hill [1]).

Great apes do not regurgitate and reingest food as part of their normal feeding
repertoire [5]. To date, there are no published reports of wild great apes or wild-born
sanctuary great apes engaging in R/R [1,6], but some anecdotal observations of R/R by
sanctuary-housed orangutans have been described [7]. In contrast, Hill [1] outlines that
R/R has been observed in almost all zoo-housed great ape species (e.g., chimpanzees, Pan
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troglodytes [8-10]; orangutans, Pongo spp. [11]; Bonobos, Pan paniscus [12]; and Western low-
land gorillas, Gorilla gorilla gorilla [3,5,13,14], as well as various other primate species [12].
A survey of 154 orangutans (>4 years) in North American zoos found that 35% engaged
in R/R [11], and there is evidence from Singapore Zoo that R/R in young orangutans
(<7 years) is around double that of older orangutans [15]. Another study found that out of
40 chimpanzees across six research groups in the United Kingdom and United States of
America, 30% engaged in R/R [16]. A study of 91 zoo-housed gorillas (>5 years) across
17 zoos, found that 84% exhibited R/R behaviour [17]. Taken together, these studies sug-
gest that R/R is a prevalent behaviour exhibited by captive great apes, and as there is
no published evidence of R/R being part of the normal behavioural repertoire of wild
great apes, it may be classified as an abnormal captive behaviour [1,5,18]. Gould and
Bres [17] suggest that R/R exhibited by hand-reared non-human apes may also result
from a failed social interaction, but this suggestion has not been investigated thoroughly.
Interestingly though, a study of zoo-housed chimpanzees, found that small increases in
keeper interaction (an extra 10 min per animal, 5 days a week) had positive carry over
effects, including reduced incidence of R/R [19].

In humans, rumination can have deleterious consequences resulting from the acidic
regurgitant, including dental erosion, motor disorders of the oesophagus, ulceration, oe-
sophageal strictures, and pulmonary aspiration [1,20]. If R/R in non-human apes has
similar harmful physical consequences, then it will have a negative impact on their welfare.
Thus far, there is no published literature detailing any negative physical consequences
resulting from regurgitated oral acid by apes exhibiting R/R. However, a comparison
between regurgitant and food pH found that the regurgitated samples were significantly
more acidic than the original food, suggesting that some stomach acid had been regurgi-
tated into the mouth [5]. Furthermore, there are anecdotal reports of sores appearing on
areas of skin that make contact with regurgitated material (e.g., back of the hands, and
sides of the mouth) in gorillas who engage in R/R [1]. If R/R is having a negative impact
on the physical welfare of captive great apes, then further research is important in order to
determine the cause of the behaviour and how to eliminate it.

Causality for R/R is difficult to determine, however several dominant theories ex-
ist [1,3]. Great apes may use R/R as a way to prolong feeding opportunities within a
captive environment [1], and indeed, research on gorillas indicates that R/R is most preva-
lent in the postprandial period [13]. It has been suggested that increasing the frequency
of food availability (but not the overall quantity) to reflect the ubiquitous distribution of
food that great apes experience in the wild (‘continuous feeding hypothesis’), may reduce
the occurrence of R/R [3]. Foraging makes up a large proportion of the activity budgets
of wild great apes [21-23]. These foraging opportunities may not be well replicated in
captive environments, potentially resulting in frustration or even hunger [1]. There is
some support for this in the literature, as Hill [24] showed that increasing opportunities for
continuous feeding (without changing the components of the diet), virtually eliminated
R/R behaviour exhibited by one silverback gorilla. Alternatively, it may be that particular
food qualities (e.g., fibre levels or sweetness) are more influential on R/R behaviour than
food availability. Orangutans are primarily frugivores, however they also incorporate a
wide range of other items into their diets including invertebrates, bark and leaves [25].
Their diet is strongly influenced by food availability across different habitats [25] and by
early exposure to maternal food choices [26]. The composition of wild fruits generally
differs from the more palatable cultivated fruits provided by zoos, which have higher sugar
and lower fiber concentrations [27]. The provision of fibrous foods such as browse, rather
than cultivated sweet fruit and vegetables, may decrease the incidence of R/R [1] and result
in other positive effects such as reduced inactivity [28]. For example, the feeding of browse
to two zoo-housed gorillas increased foraging time and decreased R/R behaviour [17]. In a
follow-up study, feeding time decreased and R/R increased in three gorillas when their
meals were blended and served as an easily digestible liquid [17]. More recently it was
found that providing daily browse significantly decreased R/R behaviour in three captive
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gorillas, compared to when it was provided twice or four times a week [14]. Furthermore,
foraging time increased and more closely reflected wild activity budgets [14].

R/R behaviour may not be influenced by a single causal factor. A study of four
zoo-housed Bornean orangutans found that browse significantly increased the time spent
feeding, resulting in a trend towards reduced R/R [11], however when sweet foods were
available, a significant increase in R/R was observed in two of the individuals. A case study
of one male chimpanzee, who had exhibited R/R for seven years, found foraging time
increased and R/R decreased when browse was provided daily, whereas previous attempts
to replace fruit with high fibre vegetables had no effect [23]. Interestingly, there was an
increase in R/R with the provision of forage material (unsweetened cereal, sunflower seeds,
peanuts, popcorn and chicken scratch) even though foraging time increased. This may be
because that forage material was able to be eaten quickly, resulting in less satiety than when
consuming browse [23]. When several zoos removed commercial biscuits and reduced
fruit in their gorillas’” diets, and replaced these with fibrous vegetables, R/R significantly
decreased, and was eliminated in one zoo population [29]. In summary, published and
anecdotal evidence suggests that R/R is less prevalent in zoo-housed great apes when they
are provided with browse, however the evidence is undecided as to whether this is driven
by specific aspects such as foraging time and feelings of satiation, fibre content, or taste
characteristics such as sweetness.

Browse requirements for primates can be highly specific, and although daily browse
may support nutrition and welfare for zoo animals, it may be difficult and expensive
to source at such a frequency [30]. Therefore, other strategies that do not incorporate
browse, such as the use of environmental enrichment (hereafter enrichment) may provide
opportunities to promote natural feeding behaviour and the reduction of abnormal be-
haviour such as R/R. Enrichment broadly consists of alterations to the physical and/or
social environment of captive animals [31], which importantly has animal welfare as its
primary goal through the enhancement of psychological and physiological well-being [32].
While enrichment can take many forms, food-focused enrichment is often used in zoos to
promote foraging behaviour that more closely reflects wild activity budgets [33]. Feeding
enrichment offers an important opportunity to examine some of the potential underlying
drivers of R/R behaviour such as food sweetness and processing time, while controlling
interacting variables.

The present study investigated the effect of feeding enrichment on the R/R behaviour
of three orangutans at Auckland Zoo, during a one-hour postprandial period. The aim of
the study was to determine: (1) whether enrichment filling type (sweet vs. savoury) was
associated with the amount of R/R behaviour; (2) how enrichment filling type affected
the length of time engaged with enrichment; and (3) whether the length of time engaged
with enrichment affected the amount of R/R performed. It was hypothesised that the
orangutans in the study would R/R more with sweet enrichment than savoury, and that
longer enrichment engagement would correspond with lower levels of R/R.

2. Materials and Methods
2.1. Study Animals and Site

This study focused on three orangutans housed in a single exhibit at Auckland Zoo
(New Zealand): two Bornean orangutans (Pongo pygmaeus: 35-year-old male Charlie,
and 28-year-old female Melur), and one Bornean-Sumatran orangutan (P. pygmaeus x
P. abelii: 37-year-old Wanita). All were observed to frequently engage in post-prandial
R/R behaviour at the time of the study [34], however Melur and Wanita developed R/R
behaviour only after arrival to Auckland Zoo, potentially on exposure to other individuals
performing this behaviour. The study site was the Auckland Zoo orangutan exhibit, which
consisted of a 45 m x 40 m, kidney-shaped, open-air, on-display enclosure, and an off-
display enclosure with two large holding areas (L x W x H: 6 m x 9 m x 6 m and
104 m x 9.5m x 5 m) and three night-rooms (all 3.9 m x 2 m X 2.6 m), fully enclosed by
wire mesh. The on-display enclosure was furnished with permanent climbing structures
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(large poles) interconnected with a complex network of climbing ropes., while an enclosed
off-display dayroom had benches, poles and climbing structures. The orangutans were on
exhibit during the day and only brought inside to allow keeper access for cleaning of the
exhibit or for distributing enrichment. At 4 pm the orangutans were given access to the
off-display enclosure. On most nights they also had overnight access to the on-display area.

2.2. Eenrichment Program and Experimental Protocol

In this study, the behaviour of the three orangutans was video recorded over 60 min
sessions, commencing when they were given enrichment items filled with an edible sweet
or savoury filling. This study was conducted opportunistically in conjunction with the
z00’s existing enrichment program. No experimental interventions were introduced for the
purpose of this research project and all data was collected observationally therefore animal
ethics approval was not required. All enrichment items and fillings used were a subset
of the orangutans’ usual enrichment program, which was designed by the Auckland Zoo
primate team, and prepared by zoo volunteers. The overall enrichment program consisted
of 54 different items/activities in total, included over a rotating 4-week schedule, with
two items given each day. Enrichment included in the current study were nine objects
that were non-edible but could be filled with an edible substance (Table 1). Each item was
included twice, once with a filling that contained a sweet item such as jam and/or fruit in
dried, stewed or juice form (‘Sweet’ filling) and once with a similar filling that contained
no sweet item (‘Savoury’ filling). Prior to the commencement of each session, which
occurred between 2 and 3pm (Table 1), six identical enrichment items (two per orangutan)
were dispersed around the enclosure to minimize within-group competition. Orangutans
were moved off-display to allow the keepers access to the enclosure. Conflict events over
enrichment items were rarely observed during the study, and the orangutans generally ate
in solitude once they had located an enrichment item, therefore it was considered unlikely
that R/R behaviour would be influenced by conflict or competition in this study.

During session recordings, all three orangutans were filmed simultaneously for one
hour by a single researcher using two handheld cameras (CoolPix 5700, Nikon, Tokyo
Japan; MV550i, Canon, Tokyo, Japan). Footage was captured from the roof of the off-
display area, which allowed unobstructed views of most of the enclosure. The researcher
was within the view of the orangutans, however the potential for observer effects were
considered minimal, as all animals were habituated to being on display, and because they
had no prior experience (positive or negative) with the researcher. The researcher avoided
attracting their attention by wearing dark and neutral clothing, and by remaining quiet and
unobtrusive throughout the recording period. Eighteen enrichment sessions were recorded
in total over an eight-week period in May and June 2016.

2.3. Behavioural Coding

An ethogram of mutually exclusive and exhaustive behaviours was created to facilitate
consistent coding of behaviour from the collected video footage (Table 2). A single trained
observer coded the behaviours, and a subset of observations were compared with a second
experienced observer. Inter-observer reliability (using percentage of agreement taken at 1
min intervals on 8.3% of the videos totaling 270 intervals) was greater than 80%. Observers
were not blind to the experimental hypotheses or the enrichment item but were blind to the
enrichment filling type. Coding of behaviour, using focal animal sampling with continuous
recording, was carried out from the collected videos with Cowlog observation software [35].
Videos collected from each enrichment session were therefore coded three times—once for
each individual orangutan. In total, fifty-four observation hours were coded, comprised of
eighteen hours per individual (nine different enrichment items delivered twice; once with
a savoury filling and once with a sweet filling).
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Table 1. Enrichment items, filling category (SA = savoury, SW = sweet), and ingredients, used with orangutans at

Auckland Zoo.
Enrichment Item Treatment Treatment Filling
SW Popcorn, raisins, caraway seeds, and ginger
Large boxes SA Popcorn, peanuts, Chinese five spice, and caraway seeds
. SW Popcorn, prunes, sesame seeds and mixed spice
Firehose boxes
SA Popcorn, peanuts, poppy seeds, and lemon pepper
. . SW Jam and sesame seeds
Firehose with holes SA Cooked lentils and fennel seeds
. . SW Popcorn, chopped dates, cinnamon, rosemary, jam, and fennel seeds
Clothing shapes and hose pipes SA Popcorn, peanuts, cinnamon, cooked lentils, and sesame seeds
S b SW Popcorn, chopped apricot, fennel seeds, and peppermint essence
onar tubes SA Popcorn, peanuts, mixed herbs, and poppy seeds
Large icevs SW Diluted juice and frozen strawberries
5 Y SA Choysa brown tea, lemons, and ground cloves
SW Popcorn, mixed spice, dates, and mixed seeds
Sacks SA Popcorn, peanuts, sesame seeds, and curry powder
Lows SW Cooked rice, stewed quince
& SA Cooked rice, mixed vegetables, and soy sauce
Noodle pinecones SW Cooked vermicelli, and jam
p SA Cooked vermicelli, and fresh chives

Table 2. Ethogram of orangutan behaviours used to record enrichment interaction, and regurgitation/reingestion at
Auckland Zoo. Behaviours are mutually exclusive of each other.

Behaviour Description

While sitting, the individual’s shoulders are hunched and heaving until vomitus
material has been brought up which is then reingested.
This behaviour may be very subtle, and for Melur this was often accompanied or
preceded by shoulder slapping or face rubbing.

Regurgitation and reingestion

Enrichment interaction/engagement Individual is engaged with or touching the enrichment item but is not eating/foraging
Eating/foraging enrichment interaction Individual is eating food obtained from the enrichment item.
Out of view Individual is not in view of the camera or the behaviour being performed is not clear.
Other Individual is performing any other behaviour that is not included in the catalogue.

2.4. Data Analysis

Data analysis was undertaken using R version 3.6.0 [36]. Individuals were analysed
separately because the sample size was too small (1 = 3) for population-level analysis, but
the amount of data per individual (1 = 18) was sufficient for individual-level analyses.
Both descriptive and inferential statistics are presented in the results. As the orangutans
moved out of sight of the camera on occasion during filming, behavioural data were
converted from seconds into % of time in sight. Out of sight time had a mean of 27.3% of
the observation period (range: 1.4% to 71.7%).

2.4.1. Analysis 1

The effect of enrichment engagement time and eating time on the amount of R/R
behaviour were analysed separately using Spearman’s correlations. Friedman's tests (base
R package) were then used to determine whether filling type affected the amount of R/R
behaviour. Enrichment item was included as a blocking factor because each item was
included twice in the study. Both Spearman’s and Friedman’s tests are non-parametric so
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there are no assumptions around normality, and other requirements (e.g., data types and
independence between blocking factors for the Friedman'’s tests) were met.

2.4.2. Analysis 2

To determine if R/R behaviour was more likely to occur with sweet or savoury filling,
R/R data were converted into binary form (0—absent, 1—present during the session), and
analysed using a mixed effects binary logistic regression, with the canonical link function
(Ime4 package [37]). Enrichment item was included as a random factor to account for the
repeated measures design. No continuous explanatory variables were included in this
analysis, therefore assumptions around linearity and collinearity did not apply.

2.4.3. Analysis 3

To determine if enrichment engagement time was affected by filling type, a linear
mixed model was used (Ime4 package [37]), specifying a normal distribution with the
canonical link function. Again, enrichment item was included as a random factor to
account for the repeated measures design. Visualisation of residual plots suggested that
model fit for the female orangutans were sub-optimal, however this was remedied by
(natural) log transforming engagement time after adding a constant of one (because zero
values cannot be log transformed). Marginal means were extracted from the model using
the emmeans package [38]).

3. Results
3.1. Descriptive Statistics for Regurgitation/Reingestion (R/R) Behaviour, Enrichment
Engagement, and Eating Time

Behaviours are presented here as a percentage of the observation time (maximum of
1 h) rather than minutes to adjust for any time out of sight. The three orangutans spent, on
average, only a small amount of time performing R/R. Charlie’s mean (+standard error)
R/R time was 1.46% (£1.1), while the two females, Melur and Wanita, were 2.02% (£0.8)
and 3.75% (£1.5), respectively.

Charlie spent 6.63% (+1.4) of his time engaged with the enrichment. Enrichment
interaction by the female orangutans was around three times higher than shown by Charlie:
22.69% (£4.0) for Melur, and 20.35% (£4.5) for Wanita. A range in engagement time from
0% to 81% was observed between different enrichment items with their respective fillings.
The percentage of time that each orangutan spent eating the enrichment filling was 6.82%
(£2.5) for Charlie, 19.36% (£4.4) for Melur, and 14.02% (+3.8) for Wanita.

3.2. The Influence of Filling Type, Eating and Engagement Time on the Amount of R/R Behaviour
Performed

Enrichment filling type (sweet/savoury) did not affect the amount of R/R performed
by Charlie (x?> = 2, df = 1, p = 0.157) or Melur (x> = 1.8, df = 1, p = 0.180). Wanita tended
to perform more R/R during sweet enrichment compared to savoury (x> = 3.6, df = 1,
p = 0.06) (Figure 1), although it did not reach the criterion for significance (p < 0.05). Eating
time had no correlation with R/R for the two females (Melur: Rs = —0.38, p = 0.127; Wanita:
R = —0.11, p = 0.658) while Charlie showed a positive but non-significant trend (Rs = 0.42,
p = 0.08). There was no correlation between engagement time and the amount of R/R
behaviour performed for any of the orangutans: Melur (Rs = 0.29, p = 0.236), Charlie
(Rg =0.15, p = 0.542;), Wanita (Rs = 0.12, p = 0.630).
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Figure 1. Mean % of time (+/— se) (left) and probability of occurrence (95% Cls) (right) of regurgitation/reingestion

behaviour by three orangutans at Auckland Zoo within one hour of being provided enrichment filled with either a sweet or

savoury filling. Significant differences (p < 0.05) are denoted by *.

3.3. The Influence of Filling Type on the Probability of R/R Occurrence

While enrichment filling type did not increase or decrease the amount of R/R per-
formed, it did affect the probability that it would occur at least once during an observation
period. Wanita had a higher probability of performing R/R with sweet enrichment com-
pared to savoury enrichment (x% = 4.73, p = 0.030) (Figure 1). In contrast, Melur was
more likely to R/R with savoury enrichment compared to sweet (x? = 4.65, p = 0.03). The
probability of Charlie performing R/R had no relationship to whether the enrichment item
was filled with sweet or savoury filling (x? = 2.39, p = 0.122).

3.4. The Influence of Filling Type on the Amount of Engagement Time

Enrichment engagement time was unaffected by whether the filling type was sweet
or savoury for the two female orangutans (Melur: x? = 0.02, df = 1, p = 0.968; Wanita:
x? =0.33,df = 1, p = 0.565). The male orangutan spent significantly more time engaging
with savoury filled enrichment (8.32% = 1.9), compared to sweet (4.93% + 1.9) (x = 5.19,
df =1, p = 0.023), when the effect of enrichment item was controlled for.

4. Discussion

In the current study, all three orangutans exhibited R/R behaviour, although it did
not occur in every enrichment session. It was hypothesised that R/R behaviour would
occur more with sweet-filled enrichment compared to savoury, based on existing litera-
ture [1,11,29]. This was partially supported as one of the females, Wanita, was more likely
to perform R/R, and also showed a trend towards higher amounts of R/R, with sweet-filled
enrichment compared to savoury. However this pattern did not hold for all individuals as
the second female, Melur, was more likely to perform R/R with savoury-filled enrichment.
R/R behaviour by the male was not affected by enrichment filling type, in either probability
of occurrence or the amount performed. These findings give some support to the sugges-
tions from published literature that a reduction of sweet food within zoo orangutan diets
may lower R/R [1], however it is evident that individual level behaviour and motivations
should also be determined. Ideally, future research would incorporate observations over
a longer period of time to determine the consistency of results, and during non-feeding
contexts as well.

It was anticipated that R/R behaviour would decrease as enrichment engagement
time increased. Charlie, the male orangutan, showed low levels of enrichment engagement
within the study (mean of ~6% of observation time), although it was higher for savoury
enrichment, while the female orangutans engaged at a much higher level (~20% of the
time). Contrary to our expectation, no relationship was evident between engagement time
and the amount of R/R performed for any orangutan. The enrichment items included in
this study were a subset of the zoo’s existing program and were included because they
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could be used as a vehicle for delivering sweet or savoury fillings in a standardised way.
Although two of the three orangutans engaged well with the enrichment, it may be that this
was not at a level that would impact R/R, and the inclusion of more complex items such as
puzzle boxes and computer-based enrichment could have a greater effect [39-42]. Such
devices are being increasingly used to enhance captive ape welfare and can be designed to
provide cognitive stimulation whilst increasing foraging time [43].

If engagement time can be viewed as a form of foraging behaviour, our findings
contrast with much of existing literature that shows a negative relationship between
foraging time and R/R performance [11,14,17]. This may be due to the specificity of
our zoo sample, although one point of difference is that many of these studies include
the provision of browse, which is typically high in fibre [44], and requires mechanical
processing via chewing, both of which influence satiety [45]. Similarly, unpublished prior
research involving Auckland Zoo orangutans, found that a browse-only diet reduced R/R
compared to one containing sweet foods [46]. In the current study, enrichment items
and fillings were not specifically designed to increase foraging time or to act as a browse
substitute and one limitation was that the enrichment program could not be altered for the
purposes of the research. Alternative enrichment fillings may have a different effect on
R/R, for example, by replacing fruit and commercial biscuits with fibrous vegetables [29].
It is possible that an interaction effect between engagement time and R/R is dependent on
the type or processing requirements of the associated filling.

One hypothesis for R/R performance is that it may serve to prolong feeding expe-
riences, motivation for which also decrease with satiety [3]. Struck and colleagues [23]
proposed a similar explanation when R/R behaviour performed by their focal chimpanzee
did not decline in response to high fibre vegetables and increased when savoury forage
material was provided. Although foraging time increased overall, the forage material was
still able to be consumed quickly compared to browse, and it was therefore suggested that
this may have led to insufficient satiation [23]. In the current study mean eating behaviour
ranged from 6% of the observation time (Charlie) to 18% (Wanita). Only Charlie showed
any relationship between eating time and R/R however this was a positive trend, while a
negative relationship would be expected if longer eating time led to greater satiety and
less R/R. Regardless, food preference may remain as a motivator for R/R behaviour, and
would explain why Melur and Wanita had contrasting patterns for the probability of R/R
occurrence with sweet and savoury enrichment. Melur also appeared to show “super-
stitious behaviour” [47], such as shoulder slapping, as a precursor to R/R. Superstitions
occur by conditioning when an association is formed between an unrelated behaviour and
a desired consequence [48]. This suggests that R/R may be intrinsically rewarding if the
precurser behaviour is performed in order to trigger the R/R. Useful future studies could
incorporate preference testing [49] or behavioural economics [50] to determine if individual
level food preferences are indeed a driver of R/R behaviour in orangutans.

This is a small study of three individuals, which cannot elucidate species-wide patterns
on the reasons behind R/R behaviour. However, this study illustrates the importance of
considering animal welfare at the individual level, because individuals may respond very
differently to their environment [51]. Our research does suggest that individual orangutans
vary in their engagement with sweet and savoury food, and their propensity to perform
R/R in relation to this. R/R is a prevalent behaviour in captive great apes [1], which could
potentially undermine welfare efforts [5]. At present, R/R literature is largely compiled
of localised studies with restricted small sample sizes. Multi-zoo collaborations such as
the ‘Many Primates’ [52] initiative may offer opportunities for continuing R/R research
with larger animal numbers, which could incorporate social influences or statistically test
individual characteristics such as sex, age or personality.

Several avenues exist for future research, for example, the causal nature of R/R in
relation to the continuous feeding hypothesis [3] could be examined by using intermittent
feeders that deliver sweet and savoury food at a standardised rate. Importantly, R/R
performance outside of the post-prandial period should also be studied to clearly establish
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whether it only occurs after food provisioning. Lastly, while the amount of time spent
in R/R behaviour for our orangutans was reasonably low on average, if R/R causes
oesophageal, oral or dental damage [20], even low incident rates are concerning. Further
investigation should be conducted into the potentially deleterious physical consequences
of regurgitant acid during R/R performance, and the implications for welfare.
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