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Abstract

In an effort to enhance welfare, behavioural management continually refines methods of non-
human primate (NHP) care. Chimpanzees (Pan troglodytes) are one of the most cognitively 
complex captive NHPs and they have been observed to self-medicate in the wild. The population 
of captive chimpanzees in the US is aged (due to a breeding moratorium instituted in 1998) and 
will progressively require more medical care as they get older. To functionally simulate natural 
self-medication behaviour, provide chimpanzees with the opportunity to voluntarily participate in 
their own healthcare, and open new avenues of communication between caregivers and 
chimpanzees, we used a medication choice paradigm that allowed chimpanzees to choose their 
daily arthritis medication. We provided four arthritic, mobility-impaired chimpanzees with 
meloxicam or ibuprofen in blue or green Gatorade® to establish associations between the coloured 
drinks and the effects of the medications. We subsequently gave each chimpanzee a choice 
between the two medications. Behaviour was recorded using 15-min focal animal observations. 
Mobility was assessed using interactive mobility tests and a caregiver-rating system. One 
chimpanzee showed a medication preference (ibuprofen over meloxicam). The chimpanzees 
exhibited no significant behavioural or mobility differences over time, suggesting that ibuprofen 
and meloxicam may not differ significantly in their ability to alleviate arthritic symptoms. Whether 
or not the chimpanzees show a medication preference, the opportunity to make meaningful choices 
and the functional simulation of a complex behaviour, self-medication, is present when using this 
medication choice technique. Furthermore, the paradigm itself could have potential applications 
for additional medication options and treatment regimens.

Keywords

animal welfare; behavioural management; captivity; chimpanzees; choice; voluntary participation

*Contact for correspondence and requests for reprints: sjneal@mdanderson.org. 

HHS Public Access
Author manuscript
Anim Welf. Author manuscript; available in PMC 2019 June 26.

Published in final edited form as:
Anim Welf. 2018 November ; 27(4): 327–341. doi:10.7120/09627286.27.4.327.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Behavioural management strategies aim to refine and improve captive non-human primate 

(NHP) care and enhance welfare (National Institutes of Health 2013; Schapiro 2017). As 

behavioural management evolves closer toward the ultimate goal of optimal care, there is an 

increased focus on providing animals with opportunities to make meaningful choices in 

captive settings. Several decades of research have outlined the welfare benefits of providing 

captive animals with choice in environments and/or situations, including improved 

physiological responses, such as reduced reactions to pain and stress (Hanson et al 1976; 

Mineka et al 1986; Friend 1991; Lambeth et al 2006; Leotti et al 2010; Behringer et al 
2014), and improved psychological responses, such as decreased aggression, fewer abnormal 

behaviours, and increased social contact and play (Hanson et al 1976; Perlmuter & Monty 

1977; Sambrook & Buchanan-Smith 1997; Lambeth et al 2001; Owen et al 2005; Ross 

2006).

Conversely, a lack of control over the environment has been linked to negative outcomes, 

such as helplessness and the lack of adaptive coping strategies (Tennessen 1989; Morgan & 

Tromborg 2007). Current research, theory, and practice are aimed at providing captive NHPs 

with an increased number of choices (Baker et al 2017; Schapiro et al 2017). This is 

reflected in the recent incorporation of the provision of opportunities for environmental 

choice into welfare regulations provided by the National Institutes of Health (NIH 2013), 

and welfare aims and objectives put forth by international animal welfare groups (Mellor 

2016).

The importance of choice is also reflected in the increased implementation of positive 

reinforcement training (PRT) techniques to train non-human primates to voluntarily 

participate in health- and management-related procedures (Reinhardt 1997; Laule & 

Whittaker 2002, 2007; Baker et al 2007; Magden et al 2013; Reamer et al 2014; Baker 2016; 

Graham 2017; Magden 2017). Allowing NHPs to choose whether or not to participate in 

procedures has beneficial effects on welfare. For example, Lambeth et al (2006) found that 

chimpanzees that voluntarily presented a body part for an injection of anaesthetic had lower 

white blood cell counts (WBC), segmented neutrophils, and glucose levels compared to 

chimpanzees that were injected nonvoluntarily. Furthermore, within subjects, chimpanzees 

showed lower WBC and GLU values when they voluntarily presented for the anaesthetic 

injection compared to when they were non-voluntarily injected. This suggests that this type 

of choice, as expressed by the voluntary participation of chimpanzees in selected healthcare 

procedures, is associated with diminished stress and increased overall wellbeing. Voluntary 

participation is now a relatively common practice in many health-related procedures, such as 

venipuncture (Reinhardt 2003; Videan et al 2005; Lambeth et al 2006; Coleman et al 2008), 

acupuncture and laser therapy (Magden et al 2013, 2016; Magden 2017), blood glucose and 

urine sampling (Laule et al 1996; Reamer et al 2014; Graham 2017), and body part 

presentation (Pomerantz & Terkel 2009), as well as husbandry-related procedures 

(Bloomsmith et al 1994, 1998; Desmond &Laule 1994; Schapiro et al 2001; McKinley et al 
2003).
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Chimpanzees, among the most cognitively complex NHP species, are ideal for assessments 

of the efficacy of sophisticated refinements in behavioural management techniques. Due to 

the breeding moratorium for captive chimpanzees put in place by the NIH in 1998, the 

population of research chimpanzees in the United States has a skewed age distribution 

(Hopkins & Latzman 2017). This ageing population of chimpanzees is increasingly 

experiencing maladies that ageing humans also face, including arthritis, high blood pressure, 

diabetes, and heart conditions (Nunamaker et al 2012;Magden et al 2013). As the population 

continues to get older, the animals will require ever greater amounts of medical care and 

specific ageing-related treatment regimens (Association of Zoos and Aquariums [AZA] 

2010; NIH 2013; Hopkins & Latzman 2017; Magden 2017). Therefore, an important 

refinement in captive chimpanzee care is to promote the voluntary participation of the 

animals in their own healthcare.

Part of the evolution of behavioural management is innovation in functional simulations of 

natural conditions and behaviours. One natural behaviour with the potential for functional 

simulation that has yet to be investigated in behavioural management programmes is self-

medication. Wild chimpanzees self-medicate by chewing and/or ingesting plants with low 

nutritional, but high pharmacological (anti-tumour, anti-bacterial, anti-diarrheal, and 

antiparasitic) effects (Huffman 1997; Fowler et al 2007; Huffman et al 2010; Masi et al 
2012; Obbo et al 2013). The self-medication process requires complex cognitive processing, 

including the chimpanzee recognising that it is not feeling well, understanding that ingestion 

of a specific external substance can alleviate symptoms, and remembering the therapeutic 

effects of the substance the next time the illness is experienced. Behavioural management 

practices can functionally simulate aspects of this cognitive and behavioural chain by 

providing captive chimpanzees with opportunities to choose medications for health-related 

conditions, such as arthritis. In addition to functional simulations and increased choice, 

voluntary participation via self-medication opens new channels for human-chimpanzee 

communication by giving chimpanzees the opportunity to communicate their preference, 

rather than caregivers making assumptions about preferences.

Meloxicam and ibuprofen are two non-steroidal anti-inflammatory drugs (NSAIDs) 

commonly used for pain relief for captive chimpanzees (Popilskis et al 2008). The two 

medications have similar effects and mechanisms of action, but do differ in certain respects, 

including: i) the number of times the medications must be administered each day (ie 

ibuprofen must be administered 3× per day and meloxicam 1× per day); ii) the presence of 

possible side-effects (ibuprofen can cause gastrointestinal upset with long-term use 

[Boelsterli et al 2013]) that the chimpanzee may experience, but typically cannot 

communicate to caregivers; and iii) the cost of the medications. Given these differences and 

keeping in mind the ageing population of captive chimpanzees that is increasingly facing 

health-related situations, including arthritis, it is valuable to determine whether individual 

chimpanzees prefer one of these common types of medications over the other.

In a previous initiative to functionally simulate natural behaviours and increase choice 

within the captive environment, we conducted a pilot study in 2014 in which four arthritic 

chimpanzees were given crushed ibuprofen or crushed meloxicam pills in blue or green 

Gatorade® during alternating two-month phases using an ABBA design (Schapiro et al 
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2014). They were then given a choice between the two medications/coloured drinks for two 

months. All four chimpanzees significantly preferred meloxicam to ibuprofen. Furthermore, 

when chimpanzees were given a choice between medications, they tended to exhibit higher 

levels of species-typical behaviour than they did during previous phases of the study when 

they had no choice. However, it should be noted that the crushed ibuprofen pills were 

‘granulated’ and could be seen and tasted in the Gatorade® mixture, whereas this was not 

the case with the meloxicam. Therefore, it is possible that the chimpanzees’ observed 

preference for meloxicam was actually an aversion to the granulated ibuprofen, rather than a 

preference for the effects of meloxicam.

The present study was part of the National Center for Chimpanzee Care’s (NCCC’s) 

systematic effort to assess the effects of management strategies and environment on the 

welfare of captive chimpanzees (Neal Webb et al 2018, in prep). Specifically, the current 

study served as an initial framework for the establishment of a paradigm or approach that 

aims to provide arthritic, mobility-impaired chimpanzees with opportunities to ameliorate 

their symptoms through a functional simulation of self-medication behaviour, and to 

communicate to us (through their choices), which of the medications they preferred. Four 

chimpanzees voluntarily participated in the present study, which included additional 

methodological controls compared to the initial pilot medication choice study (Schapiro et al 
2014): i) additional control procedures were utilised, specifically liquid forms of the 

medications were compounded in raspberry flavouring, rather than the previous technique of 

crushing pills into Gatorade®; ii) the observer was blind to the experimental condition in the 

current study; and iii) a number of dependent measures were added to the protocol, 

including techniques for empirically assessing mobility. We hypothesised that chimpanzees 

would exhibit a significant preference for one medication over the other, and that they would 

exhibit increased mobility and locomotion and, thus, decreased inactivity, while consuming 

their preferred medication. Similarly, because choice in captive environments has been 

shown to enhance welfare in captive NHPs, we hypothesized that behavioural indices would 

be indicative of enhanced well-being during the choice phase, specifically in terms of 

increased levels of species-typical behaviour, social play, affiliative behaviour, and time 

spent in proximity to social partners.

Materials and methods

Subjects and study site

Four captive chimpanzees were included in the study based on: i) veterinarian-diagnosed 

arthritis; ii) mobility impairments, including difficulties associated with climbing, 

brachiating, limb placement and function, speed of movement, and stiffness; and iii) 

prescriptions for the daily administration of analgesics. The subjects were three females and 

one male, ranging from 44 to 51 years of age (mean age = 49 years). Two of the subjects 

lived in the same social group (PE and PR). All animals were housed at the NCCC of the 

Michale E Keeling Center for Comparative Medicine and Research of The University of 

Texas MD Anderson Cancer Center in Bastrop, Texas. The Keeling Center has been 

continuously accredited by AAALAC-I since 1979. These chimpanzees were born in the 

wild but had lived at the NCCC for at least 30 years. Five non-mobility-impaired 
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chimpanzees served as control subjects for mobility measurements. These subjects were two 

males and three females, ranging from 20 to 26 years of age (mean = 23.6 years), and all 

were born in captivity. All chimpanzees lived in compatible social groups ranging in size 

from three to nine individuals. Groups were housed in indoor-outdoor corrals or 

Primadomes™ (Figures 1, 2 and 3), with access to all areas at all times (except during 

cleaning). One chimpanzee (MA) in the current study had also participated in the pilot 

medication choice study (Schapiro et al 2014).

Materials

We used clear G2 Mixed Berry Gatorade® combined with a small quantity (22 drops) of 

green or blue food colouring to create green- and blue-coloured Gatorade®. Colour 

preference tests performed for the pilot study showed that chimpanzees do not exhibit a 

preference for either green over blue or vice versa. The colour of Gatorade® was 

counterbalanced across types of medications and order of medication was counterbalanced 

across groups one and two (see Procedure below). A compounding pharmacy created liquid, 

colourless, raspberry-flavoured versions of meloxicam and ibuprofen. Depending on the 

phase of the study and counterbalanced order of medications for each chimpanzee (Table 1), 

the animals either received 400 mg (a 2-ml dose) of ibuprofen three times daily (at 0800, 

1400 and 2000h), or 7.5 mg (a 1-ml dose) of meloxicam once daily (at 0800h), plus two 

placebo doses at 1400 and 2000h. The placebo doses consisted of 1 ml of the concentrated 

colourless raspberry flavouring that was used to compound the meloxicam and ibuprofen in 

the appropriately coloured Gatorade®. Medications were mixed with 177.44 ml of the 

appropriate colour of Gatorade® in transparent ‘squirt bottles’ for each chimpanzee each 

day during all phases of the study. Thus, all chimpanzees received three Gatorade® drinks, 

with either ibuprofen (in all three) or meloxicam (in only one), each day.

Procedure

Chimpanzees were randomly assigned to either Group one or Group two, which determined 

both the order of medications each chimpanzee received and the colour of Gatorade® with 

which each medication was mixed (Table 1). There were six phases of the study, including a 

baseline at the beginning of the study, an ABBA design corresponding to phases two, three, 

four, and five, and a choice phase at the end of the study (Baseline, A, B, B, A, Choice). 

Each phase lasted approximately four weeks, for a total of approximately six months for the 

entire study (September 2016–April 2017). The length of these phases was sufficient to 

control for any lasting effects of the drugs administered during previous phases, as both 

ibuprofen and meloxicam show plasma concentrations near zero 72 h following 

administration (Albert & Gernaat 1984; Bae et al 2007). As mentioned above, phase one 

served as the baseline for behavioural observations. As part of their routine care prior to the 

beginning of this study, all arthritic chimpanzees were receiving crushed meloxicam pills 

mixed with orange juice in a paper cup from a veterinary technician for treatment of their 

symptoms. This medication delivery method continued throughout the Baseline phase, as we 

did not want to withhold analgesic treatment from these arthritic chimpanzees for the 

purposes of this study.
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During each of phases two through five, chimpanzees received one of the two medications as 

described in Table 1. During phase six (the Choice phase), an experimenter presented 

individual chimpanzees each morning with both medications in the appropriate colour of 

Gatorade® (one in each hand, counterbalanced across left and right). Chimpanzees could 

then choose the one they wanted by initiating movement toward one medication. If the 

chimpanzee chose meloxicam in the morning, he or she received two placebo doses later in 

the day as described above in Materials. If the chimpanzee chose ibuprofen in the morning, 

he or she received two more doses of ibuprofen as described above. During the Choice 

phase, the medication initially chosen by each chimpanzee was recorded daily (to determine 

preference), in addition to the behavioural data described below.

All behavioural observations were collected by one observer on a laptop computer using The 

Observer XT (Version 10.0, Noldus, Leesburg, VA, USA). Focal animal sampling 

techniques (Altmann 1974) were used for behavioural observations throughout each phase of 

the study. The observer, blind to experimental condition, recorded behaviour for 15 min 

while focal chimpanzees were living in their social group. Categories of behaviour recorded 

included locomotive, aggressive, submissive, sexual, self-directed, affiliative, abnormal, 

object manipulation, and other. Proximity of the focal animal to other animals within the 

group was also recorded (see Appendix 1 in the supplementary material to papers published 

in Animal Welfare: https://www.ufaw.org.uk/the-ufawjournal/supplementary-material). 

Behavioural observations were conducted for each chimpanzee once per day (Monday–

Friday) throughout each phase of the experiment, yielding a total of approximately 120 15-

min focal observations (30 h of focal data) per chimpanzee.

Mobility scores

We used a mobility scoring system to rate ease of movement (Table 2) twice per week, once 

in the morning, after the chimpanzees had received their first dose of either ibuprofen or 

meloxicam at 0800h, and once in the afternoon, after chimpanzees had received their dose of 

ibuprofen or placebo at 1400h. Six categories of mobility (rising from resting position, 

climbs/brachiates, bears weight on all limbs, limb placement and function, speed of 

movement, discomfort and stiffness) were scored independently and reliably by veterinary 

technicians, caregivers, and the observer (intraclass correlation = 0.93). Mobility scores 

ranged from 1 (lowest level of impairment) to 5 (highest level of impairment) for each 

category. Thus, higher scores were indicative of more highly impaired mobility.

Mobility test

As an additional, empirical test of mobility, chimpanzees also participated in a sequence of 

structured climbing and walking movements within the enclosure. Chimpanzees were 

trained to ‘target’, a series of behaviours that included moving to, and touching, a target 

designated by the experimenter. For two of the subjects, the experimenter sequentially 

positioned a series of four targets across the indoor portion of the enclosure (Figure 4). Each 

of these movements was approximately 2 m in length, covering a total distance of 6 m of 

combined horizontal and vertical movement. Due to mobility constraints from a pre-existing 

medical condition, one of the other two chimpanzees completed a half-height version of the 

course, which covered a total distance of 4 m of combined horizontal and vertical 
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movement. Additionally, due to the low dominance rank of the fourth chimpanzee, he was 

tested on an outdoor course, in which he moved back and forth between two targets, 

comprising an approximate total of 7 m of horizontal-only locomotion. Chimpanzees 

participated in this test once per week during Ibuprofen and Meloxicam phases (eight times 

total during Ibuprofen phases, eight times total during Meloxicam phases) and one–two 

times per week during the Choice phase (six to eight times total). Five nonmobility-impaired 

chimpanzees served as control subjects and were also tested on each version of the mobility 

test at least once per month throughout the course of the study.

Dependent measures for this mobility test included latency to begin the course (defined as 

the number of seconds between the time at which the experimenter presented the target to 

the chimpanzee and when the chimpanzee physically touched the first target of the mobility 

test), and speed (m s−1) to complete the course, calculated by dividing the total distance by 

the total duration to complete the course.

Analysis

To examine chimpanzee medication preference, we counted the total number of times each 

chimpanzee chose ibuprofen or meloxicam throughout the Choice phase. Medication 

preferences for each chimpanzee were analysed using exact binomial tests (Heilbronner et al 
2008; McDonald 2014).

In order to create an ‘ibuprofen phase’ and a ‘meloxicam phase’ for analyses, we averaged 

total durations of each behaviour across phases 2 and 5, and across phases 3 and 4 (see Table 

1), as well as within the Baseline and Choice phase for each subject. Durations were then 

converted into percentages (Percent time = [Duration (s)/900 s] × 100), representing the 

average percentage of time spent engaged in each behaviour. Due to small sample size and 

non-normal distributions of (positively skewed) behavioural data, we used non-parametric 

Friedman’s Rank tests for within-subjects comparisons across phases, with Wilcoxon post 
hoc tests for significant differences. Mobility test and mobility score data were normally 

distributed. Therefore, repeated measures ANOVAs were used for within-subjects 

comparisons for mobility test speeds and mobility scores across phases. Bootstrapped 

independent samples t-tests were used for between-subjects (control vs study subjects) 

mobility test and mobility score comparisons.

Lastly, given the relatively novel use of an empirical assessment of mobility (ie the mobility 

test) and subjective nature of the mobility scoring system, we aimed to determine if mobility 

test speeds were correlated with scores of the mobility scoring system, which are easier to 

obtain. We examined the convergent validity (ie the degree to which the two similar 

constructs are related) among both mobility measures and the observed time spent 

locomoting across all phases of the study using Pearson’s correlation coefficients. Mobility 

scores and mobility test speeds were matched by subject and date as closely as possible. For 

example, the mobility test for chimpanzee CO on February 7th, 2017 was matched with his 

mobility score from February 8th, 2017.

All analyses were performed in SPSS Statistics 22 (IBM Corporation, Chicago, IL, USA) to 

assess differences in behaviour and mobility across phases of the study.
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Results

Choice of medication

Figure 5 shows the number of times chimpanzees chose ibuprofen and meloxicam during the 

29–36 days of the Choice phase of the study. Arthritic chimpanzee MA was given a choice 

for 29 out of 36 possible days for veterinary reasons. Similarly, chimpanzees CO and PR 

were given a choice on 35 out of 36 days due to scheduled annual physical examinations 

during the Choice phase. An exact binomial test showed that, as a group, arthritic 

chimpanzees did not exhibit a significant preference for ibuprofen or meloxicam. The 

observed proportions of ibuprofen choices (0.56) and meloxicam choices (0.44) did not 

differ significantly from the expected proportion (0.50; P = 0.23). In examining potential 

preferences of individual chimpanzees, only one subject showed a preference for one 

medication over the other; chimpanzee PR chose ibuprofen more than twice as often as 

meloxicam (69% of the time during the Choice phase). An exact binomial test confirmed 

that the observed proportion of PR’s choices for ibuprofen (0.69) was significantly higher 

than the expected proportion (0.50; P = 0.02).

Behavioural measures

Friedman’s Rank tests for two behaviours identified significant omnibus differences across 

the Baseline, Ibuprofen, Meloxicam, and Choice phases. Average percentage of time spent 

rough-scratching was significantly different across phases, χ2
3 = 9.0; P = 0.026 (Figure 6). 

Wilcoxon post hoc tests showed trending differences in rough-scratching between the 

Choice phase (median = 0.19%), Baseline phase (median = 0.33%), Ibuprofen phase 

(median = 0.40%), and Meloxicam phase (median = 0.52%; z = −1.83; P = 0.068). 

Percentage of time spent locomoting differed significantly across phases, χ2
3 = 9.90; P = 

0.019 (Figure 7). Wilcoxon post hoc tests showed trending differences between the Baseline 

phase (median = 4.07%), Ibuprofen phase (median = 6.86%), Meloxicam phase (median = 

6.04%), and Choice phase (median = 7.01%; z = −1.83; P = 0.068). Analyses of the rest of 

the behavioural measures, including social proximity, revealed no significant differences 

across phases.

Mobility measures

Mobility scores—We recorded chimpanzees’ mobility ratings twice per week and created 

an average within each phase. Recall that higher scores are indicative of greater mobility 

impairment. Scores could theoretically range from 6 (least mobility impaired) to 30 

(extremely mobility impaired) but observed scores for medication choice subjects only 

ranged from 6–17, while mobility scores were consistently 6–7 for control (nonmobility-

impaired) subjects. A bootstrapped independent samples t-test confirmed that there was a 

significant difference between control chimpanzees’ mean (± SEM) mobility scores (6.02 

[± 0.02]) and arthritic chimpanzees’ mobility scores (10.19 [± 1.02]; P = 0.007). Figure 8 

shows that each chimpanzee’s mobility scores were consistent across phases of the study, 

and a repeated measures ANOVA confirmed that there were no significant differences in 

each chimpanzee’s (mean [± SEM]) mobility scores across phases (Baseline phase = 9.59 

[± 1.46]; Ibuprofen phase = 9.82 [± 1.60]; Meloxicam phase = 9.77 [± 1.47]; or Choice 

phase = 9.52 [± 1.59]; P = 0.73)
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Mobility test—We were unable to obtain a sufficient quantity of mobility test data during 

the Baseline phase due to issues in training. Therefore, mobility test data for only the 

Ibuprofen, Meloxicam, and Choice phases are presented. Mobility test completion times 

were converted into speed (m s−1) and averaged within each phase for each chimpanzee 

chimpanzee. First, we examined whether arthritic chimpanzees’ mobility test speeds (m s−1) 

were indeed slower than control chimpanzees’ (ie non-mobility-impaired). An independent 

samples t-test confirmed that the mean speeds (± SEM) of arthritic subjects’ mobility tests 

were significantly slower (0.34 [± 0.06] m s−1) than control subjects (0.55 [± 0.03] m s−1); P 
= 0.03 (Figure 9). We then examined differences in arthritic chimpanzees’ mobility test 

speeds across phases; a repeated measures ANOVA revealed no significant differences in 

mean speeds (± SEM) among the Ibuprofen (0.34 [± 0.05] m s−1), Meloxicam (0.33 [± 0.07] 

m s−1), or Choice phases (0.34 [± 0.08] m s−1; P = 0.92; Figure 9).

Average latency to begin the mobility test was also calculated for each phase. We first 

compared arthritic chimpanzees’ mean (± SEM) latencies (0.88 [± 0.11 s]) with those of 

control chimpanzees (0.80 [± 0.29 s]) using an independent-samples t-test and found no 

significant difference; P = 0.78. We then compared arthritic chimpanzees’ latencies across 

the study phases; a repeated measures ANOVA revealed no significant (mean [± SEM]) 

differences (Ibuprofen phase = 0.95 [± 0.14]; Meloxicam phase = 1.03 [± 0.19]; Choice 

phase = 0.65 [± 0.22]; P = 0.51; Figure 10).

Convergent validity—Mobility test speeds were significantly negatively correlated with 

mobility scores (r = −0.64; P < 0.001); higher mobility scores (indicative of higher mobility 

impairment) were related to slower speeds to complete the mobility test, indicating high 

convergent validity between the easy to use mobility scoring system and the mobility test. To 

assess convergent validity with locomotion, average mobility test speeds, average mobility 

scores, and average percentage of time spent in locomotion were matched on phase of study 

for each subject. The speed (m s−1) at which the subjects performed the mobility test was 

significantly positively correlated with percentage of time spent locomoting (r = 0.83; P < 

0.01); faster speeds to complete the mobility test were related to more time spent 

locomoting, indicating high convergent validity between locomotion and mobility test 

speeds. Mobility scores were not significantly correlated with time spent locomoting (P = 

0.21).

Discussion

Chimpanzees are one of the most cognitively complex NHPs and are known to self-medicate 

in the wild (Huffman 1997). Important refinements to captive chimpanzee care involve 

providing chimpanzees with innovative functional simulations of natural conditions and 

opportunities to exercise their cognitive capacities in captivity. With this in mind, we aimed 

to refine captive chimpanzee care using a medication choice procedure. This particular study 

served as an initial endeavour to establish a paradigm that could be used in future studies 

offering various types of healthcare-related choices (see below). Contrary to our hypotheses, 

three of the four chimpanzees showed no significant preferences for one medication over the 

other, which may be due to the similarity in mechanism of action between the two 

medications. It is noteworthy that PR, the chimpanzee that exhibited the highest level of 
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mobility impairment, showed a preference for ibuprofen over meloxicam. However, with the 

exception of a decrease in rough-scratching, her behaviour and mobility indices remained 

relatively constant throughout the study. This makes it difficult to interpret the practical 

significance of her choice on welfare and behaviour. Furthermore, with the exception of 

roughscratching, chimpanzee behaviour did not differ significantly across phases, which 

may be due to the small sample size. The finding that rough-scratching, an indicator of 

tension and anxiety in chimpanzees (Baker & Aureli 1997), was lowest during the Choice 

phase compared to all others (each of which did not involve a choice) may be described as a 

positive change. One might interpret this difference in rough-scratching as lowered tension 

or anxiety resulting from increased choice. However, this result may have limited practical 

significance, given that rough-scratching made up less than 1% of all activity throughout the 

study.

Due to the overall lack of significant medication preferences and behavioural changes, we 

cannot explicitly state that the welfare of these chimpanzees was enhanced as a result of this 

particular medication choice study. Nonetheless, we believe the paradigm could be a useful 

approach in future studies as applied to an array of medication options, treatment regimens, 

and health conditions. Using this technique, chimpanzees could be given a choice between 

more dissimilar types of medications (eg an NSAID vs a narcotic, such as tramadol) for 

painful conditions, including arthritis. The choice procedure could also be used to help 

titrate doses for individuals and determine preferences for medications for other chronic 

health issues experienced by captive chimpanzees, including hypertension and diabetes. 

Lastly, this method could be used to allow chimpanzees to choose between different types of 

treatments or treatment regimens. For example, chimpanzees could choose between 

acupuncture (Magden et al 2013) or laser therapy for arthritis (Magden et al 2016), or 

between sugar paste and laser therapy for wound treatment. In addition to examining 

medication and treatment efficacy (assuming that the animals prefer the more efficacious 

medication or treatment) in this manner, the implementation of multiple studies that employ 

the choice procedure would provide insight into the value of voluntary participation and 

increased opportunities to make meaningful choices on overall well-being. Lastly, it would 

be valuable to replicate and/or refine this choice paradigm with a larger number of 

chimpanzees, and to expand this technique to additional species of NHPs that are known to 

self-medicate in the wild (baboons [Papio anubis]; de Roode et al 2013; and bonobos [Pan 
paniscus]; Fruth et al 2014; for a review, see Huffman 1997).

Given these applications to future studies (see above), the paradigm could have the potential 

to offer several welfare benefits to captive chimpanzees, including the abilities to: i) make 

meaningful choices within the captive environment; ii) perform a cognitively complex 

functional simulation of natural behaviour; and iii) directly participate in their own care, by 

communicating their preferences to humans. Although the findings were not as we had 

hypothesised (ie chimpanzees did not exhibit a medication preference or major changes in 

behaviour as a result of having a choice), the important aspect, and purpose of this study, is 

that animals were provided with the opportunity to exercise choice concerning their 

treatment. Whether this particular choice between two similar types of medications was 

meaningful from the chimpanzees’ perspective is questionable given the lack of preference 

shown by three of the four chimpanzees. Nonetheless, we believe that the application of this 
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paradigm to more dissimilar types of choices (eg opioid vs NSAID, acupuncture vs laser 

therapy) may prove to be a more meaningful choice for chimpanzees. As the current 

chimpanzee population ages and continues to require more and more medical care, and as 

behavioural management continues to evolve toward the goal of optimal care, examining 

treatment preferences and the efficacy of those treatments will be an increasingly important 

component of captive care. Therefore, medication choice paradigms should become 

progressively more valuable tools in chimpanzee behavioural management programmes.

The finding that only one of the four chimpanzees chose one medication (ibuprofen) more 

often than the other (meloxicam) contrasts with findings from our pilot study, in which 

chimpanzees significantly preferred meloxicam over ibuprofen (Schapiro et al 2014). This 

seems to lend support to the idea that the preference for meloxicam in the previous study 

was likely to be an aversion to the visibly granulated, unpleasant tasting ibuprofen. The fact 

that three of the four chimpanzees in the current study exhibited no preference for either 

ibuprofen or meloxicam suggests that the animals may not have been able to distinguish 

differences in the effects of these two compounds with respect to ameliorating their arthritis-

related symptoms. A lack of preference would be an important finding, given that ibuprofen 

and meloxicam are two commonly used NSAID pain-relief agents that differ in cost, 

administration frequency, and potential side-effects. If chimpanzees indeed do not have a 

preference for one over the other, veterinarians making decisions about analgesic treatment 

options may prefer using the easier to administer meloxicam over ibuprofen.

Impaired mobility is an important observable indicator of the effects of arthritis in 

chimpanzees (Magden et al 2013). As such, examining the efficacy of arthritis treatments 

requires assessments of multiple measures of mobility. In the current study, we measured 

mobility in a number of ways, including changes in average percentage of time spent 

locomoting, speed (m s−1) when completing a mobility test, and mobility scores using a 

caregiver-rating system. Chimpanzees exhibited similar percentages of time in locomotion 

during the ibuprofen and meloxicam phases, again suggesting that these two medications 

may be similarly effective from the animals’ perspective. Chimpanzees did spend 3–4% 

more of their time locomoting during the Ibuprofen, Meloxicam, and Choice phases than 

they did during the Baseline phase. This is approximately equivalent to an additional 21–28 

min of locomotion per 12-h day and can be seen as a positive behavioural change as a result 

of participation in the study phases. However, it should be noted that the chimpanzees 

received their daily medication during the baseline phase in the form of crushed meloxicam 

pills mixed in a paper cup with orange juice administered by a veterinary technician. The 

change in administration techniques during the study (coloured Gatorade® containing 

medication [or placebo] presented three times a day by the experimenter from transparent 

squirt bottles) likely resulted in an increase in animal interaction with the experimenter. 

Therefore, it is possible that the increase in locomotion was due to aspects of the change in 

medication administration technique, rather than the medications themselves or the 

opportunity to choose daily medication. A similar effect of decreased inactivity as a result of 

increased human interaction has been reported in chimpanzees (Baker 2004) and 

cynomolgus macaques (Macaca fascicularis) (Tasker & Buchanan-Smith 2016).
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Chimpanzees exhibited consistency across phases in mobility test speeds (m s−1) and 

mobility scores, and we established the validity of these mobility measures. Again, when 

examining the efficacy of therapies or treatments for arthritis, it is essential to use empirical 

assessments of mobility. The mobility test serves this purpose, as changes in speed can 

provide insights into the effectiveness of therapies and/or progression of symptoms. 

Furthermore, the fact that the mobility test speeds were significantly correlated with 

subjective ratings of mobility (from caregivers, veterinary technicians, and the observer) 

confirms the validity and enhances the value of the mobility scoring system, which requires 

virtually no staff or animal training. Using these empirical mobility assessments, we can 

identify specific aspects of mobility (eg climbing and brachiating) that require improvement 

for specific individuals. Personalised mobility enhancement strategies can then be developed 

to increase locomotion as an exercise regimen and/or as physical therapy (Bridges et al 
2015). In turn, these mobility measures can be used again to assess the efficacy of the 

therapy.

Voluntary participation of chimpanzees in their own care via self-medication serves as an 

initial step toward developing ‘personalised’ medicine for captive NHPs. Understanding 

individual differences among animals, in this case in terms of each chimpanzee’s medication 

or treatment preferences, should allow identification of optimal treatments specific to 

individual animals and improve the overall care that each animal receives. We know that 

individual NHPs respond differently to similar medications and procedures, and that 

different treatments may be equally effective from the animals’ perspective. As such, it will 

become increasingly important to develop personalised treatments (Capitanio 2017).

Animal welfare implications and conclusion

The medication choice paradigm as applied to a variety of other healthcare-related options 

could be a useful approach for addressing chimpanzee health issues, as the animals choose 

their treatment, thereby voluntarily participating in their healthcare. We believe that the 

modest number of significant findings from the current study (which may be due to the 

similarity between the two medications), does not preclude the utility of the paradigm and 

methodology itself, which could be applied to a variety of other treatment options, regimens, 

and medications. The medication choice paradigm represents a behavioural management 

refinement that: i) increases the animals’ choice in the environment; ii) opens an additional 

channel of communication between chimpanzees and humans; and iii) functionally 

simulates some of the complex cognitive and behavioural aspects of self-medication-related 

behaviours that chimpanzees exhibit in the wild. This type of refinement is vital for both the 

behavioural and veterinary management of an ageing captive chimpanzee population that 

requires increasing medical care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Corral housing. Several ramps serve as easy access climbing paths for mobility-impaired 

chimpanzees.
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Figure 2. 
Dome housing (see also Figure 3). Several ramps serve as easy access climbing paths for 

mobility-impaired chimpanzees.
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Figure 3. 
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Figure 4. 
Mobility test schematic (not to scale). Yellow circles = targets, arrows = direction of 

movement. A) Two chimpanzees moved to and touched four targets one at a time as directed 

by the experimenter. Each individual arrow represents approximately 2 m of distance. B) 

One chimpanzee moved to and touched four targets one at a time as directed by the 

experimenter. Vertical arrows represent approximately 1 m of distance and the horizontal 

arrow represents approximately 2 m of distance. C) One chimpanzee moved to and touched 

two targets as directed by the experimenter. Each arrow represents approximately 3 m of 

distance.
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Figure 5. 
Chimpanzee medication choices. Total number of times each chimpanzee chose meloxicam 

or ibuprofen over the course of the approximately one-month Choice phase.
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Figure 6. 
Percentage of time spent rough-scratching. Median percentage of time chimpanzees spent 

rough-scratching within each study phase.
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Figure 7. 
Percentage of time spent locomoting. Median percentage of time chimpanzees spent 

locomoting within each study phase
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Figure 8. 
Mobility scores across phase. Observer ratings of each chimpanzee’s overall mobility on a 

scale of 6–30. Higher scores indicate higher impairment in mobility (6 = least impaired). 

Intraclass correlation = 0.931. Error bars represent standard error of the mean.
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Figure 9. 
Mobility test speed. Chimpanzee speed (m s−1) to complete the mobility test (see Figure 4 

for Mobility test schematic) across study phase. Error bars represent standard error of the 

mean.
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Figure 10. 
Mobility test latency. Chimpanzee latency (s) to begin the mobility test (ie time to touch first 

target of mobility test) across study phase. Error bars represent standard error of the mean.
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