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Abstract

Voluntary participation in behavioural studies offers several scientific, management, and welfare
benefits to non-human primates (NHPs). Aside from the scientific benefit of increased
understanding of NHP cognition, sociality, and behaviour derived from noninvasive behavioural
studies, participation itself has the potential to provide functional simulations of natural
behaviours, enrichment opportunities, and increased control over the captive environment, all of
which enhance welfare. Despite a developing consensus that voluntary participation offers these
welfare enhancements, little research has empirically investigated the ways that participation in
behavioural studies may affect welfare. In the current study, we investigated potential relationships
between captive chimpanzee welfare and long-term, repeated voluntary participation in
noninvasive behavioural studies. We collected behavioural data on 118 chimpanzees at the
National Center for Chimpanzee Care (NCCC) in Bastrop, Texas, USA between 2016 and 2018
using 15-minute focal animal samples. Additionally, we collected information on 41 behavioural
studies conducted between 2010 and 2018 with the NCCC chimpanzees that involved exposure to
a stimulus or manipulation. The total number of behavioural studies in which chimpanzees had
participated over the approximately eight-year period was then examined in relation to levels of
behavioural diversity, abnormal behaviour, rough scratching, inactivity, and locomotion using a
series of regression analyses that controlled for rearing status and age of the chimpanzee at the
time of data collection. Analyses revealed significant, positive relationships between the total
number of studies in which chimpanzees participated and 1) behavioural diversity scores, Rzadl-z .
21, A3,114) = 11.25, p< 0.001; and 2) rough scratching, Rzadj: A1, A3,114) =6.01, p=0.001.
The positive relationship between behavioural diversity scores and the total number of studies in
which chimpanzees participated seems unsurprising, although we cannot draw conclusions about
the directionality of this relationship. The result that rough scratching and the total number of
studies in which chimpanzees participated were positively correlated is unexpected. However,
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rough scratching made up less than 1% of all activity in the current study, and as such, this result
may not be biologically meaningful. These findings suggest that participation in behavioural
studies is not likely to be detrimental to chimpanzee well-being, and may even be beneficial. Data
such as these, which empirically investigate existing recommendations can help inform decisions
pertaining to the participation of chimpanzees in behavioural research.
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1. Introduction

Although there is a developing consensus that voluntary participation in behavioural studies
provides various scientific and welfare benefits to non-human primates (NHPs), there is
limited empirical data regarding the relationships between participation in behavioural
studies and NHP welfare (Clark, 2011; Clark and Smith, 2013; Yamanashi & Hayashi, 2011;
Reamer, Haller, Lambeth, & Schapiro, 2017; Hopkins & Latzman 2017; Hopper et al., 2016;
Ross, 2010; Neal Webb, Hau, & Schapiro, 2018b). Beyond the benefit of increased
understanding of NHP behaviour, sociality, and cognition, voluntary participation in
behavioural studies has the potential to provide NHPs with enrichment opportunities,
increased control over the captive environment, and functional simulations of natural
conditions/behaviours, all of which should enhance welfare.

Voluntary participation in veterinary and behavioral management procedures is an important
component of captive NHP welfare (Baker et al., 2017; Lambeth et al., 2006; Reamer et al.,
2017; Reinhardt 1997). Several studies have shown that voluntary participation in
veterinary- and management-related procedures results in enhanced well-being (Baker 2016;
Baker, Weed, Crocket, & Bloomsmith, 2007; Bridges, Mocarski, Lambeth, & Schapiro,
2013; Laule & Whittaker 2002; Laule & Whittaker 2007; Magden et al., 2013; Graham
2017; Magden 2017; Reamer et al., 2017; Reinhardt 1997). A logical extension of this is that
voluntary participation in behavioural studies results in enhanced well-being, as it is thought
to be intrinsically rewarding (Tarou & Bashaw, 2007) and enriching (Bloomsmith, Ross, &
Baker, 2000; Hopkins & Latzman, 2017; Ross, 2010; Yamanashi & Hayashi, 2011). NHPs
repeatedly return to participate in various types of behavioural studies, and behavioural signs
of distress are typically absent, implying that these experiences may be rewarding from the
NHP’s perspective (Hopkins & Latzman, 2017; Tarou & Bashaw, 2007; Watanabe, 2007).
There also seem to be indirect benefits of participation that extend beyond the individual that
is participating. Hopper, Shender, and Ross (2016) found that even chimpanzees that did not
participate in a token-exchange experiment showed increased activity during the
experimental period. Furthermore, some evidence suggests that the procedures of
behavioural studies can be inherently enriching. For example, the TUBE task, used to assess
handedness, and behavioural and hemispheric asymmetry, provides foraging opportunities
and functional simulations of natural tool-use behaviour (Hopkins & Latzman, 2017).
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A growing body of literature suggests that participation specifically in cognitive studies
enhances well-being (for an overview, see Ross, 2010). In rhesus macaques, interaction with
a joystick cognitive testing paradigm “replaced” various abnormal behaviours (Washburn &
Rumbaugh, 1992), whereas supplemental enrichment had no such effect. Furthermore,
rhesus monkeys actively avoided situations in which their previous choice cost them access
to the task, suggesting that the task itself is valued beyond the food reward (Washburn &
Rumbaugh, 1992; Ross, 2010). Additionally, chimpanzees show a high level of interest in,
and utilization of, cognitive tasks, as evidenced by continued proximity to, and/or
participation in, the task (Clark & Smith, 2013; Herelko, Vick, & Buchanan-Smith, 2012;
Hopper, Shender, & Ross, 2016; Ross, 2010), and have shown decreased solitary and self-
directed behaviours while computerized tasks are accessible (Bloomsmith et al., 2000). The
importance of participation in cognitive research is evident in the recent designs of zoo
enclosures for NHPs, which now allow and encourage animals to voluntarily participate in
cognitive research while on exhibit in the social group (Egelkamp, Hopper, Cronin,
Jacobson, & Ross, 2016; Hopper, 2017).

Empirical data from behavioural studies are essential for refining the care of captive non-
human primates (Schapiro, 2017). Improvements specifically to the care of captive
chimpanzees have often been the direct result of findings from behavioural studies,
including, but not limited to, improvements in social and structural housing, enrichment,
rearing methods, and health care (Ross, 2010; Schapiro et al., 2017). Indeed, some apparatus
and stimuli that were originally used for behavioural research projects are now provided as
part of everyday enrichment (Ross, 2010). For example, providing simulated termite-
mounds for termite fishing promotes species-typical tool-use behaviour, increased activity,
and decreased abnormal behaviour, thereby improving psychological well-being (Maki et
al., 1989). Findings regarding cognitive capacities and intelligence, trainability, tool use,
dominance hierarchies, alliances, and inequity have been applied to, and are utilized in,
enclosure design, enrichment development, veterinary procedures, group formation and
introductions, and feeding routines (Brent, 2001; Brent, Bloomsmith, & Fisher, 1995;
Brosnan et al., 2015; Lambeth, Hau, Perlman, Martino, & Schapiro, 2006; Reamer et al.,
2014; Reamer et al., 2017; Ross, Schapiro, Hau, & Lukas, 2009; Russell, Lyn, Schaeffer, &
Hopkins, 2011; Taglialatela et al., 2015; Vale et al., 2017a).

In 2016, the National Institutes of Health (NIH) announced that it would no longer fund
research with captive chimpanzees, unless the research was consistent with the definition of
“noninvasive” research as described in the “Standards of Care for Chimpanzees Held in the
Federally Supported Chimpanzee Sanctuary System” (NIH, 2016). However, little research
exists as to whether voluntary participation in noninvasive behavioural studies has long-
lasting effects on welfare. In the current study, we aimed to provide empirical data that may
help inform decisions regarding the participation of chimpanzees in behavioural research.
Specifically, we aimed to examine the relationships between captive chimpanzee welfare
(using established behavioural indicators of well-being) and long-term, repeated voluntary
participation in noninvasive behavioural research studies. To accomplish this, we collected
information on dozens of behavioural studies that had been conducted at the National Center
for Chimpanzee Care in Bastrop, Texas, USA during an approximately eight-year period,
and investigated potential relationships between welfare-related behaviours and the total
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number of studies in which each chimpanzee had participated. We predicted that
participation in more studies would be related to higher levels of overall welfare, including
increased affiliative and locomotive behaviour, higher levels of behavioural diversity, and
lower levels of rough scratching (a possible indicator of tension and anxiety), abnormal
behaviour, and inactivity.

2. Method

2.1 Subjects and Housing

Subjects included 118 captive chimpanzees (72 females and 46 males) living in 17 separate
social groups at the National Center for Chimpanzee Care (NCCC), Michale E. Keeling
Center for Comparative Medicine and Research (Keeling Center) of The University of Texas
MD Anderson Cancer Center (UTMDACC) in Bastrop, Texas, USA. The Keeling Center
has been continuously accredited by AAALAC since 1979. Chimpanzees ranged in age from
15-56 (mean age = 31 yrs). There were 76 mother-reared chimpanzees, 27 nursery-reared
chimpanzees, and 15 chimpanzees with an unknown rearing history (wild-born). Of the 118
subjects, 58 had been relocated to the NCCC from the Primate Foundation of Arizona (PFA)
approximately 10 years prior to data collection for the current study. Chimpanzees were
housed in groups ranging from 4-10 individuals per group, in either Primadomes™ or corrals
with indoor and outdoor access (Neal Webb et al., 2018a, 2019). The research conducted in
this study complied with the approved protocols of the UTMDACC Institutional Animal
Care and Use Committee, the legal requirements of the United States, and the International
Society for Applied Ethology’s ethical guidelines.

2.2 Procedure

2.3 Design

Behavioural observations were collected using 15-min focal animal sampling (Altmann,
1974) on a Dell Latitude E7270 laptop computer (Xiamen, China) running Noldus Observer
XT (Leesburg, Virginia, USA, 2010) between August 2016 and May 2018. Focal
observations were conducted between 0700 and 1600 and were counterbalanced across
morning and afternoon. To be included in analyses, each chimpanzee had to have been
observed for a minimum of 22 observation sessions (705.25 hrs of data total). Categories of
behaviour included locomotive, affiliative, aggressive, abnormal, self-directed, sexual, object
manipulation, inactivity, and other (see Supplementary Materials for ethogram; Neal Webb
etal., 2018, 2019). In addition, proximity of chimpanzees to groupmates (near, distant,
touching) was recorded (see Supplemental Materials).

Chimpanzees at the NCCC have participated in numerous noninvasive behavioural studies
over an approximately 20-year period. To be included in analyses in the current study, a past
behavioural study had to meet two criteria. First, data collection for the study had to have
occurred between March 2010 and May 2018. March 2010 was chosen as the beginning date
for inclusion in the current study to create a starting point that would be the same for the two
populations of chimpanzees housed at the NCCC. Between October 2006 and October 2009,
72 chimpanzees were relocated to the NCCC from the Primate Foundation of Arizona (PFA)
in Arizona, USA (see Schapiro et al., 2012 for details). Schapiro et al. (2012) found that the
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effects of this transport were detectable three months after arrival at the NCCC. Therefore,
we chose March of 2010 as an even starting point for behavioural studies in which the PFA
and NCCC chimpanzees could participate. Welfare-related behavioural data collection was
completed in May 2018. As such, this was chosen as the end date for inclusion of
behavioural studies in the current investigation. The second criterion for inclusion was that
the study had to involve exposure to a stimulus or manipulation (i.e., the chimpanzee had to
have the opportunity to participate in the study). Therefore, observation-only studies were
excluded from the present analysis. Due to the breeding moratorium put in place by the NIH
in 1998, all chimpanzees at the beginning of the aforementioned study period were adults or
subadults. Therefore, no chimpanzees had greater opportunity to participate than any other
chimpanzee based on age, given that our investigation was limited to only the most recent
eight years of participation.

2.4 Data analysis

Using the criteria listed above, 41 noninvasive behavioural studies were included in the
analyses for the current investigation (see Table 1). These included studies primarily from
four research areas conducted by long-time collaborative research groups (see Schapiro,
2017), including 1) behavioural laterality, cerebral hemispheric asymmetry, and evolution of
language (Hopkins group; Hopkins & Latzman, 2017); 2) inequity and economic games
(Brosnan group; Brosnan et al., 2015; Hall, Lambeth, Schapiro, & Brosnan, 2015); 3) social
learning and cultural transmission (Whiten and Kendal group; Vale et al., 2017c; Watson et
al., 2018); and 4) training, medical, and behavioural management (NCCC group; Reamer et
al., 2014). For all studies, chimpanzee participation was completely voluntary. Chimpanzees
that chose not to participate in a particular study were simply not subjects in that study. Each
chimpanzee did not have an opportunity to participate in all 41 studies included in analyses.
Generally, a research coordinator for the chimpanzee colony communicated with the
researcher to select chimpanzees based on study method, availability and ease of access to
social groups, and, for a limited number of studies, past participation history of the group.
For some studies, the goal was to obtain data on all chimpanzees in the NCCC, while for
other studies, researchers needed a smaller sample of chimpanzees. Overall, there was no
significant difference in the number of studies in which chimpanzees participated based on
the social group in which they were housed (one-way ANOVA: A16,101)=1.12, p=0.35).

The 41 studies were categorized as having a procedure that either 1) primarily involved
human interaction, or 2) primarily involved exposure only to a stimulus. For the former, the
procedure often involved a human experimenter who presented stimuli to the chimpanzee
subject(s) (e.g., token-exchange, cognitive test batteries, positive reinforcement training;
Claidiére et al., 2015; Hopper, Lambeth, Schapiro, & Brosnan, 2013; Reamer et al., 2014),
whereas the latter primarily involved a human experimenter setting up and allowing the
subject to interact with a stimulus or manipulanda (e.qg., tool construction or use, social
learning, food or tool sharing, self-recognition, handedness; Bogart et al., 2014; Hopkins et
al., 2017; Hopper et al., 2014; Vale, Davis, Lambeth, Schapiro, & Whiten, 2017; House,
Silk, Lambeth, & Schapiro, 2014). Using this categorization, a total of 20 studies were
classified as human interaction (H) and 21 were classified as stimulus only (S). We then
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calculated the percentage of studies for each subject that involved primarily human
interaction [(H / total number of studies) * 100] for use in later analyses.

Total durations of each welfare-related behaviour were averaged across all observations for
each chimpanzee. Average durations of “out-of-view” were removed from the denominator
to create a measure of “in-view” behaviour (chimpanzees were “out-of-view” for an average
of less than 2% of all observation time). These durations were then converted into
percentages of time [Percent Time = (Duration in seconds / 900 seconds) * 100]. A
behavioural diversity score was also created for each chimpanzee, representing the average
number of different, positive welfare-related behaviours exhibited by chimpanzees across all
observations (Neal Webb, Hau, & Schapiro, 2019).

Prior to conducting analyses, assumptions for regression were tested. Q-Q plots showed that
the data were normally distributed with the exception of abnormal behaviour, which was
positively skewed; however, inspection of the data showed no significant problematic values.
The predictors were uncorrelated, as tolerance levels were above 0.2; the errors had a mean
of zero, and were homoscedastic as evidenced by visual inspection of scatterplots and
histograms.

We first used an ANCOVA with chimpanzee age as a covariate and Bonferroni post-hoc
comparisons to assess whether the number of studies in which chimpanzees participated
differed by rearing status (mother-reared, nursery-reared, or unknown rearing history). A
series of regression analyses were then used to examine the relationships between three
predictor variables and six welfare-related behaviours, while controlling for rearing status
and age of the chimpanzee at the time of data collection for the current study. Predictors
included: 1) the total number of studies in which chimpanzees participated over the
approximately eight-year period; 2) the number of studies in which chimpanzees
participated over the two-year period that coincided with behavioural data collection for the
current study; and 3) the percentage of studies that involved primarily human interaction
(see Data Analysis above and Table 2 for correlation matrix). The behaviours chosen as
dependent variables for the analyses in the current investigation are commonly used
indicators of welfare and/or have been shown in previous work to be affected by
participation in various types of behavioural studies (Bloomsmith et al., 2000; Hopper et al.,
2016; Leavens, Aureli, Hopkins, & Hyatt, 2001; Ross, 2010; Tasker & Buchanan-Smith,
2016). These behaviours include rough scratching (as a potential indicator of tension and
anxiety), abnormal, affiliative, inactive, and locomotive behaviour (see Supplementary
Materials), as well as behavioural diversity scores. Rearing status and age were entered on
the first block of each equation, and the three predictor variables were entered in a
hierarchical fashion in subsequent blocks of the equation. We used Akaike’s information
criterion (AIC) to assess model fit for each model. Statistics (RZ, F, df, £ and f) are reported
from the model with the lowest AIC. To correct for multiple comparisons, but also to avoid
overcorrection and risk Type 1l error, alpha levels were set at p < 0.01 (Nakagawa, 2004;
Perneger, 1998). All analyses were performed using SPSS 24 (IBM Corporation, Chicago,
IL, USA).
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3. Results

Individual chimpanzees participated in an average of 16.84 (SE = 0.32; range = 8 — 29; see
Figure 1) studies over the approximately eight-year period used for the current study,
approximately half of which were characterized as involving primarily human interaction (M
=55.41%, SE = 0.59; range = 40.91% - 77.78%). Over the last two years (during

behavioural data collection), individual chimpanzees participated in an average of 2.42
studies (SE=0.09; range = 2 — 14).

The ANCOVA assessing whether rearing status significantly affected the number of studies
in which chimpanzees participated (with chimpanzee age as a covariate) was not significant
[A2,114) = 0.142, p=0.087]. Mother-reared chimpanzees (M= 16.92, SE = 0.43), nursery-
reared chimpanzees (M= 17.00, SE = 0.65), and chimpanzees with an unknown rearing
history (i.e., chimpanzees that were wild-born) (M= 16.20, SE= 1.36) participated in a
similar number of studies across the approximately eight-year period.

Regarding behavioural diversity, there was most support for the model in which there was an
effect of the total number of studies in which chimpanzees participated while controlling for
age and rearing, A3,114) = 11.25, p< 0.001 (Table 3). The control variable of rearing status
had a significant effect (8= -0.29, = -2.47, p=0.015), whereas age did not (p = 0.10,
Table 4). A higher total number of studies in which chimpanzees participated was
significantly associated with higher behavioural diversity scores (M= 16.84, SD=3.52, N=
118, £=0.33, £ 3.83, p< 0.001; Figure 2). The number of studies in which chimpanzees
participated in the two years during behavioural data collection and the percentage of studies
that involved primarily human interaction did not add uniquely to the model (p > 0.10).

Regarding rough scratching, there was most support for the model in which there was an
effect of the total number of studies in which chimpanzees participated while controlling for
age and rearing status, A3,114) = 6.01, p=0.001 (Table 3). The control variables of rearing
status and age did not have significant effects (o> 0.20, Table 4). A higher total number of
studies in which chimpanzees participated was associated with a higher percentage of rough
scratching (8= 0.21, = 2.29, p=0.024; Figure 3). The number of studies in which
chimpanzees participated in the two years during behavioural data collection and the
percentage of studies that involved primarily human interaction did not add uniquely to the
model (p> 0.10).

The total number of studies, the number of studies within the last two years, and the
percentage of studies that involved primarily human interaction were not significant
predictors of abnormal, inactive, locomotive, or affiliative behaviour (p> 0.10).

4. Discussion

\oluntary participation in behavioural studies not only increases 1) enrichment
opportunities, 2) functional simulations of natural conditions/behaviours, and 3) control
within the captive environment, but also benefits science and has implications for refining
management techniques that should enhance welfare. However, there is a lack of data
regarding relationships between welfare and participation in behavioural studies, and these
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data are needed in order to empirically address relevant regulation questions, and aid in
decision-making by managers, veterinarians, and governmental agencies. As such, we
investigated potential relationships between welfare and long-term (over an approximately
eight-year period), repeated participation in behavioural studies. Results revealed two
statistically significant, positive correlations between the total number of studies in which
chimpanzees participated and 1) behavioural diversity scores and 2) time spent rough
scratching. We found no relationships between the number of studies in which chimpanzees
participated and other welfare-related behaviours, including affiliative, abnormal, inactive, or
locomotive behaviour. Given these findings, as well as the persistent and repeated voluntary
participation of the chimpanzees throughout the eight-year period, we believe the results
suggest that voluntary participation in behavioural studies is not detrimental to captive
chimpanzees, and may have some welfare benefits.

Chimpanzees that participated in a higher number of studies over the eight-year period
exhibited a higher level of diversity in their behaviour (although, it is important to note that
this could also be stated in reverse: chimpanzees that exhibited a higher level of behavioural
diversity participated in more behavioural studies). Behavioural diversity scores in the
current study represented the average number of different, positive welfare-related
behaviours exhibited by each chimpanzee over the course of the approximately two-year
data collection period. Higher scores are assumed to be indicative of enhanced well-being
(Neal Webb et al., 2018a, 2018b, 2019; Suomi & Novak, 1991; Tasker & Buchanan-Smith,
2016). Indeed, a refinement to captive care (increased human interaction) aimed at
enhancing well-being of laboratory-housed cynomolgus macaques (Macaca fascicularis)
resulted in a more varied behavioural repertoire, in addition to other behavioural and
physiological enhancements (Tasker & Buchanan-Smith, 2016). It is possible that increasing
the number of opportunities for chimpanzees to participate in behavioural studies may also
increase behavioural diversity. Alternatively, it could be that chimpanzees with higher
behavioural diversity scores have a higher proclivity to participate in behavioural studies.
Both of these alternatives justify increased opportunities for participation in such studies: if
the former is true, managers can enhance welfare through increased behavioural diversity; if
the latter is the case, managers can increase welfare of those particular chimpanzees by
providing them with more opportunities to engage in tasks that seem to be intrinsically
rewarding (Tarou & Bashaw, 2007).

We found a positive correlation between rough scratching, sometimes regarded as a
behavioural indicator of anxiety in chimpanzees (Baker & Aureli, 1997; Hopkins et al.,
2006), and the number of studies in which chimpanzees had participated. First and foremost,
it is important to note that rough scratching in the current study made up less than 1% of all
activity, and the R2 was quite low (slightly above 0.1). Therefore, although the relationship
may be statistically significant, this result may not be biologically meaningful (Neal Webb,
Hau, & Schapiro, 2018b, 2019), and may represent a spurious correlation. Regardless, we
believe the finding stimulates an interesting discussion concerning rough scratching as an
indicator of anxiety. It is assumed that, if behavioural studies are enriching, behavioural
indicators of anxiety should decrease rather than increase (Bloomsmith, 2000). However,
some work has found increases in rough scratching with concurrent increases in positive
welfare-related behaviours during certain behavioural studies and tasks. For example,
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Herelko, Vick, and Buchanan-Smith (2012) found that chimpanzee scratching increased
during husbandry training sessions when visual access to keepers was restricted, yet interest
in research activities remained high. Additionally, rough scratching in chimpanzees was
higher (as was social play and problem-solving) when a novel cognitive challenge device
was present (Clark & Smith, 2013). Furthermore, rates of self-directed behaviours (SDBs) in
chimpanzees were higher during a computerized cognitive challenge when chimpanzees
started the task at levels of low-difficulty (Leavens et al., 2001). Some suggest that a certain
amount of uncertainty (and even anxiety) may be enriching for chimpanzees and other NHPs
(Caine, 2017; Chamove & Moodie, 1990; Herrelko et al., 2012). Recent work also suggests
that scratching may have a less clearly defined relationship with uncertainty, anxiety, and
arousal than is currently assumed (Neal & Caine, 2016). As such, it may be that the
increases in rough scratching found in the current study do not necessarily reflect decreases
in well-being, but are more a reflection of uncertainty or anticipation. Nevertheless, if it is
the case that increased scratching in the current study is related to increased anxiety, the
general consensus seems to be that these behavioural studies and tasks are not stressful
overall, given the positive behavioural changes seen as a result of participation (Herelko et
al., 2012; Ross, 2010). As such, the benefit of behavioural research as enrichment may
outweigh the cost of increased tension, uncertainty, or anxiety; emotional states that may
actually be enriching for NHPs (Caine, 2017; Chamove & Moodie, 1990; Herrelko et al.,
2012).

Previous studies investigating behaviour in the context of current participation in
behavioural studies have found positive changes in behaviour, including increased activity
and locomotion (Hopper et al., 2016), increased social play (Clark & Smith, 2013),
increased presence in proximity to the tasks (Herelko et al., 2012), and decreased solitary
and self-directed behaviour (Bloomsmith et al., 2000). However, the current study found no
relationships between behaviour and the number of studies in which chimpanzees
participated during the two-year period coinciding with behavioural data collection. It is
possible that the behavioural effects of participation in behavioural studies are limited to the
time period (e.g., the hours or days) during and/or directly following the participation.
Indeed, Hopper et al. (2016) found that chimpanzee activity returned to baseline within two
hours following a 30-minute token-exchange test session. As such, perhaps the current study
did not detect these relationships because, unlike the studies mentioned above, we did not
specifically examine behaviour as a function of participation in any particular study (i.e.,
during or immediately following participation in procedures of behavioural studies).

Lastly, we also did not find any statistically significant relationships between behaviour and
the percentage of studies in which chimpanzees participated that involved primarily human
interaction. This is surprising, given previous research showing the benefits of increased
human interaction in several species of NHPs, including lower rates of self-directed
behaviours, increased activity, and more varied behavioural repertoires (Chelluri, Ross, &
Wagner, 2013; Tasker & Buchanan-Smith, 2016). It is possible that the two types of
behavioural studies characterized in the current investigation (i.e., those involving primarily
human interaction and those involving primarily stimulus-only interaction) are equally
rewarding from the chimpanzee’s perspective. It is important to emphasize that chimpanzee
participation was completely voluntary. Therefore, the finding that chimpanzees participated
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in an average of almost 17 studies (the majority of which, at least 75%, were composed of
multiple trials) over the eight-year period suggests that these chimpanzees voluntarily
returned many, many times to participate in studies. Given this repeated participation; the
lack of relationship between abnormal, affiliative, inactive, and locomotive behaviour and
participation; and the positive relationship between behavioural diversity and participation,
the data seem to suggest that, at the least, participation is not detrimental to chimpanzees. In
fact, we would suggest that this participation in noninvasive behavioural studies is not only
not harmful for the animals, but is enriching and rewarding, and that the chimpanzees sought
out opportunities to participate in the various types of behavioural research projects
(Hopkins and Latzman, 2017; Tarou & Bashaw, 2007).

5. Conclusions

The current study found two significant relationships between welfare and voluntary
participation in behavioural studies. Results showed a positive relationship between the total
number of studies in which chimpanzees participated and 1) behavioural diversity scores and
2) rough scratching. Although we cannot draw conclusions about the direction of the
relationships between behavioural diversity and rough scratching, and the total number of
studies in which chimpanzees participated over the previous eight years, we believe that
these results provide no evidence to suggest that voluntary participation in behavioural
studies is harmful to chimpanzees. The evidence from the current study may, in fact, suggest
that participation is positive for the animals; behavioural diversity and participation are
positively related, participation was unrelated to abnormal behaviours, and animals
repeatedly return to participate in the studies. Additionally, we believe the benefits of
behavioural research outweigh the potential for a slight (and likely not biologically
meaningful) increase in rough scratching, which may be an indication of anticipation or
uncertainty, rather than a decrease in welfare (Clark & Smith, 2012; Herrelko et al., 2012;
Leavens et al., 2001). Overall, the findings from the current study highlight the importance
of empirical assessments of the ways that voluntary participation in behavioural studies can
affect welfare, and how these types of results can be applied to regulations about the
inclusion of chimpanzees in behavioural research projects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Higher behavioral diversity with participation in more behavioral studies over
time.
. No relationship between welfare and concurrent study participation.
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Figure 1.

Histogram of the total number of studies in which chimpanzees participated over the
approximately 8-year period.
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Figure 3.

Relationship between percentage of rough scratching and total number of studies in which
chimpanzees participated between March 2010 and May 2018.
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Correlation matrix for all predictors.

Table 2.

Age Rearing Status | Total # studies | HI %
Rearing Status | Pearson Correlation | 0.704 1
p value 0.000
Total # studies | Pearson Correlation | 0.318 0.21 1
p value 0.000 0.023
HI % Pearson Correlation | —0.165 | -0.027 -0.286 1
p value 0.074 0.774 0.002
# Studies 2 yrs | Pearson Correlation | 0.135 -0.049 0.343 -0.24
p value 0.144 0.595 0.000 0.009

Age: Age of chimpanzee; Total # Studies: Total number of studies in which chimpanzee participated; HI %: Percentage of studies in which

Page 20

chimpanzees participated that involved primarily human interaction rather than interaction with stimulus only; # Studies 2 yrs: The number of
studies in which chimpanzees participated in the last two years, coinciding with data collection.
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Table 3.

Model definition, AICs, Delta AIC, and Adjusted R? for each model.

Page 21

Delta | Adjusted
Model df AlIC AlIC R2
1: Behavioral Diversity~Age + Rearing 115 | 277.223 0 0.114
2: Behavioral Diversity~Age + Rearing + Total # of Studies 114 | 264.925 | 12.298 0.208
3: Behavioral Diversity~Age + Rearing + Total # of Studies + HI % + # Studies 2 yrs | 113 | 266.807 | 10.416 0.202
3: Behavioral Diversity~Age + Rearing + Total # of Studies + HI % + # Studies 2 yrs | 112 268.27 8.953 0.198
1: Rough Scratching~Age + Rearing 115 | -369.281 0 0.081
2: Rough Scratching~Age + Rearing + Total # of 114 | -372.571 3.29 0.114
Studies
3: Rough Scratching~ Age + Rearing + Total # of 113 | -371.161 1.88 0.11
Studies + HI %
3: Rough Scratching~ Age + Rearing + Total # Studies + HI % + # Studies Last 2 yrs | 112 | -371.273 | 1.992 0.118

Age: Age of chimpanzee; Total # Studies: Total number of studies in which chimpanzee participated; HI %: Percentage of studies in which
chimpanzees participated that involved primarily human interaction rather than interaction with stimulus only; # Studies 2 yrs: The number of

studies in which chimpanzees participated in the last two years, coinciding with data collection.
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Beta, t-value, and significance level for each predictor variable from the best fitting model in Table 2.

Table 4.

Dependent Variable Predictor Variable | Beta t p

Behavioural Diversity | Age -0.197 | -1.647 | 0.102
Rearing —-0.286 | -2.466 | 0.015
Total # of Studies 0.333 3.832 0.000

Rough Scratching Age 0.156 1.234 0.220
Rearing 0.113 0.920 0.360
Total # of Studies 0.210 2.286 0.024
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