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Abstract

Given the difficulties of conducting regular endocrine and veterinary assessments of animals, behavioural observations are often the
most commonly used tool to assess the welfare of animals in human care. Behavioural measures, inexpensive and convenient to collect,
also have their challenges, such as ensuring the behaviours of interest are reliable indicators of an animal’s internal state. Welfare
assessments include both positive and negative indicators, and a commonly used indicator of negative welfare is self-directed behaviour
(SDB). SDB has been described as a behavioural indicator of stress through observation and experimentation; however, this pattern is
not universal despite assumptions otherwise. The purpose of this study was to experimentally evaluate the use of SDB as an indicator
of negative welfare in mandrills (Mandrillus sphinx) with the goal of understanding the function of SDB in relation to stress. Using a
touchscreen-mediated cognitive task, the mandrills were observed to self-scratch significantly more often during incorrect than correct
trials; however, rates of SDB did not vary between increasingly difficult testing conditions. The mandrills had individual variation in their
use of body-shakes and yawns under negative and positive conditions that mirror similar variation observed in other primates. This study
provides experimental evidence that self-scratching in mandrills can be used as a behavioural indicator of anxiety and that welfare

assessments for animals in human care need to account not only for species’ differences, but also for individual differences.
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Introduction

Assessing animal welfare through behavioural observa-
tion is a common practice that relies upon the use of
validated behavioural measures. Self-directed behaviour
(SDB), which includes self-scratching, body-shaking
and yawning, are common behaviours used in assessing
the stress and, ultimately, welfare of primates in human
care (Chelluri et al 2013; Kranendonk & Schippers
2014; Herrelko ef al 2015). Stress is generally viewed as
the perception of an uncontrollable and/or unpredictable
stimulus that exceeds the immediate coping capacity of
the individual (Koolhaas ef @/ 2011). Primates have been
observed to increase SDB in contexts associated with
uncertainty and unpredictability, such as the proximity
of a dominant individual (eg Castles et al 1999),
following agonistic encounters that may result in further
aggression (eg Romero ef al 2009), and when the spatial
density of social groupings increase (Cordoni & Palagi
2007; Ross et al 2010; Caperos et al 2011). Furthermore,
long-tailed macaques (Macaca fascicularis) were
observed to decrease SDB following the administration
of anxiolytic (anti-anxiety) drugs and increase SDB
following the administration of anxiogenic (anxiety-
inducing) drugs (Schino et al 1996).

Given these findings, SDB has long been considered a
universal behavioural indicator of anxiety (for a review, see
Maestripieri et al 1992), and has been used in welfare eval-
uations of primates in human care (eg Chelluri et a/ 2013;
Kranendonk & Schippers 2014; Herrelko et al 2015).
However, several studies provide evidence that SDB may
not be a universal indicator of stress in primates. Hamadryas
baboons (Papio hamadryas) showed no change in self-
scratching when confined to smaller enclosures, a common
experimental test of anxiety (Judge et a/ 2006). In addition,
salivary cortisol did not correlate with self-scratching in the
same species (Pearson ef al 2015) or in olive baboons
(Papio hamadryas anubis; Higham et al 2009). Marmosets
(Callithrix jacchus) similarly had no change in self-
scratching when administered an anxiogenic drug, held in
isolation, or exposed to an artificial predator (Kato et al
2014) and, interestingly, were observed to have increased
self-scratching rates during play (Neal & Caine 2016).
However, another marmoset species (Callithrix penicillata)
exhibited decreased frequency of self-scratching in the
presence of an artificial predator when administered an anxi-
olytic drug (Barros et a/ 2000). An additional factor that is
rarely considered is the presence of ectoparasites. A recent
study of wild Japanese macaques (Macaca fuscata) found
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that lice density was a better predictor of self-scratching than
social stress (Duboscq et al 2016), though this is likely not a
common factor for primates in human care. Given the mixed
observations of SDB in primates and the limited number of
controlled experimental studies, researchers interested in
using SDB as a behavioural measure of stress should ensure
that SDB has been appropriately validated in their respective
study species prior to use.

Mandrills (Mandrillus sphinx) are a prominent species in
zoos, yet have received limited empirical evaluation of
their behaviour and welfare. Similar to other species,
there appears to be an unclear relationship between stress
and SDB as self-scratching in mandrills has been
observed to both increase (Schino & Marini 2012) and
remain unchanged following social stress (Peignot et al
2004). In addition, body-shaking and yawning have not
been evaluated in mandrills though they are included in
behavioural studies (Setchell & Wickings 2005).
Cognitive challenges, as part of ongoing cognitive
studies, have been used to validate the function of SDB in
primate species. Chimpanzees (Pan troglodytes) and
gorillas (Gorilla gorilla gorilla) have been shown to
increase their self-scratching following an incorrect
choice compared to a correct choice during a touchscreen-
mediated task (Wagner ef al 2016). In addition, changes
in task difficulty have been shown to affect SDB in chim-
panzees (Leavens et al 2001), orangutans
(Pongo pygmaeus;, Elder & Menzel 2001), lion-tailed
macaques (Macaca silenus), squirrel monkeys
(Siamiri sceurius) and capuchin monkeys (Cebus paella;
Judge et al 2011). At Cleveland Metroparks Zoo, USA, a
bachelor mandrill group was the focus of a long-term
behavioural monitoring and cognition study. The purpose
of this analysis was to test the function of SDB in the
mandrills using a touchscreen-mediated cognitive task,
similar to previous research on apes (Wagner et al 2016).
Specifically, this study evaluated the use of self-
scratching, body-shaking and yawning, three common
mandrill SDBs, across three levels of task difficulty and
between correct and incorrect trials. It was hypothesised
that if SDB is a behavioural indicator of stress in
mandrills, the mandrills’ rate of SDB would increase with
task difficulty and that the rate would be greater during
incorrect compared to correct trials.

Materials and methods

Study animals

The methodology of this study was approved by the
Animal Care and Use Committee of Cleveland
Metroparks Zoo (CMZ). Participation by the subjects
was voluntary. Subjects were two adult male mandrills
(M1, eight years; M2, 13.5 years) living as a bachelor
group at CMZ, Cleveland, OH, USA. Both males had
lived together for approximately three years at the time
of the study. Both subjects had been participating in
touchscreen cognition testing sessions for approximately
18 months prior to the start of the study.

Testing and analysis

Testing occurred while subjects were on exhibit between
0800 and 0900h, three days per week. Data for this study
were collected between February and August 2016. Using a
random number generator, 33 days were randomly selected
and testing sessions for that day were filmed using an iPad
mini 2 (Apple, Cupertino, CA, USA) for later analysis.
Tests were conducted using a 32-inch LCD touchmonitor
(Elo Touchsystems, Menlo Park, CA, USA). The screen was
operated by AL who stood next to the screen and provided
food rewards to the mandrills following successfully
completed trials. The dominant male, M1, underwent
testing with M2 present. Due to the dominance structure of
the group (M1 dominant to M2), M2 tested with M1 shifted
into an adjacent room or transfer stairwell to minimise any
potential aggressive or displacement behaviour towards M2
during testing. M1’s shifting was voluntary and rewarded
with food items from his scheduled diet. The males had
auditory and olfactory access to each other when M1 was in
the stairwell and visual access when in the adjacent room.
Separation lasted no more than 10 min. Separation training
is a routine aspect of zoo animal care, and helps facilitate a
variety of management practices, including positive rein-
forcement training and ensuring that special diet items or
medicines are consumed by the intended individual. At
CMZ, the mandrills separate voluntarily for regular training
and husbandry purposes as part of their daily routine.

The mandrills were tested using a list sequencing task. In
each trial, the subjects were asked to select symbols on the
screen in a consistent, pre-determined order. If a symbol
was selected out of order, a ‘buzz’ tone was played and the
screen turned white for 5 s. If a trial was completed success-
fully — that is all symbols were selected in the correct
order — the mandrill was provided a small food reward
which was preceded by a ‘ding’ tone. Each testing session
consisted of 40 trials. The subjects completed three task
difficulties. The easy condition was a two-item list (50%
probability of success), the medium condition a three-item
list (16.5% probability of success) and the hard condition a
four-item list (4.1% probability of success). Subjects
completed ten testing sessions for each difficulty level
(30 total sessions per mandrill).

All occurrence sampling was used to record the rates of SDB
during each trial from the recordings. The SDB coded were:

* Self-scratch: Any self-touching involving the ends of the
digits, including both gentle and rough contact (Baker &
Aureli 1997; Leavens et al 2001). Individual scratches were
noted to begin with the movement of hand or foot in a single
direction in contact with a continuous body part and ending
when contact with the body ended and/or when the direction
of the scratch changed (Wagner et al 2016).

* Body-shake: A quick side-to-side shaking of the whole
body (Schino ef al 1996).

* Yawn: A broad opening of the mouth along with a long inspi-
ration followed by a brief expiration (Provine et al 1987).
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To control for variation in trial length, the rate of each
SDB per second per trial was calculated by dividing the
number of SDBs per trial by trial length in seconds (for
mean trial length by subject and testing level, see
Table 1). The average rate across all trials per testing
session was then calculated by summing the values and
dividing by the number of trials per session. Due to the
small sample size, analysis was conducted for each
subject separately using non-parametric repeated
measures tests. The test statistic was generated using a
Monte Carlo sampling method (10,000 permutations) per
the recommendations of Colegrave et al (2006) for small
sample size studies. Post hoc comparisons used a
Bonferroni correction (o0 = 0.017). All statistics were
conducted with SPSS V.24 (IBM, Chicago, IL, USA).

Results

To confirm that testing difficulty differed across condi-
tions, subject performance (percentage of successfully
completed trials) was compared across each difficulty
level using Friedman’s ANOVA (Table 1). There was a
significant difference in performance across task difficul-
ties. Post hoc comparisons using Wilcoxon signed-rank
tests revealed that increasing task difficulty resulted in a
decrease in performance. The rate of SDB for each subject
was then compared across task difficulty using Friedman’s
ANOVA with Wilcoxon signed-rank tests for post hoc
comparisons. SDB did not differ across testing difficulty
for either subject (Table 2). Given this, the subsequent
analysis combined data from the three task difficulties.
The rate of self-scratching, yawning and body-shaking
were then compared between correct and incorrect trials
using Wilcoxon signed-rank tests (Figure 1). For both
subjects, self-scratching occurred significantly more
during incorrect than correct trials. M1 yawned signifi-
cantly more during incorrect trials; however, M2 was
never observed to yawn during testing. M 1°s rate of body-
shaking did not differ between conditions but M2’s rate
was significantly more frequent during incorrect trials.

Discussion

The purpose of this study was to test experimentally the
function of SDB in mandrills using methods that have been
applied successfully to the study of other primate species.
The first hypothesis predicted that SDB would increase with
task difficulty. It was found that task difficulty did not affect
the rate of SDB. This result is surprising given the difference
in probability of successfully completing a trial
(easy = 50%, medium = 16.5%, hard = 4.1%), however, the
same outcome was reported in a study of gorillas and chim-
panzees participating in the same cognitive task as the
present study (Wagner et al 2016). This may indicate that
the rate of SDB does not correlate with perceived stress of
the stimuli but rather that a minimum threshold of perceived
stress elicits SDB. Alternatively, although each task was
significantly more challenging, the mandrills’ might not
have perceived the tasks as being more challenging, despite
the difference in the percentage of correct and incorrect
trials. An additional variable may be the reward system. The
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Table |  Statistical analysis of mandrill performance
across task difficulty.
Factor Subject

MI M2

Mean (x SEM) trial length (s)

Two-item list 4.62 (£ 0.12) 5.35 (+ 0.08)

Three-item list 5.66 (+0.12) 6.85 (+ 0.15)

Four-item list 5.89 (£ 0.06) 7.21 (£ 0.09)

Mean (x SEM) percentage of
correct trials

Two-item list 87.75 (x 1.74) 89.00 ( 1.63)

Three-item list 72.25 (+ 2.65) 68.25 (+ 2.84)

Four-item list 4775 (+ 3.42) 45.50 (+ 2.52)

Friedman’s ANOVA

e 18.2 20.0

df 2 2
P-value <0.000* <0.000*
Post hoc comparisons

List comparison (2 to 3)

z-value -2.8l1 281
P-value 0.002%* 0.002%+*
List comparison (3 to 4)

z-value -2.66 -2.81
P-value 0.008%* 0.001%*

* Statistically significant at P < 0.05;
** Post hoc comparisons statistically significant at P < 0.025.

task itself may be perceived by the mandrills differently at
each testing level, but the perceived stress from the
cognitive challenge may be less than the perceived stress of
not receiving a reward, leaving the differences between
testing difficulties to be a non-factor. Further study is needed
to better understand the relationship between rate of SDB
and perceived intensity of a stressor, as well as how testing
methodology may affect the behaviour of participants.

The second hypothesis predicted that SDB would be more
frequent during incorrect compared to correct trials. Both
subjects’ self-scratching increased significantly during
incorrect compared to correct trials, similar to previous
evaluations of chimpanzees and gorillas (Yamanashi &
Matsuzawa 2010; Wagner et al 2016). This provides some
evidence that in mandrills, self-scratching may be a behav-
ioural indicator of stress, depending on the context of the
behaviour. However, it should be noted that this study had a
limited sample size and may not have population-level
significance. Further experimental evaluation of this kind
will require multi-institutional collaboration as these two
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Table 2 Statistical analysis of mandrill self-directed behaviour across task difficulty.

Subject SDB Mean ( SEM) two- Mean (* SEM) three- Mean (x SEM) four- df P-value
item rate per second item rate per second item rate per second
Ml Self-scratch 0.03 (+ 0.06) 0.02 (+ 0.05) 0.02 (+ 0.05) 1.24 2 0.565
Yawn 0.0004 (= 0.003) 0.002 (+ 0.005) 0.005 (* 0.009) 6.00 2 0.046"
Body-shake 0.00 ( 0.0) 0.006 (+ 0.02) 0.009 (+ 0.03) 3.50 2 0.256
M2 Self-scratch 0.04 (+ 0.07) 0.05 (+ 0.07) 0.05 (+ 0.07) 0.60 2 0.827
Yawn 0.00 (+ 0.0) 0.00 (£ 0.0) 0.00 (£ 0.0) 0.00 2 1.000
Body-shake 0.00 ( 0.0) 0.003 (+ 0.02) 0.015 (+ 0.04) 9.50 2 0.012*
t Post hoc comparisons with Bonferroni correction (P = 0.017) were non-significant (2 to 3,z = -1.83; P = 0.68; 3 to 4, z = -0.98; P = 0.33;
2to 4,z =-2.10; P = 0.035).
* Post hoc comparisons with Bonferroni correction (P = 0.017) were non-significant (2 to 3,z = -1.00; P = 0.32; 3 to 4, z = -2.03; P = 0.042;
2 to 4, z = -2.03; P = 0.042).
Figure |
0.184 *
B Correct trial
- 0.164
5
b 0.147 * Incorrect trial
(]
5 0124
o
O
-E 0.104
S 008
E%
#0064 *
s 0.04
] Ran
= *
0.024
0 _l [ .
Self-scratch Yawn Body-shake Self-scraich Yawn Body-shake
M1 M2

Self-directed behaviour by subject
The mean rate per second of self-directed behaviour by subject during correct and incorrect trials (asterisks note significance). Self-
scratching was significantly more frequent during incorrect than correct trials for both subjects (M1, z = -3.15; P = 0.001; M2, z = -4.167;
P < 0.001). MI had a significant increase in the rate of yawns during incorrect trials (z = -3.06; P < 0.001) but M2’s yawning did not
differ (z = 0.00; P = 1.00). M| had no difference in his rate of body-shakes between trials (z = —1.36; P = 0.214) but M2 body shook
significantly more frequently during incorrect trials (z = -2.20; P = 0.032).

mandrills are, to the authors’ knowledge, the only mandrills
participating in touchscreen-mediated cognitive testing in
North America. This also provides evidence that self-
scratching is not an indicator of positive arousal in
mandrills, which has been reported in other species (Neal &
Caine 2016), given that there was a significantly lower
frequency of self-scratching during correct trials where a
food reward was provided.

This study found individual differences in the use of body-
shaking and yawning. Studies of primate SDB have often
focused on free-living or laboratory populations and thus
have reported data from large sample sizes. Unfortunately,
due to these large sample sizes, individual variation in

SDB is not often reported. Interestingly, Yamanashi and
Matsuzawa (2010) found similar individual variation in
self-scratching by chimpanzees participating in cognitive
tests, and in a recent review of physiological stress
responses of vertebrates, Cockrem (2013) points to the
necessity of assessing individual differences in stress
responses. Future research, specifically research focused
on individual animal welfare, should closely examine indi-
vidual variation to ensure the behaviours recorded are
relevant to each individual. In addition, although body-
shaking and yawning are often described collectively in
the same context as self-scratching, they have been
evaluated individually significantly less often (Baker &
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Aureli 1997; Leone et al 2014). More experimental studies
of body-shaking and yawning, with larger samples sizes,
are needed to better understand these behaviours in the
context of stress and animal welfare.

Although individuals will respond to stressors in their
own way (Cockrem 2013), when properly validated, the
measurement of SDB can serve as a useful indicator that
an individual is experiencing stress. From an applied
perspective, primate caregivers should be cognisant of
contexts in which SDB increases. Acute episodes of SDB
may indicate successful coping for short-term stress and
thus not represent a welfare concern. Long-term episodes,
however, may indicate a welfare concern for that indi-
vidual. That said, SDB is only one behavioural indicator
of stress. Similar to the manner in which this study found
individual variation in the use of specific SDB, primates
may also use other behaviours as an expression of stress
(eg stereotypic behaviour, increased aggression,
decreased activity). Proper monitoring and assessment
will allow caregivers to identify which behaviours are
significant for each individual in their care.

Animal welfare implications and conclusion

This study provides evidence that self-scratching is a
behavioural expression of stress in mandrills, which
corroborates data on mandrill self-scratching following
agonistic interactions (Schino & Marini 2012). However,
further evaluation is needed to better understand stress
thresholds that elicit this behaviour. The use of body-
shaking and yawning was found to vary by individual.
Studies often group individual SDBs together for
analysis but this study provides evidence that individual
SDB expression may vary and each behaviour should be
analysed separately. This finding also supports the need
for an individual-based approach to animal welfare
research. Lastly, as the study of experimental primate
cognition continues to expand in zoos, the opportunity to
validate behavioural indicators of stress in novel species
increases, the results of which will further inform
behaviour-based welfare studies.
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