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Abstract

The influence of several factors on abnormal behaviour was investigated in 46 singly housed sooty mangabeys
(Cercocebus atys) (eight nursery-reared, 38 mother-reared), including self-injurious, self-directed, stereotypic locomotion, and
faeces/urine-related behaviours (SIB, SDB, SL, FUR, respectively). An analysis of behavioural assessments spanning a mean of
four years per subject showed that 83% displayed at least one form of AB during that time, with SL being the most common
(mean of 3.06% of observation sessions and displayed by 59% of subjects) and SIB the least common (mean of 0.09% of all
observation sessions and displayed by 20% of subjects). Like other primate species, displaying AB was influenced by the percent
of life spent singly housed and by nursery-rearing during infancy. However, unlike some other primates, there was no influence
of the number of yearly sedations or room relocations on AB; also, females were more likely to display AB than male
mangabeys. To investigate the effects of nursery-rearing further, we compared the eight nursery-reared, singly housed subjects
with eight nursery-reared subjects that were socially housed since the age of three years. While nursery-reared subjects in single
housing displayed SL and FUR in higher proportions than those in social housing, subjects from both environments displayed
SIB and SDB in equal proportions, suggesting that they are persistent forms of AB for nursery-reared mangabeys even after
long-term social housing. To reduce future incidence of AB in captive mangabeys, we recommend minimising nursery-rearing

and the duration of single-housing whenever feasible or avoiding them altogether.
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Introduction

The term abnormal behaviour refers to behaviours that are
species-atypical in form or frequency, repetitive and/or
functionless, and potentially physically harmful (Erwin &
Deni 1979; Walsh 1982; Mason 1991; Lutz et al 2003).
Abnormal behaviour is often categorised as either whole-
body locomotor stereotypies (eg pacing, flipping) or self-
directed behaviour (eg eye-poking, bizarre body posture,
digit sucking; Novak 2003). Self-injurious behaviour (SIB)
is considered an extreme form of self-directed behaviour
and includes behaviours that have the potential to cause
serious injury, such as head banging and self-biting.
Accordingly, SIB is widely regarded as an indicator of poor
psychological welfare (Novak 2003). Animals may engage
in abnormal behaviour as a way to cope with stressors and
alleviate anxiety, out of frustration, compulsion, or habit
(Mason 1991; Tiefenbacher et al 2005); however, it is
generally accepted that well-being is compromised in
animals that express abnormal behaviour because these
behaviours often occur in contexts where the animals lack
physical space, sensory and social stimulation, and/or

control over their environment (Mason 1991). Maximising
psychological welfare is important not only for the animals’
sakes, but to enhance the quality of research, as animals that
display abnormal behaviour are physiologically and cogni-
tively different from those that do not; for example, they
tend to have dysregulation of the systems regulating
response to stress and anxiety and slower procedural and
reversal learning (Tiefenbacher et al 2000, 2004, 2005;
Tanimura et a/ 2008). Thus, it is important for researchers
using animal models to reduce and/or avoid conditions that
contribute to engagement in abnormal behaviour, as it can
directly impact the measures in their studies.

As natural hosts of the Simian Immunodeficiency Virus
(SIV), sooty mangabeys (Cercocebus atys) are an important
animal model for Acquired Immune Deficiency Syndrome
(AIDS) research. The Yerkes National Primate Research
Center (YNPRC) houses a colony of sooty mangabeys, a
subset of which is singly housed, to participate in IACUC-
approved research protocols. Although much is known
about mangabey social and reproductive behaviour (eg
Bernstein 1971; Ehardt 1988a,b; Gust & Gordon 1991,
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1993; Gust 1995; Range 2005), we know little about the
behaviour and welfare of singly housed mangabeys. Thus,
we investigated the prevalence of various forms of
abnormal behaviour in 46 singly housed mangabeys and the
influence of various factors on the occurrence of abnormal
behaviour in these subjects, including overall time spent in
single-housing, the frequency of sedations and room
changes per year, sex, and rearing history. Subjects were not
housed in particular configurations and did not undergo
particular procedures for the purposes of the current study;
instead, we used behavioural records collected while
subjects were living at the YNPRC in various circum-
stances. To investigate the long-term effects of nursery-
rearing on abnormal behaviour further, we assessed the
presence of abnormal behaviour in eight additional sooty
mangabeys that were nursery-reared and singly housed for
the first three years of their lives, as required by a research
protocol in the early 1990s, and then housed socially for the
next 15 years (at the time of sampling).

A primary contributor to abnormal behaviour is adverse early
life experience, which often takes the form of repeated or
permanent separation from the mother during infancy and/or
early juvenility. Studies have shown that permanent maternal
separation and subsequent nursery-rearing is associated with
abnormal behaviour in adulthood in a variety of primate
species; for example: rhesus macaques (Macaca mulatta)
(Harlow & Harlow 1962; Erwin et al 1973; Lutz et al 2003,
Novak 2003; Rommeck et al 2009a,b; Vandeleest ef a/ 2011),
pigtail macaques (Macaca nemestrina) (Bellanca & Crockett
2002), baboons (Papio hamadryas) (Brent & Hughes 1997;
Lutz et al 2012), chimpanzees (Pan troglodytes) (Walsh 1982;
Maki et al 1993; Pazol & Bloomsmith 1993; Kalcher et al
2008). Furthermore, the earlier the infant is separated and/or
the longer the separation bouts last can increase the likelihood
and severity of abnormal behaviour later in life (Kalcher ef al
2008; Latham & Mason 2008). Corroborating these findings,
Gottlieb and colleagues (2013) found that singly housed
rhesus macaques exhibited less abnormal behaviour for every
year they spent living outdoors in large social groups prior to
being singly housed. Together, these findings show that it is
not only the rearing experience per se, but also the timing of
adverse early experience that contributes to the development
of abnormal behaviour in adulthood.

Underlying that relationship is a variety of physiological
perturbations that occur as the animal develops under
adverse conditions. The context of nursery-rearing
generally involves being raised indoors in close contact
with humans with limitations in physical space, enrichment,
and social feedback from conspecifics (Capitanio et al
2006). Compared to mother-reared primates, nursery-reared
animals show life-long differences in brain structures,
neurochemistry, and cognition (eg Sanchez et al 1998;
Spinelli et al 2009), immune function and survival rates (eg
Lewis et al 2000; Lubach & Coe 2006), and a variety of
other behavioural differences (eg Champoux et al 1992;
Dettling et al 2002; Bastian et al 2003; Kalcher-
Sommersguter et a/ 2011). In addition, it appears that
prolonged heightened activation of the hypothalamic-

pituitary-adrenal (HPA) axis during early adverse experi-
ences lead to HPA axis hypofunctionality, as reflected by
reduced basal cortisol levels and blunted reactivity to
stressors later in life (Clark 1993; Capitanio et al 2005;
Sanchez 2006; for a review including studies with different
results, see Novak et al 2013). While it remains unclear how
HPA axis hypofunctionality influences the likelihood of an
animal’s engagement in abnormal behaviour, it appears that
when this process occurs in an animal with a certain
genotype, the likelihood of engaging in abnormal behaviour
increases (Champoux et al 2002; Novak et al 2013).

Some animals without adverse early life experiences also
develop abnormal behaviour. Often, these animals live in an
indoor laboratory setting (single-, paired- or group-housed),
since, as mentioned previously, these are animals that
generally lack extensive physical space, have reduced
sensory and social stimulation, and have little control over
their environment. Consequently, many studies investigate
the link between abnormal behaviour and single-housing,
which is the housing situation for many laboratory-housed
animals (according to a 2007 survey, 27% of all laboratory-
housed primates in the US are singly housed out of 35,863
animals reported in the survey; Baker et al 2007). Although
social restriction and spatial confinement are usually
confounded in single-housing, it appears that social restric-
tion plays an independent role in the development of self-
directed abnormal behaviour, whereas it is predominantly
confinement that contributes to the development of stereo-
typic locomotion (eg pacing, flipping; Draper & Bernstein
1963; Ridley & Baker 1982; Bellanca & Crockett 2002;
Vandeleest et al 2011). Stereotypic locomotion is often
reported as the most frequently observed form of abnormal
behaviour in singly housed primates (eg Jorgensen et al
1998; Seier et al 2011, 2013) and it is often linked with the
amount of time spent in single-housing and the age at which
animals begin living in single-housing (Bellanca & Crockett
2002; Lutz et al 2003, 2012).

Other factors associated with abnormal behaviour expres-
sion are some events associated with research use of the
animals and the animal’s sex. Primates living in a laboratory
setting are sometimes moved to different rooms, which
involves a sudden change in environment and neighbours.
Some studies find an effect of such room relocations on the
occurrence of abnormal behaviour (Rommeck et a/ 2009a;
Gottlieb et al 2013), while others do not (Lutz et al 2003;
Novak 2003). Sedating primates for a clinical or research
purpose is also associated with abnormal behaviour (eg
Crockett et al 2000; Lutz et al 2003, 2012; Novak 2003;
Vandeleest ef al 2011). Finally, abnormal behaviour appears
to be more prevalent in singly housed males than in females
in macaques and baboons (eg Bayne ef al 1995; Brent &
Hughes 1997; Lutz et al 2003; Gottlieb et al 2013), but
more common in female than male vervet
(Chlorocebus pygerythrus) monkeys (Seier et al 2011).

Since abnormal behaviour is difficult to treat once it
develops (Line ef al 1991; Novak et al 1998) and various
forms of abnormal behaviour often co-occur (eg Gottlieb
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et al 2013), it is important to minimise abnormal behaviour
risk factors to support both the psychological well-being of
laboratory animals and the quality of the research for which
they serve. For macaque species, these include minimising
or avoiding social isolation during the infant and juvenile
period, reducing the time spent in single-housing and the
number of sedations and room changes they experience
while in single-housing. Thus, we investigated whether
these factors influence abnormal behaviour in sooty
mangabeys that were housed at the YNPRC. We categorised
abnormal behaviours as self-injurious (SIB), self-directed
(SDB), stereotypic locomotion (SL), and faeces/urine-
related behaviour (FUR).

As seen in macaque species, we expected stereotypic loco-
motion to have been displayed more frequently than the
other forms of abnormal behaviour and that subjects which
displayed stereotypic locomotion would have also displayed
at least one other form of abnormal behaviour. Additionally,
we expected subjects that engaged in abnormal behaviour
would have a relatively high percent of life in single-
housing and number of sedations and room changes per
year, to be male, and to have a history of nursery-rearing (as
opposed to mother-rearing) in the first two years of life
compared to those that did not engage in abnormal
behaviour. In a separate analysis, we investigated the long-
term effects of nursery-rearing by comparing the eight
nursery-reared mangabeys that were singly housed with
eight nursery-reared mangabeys that were socially housed
for over 15 years. Of these subjects, we expected a greater
number of singly housed subjects to have displayed
abnormal behaviours than those that were socially housed.

Materials and methods

Subjects and housing

Singly housed subjects

Of approximately 200 sooty mangabeys in the YNPRC
colony, n = 46 were singly housed during the study period
(31 male, 15 female [none of which were pregnant or
lactating]; 38 mother-reared, eight nursery-reared) and
ranged in age from 7 to 26 years (mean age 16.8 years). The
subjects were housed in stainless steel cages (varying from
6.0 to 9.9 square feet of floor space, which met cage size
requirements in the United States) at the YNPRC in rooms in
which they could see and hear conspecifics. Six of the eight
nursery-reared, singly housed subjects lived in single-
housing their whole lives (7-18 years; mean of 13.7 years)
and the remainder (two nursery-reared and 38 mother-
reared) were housed socially in indoor-outdoor enclosures
prior to moving to pair- or single-housing. The YNPRC pair-
houses animals whenever possible; however, we exclusively
used data that were collected when subjects were singly
housed due to social incompatibility and/or the requirements
of a research protocol. Subjects were assigned to protocols
involving SIV-related research, as sooty mangabeys are
natural carriers of the virus and do not become immunocom-
promised (Silvestri et al 2007). All protocols were approved
by the facility’s Institutional Animal Care and Use
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Committee and all aspects of management and research use
conformed to US federal regulations and guidelines.
Monkey chow (LabDiet Monkey Diet 5037, PMI Nutrition
International, St Louis, MO, USA) was distributed twice
daily, water was available ad libitum, each cage included a
perch and a manipulable object, and other enrichment was
distributed daily in the forms of fresh produce, grain,
foraging devices, and destructible enrichment.

Socially housed subjects

Eight sooty mangabeys (five male, three female; all
nursery-reared and between 18—19 years old at initiation of
data collection) were housed at the YNPRC in social groups
of varying sizes and compositions. These subjects were
nursery-reared and then singly housed until the ages of
2-3 years due to a research protocol conducted in the early
1990s. Once single-housing was no longer required, these
subjects were systematically socialised and introduced to
large, indoor-outdoor, compound-housed social groups
comprising of 15-20 adult males and females, juveniles,
and infants (indoor quarters: 54—101 m’; outdoor quarters:
1,524-3,049 m’). At the time of sampling for the present
study, the three female subjects still lived in the mixed-sex
and mixed-age compound-housed group and the five male
subjects lived in bachelor groups comprising 3—19 adult
males in run-housing (76152 m?), with the exception of
one male which was temporarily housed individually in an
indoor-outdoor run (25 m?; this subject was also housed
individually in a run or cage setting for three years prior to
the start of this study, though the other 12 years of his life
were spent living socially). The five male subjects had lived
in large, compound-housed, mixed-sex and age groups for
at least one year prior to living in bachelor groups, three of
which lived in compound-housed groups for over ten years,
including the temporarily individually housed male subject.
Monkey chow was distributed twice daily, water was
available ad libitum, and feeding enrichment consisting of
fresh fruit, vegetables and seeds was distributed daily. The
compound was equipped with various shade structures,
climbing structures, fire hose, and toys; runs were equipped
with perches, plastic barrels, fire hose, and toys.

Data collection

Singly housed subjects

The YNPRC Behavioural Management Unit (BMU)
functions to monitor and enhance animal welfare by the use
of social housing, environmental enrichment and animal
training methods. In addition, BMU uses a standardised
assessment protocol to monitor the behaviour of all
primates in single-, panel-, and pair-housing and provides
treatment for animals that exhibit behavioural problems (for
panel-housed monkeys, a perforated panel was placed in the
wall adjoining two cages allowing limited physical interac-
tion between two monkeys). This protocol involves: identi-
fying animals that exhibit abnormal behaviour, determining
its level of severity (rate and duration of the behaviour),
administering treatment for certain behavioural problems
(treatments such as enrichment devices, environmental or
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Table | Ethogram of abnormal behaviour (AB).

AB category Behaviour Definition

Self-injurious Self-biting Closing teeth rapidly and with force on self (with or without breaking the skin; may cause bruising)

behaviour (SIB) Other SIB Any self-directed behaviour that results in an injury (breaking skin and/or bruising) or has the
potential to result in injury (eg self-slapping, head banging against the cage)

Self-directed Hair pluck Directed pulling out of one’s own hair with teeth or fingers

behaviour (SDB) Floating limb Raising a limb in the air; animal does not appear in control of limb; animal sometimes

threatens and/or bites the limb

Bizarre posture
Oral SDB
Eye SDB

Holding a seemingly uncomfortable or unnatural body position
Oral contact with one’s own body (eg digit sucking)

Manual contact with one’s own eyes (eg eye-poking, saluting, eye-covering)

Locomotor SDB Any self-directed, repetitive and ritualistic behaviour not involving whole-body locomotion

(eg, self-clasping, rocking)

Stereotypic
locomotion (SL)
Faeces/Urine-related Faeces smear

(FUR) Urine drink

Stereotypic
locomotion

Regurgitate-
reingestion’

Repetitive locomotion patterns involving whole-body movement (eg, pacing, flipping, circling)

Smearing or rubbing faecal material onto a surface or coprophagy
Licking or drinking of urine either directly from penis or pooled on a surface

Vomiting food and/or liquid and reingesting vomited material

t Regurgitate-reingestion was included in the FUR category because the behaviour was only recorded once; thus, it did not warrant its
own category and did not clearly fit into the other categories (see Table 3).

social changes, and desensitisation training), evaluating
treatment, and modifying treatment as needed.

To monitor the animals, a trained observer walked through
each animal room approximately three times per week at
various times of day, observing each animal (spending about
10 min in the room) and recording the occurrence of any
abnormal behaviour using a one-zero sampling technique
(see Table 1). The observers were trained to be a neutral
presence in the room, avoiding eye contact and refraining
from interaction with the animals during the observation
session. The assessment was not started until the observer
was in the room for several minutes and the animals
appeared to stop responding to the presence of the observer.
This data collection procedure allows BMU to monitor a
large number of animals in a time-effective manner.

For the present study, we used the data regarding the ‘occur-
rence’ and ‘frequency of observations sessions’ during which
each type of abnormal behaviour was recorded for each
subject between August 2006 and November 2011 (a period
of 5.3 years). We included observations sessions in which
subjects were panel-housed, as it is considered a form of
single-housing (National Research Council 2011), but not
when subjects were pair-housed. Ten subjects experienced
intermittent panel-housing throughout the study period. By
the end of the study period, the duration subjects had lived in
single-housing ranged from six months to 18.5 years (mean
8.9 years). Because the subjects varied in the amount of time
spent in single-housing, data collection ranged across
subjects from six months to 5.3 years, with a mean duration

of 4 years and mean (= SEM) total of 577 (+ 33) observation
sessions per subject (total: 26,543 observation sessions).
Because observers spent approximately 10 min collecting
data during each observation period and because their mere
presence may have influenced whether the subjects engaged
in abnormal behaviour, it is likely there is an underestima-
tion of number of subjects that engaged in abnormal behav-
iours and the frequency of observations sessions in which
they did so. However, we regard the duration of time that
subjects were observed — an average of four years per
subject — as sufficient for the purposes of determining: i)
whether subjects engaged in each type of abnormal
behaviour at least once; and ii) the relative frequencies with
which subjects engaged in each category of abnormal
behaviour (SIB, SDB, SL, and FUR).

Socially housed subjects

We did not have a similar dataset for the eight nursery-reared
subjects living in social housing because the BMU does not use
the same assessment protocol for animals housed socially in
large enclosures. Instead, for the purposes of the present study,
we observed each of these subjects opportunistically and
recorded the occurrence of abnormal behaviour ad libidum at a
minimum of three times per week over a period of 22 months
(July 2011-May 2013; see Table 1). In addition, staff familiar
with these animals were asked to note the presence or absence
of each type of abnormal behaviour (see Table 1) for each
subject and their responses corroborated our findings. Thus, we
gathered data on presence or absence of abnormal behaviour for
the eight nursery-reared, socially housed subjects.
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Data analysis

Abnormal behaviours were categorised as self-injurious
(SIB; eg self-biting, head banging), self-directed (SDB; eg
hair plucking, bizarre posturing, floating limb, eye-poking,
digit sucking, rocking), stereotypic locomotion (SL; eg
pacing, circling, flipping), or faeces/urine-related (FUR; eg
faeces smearing, urine drinking, regurgitating and re-
ingesting) abnormal behaviour (Table 1). All subjects, both
singly and socially housed, were categorised as having
displayed or not displayed each type of abnormal behaviour
at least once (ie presence or absence).

Singly housed subjects

First, we analysed general patterns in the types of abnormal
behaviour displayed: we compared the frequency of obser-
vation sessions that each category of abnormal behaviour
was recorded across subjects with Wilcoxon signed rank
tests and we used two-tailed Spearman’s rank correlations
to assess co-morbidities in the occurrence of each form of
abnormal behaviour (o = 0.0167). Next, we used Mann-
Whitney U tests to examine whether subjects that displayed
abnormal behaviour in each category differed from those
that did not in the percent of life spent in single-housing and
the number of sedations and room changes they experienced
per year (o = 0.05). Table 2 shows the characteristics of the
singly housed subjects with regard to these variables. We
chose not to include age and the age first singly housed as
factors of interest because both variables were significantly
negatively correlated with percent of life in single-housing
(r=-0.35; r=-0.93, respectively; P <0.05). Next, we used
Fisher’s exact tests to compare the proportions of subjects
that did and did not display abnormal behaviour in each
category across sex and rearing history (mother- or nursery-
reared; oo = 0.05). We report moderate to high effect sizes
(¢ > 0.3) and relative risks greater than 2.

Socially housed subjects

To examine the long-term effects of nursery-rearing on
abnormal behaviour, we compared the occurrence of abnormal
behaviour between eight nursery-reared subjects that were
singly housed and eight nursery-reared subjects that were
socially housed from three years of age (they were housed
socially for 15 years at the time of sampling). We used Fisher’s
exact tests to compare the proportions of nursery-reared
subjects that displayed each category of abnormal behaviour
across housing type (single or social), again reporting moderate
to high effect sizes (¢ > 0.3) and relative risks greater than 2.

Results

General patterns

Singly housed subjects

Thirty-eight of the 46 singly housed subjects displayed
abnormal behaviour at least once (83% of subjects). Despite
this high proportion, abnormal behaviour was not frequently
recorded for most subjects: 80% of singly housed subjects
displayed abnormal behaviour in fewer than 10% of the
observation sessions (37 of 46 subjects; eight of which never
displayed abnormal behaviour). Seventeen of the 38 subjects
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Table 2 Characteristics of the 46 singly housed subjects
with regard to the quantitative factors included in data
analysis.

Factor Mean (£ SEM) Range
Percent of life in single-housing 56.2 (+ 3.95) 2-100
Number of sedations per year 7.16 (£ 0.5) 2.7-17.1
Number of room changes per year 0.89 (+ 0.05) 0.38-1.97

Table 3 The number of subjects that displayed each type
of abnormal behaviour and the frequency of observation
sessions during which each type of abnormal behaviour was
recorded across the singly housed subjects (n = 46) and
across 5.3 years (a total of 26,543 observation sessions).

Category Behaviour Subjects Observation

(n) sessions
recorded (n)
SIB Self-biting 8 22
Other SIB | |
Any form of SIB 9 23
SDB Hair pluck 2 2
Floating limb | |
Bizarre posturing 0 0
Oral SDB 3 16
Eye SDB 0 0
Locomotor SDB 17 64
Any form of SDB 18 84
SL Stereotypic locomotion 27 822
FUR Faeces smear 23 367
Urine drink 10 33
Regurgitate-reingest | |
Any form of FUR 28 401

The specific types of abnormal behaviour are not mutually
exclusive (eg an animal may have displayed both hair pluck and
locomotor SDB but was only counted once as having displayed
any form of SDB).

displayed abnormal behaviour in less than 1% of the obser-
vation sessions and twelve subjects displayed abnormal
behaviour in 1-9.9% of observation sessions.

Nine of the 46 subjects displayed SIB on at least one
occasion (20% of subjects; two of the nine self-biters
wounded themselves at least once, each subject requiring
one instance of minor veterinary intervention). Eighteen
subjects displayed SDB (39% of subjects), 27 displayed SL
(59% of subjects), and 28 displayed FUR (61% of subjects)
on at least one occasion (Table 3). SL was the most
frequently recorded form of abnormal behaviour in terms of
the percent of observation sessions in which it was
recorded, followed by FUR, SDB, and finally SIB. Table 3
shows the number of singly housed subjects that displayed
each type of abnormal behaviour and the number of obser-
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Table 4 The mean (£ SEM) and range in the percent of
observation sessions during which subjects were recorded
as displaying each category of abnormal behaviour (AB).

Category Mean (t SEM) percent of observation Range
sessions during which subjects were recorded
as displaying each AB category (n = 46)"
SIB 0.09 (= 0.05)% 0-2%
SDB 0.35 (+ 0.16)%* 0-7%
SL 3.06 (+ 0.93)%* 0-29%
FUR 1.83 (£ 0.70)%" 0-21%

* Mean percent of observation sessions that each form of AB was
recorded did not differ by much when we removed the subjects
that never displayed AB (SIB: 0.1 1; SDB: 0.42; SL: 3.70; FUR: 2.21).
* SDB recorded more frequently than SIB (P = 0.006); Wilcoxon
signed rank test.

$ SL recorded more frequently than SIB and SDB (each P < 0.001);
Wilcoxon signed-rank test.

* FUR recorded more frequently than SIB (P < 0.001); Wilcoxon
signed rank test.

vation sessions that each type of abnormal behaviour was
recorded across subjects.

As most subjects displayed abnormal behaviour in fewer
than 10% of observation sessions, the overall mean percent
of observation sessions during which each form of
abnormal behaviour was recorded were relatively low (see
Table 4). Wilcoxon signed rank tests showed that the mean
percent of observation sessions during which SL was
recorded (3.05%) was significantly higher than SIB and
SDB (0.35 and 0.09%, respectively; P < 0.001); FUR
(1.83%) was higher than SIB (P < 0.001); and SDB was
higher than SIB (P = 0.006). Two-tailed Spearman’s rank
correlations showed that the subjects that displayed SL were
more likely to display SIB (o = 0.414, P = 0.004) and
SDB (rho = 0.492, P=0.001) than those that did not display
SL. Those that displayed SDB were also more likely to
display SIB, as well (#ho = 0.391, P = 0.007).

Socially housed subjects

Seven of eight socially housed, nursery-reared subjects
displayed abnormal behaviour. Five of eight subjects
displayed SIB (self-biting), six of eight subjects showed
SDB (two engaged in bizarre posture, one showed floating
limb, and three displayed locomotor SDB), and one of eight
subjects displayed SL and FUR (urine drinking). Other SIB
(eg head banging), oral SDB (eg digit sucking), eye SDB,
facces smear, and regurgitate-reingestion were never
observed in the socially housed subjects.

Factors influencing abnormal behaviour

Singly housed subjects: percent of life in single-housing, number
of sedations per year, and number of room changes per year

Subjects were categorised as either displaying or not
displaying each category of abnormal behaviour (ie presence
or absence) and we compared these groups on the percent of
life spent in single-housing, number of sedations experi-

enced per year, and number of room changes per year using
Mann-Whitney U tests. Table 5 shows the means and
medians of each factor of interest in these groups. The
percent of life in single-housing was higher in subjects that
displayed abnormal behaviour than for those that did not,
significantly so for SIB, SDB, SL, and for subjects that
displayed any form of abnormal behaviour (all categories
pooled; mean percent of life in single-housing: SIB vs no
SIB: 87 vs 49%, P < 0.001; SDB vs no SDB: 67 vs 49%,
P =0.019; SL vs no SL: 68 vs 39%, P =0.001; FUR vs no
FUR: 61 vs 48%, P = 0.083; any AB vs no AB: 61 vs 35%,
P =0.008). To ensure that these differences were not driven
by the nursery-reared, singly housed subjects (n = 8; all of
which displayed some form of abnormal behaviour and
seven of which spent a majority or all of their lives in single-
housing), we re-ran these comparisons without those
subjects and found the same pattern of results. There were no
differences in number of sedations per year (means ranging
between 7-8) and room changes per year (means ranging
between 0.82—0.99) for subjects that displayed each category
of abnormal behaviour and those that did not (see Table 5).

Singly housed subjects: sex and rearing history

Next, we looked at whether the proportions of subjects that did
or did not display each category of abnormal behaviour differed
across sex and rearing history using Fisher’s exact tests
(including moderate to high effect sizes, ¢ > 0.3, and relative
risks greater than 2). Females tended to display abnormal
behaviour in higher proportions than males, although only
significantly so when all categories of abnormal behaviour were
pooled (P = 0.04, ¢ = 0.32; Table 6). Although Fisher’s exact
test showed no difference in the proportion of males and
females that displayed SIB, SIB subjects were 2.5% more likely
to be female than male (13% of males and 33% of females
displayed SIB; see Table 6). Subjects that were nursery-reared
showed SIB and SDB in higher proportions than those that were
mother-reared (SIB: P < 0.001, ¢ = 0.64; SDB: P = 0.03,
¢ =0.34; Table 6) and SIB subjects were 9.4x more likely to be
nursery-reared than mother-reared and SDB subjects were 2.3%
more likely to be nursery-reared than mother-reared. The differ-
ence in proportions of nursery- and mother-reared subjects that
displayed SL approached significance (P = 0.07).

Nursery-reared subjects: housing type (single vs social)

A comparison of nursery-reared subjects that were singly
housed with those that were socially housed showed that the
proportions of subjects that displayed SIB and SDB in each
housing type were not significantly different: six of eight
singly housed and five of eight socially housed subjects
displayed SIB; six of eight singly housed and the same
proportion of socially housed subjects displayed SDB. A
higher proportion of nursery-reared, singly housed subjects
displayed SL than did nursery-reared, socially housed
subjects: seven of eight singly housed and one of eight
socially housed subjects displayed SL (P =0.01, ¢ = 0.75);
thus, nursery-reared subjects that displayed SL were 6.8%
more likely to be singly than socially housed. In addition,
although Fisher’s exact test showed no difference in propor-
tions of nursery-reared subjects that displayed FUR, they
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Table 5 Means and medians of the percent of life spent in single-housing (%LifeSH), number of sedations per year (#Sed/yr),
and number of room changes per year (#RC/yr) for subjects that displayed each category of abnormal behaviour (AB) and
those that did not (of the 46 subjects, n = 9 displayed SIB; n = 18 displayed SDB; n = 27 displayed SL; n = 28 displayed FUR;

and n = 38 displayed any AB).

SIB No SIB SDB  No SDB SL No SL FUR No FUR Any AB No AB
Mean%LifeSH 87 49 67 49 68 39 6l 48 6l 35
Median%LifeSH 98t 45 74 47 72t 38 70 43 65t 35
Mean#Sed/yr 8 7 8 7 7 7 7 8 7 8
Median#Sed/yr 6 7 6 7 7 7 6 8 7 8
Mean#RClyr 0.83 0.90 0.90 0.88 0.82 0.99 0.87 0.92 0.90 0.84
Median#RClyr 0.93 0.90 0.87 0.91 0.82 0.91 0.83 0.94 0.90 0.93

* P < 0.02; Mann-Whitney U tests.

Table 6 Proportion of males and females, mother- and nursery-reared, and singly and socially housed subjects that

displayed each category of abnormal behaviour (AB).

SIB SDB SL FUR Any AB
Sex Males (n = 31) 0.13 0.32 0.55 0.52 0.74
Females (n = I5) 0.33 0.53 0.67 0.80 1.0*
Rearing history (singly housed) Mother-reared subjects (n = 38) 0.08 0.32 0.53 0.63 0.79
Nursery-reared (n = 8) 0.75% 0.75t  0.88 0.50 1.0
Housing type (nursery-reared) Singly housed, nursery-reared subjects (n = 8) 0.75 0.75 0.88¢  0.50 1.0
Socially housed, nursery-reared subjects (n = 8) 0.63 0.75 0.13 0.13 0.88

t P < 0.05, ¢ > 0.3; Fisher’s exact test, one-tailed.
#P < 0.05, ¢ > 0.3; Fisher’s exact test, two-tailed.

were 3.8x more likely to be singly housed than socially
housed: four of eight singly housed and one of eight socially
housed subjects displayed FUR (¢ = 0.41).

Discussion

A large proportion of the singly housed mangabeys
displayed some form of abnormal behaviour at least once
during the sampling period (83% of subjects; the sampling
period spanned a mean of four years per subject). This is
similar to what has been reported for singly housed rhesus
macaques at one facility (89% of subjects; Lutz et al 2003).
Despite a relatively high proportion displaying some form
of abnormal behaviour, it was not frequently observed,
overall: 80% of the subjects displayed abnormal behaviour
in fewer than 10% of the observation sessions (mean
[+ SEM] of 577 [+ 33] observation sessions per subject). It
is possible that the prevalence and frequency of abnormal
behaviours are underestimated due to the presence of an
observer in the room and/or the modest duration of data
collection during each observation session. However, even
if underestimated, we consider the duration of time the
animals were observed (an average of over four years per
subject) to be sufficient for our purpose, which was to
determine the presence or absence of abnormal behaviour in
each subject and the relative frequencies with which they
engaged in each category of abnormal behaviour.

Stereotypic locomotion (SL) was the most commonly
observed form of abnormal behaviour in the singly housed
sooty mangabeys, as is commonly reported for singly housed
macaque species (eg Bellanca & Crockett 2002; Lutz et al
2003). The second most commonly observed category of
abnormal behaviour was FUR, followed by SDB, and finally
SIB (see Tables 3 and 4). Nine of 46 singly housed
mangabeys displayed SIB (~20%), each in fewer than 2% of
the sessions in which they were observed (two of these
subjects self-wounded). While SIB was observed relatively
infrequently compared to the other forms of abnormal
behaviour, the proportion of the singly housed population
that displayed SIB at least once was somewhat higher than
that of singly housed macaque populations, which varies
between 5-15% of subjects (Bayne et al 1995; Novak 2003;
Novak et al 2013). This indicates that singly housed
mangabeys may be at a higher risk for developing self-
injurious behaviour than are singly housed macaque species.

An assessment of the co-morbidity between forms of
abnormal behaviour suggested that singly housed mangabeys
that engage in one form of abnormal behaviour are likely to
engage in other forms, as well. Co-morbidity was evident in
subjects that displayed SIB, SDB, and SL. These findings
correspond with what has been reported for singly housed
rhesus macaques (eg Lutz ef al 2003; Rommeck et al 2009a;
Gottlieb et al 2013) and suggest that most animals that
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engage in abnormal behaviour do so in a variety of ways. In
fact, recent research shows that the tendency to engage in
abnormal behaviour may be related to personality and
temperament, in addition to rearing history and time spent in
single-housing (Vandeleest e al 2011; Gottlieb et a/ 2013).

As seen in many other species, the singly housed
mangabeys that displayed abnormal behaviour had spent
significantly more time in single-housing than those that did
not. Specifically, the subjects that engaged in SIB, SDB,
and SL had spent over half of their lives in single-housing
(between 67-85% of their lifetimes, on average), whereas
the subjects that did not engage in those forms of abnormal
behaviour spent less than half of their lives in single-
housing (between 39-50% of their lifetimes, on average;
see Table 5). This indicates that the overall time spent in
single-housing contributes to the development of a variety
of forms of abnormal behaviour in sooty mangabeys,
including most prominently, self-biting, locomotor self-
directed behaviour (eg self-clasping, rocking), and stereo-
typic locomotion (eg pacing, flipping; see Table 3). Because
this variable was strongly correlated with the age at which
the animals were first singly housed (r = —0.93), we are not
able to parse out their independent contributions to the
development of abnormal behaviour. However, as is the
case for macaques (eg Lutz et al 2003; Novak 2003), it is
likely that when both of these factors occur together, risk for
abnormal behaviour development is compounded.

Contrary to some studies of macaques in single-housing, we
found that the number of times subjects were sedated and
moved to different rooms per year did not differ between
singly housed mangabeys that displayed abnormal
behaviour and those that did not. However, because we saw
very little variation in the number of yearly sedations and,
in particular, room changes in the present sample (see
Table 2), we are not able to decipher whether these two
factors did not reach a level to negatively impact their
welfare or whether sooty mangabeys simply do not react to
these changes in a way that is similar to some singly housed
macaque populations (eg Gottlieb et a/ 2013). The influence
of these factors on abnormal behaviour in sooty mangabeys
requires further study.

Unlike macaques and baboons, female mangabeys were more
likely than males to engage in SIB (2.5x more likely), they
were observed displaying FUR behaviours more often than
males, and they displayed more abnormal behaviours overall.
Like vervet monkeys (Seier et al 2011), our findings indicate
that female mangabeys may be more susceptible to displaying
abnormal behaviour than male mangabeys. This is contrary to
the pattern of greater susceptibility among male macaques and
baboons (Bayne ef a/ 1995; Brent & Hughes 1997), and may
indicate a species difference.

As expected, nursery-rearing appears to be a significant risk
factor for abnormal behaviour in sooty mangabeys, particu-
larly SIB and SDB. Of the singly housed subjects, those that
engaged in SIB and SDB were much more likely to be
nursery-reared than mother-reared (relative risks 9.4 and

2.3, respectively). The impact of nursery-rearing on
abnormal behaviour was particularly striking when we
compared the nursery-reared subjects that were singly
housed with those that were socially housed: SIB and SDB
were just as likely to be displayed by subjects that had been
living socially for over 15 years as it was for subjects that
were living in single-housing (over half of the nursery-
reared subjects in each housing situation showed SIB and
SDB). This shows that SIB and SDB are extremely
persistent forms of abnormal behaviour in nursery-reared
mangabeys, and later social housing in large indoor-outdoor
facilities does not eliminate these behaviours. It also
provides additional evidence that separation from
conspecifics during infancy and early juvenility results in
lasting physiological changes that may predispose such
individuals to developing and maintaining abnormal
behaviour (Tiefenbacher et al 2005). Since engaging in SIB
reduces the heart rate and anxiety of rhesus macaques, and
also might release endogenous opioids thereby reinforcing
the behaviour (Novak 2003; Tiefenbacher et al 2003, 2005),
primates may continue to engage in SIB in the long term to
cope with acute environmental stressors and/or they remain
long-term behaviour patterns due to past physiological rein-
forcement (Mason 1991).

Interestingly, SIB cases occasionally develop in mother-
reared, singly housed monkeys and many nursery-reared
monkeys never develop SIB. In our sample, three of 38
mother-reared, singly housed subjects developed
SIB — each of them began living in single-housing between
2 and 3.4 years of age and spent between 61-85% of their
lives in single-housing. In addition, five of the 16 nursery-
reared subjects in this study never displayed SIB (two were
singly housed and three were socially housed). This under-
scores the idea that interactions between particular tempera-
ments (eg nervousness), personalities (eg active), and
genotypes with particular environmental experiences that
alter neuroanatomy, neurochemistry, and/or neuroendocrine
systems may lead some individuals to engage in abnormal
behaviours while others do not (Miller et al 2004; Chen et al
2010; Vandeleest et al 2011; Spinelli et al 2012; Gottlieb
et al 2013; Novak et al 2013).

Two forms of abnormal behaviour that were infrequently
or never recorded in the nursery-reared, socially housed
subjects, SL and FUR, seem to have been minimised by
social housing in large outdoor facilities. Similarly,
stereotypic pacing was less common than self-directed
behaviours in group-housed baboons (Brent & Hughes
1997). In our sample, only one of eight nursery-reared,
socially housed subjects exhibited SL and, interestingly,
this subject had spent the most time housed individually
in either a run or cage setting (between 3 and 4 years)
compared to the other socially housed subjects. These
findings support the idea that SL and SIB have different
aetiologies: SL stemming from confinement in a rela-
tively small space with little sensory and social stimula-
tion, and SIB stemming from social restriction during
infancy and/or juvenility (Ridley & Baker 1982).
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Animal welfare implications and conclusion

Identifying factors associated with abnormal behaviour in
sooty mangabeys is an important step toward promoting their
psychological well-being and their value as research subjects.
Our analysis suggests that avoiding nursery-rearing and
single-housing can reduce the likelihood of abnormal
behaviour development in sooty mangabeys. Therefore, we
recommend reducing the durations of nursery-rearing and
single-housing as much as possible, or to avoid them all
together, if possible. When it is not possible to avoid nursery-
rearing or single-housing, we recommend providing
increased space, a complex enrichment programme, and
positive reinforcement training to minimise the development
of abnormal behaviour. Our findings that nursery-rearing and
single-housing influence the expression of abnormal
behaviour are in agreement with findings from other primate
species (eg Maki et al 1993; Brent & Hughes 1997; Bellanca
& Crockett 2002; Lutz et al 2003; Gottlieb et a/ 2013). On the
other hand, the number of yearly sedations and relocations to
different rooms did not impact the expression of abnormal
behaviour in sooty mangabeys, although further research on
these factors is needed. Also, there appears to be a species
difference in how sex affects the expression of abnormal
behaviour, as female sooty mangabeys were more likely to
display abnormal behaviour than males (it is the males of
other singly housed primate species that tend to show more
abnormal behaviour). The present analysis along with
evidence from other species indicates that duration spent in
single-housing and nursery-rearing are reliable predictors of
abnormal behaviour. In order to enhance both animal welfare
and the quality of the research for which the animals serve,
we encourage investigators and managers to look for alterna-
tives to single-housing and nursery-rearing. It is important for
studies like this one to inform decisions regarding the
management of captive primates with the goal of maximising
psychological well-being.
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