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Abstract

Abnormal behavior occurs in a number of captive nonhuman primate species and is often used as
an indicator of welfare. However, reported levels of abnormal behavior often vary across species,
making general welfare judgments difficult. The purpose of this study was to assess differences in
levels of abnormal behavior and associated risk factors across three species of Old World monkeys
in order to identify similarities and differences across species. The subjects were 415 (109
females) cynomolgus macaques (Macaca fascicularis), 365 (181 females) rhesus macaques
(Macaca mulatta), and 331 (187 females) baboons (Papio hamadryas) that had been singly-housed
for 30-120 days. A 5-min observation using one-zero sampling recorded the presence or absence
of abnormal behavior for each animal. Macaques exhibited higher levels of abnormal behavior
than baboons (29% vs. 14%; Xz(l) =24.849, p < 0.001), but there was no difference between
macaque species (30% vs. 28%); Xz(l) =0.263, p = 0.608). Risk factors also varied. Overall, males
exhibited greater levels of motor stereotypies (&= 0.425, p < 0.05), females greater levels of
abnormal appetitive behavior (6= 1.703, p < 0.05), and older animals greater levels of self-
directed behavior (6= 0.065, p < 0.05). However, macaques exhibited greater levels of motor
stereotypy (b= 2.527, p < 0.001) and self-directed behavior (6= 2.968, p < 0.005) than did
baboons. There was also a genus x sex interaction for abnormal appetitive behavior (6= -2.379, p
< 0.01) and a genus x age interaction for motor stereotypy (6= -0.167, p < 0.05). These results
demonstrate that differences in abnormal behavior exist across closely-related primate species.
Therefore, a single species cannot be used generally as a model for abnormal behavior or animal
welfare.
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1. Introduction

Abnormal behavior has been noted in a number of captive nonhuman primate species
including prosimians (Tarou et al., 2005; Watson et al., 2009), New World monkeys
(Berkson et al., 1966; McGrogan and King, 1982), Old World monkeys (Bayne et al., 1992;
Camus et al., 2013; Lutz et al., 2003, 2014), as well as lesser and greater apes (Birkett and
Newton-Fisher, 2011; Nash et al., 1999; Trollope, 1977; Walsh et al., 1982) housed at both
laboratories and zoos. Behavior can be considered to be abnormal if it differs in kind (i.e.,
qualitatively different) or by degree (i.e., quantitatively different) from those behaviors
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typically observed in the wild (Erwin and Deni, 1979). However, abnormal behavior is not a
strict dichotomy, and the dividing line between normal and abnormal can be difficult to
establish (Bayne, 1996; Mason, 1991). Although there are similarities to normal behavior,
abnormal behavior is of concern because it can be an indicator of past or present
compromised welfare (Mason, 1991) or altered physiological states (Tiefenbacher et al.,
2004). Tiefenbacher et al. (2005) presented a “developmental-neurochemical hypothesis”
theorizing that adverse early conditions along with later stressful events result in alterations
in neuropeptide and neuroendocrine systems that can lead to abnormal behavior such as self-
biting. However, with the exception of pathological behaviors that may result in tissue
damage (Novak et al., 2012), the extent to which levels of abnormal behaviors are an
indicator of wellbeing is unclear (Mason, 1991).

Although abnormal behaviors can be uniquely individualistic, for the purpose of this paper
they will be classified into four categories: motor stereotypy, which includes behaviors such
as pacing, rocking, flipping, swinging, and head tossing (Camus et al., 2013; Fritz et al.,
1992; Gottlieb et al., 2015; Hook et al., 2002; Lutz et al., 2003; Nash et al., 1999; Vandeleest
et al., 2011); self-directed behaviors which include hair-pulling, “saluting,” eye-covering, or
digit sucking (Fritz et al., 1992; Hook et al., 2002; Jacobson et al., 2016; Lutz et al., 2003;
Thierry, 1984); abnormal appetitive behavior which includes regurgitation, hair eating, and
coprophagy (Akers and Schildkraut, 1985; Birkett and Newton-Fisher, 2011; Fritz et al.,
1992; Gould and Bres, 1986; Hook et al., 2002; Jacobson et al., 2016; Nash et al., 1999;
Nevill and Lutz, 2015); and se/f-injurious behavior which includes behaviors that result in
injury or have the potential for injury such as head-banging, self-biting, and self-wounding
(Birkett and Newton-Fisher, 2011; Gottlieb et al., 2013; Hosey and Skyner, 2007; Lutz et al.,
2003; Rommeck et al., 2009). Various factors play a role in the display of abnormal
behavior. These risk factors include a number of environmental conditions such as nursery
rearing, single housing, and clinical procedures (Bayne et al., 1992; Bellanca and Crockett,
2002; Crast et al., 2014; Gottlieb et al., 2013, 2015; Lutz et al., 2003; Nash et al., 1999;
Rommeck et al., 2009; Vandeleest et al., 2011) as well as variables intrinsic to the animal
such as the animal’s species, sex, and age (Crast et al., 2014; Gottlieb et al., 2013, 2015;
Lutz et al., 2003; Tarou et al., 2005; Trollope, 1977). This study focuses on intrinsic risk
factors.

Surveys of zoo populations have demonstrated that levels of abnormal behavior can vary
greatly across species, genera, and/or families of nonhuman primates. For example, in a
survey of 108 zoos and 68 species of nonhuman primates, abnormal behavior was reported
in 14% of the animals. Apes exhibited the highest percentage (40%), followed by Old World
monkeys (14%), prosimians (7%), and New World monkeys (6%) (Bollen and Novak,
2000). In a smaller survey of 35 zoos, self-injurious behavior was reported in 16 species of
apes, Old World monkeys, and New World monkeys, but not in prosimians (Hosey and
Skyner, 2007). Similarly, an observational study conducted at twenty zoos reported that
those in the families Cercopithecidae, Cebidae, Pongidae, and Hylobatidae displayed
comparable levels of abnormal behavior (5.7-7.1%), while Callitrichidae, Lemuridae, and
Lorisidae displayed no behavioral abnormalities (Trollope, 1977). However, a survey of 48
z00s reported that 13% of prosimians exhibited some form of abnormal behavior (Tarou et
al., 2005). Differences in abnormal behavior can also be found across laboratory species. For
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example, studies of nonhuman primates housed singly in laboratories have reported higher
levels of abnormal behavior in macaque monkeys (89-100%; Bayne et al., 1992; Camus et
al., 2013; Lutz et al., 2003) and sooty mangabeys (Cercocebus atys) (83%; Crast et al.,
2014), than in baboons (14-26%; Kessel and Brent, 2001; Lutz et al., 2014). It should be
noted, however, that direct comparisons of abnormal behavior across species housed in
different facilities can be confounded by variables such as differences in husbandry
practices, housing conditions, as well as differences in observation or data collection
methods.

In addition to overall levels, abnormal behavior can also vary in form and frequency across
species; certain types of abnormal behavior are more likely to occur in some species than in
others. For example, captive gorillas (Gorilla gorilla) are often reported to exhibit
coprophagy and regurgitation/reingestion (Akers and Schildkraut, 1985; Gould and Bres,
1986), while coprophagy tends to be the most common abnormal behavior in chimpanzees
(Pan troglodytes) (Birkett and Newton-Fisher, 2011; Jacobson et al., 2016; Nash et al., 1999;
Walsh et al., 1982). Similarly, hair-pulling and hair-eating is common in baboons (Brent and
Hughes, 1997; Mejido et al., 2009; Nevill and Lutz, 2015) and “wiggle digits,” a behavior
that is often associated with regurgitation, appears to be limited to the baboon population
(Lutz et al., 2014). In contrast, pacing, a motor stereotypy, is a behavior that is commonly
performed by many species of captive nonhuman primates (Bellanca and Crockett, 2002;
Crast et al., 2014; Lutz et al., 2003, 2014; McGrogan and King, 1982; Pomerantz et al.,
2012, 2013; Tarou et al., 2005; Vandeleest et al., 2011). Therefore, a single species or genus
may not be an accurate model of abnormal behavior for the primate order as a whole.

The role that sex plays in abnormal behavior can vary both within and between species. For
example, two surveys of nonhuman primates housed at zoos assessed the impact of sex on
abnormal behavior. In one survey of 630 zoo primates, significantly more males (10.2%)
than females (2.7%) exhibited abnormal behavior (Trollope, 1977), while another survey of
eight zoo primate species including prosimians, monkeys, and apes reported no sex
difference in abnormal stereotyped behavior (Marriner and Drickamer, 1994). In macaque
monkeys (e.g., Macaca mulatta, M. cynomolgus, M. nemestrind), when there was a sex
difference, males were reported to exhibit more abnormal behavior than were females. This
was noted in all categories of abnormal behavior including motor stereotypy, self-directed,
and self-injurious behavior (Bayne et al., 1995; Cross and Harlow, 1965; Gottlieb et al.,
2013, 2015; Lutz et al., 2003; Novak et al., 2002; Rommeck et al., 2009; Suomi et al., 1971,
Thierry, 1984; Vandeleest et al., 2011). However, studies of rhesus macaques (Macaca
mulatta) have also reported no sex difference in some (Lutz et al., 2003, 2007) or all (Hook
et al., 2002) observed abnormal behaviors. Although less is known about abnormal behavior
in baboons, baboon males were also reported to be more likely to exhibit abnormal
behaviors such as appetitive behaviors, self-directed behaviors and body movements (Brent
and Hughes, 1997; Lutz et al., 2014). However, as with macaques, a sex difference was not
reported in all behaviors (Lutz et al., 2014).

Age can also play a role in the levels of abnormal behavior displayed by nonhuman
primates. Age differences in behavior may be due to factors such as the animal’s physical
abilities and behavioral repertoire (Mason, 1993). For example, a survey of zoos reported
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that younger animals (i.e., infants and juveniles) had fewer behavioral abnormalities than did
older animals (Trollope, 1977). When younger animals did exhibit abnormal behavior,
however, the behaviors tended to be more physically active motor stereotypies such as
pacing, body flipping, and swinging (Lutz et al., 2003), and the display of these behaviors
typically decreased with age (Gottlieb et al., 2013). For example, in rhesus monkeys, the
display of motor stereotypic behavior increased until 6 years of age and then declined with
increasing age (Gottlieb et al., 2015). Older monkeys were instead more likely to exhibit
sedentary abnormal behaviors that do not require a lot of movement such as self-directed
behaviors (e.g., eye poke, eye cover, hair-pull), and self-injurious behavior (Lutz et al., 2003;
Thierry, 1984). However, not all studies reported an effect of age on abnormal behavior
(Birkett and Newton-Fisher, 2011; Hook et al., 2002; Tarou et al., 2005) and age was
reported to be negatively correlated with abnormal behavior in group-housed baboons (Brent
and Hughes, 1997).

The repertoire of abnormal behavior is often highly individualistic (Paulk et al., 1977;
Thierry, 1984). Because of this, displays of abnormal behavior within an individual have
been described as a “behavioral fingerprint” for that individual (Bayne and McCully, 1989).
However, abnormal behavior also varies across species and has the potential of being
utilized as a species-specific “behavioral fingerprint.” Previous studies of species differences
in abnormal behavior have often compared animals that were housed at different facilities,
under varying conditions, and possibly with different observation methods. In contrast, few
studies assessed abnormal behavior across species that were housed in the same facility,
under similar conditions, and with the same procedures. The purpose of this study was to
utilize a standardized assessment method to survey the presence of abnormal behavior in
large populations of captive baboons (Papio hamadryas) and macaques (Macaca mulatta, M.
fascicularis) and to identify species differences in abnormal behavior. In addition, the impact
of intrinsic risk factors such as sex and age was assessed for comparison. Knowing these
species-specific risk factors will help us to better predict vulnerable individuals for directing
animal care.

2. Methods
2.1. Subjects

The subjects were 415 (109 females, 306 males) cynomolgus macaques (Macaca
fascicularis), between the ages of 1-19 years; 365 (181 females, 184 males) rhesus
macaques (Macaca mulatta), between the ages of 1-25 years; and 331 (187 females, 144
males) baboons (Papio hamadryas) consisting mainly of the subspecies olive baboon (Papio
hamadryas anubis) and olive/yellow baboon (Papio hamadryas cynocephalus) crosses, along
with various other crosses, between the ages of 1-22 years. All of the macaques and 290 of
the baboons were mother-reared. Thirty six of the baboons (19 female, 17 male) were
nursery-reared and five (4 female, 1 male) had an unknown rearing history. Because nursery
rearing can have a differential impact on abnormal behavior (Brent and Hughes, 1997; Conti
etal., 2012; Gottlieb et al., 2013; Lutz et al., 2007), the 36 baboons that were nursery-reared
and the five with an unknown rearing history were excluded from the data analyses. The
baboons, rhesus macaques, and 46 (23 males, 23 females) of the cynomolgus macaques were
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socially housed in indoor/outdoor enclosures at Southwest National Primate Research
Center (SNPRC) prior to their transfer to single housing. The remaining 369 cynomolgus
macaques were obtained from an outside supplier. Although their rearing history is known,
their housing history after weaning and prior to arrival at SNPRC cannot be confirmed.

At the time of observation, the subjects were singly-housed indoors for either research or
clinical reasons at the Southwest National Primate Research Center (SNPRC), San Antonio
Texas, USA. They were fed a nutritionally complete diet supplemented with fruits,
vegetables, and grains, and were provided with toys, foraging devices, and novel food treats
on a rotating schedule. The facility is accredited by AAALAC International and the animals
were maintained in accordance with the Guide for the Care and Use of Laboratory Animals
(Institute for Laboratory Animal Research, 2011). The research was approved by the
Institutional Animal Care and Use Committee and complied with the laws and regulations of
the United States Animal Welfare Act.

2.2. Procedures

Behavioral assessments were conducted quarterly from November 2006 through August
2016 on all animals that had been singly-housed for at least 30 days. The animals were alert
and mobile at the time of observation. If more than one assessment was conducted on an
animal, only the first assessment was used for data analysis. At the time of assessment, the
subjects had been singly-housed at SNPRC a minimum of 30 and a maximum of 120 days.

Behavioral assessments consisted of a 5-minute observation using one-zero sampling. The
observer stood approximately 1-2 m from the front of the cage, depending on the room
configuration, and recorded the presence or absence of abnormal behaviors. Four
experienced observers collected the data, and they received annual training on the
identification of abnormal behavior. Due to the low number of abnormal behaviors exhibited
during observation, the behaviors were grouped into three categories for further analysis:
motor stereotypy, self-directed behavior (including self-injurious behavior), and abnormal
appetitive behaviors (Table 1).

2.3. Data analysis

Statistical analyses were conducted using Systat® 13 (Chicago, IL). The level of significance
is P < 0.05.

2.3.1. Demographic variables—One-way ANOVAs were conducted to examine species
differences in age, and chi-square analyses were conducted to examine species differences in
sex ratio. T-tests were then conducted to examine sex differences in age for each species.

2.3.2. Abnormal behavior—Chi-square analyses were conducted to examine species
differences in the overall number of individuals exhibiting abnormal behavior. Sign tests
were then conducted to compare frequency of behavioral categories within each species.

2.3.3. Contribution of demographic factors to abnormal behavior—For each
behavioral category, a logistic regression was conducted to examine the potential effects of
the demographic variables on abnormal behavior. For each regression, the variables sex, age,
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genus (macaque vs. baboon), macaque species (rhesus vs. cynomolgus), and their
interactions were first entered into the model and a backwards elimination procedure was
used to determine the ‘best fit” model. Terms with the highest p-values were eliminated first.
In case of a significant interaction, the interaction and both main effects were retained in the
model.

3.1. Demographic variables

Results are presented as mean * SE. There was a significant species difference in animal age
(F(2, 1067) = 138.420, P < 0.001). Post-hoc Tukey tests showed that baboons were
significantly older (M = 9.1 £ 0.2 years) than rhesus and cynomolgus macaques (P < 0.001),
and that rhesus (M = 6.5 £ 0.3 years) were significantly older than cynomolgus (M = 4.3

+ 0.1 years) macaques (P < 0.001). Chi-square tests showed that there was also a significant
species difference in sex ratios (X2(2) =75.728, P < 0.001). Baboons had a greater
proportion of females (57%) than did macaques (Xz(l) =32.479, P < 0.001), and rhesus had
a greater proportion of females (50%) than did cynomolgus (26%) macaques (x (1) =
45.232, P < 0.001). Females were significantly older than males in rhesus macaques (t(363)
=5.347, P <0.001) and baboons (t(288) = 4.288, P < 0.001), but there was no such age
difference in cynomolgus macaques (t(413) = —-0.14, P = 0.888).

3.2. Abnormal behavior

There was a significant overall difference by species in the number of animals exhibiting
abnormal behavior (X2(2) =25.138, P < 0.001). Significantly more macaques exhibited at
least one type of abnormal behavior than did baboons (29% vs. 14%; Xz(l) =24.849,P <
0.001), while there was no difference between rhesus and cynomolgus macaques (30% vs.
28%; x2(1) = 0.263, P = 0.608).

In baboons, self-directed behavior was exhibited significantly less than motor stereotypy (Z
=4.05, P <0.001) and abnormal appetitive behavior (Z = 4.59, P < 0.001), but motor
stereotypy and appetitive behavior were not significantly different from one another (Z =
0.33, P =0.74; Fig. 1). In both species of macaques, motor stereotypy was exhibited
significantly more than abnormal appetitive behavior (cynomolgus: Z = 9.03, P < 0.001;
rhesus: Z = 7.80, P < 0.001) and self-directed behavior (cynomolgus: Z = 8.14, P < 0.001;
rhesus: Z = 6.84, p < 0.001), but self-directed and abnormal appetitive behavior were not
significantly different from one another (cynomolgus: Z = 1.92, P = 0.052; rhesus: Z = 1.54,
P =0.124; Fig. 1).

3.3. Contribution of demographic factors to abnormal behavior

Age, sex, genus, and macaque species all contributed to the expression of abnormal behavior
(Table 2). Those that exhibited motor stereotypies were more likely to be male and macaque.
There were also age x genus and age x macaque species interactions. Macaques exhibiting
motor stereotypies were younger, and baboons older, than those that did not exhibit these
behaviors (Fig. 2). Although there was no age effect in rhesus macaques, cynomolgus
macaques that exhibited motor stereotypies were younger than those that did not (Fig. 3).
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Those that exhibited self-directed behavior were more likely to be macaque and older than
those that did not. Those that exhibited appetitive behavior were more likely to be female,
but there was also a sex x genus interaction. In macaques, males exhibited more appetitive
behavior than did females, but in baboons, females exhibited more appetitive behavior than
did males (Fig. 4).

4. Discussion

The aim of this study was to further explore species differences in abnormal behavior. The
overall objectives were to identify whether there are differences in amount and pattern of
abnormal behavior displayed across species and whether these behaviors are differentially
impacted by sex and age. Because abnormal behavior may be an indicator of the welfare of
nonhuman primates, it is important to understand differences in these behaviors across
species. In the present study, macaques exhibited a higher overall level of abnormal behavior
in comparison to baboons, but there was no difference when the two macaque species were
compared to one another. This same pattern of similarity within a genus but differences
across genera also occurred when individual behavioral categories were assessed separately.
For example, macaques exhibited higher levels of motor stereotypy and self-directed
behaviors than did baboons. In addition, motor stereotypies were the most common
behaviors in both species of macaques, but motor stereotypy and abnormal appetitive
behavior were equally common in baboons. These results support the theory that, as with
species-specific normal behavior, there are also species- or genus- specific patterns of
abnormal behavior. Although the term “behavioral fingerprint” (Bayne and McCully, 1989)
was initially coined to describe the behavioral patterns of individual animals, patterns of
abnormal behavior can also be described as a “behavioral fingerprint” for a species or genus.
Previous studies of zoo populations have typically reported species differences in overall
levels of abnormal behavior, but not differences in behavioral patterns. In addition, some
data were collected via surveys, with no means to determine whether the observations are
comparable, and the animals were likely housed in varying conditions across facilities. In the
present study, the same data collection method was used for each species, and the animals
were housed in similar conditions at the time of observation, allowing for direct comparisons
to be made.

In addition to species differences, there were also differences in the influence of sex on
abnormal behavior. For example, males exhibited higher levels of motor stereotypies than
did females. This male-biased sex difference in motor stereotypy is consistent with previous
findings that males typically exhibit more abnormal behavior than do females (Bayne et al.,
1995; Brent and Hughes, 1997; Cross and Harlow, 1965; Gottlieb et al., 2013, 2015; Lutz et
al., 2003, 2014; Novak et al., 2002; Rommeck et al., 2009; Suomi et al., 1971; Thierry,
1984; Vandeleest et al., 2011). However, for appetitive behavior, more females exhibited this
behavior and there was also a sex x genus interaction. As with previous studies, macaque
males exhibited higher levels than did macaque females. However, baboon females were
more likely to exhibit abnormal appetitive behavior than were baboon males. This result
further demonstrates differences between macaques and baboons, but it also contradicts a
previous study showing that male baboons exhibited more abnormal appetitive behavior than
did females (Lutz et al., 2014). Although the results for baboons in the present study differ
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from those of the previous study, they add to our overall understanding of abnormal behavior
in the baboon population. However, the reason for any sex difference in abnormal behavior
remains unclear.

As with sex differences, there were also differences in the impact of age on abnormal
behavior, but the direction of the effect depended on the behavior. For example, the levels of
self-directed behavior increased with age. This result reflects previous findings that suggest
there is a tendency for increased levels of more sedentary and/or self-directed abnormal
behaviors (such as eye-poking, hair-pulling, and self-injury) with age (Lutz et al., 2003;
Thierry, 1984). Although there was not an overall effect of age on motor stereotypy, there
was a genus by age interaction. In macaques, levels of motor stereotypy decreased with age.
This result is similar to studies reporting reduced levels of active abnormal behaviors (such
as pacing, body flipping, and swinging) in older animals (Gottlieb et al., 2013, 2015; Lutz et
al., 2003). In contrast, in the baboon population, there was an increase in motor stereotypy
with age, further demonstrating differences in abnormal behavior across genera.

Abnormal behavior is a persistent occurrence in captive animals, whether they are housed in
laboratories or zoos. Because abnormal behavior may be associated with an animal’s
welfare, it needs to be addressed. In the present study, the observations were relatively brief
and the animals were singly-housed, which can limit comparisons to other studies which
may have socially-housed populations or more comprehensive methods for estimating the
prevalence of abnormal behavior. However, the housing conditions and data collection
methods were consistent within the study, allowing for direct comparisons across species.
This study demonstrates that abnormal behavior may be impacted by intrinsic variables such
as the animal’s species, sex, and age. Intrinsic variables therefore need to be taken into
account when addressing behavioral needs of the animal. These results also demonstrate that
although abnormal behavior can be individualistic, there are patterns of abnormal behavior
that can be associated with a species or genus. However, not all types of abnormal behavior
are necessarily equal in terms of welfare concerns, and behavior that is more concerning in
one species may be less concerning in another. Therefore, a single species cannot be used as
a model for all, and further associations between behavior and welfare need to be assessed.
A better understanding of species-specific differences in abnormal behavior is necessary to
better tailor animal care to fit the animal’s needs.

5. Conclusions

Differences in abnormal behavior can occur across species of captive nonhuman primates.
For example, singly-housed macaque monkeys exhibited higher levels of abnormal behavior
than did similarly-housed baboons. In addition, rhesus and cynomolgus macaques exhibited
similar types of abnormal behavior, which differed significantly from those exhibited by
baboons. These results suggest that there may be species-specific patterns of abnormal
behavior. Therefore, differences across species or genera need to be taken into account when
utilizing abnormal behavior as a measure of wellbeing in captive nonhuman primates.
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Table 1

Behavior

Definition

Motor Stereotypy
Bizarre posture

Bounce
Flip

Floating limb

Head toss

Pace
Rock

Spin

Stereotypic locomotion

Swing
Self-directed Behavior

Eye poke

Hair pull

Nipple manipulation
Self-bitet
Self-clasp

Self-oral

Abnormal Appetitive Behavior

Abnormal mouth movements

Coprophagy
Drink urine
Feces paint
Food smear
Hair-eat
Regurgitate
Wiggle digits

Holding a seemingly uncomfortable or contorted position
Repetitively? using one’s hind legs or all four limbs to push oneself off the cage surface

Repeated? forward or backwards somersaults, may utilize the cage sides or ceiling

An arm or leg rises into the air and may or may not contact the body (e.g., gently stroking the body). The
action appears to be non-volitional; the animal may interact with the limb as if it is not part of the body. This
behavior may be associated with SIB such as self-biting or self-hitting

Repetitivelya moving head up and down, side to side, or in a circular manner

Repeated walking in the same pattern (e.g., back and forth) for at least 3 revolutions
Repeated? back and forth or side to side movement of the body
Repetitived circling of body around a pivot point

Idiosyncratic repetitive? whole body movements, particular to an individual; does not meet criteria for other
behaviors defined above

Repetitive? back-and-forth movement when hanging from the cage side or ceiling

Placement of fingers or toes into, or right next to, the eye for an extended period of time; often appears as if
the animal is “saluting”

Pulling own hair from body
Repeated handling of nipple with hands or mouth

Mouth-to-self contact where teeth contact the skin

Clutching one’s own body with hands or feet

Sucking a part of one’s own body

Repeated movement of mouth, lips, or tongue, not associated with eating or manipulating an object in the
mouth.

Ingesting or manipulating feces in the mouth

Licking or ingesting urine

Smearing and/or rubbing feces on a surface

Spreading of chewed food on a surface with the mouth; food is often licked off
Chewing or ingestion of hair

The backward flow of already swallowed food

Repeated movement of fingers or toes usually at, in, or around the mouth, often associated with regurgitation

a - - .
Repetitive = a minimum of 3 times.

bSeIf-injurious behavior (i.e., self-bite) was placed in the category of self-directed behavior due to its low occurrence.
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Table 2

Beta values and associated significance levels for terms included in best fit models.?

Behavior Category

Variables Motor Stereotypy Self-Directed  Appetitive
Sex b=0.425, b=1.703,
p<0.05 p<0.05
Age b=-0.077, b=0.065,
p =0.062 p<0.05
Genus b=2521, b=2.968, b=-0.433,
p <0.001 p <0.005 p=0.343
Macaque Species b=10.313,
p=0.108
Age x Genus b=-0.167,
p<0.05

Age x Macaque Species b= -0.082,
p<0.05

Sex x Genus

b=-2.379,
p<0.01

aBIank = not in best-fit model.
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