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Abstract

Across captive settings, nonhuman primates may develop an array of abnormal behaviors 

including stereotypic and self-injurious behavior. Abnormal behavior can indicate a state of poor 

welfare, since it is often associated with a suboptimal environment. However, this may not 

always be the case as some behaviors can develop independently of any psychological distress, 

be triggered in environments known to promote welfare, and be part of an animal’s coping 

mechanism. Furthermore, not all animals develop abnormal behavior, which has led researchers 

to assess risk factors that differentiate individuals in the display of these behaviors. Intrinsic risk 

factors that have been identified include the animal’s species and genetics, age, sex, temperament, 

and clinical condition, while environmental risk factors include variables such as the animal’s 

rearing, housing condition, husbandry procedures, and research experiences. To identify specific 

triggers and at-risk animals, the expression of abnormal behavior in captive nonhuman primates 

should be routinely addressed in a consistent manner by appropriately trained staff. Which 

behaviors to assess, what assessment methods to use, which primates to monitor, and the aims of 

data collection should all be identified before proceeding to an intervention and/or treatment. This 
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article provides guidance for this process, by presenting an overview of known triggers and risk 

factors that should be considered, steps to design a comprehensive evaluation plan, and strategies 

that might be used for prevention or treatment. It also outlines the tools and processes for assessing 

and evaluating behavior in an appendix. This process will lead to a better understanding of 

abnormal behavior in captive primate colonies and ultimately to improved welfare.
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1. Introduction

Abnormal behavior in nonhuman primates (“primates” hereafter) is often broadly defined 

as behavior that deviates qualitatively or quantitatively from behaviors performed by 

conspecifics in their natural habitat (see Erwin, 1979 for an example). While commonly 

used, this definition can be somewhat misleading, as it implies that wild animals only 

engage in “normal” behavior. Further, there is not always a distinction between normal and 

abnormal behavior, as some abnormal behaviors may be repetitive or misdirected forms 

of normal behavior (Bayne, 1996; Mason, 1993; Mason, 1991). Abnormal behavior is a 
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heterogeneous group of behaviors that are often stereotypic and share certain characteristics, 

including a deviation from a standard such as species-typical behaviors shaped by natural 

selection or the average levels of the behavior exhibited by conspecifics maintained in 

captivity (see Novak and Meyer 2021). Importantly, these behaviors can indicate a state 

of poor welfare, since they are often associated with a suboptimal environment or atypical 

rearing (Gottlieb et al., 2015; Lutz, Well, & Novak, 2003; Vandeleest et al., 2011), and thus 

are of concern to those caring for the animals.

Despite being widely used as indicator of poor welfare, abnormal behavior may be 

beneficial to the animal if it is a part of a coping strategy (Mason & Latham, 2004; 

Mason, 1991; Mason & Turner, 1993). However, the absence of abnormal behavior does not 

necessarily indicate good welfare (Mason & Latham, 2004). Abnormal behavior may also be 

a maladaptive response due to an underlying clinical disorder or psychopathology, resulting 

in conditions such as self-injury (Bayne & Novak, 1998; Novak et al., 2012; Novak & 

Suomi, 2008). Finally, abnormal behavior may be unrelated to the animal’s current welfare 

state if it becomes habitual or an automatic response that persists long after the initial trigger 

has ended (for examples see: Lutz et al., 2004; Mason & Latham, 2004; Pomerantz, Paukner, 

et al., 2012). Therefore, abnormal behaviors may not be reliable welfare indicators and can 

be difficult to mitigate with simple alterations to the environment (Mason & Latham, 2004).

Abnormal behavior is displayed by many species of captive primates across various settings 

(Berkson et al., 1966; Bloomsmith et al., 2020; Capitanio, 1986; Lutz, Well, & Novak, 

2003; McGrogan & King, 1982; Nash et al., 1999; Vandeleest et al., 2011; Walsh et al., 

1982). Given the aforementioned variation in their etiology and presentation, care should 

be taken in their interpretation. In this article we describe abnormal behaviors to aid in 

their identification, outline risk factors and triggers, present methods that can be used for 

monitoring and evaluation within individuals and populations, and suggest preventative 

measures and treatment. To provide practical advice, we also outline the tools and processes 

for assessing and evaluating behavior in an appendix.

2. Classification and Identification

Abnormal behaviors in primates are often idiosyncratic, varying in form, frequency, and 

context (Bayne & Novak, 1998; Mason, 1993). However, they can still be classified by type, 

comorbidity, and/or severity.

2.1 Classification by Type

When classifying by type, behaviors are often grouped into categories, such as motor 

stereotypies, self-directed behavior, appetitive behavior, self-injurious behavior (SIB), and 

withdrawn behavior (described below). For more detailed definitions of abnormal behaviors, 

see Baker et al., (2017).

2.1.1 Motor stereotypies: repetitive movements of either part or all of the body, which 

can include behaviors such as pacing, swinging, rocking, bouncing, or flipping (Bauer & 

Baker, 2016; Bayne & McCully, 1989; Capitanio, 1986; Crast et al., 2014; Gottlieb et al., 

2015; Lutz, Well, & Novak, 2003; Lutz, 2018; Vandeleest et al., 2011).
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2.1.2 Self-directed abnormal behaviors: those that are focused on the animal’s own 

body, such as hair plucking, periorbital contact (also called “saluting” or “eye poking”), 

self-clasping, or self-oral behaviors (Bauer & Baker, 2016; Crast et al., 2014; Lutz, Well, & 

Novak, 2003; Lutz, 2018; Thierry, 1984).

2.1.3 Abnormal appetitive behaviors: those associated with food, urine or feces, 

such as food smearing, regurgitation, urophagy, coprophagy, feces painting, or hair eating 

(Akers & Schildkraut, 1985; Capitanio, 1986; Crast et al., 2014; Gould & Bres, 1986; Lutz, 

2018; Nevill & Lutz, 2015).

2.1.4 SIB: a behavior in which an individual either causes, or has the potential to cause, 

a self-inflicted injury that may require veterinary care; however, actual injury is relatively 

rare (Anderson & Chamove, 1980; Lutz, Well, & Novak, 2003; Novak, 2003; Novak, 2020). 

Examples of SIB include head banging, self-biting, self-hitting/slapping, and wounding due 

to aggressive hair plucking, and excessive wound picking (Bauer & Baker, 2016; Crast et al., 

2014; Gottlieb, Capitanio, et al., 2013; Hosey & Skyner, 2007; Lutz, Well, & Novak, 2003; 

Lutz, 2018; Rommeck, Anderson, et al., 2009), with wounding severity differing markedly 

across individuals (Freeman, Krall, et al., 2015; Novak, 2020).

2.1.5 Withdrawn behavior: significantly reduced locomotor activity for a prolonged 

period and a lack of apparent interest in their environment. These animals tend to remain 

sitting with their heads tucked into their chest for much of the day. Taken together, these 

features are generally suggestive of depressive-like states (Ferdowsian et al., 2011; Hennessy 

et al., 2014; Lopresti-Goodman et al., 2013; Shively et al., 2008).

2.2 Classification Based on Comorbidity

This type of classification focuses on the co-occurrence of abnormal behaviors, rather than 

applying a phenotypic categorization approach (Hopper et al., 2016). A recent study with 

macaques reported four alternative categories of abnormal behaviors based on comorbidity 

between the behaviors (Polanco et al., 2021). The first category included self-biting, 

self-hitting, floating limb, leg lifting, and self-clasping. The second category included 

twirling, bouncing, rocking, swinging, and hanging. The third category included pacing 

and head-twisting, while the fourth category included flipping and eye poking. Additionally, 

self-sucking, hair-plucking, threat-biting, and withdrawn were considered to be individual 

behaviors and not included in any of the above categories (Polanco et al., 2021).

2.3 Classification by Degree of Severity

Abnormal behaviors can also be classified according to the severity of the behavior on a 

continuum ranging from mild (e.g., occurring at low levels or at discrete times), to moderate 

(e.g., occupying a greater portion of the animal’s time, often interfering with the display 

of normal behavior), to severe (e.g., causing actual physical harm or injury to the animal; 

Bayne & Novak, 1998; Novak et al., 2006). Severe forms of abnormal behavior can be 

pathological as they are often disruptive, intense, and cause tissue damage (Bayne & Novak, 

1998; Novak et al., 2012; Novak & Suomi, 2008). Even in settings where the percentage 

of animals exhibiting abnormal behavior is relatively high, abnormal behavior often only 
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constitutes a small portion of the animals’ overall time budgets (Birkett & Newton-Fisher, 

2011; Crast et al., 2014; Marriner & Drickamer, 1994). Therefore, understanding the 

severity of the behavior and its impact on the animal’s health and wellbeing is key to 

determining the type of intervention to utilize and when to implement it.

3. Risk Factors

It is important to identify the intrinsic and extrinsic risk factors for abnormal behavior in 

order to determine appropriate management practices as well as intervention and prevention 

procedures. However, underlying causes of the development and expression of abnormal 

behaviors are not always known, and the cumulative effect of experiences, both positive 

and negative, can impact subsequent behavior (Polanco, 2021). Additionally, the presence 

of one or more risk factors does not mean that the animals will necessarily develop or 

exhibit abnormal behavior, but instead increase the probability that the behavior will occur. 

In the next section we consider the various risk factors known to increase the likelihood that 

captive primates will exhibit abnormal behaviors.

3.1 Intrinsic

3.1.1 Species—Studies have revealed differences in the extent to which various primate 

species exhibit abnormal behaviors, as well as the form of the abnormal behaviors most 

likely to be expressed. For example, a survey of 108 zoos reported that 40% of apes, 

14% of catarrhine monkeys, 6% of platyrrhine monkeys, and 7% of prosimians exhibited 

some form of abnormal behavior (Bollen & Novak, 2000). Similarly, a survey focusing on 

prosimians reported a significant effect of genus on abnormal behaviors presented; those 

in the genera Varecia and Microcebus were more likely to exhibit stereotypies than were 

those of other genera (Tarou et al., 2005). Similarly, when comparing three species of 

monkeys in research facilities, those in the genus Macaca exhibited higher overall levels 

and different patterns of abnormal behavior than those in the genus Papio (Lutz, 2018). 

There are also species differences in the type of abnormal behavior that is most commonly 

expressed. Coprophagy was reported to be the most common behavior in chimpanzees 

(Pan troglodytes; Birkett & Newton-Fisher, 2011; Jacobson et al., 2016; Nash et al., 1999), 

while regurgitation/reingestion was the most common in bonobos (Pan paniscus; Brand & 

Marchant, 2018). Further, motor stereotypies, such as pacing, were the most common in 

macaques, mangabeys, and prosimians (Bellanca & Crockett, 2002; Crast et al., 2014; Lutz, 

Well, & Novak, 2003; Lutz, 2018; Pomerantz, Paukner, et al., 2012; Tarou et al., 2005), but 

motor stereotypies and abnormal appetitive behavior were reported to occur at an equal level 

in baboons (Papio hamadryas spp.; Lutz, 2018). Thus, it appears that the species’ natural 

biology plays a role in the ability to successfully cope with the challenges they encounter in 

captivity and the abnormal behaviors they express in response to such stressors.

3.1.2 Age—The form and frequency of expression of some abnormal behaviors may 

change as animals age (Mason, 1993). For example, self-sucking and rocking are commonly 

observed in nursery-reared infants, but these behaviors tend to decrease with age (Cross & 

Harlow, 1965; Pazol & Bloomsmith, 1993). More physically active motor stereotypies, such 

as pacing, body flipping, and swinging, also tend to be more common in younger than older 
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animals (Gottlieb, Capitanio, et al., 2013; Gottlieb et al., 2015; Lutz, Well, & Novak, 2003), 

while older animals typically exhibit self-directed behaviors that are less physically active, 

such as eye poking or covering, hair pulling, and SIB (Kroeker et al., 2014; Lutz, Well, & 

Novak, 2003; Thierry, 1984). However, although age-related patterns in abnormal behavior 

are common, they are not universal (Birkett & Newton-Fisher, 2011; Brand & Marchant, 

2015; Hook et al., 2002; Less et al., 2013; Tarou et al., 2005).

3.1.3 Sex—As with age, some studies have found differences in the rate of expression 

of abnormal behavior between females and males. For example, male monkeys tend to 

display motor stereotypy (Gottlieb, Capitanio, et al., 2013; Lutz, Well, & Novak, 2003; Lutz, 

2018; Vandeleest et al., 2011), abnormal appetitive behavior (Lutz et al., 2014), self-directed 

behavior (Lutz, Well, & Novak, 2003; Thierry, 1984), and SIB (Gottlieb, Capitanio, et al., 

2013; Lutz, Well, & Novak, 2003) more often than females. Similarly, zoo-housed male 

bonobos were reported to be more likely to perform the poke anus abnormal behavior than 

females (Laméris et al., 2021). However, female mangabeys and chimpanzees were reported 

to exhibit greater levels of abnormal behavior than were males (Crast et al., 2014; Fritz 

et al., 1992; Hook et al., 2002; Jacobson et al., 2016; Nash et al., 1999) and in other 

studies, including those of prosimians, monkeys, and apes, no overall sex difference in 

abnormal behavior was reported (Birkett & Newton-Fisher, 2011; Hill, 2018; Less et al., 

2013; Marriner & Drickamer, 1994; Tarou et al., 2005).

3.1.4 Temperament—An animal’s temperament or personality can also play a role in 

the display of abnormal behavior. For example, bolder rhesus monkeys (Macaca mulatta, 

as tested via a novel-object test), were more likely to exhibit motor stereotyped behavior 

than those with an inhibited temperament (Gottlieb et al., 2015). Similarly, systematic 

biobehavioral assessment found that individuals scoring low on gentle temperament were 

also more likely to exhibit motor stereotypy (Gottlieb, Capitanio, et al., 2013). However, 

additional factors likely play a part as well. Another study reported that scoring high on 

gentle and nervous temperament during the same battery of tests was indeed a risk factor for 

motor stereotypy, but only in indoor-reared monkeys (Vandeleest et al., 2011). The different 

results obtained by these studies may be due to differences in the demographics of the study 

subjects, the variables chosen for analysis, or the way in which temperament was assessed 

(Gottlieb, Capitanio, et al., 2013). A more recent study with bonobos revealed a number of 

relationships between the expression of different abnormal behaviors and the apes’ rating 

on four personality components (Laméris et al., 2021). For example, bonobos that scored 

low on “activity” and “sociability” performed coprophagy more frequently. In spite of 

the interest in individual differences for enhancing primate care, these studies reveal the 

paucity of research considering links between temperament and the presentation of abnormal 

behaviors and the importance of taking an individually tailored approach to primate care 

when possible (Coleman, 2012).

3.1.5 Clinical Condition—Abnormal behavior could also be a symptom of an 

underlying medical condition. In one case study of a chimpanzee who engaged in SIB, 

it was theorized that the behavior was, in part, associated with neuropathic pain because, in 

addition to other interventions, pharmacological treatment of the neuropathic pain reduced 
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the SIB (Bourgeois et al., 2007). Similarly, a rhesus monkey reported for self-injury was also 

diagnosed with neuropathy (Clemmons et al., 2015). Another example of clinical conditions 

being linked to abnormal behavior comes from rhesus macaques with retinal disease that 

were reported to exhibit eye poking and saluting behaviors, especially when in bright 

lighting conditions (Moshiri et al., 2019). Therefore, when evaluating behavioral expression, 

it is crucial to rule out any underlying clinical conditions that give rise to the behavior, prior 

to determining whether it reflects psychological distress.

3.2 Extrinsic

3.2.1 Rearing history—An animal’s rearing condition plays a pivotal role in subsequent 

behavior. This has been conclusively demonstrated by early studies of total- and partial-

isolation-rearing. In these studies, infant macaques were raised without any social contact 

and, as a result, developed an array of abnormal behaviors that lasted through adulthood 

(Baysinger et al., 1972; Berkson, 1968; Cross & Harlow, 1965; Davenport & Menzel, 

1963; Mitchell et al., 1966; Suomi et al., 1971). In later studies of primates that included 

prosimians, monkeys, and apes, infants reared by humans in a nursery were shown to be at 

a significantly greater risk of developing and displaying higher levels of abnormal behavior 

than infants reared by their mother in social groups (Dettmer et al., 2012; Freeman & Ross, 

2014; Jacobson et al., 2016; Mallapur & Choudhury, 2003; Marriner & Drickamer, 1994; 

Pirovino et al., 2011). Nursery-reared primates present a variety of abnormal behaviors, 

including self-directed behaviors, repetitive body movements, and SIB (Bauer & Baker, 

2016; Bellanca & Crockett, 2002; Bloomsmith & Haberstroh, 1995; Conti et al., 2012; 

Dettmer et al., 2012; Dienske & Griffin, 1978; Fritz et al., 1992; Gottlieb, Capitanio, et al., 

2013; Laméris et al., 2021, Marriner & Drickamer, 1994; Rommeck et al., 2006; Rommeck, 

Gottlieb, et al., 2009). Self-biting has been reported to occur as early as 32 days of age 

in nursery-reared rhesus macaques (Rommeck, Gottlieb, et al., 2009), and many of these 

abnormal behaviors often continue into adulthood (Bauer & Baker, 2016; Bourgeois et 

al., 2007). The type of nursery rearing can also play a role in subsequent behavior. For 

example, infant rhesus macaques housed in continuous full social contact with similar aged 

peers exhibited significantly less abnormal behavior than infants that were housed with 

only limited (intermittent) social contact with peers (Conti et al., 2012; Lutz et al., 2007); 

however, they also showed higher levels of partner clinging (Rommeck, Gottlieb, et al., 

2009) and prolonged anxious behavior (Dettmer et al., 2012).

The relationship between early experience and later behavior may be explained by 

the Integrated Developmental-Neurochemical hypothesis which states that adverse early 

experiences followed by later stressful events can result in the dysregulation of neuropeptide 

and neuroendocrine systems. This dysregulation can then lead to heightened anxiety and the 

expression of abnormal behavior, which may serve as a coping mechanism (Tiefenbacher 

et al., 2005). Although the focus of this hypothesis is on self-biting, it provides a basis 

for better understanding the development and function of abnormal behavior in general. 

Similarly, chronic exposure of animals to unsuitable environments has been linked to 

long lasting neurological alterations that may be manifested in the expression of abnormal 

behaviors (Würbel, 2001). For example, Bogart and colleagues (2014) found that nursery-

reared chimpanzees had significant anatomical differences in the development of cortical 
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organization compared to mother-reared conspecifics. Additional studies have demonstrated 

that the expression of stereotypic behavior may result from basal ganglia malfunction (e.g., 

Pomerantz, Paukner, et al., 2012).

While the relationship between nursery rearing and the development of abnormal behaviors 

is well established, in chimpanzees, coprophagy has been reported to be performed at 

higher rates by mother-reared individuals (Bloomsmith & Haberstroh, 1995; Freeman & 

Ross, 2014). Furthermore, a recent study with zoo-housed bonobos found that wild-born 

individuals exhibited a higher diversity of abnormal behaviors as compared to captive-born 

individuals (Laméris et al., 2021) and a previous study of sanctuary-housed orphaned 

bonobos and chimpanzees reported that these individuals had lower rates of abnormal 

behaviors as compared to mother-reared individuals in zoo settings (Wobber & Hare, 2011). 

It has, therefore, been posited that social learning may play a role in the expression of certain 

abnormal behaviors (Hopper et al., 2016; Less et al., 2013).

3.2.2 Social Environment—The percentage of animals exhibiting abnormal behavior 

is often notably high in singly-housed, as compared to socially-housed, primates (Camus 

et al., 2013; Crast et al., 2014; Lutz, Well, & Novak, 2003; Lutz, 2014). Moreover, such 

effects appear in both apes and monkeys (Brent et al., 1989; Gottlieb, Capitanio, et al., 2013; 

Gottlieb et al., 2015) and the same patterns are revealed across settings. For example, in a 

survey of 630 zoo-housed primates, 40% of the animals housed alone, 5% of paired animals, 

but none of the animals housed in groups of four or more exhibited abnormal behavior 

(Trollope, 1977). In addition, single housing at both an early age and for an extended period 

of time are risk factors for increased levels of abnormal behavior (Bellanca & Crockett, 

2002; Crast et al., 2014; Lutz, Well, & Novak, 2003; Lutz, 2014).

3.2.3 Physical Environment—While both the macro and microenvironment have been 

shown to influence the animal’s behavior and welfare (Morgan & Tromborg, 2007), in the 

following section we will focus on the microenvironment. With respect to cage size, it is 

typically thought that ‘bigger is better.’ When moved from standard research indoor housing 

to larger and more enriched play cages (Griffis et al., 2013) or semi-free ranging outdoor 

enclosures (Reamer et al., 2010), monkeys show increases in activity coupled with decreases 

in abnormal behaviors. The reduction in rates of motor stereotypy associated with increased 

cage sizes may well reflect that species-typical needs are better met, as research has shown 

a positive correlation between captive primates’ pacing rates and their species’ typical day 

journey lengths in the wild (Pomerantz et al., 2013). However, it appears, that relatively 

small changes in cage size have only minimal, if any, impacts on rates of abnormal behavior 

(Crockett et al., 1995; Draper & Bernstein, 1963; Line et al., 1990; Paulk et al., 1977). 

Furthermore, as outdoor cages are often larger than indoor cages, and larger cages typically 

offer more physically and socially complex environments, it can be challenging to tease 

apart the relative impact of cage size, location, and complexity on primates’ behavior and 

welfare.

Specific characteristics of the space are also important to consider. For example, while 

motor stereotypies were shown to significantly decrease in common marmosets (Callithrix 
jacchus) when they were moved to larger enclosures (Yoshimoto et al., 2018), a previous 

Lutz et al. Page 8

Am J Primatol. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



study had shown that simply providing these arboreal monkeys with increased vertical space 

also reduced motor stereotypies (Kitchen & Martin, 1996). Further, for primates living 

in research facilities, it has been demonstrated that the location of the cage within the 

room also plays a role in the likelihood to express abnormal behavior. Those individuals 

housed in bottom cages and/or near the room entry door (where animals are exposed to 

more activity) exhibited higher levels of stereotypic behavior and SIB (Gottlieb, Capitanio, 

et al., 2013). The amount of control afforded within that space can also influence the 

presentation of abnormal behaviors. Captive primates with no control over their environment 

express higher rates of abnormal behaviors (Buchanan-Smith, 1997; Maple & Finlay, 1986), 

while increased opportunities for control is associated with reductions in abnormal behavior 

(Bloomsmith et al., 1988; Videan et al., 2005).

3.2.4 Clinical, Research, and Husbandry procedures—Chronic exposure to 

common captive animal management practices can play a role in the development of 

abnormal behavior. Clinical procedures such as anesthesia events and blood draws were 

associated with an increase in motor stereotypies, self-directed behaviors, and SIB in 

rhesus macaques (Lutz, Well, & Novak, 2003; Vandeleest et al., 2011). Similarly, motor 

stereotypies increased by 5% for every research project to which an animal was assigned 

(Gottlieb, Capitanio, et al., 2013). However, invasiveness of the research projects was not a 

significant predictor for abnormal behavior in male pigtailed macaques (Macaca nemestrina; 

Bellanca & Crockett, 2002), and there was no association between the number of blood 

draws and abnormal behavior in sooty mangabeys (Cercocebus atys; Crast et al., 2014). 

Likewise, some studies have shown that husbandry practices such as relocation to new 

rooms within a facility, pair separations and cage sanitation have influenced the development 

of abnormal behavior (Gottlieb, Capitanio, et al., 2013). However, husbandry procedures 

may not always play a role (Lutz, Well, & Novak, 2003; Lutz, 2014).

4. Prevention

It is well established that once started, abnormal behaviors can be difficult to resolve (e.g., 

Novak et al., 2012), and thus, whenever possible, efforts should be aimed at improving 

primates’ welfare and therefore preventing such behaviors from developing in the first 

place. Although few studies have explicitly examined prevention approaches, the studies 

mentioned above have identified intrinsic and environmental risk factors that can result 

in increased levels of abnormal behavior. By better understanding the environmental risk 

factors, we can work to improve captive conditions and ameliorate the impact of stressors. 

This can be achieved with a behavioral management program that prioritizes functionally 

appropriate environments (Bloomsmith, Hasenau, et al., 2017), a positive reinforcement 

training program, and continued staff education on the behavioral biology of each species. 

Additionally, husbandry practices similar to those previously described as risk factors for the 

development of abnormal behavior (e.g., relocation to a novel room, separation from cage 

mates, and routine husbandry procedures) can also serve as triggers for abnormal behavior 

in animals that have already developed the behavior (Cassidy et al., 2020; Davenport et al., 

2008; Gottlieb, Coleman, et al., 2013; Lutz, Marinus, et al., 2003; Novak, 2003; Snyder 

et al., 1984; Suomi et al., 1975; Truelove et al., 2017; Waitt & Buchanan-Smith, 2001). 
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Therefore, recognizing potential risk factors and triggers and trying to reduce or eliminate 

them will help to improve environmental conditions, which will, in turn, enhance the 

primates’ welfare and help to lessen or prevent the development of abnormal behavior.

5. Assessment

In instances in which an animal has already developed an abnormal behavior, the form 

and severity of that behavior must be assessed in order for an effective treatment strategy 

to be developed (see Appendix for a further description of assessment procedures). The 

measurement of abnormal behaviors not only allows for an assessment of welfare, but 

also serves as a tool to evaluate the efficacy of interventions and treatments and to better 

understand the underlying causes of such behaviors in order to help prevent them from 

occurring. These data can also be useful when addressing questions posed by accrediting 

and inspection agencies, identifying abnormal behavioral trends in certain sub-groups of 

populations (e.g., singly-housed primates or animals assigned to various research protocols), 

and following colony-wide management adjustments, such as increases in enrichment 

distribution (Perlman et al., 2018). Organization and review of these data may trigger follow 

up individual assessments and corresponding clinical and behavioral treatment. Additionally, 

such monitoring is demanded by, for example, the USDA’s Animal Welfare Act (AWA) 

regulations (USDA, 2017), and the Association of Zoos and Aquariums (AZA), which 

require that facilities observe animals frequently and assess their health, behavior, and 

welfare. Demographic and life history events should also be documented to help determine 

different extrinsic and intrinsic risk factors that may contribute to the expression of the 

behavior (Rommeck et al., 2006).

5.1 Self-Injurious Behavior (SIB) With and Without Wounding

Because SIB typically occurs at low frequencies within a population, it may be especially 

difficult to identify and monitor. However, as SIB can result in self-inflicted wounds, 

in some cases it can be detected by observation of the resultant wounds as well as by 

direct observation of the behavior. Any injuries need to be reported in a timely manner to 

the veterinary team for clinical assessment, and to those responsible for behavioral care. 

Measurement of self-inflicted wounding should include the number of wounds, wound 

severity, wounding location on the body, and frequency of wounding. A wounding scale 

that standardizes ratings and definitions should be used (Baker et al., 2017; Cronin et al., 

2020; Leeds et al., 2015). Measures of behavior should also be collected to assess self-biting 

behavior frequency and duration, triggers, and to evaluate the effectiveness of treatments. 

Some individuals that present with self-inflicted injuries may never be observed exhibiting 

self-injurious behavior, thus making it difficult to identify environmental triggers, if there 

are any. In such cases, the use of remote observations may be informative (Stanwicks et al., 

2017).

5.2 Stereotypic and Repetitive Behaviors

Behavioral observations can be useful in detecting the type, duration, frequency, and triggers 

of stereotypic and repetitive behaviors. Some abnormal behavior, such as pacing, typically 

have a longer duration than others (e.g., head twirling), and therefore may be easier 
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to detect and monitor. Furthermore, such behaviors may represent anticipatory behaviors 

(Gottlieb, Coleman, et al., 2013; Watters, 2014) that are suppressed by the arrival of staff 

personnel, so remote monitoring may enable detection of these behaviors. In addition to 

direct observation, automated monitoring or the use of accelerometers may be used to detect 

full body movements (Papailiou et al., 2008).

5.3 Self-Directed Abnormal Behaviors

As with pacing, self-directed behaviors such as periorbital contact and self-sucking typically 

have longer durations and may be relatively easy to detect and monitor. In contrast, 

self-directed hair plucking can be more challenging to observe (Perlman et al., 2016). 

Hair-plucking can be monitored indirectly by measuring hair loss (alopecia), but Lutz and 

colleagues (2013) demonstrated that self-directed hair pulling played only a minor role in 

alopecia cases. Because a variety of factors are known to produce hair loss in primates 

(Beisner & Isbell, 2009; Novak & Meyer, 2009), behavioral observations are important to 

help determine the root cause of hair loss and the presence of hair plucking.

5.4 Abnormal Appetitive Behavior

Feces painting is not always directly observed, but the behavior can be indirectly monitored 

by the amount of feces spread on cage surfaces (Gottlieb et al., 2014). For socially-housed 

primates, individuals can be given different colored fecal dyes to help identify which group 

members perform the behavior (Fuller et al., 2011). In contrast, the detection of urine 

drinking and regurgitation and reingestion (R/R) is less obvious unless directly observed. 

Distinct postural movements provide visual detection of R/R in some great apes (Akers 

& Schildkraut, 1985). Regurgitate may also be found on the floor of the enclosure giving 

indirect evidence of the behavior. In cases of excessive urine drinking, a urine dipstick test 

may be needed to identify potential cases of glucosuria (Bayne et al., 1992).

5.5 Withdrawn Behavior

Withdrawn behavior includes a slumped body posture (head below shoulders), with open 

eyes, accompanied by a lack of responsivity to environmental events (Shively et al., 2008). 

It should be noted that although this behavior can be long in duration, it can also be difficult 

to identify, because it looks like normal sleeping or rest behavior. Because the animal is 

typically not responsive to the environment, withdrawn behavior can be monitored in-person 

or via video.

6. Treatment Approaches

A wide range of treatment options are available, including, but not limited to, environmental 

enrichment, social housing, positive reinforcement training, and drug therapy, all of which 

are discussed below in relation to the type of abnormal behavior. Typically, the animals of 

greatest concern are those with severe forms of abnormal behavior. These animals likely 

require some intervention or treatment to alleviate their condition. The kind of treatment 

chosen depends on several factors, including the behavior of concern (e.g., SIB typically 

requires a different treatment modality than stereotypy), the needs of the animal, and 

the context in which the behavior arises (see Section 6.5 for more details). Treatment 
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elements may be prescribed singularly, in combination with other elements, during specific 

events, and times of day (Bourgeois et al., 2007; Whittaker, 2005). Targeted modifications 

of the animal’s environment and operational procedures can further enhance treatment 

effectiveness (Whittaker et al., 2001). Importantly, too, the efficacy of any treatment should 

be evaluated. This can be done via behavioral observations and/or measures of physiological 

health and psychological wellbeing. Using the aforementioned observation and testing 

techniques described in the Appendix can provide a framework for such evaluations.

6.1 Environmental Enrichment

Enrichment items, such as bedding, puzzle feeders, forage trays, and toys, have all 

been found to be effective in reducing abnormal behavior in certain circumstances 

(e.g., Swaisgood & Shepherdson, 2005). Enrichment increases opportunities to engage 

in species typical behavior, thereby reducing boredom and frustration which can lead 

to the development of abnormal behaviors. Cognitive research can also offer enrichment 

opportunities (Clark, 2011; Ross, 2010). For example, cognitively challenging computer 

tasks have been found to reduce levels of stereotypies and other behavioral problems in 

macaques (Lincoln et al., 1995; Platt & Novak, 1997; Washburn & Rumbaugh, 1992) 

and baboons (Fagot et al., 2014), as well as promoting species typical activity budgets 

in chimpanzees (Yamanashi & Hayashi, 2011). Enrichment can also promote well-being 

by engaging multiple sensory systems and providing variation of stimuli (Coleman & 

Novak, 2017; Wallace et al., 2013; Wells et al., 2006). Moving animals from indoor to 

sensory complex outdoor environments has been found to reduce self-injurious behavior 

and stereotypy in both single and group-housed rhesus macaques (Fontenot et al., 2006). In 

indoor environments, porches or verandas, cage extensions that hang on the outside of the 

cage and provide enhanced visual access have been found to be highly effective in reducing 

feces painting (Gottlieb et al., 2014) and stereotypy (KC pers observation, although see Lutz 

& Brown, 2018).

While effective in certain situations, enrichment has limitations as a treatment for abnormal 

behavior. First, the benefits are often only effective while the enrichment is present (e.g., 

Lutz & Farrow, 1996), often because utilizing the enrichment item is incompatible with the 

abnormal behavior; an animal cannot simultaneously pace and eat from a puzzle ball secured 

to the front of the cage. Animals often resume the abnormal behavior after they have become 

habituated to the enrichment (in the case of toys) or after it has served its purpose (i.e., there 

is no more food present in the case of a puzzle ball). Further, while relatively useful for 

treating abnormal repetitive behaviors, at least in the short term, enrichment is less effective 

as a treatment for self-injurious behavior (Novak et al., 1998; see also Novak, 2020).

6.2 Social Enrichment

Although many studies examining the effects of social housing and abnormal behavior have 

been correlative, there have been some studies that have explicitly examined the role of 

social housing on abnormal behavior. In the laboratory environment, pair housing was found 

to reduce abnormal behaviors, including stereotypies, self-directed behavior, and SIB in 

macaques and baboons (Baker et al., 2012; Bourgeois & Brent, 2005). Social housing is not 

necessarily a panacea; in at least one study, the pair housing of rhesus macaques resulted 
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in only a temporary reduction in stereotypical behavior (Doyle et al., 2008). The benefits of 

social housing are likely dependent on several factors such as the tenure or cohesion of the 

social group or pair (e.g., Cassidy et al., 2020). Even in situations in which social housing 

does not significantly reduce the occurrence of abnormal behaviors, appropriate socialization 

may still help prevent the escalation of the behavior or the development of other, more 

concerning, abnormal behaviors. As stated above, the role inadequate socialization has in the 

development of abnormal behavior cannot be overstated.

Conspecific cage mates are not the only individuals that can promote social companionship 

for primates; captive primates are influenced by conspecific and heterospecific primates 

in adjacent cages as well as by humans (Hopper, 2021). Positive interactions with trusted 

care takers have been found to decrease abnormal oral behaviors such as regurgitation and 

reingestion in chimpanzees (Baker, 2004; although see Chelluri et al., 2013). Care must be 

taken, though, as the presence of unfamiliar or untrained people can lead to an increase 

in abnormal behavior in certain animals. Several studies have found that large numbers of 

visitors can lead to an increase in stereotypic behavior in zoo-housed primates (Mallapur et 

al., 2005; Wells, 2005), although the data are inconsistent and likely mediated by exhibit 

design, crowd behavior, and species (Bonnie et al., 2016; Hansen et al., 2020; For reviews 

see Fernandez et al., 2009; Sherwen & Hemsworth, 2019). Similarly, even individuals or 

small groups of unfamiliar people, such as regulatory inspectors or contractors, can lead to 

an increase in stereotypy in primates, highlighting the need for continued training of those 

working with or near captive primates (Rennie & Buchanan-Smith, 2006).

6.3 Positive Reinforcement Training

Another potential behavioral management strategy that can help reduce abnormal behavior 

is positive reinforcement training (PRT). PRT is a type of operant conditioning in which 

the trainer increases the expression of desired behaviors (e.g., presenting a body part) by 

rewarding the subject when it performs the behavior (e.g., Pryor, 2002). In addition to 

desensitizing animals to various procedures, and reducing the stress and fear associated with 

these procedures (Bassett et al., 2003; Clay et al., 2009; Lambeth et al., 2006; Schapiro et 

al., 2003), PRT also provides subjects with the choice to cooperate with the procedures, 

and thus provide some environmental control (Laule et al., 2003). There is evidence to 

suggest that PRT can reduce abnormal behavior in rhesus monkeys (Baker et al., 2010; 

Coleman & Maier, 2010), baboons (Bourgeois & Brent, 2005), and apes (Carrasco et al., 

2009; Leeds et al., 2016; Pomerantz & Terkel, 2009), although other studies have not found 

this relationship (Baker et al., 2010). While PRT is often time consuming, and thus may not 

be feasible in all situations, it confers several other advantages to both humans and primates, 

including compliance with procedures, increased safety and decreased stress (e.g., Bliss-

Moreau et al., 2013; Coleman et al., 2008; 2012; Graham et al., 2012; Veeder et al., 2009). 

Treatment success relies heavily on the working understanding of animal training techniques 

by the trainer and the provision of the time and tools from managers (Bloomsmith et 

al., 2007; Perlman et al., 2012). However, caution must be taken to ensure that staff do 

not inadvertently train the animal to engage in an undesired behavior (Hopper, 2021). 

If primates are rewarded, with either treats or human attention, for exhibiting abnormal 
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behaviors, they may be more likely to engage in that behavior going forward (see Dorey et 

al., 2009 for an example).

6.4 Pharmacological Treatment

Pharmacotherapy is an additional form of treatment for abnormal behavior (As reviewed 

in Kummrow & Brüne, 2018). A wide range of drugs, including synthetic steroids (Eaton 

et al., 1999), GABA receptor agonists (Tiefenbacher et al., 2005), and those that target 

opioidergic (Kempf et al., 2012; Lee et al., 2015), serotonergic (Fontenot et al., 2005; 

Watson et al., 2009; Weld et al., 1998), or adrenergic (Freeman, Rice, et al., 2015; Macy et 

al., 2000) neurotransmitter systems, have been utilized as treatment options. This range of 

pharmacological treatments reflects the various trajectories by which abnormal behavior can 

develop. However, with drug therapy, abnormal behavior is typically reduced, rather than 

eliminated, and the effects are often not sustained beyond treatment duration (Kummrow 

& Brüne, 2018). Additionally, because of the potential for side effects, interactions with 

experimental treatments (e.g., difficulties in treating animals used in gut microbiota studies 

with antibiotics, Ramirez et al., 2020), and the ability to mask the effects of the studied 

variable(s) (McKinney et al., 1980), pharmacotherapy is typically used as a last resort. 

Because there is also a lack of standardized doses (Kummrow & Brüne, 2018) and the 

response to treatment can vary greatly across animals (Tiefenbacher et al., 2005), therapeutic 

strategies must be tailored to both the animal and the situation.

6.5 When to Treat

The decision about whether or not to treat a primate exhibiting abnormal behavior should be 

based on several factors, including the behavioral issue, the context in which the behavior 

presents, the severity and duration of the behavior, and whether or not the behavior interferes 

with other functions, such as eating or socializing. Additionally, for severe cases, having 

clear endpoints in place is critical. For example, a monkey that paces a few minutes right 

before mealtime (Gottlieb, Coleman, et al., 2013) might not warrant intervention to the same 

extent as a monkey that exhibits SIB. When deciding whether or not to treat, and which 

treatment to use, it is important to look at the whole animal and not just at the behavior. 

Thus, a monkey that picks at a scab until it starts to bleed has caused an injury, and thus 

could be classified as wounding himself. However, this does not necessarily mean that it 

would benefit from treatment. Similarly, if a monkey has surgery on his upper arm and starts 

biting at that arm soon after, the biting may likely be a response to pain as opposed to a 

behavioral problem per se. Treatment may well be warranted in this case, but the monkey 

may benefit more from a pain medication than an anti-depressant (see Hutchinson et al., 

In prep). Overall, captive primate behavioral managers will want to make sure that the 

treatment fits the behavior and that they are only treating when necessary. However, there 

may be individual variability in responses to treatments. Therapeutic interventions that are 

effective in one individual are not necessarily effective in another, making the treatment of 

abnormal behavior quite challenging (Tiefenbacher et al., 2005).
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7. Caveats and Considerations

The expression of abnormal behavior has traditionally been viewed as a result of a mismatch 

between environmental conditions and the set of behavioral tools that animals can employ 

to successfully address those conditions (Zala & Penn, 2004). Such failure to cope has been 

demonstrated to induce reductions in both fitness and welfare states. However, despite the 

wide use of this category of behaviors as measures of welfare, there are three major caveats 

that need to be considered when using abnormal behavior for this purpose.

First, there are many behaviors that fall into the category of abnormal behavior, with a 

vast heterogeneity of phenotypic expressions accompanied by a wide range of suggested 

etiologies (Nash et al., 1999). It would, therefore, be reasonable to ask whether all share 

a similar value as welfare indicators (e.g., Pomerantz, Paukner, et al., 2012), or if they 

should even be considered part of this category (Hopper et al., 2016), for example in cases 

when abnormal behaviors are socially learned (Hopper, 2017). Second, in the same way that 

the umbrella term abnormal behavior encompasses a vast array of behaviors, there is also 

significant variation across individuals in the rate at which they express certain abnormal 

behaviors, or the severity of those behaviors. Thus, those interested in understanding and 

characterizing primate welfare should not only consider the behavioral phenotype but also 

the rate of expression. Third, one needs to consider the role of behavioral plasticity and 

the ability to adapt to novel environmental conditions as fundamental elements of primates’ 

coping mechanisms (Mason et al., 2013). Species-typical behaviors have been acquired 

through natural selection and enable animals to react to, and gain better control of, their 

environment. Can abnormal behaviors serve a similar purpose? It has been argued that those 

captive animals that express certain forms of abnormal behavior, such as motor stereotypies, 

may have superior levels of welfare compared to those that do not, due to their ability to 

cope with the challenges they face in that environment (Mason & Latham, 2004; but, see 

Broom, 2019 for an opposing view).

To date, only a few studies with a stated goal to tease apart the differential value of abnormal 

behaviors in welfare assessment have been published. In primates, some evidence suggests 

that certain types of abnormal behaviors are better indicators of the animals’ welfare 

state than others. These suggestions resulted from the assessment of the relationships of 

specific types of abnormal behaviors and additional welfare indicators. For instance, tufted 

capuchins (Cebus apella) exhibiting higher levels of stereotypic head twirling were more 

likely to interpret ambiguous stimuli as signaling the arrival of an aversive experience, 

suggesting negative affect, while stereotypic pacing was not correlated with such measures 

of negative affective states (Pomerantz, Terkel, et al., 2012). Therefore, for this species, 

head-twirling was determined to be a more valid reflector of the animals’ welfare than 

pacing. Additionally, rhesus macaques expressing higher levels of self-directed and fine-

motor stereotypic behavior required more trials to extinguish a previously acquired response 

than animals that performed whole-body stereotypies, potentially indicating neurological 

malfunction of the basal ganglia (Pomerantz, Paukner, et al., 2012).

Not only do some abnormal behaviors appear to be more reliable indicators of welfare, but 

some may actually indicate an effective response to the environment. In particular, it has 
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been suggested that the expression of abnormal behavior serves a psychological function, 

enabling animals to better cope with stressors they encounter by employing a novel arousal 

reducing coping response (Crockett et al., 2007; Pomerantz, Paukner, et al., 2012). Further 

support for this notion comes from studies that have shown that preventing animals from 

expressing already developed abnormal behaviors reduces their welfare levels (Jones et al., 

1989; McBride & Cuddeford, 2001). To add yet another layer of complexity, abnormal 

behavior may gradually become divorced from the original stimulus that triggered its 

development (i.e., emancipated, Vickery & Mason, 2004). Thus, it is important to recognize 

that abnormal behaviors may reflect a prior trauma, impoverished rearing, or previous 

housing in inappropriate conditions, and so may not represent a reliable reflection of an 

animal’s current welfare state or the suitability of the housing and management program.

8. Conclusions and Future Directions

Abnormal behavior has strong links to conditions associated with poor welfare. While 

there is still much work to be done to better understand the value of abnormal 

behavior as a welfare assessment tool, it should additionally be acknowledged that, in 

light of the large body of literature that associates abnormal behaviors with unfitting 

environmental conditions, these behaviors should serve as a warning sign that warrants 

further investigation. The animal’s quality of life should always be the central focus, 

and thus having clear endpoints in place is additionally critical. In this review, we have 

focused on the identification, risk factors, assessment, and treatment of abnormal behaviors. 

However, it is additionally clear that many factors prevent an unequivocal determination of 

an animal’s wellbeing. Therefore, this review should also be utilized for addressing gaps in 

our knowledge. To undertake this challenge, further research into the specific significance 

and relative importance of particular abnormal behaviors is needed. Similarly, combining 

measurement of abnormal behavior with additional indicators is necessary to gain a more 

accurate understanding of the animal’s welfare state. A better understanding of abnormal 

behavior overall will allow for improved captive conditions and welfare in primates.
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Appendix-Methods for Assessing Behavior

Assessing Behavior

Programs monitoring primate behavior and welfare differ across institutions, depending on 

programmatic needs and staff constraints, but here we aim to describe universal methods 
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and tools to identify and assess behaviors of concern. Behavioral monitoring can be 

supplemented with other measures such as fecal hormones or hair cortisol (Davenport et 

al., 2006; Rimbach et al., 2013); as well as tests of mood and affect (Cassidy et al., 2021; 

Pomerantz et al., 2012); however, these methodologies are outside of the scope of this 

manuscript and will not be expanded upon here.

1. Staff Education

To ensure proper detection, monitoring, understanding, and treatment of abnormal 

behaviors, education about primate behavior to all personnel working with the animals is 

essential (Rennie & Buchanan-Smith, 2006), although the benefits depend on the quality 

and rigor of that training (reviewed in Glanville et al., 2020). Educational opportunities 

should be included as part of new employee orientation but should also be an on-going 

process. Such training should enable staff to identify and interpret common species-typical 

and abnormal behaviors, equip them to know how to appropriately interact with animals, and 

help them to identify, monitor, and report behaviors of concern with pertinent information 

relating to the animal and its environment (Bloomsmith, Perlman, et al., 2017).

2. Behavioral Assessment Methods

Systematic observations are essential in animal welfare assessment. Regular and reliable 

collection of both qualitative and quantitative data by trained staff should provide an 

adequate reflection of the animal’s welfare state, and clear guidance on how to record such 

data appears in a number of publications (e.g., Altmann, 1974; Martin & Bateson, 2007; 

Teichroeb et al., 2021; Table 1).

Table 1.

Different approaches for collecting and recording observational data. The sampling methods 

describe which animals are observed and the recording methods describe how the data are 

documented. Sampling and recording methods can be used in combination.

Sampling Methods

Method Description Advantages Disadvantages

Focal sampling Observing one animal 
or unit at a time via 
continuous, one-zero, or 
instantaneous recording.

Very detailed information can 
be recorded.

Can be time consuming 
to sequentially collect focal 
follows on all animals in a 
colony if whole groups are 
to be monitored at one time. 
Depending on the data recorded, 
focal sampling may obscure 
social interactions between 
group members.

Scan sampling Observing a group of 
animals, each animal 
observed in turn.

Allows for a temporal 
understanding of how the 
behavior of each animal in a 
group may interact with others.

May lose track of individuals 
when the group is large.

Behavior 
sampling

Observations of every 
occurrence of specific 
behaviors whenever they 
are observed.

Useful for capturing rare 
behaviors or behaviors of 
specific concern.

Feasibility dictates that focus is 
limited to a small number of 
behaviors

Recording Methods

Method Description Advantages Disadvantages
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Sampling Methods

Method Description Advantages Disadvantages

Continuous 
recording

Observations of all 
behaviors occurring within 
a specified amount of time

Effective for recording 
frequency and duration of 
behaviors. Offers a detailed 
understanding of the sequential 
presentation of behaviors that 
may be useful for identifying 
triggers and outcomes of 
behaviors.

A time-consuming and 
demanding approach that often 
requires the use of specialized 
software.

One-zero 
recording

Observations of the 
occurrence of a specified 
behavior within a set 
interval of time (e.g., 
whether behavior occurred 
or not within a 10-minute 
period).

Data collection is simple, 
leading to high interobserver 
reliability, and can be 
especially helpful to tracking 
rare behaviors or behaviors of 
concern.

True durations and rates are 
not calculated. Rare behaviors 
may be overemphasized in the 
dataset.

Instantaneous 
recording

Observations of specified 
behaviors at regular points 
in time (e.g., what behavior 
occurred at the end of each 
interval, for a set period of 
time).

Less demanding than 
continuous recording and can 
provide a good approximation 
of the proportion of time spent 
performing a given behavior. 
Less statistically biased than 
one-zero sampling (Brereton et 
al., 2022)

As data are only collected at 
intervals, rare behaviors may not 
be captured, and true rates and 
durations of behaviors are not 
calculated.

According to a recent survey, most (89%) research facilities that house primates in 

North America have personnel who monitor the animals for behavior problems and 

52% use quantitative data collection measurements for this purpose (Baker, 2016). AZA-

accredited zoos must also conduct regular welfare assessments that are recorded and 

evaluated, and across zoos standardized behavioral monitoring tools, such as ZooMonitor, 

have been widely adopted in recent years (Wark et al., 2019). The extent of behavioral 

monitoring depends upon several factors, including the number of personnel responsible for 

observations, as well as the size of the facility’s primate population. Promisingly, between 

the years 2007 to 2016, the ratio of behavioral staff to the number of primates for which 

they are responsible has doubled in research facilities, reflecting the growing understanding 

of the critical role behavioral management has in maintaining healthy and stable populations 

(Baker, 2016; Baker et al., 2007).

When planning how best to monitor primates’ behavior, a number of decisions need to be 

made: 1) which behaviors will be recorded? 2) what methods will be used to observe and 

monitor the primates? 3) what will be used to document the observed behaviors, and who 

will collect the data? 4) which primates will be monitored? and 5) what will be the sampling 

and recording rules of observation?

2.1 Which behaviors will be recorded?—Behavioral data systems capture the 

presence, absence, frequency, and durations of selected behaviors; therefore, the first step 

of any behavioral monitoring program is to develop an ethogram (a list of the behaviors 

of interest and their definitions). While many primates share similar behavioral profiles, 

there are also key species differences that must be acknowledged. For example, some 

species perform behaviors that others do not, or express similar behaviors that communicate 

different information. Therefore, when developing a new ethogram, it is important to be 

fully familiarized with the typical behavioral repertoire for the species. For commonly 
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studied species (e.g., rhesus macaques, baboons, chimpanzees), published ethograms may 

be available that can be adopted or adapted, which further allows for comparison across 

sites if needed. To facilitate the process of communicating about abnormal behavior across 

facilities, the National Institutes of Health’s Behavior Management Consortium created 

an “Abnormal Behavior Ethogram” (Baker et al., 2017; see also The Macaque Website 

produced by NC3Rs https://www.nc3rs.org.uk/macaques/). In addition to selecting which 

behaviors to monitor, the intensity of the behavior should also be considered (see Baker et 

al., 2017 for an example).

2.2 What methods will be used to observe and monitor the behavior of the 
primates?—There are a number of methods that can be used to observe primates, the most 

common of which is direct observation. Following a recommended period of habituation 

to the human observer’s presence, live, direct observations allow the observer to watch the 

animal(s) from different angles to get a clear view of their behavior. In some circumstances, 

when habituation is not possible or not appropriate, the presence of a person observing the 

primates may affect the animal’s behavior (Iredale et al., 2010). To overcome this, animals 

can be monitored remotely in real time via live video feeds, although it is worth nothing that 

real time observations cannot be reviewed. Consequently, fleeting, or cryptic behaviors, such 

as a head toss or brief self-bite, may be overlooked, particularly when a number of animals 

are housed together.

Video recording may be especially beneficial in cases when data need to be reviewed at a 

later time (Forrester, 2008) or during hours when staff are not present, such as nighttime 

(Anderson et al., 2019; Stanwicks et al., 2017). The use of video recording allows for more 

comprehensive, 24/7 welfare monitoring (Brando & Buchanan-Smith, 2018), and is also 

useful for staff education and identification of rare behaviors. Furthermore, video footage 

can be augmented to allow for thermal imaging data to be recorded (Ross et al., 2021). 

Scoring behavioral data from video can be time-consuming, although automated tools for 

coding video footage are being developed that can expedite the coding process (Labuguen 

et al., 2020). However, video is not without challenges; identifying subtle behaviors, such 

as hair plucking, may be difficult from video footage, whereas whole body, stereotyped 

behaviors are typically easier to detect, potentially biasing the results (Hansen et al., 2020). 

Identifying individuals in a group setting may also be more challenging via video and may 

require that the animals be clearly marked with tattoos, dyes, and/or shave patterns.

A third method to monitor captive primates’ behavior is to use automated real-time video 

monitoring (Noldus et al., 2001) or via the use of wearable sensors (Gelardi et al., 2020). 

For such systems, the primates may need to wear different colored jackets, each of which 

is recognized and tracked separately by the monitoring system (Ballesta et al., 2014; Rose 

et al., 2012), although not all systems require this (Walton et al., 2006). Such automated 

systems reduce the need for staff time for observations or video coding and can often 

track detailed information about the primates’ location and movement patterns (including 

pacing and stereotypic movement; Hayden et al., 2021). While such systems may not 

be sensitive enough to detect and record more subtle behaviors that may be of interest, 

such as self-directed or appetitive abnormal behaviors, software advances are continually 

being released that offer enhanced capacities (e.g., Bala et al., 2020). Additionally, such 
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an approach has inherent upfront costs in terms of time and money: time and care will be 

required to habituate the primates to wearing the jackets and tracking markers if required by 

the system, and costs associated with obtaining the necessary software and hardware may be 

prohibitive. However, these costs may be recovered in terms of personnel time savings.

2.3 What will be used to document the observed behaviors, and who will 
collect the data?—Beyond determining how best to observe and monitor primates, 

the hardware and software needed to record and collate behavioral data will need to be 

selected. The simplest approach to collect data is to use pen and paper. With this method, 

a pre-formatted table is typically printed on the paper for data collection (see Martin & 

Bateson, 2007 for an example) and a timer or stopwatch is utilized to keep track of time. 

Pen and paper can be used for a variety of data collection methods, including one-zero 

and instantaneous sampling (Altmann, 1974). While affordable, such an approach requires 

the transcription of data for analysis, which can be time consuming and may increase the 

likelihood of the introduction of errors. Alternatively, if using an electronic data collection 

system, specialized software can be used, or users can create their own ethogram and 

database via Microsoft Excel, Microsoft Access, Google Forms, or similar software. Choice 

of software may be driven by user needs and budget. Specialized systems can be used 

to enter data from real-time observations or when coding video footage, although some 

software are better suited for one approach than the other (reviewed in Hobson et al., 

2020). In addition to selecting appropriate software, associated hardware will also need to 

be acquired, including a laptop or handheld device for entering data and, potentially, video 

cameras for remote observation.

All observers collecting the behavioral data need to be reliable with each other in 

correctly identifying the behaviors in the ethogram (Jansen et al., 2003). Appropriate 

training on the ethogram ensures consistency across observers. Specifically, inter-observer 

reliability measures (IORs) need to be achieved and maintained with all personnel collecting 

behavioral data. Repeated testing should also be conducted to ensure that there is no drift 

over time across or within observers in behavior identification from operational definitions. 

Typically, a new observer collects data simultaneously with a trained observer and their 

ratings are compared after the fact. Such tests can be run with live observations or from 

coding video footage and “blind” coding can further ensure that bias is minimized (Holman 

et al., 2015). Agreement between observers can be calculated manually by comparing 

ratings, creating a percent agreement, or via intra-class correlation coefficients or Cohen’s 

kappa scores, but some software packages (e.g., ZooMonitor, Observer XT) automatically 

calculate observer agreement. Given that some abnormal behaviors are only rarely seen, or 

may differ in their expression across different primates, IORs are key to ensuring reliable 

and meaningful datasets. Once data are collected, staff needs to be able to compile, analyze, 

and interpret the data in a timely manner to avoid overlooking opportunities to treat animals 

of concern or to evaluate interventions.

2.4 Which primates will be monitored?—Behavioral data may be collected on all 

animals at a facility to help assess the welfare of a population, identify overall abnormal 

behaviors expressed, and monitor trends in emergence of behaviors of concern, as well 
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as to monitor species appropriate behavior. Decisions about more focused monitoring 

of individuals within the population should be based on current expression of abnormal 

behavior (severity, frequency, duration), and/or intrinsic and extrinsic risk factors (rearing 

history, temperament, social environment, clinical health).

2.5 What will be the sampling and recording rules of observations?—The 

frequency and methods of data collection are first determined based on the goals of the 

behavioral monitoring program (e.g., identification of abnormal behaviors in a population 

or assessing treatment of an individual’s abnormal behavior). Based on these goals, there 

are three aspects of timing that must be determined: the frequency at which each animal/ 

abnormal behavior type is observed (e.g., daily, weekly, monthly), the duration of each 

observation session, and the frequency with which data are recorded during each observation 

session (e.g., every 30 seconds, every minute, every five minutes, or continuously). 

Observations at different and/or targeted times of day help to identify triggers, such as 

loud noises, cage wash activities, research procedures, and staff or visitor behavior.

The frequency of formal data collection across North American primate research facilities 

varies widely from daily to annually, with monthly observations on primates being the most 

common (Baker, 2016). The regularity of observations may also differ within facilities, 

such that higher risk animals are observed more frequently, or observation rate may 

increase colony-wide at critical time points (e.g., during the breeding season or following 

transfer from another facility). Ideally, all animals should be observed on a regular basis 

as this allows a true understanding of colony health as well as an individual’s “baseline” 

behavior and activity budget. Such baseline data would allow a comparison point for 

situations that may trigger abnormal behaviors and would enable quick identification of 

when (and potentially why) an animal may begin to express abnormal behaviors, thus aiding 

treatment and care. In addition to the behavioral data, observers should also record pertinent 

independent variables and other correlative behavior that might provide insights to triggers 

of abnormal behaviors (e.g., time of day, weather, presence of staff or visitors, whether or 

not the animal is on study, time since last veterinary procedure etc.).

3. What to Measure

In the previous section we outlined the questions that must be addressed when planning 

a behavioral data collection and the different approaches that can be used to collect 

observational data. A key component of choosing the best method is identifying what the 

aims of the data collection are, which in turn will inform what methods are most appropriate 

and what behaviors should be recorded. For example, if the aim is to evaluate the prevalence 

of abnormal behaviors within a population, then a broad surveying approach, in which most 

or all of the population are observed on a regular basis and a broad array of behaviors are 

recorded, is needed. However, if the aim is to determine what environmental events may 

be triggering the presentation of a specific abnormal behavior in an individual or group, 

then a more targeted approach in terms of the number of animals observed and behaviors 

recorded, but with a more comprehensive list of independent variables and correlative events 

may suffice. Identifying the most appropriate methods will generate the most useful data 

set for answering the programmatic questions and, in turn, allow for the most detailed 
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understanding of the primates’ welfare and the efficacy of any treatments or interventions 

that are deployed.

4. Assessment Design

Once a behavioral concern has been identified, the next step is to decide how the primates’ 

welfare will be assessed. As described above, observational data can be collected to 

assess behavior, potentially in conjunction with management changes or treatments (see 

Treatment Approaches in the main article). When collecting behavioral data, any changes in 

behavior can be examined against time or other independent variables and inferences drawn 

(although, it is important to remember that correlation does not equal causation).

In cases where an intervention is conducted, it is important to assess its efficacy. 

Experimental approaches to assess interventions can be roughly grouped into two types 

that describe how the animals are tested. In a between-subjects design, one group of animals 

is assigned to one condition while another group is assigned to a second condition. This 

might be a medication (test) versus a placebo (control), or it might be a comparison 

between two different test conditions (e.g., medication A versus medication B). Animals 

may either be randomly assigned to each condition (a true experiment) or assignations 

might be constrained/determined by facility needs (a quasi-experiment). In either case, the 

responses of individuals in one group are compared to those of individuals in the other group 

(e.g., Bloomsmith & Lambeth, 1995; Boinski et al., 1999; Buchanan-Smith & Badihi, 2012; 

Crockett et al., 2000). In contrast, in a within-subjects design, all animals experience a test 

condition and their responses are compared to themselves in another condition. For example, 

all animals in a colony might be monitored before an intervention (baseline condition) and 

once again after the intervention, such as the provision of new enrichment (test condition). 

Their behavior in the test condition is compared to their prior behavior in the baseline 

period (e.g., Wooddell et al., 2019). In some cases, their behavior is monitored again in 

a third phase in which the intervention is removed to assess the impact of removing the 

treatment, i.e., an A-B-A design (e.g., Lee et al., 2012). Such within-subject approaches 

are especially useful when only small sample sizes are being assessed, when there is high 

inter-individual variation, or if there is an expectation that the intervention will be beneficial 

and so all animals should receive it. Such interventions may also be unplanned but can still 

be documented if baseline data have been collected.

A more recent applied approach used to evaluate and treat behavioral problems in primates 

is functional behavior assessment. This is an applied behavior analysis approach originally 

developed for use with human patients (Hanley et al., 2003), but these techniques have 

proved successful in treating behavioral problems in nonhuman primates (Bloomsmith et 

al., 2007; Martin, 2017). A Functional Analysis is a single subject design with one control 

and several experimental conditions. The experimental conditions identify what purpose the 

problem behavior serves to the individual, such as to avoid an event or stimulus, gain human 

attention or access a stimulus. The findings are used to develop function-based treatments 

to weaken the relationship between a behavior and its reinforcer and also replace the 

abnormal/problem behavior with a more appropriate one (Iwata et al., 1994). In primates, 

this approach has proven successful for treating SIB in an olive baboon (P. h. anubis; 
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Dorey et al., 2009); human-directed feces throwing by a chimpanzee (Martin et al., 2011); 

and disruptive behavior in a rhesus monkey (Franklin et al., 2021). See Martin (2017) 

and Kummrow (2021) for more information on the application of Functional Analysis in 

primates to treat behavioral problems.

Other applied behavior analysis techniques, such as preference assessments and competing 

items assessments, are applied with primates to identify preferred foods which can increase 

desirable behavior responses (Martin et al., 2018) and preferred devices that increase the 

expression of targeted behaviors (Fernandez & Timberlake, 2019). The data from these 

techniques add more information to inform function-based therapeutic treatments and can 

be particularly effective in treating automatically reinforced behaviors by identifying an 

individual’s preferred alternatives to destructive behavior (Piazza et al., 1998; Vollmer, 

1994).
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