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Abstract

In recent years, research on animal personality has exploded within the field of

behavioral ecology. Consistent individual differences in behavior exist in a wide range

of species, and these differences can have fitness consequences and influence sev-

eral aspects of a species' ecology. In comparison to studies of other animals, how-

ever, there has been relatively little research on the behavioral ecology of primate

personality. This is surprising given the large body of research within psychology and

biomedicine showing that primate personality traits are heritable and linked to health

and life history outcomes. In this article, I bring together theoretical perspectives on

the ecology and evolution of animal personality with an integrative review of what

we know about primate personality from studies conducted on captive, free-ranging,

and wild primates. Incorporating frameworks that emphasize consistency in behavior

into primate behavioral ecology research holds promise for improving our under-

standing of primate behavioral evolution.

K E YWORD S

behavioral consistency, behavioral ecology, individual differences, personality, primate

behavior, temperament

1 | INTRODUCTION

Individuals from the same population typically differ in their behavior

in ways that are consistent over time and across situations.1 In

humans, such behavioral differences are referred to as “personality

traits.”2 Over the past few decades, researchers have documented

analogous individual differences in a wide range of animal taxa.3–7

These differences are now most commonly referred to as “animal per-

sonalities” in the ecology and evolutionary biology literature (Box 1).

Animal studies have demonstrated that personality can have fitness

consequences in natural populations,8 and in addition to a large num-

ber of empirical studies, a rich theoretical literature has been devel-

oped on the evolutionary ecology of animal personality.1,9

Evolutionary frameworks for personality variation entail a shift in

how we approach animal behavior (Table 1).1,10–15 The existence of

personality means that behaviors expressed in different contexts may

be correlated, and traits that are correlated are not expected to evolve

in isolation but rather to evolve together as an integrated pack-

age.12,14 Correlations across time and contexts also suggest that

behavior may not be as flexible as is commonly assumed within tradi-

tional behavioral ecological frameworks.1,12,14 Under traditional

behavioral ecological frameworks, individuals should be able to rapidly

adjust their behavior in response to differing situations with few con-

straints on behavioral plasticity. Behavior is seen as a response to dif-

ferences in extrinsic ecological and social factors (e.g., food

availability, predation pressure, group size) as well as certain intrinsic

characteristics (e.g., sex, age class), and individuals are assumed to be

able to flexibly express optimal adaptive responses (“behavioral strate-

gies”) in each separate situation.1,14 However, the existence of per-

sonality suggests greater constraints on behavioral plasticity than may

currently be acknowledged.

The study of personality within primate behavioral ecology is still

in its infancy, with relatively few studies having examined personality

from an ecological perspective, particularly in wild primates.
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Moreover, while most contemporary textbooks on animal behavior or

general behavioral ecology cover animal personalities, this is not the

case for popular contemporary primate behavior reference texts,

where “personality” may not even appear in the index.16 While

research on personality within primate behavioral ecology has thus

progressed slowly relative to trends in the larger behavioral ecology

literature, primate personality does have a rich history of study in

other fields such as psychology, biomedicine, and applied ethology.17

Research in these fields is conducted primarily on captive and man-

aged free-ranging populations and commonly focuses on questions of

proximate causation such as the physiological and genetic mecha-

nisms underlying individual differences.

In this article, I review some key findings from research on pri-

mate personality conducted across multiple disciplines that I believe

to be most relevant for improving our integrated understanding of pri-

mate behavior. In bringing this research together, I hope to identify

what we know thus far about primate personality as well as what the

most pressing outstanding questions are. Before turning to the pri-

mate literature, I briefly review some concepts and questions central

to the ecological and evolutionary study of animal personality.

2 | EVOLUTIONARY AND ECOLOGICAL
PERSPECTIVES ON ANIMAL PERSONALITY

Traditionally, studies in behavioral ecology have concerned them-

selves with shifts in average behavioral responses to environmental

conditions, working within theoretical frameworks that emphasize

optimality in a given functional context.18 Under these approaches,

the focus is on central tendencies, while variation is treated as noise

around an adaptive mean.10 In contrast, theoretical work on the evo-

lutionary ecology of animal personalities is concerned with inter-

individual variation itself, particularly in behavior that is consistent

across time and/or situations. Two theoretical puzzles arise from the

existence of animal personalities: (a) why are individuals' behaviors

BOX 1 Terminology: Personality, temperament, and behavioral syndromes

Researchers approaching the animal personality literature for the first time may be puzzled by the terminology used to describe the

same or related concepts. Consistent individual differences in behavior have variously been labeled as “personality,”

“temperament,” and

“behavioral syndromes,” among other terms. Some researchers may prefer to use terms such as “temperament” instead of “person-

ality” because the former may not carry the same connotations of anthropomorphism.5 While conceptual distinctions between “temper-

ament” and “personality” have also been proposed,93 in practice there has been little agreement about the difference between them

and these two terms are used inconsistently and often synonymously in the literature.3,5,33 In recent years, “personality” has become

the most frequently used term in ecology and evolutionary biology and is thus the term used throughout this article.

Another pair of terms that are sometimes used interchangeably but which many authors do recognize as conceptually distinct are

“personality” and “behavioral syndrome.”12,14 Personality traits generally refer to consistency in a single type of behavior (e.g., boldness

or aggressiveness) over time or across contexts, whereas a behavioral syndrome refers to covariance between two or more functionally

distinct behavioral traits (e.g., a correlation between boldness and aggressiveness).12,14,94 The statistical treatment of each concept is

also generally different—whereas personality traits are defined based on statistically significant repeatability in behavior, behavioral syn-

dromes are commonly identified through testing for phenotypic correlations between two or more behavioral traits.32,94

Finally, there are conceptual differences associated with the term “personality trait” as used in the behavioral ecological versus the

psychological literature.49 In behavioral ecology a personality trait most commonly refers to individual differences in an observable and

quantifiable aspect of behavior, whereas in differential psychology personality traits can also encompass individual differences in affec-

tive and cognitive dispositions.35,49,55

TABLE 1 Conceptual emphases of traditional behavioral ecology
versus animal personality theory

Traditional behavioral
ecology Animal personality

Focus of study Evolution of adaptive

means in behavior

Evolution of consistent

individual differences

in behavior

Interindividual
variation

Treated as nonadaptive

noise around an

adaptive mean

Hypothesized to be

adaptive

Optimality in

behavior

Commonly studied in

single functional

contexts, for

example, foraging,

mating, parenting

Approached globally,

considering

behavioral

correlations across

contexts

Behavioral
plasticity

Assumed to be

unlimited, with

individuals rapidly

changing behavior so

that optimal behavior

is able to be

expressed in each

situation

Limited, behavioral

consistencies across

time and contexts

leading some

individuals to express

suboptimal behavior

in some situations
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correlated across situations or time when a greater degree of plasticity

or flexibility in response to different conditions might appear to be

more adaptive, and (b) how is behavioral variation maintained within

populations over evolutionary time scales?4,7,11,19,20

Behavioral correlations may lead to trade-offs across contexts,

analogous to the trade-offs between growth and reproduction recog-

nized by life history theory.12,14 Some individuals may express behav-

ior that is seemingly suboptimal if examined within a single functional

context (e.g., foraging, mating, parenting) in isolation. However, this

behavior may have correlations across contexts that lead to positive

effects on fitness overall.12,14 Examples of seemingly suboptimal

behaviors that are challenging to explain when viewed in isolation are

energetically costly superfluous killing of prey21 and precopulatory

sexual cannibalism22,23 in some spiders.

Funnel spiders differ in their levels of foraging aggression (attack rates

on prey), and foraging aggression is correlated with aggression toward

conspecifics as well as territory size.24 There is also interpopulation varia-

tion in aggression. Spiders from food-limited sites are characterized by

higher aggressiveness than those from sites where food is abundant, and

breeding experiments find that these individual differences have a genetic

basis.25 Laboratory trials have also shown that individuals from food-

limited sites show high rates of superfluous killing.21 Although adaptive

hypotheses for superfluous killing have been proposed, data on funnel spi-

ders suggest that this behavior may be a non-adaptive carryover resulting

from selection on aggression toward prey in food-limited environments.21

Similarly, precopulatory sexual cannibalism by some female fishing spiders

may result from limited plasticity in aggression across foraging and mating

contexts and across ontogeny.22,23 Juvenile females who are highly

aggressive toward prey reach larger adult body sizes and produce more

eggs.23 However, carryover of high aggressiveness to the mating context

in adulthood may lead to high attack rates on courting males and insuffi-

cient copulations for egg fertilization.22,23

Many behaviors that are correlated across situations share under-

lying proximate mechanisms, such as pleiotropic genes or shared neu-

rotransmitter systems and hormones. This may explain the

phenomenon of behavioral consistency on one level, but theorists ask

why natural selection has not led to an uncoupling of behavior across

situations from a shared proximate mechanism (such as a hormone) to

allow for greater flexibility.20 Most of the theoretical models that have

been developed to explain consistency in behavior are based on

linking behavioral differences to underlying differences in state.9,20 In

this context, the concept of “state” is that commonly used in evolu-

tionary game theory and life history theory, where an animal's state

refers to “those features of an organism (e.g., morphological, physio-

logical, neurobiological, or environmental) that affect the balance

between costs and benefits of its behavioral actions” (p. 3948).9 A

variety of state-dependent models for adaptive personality differ-

ences have been developed, linking behavior to individual differences

in states such as metabolic rate, residual reproductive value, energy

reserves, body size, and productivity (reviewed in References 9 and

20). Some of these models incorporate positive feedback mechanisms

operating on small initial differences in state or condition that amplify

and stabilize behavioral differences over time.

For the second question—why are stable individual differences in

behavior maintained in populations over evolutionary time?—classic

evolutionary theories that address the origin and maintenance of

genetic variation underlying quantitative traits apply.1,2 The most fre-

quently proposed adaptive explanations for animal personalities

include frequency-dependent selection, spatial and/or temporal envi-

ronmental heterogeneity and fluctuating selection pressures, and life

history trade-offs.1,11,12,19,20,25 For social animals where the payoffs

of behavioral responses frequently depend the behavior of others, the

social environment and negative frequency dependence are thought

to be an especially important pressure driving behavioral differentia-

tion.11,26 Sexual selection may also be important in maintaining per-

sonality differences,27 and of course personality could be a result of

several of these forces working together.6

To gain a better understanding of the origins and maintenance of

animal personalities, functional approaches need to be integrated with

studies that examine the proximate mechanisms—and particularly the

genetic architecture—of personality traits.19,28 A significant literature

exists on the behavioral genetics of animal personalities, most of this

research having been done on a limited number of model organisms,

primarily laboratory rodents and primates. There are some notable

exceptions, including a handful of studies that have taken an explicitly

integrative evolutionary approach in wild or free-ranging animal

populations. The most exemplary of these may be the series of studies

on the behavioral genetics and fitness consequences of exploratory

behavior in great tits (Parus major), as described in Box 2.

In addition to differences in average behavioral responses across con-

texts, individuals may differ in their range of behavioral plasticity.15,29 This

has led to theoretical work suggesting that between-individual variation

in behavioral plasticity may itself be adaptive29–31 and calls to study both

between- and within-individual behavioral variation within a single adap-

tive framework.1,15 Dingemanse and colleagues15 proposed a “behavioral

reaction norm” framework that integrates individual variation in personal-

ity and plasticity, extending the concept of reaction norms used in devel-

opmental and evolutionary biology. A developmental reaction norm is the

range of phenotypes that a given genotype will produce across a range of

environments; accordingly, a behavioral reaction norm is the range of

behavioral phenotypes that an individual expresses under a set of envi-

ronmental conditions.15 Mixed-effects models provide a useful statistical

framework for investigating personality and plasticity in an integrated

way because they allow for a direct estimation of the between- and

within-individual variance components that contribute to phenotypic vari-

ation.15,31 Personality is identified based on finding statistically significant

repeatability in behavior over multiple measurements, repeatability being

quantified as the proportion of phenotypic variation that is accounted for

by between-individual variation.15,32

3 | PRIMATE PERSONALITY RESEARCH
APPROACHES

Primate personality has a long history of study within comparative

psychology and biomedicine.3,17,33 Comparative psychologists seek to

58 BLASZCZYK



understand personality variation across species, including how differ-

ences in ecology and social system as well as phylogeny shape differ-

ences in personality.34,35 In biomedical fields such as biological

psychiatry, nonhuman primates are commonly used as models to

advance understanding of the proximate and developmental (including

environmental) factors underlying human personality traits, and the

BOX 2 Case study: Exploratory behavior in great tits

Laboratory studies in hand-reared great tits (Parus major) since the early 1990s had shown that individuals differed consistently in their

responses toward novel stimuli, and a four-generation bidirectional artificial selection study found a realized heritability of 0.54 for

“early exploratory behavior,” a score combining exploratory behavior of a new environment and boldness toward a novel object.95 Fol-

lowing these studies, exploratory behavior was found to be repeatable and heritable in a wild population of great tits.96 These studies

prompted Dingemanse and colleagues97 to investigate the fitness consequences of exploratory behavior in wild great tits to try to bet-

ter understand how this variation is maintained within natural populations.

Dingemanse et al.'s96 study was the first to explicitly examine the fitness correlates of an animal personality trait in a natural popu-

lation. Selection was quantified by examining the relationship between exploratory behavior and two fitness outcomes, adult survival

and offspring recruitment, over 5 consecutive years in a nest-box population of 1342 individuals. Each individual was captured and tem-

porarily transported to the laboratory to assay exploratory behavior, being scored on a continuum of “fast-exploring” to “slow-exploring”

based on movements of the individual around a novel room with artificial trees. Individuals that had been scored were tagged and

released following the behavioral test and followed up each breeding season to assess survival. Offspring of these adults were also

tagged when found in the adult's nest box, and offspring recruitment was assessed by tallying the number of surviving offspring that

were found again in the year after the previous breeding season.

The results of this study revealed a complex pattern of fitness correlates of exploratory behavior, with marked differences between

years and between sexes. In years with masting of beech trees, which provided greater food resources to the birds in winter and were

thus called “rich years,” adult survival was significantly greater for fast exploring males and slow exploring females. The pattern was

reversed for resource “poor years” when no beech masting occurred. Directional selection pressures on exploratory behavior in relation

to survival were thus found to fluctuate strongly between years. Selective pressures in relation to offspring recruitment were also found

to fluctuate between years, with pairs of medium-exploring adults producing the most recruits in resource poor years (stabilizing selec-

tion) and pairs of extreme phenotypes—fast–fast or slow–slow—producing the most offspring in resource-rich years (disruptive selec-

tion). The reasons for these trends were uncertain (although the authors did speculate as to why some of the patterns make sense in

ecological terms), but the fluctuating selection pressures observed with changes in environmental conditions in this study could help to

maintain higher levels of additive genetic variation associated with this personality trait than expected from mutation alone.2,97

Research on the behavioral ecology of individual differences in exploratory behavior in wild great tits has only increased in recent years.

Other research groups have found associations between this personality trait and several behaviors relevant to fitness and ecological

and evolutionary dynamics, including social foraging and collective movement behavior,98 reproductive investment under risk,99 and

natal dispersal distance.100

Great tits, Parus major, have been the subject of several studies on the proximal bases and the functional consequences of personality. Pho-

tograph by Shirley Clarke (CC BY-SA 3.0 [https://creativecommons.org/licenses/by-sa/3.0]) [Color Box can beviewed at wileyonlinelibrary.com]
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focus is typically on personality traits that are related to human psy-

chopathology such as “anxiousness” and “impulsivity”.36

The three methods most frequently used to measure primate per-

sonality traits are observer trait ratings, behavioral coding of natural

behavior, and behavioral tests33 (Table 2). Observer trait rating

methods usually involve multiple observers familiar with the study

animals filling out rating forms or questionnaires based on their gen-

eral impressions of individuals' characteristic behavior.33 Observers

are instructed to, for example, rate individuals along adjective terms

paired with behavioral descriptors. Examples of questionnaires that

have been used in primate personality studies are freely available as

part of a Weiss and colleagues'17 supplementary material (http://

extras.springer.com/2011/978-1-4614-0175-9). Behavioral coding

involves recording the behavior of individuals according to an eth-

ogram and calculating indices (rates or frequencies) for different

behaviors. Observer ratings or behavioral variables are then usually

analyzed using data reduction techniques such as factor analysis or

principal component analysis. The major factors or components

extracted from these analyses are tested for interrater reliability or

repeatability, and those factors/components that demonstrate signifi-

cant reliably/repeatability are given personality trait labels such as

“fearfulness,” “sociability,” “aggressiveness,” and “curiosity.” Personal-

ity trait labels are based on an interpretation of the behavioral

variables that load heavily on the factor/component.33 In behavioral

tests, the responses of individuals to standardized test situations with

specific stimuli are recorded, with the most commonly measured traits

including those related to responses to novel and/or potentially

threatening stimuli, such as risk-taking, novelty seeking, anxiety or

reactivity, and impulsivity.48

Two main concerns in personality research within psychology are

the reliability of measured traits and their validity. Reliability is gener-

ally assessed by calculating interrater reliability for trait ratings, inter-

observer reliability and/or repeatability over time for behavioral data,

and test–retest repeatability for behavioral tests.33,48,49 Validity refers

to how well a measure or test captures the trait being targeted.3 Ide-

ally, both “convergent” validity and “discriminant” validity are

assessed. Convergent validity is demonstrated when measures of

behavior across different tests are correlated, or when there is a cor-

relation between traits assessed using different methods, such as

observer trait ratings and behavioral measures. The criterion of dis-

criminant validity is satisfied when measures from one test are not

highly correlated with those from other tests designed to measure dif-

ferent traits3,33 Psychologists also frequently discuss the construct

validity of personality traits, which refers to theoretical conceptualiza-

tion of a trait and the predictions that result therefrom.3,33,48 The pro-

cess of construct validation incorporates investigating theoretically

TABLE 2 Methods commonly used to measure primate personality traits

Method Data collection Data processing and analysis

Examples of wild primate studies/

species where used

Trait ratings Observers fill out questionnaires or

rating forms based on their

cumulative impressions of an

individual's characteristic behavior,

usually within and/or across several

behavioral contexts

• Observers' ratings are tested for

interrater reliability

• Trait ratings with acceptable

reliability are subjected to factor

analysis or principal components

analysis (PCA), personality

dimensions are the major factors/

components that emerge from

analyses

• Further testing of interrater

reliability of personality dimensions

Hanuman langurs,37 white-faced

capuchins,38 Tibetan macaques,39

mountain gorillas40

Naturalistic

behavior coding

Observers record animals' naturally

occurring behavior according to an

ethogram

• Behavioral indices (e.g., behavioral

frequencies, rates) are extracted

from observation data

• If several related behaviors are to be

analyzed, factor analysis or PCA may

be used for dimension reduction, or

composite behavioral indices

constructed

• Assessment of repeatability of

behavioral variables over time

Hanuman langurs,37 yellow

baboons,41,42 chacma baboons,43

crested macaques44

Behavioral tests Study animals are exposed to

standardized test situations with

specific stimuli, test trials are

typically video recorded

• Behavioral measures are coded from

recordings of tests

• If several related behavioral

measures are to be analyzed, factor

analysis or PCA may be used for

dimension reduction, or composite

behavioral indices constructed

• Assessment of repeatability of

behavioral variables across tests

Mouse lemurs,45 chacma baboons,46

vervet monkeys47
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predicted convergent validity (i.e., examining correlations between

behaviors that are expected to be an expression of the same trait) and

discriminant validity (showing weak correlations or lack of correlation

between the trait of interest and measures of theoretically distinct

traits),3,33 as well as other lines of evidence. The other lines of evi-

dence can include identification of relationships between personality

measures and markers of neurobiological or physiological functioning,

such as levels of cerebrospinal fluid metabolites and hormones, or

relationships with predicted health outcomes or life history

variables.33,48

A review of the numerous empirical studies on personality in pri-

mates is beyond the scope of this article, and interested readers are

referred to Freeman and Gosling's33 review paper or an edited volume

on Personality and Temperament in Nonhuman Primates17 for further

detail. Below, however, I provide selected examples of studies illus-

trating the use of different primate personality measurement methods

in a field setting.

The trait rating method may be the first method that was used to

assess personality variation in wild primates, with Buirski and col-

leagues' studies of “emotional profiles” in wild baboons50 and chim-

panzees51 in the 1970s. Subsequently, several studies in recent years

have explored and compared personality structure using trait ratings

in wild primates including Hanuman langurs,37 white-faced

capuchins,38 Tibetan macaques,39 and mountain gorillas.40 Personality

traits recovered using this method are often similar to those found in

captive studies, and are likewise frequently named after the “Big Five”

human personality traits (i.e., Agreeableness, Neuroticism, Extraver-

sion, Conscientiousness, and Openness).52 Personality variation com-

monly found in wild primates includes individual differences in

sociability and agreeableness,37–40 extraversion and openness,37,38

and neuroticism38 or reactivity.39 There is of course also significant

interspecific variation and understanding why some dimensions are

found in some species and not others is a key aim of comparative

research on primate personalities.40

A goal of most personality studies that use trait ratings is to char-

acterize the personality structure of a population, that is, to undertake

a comprehensive assessment of individual differences and to deter-

mine how personality traits relate to each other. Studies commonly

also include assessments of how these personality traits are related to

measures of observed behavior to investigate the comparability of

personalities recovered using different methods or as a validation test.

For example, Konečná et al.'s37 study of Hanuman langurs examined

the convergent validity and divergent validity of personality dimen-

sions based on trait ratings and on a comprehensive set of behavioral

indices derived from naturalistic observational data. They found that

there were several correlations between personality components

derived using different methods (e.g., a ratings-based extraversion

dimension and a behavior-based activity dimension). Some studies

have also tested for correlations between ratings-based traits and

specific behaviors that are a priori hypothesized as related to these

traits, for example, sociability was correlated with rates of approaches

in gorillas40 and with “proportion of time of time spent alone” in

capuchins.38

Field studies using naturalistic behavioral coding have most com-

monly focused on a limited set of behaviors, and they have most com-

monly examined individual differences in social personality traits.

Sapolsky and colleagues' well-known studies on personality41,42 or

social “styles”53,54 in olive baboons fall into this category. Sapolsky

and Ray54 used observational data collected using focal animal sam-

pling to assess individual males' behavioral tendencies in social situa-

tions, such as tendencies of males to respond differently to an

agonistic interaction with versus simply the presence of another male

or differential behavioral reactivity of males when they lost versus

won a fight. They found that males that had high scores on these

measures had low cortisol levels relative to those that had low social

scores, and that both behavioral traits and cortisol levels were consis-

tent over several years, “suggesting that these may represent stable

personality traits” (p. 874).54 More recent examples include Seyfarth,

Silk, and Cheney's43 study of female chacma baboons and Neumann

et al.'s44 study of wild male crested macaques, both of which recov-

ered social personality traits through dimension reduction procedures

performed on social and spatial behavioral observation data.

Within the field of animal personality, the most frequently studied

personality trait is probably “boldness,” which refers to the propensity

for an animal to take risks in the face of threatening and/or novel situ-

ations.8,55 It is the trait that has most consistently been correlated

with fitness in animals,8 and it is typically measured using tests that

expose individuals to novel objects, predators, or threatening environ-

ments. To date, field studies on boldness have been published for at

least three primate species, all using novel object tests.45–47

Dammhahn45 implemented methods used to study personality traits

in small-bodied rodents for her field study of mouse lemurs, capturing

animals and placing them into a novel environment testing box. Loco-

motor and other behaviors such as sniffing were used to assay “activ-

ity” and “exploration”, and behavioral differences in responses to the

objects were labeled as “boldness.” Dammhahn45 found that boldness

was correlated with activity and exploration of the novel environment,

and interpreted these traits as forming a behavioral syndrome.

In chacma baboons, Carter et al.46 found that individuals'

responses to unfamiliar food items (e.g., hard-boiled eggs and bread

rolls dyed with red or green food dye) were repeatable, as were alarm

responses toward a taxidermic snake model, although the two traits—

labeled as “boldness” and “anxiousness”—were not correlated with

each other. Using similar methods, I found that wild vervet monkeys

were consistent in their responses to a set of ecologically salient novel

objects (exotic flowering plants, a plastic grasshopper, and a brightly

colored plastic scorpion; Figure 1).47

Research to date on captive, free-ranging, and wild primates

thus demonstrates that many primate species show consistent and

stable individual differences along personality trait dimensions such

as boldness, sociability, aggression, and reactivity, that these traits

can be measured reliably, and that many demonstrate high valid-

ity.3,33,35 For personality traits to be subject to and shaped by selec-

tion, however, variation in these traits must be heritable and this

variation must have fitness consequences. These are the topics of

the next two sections.
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4 | BEHAVIORAL GENETICS AND
PHYSIOLOGICAL CORRELATES OF PRIMATE
PERSONALITY

Quantitative genetic studies have found genetic contributions to varia-

tion in personality traits including novelty-seeking/boldness toward

novel objects in vervet monkeys56 and baboons,57 anxiety and fearful-

ness in juvenile rhesus macaques,58 and aggressiveness and social

impulsivity in vervets.59 A series of studies based on coding the natural-

istic behavior of free-ranging macaques on Cayo Santiago also found

traits such as Bold, Meek, Aggressive, Passive, Loner, and Nervous60 to

be heritable. von Borell, Weiss, and Penke61 found the median of publi-

shed narrow-sense heritability estimates for primate personality traits

to be h2 = 0.25 and noted that this value was close to estimates of

average narrow-sense heritability for human personality traits. Narrow-

sense heritability refers to the estimated proportion of phenotypic vari-

ance in a trait attributable to additive genetic variance, that is, the

summed effects of all genetic polymorphisms affecting a trait.62

There is also a body of research documenting correlations

between behavioral traits and physiological variables such as

concentrations of neurotransmitter metabolites, hormone releasing

factors, and hormones in the cerebrospinal fluid (CSF), peripheral

blood, urine, and feces. Much of this work has focused on the mono-

aminergic system, the target of most psychiatric drugs in humans. For

example, low levels of 5-hydroxyindoleacetic acid (the metabolite of

serotonin) have been associated with higher aggressiveness and

impulsivity and lower sociability or social competency in rhesus

macaques63–65 and vervet monkeys.66 Studies have also found corre-

lations between peripheral measures of hormone activity, such as cor-

tisol levels in blood,53,54 urine,67 and hair,68 and personality: lower

blood cortisol levels were associated with more competent social

styles in wild male baboons, as discussed above,53,54 but with a less

skillful social style among juvenile and adolescent chimpanzees in cap-

tivity.67 In captive vervets, females with lower average hair cortisol

levels (a marker of long-term cortisol release) were bolder in their

responses toward novel objects.68

Several molecular behavioral genetic studies have reported asso-

ciations between behavioral traits and variation at specific genetic

loci. These include relationships between polymorphisms in the regu-

latory region of the serotonin transporter gene and stress reactivity in

F IGURE 1 Stills from video recordings of novel object tests conducted on wild vervet monkeys. Vervets were consistent in their levels of
boldness toward an arrangement of exotic potted flowers (a), a plastic scorpion toy (b), and a plastic grasshopper toy (c)56 [Color figure can be
viewed at wileyonlinelibrary.com]
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rhesus macaques,69,70 the monoamine oxidase A promoter and

aggressiveness in rhesus macaques,71 and the dopamine D4 receptor

gene and novelty seeking (boldness) in vervet monkeys.56 In some

cases, studies have also reported gene-by-environment interactions,

where certain genetic variants are only associated with a specific phe-

notype in the presence of an environmental factor, typically an

adverse early environment (such as being peer-reared rather than

mother-reared).69,70

Although the results of these and other molecular behavioral

genetic studies (see Reference 70 for a review) are exciting at face

value, this literature is increasingly recognized as being plagued by

methodological issues, suggesting that many of the reported associa-

tions between specific genes and behavior are likely false positives.

For example, many behavioral genetic papers do not specify whether

reported analyses accounted for genetic relatedness when testing for

genetic associations.70 The use of standard genetic association analyt-

ical methods that assume that individuals are unrelated will increase

the chance of false-positive results if they are used on related ani-

mals.70 Another issue is testing for associations between many

genetic loci and behavioral traits but failing to report this or to control

for multiple testing, leading to publication bias and further increasing

the risk of false positives.70 Moreover, in humans, for whom much

more data are available than for nonhuman primates, most of the

results of high-profile studies that linked specific genetic variants to

personality traits failed to replicate, and meta-analyses suggest that

the literature is rife with false-positive results.72,73 The results of more

recent and much more powerful genome-wide association studies

conducted on large samples of humans (in the thousands to hundreds

of thousands) suggest that heritable variation in human personality

traits is due to a multitude of genetic variants each having a very small

effect,72 and this is likely to be true for other primates.61 Still, some

associations between specific genes and primate personality traits

have been replicated across independent populations, such as an

association between polymorphism length in the arginine vasopressin

receptor 1A gene and a ratings-based conscientiousness trait in

chimpanzees.74,75

For a detailed discussion of the current evidence on the effects of

genes, environmental variables, and their interactions on individual

differences in primate behavior, as well as the most promising future

directions in this area of study, the reader is referred to recent

reviews by Borell, Weiss, and Penke61 Rogers,70 and Weiss.76

5 | DO PRIMATE PERSONALITY TRAITS
HAVE FITNESS CONSEQUENCES?

Questions about the fitness or functional consequences of primate

personality traits have received considerably less attention than ques-

tions about proximate mechanisms. Still, some studies—again primarily

in captive or managed free-ranging populations—have tested for rela-

tionships between personality and proxies of fitness. For example,

extraversion was associated with longer survival in captive lowland

gorillas,77 and among captive male chimpanzees agreeableness

predicted longevity.78 Neurobiological correlates of personality have

also been found to have life history and fitness correlates in rhesus

macaques, where individual differences in serotonergic functioning

were associated with survival to adulthood79 and age at natal dis-

persal65,80 in free-ranging males, and with higher morbidity, mortality,

and infant mortality rates among captive female macaques.81

Although the results of studies conducted on personality and life

history or fitness variables in captive or managed free-ranging

populations show that personality can have significant effects on fit-

ness, there are, of course, substantial differences in the selective envi-

ronments encountered by these populations in comparison to wild

populations.82 Questions regarding the evolutionary ecology of pri-

mate personality variation ultimately require studies of wild

populations in their natural habitats, where animals are exposed to

the full range of ecological challenges relevant to fitness, including

critical factors related to food acquisition and predation pressure.

Indeed, selection pressures related to food competition and predation

risk are among those most commonly hypothesized to drive the evo-

lution of personality variation in the behavioral ecology literature.6,7,12

Very few studies have examined the life history or fitness conse-

quences of personality variation in wild primates. One example is

Perry et al.'s83 study on personality and life history outcomes in male

white-faced capuchins, which found extraversion to be associated

with attainment of alpha male status at a younger age. In white-faced

capuchins, alpha males attain a majority of their group's paternities, so

becoming an alpha male is strongly associated with fitness. In this

study, personality also predicted age at natal emigration, with less

neurotic and less extraverted males leaving their natal groups sooner,

but age at emigration was not associated with age at which individuals

achieved alpha male status for the first time.83

F IGURE 2 Vervets with higher boldness toward novel objects
were observed inspecting snakes from within 5 m a greater number of
times.56 This photograph shows a subadult male pursing a highly
venomous Cape cobra after several group members were alerted to
its presence. Photograph by Maryjka Blaszczyk [Color figure can be
viewed at wileyonlinelibrary.com]
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Other studies of wild primates have not examined relationships

between personality and measures of fitness or fitness proxies per se

(likely because these measures can be difficult to obtain, especially in

short-term field studies) but instead have examined relationships with

ecologically relevant behavior that is expected to affect fitness, such

as foraging and antipredator behavior. For example, among mouse

lemurs boldness toward novel objects predicted latency to enter a

provisioned feeding platform on the ground, a situation likely associ-

ated with increased predation risk for these arboreal primates,84 and

among vervet monkeys boldness predicted natural snake inspection

behavior (Figure 2).56 In chacma baboons, Carter and colleagues found

that boldness predicted foraging behavior (specifically the likelihood

of finding new food patches under experimental conditions)85 as well

as propensity to learn socially about novel foods.86

6 | TOWARD AN INTEGRATIVE BIOLOGY
OF PRIMATE PERSONALITY: CONCLUSIONS
AND FUTURE DIRECTIONS

Personality research in nonhuman primates has a long and distin-

guished history within psychology and the biomedical sciences. It is

clear from these literature studies that consistent individual differ-

ences in traits such as boldness, sociability, impulsivity, and aggres-

siveness are found across primate taxa. In many cases, these

differences are related to neurobiological or physiological variables.

There is also strong evidence for a substantial additive genetic contri-

bution to the behavioral variation captured by personality measure-

ments. A major outstanding question is: What are the evolutionary

forces maintaining this variation within primate populations? While

the functional consequences of animal personality have received sub-

stantial theoretical and empirical attention within general behavioral

ecology in recent decades, this topic has received comparatively scant

attention within the primate behavioral ecology literature.

A consideration of personality in primate behavior research is

important for several reasons. The existence of personality suggests

greater constraints on behavior than is assumed by optimality theories

that are applied to behavior in isolated contexts.1,12,14 Variation

around a mean level of behavior within a specific functional context

(e.g., risk-taking during foraging) may not simply be noise around an

adaptive mean but may instead be better explained by examining cor-

related behavior across contexts (e.g., correlations between risk-taking

across foraging, intergroup encounter, and predator encounter con-

texts). One prominent example of a fitness-relevant behavior in which

there is much variation within primate populations is sociability or the

tendency to form strong social relationships, even when standard fac-

tors such as age, sex, dominance rank, and number of kin are

accounted for.87 If sociability is examined in isolation, interindividual

variation may be difficult to explain from an adaptive perspective—if

being social is strongly associated with fitness, why are some individ-

uals loners?43,60

A cross-context perspective could help to solve this riddle. Socia-

bility, as measured by rates of grooming or being in close proximity to

conspecifics, while resting could, for example, be related to differ-

ences in foraging behavior. Individuals who are more sociable while

resting might also forage in a closer spatial association with conspe-

cifics if social behavior carries over across contexts. Differences in

sociospatial behavior during foraging may affect foraging efficiency,

and these effects may vary over space and time (e.g., foraging far from

conspecifics may be more advantageous in some habitats or in certain

years due to spatiotemporal variation in the distribution of food

resources). Such trade-offs stemming from correlations in behavior

across contexts combined with spatiotemporal environmental hetero-

geneity and/or frequency-dependent effects might help to maintain a

variation in sociability, as well as help to explain the variable relation-

ship between sociability and fitness documented in the primate

behavioral ecology literature.87

The above example is speculative—right now, we know relatively

little about consistency in behavior in wild primates and how person-

ality might influence behavior across contexts. Although the few stud-

ies that have been conducted on the functional consequences of

primate personality in natural populations suggest that personality

may be an important predictor of ecologically relevant behavior and

fitness, many more studies are needed.

As described in this review, all three of the methods used in person-

ality studies of captive and managed free-ranging primates—observer rat-

ings, behavioral coding, and behavioral testing—have been used

successfully in field studies. The best method(s) to use will depend on the

study question, with observer rating methods and behavioral coding lend-

ing themselves more to comprehensive characterizations of personality

variation within a population, and behavioral testing or coding of a limited

range of naturalistic behavior more appropriate for targeting personality

traits that may be a priori expected to have functional consequences

(e.g., boldness, sociability, impulsivity, and aggressiveness). Species-

specific and logistical constraints associated with fieldwork will also limit

the types of methods used and traits that can be targeted. For example,

testing boxes such as those used in rodent studies can be used to assay

traits such exploration and boldness in small-bodied primates,45 but this

method would be challenging to apply to larger bodied species. Novel

object tests as used in studies of baboon46 and vervet47 boldness can be

used in terrestrial and semi-terrestrial species but may be difficult to

adapt for arboreal species. Elevated platforms containing novel objects

could be used in arboreal taxa, but may not be effective or practical given

poor visibility in forest canopies. For arboreal primates, coming down to

ground is generally associated with increased predation risk, and this

behavior could be measured, as in Dammhahn's study of mouse lemurs.84

Another option to measure risk-taking or boldness, which may be widely

applicable in wild primates, is using flight initiation distance, a measure-

ment of the smallest distance an observer can approach to before an ani-

mal flees or retreats. Flight initiation distance is commonly used in studies

of birds but has also been used to assay boldness in wild mammals such

as gray seals88 and kangaroos.89

When behavioral variables are found to be repeatable and thus

meet the criterion of personality, the next step is to validate the recov-

ered personality trait(s). When possible, construct validity should be

assessed by using multiple methods (tests, naturally occurring behaviors,
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and ratings).35,55 To satisfy the criterion of independence, those who

rate animals should not be the same people as those who conduct

behavioral tests or collect behavioral data for coding (when these

methods are being used to target the same trait).49 Using independent

observers may be difficult when a limited number of observers are

involved in a field study, but having the same observers who collect data

on social behavior rate individuals on trait adjectives such as “sociable”

is circular and unlikely to provide an acceptable validation test. Also of

key importance for behavioral ecologists is the ecological validation of

personality traits, that is, testing for associations between personality

and ecologically relevant behavior or processes (such as foraging or anti-

predator behavior or disease spread),1,55 as without such an assessment

the functional importance of personality traits in wild primates will

remain unclear.

The time is ripe for more studies of wild primates to incorporate

investigations of personality differences. A better understanding of

the relationships between behaviors expressed in different contexts,

behavioral plasticity, and the functional and fitness consequences of

individual differences has the potential to yield large dividends for our

understanding of primate behavioral evolution. Because personality is

also likely to influence factors such as habitat use, dispersal distance,

and immigration success, it may further be important for better under-

standing of the patterns of primate population structure,1

biogeography,90 and speciation,91 as well as having practical applica-

tions for primate conservation.92 It is my hope that this article will

stimulate more primatologists to undertake research on the behavioral

ecology of personality and to explore the consequences of personality

for primate ecology and evolution.
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