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Whether looking at people or animals, two
observations have been made by psycholo-
gists, biologists, and lay observers. First,
individuals differ consistently in how-they
behave and react toward, and think about,
the world around them. Second, not all\these
differences are independent of one another:
Individuals who are high (or.low).6n some
traits tend to be high (or low)on other traits.
In more formal language, individuals can be
characterized by stable individual differenc-
es in personality traits, and these traits have
a structure to them.

Scientific studies“of human personality
can be traced'back at least to the work of
Sir Francis~Galton (1884) who lived from
1822 t0-1911. For a long time, this work
was=predominantly descriptive (see also
John, Chapter 2, this volume). Researchers,
for example, would identify and categorize
personality traits, whether by studying the
natural language of populations (Allport
& Odbert, 1936) or by analyzing data de-
rived from questionnaires, naturally occur-
ring behaviors, and behavioral tests (Cattell,
1946). The descriptive flavor of this early
research was, and continues to be, criticized
by some authors (e.g., Block, 1995; Eysenck,
1992; Uher, 2013). However, gathering de-
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tailed, descriptive data is a crucial first step
in ‘any scientific discipline (Chamberlin,
1890/1965). In fact, that description should
come before theory has been recognized for
a long time in the field of animal behavior
(Tinbergen, 1959, 1963), and this recogni-
tion likely contributed to the emergence of
animal personality research in that field.
This chapter examines how the study of
personality in nonhuman animals contrib-
utes to our understanding of personality in
general and of human personality in par-
ticular. For one, animal research has helped
elucidate the evolutionary bases of person-
ality variation and structure by the method
of exclusion (Platt, 1964). In other words,
this research has shown that some proposed
evolutionary explanations for personality
are not likely to be true. In addition, per-
sonality research on animals contributes to
our understanding of the neuroanatomical
bases of personality variation, informs the
debate about the origins and magnitude of
age differences in personality, and addresses
why the personalities of some people predis-
pose them to be happier than others. Read-
ers of this chapter who are familiar with
Gosling’s (2001) review of the literature will
thus see that research in animal personality


https://www.guilford.com/books/Handbook-of-Personality/John-Robins/9781462544950

7. Personality in Animals

is addressing questions that Gosling, and no
doubt others, described as being particularly
amenable to studies of nonhuman animals.

The Historical Development
of Animal Personality Research

The scientific study of animal personal-
ity can be traced to Charles Darwin and to
major figures in psychology, including Ivan
Pavlov, Robert Yerkes, and Donald Hebb.
However, until the 1970s, animal person-
ality research by comparative psycholo-
gists was sporadic (Weiss & Gartner, 2016;
Whitman & Washburn, 2017).

The burst of research into animal person-
ality that followed came largely from within
behavioral ecology, an offshoot of the study
of animal behavior in biology. Researchers in
this area seek to answer questions about the
proximate (physiological, environmental,
and developmental) and ultimate (functional
and evolutionary) causes of animal behavior
(Tinbergen, 1963). A central tenet of behav-
ioral ecology is that species evolve to behave
optimally under environmental conditions
and that behaviors can be mathematically
modeled (Parker & Maynard Smith,.1990).
For example, a behavioral ecologist may de-
vise a model to determine the optimal group
size for a population. The model’s-param-
eters might include greater vigilance against
predators (a benefit) and greater competition
for resources (a cost). These models can then
be tested in various populations.

The behavioral ecologists’ approach has
been successful at explaining all manner of
behaviors in animals'and in humans (Krebs
& Davies, 1997). However, like humans,
not all animals within a species behave as
predicted\by models. As described elsewhere
(esg:, "Réale, Reader, Sol, McDougall, &
Dingémanse, 2007), for a long time, behav-
ioral ecologists’ models relegated variation
around the optimum behavior (i.e., individ-
ual differences) to the error term. Accord-
ing to Réale and his colleagues, the situation
changed with the publication of a study on
stickleback fish by Huntingford (1976). The
fish in that study displayed individual differ-
ences in behavior that were consistent across
different stages of their breeding cycle and
in the presence of different intruders. More-
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over, fish that displayed more aggression in
the behavioral tests were more likely to ex-
plore new environments. This discovery of
consistent individual differences led biolo-
gists to try to understand why animals do
not always exhibit the “optimal” behavior
given a set of circumstances (e.g., Wilson,
Clark, Coleman, & Dearstyne, 1994) and
resulted in a rapid growth in animal person-
ality research.

Reliability and Validity

As in the study of human personality, there
needs to be evidence that the measures of
personality under study 'are reliable and
valid. This is true regardless of whether the
measures are ostensibly objective measures,
such as behavioral observations, or osten-
sibly subjective ‘measures, such as ratings.
Establishing ‘the construct validity of mea-
sures in animals is also important, because
doing so establishes whether a measure as-
sess€s/the same construct in different spe-
cies. It also enables researchers to determine
whether species similarities and differences
are in line with what one would expect given
the natural history of the species.

Reliability

Animal personality traits are stable over
time. The stability of animal personality
traits has been demonstrated in three meta-
analyses. The first meta-analysis (Bell, Han-
kison, & Laskowski, 2009) involved 114
studies of a wide range of species and trait
measures classified as belonging to one of
13 categories: migration, mate preference,
activity, affiliation, parental, courtship,
antipredator, foraging, exploratory, aggres-
sion, habitat, mating, and “other.” The au-
thors of this meta-analysis found a mean
repeatability—a type of intraclass correla-
tion coefficient (Boake, 1989; Nakagawa
& Schielzeth, 2010)—of .37 across studies.
The second meta-analysis was based on esti-
mates of retest reliability from eight studies
of nonhuman primates, and found a mean
retest reliability of .58 across personality di-
mensions such as confidence and excitabil-
ity (Freeman & Gosling, 2010). The third
meta-analysis, using a variety of stability
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estimates, was based on 31 studies of dogs,
and found a mean stability correlation of
.43 for traits classified as belonging to one
of six personality dimensions, namely activ-
ity, sociability, aggression, submissiveness,
responsiveness to training, and fearfulness/
reactivity (Fratkin, Sinn, Patall, & Gosling,
2013).

Animal personality studies based on be-
havioral observations or ratings often assess
interjudge agreement reliability among the
observers or raters. Reviews of the literature
on multiple taxa (Freeman & Gosling, 2010;
Gartner, 2014; Gartner & Weiss, 2013;
Gosling, 2001; Jones & Gosling, 2005) all
find interrater or interobserver reliability es-
timates comparable to those for established
measures of human personality, such as the
Revised NEO Personality Inventory (Costa
& McCrae, 1992).

Studies that examine a broad range of
traits have also found that, for a given spe-
cies, data reduction techniques tend to yield
the same personality dimensions, regardless
of the method used to collect the personal-
ity data (i.e., rating instruments or behav-
ioral observations). For example, studies of
chimpanzees show that different rating in-
struments (Dutton, 2008; Dutton, Clark, &
Dickins, 1997; Freeman et al., 2013; King &
Figueredo, 1997) and behavioral ‘measures
(Koski, 2011b; Massen, Antonides, Arnold,
Bionda, & Koski, 2013; van Hooff, 1970)
identify the same dimensions,or subsets of
these dimensions. Similar results have been
found in rating-based _studies of brown ca-
puchin monkeys that'rely on different ques-
tionnaires developéed on the basis of different
principles (Morton, Lee, Buchanan-Smith,
et al., 2013; Uher, Addessi, & Visalberghi,
2013). Rating-based studies (Stevenson-
Hinde & Zunz, 1978; Weiss, Adams, Wid-
digs& ' Gerald, 2011) and observation-based
studies (Brent et al., 2014) of rhesus ma-
caques also yield similar sets of dimensions
(see Weiss, 2017, for other examples). In
short, for a given species, all the different
types of personality instruments appear to
measure the same set of constructs.

Validity

Attempts to establish the validity of rat-
ings of personality have met with success in
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nonhuman primates (Freeman & Gosling,
2010), felids, the taxonomic group that in-
cludes cats (Gartner & Weiss, 2013), dogs
and other household pets (Gartner, 2014;
Jones & Gosling, 2005), and other species
(Gosling, 2001). Much of the evidence for
validity has been based on studies examining
relationships between individual behaviors
and ratings of single personality items or per-
sonality dimensions. However, recent stud-
ies have found associations between animal
personality measures, based on either ratings
or behaviors, and what would be-refefred to
as “consequential outcomes?(Ozer & Benet-
Martinez,2006) or “life outcomes” (Roberts,
Kuncel, Shiner, Caspi, & Goldberg, 2007)
in studies of humans. In\Barbary macaques
and barnacle geese, for example, personality
traits are related to achieving high rank (e.g.,
Kone¢na, Weiss, ‘Lhota, & Wallner, 2012;
Kurvers et al., 2009). Moreover, personality
traits ar¢ related to whether dogs can be suc-
cessfully trained to for certain “jobs,” such
as being a detector dog (e.g., Harvey et al.,
20165 Maejima et al., 2007; Sinn, Gosling,
& Hilliard, 2010). There are even links be-
tween primate personality and cognitive per-
formance measures analogous to “scholastic
aptitude” (e.g., Altschul, Wallace, Sonnwe-
ber, Tomonaga, & Weiss, 2017; Altschul,
Weiss, & Terrace, 2016; Carter, Marshall,
Heinsohn, & Cowlishaw, 2014; Hopper et
al., 2014; Morton, Lee, & Buchanan-Smith,
2013). For example, chimpanzees that were
rated as higher in conscientiousness and
openness 3 years earlier performed better
on a touchscreen learning task, and higher
openness predicted engaging in the learning
task even when no reinforcers were delivered
(Altschul et al., 2017).

In addition to the aforementioned at-
tempts to validate personality ratings, some
researchers have used validity studies to
challenge assumptions about measures of
personality, such as behavioral tests or be-
havioral observations. For example, Cart-
er, Marshall, Heinsohn, and Cowlishaw
(2012b) examined two purported behavioral
measures of boldness (a novel object test and
responses to a stuffed snake) in wild chacma
baboons. They found that these measures
were related to each other only weakly and
probably defined separate constructs. As a
consequence of these and related findings,
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behavioral ecologists now show a greater
appreciation of the need to examine the
construct validity of behavioral measures
(Araya-Ajoy & Dingemanse, 2014; Carter,
Feeney, Marshall, Cowlishaw, & Heinsohn,
2012).

Finally, it is important to show that per-
sonality measures are sensitive to expected
species differences—an issue that has not yet
been discussed much (see, however, Uher et
al., 2013, p. 429). For example, among hy-
enas, females are physically stronger than
males and dominate them. Given this sex
role reversal in power relations among hy-
enas compared to humans, it makes sense
that female hyenas are higher on assertive-
ness than males (Gosling, 1998), and lower
on neuroticism (Gosling & John, 1999).
From a measurement perspective, these
findings provide evidence for what might be
called the “comparative validity” of the per-
sonality measures.

Evolutionary Explanations
for Personality Differences

Biologists and psychologists have advanced
several evolutionary explanations to explain
the presence of persistent, heritable varia-
tion in behavior (for reviews, see, ‘e.g.; Ding-
emanse & Wolf, 2010; Penkej Denissen, &
Miller, 2007). Although there is not enough
space in this chapter to/cover all of these
proposed explanations, it.is-worth discuss-
ing those that have received the most atten-
tion or support.

The default (ornull) hypothesis is that per-
sonality variation reflects the accumulation
of mutations\that do not influence survival
or reproduction (i.e., they are “neutral” in
terms_.of+ selection; Kimura, 1968, 1983,
1986). This'hypothesis was advanced by evo-
lutionary psychologists whose main focus
was on describing cognitive modules that,
they argued, were human universals (Tooby
& Cosmides, 1990). However, considerable
evidence has come to light that personality
is associated with health (Strickhouser, Zell,
& Krizan, 2017) and reproductive success
(Alvergne, Jokela, & Lummaa, 2010; Eaves,
Martin, Heath, Hewitt, & Neale, 1990;
Jokela, Alvergne, Pollet, & Lummaa, 2011)
in humans. Likewise, evidence in nonhuman
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animals shows that personality traits are as-
sociated with survival and reproductive suc-
cess (see, e.g., Smith & Blumstein, 2008, for
a review). As such, personality variation in
both humans and animals can probably not
be attributed to neutral selection.

A second possibility is that balancing se-
lection maintains variation in personality.
This possibility is supported by studies of
birds, lizards, insects, small mammals;~and
ungulates, which find that whether-and in
what direction a personality trait-is“associ-
ated with survival and reproduction varies
across environments, timey and/or develop-
mental stages (for reviews, 'see Dingemanse
& Réale, 2013; Dingemanse & Wolf, 2010).
For example, Dingemanse, Both, Drent, and
Tinbergen (2004) captured wild great tits
and measured, how. often and how rapidly
they exploredsawnovel laboratory environ-
ment. They then released the birds into the
wild and followed them over three winters:
Availability of the birds’ preferred food dur-
ing the first winter was poor, availability of
thebirds’ preferred food during the second
winter was good, and availability of the
birds’ preferred food during the third winter
was poor. For male birds, exploration in the
laboratory was associated with lower surviv-
al rates during winters when food was scarce
but higher survival rates during the winter
when food was abundant; for female birds,
the pattern was in the opposite direction.

In another study, Nicolaus, Tinbergen,
Ubels, Both, and Dingemanse (2016) found
that the association between exploration
and fitness in great tits varied as a function
of population density: Faster explorers were
favored when the population density was
low; slower explorers were favored when
the population density was high. Critically,
although birds changed their behavior as a
function of population density, it was in the
opposite direction as one would expect if
doing so was to maximize fitness: Birds be-
came faster explorers when the population
density was high and slower explorers when
the population density was low.

A third possibility is that personality
variation is maintained by trade-offs related
to differences in life-history strategy, a con-
tinuum that was originally used to charac-
terize species or populations (MacArthur &
Wilson, 1963). At one end of this continuum
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are species or populations with a “fast” life-
history strategy. Individuals belonging to
these species or populations breed early and
often, but at the expense of longevity and
offspring survival. At the other end of this
continuum are species or populations with a
“slow” life-history strategy. Individuals be-
longing to these species or populations breed
later and less frequently but have longer lives
and more surviving offspring. Life-history
strategy has been extended to describe dif-
ferences between individuals within species
and populations (Réale et al., 2010). Be-
cause different life-history strategies have
similar fitness payoffs (MacArthur & Wil-
son, 1963), the variation of any personality
trait associated with life history should be
maintained (Biro & Stamps, 2008; Wollf,
van Doorn, Leimar, & Weissing, 2007).
Consistent with the life-history strategy per-
spective, Réale, Martin, Coltman, Poissant,
and Festa-Bianchet (2009) tested whether
two personality traits (boldness and docil-
ity) in bighorn sheep were genetically cor-
related, and whether genetic tendencies for
these traits were associated with survival
and reproductive success. Boldness was
defined as the tendency to enter a baited
trap, and docility was defined as reactions
to being handled by humans. Boldness and
docility were associated with life-history
trade-offs, heritable, and had a/negative ge-
netic correlation with each other. Moreover,
the predicted genetic values/of boldness and
docility were related to a longer lifespan and
late-life reproductive success.

A fourth possibility is that personality
variation is maintained because of geneti-
cally or environmentally mediated corre-
lations between “traits (Sih, Bell, Johnson,
& Ziemba;+2004). These correlations can
occur within contexts, such as the case of
brown'capuchin monkeys: Individuals high
on a personality dimension labeled “as-
sertiveness” tend to be more aggressive,
dominant, and independent, but less fearful
and cautious (see Table 6 in Morton, Lee,
Buchanan-Smith, et al., 2013, for all of the
loadings). These correlations can also occur
across contexts, for example, in stickleback
fish in which more aggressive individuals
were more likely to explore a new environ-
ment (Huntingford, 1976). In both cases,
because the traits are correlated, being at
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the optimum level of one trait (assertiveness
in monkeys and aggressiveness in fish) is in-
compatible with being at the optimum level
of the other trait (cautiousness in monkeys
and the tendency to explore new environ-
ments in fish).

It is unlikely that any one of these possible
evolutionary mechanisms, or others that are
not discussed here, is solely responsible for
maintaining personality variation. How-
ever, the identification of these mechanisms
in several species testifies to how.animal
personality research can solve problems re-
lated to personality evolution. There is more
to say about the maintenanceof personality
variation, but that involyes comparing spe-
cies, a topic that I address later in this chap-
ter. Until then, I deseribe the search for the
physiological bases of animal personality.

Physiological Underpinnings of Animal
Personality Differences

With<respect to identifying the physiologi-
cal bases of animal personality, some of the
most convincing work comes from selec-
tion studies and studies of animal coping
styles. Animal breeders have long known
that breeding (selecting) for physical traits
can lead to changes in behavioral traits,
and vice versa. In a classic study, Dmitry
Belyaev bred foxes for tameness for over 40
years (Trut, Oskina, & Kharlamova, 2009).
In several respects, the tame foxes behaved
more like domesticated dogs than their
wild counterparts; they also differed from
wild foxes in their rate of development and
neuroendocrine profiles (Trut et al., 2009).
Specifically, compared to wild foxes, tame
foxes retained youthful features but reached
sexual maturity earlier and showed higher
levels of reproductive hormones (Trut et al.,
2009). Moreover, during development, foxes
display a reduction in their exploratory be-
havior and an increase in glucocorticoids,
both of which mark the end of their sensitive
socialization period; these changes occurred
later in tame foxes than in wild foxes (Trut
et al., 2009). It thus seems foxes bred to
thrive in captivity had an extended adoles-
cent period, perhaps because they were not
selected to survive in a more competitive and
stressful environment (the wild).
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Another selection study compared birds
(great tits) selected to be fast or slow explor-
ers of novel environments (van Oers, Bu-
chanan, Thomas, & Drent, 2011). Fast ex-
plorers had better immune functioning and
lower testosterone levels than slow explor-
ers. The latter findings surprised van Oers
and his colleagues, because fast explorers
are more aggressive. However, this differ-
ence may mean that, like Belyaev’s domesti-
cated foxes, birds selected for lower levels of
a trait related to aggression reached sexual
maturity more rapidly.

In the animal personality literature, cop-
ing style! refers to a suite of behavioral and
physiological tendencies related to how in-
dividuals react to stressors (Koolhaas et al.,
1999). At one end of this spectrum are pro-
active individuals. At the other end of this
spectrum are reactive individuals. In behav-
ioral tests, proactive individuals were found
to attack more quickly and were more likely
to engage in defensive behavior (Koolhaas et
al., 1999, Table 2). Animals with a proac-
tive coping style also differ with respect to
their hypothalamic—pituitary—adrenal axis
activity and reactivity, and their parasympa-
thetic reactivity, both of which are low rela-
tive to animals with a reactive coping, style
(Koolhaas et al., 1999, Table 3). Finally, the
sympathetic and testosterone reactivity of
individuals with a proactive coping style are
high compared to individuals who have a
reactive coping style (Koolhaas et al., 1999,
Table 3).

Differences in neurophysiology have also
been identified as ‘proximate explanations
for personality variation. A magnetic reso-
nance imaging ‘study of 74 chimpanzees
revealed that the percentage of grey matter
in the brain, but not the asymmetry of the
brain’s-subgenual cingulate cortex region,
was associated with lower dominance and
higher conscientiousness (Blatchley & Hop-
kins, 2010). Personality measures in that
study were derived by questionnaire ratings:
Dominance was made up of traits related to
boldness, fearlessness, assertiveness, and ag-
gressiveness; conscientiousness was made up
of traits related to self-control, predictabil-
ity, and emotional stability (Weiss, King, &
Hopkins, 2007).

A later magnetic resonance imaging study
of 107 chimpanzees by Latzman, Hecht,
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Freeman, Schapiro, and Hopkins (2015)
revealed associations between personal-
ity and other brain regions: The volume
and asymmetry of the frontal region of the
brain’s grey matter were associated with
higher dominance and extraversion, the lat-
ter being related to sociability, activity, and
other traits that make up its human coun-
terpart (Freeman et al., 2013). Latzman and
his colleagues (2015) also found associations
between frontal grey matter volume .and
higher openness, a personality dimension re-
lated to exploratory behavior and curiosity
(Freeman et al., 2013), and’between frontal
grey matter asymmetry and higher reactiv-
ity/unpredictability, a personality dimension
related to low conscientiousness (Freeman et
al., 2013).

Evolutionary Explanations for Human
Personality Variation

The-findings reviewed earlier suggest that
there is promise in the use of animals to
understand the evolutionary and physi-
ological underpinnings of personality varia-
tion. Turning again to questions about the
evolution of personality, researchers have
conducted many studies on the association
between human personality and health, sur-
vival, and reproductive success (see Lewis
& Buss, Chapter 1, this volume). However,
researchers have been considerably less suc-
cessful in answering questions related to
human personality evolution than they have
been in answering questions about animal
personality evolution. Fortunately, studies
that compare species provide some of the
best tests of some of these hypotheses about
the evolution of human personality, and so
can help move the study of human personal-
ity evolution forward.

The comparative method involves con-
ducting natural experiments by comparing
species with different evolutionary histo-
ries (see Gosling & Graybeal, 2007, for an
overview). To see how one tests evolution-
ary hypotheses in comparative studies, con-
sider the case of studying two species. These
species can either be closely related to one
another (e.g., humans and chimpanzees) or
distantly related to one another (e.g., chim-
panzees and brown capuchin monkeys). In
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addition, the species that one compares can
either have faced similar challenges in their
evolutionary history (e.g., both species live
in large groups) or different challenges (e.g.,
one species lives in an environment in which
there are many predators, and the other spe-
cies lives in an environment in which preda-
tors are absent).

There are two comparisons that allow for
strong tests about the evolution of person-
ality. The first is the comparison between
closely related species that faced different
challenges. Here, if the species differ in, for
example, the personality dimensions that
they possess, the parsimonious explanation
is that the personality differences evolved re-
cently in response to the challenges. On the
other hand, if these species possess the same
set of personality dimensions, the parsimo-
nious explanation is that these personality
dimensions were present in the common an-
cestor of both species.

The second is the comparison between
distantly related species that faced similar
challenges. Here, if the species are similar
to one another, for example, if both possess
the same set of personality dimensions, the
most parsimonious explanation is that these
personality dimensions are an evolutionary
product of those challenges. This_method
has been used to test hypotheses about per-
sonality structure, associations | between
personality traits and other variables, and
whether certain features of species led to dif-
ferences in mean levels of traits.

Structure

To test hypotheses~concerning the evolu-
tion of personality structure, researchers
have been-gathering data on one of several
animal_-personality questionnaires and/or
on naturally occurring behaviors (Freeman
& Gosling, 2010). These researchers then
use factor analysis or principal components
analysis to identify personality dimensions
in the species. The dimensions identified are
typically a combination of (1) those that are
human-like (e.g., orangutan neuroticism;
Weiss, King, & Perkins, 2006), (2) those
that resemble human personality facets (e.g.,
rhesus macaque anxiety; Weiss et al., 2011),
(3) those that combine two or more human
dimensions (e.g., brown capuchin monkey
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sociability; Morton, Lee, Buchanan-Smith,
et al., 2013), (4) those found in multiple pri-
mate and primate species, but not in humans
(e.g., dominance; Freeman & Gosling, 2010;
Gosling & John, 1999), and (5) those specif-
ic to a species or taxonomic group (e.g., “op-
portunistic” in Assamese macaques; Adams
et al., 2015).

The way in which animal studies help
make sense of personality can be illustrated
by describing how they inform hypotheses
about the origins of the five-factor model. To
begin, consider extraversion and-agréeable-
ness. Compared to other primates, humans
are intensely social and altruistic (Kurzban,
Burton-Chellew, & West,»2015). It is there-
fore not surprising that, some researchers
(e.g., Ashton & Lee,2007; Nettle, 2006) hy-
pothesize that the‘evolutionary bases of ex-
traversion and agreeableness can be traced
to those features of humans. However, per-
sonality/variation in social traits has been
identified inspecies ranging from the highly
social.chimpanzee (King & Figueredo, 1997)
to.the semisolitary orangutans (Weiss, et al.,
2006), and to the solitary East Pacific red
octopus (Mather & Anderson, 1993). These
findings are contrary to the predictions that
would be derived from theories based on
human sociality and altruism.

There are also problems with tying social
traits or their structure to kin selection, the
tendency of individuals to help related indi-
viduals at a cost (Hamilton, 1964). For one,
even across primate species, we see great
variety in social and mating systems (Crook
& Gartlan, 1966), level of paternal care
(Fernandez-Duque, Valeggia, & Mendoza,
2009), and other ecological characteristics
(Galan-Acedo, Arroyo-Rodriguez, Andre-
sen, & Arasa-Gisbert, 2019). Still, factor-
analytic studies of personality in primates
(Gold & Maple, 1994; King & Figueredo,
1997; Kone¢na et al., 2008) have demon-
strated that distinct dimensions of extraver-
sion and agreeableness exist in chimpanzees
(a species with a promiscuous mating sys-
tem), as well as in Western lowland gorillas
and in Hanuman langurs (both species in
which one male monopolizes access to mul-
tiple females). Mountain gorillas, curiously,
appear to possess a single dimension, name-
ly, sociability, combining traits related to ex-
traversion and agreeableness (Eckardt et al.,
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2015). Distinct extraversion and agreeable-
ness dimensions therefore emerge in species
that differ with respect to how much infor-
mation males have about the offspring they
are related to, and so these dimensions prob-
ably emerged long before modern humans.

Explanations based on reciprocal altru-
ism, the tendency to help unrelated individu-
als because if you do, they are more likely
to help you in the future (Trivers, 1971), are
beset with similar problems. For one, recip-
rocal altruism is less likely to evolve in spe-
cies in which individuals do not regularly
encounter one another or species in which
individuals would be unable to recognize one
another (Trivers, 1971). Nonetheless, sepa-
rate agreeableness and extraversion dimen-
sions have been found in orangutans (Weiss
et al., 2006), but not in brown capuchin
monkeys (Morton, Lee, Buchanan-Smith, et
al., 2013) or mountain gorillas (Eckardt et
al., 2015), the latter two both being social
primate species. These findings are not con-
sistent with what one would predict if the
evolutionary bases of interpersonal person-
ality dimensions in humans (e.g., extraver-
sion, agreeableness, or honesty—humility)
are evolutionary products of reciprocal, al-
truism. An alternative explanation emerged
from a study of six macaque species,.in
which Adams et al. (2015) found that the
personality dimensions defined by traits re-
lated to assertiveness, social confidence, and
aggression differ as a function of the degree
to which the species, were_despotic versus
tolerant (see Thierry, 2000, for definitions).

Evolutionary accounts of openness to ex-
perience and of (conscientiousness also do
not appear torwithstand this kind of scru-
tiny. Proposed‘benefits of openness have
included sgreater creativity, and thus being
more attractive to the opposite sex; the pro-
posed. costs have included proneness to un-
usuall beliefs and psychotic disorders (Net-
tle,”2006). However, studies of nonhuman
primates suggest that openness evolved inde-
pendently in several primate lines and pos-
sibly for other reasons. For example, there
is evidence that openness evolved in species
that get some of their food from places that
are hard to reach or when effort and ingenu-
ity give access to additional food resources
(see, e.g., Adams et al., 2015; Koneéna et al.,
2008, 2012).
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For conscientiousness, one evolutionary
explanation that has been advanced is that
it enables costly signaling (Buss, 2009) or re-
flects a balance between delayed mating and
longevity (Nettle, 2006). One might there-
fore predict that conscientiousness should
be widespread in the animal kingdom. Yet
despite the finding that variation in two
aspects of conscientiousness appear to be
widespread in the animal kingdom (Delgado
& Sulloway, 2017), as was noted in Gosling
and John’s (1999) review, in animals, per-
sonality dimensions such as conscientious-
ness are rare.

So what selective pressures may have led
to the evolution of conscientiousness in our
species and those otherianimals that appear
to possess it? Studies.of nonhuman primates
and other animals suggest that species with a
conscientiousness dimension, such as chim-
panzees (King & Figueredo, 1997), bono-
bos (Weiss. et al., 2015), brown capuchin
monkeys (Morton, Lee, Buchanan-Smith,
et al., 2013), and Asian elephants (Selt-
mann, Helle, Adams, Mar, & Lahdenperi,
2018) tend to have larger brains. Moreover,
a study of 36 species, including primates
and nonprimates, that adjusted for phylog-
eny found that greater self-control (which is
central to conscientiousness) was associated
with a larger absolute brain size and a more
varied diet (MacLean et al., 2014). However,
the finding that a conscientiousness dimen-
sion is absent in the large-brained orangutan
(Weiss et al., 2006) but present in the small-
brained common marmoset (Iwanicki &
Lehmann, 2015; Koski et al., 2017; but see
Inoue-Murayama, Yokoyama, Yamanashi,
& Weiss, 2018) suggests that brain size may
only partly be responsible. For example, the
finding of conscientiousness in common
marmosets may mean that the need for help-
ers to rear young (Burkart, Hrdy, & Van
Schaick, 2009) may also favor the evolution
of dimensions resembling human conscien-
tiousness. Thus, Altschul et al.’s (2018) find-
ing that conscientiousness was not related
to mortality in captive chimpanzees should
also not be surprising.

In contrast to the previous examples,
evolutionary explanations for neuroticism
often draw on the animal literature. This
may be because traits associated with neu-
roticism differ from the more visible aspects
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of human personality, because dimensions
such as neuroticism are found in many spe-
cies (Gosling & John, 1999), or because it
is difficult to come up with a way in which
high neuroticism is “beneficial” to humans.
For example, Nettle (2006) hypothesized
that costs related to higher neuroticism, in-
cluding poorer health and being at risk of
psychological disorders, are offset by in-
creased vigilance. Focusing on the African
apes, this explanation is consistent with neu-
roticism being present in chimpanzees (King
& Figueredo, 1997), but not bonobos (Weiss
et al., 2015) or mountain gorillas (Eckardt
et al., 2015), as the latter two are believed
to have evolved in predictable, resource-
rich environments. Studies of humans have
found further support for this hypothesis in
that a part of neuroticism related to worry
and feelings of vulnerability is related to bet-
ter physical health outcomes, including lon-
gevity (Gale et al., 2017; Weiss et al., 2019),
and that these relationships appear to exist
at the level of the genome (Hill et al., 2019).
On the other hand, this explanation is not
supported by the finding that neuroticism is
present in western lowland gorillas (Gold &
Maple, 1994), which also live in a predict-
able, resource-rich environment. It thus ap-
pears that the proposed benefits of neuroti-
cism only partly outweigh its costs, and that
further study is needed.

Development

In addition to answering, questions relating
to the maintenance_of variation and/or the
evolution of personality dimensions, com-
parative researchy has enabled researchers
to test whether biological factors (McCrae
& Costa,~2003) or investing in sociocul-
tural roles\(Roberts & Jackson, 2009) are
the-drivers of personality development. The
logic here is that the roles that are hypoth-
esized to influence personality development,
such as beginning full-time employment,
are absent or very different in other spe-
cies. In one of these studies, King, Weiss,
and Sisco (2008) compared chimpanzees to
humans. In another study, Weiss and King
(2015) compared chimpanzees to orang-
utans. The authors of these studies took
into account and adjusted for the different
rates of development between the great ape
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species and the humans. They found that
the direction and magnitude of personal-
ity age differences were mostly comparable
across species, which appears inconsistent
with a social roles explanation of personal-
ity development (King et al., 2008; Weiss &
King, 2015). Moreover, two findings from
these studies suggest that personality de-
velopment is a product of natural selection.
First, orangutans declined in agreeable-
ness, suggesting that age-related increases.in
human and chimpanzee agreeableness may
be an adaptation for living among unfrelated
conspecifics, which orangutans do not do
(Weiss & King, 2015). Second, in contrast
to humans, orangutans,-and female chim-
panzees, age-related declines in extraversion
leveled off among malewchimpanzees (King
et al., 2008; Weiss & King, 2015), which
may reflect an adaptation for heightened ag-
gression in chimpanzee males (Wrangham,
Wilson, & Muller, 2006).

Personality, Happiness, and Health

Human personality dimensions are associ-
ated with psychological and physical health.
The study of animal personality provides in-
sight into the mechanisms and evolutionary
bases that underlie these associations.

In one case, the comparative approach
has revealed why people who are lower in
neuroticism and higher in extraversion, and,
to a lesser degree, higher in the other three
human personality dimensions, tend to be
happier (DeNeve & Cooper, 1998; Steel,
Schmidt, & Shultz, 2008). These findings
grew from a study by King and Landau
(2003), who created a four-item question-
naire that allowed raters closely familiar
with the animals to assess a construct akin
to subjective well-being in chimpanzees.
King and Landau’s analyses indicated that
the four items defined a single factor, the in-
terrater and retest reliabilities were high, and
the factor was related to higher dominance,
extraversion, and conscientiousness. Similar
relationships have been found in other stud-
ies of personality ratings in nonhuman pri-
mates (Robinson et al., 2016; Weiss et al.,
2009, 2011) and felids (Gartner, Powell, &
Weiss, 2016).

King and Landau’s (2003) findings were
an initial indication that associations be-
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tween personality and subjective well-be-
ing predated the emergence of humans and
human societies. This study thus led to a
search for explanations that would hold
across humans, chimpanzees, and possibly
other primates. One possible explanation
put forward was that common genes were
responsible for some aspects of personal-
ity (the dominance dimension in this case)
and subjective well-being. This notion was
initially supported by a quantitative genetic
study of chimpanzees (Weiss, King, & Enns,
2002) and later by quantitative genetic stud-
ies of personality and subjective well-being
in humans and orangutans (see Weiss &
Luciano, 2015, for a review). A recent ge-
nomewide association study yielded results
consistent with these earlier studies (Weiss
et al., 2016). In brief, a common set of genes
that give rise to individual differences in
both personality and subjective well-being
may have existed prior to human evolution.

Studies of personality in other species are
also informative for those who seek to ad-
dress why people with certain personalities
tend to suffer from poorer physical health
(Deary, Weiss, & Batty, 2010; Strickhouser,
et al., 2017). Many mechanisms have been
proposed, but those that predominate in
the literature posit that human behaviors,
such as dietary choices, substance use, and
physical activity, are responsible (Deary et
al., 2010). Studies of nonhuman”animals,
however, suggest that the mediation models
favored in much of the human'literature may
provide only a partial ‘picture of how per-
sonality translates into health. For example,
a meta-analysis of studies comparing multi-
ple species revealed that species with higher
boldness and higher exploration (i.e., traits
that roughly correspond to low neuroticism
and high openness, respectively) live longer
(Smith & Blumstein, 2008).

Studies of personality and health by com-
parative psychologists have largely, but not
exclusively, been of nonhuman primates.
These studies include two that investigated
associations between personality and mor-
tality. The first was an 18-year follow-up of
zoo-housed western lowland gorillas: higher
extraversion was related to mortality, but
neuroticism, agreeableness, and dominance
were not (Weiss, Gartner, Gold, & Stoin-
ski, 2013). The second was a study of chim-
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panzees housed in zoos, research centers,
and a sanctuary. Mortality was assessed 7
to 24 years later. Among males, longevity
was related to higher agreeableness; among
females, however, openness was related to
longer life, but this relationship was tenu-
ous; neither dominance, extraversion, con-
scientiousness nor neuroticism were related
to longevity (Altschul et al., 2018).

Further studies investigated health-out-
comes other than mortality. The authors of
one such study found that lower aggressive-
ness, lower “mellowness,” and highér excit-
ability were related to morbidity in golden
snub-nosed monkeys, and“that sociability
was related to higher morbidity in younger
monkeys but lower morbidity in older mon-
keys (Jin, Su, Tao, Guo;& Yu, 2013). A study
that examined,associations between person-
ality ratings and\veterinary records revealed
that rhesus, macaques higher in confidence
and anxiety ‘were less likely to be injured;
there appeared to be no association between
these personality dimensions and illness or
between injury and the four remaining di-
mensions, those being activity, openness,
friendliness, and dominance (Robinson et
al., 2018). Finally, experimental studies have
demonstrated that in rhesus macaques, some
common factor or factors underlie personal-
ity traits related to sociability and immune
system robustness, and that these effects
tend to show up in unstable social environ-
ments (see review by Capitanio, 2011).

These and similar findings (see Mehta &
Gosling, 2008, for a review), and especially
findings in captive animals whose diets are
managed, whose health is monitored, and
who receive treatment for health conditions
that arise, suggest that studies of human
personality and health may benefit from
searching for mechanisms that can explain
these associations in humans and nonhu-
mans. Differences may be informative,
too. For example, the study by Altschul et
al. (2018) that did not find an association
between conscientiousness and longevity in
chimpanzees was based on captive samples.
This means the diets of these chimpanzee
subjects were controlled, they received regu-
lar health checks, and preventative measures
and interventions were administered. All of
this strongly supports the view that the rela-
tionship between conscientiousness and bet-
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ter health in humans is mediated by individ-
ual health behaviors (Altschul et al., 2018).

In summary, the findings reviewed in this
section suggest that studies of personality in
animals have revealed weaknesses of some
proposed evolutionary and mechanistic ex-
planations of human personality. Studies
of animal personality have also pointed to
promising alternative explanations. In terms
of furthering our understanding of person-
ality, then, the need to study personality in
animals can be likened to the suggestion
that we study WEIRD (Westernized, edu-
cated, industrialized, rich, and democratic)
humans (Henrich, Heine, & Norenzayan,
2010).

Future Directions

The evidence that personality can be mea-
sured reliably in animals, and that these
measures are capturing real differences
among individuals, both within and between
species, is hard to dispute. Likewise, the
studies described in this chapter show how
animal personality research has informed
our understanding of human personality,
with regard to its proximate causes and con-
sequences, and its evolutionary bases. The
research described thus far represents only a
small part of the extensive literature.on ani-
mal personality research conducted by be-
havioral ecologists, compatative psycholo-
gists, and personality psychologists. Further
progress could be made.by-research that an-
swers the growing calls for an integration of
these still-distinct ‘research strands (Carter,
Feeney, et al., 20125 Koski, 2011a; Nettle &
Penke, 20105 Weiss & Adams, 2013).

One set of studies could examine associa-
tions bétween the domains and facets of the
five-factor model and behavioral measures
such_as boldness, exploratory behavior,
and so forth (Réale, et al., 2007), using a
multitrait—-multimethod framework (Camp-
bell & Fiske, 1959). Although animal re-
searchers have examined how personality
dimensions assessed by ratings are related to
specific behavioral observations (e.g., Peder-
son, King, & Landau, 2005) and behavioral
tests (e.g., Carter, Marshall, Heinsohn, &
Cowlishaw, 2012a), no comparable human
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work has been done. Such studies could im-
prove the measures and clarify what con-
structs are being measured by behavioral
ecologists.

Future research is also needed on a wider
range of species to fill in what one might
describe as “phylogenetic gaps.” Next to
nothing is known about personality in a vast
array of primate and nonprimate species.
Carefully selecting which species to study
and use of phylogenetic analyses (Nunn,
2011) could lead to new findings.

Finally, there is evidence that human per-
sonality structure may differ) in, societies
that more closely resemble those of our early
human ancestors (Gurven, Von Rueden,
Massenkoff, Kaplan, & . Lero Vie, 2013).
Likewise, there is evidence that the person-
ality structure of chimpanzees and bonobos
in captive enyironments may differ from
their wild counterparts (Garai, Weiss, Arn-
aud, & Furaichi, 2016; Weiss et al., 2017).
Howevery.because of differences in how per-
sonality was measured in both sets of stud-
iess.it'is too early to conclude whether these
differences reflect environmental influences
or evolved differences brought about, for
example, by self-domestication (Hare, Wob-
ber, & Wrangham, 2012). Studies using the
same personality measures in both captive
and wild environments would help to resolve
this question.

Conclusions

I hope that this chapter has shown the use-
fulness of studying animal personality,
whether by behavioral ecologists or com-
parative psychologists, without giving the
impression that it is the only way to learn
about personality. Although an integrative
research agenda would be useful for answer-
ing some questions, the diverse personality
research ecosystem on display in this volume
will ensure that other questions are not ig-
nored, and perhaps are answered, too.
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NOTES

1. Coping styles as discussed here are not the
same as those in the work on coping in the human
personality literature (see Carver & Connor-Smith,
2010).

REFERENCES

Adams, M. ]J., Majolo, B., Ostner, J., Schuelke, O.,
De Marco, A., Thierry, B., et al. (2015). Per-
sonality structure and social style in macaques.
Journal of Personality and Social Psychology,
109, 338-353.

Allport, G. W., & Odbert, H. S. (1936). Trait-
names, a psycho-lexical study. Psychological
Monographs, 47, i-171.

Altschul, D. M., Hopkins, W. D., Herrelko, E. S.,
Inoue-Murayama, M., Matsuzawa, T., King, J.
E., et al. (2018). Personality links with lifespan
in chimpanzees. eLife, 7, €33781.

Altschul, D. M., Wallace, E. K., Sonnweber, R., To-
monaga, M., & Weiss, A. (2017). Chimpanzee
intellect: Personality, performance and motiva-
tion with touchscreen tasks. Royal Society Open
Science, 4, Article No. 170169.

Altschul, D. M., Weiss, A., & Terrace, H. (2016).
Serial cognition and personality in macaques:
Animal Behavior and Cognition, 3, 46-64.

Alvergne, A., Jokela, M.; & Lummaa, V. (2010).
Personality and reproductive success in-a. high-
fertility human population. Proceedings of .the
National Academy of Sciences of the USA,; 107,
11745-11750.

Araya-Ajoy, Y. G., & Dingemanse, No'J. (2014).
Characterizing behavioural‘characters™ An evo-
lutionary framework. Proceedings of the Royal
Society of London B:'Biological Sciences, 281,
Article No. 20132645:

Ashton, M. C., & Lee, K. (2007). Empirical, theo-
retical, and practicaliadvantages of the HEXA-
CO model of(personality structure. Personality
and Social Psychology Review, 11, 150-166.

Bell, A. M« Hankison, S. J., & Laskowski, K. L.
(2009). The repeatability of behaviour: A meta-
analysis. Animal Bebaviour, 77, 771-783.

Biro, P."A., & Stamps, J. A. (2008). Are animal
personality traits linked to life-history produc-
tivity? Trends in Ecology and Evolution, 23,
361-368.

Blatchley, B. J., & Hopkins, W. D. (2010). Subgen-
ual cingulate cortex and personality in chimpan-
zees (Pan troglodytes). Cognitive, Affective and
Behavioral Neuroscience, 10, 414-421.

Block, J. (1995). A contrarian view of the five-factor
approach to personality description. Psychologi-
cal Bulletin, 117, 187-215.

Boake, C. R. B. (1989). Repeatability: Its role in

187

evolutionary studies of mating behavior. Evolu-
tionary Ecology, 3, 173-182.

Boyette, L. L., Korver-Nieberg, N., Verweij, K., Mei-
jer, C., Dingemans, P., Cahn, W., et al. (2013). As-
sociations between the Five-Factor Model person-
ality traits and psychotic experiences in patients
with psychotic disorders, their siblings and con-
trols. Psychiatry Research, 210, 491-497.

Brent, L. J. N., Semple, S., MacLarnon, A., Ruiz-
Lambides, A., Gonzalez-Martinez, J., & Platt,
M. J. (2014). Personality traits in rhesus*ma-
caques (Macaca mulatta) are heritable. but do
not predict reproductive output. International
Journal of Primatology, 35, 188-209:

Burkart, J. M., Hrdy, S. B., & Van Schaick, C. P.
(2009). Cooperative breeding and human cogni-
tive evolution. Evolutionary Anthropology, 18,
175-186.

Buss, D. M. (2009). How can-evolutionary psychol-
ogy successfully.explain'personality and individ-
ual differences? ‘Perspectives on Psychological
Science, 4, 359-366.

Campbell, D. T.; & Fiske, D. W. (1959). Convergent
and discriminant validation by the multitrait—
multimethod matrix. Psychological Bulletin, 56,
81-105.

Capitanio, J. P. (2011). Nonhuman primate person-
ality and immunity: Mechanisms of health and
disease. In A. Weiss, J. E. King, & L. E. Murray
(Eds.), Personality, temperament, and behavior-
al syndromes in nonbuman primates (pp. 233—
255). New York: Springer.

Carter, A. J., Feeney, W. E., Marshall, H. H.,
Cowlishaw, G., & Heinsohn, R. (2012). Animal
personality: What are behavioural ecologists
measuring? Biological Reviews, 88, 465-475.

Carter, A. J., Marshall, H. H., Heinsohn, R., &
Cowlishaw, G. (2012a). Evaluating animal per-
sonalities: Do observer assessments and experi-
mental tests measure the same thing? Behavioral
Ecology and Sociobiology, 66, 153-160.

Carter, A. J., Marshall, H. H., Heinsohn, R., &
Cowlishaw, G. (2012b). How not to measure
boldness: Demonstration of a jingle fallacy in
a wild social primate. Animal Behaviour, 84,
603-609.

Carter, A. J., Marshall, H. H., Heinsohn, R., &
Cowlishaw, G. (2014). Personality predicts the
propensity for social learning in a wild primate.
Peer], 2, e283.

Carver, C. S., & Connor-Smith, J. (2010). Personal-
ity and coping. Annual Review of Psychology,
61, 679-704.

Cattell, R. B. (1946). The description and measure-
ment of personality. London: George G. Harap
& Co., Ltd.

Chamberlin, T. C. (1965). The method of multiple
working hypotheses. Science, 148, 754-759.
(Original work published 1890)



188

Costa, P. T., Jr., & McCrae, R. R. (1992). Revised
NEO Personality Inventory (NEO-PI-R) and
NEO Five-Factor Inventory (NEO-FFI) profes-
sional manual. Odessa, FL: Psychological As-
sessment Resources.

Crook, J. H., & Gartlan, J. S. (1966). Evolution of
primate societies. Nature, 210, 1200-1203.

Deary, L. J., Weiss, A., & Batty, G. D. (2010). In-
telligence and personality as predictors of illness
and death: How researchers in differential psy-
chology and chronic disease epidemiology are
collaborating to understand and address health
inequalities. Psychological Science in the Public
Interest, 11, 53=79.

Delgado, M. M., & Sulloway, F. J. (2017). Attri-
butes of conscientiousness throughout the ani-
mal kingdom: An empirical and evolutionary
overview. Psychological Bulletin, 143, 823-867.

DeNeve, K. M., & Cooper, H. (1998). The happy
personality: A meta-analysis of 137 personality
traits and subjective well-being. Psychological
Bulletin, 124, 197-229.

Dingemanse, N. ]J., Both, C., Drent, P. J., & Tin-
bergen, J. M. (2004). Fitness consequences of
avian personalities in a fluctuating environment.
Proceedings of the Royal Society of London B:
Biological Sciences, 271, 847-852.

Dingemanse, N. J., & Réale, D. (2013). What is the
evidence that natural selection maintains varia-
tion in animal personalities? In C. Carere & D.
Maestripieri (Eds.), Animal personalities: Behav-
ior, physiology, and evolution (pp. 201=220).
Chicago: University of Chicago Press.

Dingemanse, N. J., & Wolf, M. (2010). Recent
models for adaptive personality differences: A
review. Philosophical Transactions of the Royal
Society of London B: Biological\Sciences, 363,
3947-3958.

Dutton, D. M. (2008). Subjective assessment of
chimpanzee (Pan troglodytes) personality: Reli-
ability and stability of trait'ratings. Primates, 49,
253-259.

Dutton, D. M., Clark, R. A., & Dickins, D. W.
(1997). Personality in captive chimpanzees: Use
of a novel-rating procedure. International Jour-
nal of Primatology, 18, 539-552.

Eaves, L. J., Martin, N. G., Heath, A. C., Hewitt,
J. K.y & Neale, M. C. (1990). Personality and
reproductive fitness. Behavior Genetics, 20,
563-568.

Eckardt, W., Steklis, H. D., Steklis, N. G., Fletcher,
A. W., Stoinski, T. S., & Weiss, A. (2015). Per-
sonality dimensions and their behavioral corre-
lates in wild Virunga mountain gorillas (Gorilla
beringei beringei). Journal of Comparative Psy-
chology, 129, 26-41.

Eysenck, H. J. (1992). A reply to Costa and Mc-
Crae: P or A and C—the role of theory. Person-
ality and Individual Differences, 13, 867-868.

[I. BIOLOGICAL FOUNDATIONS

Fernandez-Duque, E., Valeggia, C. R., & Mendo-
za, S. P. (2009). The biology of paternal care in
human and nonhuman primates. Annual Review
of Anthropology, 38, 115-130.

Fratkin, J. L., Sinn, D. L., Patall, E. A., & Gosling,
S. D. (2013). Personality consistency in dogs: A
meta-analysis. PLOS ONE, 8, e54907.

Freeman, H. D., Brosnan, S. F., Hopper, L. M.,
Lambeth, S. P., Schapiro, S. J., & Gosling, S. D.
(2013). Developing a comprehensive and com-
parative questionnaire for measuring personality
in chimpanzees using a simultaneous top-down/
bottom-up design. American Journal of Prima-
tology, 75, 1042-1053.

Freeman, H. D., & Gosling, S. D.(2010). Personal-
ity in nonhuman primates: A‘review and evalua-
tion of past research. American\Journal of Pri-
matology, 72, 653-671.

Galan-Acedo, C., Arroyo-Rodriguez, V., Andresen,
E., & Arasa-Gisberty R:.(2019). Ecological traits
of the world’s primates.Scientific Data, 6, 55.

Gale, C. R., Cukig, L., Batty, G. D., McIntosh, A.
M., Weiss, A.;»& Deary, 1. J. (2017). When is
higher /neuroticism protective against death?:
Findings from UK Biobank. Psychological Sci-
ence, 28, 1345-1357.

Galton, F. (1884). Measurement of character. Fort-
nightly Review, 36, 179-185.

Garai, C., Weiss, A., Arnaud, C. M., & Furuichi,
T. (2016). Personality in wild bonobos (Pan
paniscus). American Journal of Primatology, 78,
1178-1189.

Gartner, M. C. (2014). Pet personality: A review.
Personality and Individual Differences, 75,
102-113.

Gartner, M. C., Powell, D. M., & Weiss, A. (2016).
Comparison of subjective well being and person-
ality assessments in in the clouded leopard (Neo-
felis nebulosa), snow leopard (Panthera uncia),
and African lion (Panthera leo). Journal of Ap-
plied Animal Welfare Science, 19, 294-302.

Gartner, M. C., & Weiss, A. (2013). Personality in
felids: A review. Applied Animal Bebhaviour Sci-
ence, 144, 1-13.

Gold, K. C., & Maple, T. L. (1994). Personality as-
sessment in the gorilla and its utility as a man-
agement tool. Zoo Biology, 13, 509-522.

Gosling, S. D. (1998). Personality dimensions in
spotted hyenas (Crocuta crocuta). Journal of
Comparative Psychology, 112, 107-118.

Gosling, S. D. (2001). From mice to men: What
can we learn about personality from animal re-
search? Psychological Bulletin, 127, 45-86.

Gosling, S. D., & Graybeal, A. (2007). Tree think-
ing: A new paradigm for integrating comparative
data in psychology. Journal of General Psychol-
ogy, 134, 259-277.

Gosling, S. D., & John, O. P. (1999). Personality di-

mensions in nonhuman animals: A cross-species



7. Personality in Animals

review. Current Directions in Psychological Sci-
ence, 8, 69-75.

Gurven, M., Von Rueden, C., Massenkoff, M., Ka-
plan, H., & Lero Vie, M. (2013). How universal
is the Big Five?: Testing the five-factor model of
personality variation among forager-farmers in
the Bolivian Amazon. Journal of Personality and
Social Psychology, 104, 354-370.

Hamilton, W. D. (1964). The genetical evolution of
social behaviour II. Journal of Theoretical Biol-
ogy, 7, 17-52.

Hare, B., Wobber, V., & Wrangham, R. (2012).
The self-domestication hypothesis: Evolution of
bonobo psychology is due to selection against ag-
gression. Animal Behaviour, 83, 573-585.

Harvey, N. D., Craigon, P. J., Sommerville, R.,
McMillan, C., Green, M., England, G. C. W.,
et al. (2016). Test-retest reliability and predic-
tive validity of a juvenile guide dog behavior test.
Journal of Veterinary Bebavior: Clinical Appli-
cations and Research, 11, 65-76.

Henrich, J., Heine, S. J., & Norenzayan, A. (2010).
The weirdest people in the world? Behavioral
and Brain Sciences, 33, 61-83.

Hill, W. D., Weiss, A., Liewald, D., Davies, G., Por-
teous, D. J., Hayward, C., et al. (2019). Genetic
contributions to two special factors of neuroti-
cism are associated with affluence, higher intel-
ligence, better health, and longer life. Molecular
Psychiatry.

Hopper, L. M., Price, S. A., Freeman, H. D., Lam-
beth, S. P., Schapiro, S. J., & Kendal;nR. L.
(2014). Influence of personality, age, sex and.es-
trous state on chimpanzee problem=solving suc-
cess. Animal Cognition, 17, 835+847.

Huntingford, F. A. (1976). The relationship be-
tween anti-predator behavior'and aggression
among conspecifics in the three-spined stickle-
back, Gasterosteus aculeatiis. Animal Behav-
iour, 24, 245-260.

Inoue-Murayama, M, Yokoyama, C., Yamanashi,
Y., & Weissy» A (2018). Common marmoset
(Callithrix jacchus) personality, subjective well-
being, hair cortisol level, and AVPR1a, OPRM1,
and DAT genotypes. Scientific Reports, 8, Ar-
ticle No. 10255.

Iwanicki, S.,'& Lehmann, J. (2015). Behavioral and
trait rating assessments of personality in com-
mon marmosets (Callithrix jacchus). Journal of
Comparative Psychology, 129, 205-217.

Jin, J., Su, Y., Tao, Y., Guo, S., & Yu, Z. (2013).
Personality as a predictor of general health in
captive golden snub-nosed monkeys (Rhino-
pithecus roxellana). American Journal of Prima-
tology, 75, 524-533.

Jokela, M., Alvergne, A., Pollet, T. V., & Lummaa,
V. (2011). Reproductive behavior and personality
traits of the Five Factor Model. European Jour-
nal of Personality, 25, 487-500.

189

Jones, A. C., & Gosling, S. D. (2005). Temperament
and personality in dogs (Canis familiaris): A re-
view and evaluation of past research. Applied
Animal Behaviour Science, 95, 1-53.

Kimura, M. (1968). Evolutionary rate at the mo-
lecular level. Nature, 217, 624-626.

Kimura, M. (1983). The neutral theory of molecu-
lar evolution. Cambridge, UK: Cambridge Uni-
versity Press.

Kimura, M. (1986). DNA and the neutral theory.
Philosophical Transactions of the Royal Society
of London B: Biological Sciences, 312, 343-354.

King, J. E., & Figueredo, A. J. (1997). The Five-
Factor Model plus dominance in| chimpanzee
personality. Journal of Research"in Personality,
31, 257-271.

King, J. E., & Landau, V. L. (2003). Can chimpan-
zee (Pan troglodytes) happiness be estimated by
human raters? Journal of-Research in Personal-
ity, 37, 1-15.

King, J. E., Weiss, A.,~& Sisco, M. M. (2008).
Aping humans: Age and sex effects in chimpan-
zee (Pan troglodytes) and human (Homo sapiens)
personality. Journal of Comparative Psychology,
122,418-427.

Koneéna, M., Lhota, S., Weiss, A., Urbanek, T., Ad-
amoya, T., & Pluhdgek, J. (2008). Personality in
free-ranging Hanuman langur (Semmnopithecus
entellus) males: Subjective ratings and recorded
behavior. Journal of Comparative Psychology,
122, 379-389.

Koneéna, M., Weiss, A., Lhota, S., & Wallner, B.
(2012). Personality in Barbary macaques (Maca-
ca sylvanus): Temporal stability and social rank.
Journal of Research in Personality, 46, 581-590.

Koolhaas, J. M., Korte, S. M., De Boer, S. F., Van
Der Vegt, B. J., Van Reenen, C. G., Hopster,
H., et al. (1999). Coping styles in animals: Cur-
rent status in behavior and stress-physiology.
Neuroscience and Biobehavioral Reviews, 23,
925-935.

Koski, S. E. (2011a). How to measure animal per-
sonality and why does it matter?: Integrating
the psychological and biological approaches to
animal personality. In M. Inoue-Murayama, S.
Kawamura, & A. Weiss (Eds.), From genes to an-
imal bebavior: Social structures, personalities,
communication by color (pp. 115-136). Tokyo:
Springer.

Koski, S. E. (2011b). Social personality traits in
chimpanzees: Temporal stability and structure of
behaviourally assessed personality traits in three
captive populations. Behavioral Ecology and So-
ciobiology, 65, 2161-2174.

Koski, S. E., Buchanan-Smith, H., Ash, H., Burkart,
J., Bugnyar, T., & Weiss, A. (2017). Common
marmoset (Callithrix jacchus) personality. Jour-
nal of Comparative Psychology, 131, 326-336.

Krebs, J. R., & Davies, N. B. (1997). Behavioural



190

ecology: An evolutionary approach (4th ed.).
Malden, MA: Blackwell.

Kurvers, R. H. J. M., Eijkelenkamp, B., van Oers,
K., van Lith, B., van Wieren, S. E., Ydenberg, R.
C., et al. (2009). Personality differences explain
leadership in barnacle geese. Animal Bebhaviour,
78, 447-453.

Kurzban, R., Burton-Chellew, M. N., & West, S. A.
(2015). The evolution of altruism in humans. An-
nual Review of Psychology, 66, 575-599.

Latzman, R. D., Hecht, L. K., Freeman, H. D.,
Schapiro, S. J., & Hopkins, W. D. (2015). Neu-
roanatomical correlates of personality in chim-
panzees (Pan troglodytes): Associations between
personality and frontal cortex. Neurolmage,
123, 63-71.

MacArthur, R. H., & Wilson, E. O. (1963). An
equilibrium theory of insular zoogeography.
Evolution, 17, 373-387.

MacLean, E. L., Hare, B., Nunn, C. L., Addessi,
E., Amici, F., Anderson, R. C., et al. (2014). The
evolution of self-control. Proceedings of the Na-
tional Academy of Sciences of the USA, 111,
E2140-E2148.

Maejima, M., Inoue-Murayama, M., Tonosaki, K.,
Matsuura, N., Kato, S., Saito, Y., et al. (2007).
Traits and genotypes may predict the successful
training of drug detection dogs. Applied Animal
Bebaviour Science, 107, 287-298.

Massen, J. J. M., Antonides, A., Arnold, A.-M.
K., Bionda, T., & Koski, S. E. (2013). A behay-
ioral view on chimpanzee personality: Explora-
tion tendency, persistence, boldness, and tool-
orientation measured with group experiments.
American Journal of Primatology{75, 947-958.

Mather, J. A., & Anderson, R. C. (1993). Personal-
ity of octopuses (Octopus rubescens). Journal of
Comparative Psychology, 107,.336-340.

McCrae, R. R., & Costa, P/ T., Jr.(2003). Personal-
ity in adulthood: A.five-factor theory perspec-
tive. New York: Guilford Press.

Mehta, P. H., & ‘Gosling, S. D. (2008). Bridging
human and afnimal _research: A comparative
approach to studies of personality and health.
Brain, Behavior, and Immunity, 22, 651-661.

Morton, F. B., Lee, P. C., & Buchanan-Smith, H.
M. (2013). Taking personality selection bias seri-
ously:in animal cognition research: A case study
in_capuchin monkeys (Sapajus apella). Animal
Cognition, 16, 677-684.

Morton, F. B., Lee, P. C., Buchanan-Smith, H.
M., Brosnan, S. F., Thierry, B., Paukner, A., et
al. (2013). Personality structure in brown ca-
puchin monkeys (Sapajus apella): Comparisons
with chimpanzees (Pan troglodytes), orangutans
(Pongo spp.), and rhesus macaques (Macaca mu-
latta). Journal of Comparative Psychology, 127,
282-298.

Nakagawa, S., & Schielzeth, H. (2010). Repeatabil-

[I. BIOLOGICAL FOUNDATIONS

ity for Gaussian and non-Gaussian data: A prac-
tical guide for biologists. Biological Reviews, 85,
935-956.

Nettle, D. (2006). The evolution of personality
variation in humans and other animals. Ameri-
can Psychologist, 61, 622-631.

Nettle, D., & Penke, L. (2010). Personality: Bridg-
ing the literatures from human psychology and
behavioural ecology. Philosophical Transactions
of the Royal Society of London B: Biological Sci-
ences, 365, 4043-4050.

Nicolaus, M., Tinbergen, J. M., Ubels, R.,.Both,
C., & Dingemanse, N. J. (2016). Density fluc-
tuations represent a key process maintaining per-
sonality variation in a wild passerine bird. Ecol-
ogy Letters, 19, 478-486.

Nunn, C. L. (2011). The comparative method in
evolutionary anthropology and biology. Chica-
go: University of Chicago Press.

Ozer, D. J., & Benet-Martinez, V. (2006). Personal-
ity and the prediction'of consequential outcomes.
Annual Review.of Psychology, 57, 401-421.

Parker, G. A., & Maynard Smith, J. (1990). Opti-
mality sheory.in evolutionary biology. Nature,
348, 27-33.

Pederson, A.K., King, J. E., & Landau, V. L. (2005).
Chimpanzee (Pan troglodytes) personality pre-
dicts'behavior. Journal of Research in Personal-
ity, 39, 534-549.

Penke, L., Denissen, J. J. A., & Miller, G. F. (2007).
The evolutionary genetics of personality. Euro-
pean Journal of Personality, 21, 549-587.

Platt, J. R. (1964). Strong inference. Science, 146,
347-353.

Réale, D., Garant, D., Humphries, M. M.,
Bergeron, P., Careau, V., & Montiglio, P.-O.
(2010). Personality and the emergence of the
pace-of-life syndrome concept at the population
level. Philosophical Transactions of the Royal
Society of London B: Biological Sciences, 363,
4051-4063.

Réale, D., Martin, J., Coltman, D. W., Poissant, J.,
& Festa-Bianchet, M. (2009). Male personality,
life-history strategies and reproductive success in
a promiscuous mammal. Journal of Evolution-
ary Biology, 22, 1599-1607.

Réale, D., Reader, S. M., Sol, D., McDougall, P. T.,
& Dingemanse, N. J. (2007). Integrating animal
temperament within ecology and evolution. Bio-
logical Reviews, 82, 291-318.

Roberts, B. W., & Jackson, J. J. (2009). Socioge-
nomic personality psychology. Journal of Per-
sonality, 76, 1523-1544.

Roberts, B. W., Kuncel, N. R., Shiner, R., Caspi,
A., & Goldberg, L. R. (2007). The power of per-
sonality: The comparative validity of personality
traits, socioeconomic status, and cognitive abil-
ity for predicting important life outcomes. Per-
spectives on Psychological Science, 2, 313-345.



7. Personality in Animals

Robinson, L. M., Coleman, K., Capitanio, J. P.,
Gottlieb, D. H., Handel, I. G., Adams, M. J., et
al. (2018). Rhesus macaque personality, domi-
nance, behavior, and health. American Journal
of Primatology, 80, e22739.

Robinson, L. M., Waran, N. K., Leach, M. C.,
Morton, F. B., Paukner, A., Lonsdorf, E., et al.
(2016). Happiness is positive welfare in brown
capuchins (Sapajus apella). Applied Animal Be-
haviour Science, 181, 145-151.

Seltmann, M. W., Helle, S., Adams, M. J., Mar,
K. U., & Lahdenperd, M. (2018). Evaluating
the personality structure of semi-captive Asian
elephants living in their natural habitat. Royal
Society Open Science, 5, 172026.

Sih, A., Bell, A. M., Johnson, J. C., & Ziemba, R.
E. (2004). Behavioral syndromes: An integra-
tive overview. Quarterly Review of Biology, 79,
241-277.

Sinn, D. L., Gosling, S. D., & Hilliard, S. (2010).
Personality and performance in military working
dogs: Reliability and predictive validity of behav-
ioral tests. Applied Animal Bebaviour Science,
127, 51-65.

Smith, B. R., & Blumstein, D. T. (2008). Fitness
consequences of personality: A meta-analysis.
Behavioral Ecology, 19, 448—455.

Steel, P., Schmidt, J., & Shultz, J. (2008). Refining
the relationship between personality and sub-
jective well-being. Psychological Bulletin, 134,
138-161.

Stevenson-Hinde, J., & Zunz, M. (1978).-Subjec-
tive assessment of individual rhesus_monkeys.
Primates, 19, 473-482.

Strickhouser, J. E., Zell, E., & Krizan, Z.(2017).
Does personality predict health and well-being?:
A metasynthesis. Health Psychology, 36, 797-
810.

Thierry, B. (2000). Covariation of conflict manage-
ment patterns across macaque species. In F. Au-
reli & F. B. M. de-Waal (Eds.), Natural conflict
resolution (ppr 106-128). Berkeley: University of
California Press.

Tinbergen, N. (1959). Comparative studies of the
behaviour, of gulls (Laridae): A progress report.
Bebaviour, 15, 1-70.

Tinbergen; N. (1963). On aims and methods of
Ethology. Zeitschrift fiir Tierpsychologie, 20,
410-433.

Tooby, J., & Cosmides, L. (1990). On the universal-
ity of human nature and the uniqueness of the
individual: The role of genetics and adaptation.
Journal of Personality, 58, 17-67.

Trivers, R. L. (1971). The evolution of reciprocal al-
truism. Quarterly Review of Biology, 46, 35-57.

Trut, L., Oskina, I., & Kharlamova, A. (2009).
Animal evolution during domestication: the do-
mesticated fox as a model. Bioessays, 31, 349—
360.

191

Uher, J. (2013). Personality psychology: Lexical
approaches, assessment methods, and trait con-
cepts reveal only half of the story—why it is time
for a paradigm shift. Integrative Psychological
and Bebavioral Science, 47, 1-55.

Uher, J., Addessi, E., & Visalberghi, E. (2013).
Contextualised behavioural measurements of
personality differences obtained in behavioural
tests and social observations in adult capuchin
monkeys (Cebus apella). Journal of Research in
Personality, 47, 427-444.

van Hooff, J. A. R. A. M. (1970). A component
analysis of the structure of the social behaviour
of a semi-captive chimpanzee group. Experien-
tia, 26, 549-550.

van Qers, K., Buchanan, K. I'.; Thomas, T. E., &
Drent, P. J. (2011). Correlated response to selec-
tion of testosterone levelshand immunocompe-
tence in lines selected«for'avian personality. Ani-
mal Bebaviour, 81;1055-1061.

Weiss, A. (2017)." Exploring factor space (and
other adventures) with the Hominoid Personal-
ity Questionnaire. In J. Vonk, A. Weiss, & S.
Kuczaj (Eds:)y Personality in nonhuman animals
(pp- 19-38). Cham, Switzerland: Springer.

Weiss, A., & Adams, M. J. (2013). Differential be-
havioral ecology. In C. Carere & D. Maestripieri
(Eds.), Animal personalities: Behavior, physiol-
ogy and evolution (pp. 96-123). Chicago: Uni-
versity of Chicago Press.

Weiss, A., Adams, M. J., Widdig, A., & Gerald, M.
S. (2011). Rhesus macaques (Macaca mulatta) as
living fossils of hominoid personality and subjec-
tive well-being. Journal of Comparative Psychol-
ogy, 125, 72-83.

Weiss, A., Baselmans, B. M. L., Hofer, E., Yang,
J., Okbay, A., Lind, P. A., et al. (2016). Person-
ality polygenes, positive affect, and life satisfac-
tion. Twin Research and Human Genetics, 19,
407-417.

Weiss, A., Gale, C. R., Cuki¢, 1., Batty, G. D.,
MclIntosh, A. M., & Deary, 1. J. (2019). Con-
ditioning on a collider may or may not explain
the relationship between lower neuroticism and
premature mortality in the study by Gale et al.
(2017): A reply to Richardson, Davey Smith,
and Munafo (2019). Psychological Science, 30,
633-638.

Weiss, A., & Gartner, M. C. (2016). Animal per-
sonality. In T. A. Widiger (Ed.), The Oxford
handbook of the five factor model (pp. 281-
300). Oxford, UK: Oxford University Press.

Weiss, A., Gartner, M. C., Gold, K. C., & Stoinski,
T. S. (2013). Extraversion predicts longer sur-
vival in gorillas: An 18-year longitudinal study.
Proceedings of the Royal Society of London B:
Biological Sciences, 280, 20122231.

Weiss, A., Inoue-Murayama, M., Hong, K.-W.,
Inoue, E., Udono, S., Ochiai, T., et al. (2009).



192

Assessing chimpanzee personality and subjective
well-being in Japan. American Journal of Prima-
tology, 71, 283-292.

Weiss, A., & King, J. E. (2015). Great ape origins
of personality maturation and sex differences:
A study of orangutans and chimpanzees. Jour-
nal of Personality and Social Psychology, 108,
648-664.

Weiss, A., King, J. E., & Enns, R. M. (2002). Sub-
jective well-being is heritable and genetically
correlated with dominance in chimpanzees (Pan
troglodytes). Journal of Personality and Social
Psychology, 83, 1141-1149.

Weiss, A., King, J. E., & Hopkins, W. D. (2007).
A cross-setting study of chimpanzee (Pan trog-
lodytes) personality structure and development:
Zoological parks and Yerkes National Primate
Research Center. American Journal of Primatol-
0gy, 69, 1264-1277.

Weiss, A., King, J. E., & Perkins, L. (2006). Per-
sonality and subjective well-being in orangutans
(Pongo pygmaeus and Pongo abelii). Journal of
Personality and Social Psychology, 90, 501-511.

Weiss, A., & Luciano, M. (2015). The genetics and
evolution of covitality. In M. Pluess (Ed.), Ge-
netics of psychological well-being: The role of
heritability and genetics in positive psychology

Copyright © 2021 The Guilford Press.

No part of this text may be reproduced, translated, stored in a retrieval
system, or transmitted in any form or by any means, electronic, mechanical,
photocopying, microfilming, recording, or otherwise, without written permission

from the publisher.
Purchase this book now: www.guilford.com/p/john

[I. BIOLOGICAL FOUNDATIONS

(pp- 146-160). Oxford, UK: Oxford University
Press.

Weiss, A., Staes, N., Pereboom, J. J. M., Inoue-
Murayama, M., Stevens, J. M. G., & Eens, M.
(2015). Personality in bonobos. Psychological
Science, 26, 1430-1439.

Weiss, A., Wilson, M. L., Collins, D. A., Mjungu,
D., Kamenya, S., Foerster, S., & Pusey, A. E.
(2017). Personality in the chimpanzees of Gombe
National Park. Scientific Data, 4, Article No.
170146.

Whitman, W., & Washburn, D. A. (2017).-A " his-
tory of animal personality research. In J#"Vonk,
A. Weiss, & S. Kuczaj (Eds.), Personalityin non-
human animals (pp. 3-16). Cham; Switzerland:
Springer.

Wilson, D. S., Clark, A. B., Coleman, K., &
Dearstyne, T. (1994). Shyness and boldness in
humans and other animals.“Trends in Ecology
and Evolution, 9,442-446.

Wolf, M., van Doern, S Leimar, O., & Weissing,
F. J. (2007). Lifeshistory trade-offs favour the
evolution of animal personalities. Nature, 447,
581-5885.

Wrangham, R.'W., Wilson, M. L., & Muller, M. N.
(2006). Comparative rates of violence in chim-
panzees and humans. Primates, 47, 14-26.

Guilford Publications
370 Seventh Avenue
New York, NY 10001
212-431-9800
800-365-7006
www.guilford.com


https://www.guilford.com/books/Handbook-of-Personality/John-Robins/9781462544950
https://www.guilford.com/



