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In Memoriam: Stan A. Kuczaj

On April 14, 2016, the scientific community lost a beloved colleague and
friend, Dr. Stan A. Kuczaj. One of Stan’s principal research interests was
animal personality, but he did not begin his research career with this topic.
After a somewhat later than usual start in academia, Stan earned a Ph.D. in
Child Psychology in 1976 from the University of Minnesota where his focus
was on language development. In 1989, he was invited to serve as a Visiting
Professor at the University of Hawaii’s Kewalo Basin Marine Mammal
Laboratory in order to collaborate with Dr. Louis Herman on studies of
dolphin language and syntax. Inspired by the incredible cognitive abilities
of the dolphins, he founded the Marine Mammal Behavior and Cognition
Laboratory at the University of Southern Mississippi in 1996 and shifted his
research efforts to comparative psychology, and specifically marine
mammals.

Stan was a prolific scholar and exceptional collaborator. He authored
nearly 150 publications and was frequently invited to present at conferences
and colloquia at other universities. His research with dolphins was high-
lighted in five different documentaries, and featured as the cover article in
National Geographic. His remarkable success in the field of psychology
resulted in a legacy of more than 50 master’s- and doctoral-level students
working in a variety of fields. The work of some of those students is rep-
resented in this volume. Given his enormous contributions to the field of
marine mammal behavior and cognition, and the fact that his laboratory was
one of the few places where enthusiastic students could be trained to carry on
his work, the loss of Stan will affect the field for many years to come.

Animal personality was a special interest to Stan, although I am not sure
when he first became interested in the subject. When I arrived to his lab in
2004, there was some talk of a former student being interested in the subject,
but that nothing had been formally researched. I remember when Stan
brought me into his office and asked if I would be interested in studying
dolphin personality—I was not enthused. I came into the program wanting to
study dolphin language, and admittedly thought that dolphin personality
sounded too anthropomorphic. However, after reading Gosling’s (2001)
review of animal personality (at Stan’s request), I quickly changed my
feelings toward the subject. Stan and I then devised our first dolphin per-
sonality questionnaire based on the Five Factor Model and published the first
ever article on dolphin personality (Highfill and Kuczaj 2007). This project
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launched our long-term collaboration examining personality in a variety of
species. Stan would ask everyone he knew that studied animals to complete a
personality questionnaire. Being the well-liked guy that he was, everyone
would agree! I currently have boxes and boxes full of these questionnaires in
my office!

I would venture to say that animal personality was one of Stan’s favorite
research topics. He witnessed the increasing interest over the years and would
remark how animal personality often came up in casual conversations at
conferences. He believed the field was growing and that was very exciting for
him. Nearly 10 years after his first publication on dolphin personality, he had
gone on to publish several papers and author many presentations on the topic.
At the time of Stan’s death, several of his current graduate students were
focusing on animal personality for their master’s and doctoral work. Stan
believed it was important to stop thinking of members of a species as being
carbon copies of each other and to focus on individual differences within
species. Indeed, at Stan’s urging, Michael Beran and I co-edited a special
issue on individual differences (Beran and Highfill 2011) for the Interna-
tional Journal of Comparative Psychology, which Stan was chief editor of, in
2011. He realized the value in recognizing that personality greatly influences
animal behavior and cognition.

The publication of this volume attests to his enthusiasm for the subject.
Stan believed that the more we understand about animal personality, the
better we understand animal behavior. His ultimate goal was for animal
personality research to reach all species (big and small), so that we could
study both the commonalities and differences across species. I believe this
volume brings us closer to his goal and I hope that research in the field of
animal personality will continue to flourish.

Lauren Highfill
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Preface

Stan was Chair of the Psychology Department at the University of Southern
Mississippi in 2005, so it was he who offered me my first tenure-track
position. I was eager to accept the offer with the promise of being able to
collaborate with Stan on studies of sea lions housed at the time at the Marine
Life Oceanarium in Gulfport, MS. These plans never came to fruition
because of the catastrophic damage of Hurricane Katrina, which devastated
the MS coast within one month of the start date of my new faculty position.
Stan led our department through this tumultuous time when research was put
on the back burner and the focus was on repairing lives and maintaining our
campus on the coast. We remained friends and colleagues, but never had the
chance to collaborate until we were reunited through our commitment to
Division 6 of the American Psychological Association (APA), which is now
the Society for Behavioral Neuroscience and Comparative Psychology,
thanks to the work of previous president David Washburn, who co-authors
the introduction to this volume. Stan was the president of the division/society
at the time of his passing, and he and I were working closely together to help
further its mission. In working together on the Division 6 program for the
2015 meeting of the APA, Stan agreed to organize a session on personality in
nonhumans in conjunction with the Society for Personality and Social Psy-
chology (Division 8 of the APA). It was in this session that we met Alex
Weiss, who graciously agreed to participate in this session. Out of the lively
discussion that arose during this session, the idea for this volume was born.
Stan and I readily embraced the opportunity to collaborate on a project, and
so it is bittersweet that this volume has come to fruition in his absence. I am
grateful to the support and assistance of my co-editor, Alex Weiss, who has
been instrumental in bringing this project to life. It is our hope that this
volume, along with the journal Animal Behavior and Cognition that Stan
founded, will serve as a long-lasting testament to the impact that Stan has
made on this field in general, and on his colleagues more personally.

Rochester, USA Jennifer Vonk
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Introduction



1A History of Animal Personality
Research

Will Whitham and David A. Washburn

Abstract
Though the study of animal personality has experienced explosive growth in
the last 20 years, its history can be traced to the early days of comparative
psychology. Early descriptions of nonhuman animals as sociable or fearful
and the like have been progressively replaced across the years with
systematic coding of behavioral patterns across multiple dimensions of
temperament, in a fashion (and with results) similar to the way the topic is
studied in humans. This chapter will explore the researchers, laboratories,
and methodologies of animal personality research as it evolved from a
methodologically impermeable curiosity to an increasingly important
determinant of individual and species variability in behavior.

For much of the twentieth century, animal per-
sonality was comparative psychology’s moon:
clearly visible, obvious to any observer, yet
decidedly impossible to bring into the laboratory
for study. For as long as there has been a com-
parative psychology, researchers have described,
privately or professionally, the individual char-
acter of subject animals. Yet these researchers
lacked any accepted framework by which they
could sensibly and consistently measure individ-
ual differences in temperament or personality. The

study of human personality was relatively difficult
and contentious in its own right (as indicated, for
example, by the longstanding person–situation
debate; e.g., Kenrick and Funder 1988); not sur-
prisingly, the methodological and philosophical
challenges to the study of (nonhuman) animal
personality were even more formidable.

The history of the comparative study of per-
sonality is not one of gradual progressions, of an
accumulation of observations that manifest into
functional theory. Neither was there an emer-
gence of eminent animal personality theorists and
dedicated research programs at each step of a
coherent process. The history is disjointed;
one of fits and starts, as largely isolated
scientists combatted Watsonian dogma and a
pre-paradigmatic lack of direction in an attempt
to build a study of animal personality from the
ground up. This chapter will cover the different
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Georgia State University, Atlanta, GA, USA
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approaches to animal personality that were taken
up to the turn of the twenty-first century, at
which point the disjointedness began to cohere
into the field of animal personality research that
will be explored by the other chapters of this
volume. After initial consideration of early
comparative authors, this chapter will be orga-
nized as a series of extended case studies of the
scholars and laboratories that fought a strong,
resistant tide in their attempts to codify the vast
individual differences in temperament manifest in
nonhuman animal (henceforth “animal”) life.
Special consideration will be given to the process
by which these parties innovated new methods
and analyses to present a way forward for the
study of animal personality.

Early Expressions

Even as the study of human personality was in
its infancy, and the empirical study of animal
personality was nonexistent, there was some
rudimentary acknowledgement of meaningful
individual differences in animals. As early as the
late nineteenth century, there existed a tendency
for early comparative psychologists to describe
their subjects as individuals rather than as mere
representatives of the norms of the species. Bri-
tish polymath and comparative psychologist
Leonard Trelawny Hobhouse reported the results
of his comparative work in such a fashion
(Hobhouse 1915). A cat subject, for example,
was “a sociable creature, who follows his friends
about in the half dog-like way that some cats
have” (p. 155); a chimpanzee had “an extremely
retiring and unsociable disposition” (p. 235). The
first investigation of rhesus monkeys in a psy-
chology laboratory by A. J. Kinnaman likewise
blended rigorous scholarship with informal dis-
cussion of the two monkeys’ individual tem-
peraments (Kinnaman 1902a, b). His monkeys
were inferred to have expressed “triumph, vil-
lainy, jealousy, anger and risibility… in the
manner and speed of limb and body movement,
or in the viscera of the observers who read into
them a feeling like that which they suppose
they would have under similar circumstances”

(p. 106). It may be that these examples are more
the result of stylistic convention than empirical
positions on the animal mind. These early
scholars did not explicitly study animal person-
ality, nor even necessarily regard such study as
legitimate. Yet the language used to describe the
dispositions, behavioral tendencies, and temper-
amental traits of their participant animals is
noteworthy, particularly in light of the shifts in
psychology that would come with the advent of
Watsonian behaviorism in Western psychology
years later.

Constitutional Differences
and Functional Disturbances (1927)

Ivan Pavlov was perhaps the first researcher to
incorporate temperament into animal research in
a work often translated as “Constitutional Dif-
ferences and Functional Disturbances: Experi-
mental Neuroses” (Pavlov 1966). Over the
course of his research on digestion and condi-
tioned reflexes, Pavlov observed individual
peculiarities in his famous dogs. Some animals
that were selected as subjects for their attentive
demeanor and enthusiasm were found to fall
asleep rapidly during the experimental proce-
dure. Others were fearful, cowering at any
unexpected noise and remaining highly vigilant
in behavior for the duration of experimental
testing. Although Pavlov did not formally
incorporate these classes of animals (translated as
“temperaments”, “types”, or “constitutional dif-
ferences”, and similar to the laid-back versus
uptight distinction in macaques studied in recent
years by Suomi and colleagues, discussed below)
into his research program, he nevertheless pro-
vided a basic framework for categorizing the
temperaments of the dogs he studied in his lab.

In keeping with the physiological timbre of
his work, Pavlov initially classified his animals
into broad groupings based on what he under-
stood to be the qualities of their nervous systems.
The highly enthusiastic dogs that he chose for his
first experiments could be understood as the
product of a highly excitatory nervous system. In
addition to their manic behavior, animals of this

4 W. Whitham and D.A. Washburn



type required demonstrably more stimulation in
order to maintain attention to the experimental
procedure. If the dogs did not receive novel
stimuli at a rapid pace, their excitatory predis-
positions gave way to drowsiness and rest. This
type contrasted sharply with another class of
dogs observed by Pavlov that he viewed as
having a much more equilibrated and inhibited
nervous system. These often fearful dogs were
quick to engage in specific motoric behaviors—
shrinking to the floor, fleeing with tucked tail—
but this lack of inhibition was not a more general
character of the animal. Rather, the animals
remained active across a variety of experimental
settings and were capable of substantial inhibi-
tory activity that was demanded by the experi-
mental setting. Pavlov found that most dogs
could be explained in terms of two dichotomous
dimensions: their tendency to exhibit moderate
or extreme excitation and their tendency to
exhibit moderate or extreme inhibition.

Pavlov recognized that his animals fell into
temperamental categories besides these as well,
and conjectured that 24 or more types of nervous
system may be described. Most commonly he
adopted a framework with four principal nervous
system types, in homage to Galen’s tempera-
ments (e.g., Stelmack and Stalikas 1991). The
rapidly excited and rapidly inhibited animals
described first were classified sanguine, and the
more fearful and measured animals classified as
melancholic. More uncommonly, Pavlov
encountered animals of phlegmatic temperament.
These dogs were extremely restrained in their
behaviors, seeming disinterested and neither
friendly nor hostile, yet capable of extreme
excitation when the inhibited restraint was upset.
Finally, choleric animals could be described by
the inconsistency of their inhibitory responses.

Application of these human temperament
constructs to dogs, even informally, is notable.
Pavlov himself would perhaps not agree with this
recognition, as he shifted fluidly between dis-
cussions of the mental activity of dogs and
humans throughout his writing. He suggested
that he felt that the empirical definition of stable,
heritable nervous system types would be forth-
coming. Instead, the particular way in which

Pavlov framed his observations of the individual
character of his dogs would become a rarity for
most of the twentieth century (see Burdina and
Melikhova 1961 for one return to the analysis of
animal nervous system types).

A Behavior Rating Scale for Young
Chimpanzees (1938)

In 1938, the Yale Laboratories of Primate Biol-
ogy and Meredith Crawford published the first
empirical exploration of animal personality in the
form of “A Behavior Rating Scale for Young
Chimpanzees” (Crawford 1938). Crawford’s
motivation for the exploration was clear from the
outset: “Only a few days’ work with a group of
chimpanzees is sufficient to impress the observer
with the vast differences between particular ani-
mals” (p. 79). And like Pavlov’s proposed
research into animal temperament, the scale was
both an empirical investigation into observed
individual differences and a pragmatic pursuit.
The ability to capture the particular behavior
patterns of an animal would likely be relevant
and useful for the handling, caretaking, and
research participation of the animal.

The paper describes the development and
application of the rating scale from its concep-
tion. In the first version of the scale, six raters
were asked to rate chimpanzees on 44
multiple-choice items divided into five groups:
interactions with humans, interactions with other
chimpanzees, behavior in experiments, individ-
ual characteristics, and trait ratings. The items
that made up the scale took many forms, from
behavioral indices (e.g., “Amount of motor
activity displayed”, “Amount of masturbation”)
to introspected states (e.g., “Apparent confidence
in observer”, “Desire to please observer”) to
assessment of more general qualities of the
animal (e.g., “Intelligence”, “Friendliness”).
Notably, and with credit to the empiricism of
Crawford, items were then assessed for both their
reliability and validity.

Raters had less direct contact with the adult
chimpanzees of the colony, and thus were unable
to use earliest versions of the rating scale to

1 A History of Animal Personality Research 5



assess these animals confidently. The use of
multiple-choice options on the scale was found to
be inadequate, and raters more easily rated each
animal’s score for an item on a continuous line
between two extremes. For example, an animal
might be rated as halfway between silent and
boisterous on a measure of “Noisiness”. Raters
also ascribed a score to their own confidence in
rating each animal on each item. Items were
removed from the scale for a few reasons. Items
related to sexual activity were particularly sub-
ject to the hormonal cycles of individual animals,
and thus removed from the scale. Unreliable
items were removed, and highly intercorrelated
items were collapsed together.

When the scale was used to assess the chim-
panzees in two consecutive years, an additional
measure of reliability, the test–retest reliability of
the ratings, was measured. On each measure of
reliability, the items of the final scale are high,
above .7 in most cases by each measure. This
indicates not only the potential usefulness of the
measure, but also the stability of individual
characteristics as chimpanzees develop
year-after-year. The items that were most and
least reliable, however, are telling. The items that
were more behavioral (e.g., amount of motor
activity) tended to be least reliable, whereas those
that required more inference by the rater (e.g.,
desire to please) were the most reliable. This can
be interpreted as evidence that what the rating
scale primarily measured was the raters’ shared
anthropomorphizations of the animals, com-
pounded by the fact that the raters, as caretakers,
almost certainly discussed their general impres-
sions of individual animals on a regular basis.
Crawford acknowledged as much, and also sug-
gested that the raters may have been consciously
or unconsciously attempting to match the ratings
of animals on second assessment to what they
reported on the initial assessment (pp. 85–86).

In the final version of the behavior rating
scale, the animals were meaningfully rated on 22
items measured on a continuous scale. This acted
as the first quantitative index of animal person-
ality, and Crawford described his research as a
preliminary investigation into chimpanzee per-
sonality types that acted as a proof of concept for

what is possible in the study of animal person-
ality. Moreover, the level of detail in Crawford’s
methods and analyses is instructive given the
novelty of using such a scale to assess animal
personality, and, indeed, the novelty of assessing
animal personality empirically in any form. His
concerns with using a behavioral rating scale
with sophisticated observers would become a
constant thread of animal personality research
into the twenty-first century (see Gosling 2001
for review). Crawford’s questions were the same
as those that motivate twenty-first-century
trait-rating studies: Do reliable differences
between animals’ item ratings indicate individual
differences in psychical constructs? Do reliable
intercorrelations between items indicate the
presence of reliable trait groupings?

In the introduction to the rating scale, Craw-
ford was adamant: “So different from that of
every other animal, and so consistent with itself is
the behavior of each ape, that one cannot escape
the conclusion that every chimpanzee must pos-
sess a distinct personality” (p. 79). Robert Yerkes,
the founder and director of the Yale Laboratories
of Primate Biology, agreed. In his 1925 book
Almost Human, Yerkes wrote that “[Apes] are so
highly individualized and they so quickly make a
place for themselves in one’s world of social
relations that it is entirely inadequate to describe
them merely by type, or as gibbons, orangs, or
chimpanzees” (p. 52). Alas, this zeal for this
exploration of animal personality did not translate
into progress in the field more broadly: publica-
tions on the subject would not become any less
scarce in the ensuing decades (Freeman and
Gosling 2010). The innovation of Crawford’s
rating scale thus became a mere footnote to his
distinguished career in military psychology (for
more details, see Benjamin et al. 2002).

The Relationship Between
Emotionality and Various Other
Salients of Behavior in the Rat (1940)

Billingslea (1941) published a short investigation
on personality variation of different rat strains,
although this fact is heavily disguised by the

6 W. Whitham and D.A. Washburn



behaviorist language of the author. Strains of rats
bred for their ‘emotionality’, as indexed by the
frequency of their urination and defecation in an
open field, were then tested on additional mea-
sures of the rats’ five “salients of individuality”
(p. 69). An activity salient was measured by the
number of turns each rat made on a rodent wheel
in its home cage. Problem-solving ability was
measured by how well the animals learned to
complete two tasks. In one task the rats were
required to learn to tear through a paper barrier to
reach food, and in the other, the animals were
required to learn to use their paws to reach food
that could not be reached with their mouths.
Aggression was measured both by the amount of
fighting an animal participated in and by the
animals’ reactions to being “attacked” by a jet of
air blown by the experimenter. Timidness–sav-
ageness was measured by the animals’ reaction
to miniature versions of the open-field test and by
the animals’ responses to experimenters. Finally,
neuroses were indexed in the same way as
emotionality: the open-field test. Billingslea’s
preliminary analysis toward this purpose reported
that emotional rats were less aggressive and
neurotic while being more timid and active than
the non-emotional rats.

Although Billingslea divided rats into emo-
tional and non-emotional groups for his analyses,
his stated goal was to better understand how the
measured dimensions combine to make up the
specific behavior profile of an individual animal.
The personality and individuality of the ubiqui-
tous white rat is rarely considered, and it is perhaps
assumed by experimenters that the homogeneity
that rat colonies are designed to maintain must
eliminate individual variation of this kind. Bill-
ingslea’s modest investigation into this question at
a time inwhich animal personality researchwas all
but nonexistent is truly exceptional.

Temperament in Chimpanzees
(1949)

Upon assuming the directorship of the Yale
Laboratories, Karl Lashley promised a program
of research on “Individual Differences in

Temperament” (King and Weiss 2011). Yet the
execution of this proposed research program was
inconsistent. The duty largely fell to Lashley’s
former doctoral student Dr. Donald Hebb, a
brilliant physiologist and psychologist with no
experience with chimpanzees nor desire to study
them (Beach 1987). In spite of Hebb’s initial
reservations about the project, his 1949 “Tem-
perament in Chimpanzees” is an elegant contri-
bution to the early study of animal personality.

Hebb’s investigation was conducted by
observing individual chimpanzees’ behaviors
toward human- and object-based stimuli. The
first set of observations of chimpanzee behaviors
toward humans was of each chimpanzee’s
behaviors toward the caretaker during the ani-
mal’s daily, midday meal. The second and third
observations were of the chimpanzees’ responses
to two human confederates, one who played the
role of a timid subordinate and one who played
the role of a fearless dominant. Object-based
observations were similarly subdivided. Some
objects were highly salient and primate-related
(e.g., a chimp skull, a stuffed spider monkey),
whereas others were not (e.g., representations of
dogs or snakes). In addition, chimpanzees were
given pictures of familiar individuals and stran-
gers, and a board that they could use to enact
events outside of their cages.

The behaviors elicited by the animals across
these situations were coded; however, Hebb
found little to analyze when using only the
individual behavior ratings. It was only when
these behaviors were collapsed together into
larger categories that meaningful interpretations
could be made. Hebb’s broad categories included
friendly behaviors, aggressive behaviors,
quasi-aggressive behavior, avoidance, and unre-
sponsiveness. Like Crawford before him, Hebb
had a keen interest in determining the reliability
of the chimpanzees’ scores on these categories as
both a measure of the appropriateness of his
methodology and as a measure of the stability of
chimpanzees’ behavior ratings over time. As
with Crawford’s behavior rating scale, Hebb’s
measure was highly reliable when animals were
observed in similar circumstances some months
after the initial testing. Even more notable is the
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degree to which the animals’ scores were stable:
Approximately 8 years after the animals’ first
exposure to the object test, the apes’ fear ratings
to a different set of objects were remarkably
similar to those of their first exposure.

Hebb would appear to have found the animal
personality jackpot: a reliable measure of a
variety of meaningful individual differences
within a species that are stable across (at a
minimum, a significant portion of) the lifespan.
His post-hoc assignment of behaviors into
human-like behavioral categories was, by his
own admission (p. 197), something of an over-
reach. And yet, at that point in the history of
animal personality research, such assignment
was the only sensible way to analyze the data.
Without the structure of a human-like framework
for investigating individual differences in
behavioral suites, “the investigator is left with an
indigestible mass of facts without relation to one
another, and with little value for the prediction of
more complex aspects of behavior” (Hebb 1949,
p. 196). [Of course, this remains one position in
the ongoing contemporary debate regarding the
merits of anthropomorphism in comparative
research (e.g., Burghardt 2006).] On issues of
emotion and temperament in animals, Hebb was
pragmatic rather than dogmatic: “Whatever the
anthropomorphic terminology may seem to
imply about conscious states in the chimpanzee,
it provides an intelligible and practical guide to
behavior” (italics original, Hebb 1946, p. 88).

Nevertheless, animal personality research
lacked anyone to follow that guide. Hebb left his
position at Yerkes Laboratories before his animal
personality research was published, and though
he is ascribed as saying that “five years studying
temperament in chimpanzees taught him more
about human behavior than he learned in any
other five years except his first” (paraphrased by
Beach 1987, p. 187), he was not to return to
Yerkes nor animal personality research. No
researcher would immediately take up the
mantle.

The Emotions Profile Index (1966,
1973, 1978)

A unique set of contributions to animal person-
ality research comes from the collaborations of
Peter Buirski, Robert Plutchik, and Henry
Kellerman. From positions at the John Jay Col-
lege of Criminal Justice at the City University of
New York, Albert Einstein College of Medicine,
and the Postgraduate Center for Mental Health,
respectively, the authors developed and adapted a
personality rating scale for use with humans,
olive baboons, chimpanzees, and dolphins
(Buirski et al. 1973, 1978; Kellerman 1966;
Plutchik and Kellerman 1974). Whether by the
unorthodox background of the authors or the
changing landscape of psychology, work using
the Emotions Profile Index (EPI) succeeded in
pushing the boundaries of animal personality
research.

Buirski, Plutchik, and Kellerman were
unafraid of assuming, explicitly, that the same
personality constructs applied equally well to all
animal species. Indeed, the Emotions Profile
Index was originally designed for use with
humans on the basis of a general theory of
human emotion advanced by Plutchik and
Kellerman (1974). The central tenet of the theory
was that all human personality is constructed
from eight basic emotional states, the frequency
and intensity of which can be quantified and
understood as an individual personality profile.
This profile might then be used as a diagnostic
tool in clinical practice, counseling, education, or
the workplace.

The version of the EPI for humans is a series
of pairwise choices between two descriptive
terms. Twelve terms were used in the scale, and
all possible pairs of these 12 terms are included
in the EPI for a total of 66 pairwise choices.
These 12 terms (adventurous, affectionate,
brooding, cautious, gloomy, impulsive, obedient,
quarrelsome, resentful, self-conscious, shy, and
sociable) were mapped onto the eight basic
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emotional states (fear, anger, joy, sadness,
acceptance, disgust, expectancy, surprise), pre-
senting the individual who administered the EPI
with an instant profile of an individual’s
personality.

To explore just how basic or fundamental the
basic emotions that make up the EPI are, the
same rating scale was then used by experienced
observers to rate the personalities of animals. The
first animals tested in such a way were dolphins
housed at John Lilly’s Communication Research
Institute (Kellerman 1966). From a sample of
only three dolphins, Kellerman identified both
individual and species differences in the EPIs of
the animals. Dolphins more generally, and two of
Kellerman’s subjects in particular, were under-
stood to be playful, accepting, joyful, and pri-
marily occupied with pleasure-seeking. More
exceptional animals, like Kellerman’s final dol-
phin subject, exhibited a wider range of person-
ality expression. The normative pleasure-seeking
may have been in conflict with more anxious or
fearful personality dimensions. As can perhaps
be deduced from these descriptions, Kellerman’s
interpretation of the dolphins’ scores was dis-
tinctly psychoanalytic. Many unconscious moti-
vations and states were presumed to combine so
as to form the observed traits and behaviors on
which the EPI is based, and the root cause of
emotions and personality might, for any subject,
be difficult to discern. For the most anxious
animals, Kellerman recommended supportive
psychotherapy.

The second use of the EPI with animals
involved a wild troop of olive baboons (Buirski
et al. 1973). Compared with the previous use of
the EPI with dolphins, this application to
baboons was greatly expanded. Three observers,
rather than one, completed EPIs for the seven
animals that made up the baboon troop, and those
ratings were then compared with observed
behavioral markers of grooming and dominance.
EPI scores were reliable across raters and were
variable across animals (i.e., reliable individual
differences were observed), taken by the authors
as evidence for the validity of the EPI as a
measure of animal personality. Animals that
were scored as most sullen and jealous and least

fearful (i.e., the dominant monkeys) were
groomed the most by other animals. More sub-
ordinate animals were profiled as more affec-
tionate and fearful. Although the authors noted
that further analyses could not be made sensibly
without adequate normative values for baboon
EPI scores, they did offer that baboon scores
were highly similar to those of humans for five of
the eight emotional indices. Baboons, in com-
parison to humans, were more sociable and
accepting.

The third use of the EPI with animals was
with another wild primate troop: the groups of
wild chimpanzees studied by Jane Goodall at the
Gombe Stream National Park (Buirski et al.
1978). This application of the EPI, with seven
raters of 23 animals, was another expansion of
the method, and reliability scores remained high
despite the greater numbers of raters and animals.
And unlike the scores of dolphins and baboons,
the scores of the chimpanzees were described
with consideration to the specific life history and
dynamics of the group. For example, one chim-
panzee male with a physical impediment was
nevertheless quite aggressive and impulsive
when in the company of his dominant brother.
Exhibition of these specific personality traits
would have likely been significantly muted when
the crippled chimpanzee was in a less supportive
social environment. Another instructive example
from the troop comes from the mother–daughter
pair of Passion and Pom (Buirski and Plutchik
1991). The pair was highly deviant behaviorally,
engaging in infanticide and cannibalism, and the
aggressive, uncontrolled EPI profile of Passion
contrasts sharply with female chimpanzee norms.
More generally, chimpanzee scores and their
relations to dominance rankings were similar to
those of baboons. Dominant animals were
aggressive and impulsive, whereas subordinates
were more timid and sociable.

Issues with the use of the EPI with human
subjects, much less with animals, are not difficult
to identify. Applications of the EPI to animals
were anthropomorphic in the extreme, explicitly
assuming that biological similarities and com-
mon evolutionary heritage of humans and ani-
mals yielded common capacities for emotionality
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and personality. The EPI itself was only com-
pleted by a small number of raters (as few as one
in the case of Kellerman’s investigation of dol-
phin personality) and for a small number of
animals. Inter-rater reliability was high
throughout (correlating the EPI scores of human
adults, male baboons, and male chimpanzees
yielded a correlation of 0.9), and the three pri-
mate species, graded on the exact same rating
scale, present a strikingly similar range of indi-
vidual personality profiles. Yet it can never be
confidently stated that similarities within and
between different species’ EPI scores were the
result of shared personality constructs or a
demonstration of how consistently human raters
can infer human-like mental states from a
diversity of animal behavior.

The influence of the EPI cannot be denied,
and the productivity of Buirski, Plutchik, and
Kellerman makes the EPI among the most-used
rating methods in comparative psychology
(Gosling 2001). Although the EPI offered a
standardized, cross-species method for personal-
ity research, something the field had never before
boasted, fundamental issues with the scale’s
validity certainly reflected, and may well have
contributed to, some bad habits of animal per-
sonality researchers and the generally poor rep-
utation of the field that have been corrected only
in recent decades. Though the EPI offered a way
forward for the study of animal personality, it
seems fortunate that other methodologies were
developed concurrently.

Personality in Monkeys: Factor
Analyses of Rhesus Social Behavior
(1973)

In contrast to the approach of finding ways to
measure individual differences on classes of
behavior that seem important for theoretical or
even face-valid reasons, some researchers have
employed a strategy of casting a wide net of
measures and looking subsequently for underly-
ing patterns like personality factors or latent

variables. Factor analysis, a statistical sorting
technique often applied in the study of human
personality, was not used in animal personality
research until the publication of “Personality in
Monkeys: Factor Analyses of Rhesus Social
Behavior” (Chamove et al. 1972), although Van
Hooff (1970) did use principal component anal-
ysis for a similar purpose to understand social
behaviors of captive chimpanzees. This innova-
tion emerged from the collaboration of clinical
psychologist Arnold Chamove and two giants of
psychology, personality theorist Hans Eysenck
and comparative psychologist Harry Harlow, at
Harlow’s primate research facility. Ten behaviors
of 168 juvenile rhesus macaques were recorded
as the animals were exposed to different social
and experimental settings including interactions
with three groupmates, exposure to an infant
conspecific, and exposure to a docile adult male
conspecific. The behaviors were coded by the
duration in which the monkey engaged in them,
and included social and nonsocial versions of
play, fear, and avoidance behaviors.

Once analyzed, the animals’ behaviors during
their interactions with three groupmates clearly
loaded onto three factors: hostile, fearful, and
social behaviors. A possible analogy between
these factors and Eysenck’s three major person-
ality factors (neuroticism-stability, extraversion-
introversion, and psychoticism) was dutifully
noted by the authors (Eysenck and Eysenck
1968). They were also careful to note that simi-
larities in the factor loadings of different species
may be illusory. In spite of the superficial simi-
larity in the factors, it was concluded that “It
would be premature to seek to prove the identity
of the factors in these different species; no
acceptable method exists at the moment for any
such proof” (Chamove et al. 1972; p. 502).
Critically, animal personality research was
regarded as worth pursuing, and even as a con-
struct that was both critically important and
strikingly underrepresented in comparative psy-
chology. Such a line of inquiry was not impos-
sible; the interpretive framework was simply
incomplete.
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Madingley Questionnaire
(1978–Present)

A landmark series of studies on animal person-
ality was published by Joan Stevenson-Hinde
and colleagues beginning in the latter part of the
1970s (Stevenson-Hinde et al. 1980a, b;
Stevenson-Hinde and Zunz 1978). Her work on
individual differences in rhesus macaques carried
with it no assumption that all animals experi-
enced the same basic emotions, as in work with
the EPI. Stevenson-Hinde was trained as an
experimental psychologist in the Skinnerian tra-
dition, and this training, combined with her
interest in variables outside of the immediate
stimulus environment and an eye to developing
theories of human personality, allowed for the
development of a new tool for the study of ani-
mal personality (Stevenson-Hinde and Hinde
2011).

In truth, Stevenson-Hinde’s work is not dif-
ferent in kind from what has already been
reviewed. The development of the scale that
would eventually become the Madingley Ques-
tionnaire was strikingly similar to that of Craw-
ford’s behavior rating scale, with terminology
from Sheldon’s Scale for Temperament (1942),
and analysis via factor analyses of the kind used
by Chamove, Eysenck, and Harlow (see previous
section; Stevenson-Hinde and Hinde 2011).
Nevertheless, the combined effects of her com-
mitment to her scale (she used it across multiple
years and multiple publications) and its relative
adaptability (the experimenter is afforded a cer-
tain degree of flexibility in changing the scale)
presented a substantive contribution to animal
personality research (Stevenson-Hinde and Hinde
2011). Initial versions of Stevenson-Hinde’s rat-
ing scale included 33 items that were to be rated
on a seven-point scale by three observers. This
version of the scale loaded the ratings of the
rhesus macaques into two factors, one a spectrum
from “Confident” to “Fearful” and the other, a
spectrum from “Active” to “Slow”. Later versions
removed unreliable items from the initial set and
replaced them with ones of a more social nature.
The new set of items loaded onto a third factor
and included items related to sociality on a

spectrum from “Sociable” to “Solitary”. These
ratings and loadings were highly consistent over
multiple years for adult animals, with juveniles’
scores more irregular.

A novel and important approach of
Stevenson-Hinde was the standardization of
individual animals’ scores relative to population
means for each component. In this way, she
could derive a truly individual profile for each of
the animals based on their specific deviations
from the norms of the species. Whether it was for
this unique element or another reason,
Stevenson-Hinde is regarded as a pioneer in the
study of personality research (Gosling et al.
2003). Indeed, so impactful were her early works
that they are sometimes erroneously cited as
being the first studies of animal personality (e.g.,
Clarke and Boinski 1995). Although it is
impossible to say with any certainty what pre-
cipitated the boom in animal personality research
that occurred at the conclusion of the twentieth
century and into the twenty-first century,
Stevenson-Hinde offered an attractive corpus of
scholarship that synthesized the strongest ideas
from previous animal personality research just as
a generation of animal personality research
began. Her influence cannot be understated, and
the Madingley questionnaire remains an invalu-
able tool for the study of animal personality (e.g.,
Freeman et al. 2013).

Suomi’s Laid-Back, Uptight,
and Jumpy Monkeys (1989–Present)

As noted above, some of the earliest attempts to
describe individual differences in animal per-
sonality were focused on the organisms’
responsiveness to novel or threatening stimuli.
Assessments of individual differences in fearful-
ness, timidity, anxiety, shyness, or hypervigi-
lance in response to such situations appear to be
stable within individuals and across contexts, and
predictive with respect to a wide range of
behavioral outcomes. Over the last three decades,
Steve Suomi and his collaborators have exam-
ined the biological basis and social–behavioral
consequences of variations in behavioral
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reactivity as a personality trait in monkeys (e.g.,
Higley and Suomi 1989; Schneider et al. 1991;
Suomi 2001; Suomi et al. 2011). Suomi and his
colleagues have focused on three subgroups of
monkeys within these variations in reactivity.
About 20% of the monkeys respond consistently
and characteristically to environmental stressors
with fear, stress, and avoidance. These animals,
dubbed “uptight” (or fearful, or anxious) by
Suomi’s team, respond behaviorally and physi-
ologically with stress responses to even mild
challenges—the kinds of things that would pro-
duce curiosity and exploration in other
(“laid-back”) members of the same species and
group. The third group of monkeys of interest to
these researchers is the 5–10% of animals that are
reliably impulsive, showing poor behavioral
inhibition in a wide range of environments.
Unlike the uptight and laid-back animals, these
monkeys are much more likely to behave in
inappropriate and maladaptive ways, for instance
by moving repeatedly between a dominant male
and a desired food, or between a high-ranking
mother and her infant. These aggressive, jumpy
monkeys also show neurobiological markers that
correspond to the stable behavioral patterns.
Suomi and collaborators have also shown that the
traits that underlie these three groups are highly
heritable but modifiable by early experience, that
the distributions of these groups are consistent
across laboratory and naturalistic settings, and
that the behavioral types correspond to
adjective-rating assessments of personality like
those discussed in the previous section (Bolig
et al. 1992). Further, the temperament differences
recorded in these rhesus monkeys appear to map
onto variations that are observed in human chil-
dren (i.e., with parallels between uptight mon-
keys and anxious or fearful children, and
between jumpy monkeys and aggressive chil-
dren). Without suggesting that reactivity and
behavioral inhibition capture all of the variability
in personality differences for animals, Suomi and
colleagues have shown powerful predictive
relations between this trait and a wide range of
important social and behavioral competencies
and problems such as affiliation or social isola-
tion, reproductive success or sexual impairment,

and longevity versus premature death from vio-
lence (Higley et al. 2011).

The Five-Factor Model Plus
Dominance in Chimpanzee
Personality (1997–Present)

The final case study included in this review is the
Five Factor Model + Dominance for chim-
panzees (FFM + D; King and Figueredo 1997).
In most ways, the work of King and Figueredo
reflected the natural evolution of the various
adjective-based personality ratings that preceded
them. For example, Figueredo et al. (1995) had
compared the personality structure of macaques
and zebra finches using a modified version of the
Madingley Questionnaire. Like the research with
the EPI and earlier versions of the Madingley
Questionnaire discussed above, the FFM + D
was based on rating scales originally designed
for use with humans. In this case, the model was
Goldberg’s (1990) taxonomy of the “Big-Five”
factor framework, in which human personality
can be measured with adjectives selected to
reflect five latent factors or dimensions: Sur-
gency (Extraversion/Introversion), Agreeable-
ness, Emotional Stability (or its reverse,
Neuroticism), Intellect (Openness), and Consci-
entiousness. King and Figueredo (1997) selected
40 adjectives from Goldberg’s inventory (and
added three words: clumsy, autistic, manipula-
tive) for use with chimpanzees. A total of 100
chimpanzees from 12 zoological parks were rated
for each adjective on a 7-point scale by a total of
53 raters (averaging about four raters per chim-
panzee, with high observed inter-rater reliability).
Principal axis factor analysis of these ratings
revealed six factors. The first and largest of the
factors, accounting for about 21% of the vari-
ability, did not correspond to any of the factors in
either Goldberg’s (1990) analyses or the FFM
more generally. The highest-loaded adjectives on
this factor were dominant and submissive, and all
of the adjectives that loaded on this factor sug-
gested a Dominance dimension. The other five
factors revealed in the King and Figueredo
analysis corresponded rather directly with the
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Big Five from Goldberg and many other studies
(see, for example, reviews by Digman 1990;
McRae 2009). The second factor included vari-
ables like solitary, active, playful, sociable, and
friendly, and was interpreted as Surgency
(Extraversion). The third factor (including
impulsive, defiant, reckless, erratic) suggested
Dependability or Conscientiousness, whereas the
fourth factor (including sympathetic, helpful,
sensitive, protective) was interpreted as Agree-
ableness. Stable, excitable, and unemotional
appeared to form an Emotional Stability factor,
whereas inventive and inquisitive loaded together
in a factor interpreted as Openness. More than
72% of the total variability was accounted for by
the six-factor solution.

The general correspondence between the Big
Five personality traits and factors two through
six of the King and Figueredo data was impres-
sive, although the authors acknowledged that
some of the items had their strongest loadings for
the chimpanzees in a different factor than what
Goldberg (1990) found for humans. Neverthe-
less, the report provided impressive evidence
both for the existence of apparent personality
traits in these animals, and also for the utility of
assessment strategies for understanding animal
personality that are comparable to those used for
humans.

A Recent History of Animal
Personality Research

The animal personality area has been definitively
reviewed and summarized by Samuel Gosling
and his collaborators (e.g., Freeman and Gosling
2010; Gosling 2001, 2008; Gosling and John
1999; Jones and Gosling 2005). These reviews
illustrate the commonalities and differences in
findings about animal personality across studies.
They also serve to document the tremendous
increase in interest in the topic in the last two
decades, at least to the degree that scholarly
output is an indicator of interest. Figure 1.1
updates the publication counts reported by
Freeman and Gosling (2010), including conser-
vative projections of the number of empirical,

theoretical, and review publications that should
be in print by the end of the present decade. To
highlight the recent surge of interest, note that of
the 468 articles and chapters that have been
published to date on primate personality, 75%
have appeared in the two decades since King and
Figueredo (1997). It seems likely that PsycINFO
will index more articles and chapters on animal
personality (with animals as the subject popula-
tion) between 2010 and 2019 than in all of the
previous decades combined.

In addition to chronicling the change in
interest in the topic, the highly cited reviews of
animal personality research by Gosling (2001)
and Gosling and John (1999) likely contributed
to the start of the surge in interest. Attempts to
synthesize the contributions of scholars like
Crawford and Hebb indicate a self-awareness
about the field that animal personality research
had previously lacked; that is, there seems to be a
tacit acknowledgment that although no single
work of those authors had birthed a multi-faceted
program of animal personality research, the
combined efforts across investigators might have
done just that. The reviews also inevitably eval-
uated the current climate in which questions of
animal personality might be studied and found it
to be quite a bit more forgiving than in Craw-
ford’s or Hebb’s time. Gone was much of the
behaviorist dogma that may have otherwise sti-
fled the growth of animal personality research,
without abandoning the methodological behav-
iorism that elevates the enterprise from specula-
tion to science. The language of psychology had
loosened, and loosened enough that the explo-
ration of the individual characters of a diverse
array of animals was no longer verboten.

The methodological innovations discussed in
the present chapter remain important: the EPI,
Madingley Questionnaire, and Chimpanzee Per-
sonality Questionnaire were used in two-thirds of
the animal personality studies reviewed by Free-
man et al. (2011). More broadly, the general use
of subjective personality ratings (ideally anchored
by specific behaviors) followed by analysis of
factor structure has become conventional, with
the specific assessment methods and latent vari-
ables being continually refined and described

1 A History of Animal Personality Research 13



(e.g., Freeman et al. 2013). Nonhuman primates
remain popular subjects of these studies, but
personality research is being conducted with a
growing number of other animal species. Within
the last year, for example, there have been pub-
lished reports of personality research with fish,
birds, spiders, lizards, and wild boars, among
other species. As is the case for other topics
within comparative cognition, there has been a
surge of research on personality of canines—
bringing the field full circle, in a sense, from the
early musings of Pavlov discussed above.
Although there remains much to learn about the
nature, causes, and implications of individual and
species differences in personality among nonhu-
man animals, the field is much more empirically
grounded and much more theoretically cohesive,
compared to the broad early descriptions of sav-
age rats (Utsurikawa 1917), gregarious pigeons
(Taylor 1932), negative dogs (Pavlov and Petrova
1934), unsociable cats (Romanes 1912), and
confident chimpanzees (Yerkes 1939).

That said, this overview of the history of the
research area serves to highlight that there remain
concerns and problems within the field, even

after these many decades of research on person-
ality in animals, and in the midst of this
tremendous surge in interest and scholarly
activity. The challenges that characterize other
areas of inquiry within comparative cognition—
from anthropomorphism to uncontrolled sources
of error—plague animal personality researchers
as well, who must also wrestle with issues (e.g.,
the circularity of inferring traits that presumably
explain behavior from subjective ratings of sim-
ilar behaviors) faced by scientists who study
personality in humans. In part because of this, it
could be claimed that the hundreds of discrete
steps the field has taken since the 1970s have
advanced our knowledge less than those two or
three leaps reflected in the seminal studies
reviewed in this chapter. The other contributions
to this volume seek to remedy this, illuminating
the relation between evolution, heredity, biology,
experience, development, cognition, social vari-
ables, temperament, and behavior.

It seems that comparative psychology is at the
brink of a big change, in which individual dif-
ferences become as interesting and important as
group (e.g., species, or mother-reared versus

Fig. 1.1 PsycINFO publication counts by decade for
“primate and personality” or “animal and personality”
(population = animals). The bars in the 2010s column

represent projections for the 2010–2019 decade, based on
publications to date (marked by the horizontal lines in this
column)
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nursery reared, or laboratory-housed versus
free-range) similarities and differences have
been. Future histories of comparative psychology
will indicate whether this statement is true; but if
individual differences are indeed to become an
increasing focus of comparative psychology, it
seems likely that the struggles and successes that
have characterized the study of animal person-
ality will lead the way.
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2Exploring Factor Space (and Other
Adventures) with the Hominoid
Personality Questionnaire

Alexander Weiss

Abstract
In this chapter, I describe a research tradition for investigating the
evolutionary origins of the personalities of different species of primates,
including humans. To that end, I describe the tradition’s origins and
methods, set out its assumptions, and evaluate its ability to solve empirical
problems related to personality. In doing so, I will clear up misconceptions
and assuage critics of the approaches that define this research tradition.
After surveying the literature that originated from this research tradition, I
conclude that it solves many problems as well as other research traditions
do. I then identify its limitations and the need for further studies of wild
populations, and propose a new direction for the study of personality and
behavior.

Finally: It was stated at the outset, that this system would not be here, and at once,
perfected. You cannot but plainly see that I have kept my word. But I now leave my
cetological system standing thus unfinished, even as the great Cathedral of Cologne was
left, with the crane still standing upon the top of the uncompleted tower. For small
erections may be finished by their first architects; grand ones, true ones, ever leave the
cope-stone to posterity. God keep me from ever completing anything. This whole book
is but a draught—nay, but the draught of a draught. Oh, Time, Strength, Cash, and
Patience!

—Herman Melville, Moby-Dick; or, The Whale, 1851

Although the study of personality in nonhuman
animals is not new (see Whitham and Washburn,

this volume), it has, in the past 20 years or so,
migrated from the fringes of the psychological
and biological sciences into the mainstream. The
genetic and evolutionary forces that maintain
variation in personality traits, the limited plas-
ticity of behavior, personality development, and
the covariation of personality traits are now
recognized by many as key to understanding the
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evolution of animal behavior. Reviews of work
in these and other areas are widely available
(e.g., Dingemanse and Wolf 2010; Réale et al.
2007; Sih et al. 2004; Weiss and Adams 2013),
including in the present volume. You will excuse
me then, I hope, for taking a different tack for,
although I will discuss some of the literature, I
have set as my goal to describe what I think of as
the research habits that have guided my work on
personality structure in nonhuman primates. To
this end, I will explore the origins of these habits,
what this work does and does not assume, the
thorny question of anthropomorphism, what
empirical problems have been solved, and what
problems remain. I will conclude by discussing
how methodological and statistical advances that
are benefiting human personality research may
benefit the study of personality and behavior in
nonhuman primates and other species.

Before moving on to this exercise in intro-
spection, it will benefit the reader if I define what
I mean by “research habits” and also explain why
I am taking this unconventional approach in
writing this chapter. Research habits here refer to
how I collect animal personality data and, more
importantly, what I do with those data; that is,
how I analyze them and interpret the results after
they have been collected. What I have just
described may sound like a paradigm (Kuhn
1970), and the work that I do and similar work
on personality ratings by others, has been labeled
such in the earlier chapter by Whitham and
Washburn. However, my research habits (I can-
not speak for others who conduct similar
research) are not unthinking and automatic, but
follow from pragmatic constraints, accidents of
history, learning from experience, and otherwise.
In this sense, and this is arguably true for
research in psychology more generally (Leahey
1992), my research habits are probably better
characterized as part of a research tradition
(Laudan 1977) than as a Kuhnian paradigm. In
other words, these research habits have been
adopted as part of an approach to studying the
question of animal personality because they lead
to the solution of certain empirical problems.

Having spelled out what I mean by research
habits, the question remains as to why I am

taking the time to lay them out in this chapter.
The overarching goal of my research on per-
sonality is to develop a taxonomy of personality
structure in nonhuman primates, mammals, and
other species for which these methods are
appropriate. Doing so, in my view, is crucial to
establishing the functional bases of personality
traits. However, comparing species requires
comparable methods. As such, I would like this
chapter to serve as a guide for future comparative
studies of personality structure, whether carried
out by me and my colleagues or by others,
including those who come along after I am dead,
no longer able to carry out research, or have
moved on to other things, whichever comes first.
That way, if there is a need to deviate from these
methods, for example to address a reviewer
comment or because of a particular characteristic
of the species or sample under study, or a wish to
pursue some more exploratory analyses, these
deviations or explorations will be clear. Another
purpose that I hope this chapter will serve is to
inform colleagues, including young investigators
and often reviewers, why either I or my col-
leagues have decided to pursue a particular
analysis or interpret results in one way instead of
another. In doing so, I hope that this chapter will
bring forth discussions that enable me and others
to cultivate research habits that are more effective
at solving problems concerning personality
evolution.

Origins

Speaking broadly, the habits in question involve
obtaining ratings on a large number of person-
ality traits (typically 40 or more), and then using
data reduction to find out what traits cluster
together. As is clear from the introduction to this
volume and elsewhere (Stevenson-Hinde and
Hinde 2011), there is nothing novel or innovative
about assessing animal personality using ques-
tionnaires. My own work began in 1997 or 1998,
at around the time when animal personality
research was being increasingly recognized as
serious scientific business. I was a Ph.D. student
and Jim King, who would soon become my Ph.
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D. supervisor, and A. J. Figueredo, who was my
Ph.D. supervisor at the time, recently published a
paper describing their study of 100 zoo-housed
chimpanzees (Pan troglodytes) that had been
rated on 43 trait descriptive adjectives by keep-
ers, volunteers, and researchers (King and Fig-
ueredo 1997).

Around the time that Jim King and A.
J. Figueredo were about to study chimpanzee
personality, there was a growing consensus that
human personality could be described by five
dimensions collectively known as “the Big Five”
or “Five-Factor Model” (Digman 1990; Gold-
berg 1990; McCrae and John 1992). As such,
when developing what would be known as the
Chimpanzee Personality Questionnaire or CPQ,
Jim King sampled 41 items from Goldberg’s
(1990) paper describing the taxonomy of the
human Big Five. Jim King’s reason for doing so
was to determine the extent to which the
Five-Factor Model domains were present in
chimpanzees, a finding that would lend support
to the Big Five or Five-Factor Model; and to
ensure that the questionnaire items measured
traits characterizing not just behavioral differ-
ences among chimpanzees, but also differences
in emotional reactivity and stability, interactions
with conspecifics, and differences in cognitive
domains, such as self-control and curiosity
(James E. King, Personal Communication).

To achieve these goals, when selecting trait
descriptive adjectives, Jim King made sure to
select adjectives from as many of the clusters or
facets that defined each of the five human per-
sonality domains—neuroticism, extraversion,
openness to experience, agreeableness, and con-
scientiousness (King and Figueredo 1997). In
addition, when selecting trait descriptive adjec-
tives, he made sure that the adjectives would be
applicable to chimpanzees and did his best to
sample positive and negative markers for a given
domain (King and Figueredo 1997). The top
panel of Table 2.1 shows that he was fairly suc-
cessful in achieving these goals. Unfortunately, as
is also clear from the top panel of Table 2.1, it
proved difficult or impossible to find trait
descriptive adjectives, such as “unimaginative,”
to take an example from Goldberg’s taxonomy,

related to the low pole of openness, that is, being
“closed to experience.” As a result, the only
openness markers represented the positive pole of
this domain. The questionnaire also included two
trait descriptive adjectives (“clumsy” and “autis-
tic”) based on descriptions of chimpanzee
behavior. Finally, Jim King came up with one to
three sentences for each of the 43 trait descriptive
adjectives. These sentences defined each item in
terms of chimpanzee behavior, but in a manner
consistent with the common dictionary definition.
For example, the description for the item “fearful”
is: “Subject reacts excessively to real or imagined
threats by displaying behaviors such as scream-
ing, grimacing, running away or other signs of
anxiety or distress.” Including these sentences
was important as it reduced the degrees of free-
dom that raters can use when deciding what a trait
means and where, on the scale for a trait, to place
a particular chimpanzee.

In the end, King and Figueredo (1997) found
that the chimpanzee personality traits defined six
mostly uncorrelated factors. Remarkably, they
did find evidence for five factors that were ana-
logs or homologues of the five human domains.
The other factor they found was the first and
largest factor and comprised of trait markers of
multiple domains in such a way to suggest that it
was related to competitive prowess or domi-
nance. They thus named this factor “dominance.”
Importantly, they found that the consistency
between raters was on par with what had been
found in studies of personality in humans (Costa
and McCrae 1992; McCrae and Costa 1987;
1989; all cited in King and Figueredo 1997).

My work in this heady milieu began with the
suggestion that I study the heritability of the CPQ
domains in a dataset consisting of the original
100 chimpanzees and 45 additional individuals.
I found considerable evidence that at least the
dominance domain was heritable; none of the
personality variation appeared to be attributable
to shared zoo environments (Weiss et al. 2000).
The heritability findings were later supported by
quantitative and molecular genetic studies of
orangutans, Pongo spp. (Adams et al. 2012),
chimpanzees (Hopkins et al. 2012; Latzman et al.
2015a, b; Wilson et al. 2016), bonobos, Pan
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Table 2.1 Origins of the 54 traits comprising the Hominoid Personality Questionnaire

Location in Human Five-Factor Model
Neuroticism Extraversion Openness Agreeableness Conscientiousness
+ – + – + – + – + –

CPQ traits
Dominant
Submissive
Dependent/follower
Independent
Fearful
Decisive
Timid
Cautious
Intelligent
Persistent
Bullying
Stingy/greedy
Solitary
Lazy
Active
Playful
Sociable
Depressed
Friendly
Affectionate
Imitative
Impulsive
Defiant
Reckless
Erratic
Irritable
Predictable
Aggressive
Jealous
Disorganized
Sympathetic
Helpful
Sensitive
Protective
Gentle
Stable
Excitable
Unemotional
Inventive
Inquisitive
Manipulative
n traits 4 3 5 4 4 0 7 6 4 4

OPQ add-ons
Anxious
Vulnerable
Cool
Curious
Conventional
n traits 6 4 5 4 5 1 7 6 4 4
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paniscus (Staes et al. 2016), rhesus macaques,
Macaca mulatta (Brent et al. 2014), and of
non-primates (van Oers et al. 2005; Van Oers
and Sinn 2013).

Shortly afterwards, I addressed whether the
association between the chimpanzee dominance
domain and a measure of subjective well-being
described in a paper by King and Landau (2003),
who developed and validated this measure, was
attributable to shared genes. For me, this study
was more exciting than my original heritability
study. It marked the first time that I used chim-
panzee data to address a question about indi-
vidual differences in humans, namely why do
people who are emotionally stable and extra-
verted report being happier than people who are
neurotic and introverted? Although I focused on
dominance, because it was the only domain in
my previous study that I found to be heritable,
this new study had the ability to inform the
human debate. This was because several loadings
on dominance (see Table 2.1 in King and Fig-
ueredo 1997) were associated with high
extraversion (e.g., the positive loading of
“assertive”) and low neuroticism (e.g., the neg-
ative loading of “fearful”), and so dominance
captured trait variance related to higher subjec-
tive well-being in humans. The analyses were
conducted using data from 128 chimpanzees on
which we had personality and subjective
well-being data, and the results were stark.

Variation in dominance and subjective
well-being were both attributable to the same
additive genetic effects, which accounted for
about 60% of the variation in dominance and
40% of the variation in subjective well-being
(Weiss et al. 2002).

At about the same time that I was watching the
maximum likelihood models of this study con-
verge, I began to collect my own data for a side
project on orangutan personality. Perhaps because
I was working on my doctoral research, I decided
to take the easy road and more or less used the
same personality questionnaire as was used in the
previous chimpanzee studies. In fact, initially, I
made only two changes to the CPQ. The first was
to add three items—“anxious”, “vulnerable”, and
“cool”—related to the Five-Factor Model neu-
roticism domain; the first two items were based on
two neuroticism facets (Costa and McCrae 1992);
the last had no specific origins in human or animal
personality studies, but its descriptive sentence,
that is, “Subject seems unaffected by emotions and
is usually undisturbed, assured, and calm.” clearly
makes it a marker of the low pole of neuroticism
(Weiss et al. 2006). The second change was to add
two items—“curious” and “conventional”—re-
lated to the Five-Factor Model openness domain;
these items were based on another Five-Factor
Model questionnaire (McCrae and Costa 1985)
and were chosen to represent high and low
openness, respectively.

Table 2.1 continued

HPQ add-ons
Thoughtless
Distractible
Quitting
Individualistic
Innovative
Unperceptive
n traits 6 4 5 4 7 2 7 6 4 7

Location in Human Five-Factor Model
Neuroticism Extraversion Openness Agreeableness Conscientiousness
+ – + – + – + – + –

Note CPQ traits are found in the original Chimpanzee Personality Questionnaire (King and Figueredo 1997). OPQ
add-ons are traits found in the Orangutan Personality Questionnaire (Weiss et al. 2006). HPQ add-ons are traits found in
the Hominoid Personality Questionnaire (Weiss et al. 2009). Filled boxes under “+” indicate that the item is a marker of
the positive pole of the human personality domain. Filled boxes under “–” indicate that the item is a marker of the
negative pole of the human personality domain
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However, this questionnaire, the Orangutan
Personality Questionnaire, was short-lived, for at
a late stage in that study, I created six more items
(Weiss et al. 2009). These additional trait
adjectives were derived from a bipolar adjective
measure of the Five-Factor Model (McCrae and
Costa 1985) and included “thoughtless,” “dis-
tractible,” and “quitting,” which were related to
the low pole of conscientiousness, “individual-
istic” and “innovative,” which were related to the
high pole of openness, and “unperceptive,”
which was related to the low pole of openness.
I christened the revised questionnaire the
“Hominoid Personality Questionnaire” (or HPQ),
a name that I now admit was rather grandiose
given that I was studying only chimpanzees and
orangutans.1

The preceding paragraph naturally leads to the
question of why I augmented the questionnaire
with those particular items instead of leaving the
questionnaire alone or choosing a different set of
items? The decision to add the first five items
followed the results of a study by Jim King,
myself, and Kay Farmer. In this study, which was
published many years later (King et al. 2005), we
used targeted orthogonal Procrustes rotation
(McCrae et al. 1996) to compare the personality
factors obtained (i.e., the personality structure)
from ratings of 74 zoo-housed chimpanzees that
were not part of King and Figueredo’s (1997)
study and those obtained from ratings of 43
chimpanzees living in a naturalistic sanctuary in
the Republic of the Congo. To our delight,
the dominance, extraversion, conscientiousness,
and agreeableness domains were identified in
both samples, and there was considerable simi-
larity across all of the factor loadings. On the
other hand, neuroticism and openness domains
clearly comparable to those found in zoo-housed

chimpanzees were not found in their sanctuary-
housed counterparts. However, the factor load-
ings from the targeted rotation suggested that
those domains were present (see Table 5 in King
et al. 2005); a follow-up analysis found similar
results when comparing the personality structure
found in the 74 zoo-housed chimpanzees to that
found in the 100 zoo-housed chimpanzees from
King and Figueredo’s original study (King, et al.
2005, pp. 401–402).2

The findings of our study of chimpanzees in
zoos and in the naturalistic sanctuary led us to
suspect that, although chimpanzee variants of
neuroticism and openness are present, these
domains were not as robust because neuroticism
was represented by only three items and open-
ness was represented by only two items. In
hindsight, I suspect that neuroticism and open-
ness were represented by so few items because
King and Figueredo did not anticipate that so
many items representing these traits would
cluster into the broad dominance domain. Our
interpretation of the results was later vindicated
by two studies of chimpanzees, each using a
different questionnaire, and developed based on
different principles, that found evidence for
neuroticism and openness domains (Dutton
2008; Freeman et al. 2013). However, at the
time, Jim King and I pursued what we thought
was the simplest solution, which was to increase
the number of items, especially for openness, that
might tap these domains.

Turning to the decision to include three new
items for conscientiousness, this was motivated
by two observations. The first was that, at the
time, conscientiousness domains had reportedly
been found only in humans and in chimpanzees,
suggesting that this domain evolved recently
(Gosling and John 1999, p. 71). The second was
the surprising finding that orangutans did not
appear to possess a conscientiousness domain.
Instead, orangutan personality structure was
defined by extraversion, dominance, neuroticism,

1Readers can go to http://extras.springer.com/2011/978-1-
4614-0175-9/ to obtain the HPQ for chimpanzees,
orangutans, and rhesus macaques at. Filenames prefixed
by “weiss” are English-language versions of the HPQ.
Filenames prefixed by “weissmurayama” are Japanese-
language versions of the HPQ. The HPQ is also available
in Dutch, German, Chinese, French, and Spanish. Until I
develop a website, please contact me if you wish to obtain
any of these other versions or the LaTeX code should you
wish to adapt the HPQ for your own purposes.

2Similar studies of the chimpanzee personality conducted
after the HPQ was developed that used the original 43
CPQ items yielded similar results (Weiss et al. 2009,
2007).
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and agreeableness domains, which resembled
those found in chimpanzees, and an intellect
domain, which combined aspects of openness
and conscientiousness. In the resulting paper,
published 2 years later, we speculated that this
finding, the absence of a distinct conscientious-
ness domain, may be attributable to the fact that
the OPQ did not include items suitable for
measuring conscientiousness in a semi solitary
species (Weiss, et al. 2006, p. 508). As noted in
the paper, we thought that a straightforward way
to test this possibility would be to include items
related to less social aspects of conscientiousness
in our questionnaire, which is exactly what Jim
King and I did when developing the HPQ. In
addition, although we did not raise the possibility
in the paper, we thought that a straightforward
way to test Gosling and John’s hypothesis about
the recent emergence of conscientiousness would
be to use the HPQ to assess other species of
primates. I will describe these studies later.

Throughout this period and up to 2007, when
I was analyzing data that I collected with Miho
Inoue-Murayama on chimpanzees living in
Japan, I adopted the remaining research habits
that flavor this research tradition. Because this
period of time included my 3 years of postdoc-
toral training, studying human personality with
Paul Costa, I adopted some habits from human
personality research. Since that time, I have been
surprised by the extent to which some of these
habits, which I continue to adhere to and teach,
have caused me and my students’ grief. I hope
that by describing them and their rationale in the
next section will spare myself, my students, and
future researchers from further suffering.

Habits

So to put the question plainly, how do I analyze
HPQ data on some new species? The first step is
to estimate the interrater reliabilities of the HPQ
items. To do so, like King and Figueredo (1997),
I use two of the intraclass correlation coefficients
(ICCs) described in Shrout and Fleiss (1979).
The first, ICC(3,1), is an estimate of how reliable
an individual rater’s rating is likely to be, and

therefore can be used to compare reliabilities
across studies that differ in how many raters are
used. The second, ICC(3,k), is an estimate of the
reliability of the average (mean) score across
raters (k refers to the number of raters per target).
Because later analyses are conducted after
aggregating scores across raters, ICC(3,k) is
informative with respect to the reliability of the
measures used in these analyses. To compute
these, ICCs requires treating raters as fixed
effects. This makes sense because, in studies of
nonhuman animals housed in zoos, research
facilities, sanctuaries, and even in human homes,
the raters have expertise in working with non-
human animals and/or know these animals better
than anybody else. They are not a random sample
drawn from the entire universe of possible raters.
One question that often arises when estimating
interrater reliabilities in samples derived from
multiple facilities, as is often the case in these
studies, is whether to obtain variance compo-
nents with or without taking into account the fact
that targets (and raters) are nested within facili-
ties. Although I began by taking this nesting into
account (Weiss et al. 2006, 2009), I no longer do
so (e.g., Morton et al. 2013). This change in habit
came about following an insight: so long as each
animal and each rater have a unique ID, when
zookeepers and other personnel at a facility rate
only the animals at their facility, the nesting is
already taken into account. Of course, if some
animals have lived in and have been rated at two
or more facilities, one should take nesting into
account.

The second step is to screen out items with
interrater reliabilities that are zero or negative.
I do not test whether the interrater reliabilities are
significantly different from zero or use some
higher interrater reliability as a cut-off point. This
is a shockingly liberal criterion to some, and it has
been the source of criticism by reviewers. So why
use such a liberal cut-point? The main reason for
being such ‘wide-eyed liberals’ when it comes to
interrater reliabilities is that intraclass correlations
are ratios of the true score variance, which comes
from the subject, to the total variance, which
comprises the subject variance and the error
variance, the latter being the subject � rater
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interaction (Shrout and Fleiss 1979). As such, it is
possible that these low interrater reliabilities
indicate that the trait assessed by an item is rare,
i.e., something seen infrequently in few animals,
and not that it is unimportant (see Stevenson-
Hinde and Hinde 2011 for a discussion). An
example taken from another field illustrates this
point. Researchers in genetic epidemiology often
estimate the heritability of various diseases.
Heritability estimates are ratios of the amount of
variation attributable to genetic effects over the
total amount of variation, and so resemble inter-
rater reliabilities. In fact, both are special cases
within generalizability theory (Shavelson et al.
1989). The heritability of stomach cancer is*1%
(Czene et al. 2002). The authors of the paper did
not take this to mean that genetic variation does
not contribute to this trait. In fact, this study,
which comprised*9.6 million people (the whole
of Sweden, in fact), found that the heritability was
statistically significant. Thus, because of the fact
that, without very large sample sizes, it is
impossible to determine whether low interrater
reliabilities are statistically significant, it is
probably best to retain these items until they are
shown to be otherwise and to not throw out
possibly meaningful traits at this early stage.
Another reason to accept such low interrater
reliabilities is that, if they are random error, they
are unlikely to load onto any domains derived via
principal components analysis or factor analysis
in a meaningful way. A third reason is that a key
determinant for how many subjects are needed in
principal components analyses or factor analyses
to obtain a stable structure is the ratio of items to
factors: the higher the ratio, the fewer subjects are
needed (see Table 2.1 in MacCallum et al. 1999).
As such, setting a low cut-point ensures that
principal components analyses and factor analy-
ses of the HPQ and related questionnaires will
reveal stable structures.

Another habit deserving of mention and
explanation is our use of principal components
analysis as our primary means of data reduction.
This practice is (rightly I suspect) frowned upon
by psychometricians because principal compo-
nents analysis does not reduce the dataset by
modeling the correlations between variables as

being caused by one or more latent variables, but
by finding linear composites of the variables in
the analysis (Widaman 2007). I began using
principal components analysis based on advice I
received from a senior researcher at a poster
session in 1999. It became a habit after I began
using an additional method to determine how
many factors or components were present in a
sample. Specifically, I initially used a scree plot
and my judgement of whether factors or com-
ponents “made sense” to determine how many
dimensions to extract. Of course, this widespread
practice is somewhat subjective, and has led to
disagreements about the number of human per-
sonality domains (see the exchange in Eysenck
1992; Zuckerman et al. 1991). To get around this
subjectivity, I began to use parallel analysis in
addition to these other methods to determine the
number of dimensions. In parallel analysis, one
conducts factor analyses or principal components
analyses on several sets of randomly generated
datasets that are identical to the real dataset in
terms of the number of items and the number of
subjects (Horn 1965). The eigenvalues, which
indicate how much variance each factor or
component accounts for, derived from the real
data are then compared to the distribution of
eigenvalues generated from the randomly gen-
erated data (Horn 1965). Factors or components
with eigenvalues that fall below a cut-off (usually
the 95th percentile) are discarded. Early on I
noticed that, parallel analysis, conducted using
code provided by O’Connor (2000), when
applied to factor analysis, typically recom-
mended one or two more factors than did the
scree plot. These factors were also not inter-
pretable, for instance, they included only a single
item. This did not happen when I used principal
components analyses. Little did I know then that
I was not the first person to observe this phe-
nomenon, nor that it was attributable to a specific
method for extracting dimensions in factor
analysis (Buja and Eyuboglu 1992). Since dis-
covering that, using the fa.parallel function in the
psych package (Revelle 2015) and setting the
option “SMC” (estimate communalities by using
squared multiple correlations) to “False,” I can
avoid the problem of trivial factors, I have begun
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leaning toward factor analysis as my primary
method for data reduction. However, I plan to
still report the results of principal components
analyses, which, in any event, tend to be similar
to those derived from factor analyses (Velicer
1977).

My final habit deserving of mention concerns
how I interpret the personality domains, that is,
how do I decide what they mean and what to
label them? To do so, I first apply an orthogonal
(usually varimax) and oblique (usually promax)
rotation to the factors or components. In a pro-
max rotation, factors or components are allowed
to correlate. If the correlations between factors or
components are high and/or lead to loadings on
one or more factors or components that differ
from loadings derived from a varimax rotation,
where the correlations are fixed at zero, I inter-
pret the results of the promax rotation. I other-
wise interpret the results of the varimax rotation.
In all of the HPQ-based studies that I have con-
ducted to date, the mean of the absolute corre-
lations between factors or components has been
low (less than 0.2). Moreover, the factors or
components that result from these different rota-
tions are close to identical. Nonetheless, I now
present or provide the results of both rotations.
Next, depending on the study species, when
interpreting the factors or components and
assigning labels to them, I rely on all available
information, including, but not limited to, what is
known about the species’ socioecology and the
personality structures of closely related species
(e.g., Weiss et al. 2015) or of species where there
is evidence of convergent evolution in behavior
(e.g., Morton et al. 2013). Also, where available,
correlations of the personality domains with
behaviors are another source of information that I
use to label personality domains (e.g., Morton
et al. 2013). Finally, as a principle, I avoid labels
that are too specific and, whenever possible, use
the same label for factors or components that are
similar to those of other species, and especially
other closely related species. I follow these
principles because they acknowledge the fact that
personality dimensions and similar constructs do
not have clearly defined boundaries (Adams et al.

2015; King and Weiss 2011) and because I want
to avoid the confusion generated in a literature
where many different terms are used to refer to
what is possibly the same construct.

After interpreting and labeling factors, I esti-
mate the interrater and, if data are available,
retest reliabilities of these domains. I then turn
my attention to addressing the questions descri-
bed in other chapters within this volume. Before
describing the results of attempts of my research
tradition to solve empirical problems, I will spell
out what this research tradition does and does not
assume, which I hope will clarify some
misconceptions.

Assumptions and Non-assumptions

The first assumption is that the factors or com-
ponents derived from the HPQ (or any other set of
traits, regardless of how measured) are biologi-
cally relevant and can be used to better under-
stand the functions of those traits. It follows, then,
that the factors or components revealed in rating
studies are believed to not be implicit theories of
personality based on folk psychology, artifacts of
the questionnaire, such as the semantic similarity
of the items (see Kenrick and Funder 1988 for a
summary of these criticisms) or, because we are
studying animal personality, anthropomorphic
projections (Uher 2011).

This assumption and its antecedents, and
especially that concerning anthropomorphic
projection, has been used as a bludgeon by
reviewers and, more gently (and genteelly), and
usually over drinks, by other researchers, to
criticize animal personality research based on
ratings. From what I can gather, this criticism
stems from two sources. The first is the HPQ’s
origins in the Big Five or Five-Factor Model
traditions of human personality research. The
second is an aversion to studying animal
behavior by means other than observation that is
held by ethologists and learning theorists. This
aversion is often framed in terms of preferring
measures that are “objective” to those that are
“subjective.” The origins of this aversion can be
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traced to the founders of modern ethology and
learning theory who reacted against the relative
lack of rigor of their predecessors (Wynne 2005).

However, inspection of the bases of this crit-
icism suggests that this criticism is lacking. Let
us examine the concerns raised by the origin of
the HPQ and related instruments. First, there
appears to be a lack of awareness or a deliberate
ignoring of the reasons for the HPQ’s origins and
the fact that care was taken to insure that it was
appropriate for assessing nonhuman primate
personality (both described earlier in this
chapter).

Second, large studies of human personality
find that the personality factors measured by
questionnaires are found in many human cultures
(Eysenck and Eysenck 1985; Ion et al. 2017;
McCrae et al. 2005; Schmitt et al. 2007) and that
the factors or components that emerge from
questionnaires are attributable to common
genetic influences on sets of traits and not
implicit biases about the associations between
traits (McCrae et al. 2001; Yamagata et al. 2006)
or their semantic similarity (Rowe 1982). Closer
to the theme of this chapter, a study of dogs,
Canis familiaris (Kwan et al. 2008), and a study
of chimpanzees and orangutans (Weiss et al.
2012) found no evidence that anthropomorphic
projection adversely influenced ratings.

Third, studies using the CPQ and the HPQ
have not yielded the Five-Factor Model, even in
our closest animal relations, chimpanzees and
bonobos (King and Figueredo 1997; Weiss et al.
2009; Weiss et al. 2007; Weiss et al. 2015).
A study of spotted hyenas (Crocuta crocuta) that
used an adaptation of a questionnaire based on a
human personality scale (the Big Five
Mini-markers) also failed to find the human Big
Five (Gosling 1998).

Fourth, like other human observations,
behavioral codings are susceptible to error and
bias. For example, the meaning of behaviors can
be misinterpreted (Carter et al. 2012a, b). The
distinction between the objective and subjective
is therefore a false dichotomy. This statement
should not be controversial. Researchers in ani-
mal behavior acknowledge that their measures
are not without bias or error and take steps to

mitigate the problem, such as video recording
subjects, asking independent observers to code
videos, and computing interobserver reliabilities.
There have also recently been recommendations
for further steps that researchers should take to
avoid misinterpreting behavioral traits (Carter
et al. 2012a, b).

Given that interrater or interobserver reliability
estimates reflect the degree to which traits or
behaviors are easy or difficult to assess, it should
be possible to determine whether one approach is
more “objective” than another. I do not have data
in hand that would enable me to compare
behavioral observations and ratings directly.
However, analyses of interrater reliability esti-
mates reported in a study of crab-eating macaques
(M. fascicularis) measured at two time points
(Uher et al. 2013a, b) and from a study of brown
capuchin monkeys (Sapajus apella) measured
once (Uher and Visalberghi 2016) are informa-
tive. In both studies, the researchers measured
personality traits via so-called “trait-adjective
items” or so-called “behavior-descriptive verb
items.” The behavior-descriptive verb items,
although not being direct observations of behav-
ior, were generated from behavioral observations
and so were designed to be “less colloquial” than
trait adjectives (Uher et al. 2013a, b, p. 429). To
highlight the differences between these types of
items, for example, impulsiveness in crab-eating
macaques was measured by the trait-adjective
item “Name is impulsive.” (Uher 2016d, p. 2) and
by the behavior-descriptive verb item “When
he/she does not like something, Name shakes
trees or jumps on or slaps others.” (Uher 2016c,
p. 2). The results of my analyses did not support
the view that behavioral observations are
more objective than trait ratings. Briefly, for
crab-eating macaques at time 1, the mean ICC
(3,1) of behavior-descriptive verb ratings (0.43)
was higher than that of trait-adjective ratings
(0.39), but Welch’s t test revealed that the dif-
ference was not significant, t32.279 = −0.72, p =
0.48 (Uher 2016c, d). For the macaque ratings at
time 2, the mean ICC(3,1) of behavior-descriptive
verb ratings (0.40) was lower than that of
trait-adjective ratings (0.43), but this difference
was also not significant, t33.651 = 0.50, p = 0.62
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(Uher 2016c, d). Finally, for brown capuchin
monkeys, the mean ICC(3,1) of behavior-
descriptive verb ratings (0.39) was also lower
than that of trait-adjective ratings (0.43), and,
once again, this difference was not significant,
t37.922 = 0.62, p = 0.54 (Uher 2016a, b). The code
and ICC data for these analyses can be found at
https://github.com/alexweissuk/uher_icc_
comparison.

Another assumption of the research tradition
that I described is that similar behaviors in clo-
sely related species serve similar functions and
have similar genetic, physiological, and devel-
opmental underpinnings. This assumption is
central to research that seeks to understand ani-
mal behavior, and has yielded insights into, the
evolutionary bases of, among other things,
human culture (Whiten et al. 1999).

In addition to holding these (and probably)
other assumptions, there are things that this tra-
dition does not assume. For one, it does not
assume that personality traits or domains serve
similar functions, or have similar genetic, phys-
iological, and developmental bases, even in clo-
sely related species. In other words, we do not
assume that the same traits or domains in dif-
ferent species are homologues. After all, if we
did, research on a species would stop after
determining that species’ personality structure,
and the research tradition would be a descriptive
enterprise (Braithwaite 1968). What we have
instead is research examining this question,
which has yielded encouraging results with
respect to whether similar personality domains in
closely related species are, in fact, homologues.

In describing these studies and their results I
will first return to the findings on personality
domains and subjective well-being. To recap,
there is a trend across primate species, including
humans, for more emotionally stable and social
individuals to experience higher levels of sub-
jective well-being compared to those who are
less emotionally stable and less social. Further-
more, in chimpanzees, this association is largely
attributable to common genetic effects (Weiss

et al. 2002). Starting in 2008, studies of human
twins (Weiss et al. 2008) and siblings (Hahn
et al. 2013), and a study of interrelated orangu-
tans (Adams et al. 2012) all found that person-
ality and measures related to subjective
well-being share common genetic underpin-
nings. Finally, in humans, polygenic scores
(weighed sums indicating how many single
nucleotide polymorphisms for a trait an individ-
ual has) for extraversion were associated with
higher life satisfaction and subjective well-being
and polygenic scores for neuroticism were asso-
ciated with lower subjective well-being (Weiss
et al. 2016).

Additional evidence comes from neurophysi-
ological and molecular genetic studies. MRI
studies of chimpanzees rated on the CPQ and a
related questionnaire identified associations
between areas of the chimpanzee brain and per-
sonality domains that are similar to the associa-
tions expected based on human findings
(Blatchley and Hopkins 2010; Latzman et al.
2015a, b). Concerning molecular genetic evi-
dence, CPQ and HPQ studies of arginine vaso-
pressin 1a receptor polymorphisms and
personality in chimpanzees (Hopkins et al. 2012;
Wilson et al. 2016) and in bonobos (Staes et al.
2016) are consistent with human findings
(Bachner-Melman et al. 2005; Pappa et al. 2016)
and point to an association between arginine
vasopressin 1a receptor polymorphisms and
socially appropriate behaviors.

Studies of development also support the
likelihood that similar personality domains are
homologous. Specifically, with some exceptions,
which I will discuss in the next section, at least in
the case of chimpanzees (King et al. 2008) and
orangutans (Weiss and King 2015), sex and age
differences in similar domains are similar to one
another and to sex differences (Costa et al. 2001)
and age differences (Roberts et al. 2008) found in
comparable human personality domains.

Some things that this research tradition does
not assume have not been studied. Although I
will not present an exhaustive catalog here, some
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are worth noting. For one, the research tradition
that I described does not assume that different
domains or traits in distantly related species have
different functions. In other words, different
personality domains in different species could
serve the same function in those two species.
Second, this work does not assume that person-
ality traits are isomorphic with behaviors, that is,
there is no assumption that each trait that makes
up a personality domain corresponds to a single
behavior. A third matter concerns personality
structure. Specifically, there is no assumption as
to what the personality structure of a given spe-
cies will be or should be.

Finally, this research tradition does not
assume that the labels or even definitions of the
components or factors are immutable. Instead,
they are better characterized as hypotheses. Data
collected in the future on revised versions of the
HPQ, behavioral observations, or on the genet-
ics, physiology, and development of these
domains, will test these hypotheses, and some
revisions will no doubt be necessary. One area in
which this might happen would involve the
domains related to competitive prowess that have
been identified in nonhuman primates but not in
humans. In particular, to recognize species dif-
ferences in social organization, my collaborators
and I have labeled domains similar to the chim-
panzee dominance “assertiveness” in brown
capuchin monkeys (Morton et al. 2013) and in
bonobos (Weiss et al. 2015). Should future
studies not support this distinction by, for
example, showing that all such domains underlie
similar behaviors and are related to genes with
similar functions, then, depending on these
findings, it would make sense to rename the
capuchin and bonobo domains, the chimpanzee
domains, or both.

Evaluating This Research Tradition

Having discussed what this research tradition
does and does not assume, it is worth asking
whether it has been successful in solving
empirical problems important to personality
research. This is an important question as

research traditions stand or fall on this criteria,
and even a technically sophisticated research
tradition will be abandoned or changed if it
cannot solve the problems in its domain (Laudan
1977).3

When it comes to characterizing species’
personalities, a straightforward question is whe-
ther the structure of the traits measured using the
above-described approach resembles the struc-
ture of traits measured using other approaches.
As I noted earlier, questionnaires developed
based on other conceptions of personality (e.g.,
Dutton 2008) or by other approaches (Freeman
et al. 2013) yield chimpanzee personality struc-
tures similar to those found using the CPQ and
HPQ. More striking evidence comes from a
study of brown capuchin monkeys rated on
trait-adjective items and behavior-descriptive
verb items, the latter, recall, being identified
from observations of naturally occurring behav-
iors (Uher and Visalberghi 2016). A factor
analysis of these ratings yielded personality
domains similar to those identified from principal
components analysis or factor analysis of HPQ
ratings (Morton, et al. 2013).

Other evidence suggests that scales such as
the CPQ, OPQ, and HPQ characterize biologi-
cally meaningful relations between traits. The
first comes from a factor analysis of ratings of
crab-eating macaques on trait adjective descrip-
tors and behavioral verb descriptors identified
from observations of naturally occurring behav-
iors. The analysis yielded dimensions labeled
playful-active-curious, aggressive-competitive,
prosocial-gregarious, and assertive-nonanxious
(Uher et al. 2013a, b, p. 657). There has not
yet been, at least to my knowledge, a study of
crab-eating macaques using the HPQ. However,
crab-eating macaques are a relatively despotic
macaque species (Thierry 2000) and, in an earlier
paper, my colleagues and I reported on the per-
sonality structures of Japanese (M. fuscata),
Assamese (M. assamensis), Barbary macaques

3The question of whether this research tradition is as
good, better, or poorer at solving conceptual problems
(Laudan 1977) than some other research tradition is
beyond the scope of this chapter.
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(M. sylvanus), Tonkean macaques (M. tonkeana),
and crested (M. nigra) macaques, all rated using
the HPQ (Adams et al. 2015). One of the species
investigated, Assamese macaques, have a level
of despotism similar to that of crab-eating
macaques (Thierry 2000). Analysis of the HPQ
ratings found personality domains labeled con-
fidence, activity, openness, friendliness, and
opportunism (Adams, et al. 2015), and so, with
the exception of the separate activity and open-
ness domains, the Assamese macaque structure
was similar to that found in crab-eating macaques
by Uher (2013b). Finally, a study of Hanuman
langurs (Semnopithecus entellus) compared the
personality structure based on ratings on an off-
shoot of the CPQ to that based on behavioral
observations, and found them to be similar
(Konečná et al. 2008).

Moreover, as I noted in detail earlier, in
addition to identifying similar personality struc-
ture to other methods, the research tradition
described here has led to greater understanding
of the genetic and neurophysiological mecha-
nisms that underpin personality in chimpanzees
and bonobos. Likewise, as also discussed in
detail earlier in this chapter, this research found
that the associations between personality traits
and affect described in humans, nonhuman pri-
mates, and in other species likely reflect their
genetic architecture.

Moving to the ability to solve other problems,
studies of sex and age differences in chimpanzees
and in orangutans have contributed to the
understanding of the evolutionary origins of
these differences. In addition, these studies have
informed debates concerning whether biological
or sociocultural processes drive age differences
in human personality.

Personality sex differences actually differ
some between chimpanzees, humans, and oran-
gutans. Cross-cultural studies of humans have
found that, although the magnitude of the dif-
ference varies across countries, compared to
men, women are higher in neuroticism,
extraversion, openness, agreeableness, and con-
scientiousness (Costa et al. 2001). In chim-
panzees, however, the only sex differences
consistent with the human pattern were for

conscientiousness and agreeableness; males and
females did not differ in extraversion or in
openness and males were higher in neuroticism
than females (King et al. 2008). This finding
together with findings suggesting that an activity
facet of extraversion was higher in males than in
females, and so also differing from the human
pattern, and a pattern of age differences sug-
gesting that males but not females exhibit a
prolonged period of aggression, led us to
hypothesize that chimpanzee personality differ-
ences partly reflect the higher levels of aggres-
sion in male chimpanzees than in humans (King
et al. 2008). Later findings that, in orangutans,
sex differences in neuroticism were like those in
humans (Weiss and King 2015), supported this
hypothesis as male orangutans do not display the
same intensity of aggression that is found in male
chimpanzees.

With respect to age differences, among
humans, lifetime changes in personality suggest
that individuals become more mature as they age,
with individuals declining in neuroticism,
extraversion, and openness, but increasing in
agreeableness and conscientiousness (Roberts
et al. 2008). This appears to be a universal phe-
nomenon, having been found in several cultures
(Bleidorn et al. 2013; McCrae et al. 2005). One
explanation for these trajectories is that they are
products of biological maturation (McCrae and
Costa 2003). An alternative explanation for these
trajectories is that they are products of social and
cultural forces, such as the need for increased
responsibility when entering the workforce or
increased desire for caretaking when having
children (Roberts et al. 2005). A study of chim-
panzee personality found that the pattern of age
differences for the five human-like domains is
conserved, although, among males, there is a less
consistent decline of neuroticism and extraver-
sion (King et al. 2008). This finding, too, was
attributed to the pattern of aggression among
male chimpanzees. Moreover, among orangu-
tans, extraversion, neuroticism, and agreeable-
ness, domains that orangutans share with humans
and chimpanzees, the age differences were like
those of humans except for agreeableness, which
was lower in older individuals (Weiss and King
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2015). Finally, both studies found that, despite
differences in how their societies are structured,
after adjusting for the different rate of develop-
ment in humans and the two great ape species,
the magnitudes of age differences were similar
across all three species (King et al. 2008; Weiss
and King 2015).

The findings concerning age differences in
two species that differ in many ways from
humans are more consistent with what one would
expect if the development of personality resem-
bled that of height and other physical character-
istics than what one would expect if human
sociocultural forces were responsible. However,
this research also highlights the possible func-
tions of some of these traits in these species. As
noted above, the pattern of development for
extraversion and neuroticism in male chim-
panzees is consistent with the higher aggression
noted in male chimpanzees. Furthermore, the
decline in orangutan agreeableness suggests that
the increases found in humans and chimpanzees
may be adaptive for individuals that live in large
groups of, at best, distantly related individuals
(Weiss and King 2015). In other words, among
species that are solitary or semisolitary such as
orangutans (Galdikas 1985), there is no selection
for age-related rises in agreeableness.

Studying personality and reproductive success
among captive individuals is problematic
because, in these settings, reproduction is con-
trolled so as to prevent inbreeding and over-
population and to maximize the genetic diversity
of the species (see Watters et al., this volume).
The HPQ has also only seldom been deployed to
study wild populations, and these studies have,
for the most part, been cross-sectional. As such,
there is no definitive answer to whether these
personality domains are related to reproductive
success. However, studies have examined the
association between personality domains asses-
sed using the HPQ and related measures, and
dominance rank, an important asset in the social
lives of nonhuman primates that is associated
with fitness outcomes, including reproductive
success (see, e.g., Pusey et al. 1997).

Evidence that the HPQ and related measures
capture precursors of dominance rank includes

the ubiquity of domains related to dominance
rank in nonhuman primates that the HPQ, like
other rating scales, unveils. Further evidence
includes findings that the social organization of
nonhuman primate species is reflected in the
make-up of personality domains related to dom-
inance rank. For example, a study of six macaque
species revealed that the degree of despotism that
characterizes each species is associated with the
structure of personality traits related to aggres-
sion (e.g., “bullying”) and social competence
(e.g., “independent”) in those species (Adams
et al. 2015). There is some suggestion for a
similar phenomenon among African apes.
Specifically, if one examines the cardinal CPQ,
OPQ, or HPQ traits associated with dominance
rank, i.e., “dominant” and “submissive,” one sees
that they are more strongly related to the
dominance-like domains in captive chimpanzees
(King and Figueredo 1997; Weiss et al. 2009,
2007) and captive western lowland gorillas,
Gorilla gorilla gorilla (Schaefer and Steklis
2014), than they are in captive bonobos (Weiss,
et al. 2015) or in wild Virunga mountain gorillas,
G. beringei beringei (Eckardt et al. 2015).

Moreover, consistent with the fact that, unlike
other great apes, female bonobos exhibit
so-called “partial female dominance” (see, e.g.,
Furuichi 2011), female bonobos score higher
than males in assertiveness (Staes et al. in press)
whereas in chimpanzees (King et al. 2008; Weiss
et al. 2009, 2007),4 orangutans (Weiss and King
2015), and mountain gorillas (Eckardt et al.
2015), males score higher. The previously dis-
cussed study of spotted hyenas, another species
in which females are higher ranking than males,
also found that females were more assertive
(Gosling 1998).

This research tradition has also identified
direct evidence of the role of dominance-like
personality domains. A study of provisioned,
semi-free-ranging Barbary macaques that asses-
sed personality using an offshoot of the CPQ
found that the temporal stability of dominance

4In the Weiss et al. 2009 study, the sex effect was not
significant (p = .0694), but the direction of the effect was
comparable to what had been found in the other studies.
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rank was attributable to the personality domain,
confidence (Konečná et al. 2012). In addition,
among wild Virunga mountain gorillas, the
dominance domain was associated with domi-
nance strength and spending less time staring at
other gorillas (Eckardt et al. 2015), and in zoo-
and laboratory-housed brown capuchin monkeys,
individuals who were higher in assertiveness
were groomed more often, less often solitary, and
less likely to be targets of aggression (Morton
et al. 2013). Similarly, among bonobos, indi-
viduals higher in assertiveness were groomed
more often, less likely to be targets of aggression,
and less likely to retreat from agonistic encoun-
ters (Staes et al. in press).

One area that perhaps illustrates the effec-
tiveness of this research tradition more than any
other is its ability to uncover the phylogenetic
origins of personality traits (Gosling and Gray-
beal 2007). The best example comes from work
on conscientiousness. As I previously mentioned,
an early review noted that, of the species studied,
conscientiousness was found only in chim-
panzees. Based on this, the authors of the review
reasonably hypothesized that conscientiousness
emerged relatively recently in African apes
(Gosling and John 1999). However, with the
exception of King and Figueredo’s 1997 study of
chimpanzees, the personality measures used in
the other studies cited by Gosling and John did
not include many traits related to self-control,
behavioral predictability, persistence, and other
markers of conscientiousness. Fortunately, test-
ing these hypotheses is a simple matter of
assessing multiple related species using the HPQ.
Doing so revealed that conscientiousness and/or
a related trait, attentiveness, exists in captive
western lowland gorillas (Schaefer and Steklis
2014), captive bonobos (Weiss et al. 2015), and
possibly exists in wild Virunga mountain gorillas
(Eckardt et al. 2015). Using the HPQ to unearth
the phylogenetic origins of domains like con-
scientiousness or attentiveness has also revealed
an attentiveness domain in brown capuchin
monkeys (Morton et al. 2013) and, using a
modified version of the HPQ, in common mar-
mosets, Callithrix jacchus (Iwanicki and Leh-
mann 2015), but not in Old World monkeys

(Adams et al. 2015; Konečná et al. 2008;
Konečná et al. 2012).5 These studies therefore
indicate that, conscientiousness-like domains
emerged in the African apes, but also indepen-
dently emerged in some species of platyrrhines.
Moreover, because conscientiousness was found
in common marmosets, there is a need to
re-evaluate whether domains like conscientious-
ness emerge only in species that are cognitively
and socially complex (King and Weiss 2011).

All in all, then, these studies have uncovered
personality domains that appear to be
species-specific adaptations, highlight the func-
tional significance of traits, and allow one to
address questions about their proximate and
ultimate origins. In a real sense, then, in the case
of personality, this research tradition is capable
of addressing Tinbergen’s four questions about
animal behavior (2005).

Conclusion

Before I conclude I want to stress that, as I have
noted elsewhere (Weiss and Adams 2013) I do
not think of this research tradition as fixed or the
only way to study animal personality. It will
change with the advent of problems that its pre-
sent form has difficulties solving and other
research traditions are bound to be equally good
at solving problems. As I stated from the outset, I
merely wanted to describe my own tradition and
to evaluate it. Others will probably differ in their
judgement.

Ultimately, the approach used should be
suitable for the questions researchers seek to
address. For example, Brent et al. (2014), Suss-
man et al. (2014) have, to good ends, used
ethological approaches to address questions
concerning the genetics, evolution, and devel-
opment of macaque personality. It is thus
important to remember that it would be foolhardy
to use the HPQ without modifications (or at all)
to address questions about species other than
haplorrhine primates (see Koski 2011 and

5In my mind, whether orangutans have something like a
conscientiousness or attentiveness domain is unresolved.
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references therein). Moreover, given recent
findings on wild bonobos (Garai et al. 2016), it is
unclear whether HPQ traits are defined by the
same structure in wild and captive populations
(see also Gurven et al. 2013 for the case of
humans). As such, until more is known, or a
revision of the HPQ addresses any discrepancies,
it would be premature to draw strong conclusions
about species differences when they are con-
founded by whether the samples live in the wild,
are semi-free-ranging, or are housed in captivity.

Finally, the study of Hanuman langurs found
very strong correlations between personality
domains and behavioral indices generated from
the raw behavioral observation data (see
Table A1 in Konečná, et al. 2008). Similarly,
recent research on humans has shown machine
learning algorithms can be used to measure per-
sonality via individuals’ Facebook “Likes”
(Youyou et al. 2015). These findings suggest that
each questionnaire item or personality domain
does not necessarily correspond to a single dis-
crete behavior. They also recommend the possi-
ble gains that can be made by using machine
learning approaches to study associations
between personality and behavior provided the
sample sizes are large enough.

As I noted at the beginning of this chapter,
this research tradition has met with criticism,
especially with regards to its origins in the tra-
ditions of human personality research. However,
the history of animal behavior includes promi-
nent examples of successful research traditions
that directly sprung from human psychology
(e.g., Harding et al. 2004). As such, the admon-
ishment from some that human personality
research is an inappropriate starting place for
studying the personalities of other members of
our primate lineage strikes me as not just short-
sighted, but downright fanciful.
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3The Interpersonal Circumplex:
A Complementary Approach
for Understanding Animal
Personality

Virgil Zeigler-Hill and Lauren Highfill

Abstract
This chapter reviews the benefits of adopting the interpersonal circumplex
as a supplement to current approaches for understanding animal person-
ality. The interpersonal circumplex is a representation of social behavior
that is organized in a circular fashion as it is defined by a two-coordinate
system consisting of agency (as the vertical axis) and communion (as the
horizontal axis). The interpersonal circumplex was developed to describe
and understand the social behavior of humans. We believe that the
interpersonal circumplex may be helpful in gaining a better understanding
of animal personality as well, because it may have implications for
(1) conceptualizing the structure of animal personality and (2) accounting
for the role of social behavior in animal personality. We review the limited
research that has been conducted using the interpersonal circumplex in
animals and suggest directions for future research.

Keywords
Interpersonal � Circumplex � Big Five � Five-Factor � Complementarity �
Agency � Communion

Research concerning animal personality has the
potential to address essential questions concerning
the genetic, neurochemical, physiological, devel-
opmental, and environmental bases of personality

within and across species (Weinstein et al. 2008).
Despite the tremendous potential of animal per-
sonality research, there is still a great deal of
uncertainty and debate regarding how to best
conceptualize it. A common approach to this
problem has been to adapt models of human per-
sonality traits for use with animals (e.g., Freeman
et al. 2013; Freeman and Gosling 2010;Weinstein
et al. 2008). The basic idea underlying this
approach is that researchers interested in animal
personality can use the large body of accumulated
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research concerning human personality as a
starting point for understanding animal personal-
ity (e.g., Gosling and John 1999; King and Fig-
ueredo 1997). The focus on personality traits—for
both humans and nonhuman species—is consis-
tent with the idea that these traits are connected
with how organisms process information about
their social environments and often have impli-
cations for the motives and goals that organisms
adopt (e.g., McAdams 1995).

Researchers concerned with human personal-
ity have attempted to develop a common dimen-
sional structure for personality to organize
recognized traits into a manageable framework,
guide future research, and facilitate communica-
tion between researchers. Early attempts to
accomplish this goal led to a proliferation of trait
taxonomies from a variety of theoretical per-
spectives (see Pervin and John 1999, for a
review). By the 1930s, there were so many com-
peting taxonomies that researchers often had dif-
ficulty deciding how to conceptualize personality
traits. It was around this time that Allport (e.g.,
Allport 1937; Allport and Odbert 1936) began
advocating for the lexical approach to describing
personality that had been introduced by Sir
Francis Galton (1884). The lexical approach to
personality is based on the assumption that the
vast majority of personality traits would have
become encoded in natural language such that a
careful examination of language should reveal the
most commonly used—and most useful—de-
scriptors of personality. There were various
attempts to develop a trait taxonomy using this
lexical approach that often involved scouring
dictionaries and thesauri for words that have been
used to describe personality and attempting to find
an underlying factor structure to organize these
descriptors (e.g., Allport and Odbert 1936; Bor-
gatta 1964; Cattell 1946; Fiske 1949; Norman
1963, 1967; Tupes and Christal 1961). This work
was essentially ignored for decades until it was
“rediscovered” by researchers in the 1980s (e.g.,
Digman and Takemoto-Chock 1981; Goldberg
1981, 1982; John et al. 1988; McCrae and Costa
1982). By the 1990s, a broad consensus had been
reached that human personality traits could be
best described by five broad traits referred to as

the Big Five dimensions of personality (e.g.,
Goldberg 1993; John 1990) or the Five-Factor
Model of personality (e.g., Costa and McCrae
1992; Digman 1990). The Big Five dimensions
consist of extraversion, agreeableness, neuroti-
cism, conscientiousness, and openness.

The development of the Big Five has provided
personality researchers with a shared descriptive
taxonomy that captures a number of personality
descriptors used in natural language and allows
researchers to more effectively communicate
about these concepts (see John and Srivastava
1999, for a review). Despite the advantages
associated with the Big Five, this model has cer-
tainly not escaped criticism. First, the Big Five
personality dimensions do not capture all per-
sonality traits. Rather, these dimensions simply
represent a broad level of abstraction regarding
personality (John and Srivastava 1999). It is
commonly recognized that more specific person-
ality characteristics—sometimes referred to as
“facets”—are contained within each broad per-
sonality dimension (e.g., the extraversion dimen-
sion contains facets such as warmth,
gregariousness, and assertiveness; Costa and
McCrae 1992). In addition, other personality traits
are not directly captured by this model. For
example, narcissism may reflect a blend of high
levels of extraversion and low levels of agree-
ableness (Paulhus 2001) but narcissism includes
features that are not captured by the Big Five
personality dimensions (e.g., lack of humility; Lee
and Ashton 2005). Second, the Big Five person-
ality dimensions are widely accepted but there is
still some disagreement regarding the exact nature
of these dimensions (e.g., Block 1995; Eysenck
1992; McAdams 1992; Pervin 1994). For exam-
ple, there has been considerable debate regarding
whether openness captures “openness to experi-
ence” or “general intellect” (see Nusbaum and
Silvia 2011, for a review). Further, it has been
argued that the Big Five personality dimensions
have failed to account for a sixth personality
dimension referred to as honesty-humility (Ash-
ton et al. 2004). Third, there are concerns about
whether the Big Five dimensions are really inde-
pendent of each other (e.g., Block 1995; Digman
1997; Eysenck 1992). For example, Digman
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(1997) analyzed personality trait ratings from a
variety of studies that utilized both self-reports
and observer reports and found consistent evi-
dence for two higher order factors that he referred
to using the intentionally nondescript labels of
alpha (agreeableness, conscientiousness, and
emotional stability) and beta (extraversion and
openness). However, it has been argued that the
correlations between these traits may simply be
artifacts reflecting response styles rather than
capturing substantive connections between these
traits (e.g., Ferguson et al. 2013; McCrae et al.
2008; Revelle and Wilt 2013). Fourth, the theo-
retical underpinnings of the Big Five personality
dimensions have been criticized for being rela-
tively weak (e.g., Loevinger 1994; McAdams
1992). That is, the original factor-analytic
derivations of the Big Five personality dimen-
sions were based on the assumption that everyday
language could be used to capture the structure of
personality rather than these investigations being
guided by a more substantial theory that would
have led to a priori predictions concerning which
personality traits would emerge from this process.

Despite its weaknesses, many researchers
interested in animal personality have used adap-
tations of the Big Five when studying nonhuman
species (see Weinstein et al. 2008, for a review).
This approach has been at least moderately suc-
cessful in helping researchers understand animal
personality. For example, it appears that as many
as three of the Big Five dimensions (i.e.,
extraversion, agreeableness, and neuroticism)
emerge consistently from research employing a
wide array of species, which suggests that these
may be useful constructs when considering animal
personality (e.g., Gosling 2001; Gosling and John
1999). However, there are clear limitations asso-
ciated with applying the Big Five dimensions to
nonhuman species given that it was specifically
developed for understanding human personality
(e.g., Freeman et al. 2013). One limitation is that
relying too heavily on the Big Five dimensions
may lead researchers to consider personality traits
that are not relevant to the target species (e.g., is
openness important for understanding the per-
sonality of opossums?). Another limitation of
focusing on the Big Five dimensions is that it may

result in researchers failing to acknowledge the
importance of species-specific traits (e.g., domi-
nance has been found to be particularly important
for understanding the personality structure of
chimpanzees; Weiss et al. 2007).

The primary purpose of this chapter is to suggest
that researchers who are interested in gaining an
even clearer understanding of animal personality
may benefit from supplementing their use of traits
—whether based on the Big Five personality
dimensions or other theoretical perspectives—with
the interpersonal circumplex (Benjamin 1974;
Carson 1969; Horowitz 2004; Kiesler 1983, 1996;
Leary 19571;Wiggins 1979; see Gurtman 2009, for
a review). The interpersonal circumplex is a model
that was originally developed to describe and
understand the social behavior of humans. We
believe that the application of the interpersonal
circumplex to animal personality may help
researchers gain a better understanding of animal
personality because the interpersonal circumplex
may have implications for (1) conceptualizing the
structure of animal personality and (2) accounting
for the role of social behavior in animal personality.
Before we examine the potential benefits of using
the interpersonal circumplex to gain a better
understanding of animal personality, it will be
necessary for us to review how the use of the
interpersonal circumplex has shaped the under-
standing of personality in humans.

The Interpersonal Circumplex
in Humans

One area of personality that has consistently
attracted a great deal of theoretical and empirical
attention has been social behavior (e.g., Carson

1In addition to his pioneering research concerning the
interpersonal circumplex, Timothy Leary is also known
for his controversial work concerning the therapeutic
potential of psychedelic drugs (i.e., LSD and psilocybin)
during the 1960s. Leary also popularized a number of
catchphrases during the 1960s and 1970s (e.g., “turn on,
tune in, drop out,” “think for yourself and question
authority”) and was once referred to as “the most
dangerous man in America” by President Nixon for some
of his actions (e.g., a prison escape that drew international
attention).
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1969; Leary 1957; Sullivan 1953; Wiggins 1991;
Wiggins and Pincus 1992). The emphasis placed
on social behavior when considering personality
is not surprising given the importance of the
social context in which humans live. This inter-
personal perspective has revealed two underlying
dimensions of personality that are often referred
to as agency (i.e., the tendency to display power,
mastery, and self-assertion rather than weakness,
failure, and submission) and communion (i.e., the
tendency to engage in behaviors connected with
intimacy, union, and solidarity rather than
remoteness, hostility, and separation; Wiggins
and Pincus 1992). These terms are derived from
the work of Bakan (1966) who identified agency
and communion as the “fundamental modalities”
of human existence. These two pervasive aspects
of social behavior have emerged in theories
across numerous disciplines under many different
names (see Hogan and Blickle, in press, for a
review). For example, Adler (1939) referred to
these dimensions as superiority striving (agency)
and social interest (communion). Hogan’s (1982)
socioanalytic theory posited getting ahead
(agency) and getting along (communion) as two
basic strategies adopted by humans in their social
interactions. In evolutionary psychology, Buss
(2015) has argued that successful reproduction
depends on navigating status hierarchies
(agency) as well as forming coalitions and alli-
ances (communion). In anthropology, Redfield
(1960) observed that social groups depend on
members getting a living (agency) and living
together (communion). In sociology, Parsons and
Bales (1955) argued that human groups depend
on the completion of tasks related to group sur-
vival (agency) and socio-emotional tasks (com-
munion). McAdams (1988, 2001) found that the
stories people develop about their identities
center around two basic themes that he calls
power (agency) and intimacy (communion). The
central idea underlying social exchange theory
(Foa and Foa 1980) is that the exchange of status
(agency) and love (communion) is at the core of
all social interactions. Taken together, these
various approaches suggest that agency and
communion may play a central role in social
behavior.

Despite the emergence of agency and com-
munion as the primary components of social
behavior in various models, the clearest and most
comprehensive depiction of these fundamental
dimensions of social behavior is the interpersonal
circumplex (Carson 1969, 1989; Horowitz 2004;
Kiesler 1983, 1996; Leary 1957; Wiggins 1979;
see Gurtman 2009, for a review). The interper-
sonal circumplex is a two-dimensional represen-
tation of social behavior that is organized in a
circular fashion with no clear beginning or end.
This model is defined by a two-coordinate system
that is represented by vertical (agency) and hori-
zontal (communion) axes (see Fig. 3.1). The
interpersonal circumplex integrates agency and
communion in an attempt to offer a relatively
comprehensive model of social behavior (Gurt-
man 2009; Horowitz et al. 2006; McAdams et al.
1996;Wiggins 1991;Wiggins and Trapnell 1996).
The agency dimension captures behaviors that
emphasize the self as a distinct unit by focusing on
one’s own individual influence, control, or mas-
tery over the self, other people, and the environ-
ment. The agency dimension is often linked with
ideas connected to autonomy, dominance, power,
status, control, self-protection, self-assertion, and
self-expansion. In contrast, the communion
dimension captures behaviors that emphasize
connections by enhancing participation in unions
with other people. The communion dimension
captures ideas linked with intimacy, sociability,
love, affiliation, union, and friendliness.

The interpersonal circumplex has its origins in
the “interpersonal circle” that was developed by
the Kaiser Research Group in the 1950s as a tool
for the interpersonal diagnosis of personality (e.g.,
Freedman et al. 1951; Leary 1957). Wiggins
(1979) is believed to have coined the term “in-
terpersonal circumplex” when he merged the
Kaiser Research Group’s interpersonal circle with
the “circumplex”model (i.e., a set of variables that
have a particular pattern of correlations that sug-
gests a circular structure) that was developed by
Guttman (1954). The two-dimensional structure
of the interpersonal circumplex suggests that all
interpersonal variables (e.g., behaviors, needs,
values, problems) can be represented as a blend of
agency and communion, depending on the
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location of that variable within the space defined
by the interpersonal circumplex (Gurtman and
Pincus 2003; Kiesler 1983, 1996; Wiggins 1982).
More specifically, the interpersonal circumplex is
a continuous curve, which implies that there is a
uniform distribution of variables around the center
of the circumplex resulting in a circular organi-
zation of interpersonal traits (Gurtman and Pincus
2003). This circular arrangement provides clear
connections between various social behaviors by
characterizing each behavior as a blend of agency
and communion.

Wiggins (1979) argued that the interpersonal
circumplex may serve as the basis for a circular
taxonomy for the interpersonal domain because
all interpersonal traits are believed to be con-
tained within the circumplex. Although there is
no fixed set of interpersonal “traits” because the
interpersonal circumplex may be separated into
segments of varying breadth (e.g., quarters,
eighths, sixteenths), the circumplex is most often
divided into eight sectors referred to as octants
that represent various combinations of agency
and communion (e.g., aloof-introverted behavior
is a blend of submissiveness and hostility;
Gurtman and Pincus 2003; Kiesler 1983, 1996;
Wiggins 1982). The octants are alphabetically
labeled in a counterclockwise direction around
the circumplex at 45° intervals originating at the

positive horizontal axis: Assured-Dominant (PA;
90°), Arrogant-Calculating (BC; 135°), Cold-
hearted (DE; 180°), Aloof-Introverted (FG;
225°), Unassured-Submissive (HI; 270°),
Unassuming-Ingenuous (JK; 315°), Warm-
Agreeable (LM; 0°), and Gregarious-
Extraverted (NO; 45°). The degrees that are
located around the perimeter of the circumplex
indicate the boundaries and midpoint of each
octant. The labels for each octant consist of two
letters (e.g., PA) that are derived from the orig-
inal division of the interpersonal circumplex into
16 sectors labeled “A” through “P” (Freedman
et al. 1951).

The interpersonal circumplex represents social
behavior as being evenly distributed around the
orthogonal axes of agency and communion with
the circular structure implying certain connec-
tions and conflicts between interpersonal traits
(Plutchik 1997). One consequence of this circular
—and continuous—arrangement is that each
interpersonal trait has both neighboring traits as
well as an opposing trait (Plutchik 1980). The
proximity of the octants corresponds to their
interpersonal similarity such that similarity
decreases as the distance between the octants
increases (i.e., adjacent octants are more similar
than those that are more distant). That is, social
behaviors that are more similar to each other are
closer together on the circumplex. For example,
aloof-introverted (FG) behavior is more similar
to unassured-submissive (HI) behavior than it is
to unassuming-ingenuous (JK) behavior. In
addition, social behaviors that are on opposite
sides of the interpersonal circumplex (i.e., sepa-
rated by 180° as shown in Fig. 3.1) are consid-
ered to be opposing traits (e.g., aloof-introverted
[FG] opposes gregarious-extraverted [NO]).

It is important to note that the interpersonal
circumplex is not the only type of circumplex
model (Plutchik and Conte 1997). Circumplex
models have been developed in various areas
including the structure of emotions (e.g., Plutchik
1997; Yik and Russell 2004), vocational interests
(e.g., Holland 1973; Tracey 2000; Tracey and
Rounds 1996), cognitive abilities (Lorr 1997),
and brand personality in marketing (Sweeney
and Brandon 2006). Wiggins and Trobst (1997)

Fig. 3.1 The interpersonal circumplex consists of eight
octants (labeled around the perimeter). These octants are
blends of agency and communion (labeled along the
vertical and horizontal axes)
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argued that a model must demonstrate a cir-
cumplex structure (i.e., the proximity of cir-
cumplex elements should correspond to their
similarity) as well as a plausible interpersonal
rationale in order to be considered an interper-
sonal circumplex. Most interpersonal circumplex
models use the ideas of agency and communion
introduced by Bakan (1966) as the basis for their
interpersonal formulations (i.e., these models
view all social behavior as blends of agency and
communion). These models have focused on
various aspects of interpersonal behavior
including interpersonal styles, interpersonal
needs, interpersonal values, and interpersonal
problems. The interpersonal circumplex has been
used to improve our understanding of a wide
variety of phenomena including basic personality
dimensions (e.g., Barford et al. 2015; Hofstee
et al. 1992), darker aspects of personality (e.g.,
Ruiz et al. 2001; Southard et al. 2015), and
self-esteem (e.g., Zeigler-Hill 2006, 2010;
Zeigler-Hill et al. 2011).

Implications of the Interpersonal
Circumplex for the Structure
of Animal Personality

Although the interpersonal circumplex and the
Big Five personality dimensions were developed
in different research contexts and tend to be used
by different researchers, our proposal that animal
personality research would benefit from
employing the interpersonal circumplex does not
conflict with the tendency for animal personality
researchers to use models that emphasize a rel-
atively simple personality structure in their work.
For example, the interpersonal circumplex and
the Big Five are actually complementary per-
spectives rather than competing perspectives
despite their apparent differences (McCrae and
Costa 1989; Trapnell and Wiggins 1990). The
complementary relationship between the Big
Five model and the interpersonal circumplex
stems from the fact that the Big Five model
contains representations of the underlying
dimensions of the interpersonal circumplex such

that extraversion and agreeableness represent
agency and communion, respectively (e.g.,
McCrae and Costa 1989; Plutchik and Conte
1997; Schmidt et al. 1999; Trapnell and Wiggins
1990). That is, the interpersonal circumplex is
essentially nested within the Big Five personality
dimensions, which is a more comprehensive
model because it includes interpersonal behav-
iors captured by extraversion and agreeableness
as well as intrapsychic characteristics (e.g.,
affective and motivational factors) captured by
neuroticism, conscientiousness, and openness
(McCrae and Costa 1989). As noted by McCrae
and Costa (1989), “The five-factor model pro-
vides a larger framework in which to orient and
interpret the circumplex, and the interpersonal
circle provides a useful elaboration about aspects
of two of the five factors” (p. 593). However, the
connections between the Big Five and the inter-
personal circumplex are not as simple as they
appear on the surface because extraversion and
agreeableness differ by approximately 30°–45°
from the dimensions of agency and communion.
This indicates that these dimensions are clearly
related to each other but that extraversion and
agreeableness are not simply synonyms for
agency and communion, respectively (i.e., the
two models have slightly different factor rota-
tions; Hopwood 2010; Lorr and Strack 1990;
McCrae and Costa 1989; Wiggins and Pincus
1992, 1994). The difference in the rotations of
these two models is depicted in Fig. 3.2.

Despite their complementary natures, there
are important differences between the interper-
sonal circumplex and the Big Five personality
dimensions. For one, the Big Five dimensions are
at least somewhat atheoretical having been
developed using a factor-analytic approach to
identify a simple structure among personality
descriptors (McAdams 1992). In contrast, the
interpersonal circumplex has a strong theoretical
foundation because it is based on interpersonal
theory (e.g., Sullivan 1953) and its circular
structure acknowledges the meaningful connec-
tions between traits, which may be blurred or
distorted by factor-analytic models that attempt
to extract relatively distinct personality

44 V. Zeigler-Hill and L. Highfill



dimensions (e.g., Gurtman 1997). As a result, the
Big Five personality dimensions may fail to
capture some of the complex information that
exists in personality (Sweeney and Brandon
2006). For example, a Big Five personality
dimension profile is often depicted by showing
an individual’s score for each dimension in a
linear fashion that is not arranged in a psycho-
metrically meaningful way but is simply based
on established convention (e.g., researchers often
arrange the profile in the following order: Neu-
roticism, Extraversion, Openness, Agreeable-
ness, and Conscientiousness).

Also, in contrast to the Big Five, the structural
features of profiles based on the interpersonal
circumplex are meaningful (Gurtman 2009).
Perhaps more importantly, profiles based on the
interpersonal circumplex have been shown to
provide important information about animal per-
sonality (Woodward and Bauer 2007;
Zeigler-Hill and Highfill 2010). As an example,
Fig. 3.3 shows an average circular profile based
on owner ratings of their cats (Zeigler-Hill and
Highfill 2010). The circular profile presents the
average scores for cats on each of the eight
octants of the circumplex. As with the interper-
sonal circumplex, the circular arrangement of this
profile means that it has no beginning or end.

The ordering of the octant scores on this profile is
meaningful because it mirrors the arrangement of
the octants on the circumplex (e.g., more similar
octants are located more closely together on the
profile). The pattern of this profile shows that the
shaded region—which represents higher scores
for each octant as it radiates out from the origin—
peaks in the arrogant-calculating (BC) octant.
This peak captures the predominant trend in the
profile and shows that pet owners view their cats
as displaying social behavior that is best descri-
bed as a blend of hostility and dominance (i.e.,
arrogant and calculating). It is also important to
note the corresponding distortion of the profile on
the opposing side of the circumplex (i.e., the
unassuming-ingenuous [JK] octant) that shows a
low score (i.e., cat owners do not typically view
the social behavior of their pets as being charac-
terized by a blend of submission and warmth).

An even more concise method for summa-
rizing social behavior with the interpersonal
circumplex is to use the vector method, which is
simply the point—or location—within the
interpersonal circumplex that captures the
standing of an individual on the agency and
communion axes (i.e., the coordinates within
the space defined by these axes). This vector

Fig. 3.2 An illustration of the overlap between the
Interpersonal Circumplex and the Big Five dimensions of
extraversion and agreeableness. The two models have
slightly different factor rotations such that extraversion
and agreeableness differ by approximately 30°–45° from
the dimensions of agency and communion

Fig. 3.3 A circumplex profile based on owner ratings of
their pet cats. The pattern of this profile shows that cat
owners view their pets as displaying social behavior that
is best described as arrogant-calculating (i.e., a blend of
hostility and dominance)
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summary feature is symbolized by an arrow that
radiates from the origin of the circumplex. The
direction of the arrow represents angular dis-
placement (i.e., the single location on the
interpersonal circumplex that best characterizes
the behavioral style of these pets) and the length
of the arrow represents amplitude (i.e., the
strength of the behavioral style of these pets).
Angular displacement (i.e., the angle of the
vector) is a measure of central tendency that
captures the predominant social behavior of the
organism that is being evaluated (Gurtman and
Balakrishnan 1998). In contrast, amplitude (i.e.,
vector length) indicates the extent to which
interpersonal content was observed, such that
longer vector lengths are indicative of profiles
with stronger interpersonal content. The vector
length for example concerning how cat owners
viewed their pets indicates a well-defined profile
with adequate interpersonal content (see Gurt-
man and Balakrishnan 1998, for additional
information concerning interpersonal profiles).

Another potential benefit to employing the
interpersonal circumplex when studying animal
personality is that the dimensions of agency and
communion may be more easily observed than
some intrapsychic personality dimensions. This
is important because animal personality research
tends to utilize rating or coding approaches to
assess animal personality (Archer 1973; Gosling
2001; Highfill et al. 2010; Horback, this volume;
Manteca and Deag 1993; Watters and Powell
2012). These methods rely on observers being
able to understand the personalities of animals
based on their behaviors. The rating method most
often relies on observers who are familiar enough
with the animal to describe their personality traits
based on their cumulative impression of the
animal (e.g., their own past experiences with the
animal or their observations of the animal inter-
acting with conspecifics). The rating approach
relies on the impressions that observers have
formed of the animals they are rating. In contrast,
the coding technique involves observation and
recording of specific animal behaviors in either
naturalistic settings or testing situations that are
designed to reveal certain personality traits (e.g.,
exposing animals to novel objects and recording

their behaviors). Both the rating and coding
approaches are easier to use when they are
focused on behaviors that are more amenable to
observation despite the fact that there is at least
some element of subjectivity in both methods.
The social behaviors involved in the interper-
sonal circumplex could be captured using either
the rating or coding method.

Two studies have used the rating method to
examine whether the interpersonal circumplex
could be applied to animals (Woodward and
Bauer 2007; Zeigler-Hill and Highfill 2010). The
results of both studies that have examined the
interpersonal circumplex with animals suggest
that the circular structure of the interpersonal
traits was maintained, which supports the use of
this model with household pets (i.e., cats and
dogs). This is important because there are often
limitations associated with the use of human
personality models for nonhuman species that
focus on intrapsychic dimensions that may not be
applicable to animals (e.g., conscientiousness;
Gosling 2001). In contrast, the social behaviors
described by the interpersonal circumplex appear
to be relatively well-suited for describing the
behavioral styles of cats and dogs. These studies
will hopefully serve as the foundation for the
interpersonal circumplex to be applied to a much
wider variety of species in future studies using
both the rating method and the coding method.
That is, we hope that the interpersonal circum-
plex will be used in a manner that is at least
somewhat similar to how the Emotions Profile
Index has been employed across species (see
Whitman and Washburn, this volume, for a
review). Although there are only two studies that
have examined the interpersonal circumplex in
animals, it is important to note that traits con-
sistent with the dimensions of agency and com-
munion have been frequently identified across
species (e.g., dominance, sociability; Gosling
1998, 2001; King and Figueredo 1997; Sapolsky
and Ray 1989; Weinstein et al. 2008). For
example, personality traits such as dominance
have been shown to emerge alongside Big Five
dimensions (e.g., extraversion, agreeableness) in
certain species (e.g., chimpanzees; Weiss et al.
2007). The use of the interpersonal circumplex in
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animal personality research may also facilitate
within- and cross-species comparisons in social
behavior because it provides researchers with a
common language.

Implications of the Interpersonal
Circumplex for the Role of Social
Behavior in Animal Personality

The focus of the interpersonal circumplex on
social behavior distinguishes this approach from
other models of personality. The basic premise of
the interpersonal perspective is that personality
functioning is concerned with what an individual
does rather than with what an individual is
(Hopwood et al. 2013). That is, social behavior is
what allows us to understand the personality
features of individuals. Interpersonal comple-
mentarity is the most basic dynamic pattern in
interpersonal theory (i.e., an interaction between
individuals in which the social behavior of an
individual evokes or elicits a particular response
from his or her interaction partner; Carson 1969;
Horowitz et al. 2006; Kiesler 1983; Leary 1957;
Sadler et al. 2009; Sadler and Woody 2003). The
idea underlying complementarity is that it occurs
when there is a “match” between the social
motives of two individuals who are engaged in
an interaction (see Markey and Markey 2007 or
Tracey 2004, for extended discussions of com-
plementarity). The model of complementarity
proposed by Leary (1957)—and extended by
Carson (1969)—defines complementarity as
reciprocal (or opposing) social behaviors on the
agency dimension along with corresponding (or
similar) social behaviors on the communion
dimension. Carson (1969) proposed that com-
plementarity can be viewed as a social exchange
of status (agency) and affiliation (communion).
Reciprocal behavior on the agency dimension
means that dominance exhibited by one indi-
vidual will pull for—or elicit—submissive
behavior from the other individual (just as sub-
missive behavior pulls for dominance). Corre-
spondence on the communion dimension means
that warm behavior will pull for warmth (just as
hostile behavior will pull for hostility). For

example, dominant interpersonal behavior (e.g.,
“I am the leader of this group”) communicates a
bid for status (e.g., “I am stronger/better/smarter
than you”) that impacts others in the social
environment and will either elicit a complemen-
tary response (e.g., “Yes, you are the leader and I
will follow you”) or a non-complementary
response (e.g., “No, you are not the leader and
I will not follow you”). An illustration of com-
plementarity is provided in Fig. 3.4.

Kiesler (1996) argued that complementary
social relationships are more stable and satisfying
because the social behaviors of the individual are
in harmony with the social behaviors—and social
position—of his or her interaction partner. This
means that complementarity is more than a
description of social behavior because it is one
part of a dynamic “field-regulatory” system
(Gurtman 2009; Pincus and Gurtman 2006). For
example, two male gorillas who are housed
together in a zoo will most likely develop a more
stable relationship if the dominance displays of
one male are greeted by submissive behaviors,
rather than defiance or challenge, from the other
male. Similarly, a chimpanzee that offers an
affectionate touch to a conspecific will most
likely be more satisfied when that gesture is met
with warmth rather than hostility. The predic-
tions concerning complementarity have been
examined in a large number of studies in humans

Fig. 3.4 The model of complementarity suggests recip-
rocal (or opposite) styles on the agency dimension but
corresponding (or similar) styles on the communion
dimension
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(e.g., Horowitz 2004; Kiesler 1996; Markey et al.
2003; Sadler and Woody 2003).

To date, few studies have considered inter-
personal complementarity in situations involving
nonhuman species (e.g., Woodward and Bauer
2007; Zeigler-Hill and Highfill 2010).
Zeigler-Hill and Highfill (2010) found that pet
owners were more satisfied with their pets when
there was correspondence between their own
interpersonal styles and their perceptions of the
social behaviors of their pets on the communion
dimension. That is, both dog owners and cat
owners were more satisfied with their pets when
they believed their pets exhibited a level of
warmth that was similar to their own. Although
this pattern emerged for both dogs and cats, the
association was significantly stronger for cats.
This may suggest that cat owners are especially
sensitive to the perceived warmth of their pets.
This association is especially interesting consid-
ering that cats were perceived as being less warm
than dogs in general and there was more vari-
ability in the perceptions of cat owners toward
their pets than was reported among dog owners.
In terms of agency, Zeigler-Hill and Highfill
(2010) found that cat owners were more satisfied
with their pets when they perceived them to
engage in complementary social behavior. For
example, dominant cat owners reported more
positive attitudes toward their pets when they
believed their pets were submissive. However,
complementarity on the agency dimension did
not emerge as a significant predictor of positive
attitudes toward dogs (e.g., dominant dog owners
were no more likely to report positive attitudes
toward their pets when they perceived them as
submissive). This suggests that agency may have
different associations with the attitudes that cat
owners and dog owners have toward their pets.

Although the existing studies concerning
complementarity in animals have been encour-
aging, the results in humans have been incon-
sistent (see Horowitz et al. 2006, for a review).
One pattern that has emerged is that the principle
of complementarity tends to be confirmed in
cooperative interactions but not in competitive
interactions. For example, “friendly dominant”
behavior from one person often leads to “friendly

submissive” behavior from the other. However,
the principle of complementarity does not seem
to hold as consistently for situations that involve
eliciting behaviors from the other side of the
interpersonal circumplex which concerns hostil-
ity (i.e., low levels of communion). Orford
(1986) provided a review of the literature which
showed that people often respond to “hostile
dominant” behavior with their own “hostile
dominant” behavior instead of the theoretically
expected “hostile submissive” behavior. Further,
Orford (1986) also found that people frequently
respond to “hostile submissive” behavior with
“friendly dominant” behavior instead of the the-
oretically expected “hostile dominant” behavior.

These contradictory results have led to some
alternative versions of the interpersonal circum-
plex. One alternative model proposed by
Horowitz et al. (2006) argues that the negative
pole of communion is “indifference” rather than
“hostility.” This change has implications for the
meaning of many interpersonal behaviors. For
example, the BC octant which captures
“arrogant-calculating” behavior in the traditional
circumplex (i.e., a blend on hostility and domi-
nance) is believed to capture a blend of indif-
ference and dominance in this alternative model.
Other changes in this alternative model include
complementarity being conceptualized as the
response that would satisfy the motive underly-
ing the eliciting behavior, the recognition that
social behavior may differ with regard to its
ambiguity, and the idea that a failure to experi-
ence complementarity will likely lead to negative
affect. Future research concerning complemen-
tarity in animals should consider alternative
interpersonal circumplex models—such as the
one provided by Horowitz et al. (2006)—as well
as the traditional model. Of course, it is quite
possible that none of these interpersonal cir-
cumplex models will map onto nonhuman social
behavior very well. Rather, the interpersonal
circumplex may require additional modifications
in order to adequately describe the social
behavior of animals (e.g., reconsidering the label
“warmth” for the positive pole of the communion
dimension). It is also possible that the interper-
sonal circumplex will be most useful when it is
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used in conjunction with other models of animal
personality that capture dimensions beyond
agency and communion such as the Emotions
Profile Index (Buirski et al. 1973).

The use of the interpersonal circumplex to
understand the complementarity of behavioral
styles among animals could lead to several useful
applications. For example, the previous results
concerning complementarity between pet owners
and their pets (Woodward and Bauer 2007;
Zeigler-Hill and Highfill 2010) suggest that the
interpersonal circumplex may be useful for
improving the match between pets and their
owners. The American Society for the Prevention
of Cruelty to Animals (ASPCA) has used various
programs at animal shelters across the United
States in an effort to increase adoption rates and
decrease return rates. One of these programs was
the “Meet Your Match” program that assigned
personality labels to all of the adoptable pets
(e.g., “constant companion”) and the potential
adopters also provided information about their
own personalities. This information allowed the
program to make suggestions concerning poten-
tial matches. We believe that the interpersonal
circumplex may be a useful tool for enhancing
programs such as this by providing additional
information concerning compatibility.

Another potential application of the interper-
sonal circumplex with animals would be to
improve decision-making at zoos, sanctuaries,
and farms concerning the grouping of these
animals. For example, if zookeepers knew the
dominance levels of each individual animal, then
they could consider the possibility of keeping
highly dominant animals apart in order to mini-
mize conflict and improve the welfare of the
group (Cassinello and Pieters 2000; Cristol 1995;
Digby and Kahlenberg 2002; Sinn and
Moltschaniwskyj 2005). In addition, the use of
the interpersonal circumplex may be helpful for
animal management techniques such as breeding
and reintroduction programs. It is important to
note, however, that further research would be
needed in order to determine whether the inter-
personal circumplex could be applied to
non-domesticated animals in contexts other than

households as well as determining whether this
model could be used to predict the behaviors of
animals with their conspecifics.

Conclusion

Research concerning animals has the potential to
address many fundamental questions concerning
personality in different species (Weinstein et al.
2008). For example, animal personality research
may elucidate the evolutionary processes that
have shaped the development of personality as
well as the forces that maintain individual dif-
ferences (see Dingemanse and Reale 2005, for a
review). We believe that researchers who are
interested in gaining a clearer understanding of
animal personality may benefit from supple-
menting their current approaches with the inter-
personal circumplex. We believe that the
interpersonal circumplex model may be benefi-
cial for understanding the structure of animal
personality and accounting for the role of social
behavior in animal personality. Agency and
communion—which are the two central dimen-
sions of the interpersonal circumplex—are likely
to play an important role in the personality
structures of most social animals. Agency is
likely to be an important personality trait across a
variety of species because many animal groups
have some sort of status hierarchy which may
have implications for fitness (e.g., better options
for mates, food, and other resources). The per-
vasiveness of communion is most likely tied to
the fact that the ability to form social relation-
ships is crucial to the survival of many organ-
isms. For example, even relatively solitary
animals such as bears have to be able to engage
in short-term mating interactions in order to
procreate. In addition to the benefits that the
interpersonal circumplex may have for our
understanding of animal personality, it may also
have implications for understanding the connec-
tions that the social behaviors of nonhuman
species have with fitness-related consequences
such as mating, reproduction, health, and
survival.
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4The Quantitative and Molecular
Genetics of Individual Differences
in Animal Personality

Veronika N. Laine and Kees van Oers

Abstract
One of the main goals in current personality research is to identify genes
behind the measured behavioral variations. This is important in order to
study how, under the influence of the environment, gene expression
changes are translated into the observed phenotypes. The advances,
especially in genomic technologies, have made it possible to identify
genetic loci behind these variations, also concerning non-model species.
In this chapter, we will describe the role and relevance of quantitative and
molecular genetic approaches in explaining the existence and maintenance
of variation in animal personality. We here will provide (1) a timely
review on the papers published on this topic, (2) an overview of the
current situation and progress, and (3) a view on the likely new avenues
the field will take.

Introduction

It has now been established that, just as in
humans, individuals of a wide range of animal
species express variation in personality. Animal
personality describes between-individual differ-
ences in behaviors that are consistent over context

and time (Carere and Maestripieri 2013). Often,
these personality traits correlate and thereby form
suites of traits, so-called behavioral syndromes
(Sih et al. 2004). Whereas the phenomenon of
individual consistency in behavioral traits was
described before (e.g., Burtt 1973; Williams et al.
1962), there has been a large increase in papers
that attempt to explain the causes and conse-
quences of variation in personality traits over the
past three decades (see for overview: Carere and
Maestripieri 2013). The study of animal person-
ality has now grown to be a multidisciplinary
field, which unites scientists who use various
approaches to study animal behavior and work in
fields ranging from comparative psychology to
neuroscience and evolutionary biology.
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When trying to explain the origin of variation
in personality traits an immediate question is to
what extent variation in personality traits can be
explained by genes, the environment, and the
interaction between the two. Where genetic
studies will provide information on the genomic
structure and mechanisms, possible constraints,
and the potential for natural selection to act on
different levels of variation (van Oers and Sinn
2013), such information is valid only when tested
along axes of relevant environmental variation.
Already from early studies, it was obvious that
both genes and the environment play important
roles in describing variation in behaviors, but
their relative contribution and importance has
been a point of discussion since then (see e.g.,
Groothuis and Trillmich 2011; van Oers et al.
2005). In more recent years this discussion has
changed into a more interactive one, in which it
is recognized that the absolute role for genes and
environment cannot be separated and the inte-
gration rather than the contrast between the two
will yield new insights (Groothuis and Trillmich
2011; van Oers and Sinn 2011).

In this chapter, we will describe the role and
relevance of quantitative and molecular genetic
approaches in explaining the existence and
maintenance of variation in animal personality.
Although several reviews and some book chap-
ters have been written on this topic (Dochter-
mann and Roff 2010; Dochtermann et al. 2014;
van Oers et al. 2005; van Oers and Mueller 2010;
van Oers and Sinn 2011, 2013), we here will
provide (1) a timely review on the papers pub-
lished on this topic, (2) an overview of the cur-
rent situation and progress, and (3) the likely new
avenues the field will take.

Theory of Genetic Influence
of Animal Personality

The identification of a heritable factor is the
essential starting point for all evolutionary
research on any behavioral trait (Boake et al.
2002). Part of the phenotypic variation that is
observed in behavioral traits in animals is trans-
mitted across generations (Stirling et al. 2002).

The presence of some level of heritability, where
resemblance can be observed among relatives
across or within generations, has been identified
in many studies, regardless of the mechanism
that may be responsible for this resemblance.
Traditionally, “heritable variation”, “genetic
variation”, and “genomic variation” were envi-
sioned as interchangeable terms. Genetic varia-
tion due to genomic polymorphisms was viewed
as the basis for individual differences in the
expression of behaviors, and phenotypic plastic-
ity, i.e., the residual irreversible and reversible
phenotypic variance, was assigned to the inter-
action of the expression of the genes with the
environment, due to, for example, development
and learning (Arnold et al. 2007; Brydges et al.
2008; Quinn and Cresswell 2005). Selection was
thereby expected to be acting only on the addi-
tive genetic component, reflected in the so-called
narrow-sense heritability estimate. This is in
contrast to the broad-sense heritability, which,
apart from the additive genetic component,
includes other components that may contribute to
resemblance among relatives, like maternal
effects, non-additive effects, or epistasis, the
interaction between genes (Lynch and Walsh
1998). Recent ideas build on the observation that
transgenerational inheritance may be caused by
processes other than genetic polymorphisms
(Danchin et al. 2011) and this view has conse-
quences for how we expect measures of heri-
tability and genomic differences among
individuals to be associated with one another. In
this chapter we therefore make a clear distinction
between quantitative genetics, which may not
explicitly take into account the genomic and
epigenetic mechanisms responsible for the heri-
table component, and molecular genetics, in
which an intrinsic interest exists in explaining
direct causes for changes in gene expression on
the genomic level (see below).

Personality as a Polygenic Trait

As with many other quantitative traits, many loci
with small effects are expected to be involved in
animal personality variation. Although this
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theory is accepted by the majority of researchers,
hardly any direct proof for it exists. To our
knowledge, only one study specifically tested the
polygenetic nature of one personality trait in a
wild species (Santure et al. 2015) by combining a
chromosome partitioning approach (Robinson
et al. 2013) and a calculation of the number of
loci contributing to the variation (Guan and
Stephens 2011). Both a positive association
between the amount of variation explained and
the size of a chromosome, and an estimation that
hundreds of loci were identified that contributed
to the variation in exploratory behavior, point to
the fact that indeed such traits are influenced by
many genes of small effect distributed throughout
the genome (Santure et al. 2015). These loci are
expected to play roles at different organizational
levels. There will be sets of genes that will affect
behavioral trait variation per se. Polymorphisms
in such genes are likely to affect the amount or
structure of proteins influencing behavior in a
direct way. Whereas, on the other hand, there
will be genes involved in the plasticity a trait
expresses (Dingemanse and Wolf 2013). A more
direct cause for the quantitative nature of
behavioral traits is the fact that some loci will be
involved in the pathway, but will not have
genomic variation among individuals (Visser
et al. 2010). Such genes may, for example, be
genes that are essential in the pathway, but may
only be switched on or off. These genes can
therefore not account for genomic variation
among individuals, i.e., will not bear any poly-
morphisms, and thus, cannot be identified using
conventional molecular genetic approaches (e.g.,
Zou and Zeng 2009). However, they can be
identified using expression studies, because the
expression levels of these genes may be impor-
tant drivers of a plastic expression of a trait
(Brem and Kruglyak 2005).

Non-additive Genetic Effects

Where additive genetic effects describe the
independent effects of loci on the trait, in cases
when genes interact, non-additive effects may
affect the expression and inheritance of such

traits. Substantial non-additive genetic effects
may point to the stabilizing nature of selection
acting on personality traits (Penke et al. 2007).
Studies have shown that non-additive genetic
variance may contribute to substantial amounts
of the heritability of behavioral traits in general
(Meffert and Hicks 2002) and personality traits
specifically (Adams et al. 2012; Jordan et al.
2007; van Oers et al. 2004), indicating that this
might be a general feature of personality traits,
explaining some of the variation in heritability
estimates (van Oers and Sinn 2013). Where the
presence of such non-additive genetic effects can
be incorporated in quantitative genetic models
(see below), studies that test for these effects are
still rare. The exact origin of non-additive effects
is often difficult to assess and simulations have
shown that complex patterns of, for example,
epistasis may apparently be there, while the effect
of the genes is purely additive (Eaves and Ver-
hulst 2014).

Distinction Between Quantitative
and Molecular Genetics

Here we want to make a distinction between two
approaches that can be used to study heritable
variation in traits, including behavioral traits. On
the one hand, studies use information on resem-
blance among individuals to study inheritance
patterns of behavioral traits across generations
(quantitative genetics). On the other hand, stud-
ies can investigate the architecture and function
of genomic structures such as genes at a molec-
ular level (molecular genetics). This distinction
in methods is important for identifying the level
of questions one wants to answer and the
implications of the results from these studies.

Quantitative Genetics of Animal
Personality

The goal in quantitative genetic studies is to
identify the fraction of variation in a phenotype
that is attributable to a heritable component.
Quantitative traits, such as the majority of
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behavioral traits, are characterized by a continu-
ous distribution, likely caused by polymorphisms
in many loci, the expressions of which, and
therefore the phenotypes, are responsive to
environmental fluctuations.

Genetic studies in captivity often rely on
artificial selection of specific traits (e.g., Drent
et al. 2003; van Oortmerssen and Bakker 1981;
van Oers et al. 2004) or crosses between breeds
(Laine et al. 2014; van Oers et al. 2014). The
so-called narrow-sense heritability derived from
such experiments may indicate the evolutionary
potential of the traits at a specific time point,
given the additive genetic variation of the par-
ental population. Whereas these studies have
given us much insight into the genetic mecha-
nisms and the standing genetic variation in cer-
tain populations at certain time points, validation
and experimental studies are needed in natural
populations to assess how these findings relate to
variation under natural conditions.

A quantitative genetic analysis in a natural
population requires that individuals are measured
for their behavior and that information on the
relatedness among those individuals is available
(Falconer and Mackay 1996; Lynch and Walsh
1998; Kruuk et al. 2008). This information is
then used to construct statistical models that
integrate phenotypic and relatedness information,
so-called animal models. Animal models use
pedigrees to estimate genetic parameters (Kruuk
2004), such as the additive genetic variance (VA)
and the heritability (h2), the latter being the ratio
of VA to the total phenotypic variance (VP).
Animal models were originally designed to
determine the genetic merit of individuals by
calculating the genetic variance components of
mainly farm animals for animal breeders (Hen-
derson 1984) to emphasize specific traits, but
were later adopted by quantitative geneticists
working on pedigreed natural populations
(Kruuk 2004; Lynch and Walsh 1998), and are
now also used in personality studies in captive
(Careau et al. 2011; van Oers et al. 2004) and
natural populations (Brommer and Kluen 2012;
Dingemanse and Dochtermann 2013; Quinn
et al. 2009; Taylor et al. 2012).

Quantitative genetic studies in natural popu-
lations typically find that between 20 and 50% of
the phenotypic variation in animal personality
traits can be attributable to a heritable component
(for reviews see Dochtermann et al. 2014; Van
Oers et al. 2005; Van Oers and Sinn 2013). In a
recent example, Petelle et al. (2015) estimated
the additive genetic variance and covariance of
four personality traits, docility, sociability,
activity, and exploratory behavior, in a wild
population of yellow-bellied marmots (Marmota
flaviventris). Using behavioral information from
individuals that were part of marker-based pedi-
gree spanning 11 years, they found that about
10–15% of the total phenotypic variation could
be explained by an additive genetic component
and around 40% of the between-individual vari-
ance could be explained by resemblance between
relatives. However, in a recent meta-analysis
including 70 measures of both heritability and
repeatability in 10 study systems, Dochtermann
et al. (2014) tested the degree to which the
repeatable part of behavioral variation could be
attributed to additive genetic variation. They
found that approximately 52% of the consistent
part of animal personality variation was the result
of additive genetic variation. This meta-analysis
shows that the heritability of personality is higher
than previously estimated, which might demon-
strate that heritable differences are likely to be a
major contributor to variation in animal person-
ality as well as support the phenotypic gambit:
that evolutionary inferences drawn from
repeatability estimates may often be justified.
Furthermore, while additive genetic variation is a
primary contributor to personality, considerable
variation remains to be explained. The animal
model approach also allows for other compo-
nents of the phenotypic variance to be modeled,
such as common environment or maternal
effects, often requiring structured experiments
and/or multiple measures of the same or related
individuals. Brommer and Kluen (2012), for
example, conducted a 3-year study of reciprocal
cross-fostering within a pedigreed blue tit
(Cyanistes caeruleus) population. Heritability
estimates of handling aggression, breathing rate,
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and docility confirmed those found in
non-experimental studies (h2 = 16–29%), but
they were strongly affected by a “nest-of-rearing”
component, indicating that the phenotypic simi-
larity of relatives may also be due to common
environment effects.

More recently, quantitative genetic methods
have been applied to assess more than only the
heritable component in personality traits. Two
important components of personality research are
(1) the multivariate nature of personality traits
and (2) the assumption that individuals are con-
sistent over time and context. To integrate these
aspects into animal models, both genetic corre-
lations (Dochtermann and Roff 2010) and the
genetic basis of phenotypic plasticity (Dinge-
manse et al. 2009) can be integrated into these
animal models (Adams et al. 2012).

Animal Personality Trait Correlations

Where individual consistency is an important
feature of animal personality, the observed phe-
notypic correlations often referred to as behav-
ioral syndrome (Sih et al. 2004) is another aspect.
Where the genetic structure underlying a trait
will provide information on the evolvability of a
single trait, traits are not expected to be expres-
sed independently. Nevertheless, estimations of
genetic correlations are still rare (but see
Dochtermann and Roff 2010; Roff 1996; van
Oers et al. 2005). This lack of estimates of
genetic correlations calls for the need to view and
analyze traits in a multivariate way. Quantitative
genetic methods allow for the characterization of
this so-called multivariate behavioral phenotype
by estimating within, among, and independent
structures (Dochtermann and Roff 2010). In
Brommer and Kluen’s (2012) study on blue tits,
for example, it was specifically tested whether
phenotypic correlations provided a correct
description of the genetic correlations. They
found that the phenotypic and genetic correla-
tions indeed went in the same direction and were
roughly of the same size when looking within
cohorts. In a follow-up study, however, they
concluded that this genetic correlation could

disappear during development due to
age-specific genetic effects (Class and Brommer
2015). Moreover, in yellow-bellied marmots
(Marmota flaviventris), researchers found that
only one of the phenotypic correlations between
the traits could be explained by a positive genetic
correlation, indicating that even when traits are
correlated on a phenotypic level, different
mechanisms might be affecting the expression of
these traits (Petelle et al. 2015). This is important
because carryover effects (described by Sih et al.
2004) are a valid problem only if the two mea-
sures of the same trait in different contexts are
indeed measures of the same trait, i.e., that the
genetic correlation is approaching 1. If there is no
genetic correlation between these measures of the
same trait, these measures should be seen as
different traits, and selection could be acting
independently on them. Second, if seemingly
different traits in the same or different contexts
have some overlap in the genomic structure, the
evolution of these traits is not independent. This
may lead to temporary constraints in the inde-
pendent evolution of these traits (but see Roff
et al. 1996).

Molecular Genetics of Animal
Personality

Knowledge of the molecular genetic basis of
personality traits provides information on the
expression and regulation of genes at the
molecular level. Moreover, genes provide the
foundation for the nervous system to express
behaviors through the production of polypep-
tides. Knowing the structure and function of the
molecular mechanisms in personality traits will
help us in answering questions regarding the
origin of the variation in personality traits, the
expected responses to environmental variation,
and the possible constraints there are in
expressing behavioral variation. Identifying
genetic variants in the genome will also elucidate
the micro-evolutionary processes and historical
selection behind personality traits, and will
eventually help explain the maintenance of
variation in personality (see also Bell and
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Aubin-Horth 2010). The rapid speed at which
molecular genetic tools have been developed
over the last decade has, in particular, helped to
provide a more profound knowledge of the
mechanisms by means of integrating quantitative
genetics and molecular biology.

Identifying the biological mechanisms of
variation in behavior can help us understand the
genetic composition, characteristics of the ner-
vous system, physiological state, developmental
history, environmental factors, and biochemical
reactions an organism has and experiences dur-
ing its lifetime (Anholt and Mackay 2009; Krebs
and Davies 1997). Because of the complexity of
personality and the multigenic architecture and
high sensitivity to environmental influence,
unraveling the genetic background of behavior is
challenging (Anholt and Mackay 2004; Ben-
desky and Bargmann 2011; Flint 2003; Flint and
Mott 2001).

The main resource for genetic variation is
mutation. Often mutations are rare and
neutral/deleterious but sometimes natural selec-
tion favors random mutations in the genome. If
this mutation affects genes that control an
organism’s behavior, this will cause the behav-
ioral patterns to be altered. Genes that affect
behavior can have two kinds of effects. First,
some genes influence the manifestation of the
behavior, i.e., the gene affects a trait in which
there is little or no variation in the population,
and the trait is not environmentally determined.
This can be studied by mutagenesis approaches:
targeted, gene-trap or ENU (N-ethyl-N-nitro-
sourea) mutagenesis, as it has been done, for
example, in behavioral studies of mice (Belknap
et al. 2001; Bucan and Abel 2002; Vitaterna et al.
2006). In addition to these mutagenesis approa-
ches and traditional transgenesis technologies,
there are new genome editing techniques such as
CRISPR-Cas-based RNA-guided DNA endonu-
cleases (CRISPR-Cas) that allow genomes to be
modified by targeted insertion, removal, or
replacement of genomic DNA areas (reviewed by
Kratochwil and Meyer 2014; Singh et al. 2015).
In behavioral studies CRISPR-Cas has been used
in mice. Swiech et al. (2014) perturbed multiple
genes in the mouse brain in vivo using the

CRISPR-Cas method. These authors character-
ized the effects of genome modifications in
postmitotic neurons using biochemical, genetic,
electrophysiological, and behavioral readouts
and found in behavioral tests that the modifica-
tion affected the memory of the mice. Their study
successfully demonstrated that the CRISPR-Cas
method can be used in the studies of gene
function in the brain.

For personality traits, a more likely case is,
when a particular set of genes contributes to the
behavioral variation. With quantitative trait loci
(QTL) mapping approaches (see examples
below) it is possible to identify and estimate the
contributions of these genes to the observed
phenotypic variance (Boake et al. 2002).
Any QTL analysis assumes that the behavior is
variable within the mapping population and that
the effects of the QTL can be monitored by
creating mutations, and this is possible especially
in model organisms. However, it is often only
possible to rely on the mutations that have
occurred naturally and are manifesting in natural
populations.

Behavioral genetics studies pose many prob-
lems that need to be resolved. One such problem
in personality studies is that the replication of the
behavioral measurements can be difficult. If the
measured personality trait is relying on unreli-
able, non-replicated measures, this might give
spurious results in, e.g., genetic association
studies. However, some behaviors, like the
reaction to novelty, can be measured only once.
Another challenge is the small effect size
(strength of the relationship between an individ-
ual genetic variant and personality) in association
studies. Effect size determines the power of the
study and it is dependent on the sample size. In
many wild animal QTL studies, the sample sizes
are in the hundreds (Slate 2013) and the expec-
tation is that increasing the sample size would
help the QTL detection. This expectation has
been proven correct in model organisms and in
humans by Flint and Mackay (2009). However,
even if the studies have small effect sizes, they
can be useful. A single-nucleotide polymorphism
(SNP) with a small effect may reveal the under-
lying biological pathways and especially when
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many of these small effect SNP studies are
combined in meta-analyses, significant pathways
may be revealed. For example, Ripke et al.
(2013) used a multi-stage genome-wide associa-
tion study (GWAS) that combined actual GWA
analysis with a meta-analysis in a single study to
reveal new risk loci for schizophrenia.

In this chapter we regard studies on wild
species as studies in which the individuals under
study are descended from recently sampled
non-domesticated individuals. In contrast,
genetic model species (i.e., model to human
behavior) are typically reared in the laboratory
for many generations. Most behavioral genetic
studies have been conducted on such genetic
model organisms, which include mice, Droso-
phila, and, more recently, domesticated animals
as subjects (Fitzpatrick et al. 2005;
Inoue-Murayama 2009). New models have also
been emerging especially for behavioral studies.
One of them being honeybees, which have pro-
vided valuable insights into social behavior
(Fitzpatrick et al. 2005). Furthermore, the
three-spined stickleback (Gasterosteus aculea-
tus) is a well-known model species for evolu-
tionary biology and it has a large amount of
variation in behavior as well as morphology and
physiology (Bell and Foster 1994; Bell and
Stamps 2004). Finally, the great tit, Parus major,
a wild passerine bird has proved to be an
excellent species for ecological, evolutionary,
and behavioral studies (Laine et al. 2016).
Despite the potential ecological and evolutionary
significance of wild populations, and the fact that
more variation in behavior is seen in the natural
setting, the underlying genetic basis of behaviors
and especially personality traits has rarely been
studied in free-living populations. However,
there are methods available currently to change
the situation. First, a “candidate gene approach”
can easily be used in wild populations (Fidler
et al. 2007; Fitzpatrick et al. 2005). Second, the
most recent developments in genomic techniques
enable genome-wide approaches in QTL analy-
ses to be undertaken in almost any species. The
lack of genome sequence information has been
one of the main limitations of conducting both
candidate gene and QTL studies in non-model

organisms but, thanks to technological develop-
ments, more and more whole genomes for spe-
cies have become available. In the following
paragraphs we present examples from both can-
didate gene and QTL approaches.

Candidate Gene Approaches

In the candidate gene approach the assumption is
that the trait is determined to a significant extent
by a smaller number of genes, whose effects are
large enough to be detected. Many recent studies
that use a candidate gene approach have
demonstrated that the knowledge of gene-trait
associations in “model” organisms such as
humans, domestic fowl, or mice can be utilized
for studying the genetic basis of behavioral
variation in wild animal populations (Fidler et al.
2007; Fitzpatrick et al. 2005). In addition to
taking candidate genes from model organism
studies, genes can be selected based on an a
priori knowledge of the biochemical pathway in
the trait in question. For example, a zebrafish
model was used successfully to identify many
candidate genes and pathways to regulating
aggression in fish, combining gene expression
profiling, behavioral analyses, and pharmaco-
logical manipulations (Filby et al. 2010).

In a candidate gene approach wild individuals
can be categorized into behavioral types without
measuring the actual behavior. In addition, can-
didate gene studies require little prior sequence
information and are therefore well-suited for
behavioral genetics analyses in natural popula-
tions of non-model species (Fitzpatrick et al.
2005). Earlier studies demonstrated that molec-
ular markers located within or near candidate
genes can be a useful resource for the identifi-
cation of genes associated with adaptive pheno-
typic divergence, especially when there are no
other genomic resources available (Shikano et al.
2010; Tonteri et al. 2010). In addition, markers
closely linked to functionally important genes
are useful in the construction of comparative
genetic maps, in which they can be used as
comparative anchor-tagged sequence loci (Lyons
et al. 1997).
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In humans, among the most studied candidate
genes for personality variation are various poly-
morphisms within the dopamine receptor D4
(DRD4) gene and the serotonin transporter gene,
solute carrier family 6 member 4
(SLC6A4/SERT) (Delvecchio et al. 2016; Savitz
and Ramesar 2004). Polymorphisms within the
DRD4 gene have been found to account for about
3% of the variation in novelty seeking in humans
(Munafò et al. 2008). There are a series of
polymorphic regions that might affect the
expression or function of serotonin transporter
(Ozaki et al. 2003; Wendland et al. 2006). The
most studied polymorphism is the 5-HTTLPR,
which is a functional polymorphism within the
promoter sequence of the serotonin transporter
gene (Heils et al. 1995), and it has been linked to
variety of behaviors and behavioral disorders,
including impulsivity, mood, and anxiety (Eley
and Plomin 1997; Gordon and Hen 2004).
However, the evidence for an association is
inconsistent when slightly different measures of
the trait (harm avoidance, neuroticism, etc.) are
used (Munafò et al. 2009). Nevertheless,
SLC6A4 may play a role in anxiety and other
affective disorders, but its effects might be subtle,
for example, on amygdala activation, which has
been associated with depression and anxiety
(Murphy et al. 2013).

In addition to humans, an association between
exploratory behavior and the DRD4 homologue
has been detected in many species, for example,
in apes (Shimada et al. 2004), dogs (Ito et al.
2004), fish (Boehmler et al. 2007), and birds
(Fidler et al. 2007). In the latter study, Fidler
et al. (2007) found that great tits artificially
selected for divergent levels of exploratory
behavior differed in the allele frequency of an
exonic SNP in the DRD4 gene. The association
was confirmed in a natural population, where the
levels of exploratory behavior differed for great
tits with different genotypes (Fidler et al. 2007).
However, the DRD4 studies done with great tits
also highlight concerns regarding candidate gene
studies: (unaccounted) population structuring
leading to possible false-positive associations
especially in the case of complex traits like per-
sonality. When the association was tested across

samples of four great tit populations, the associ-
ation was significant in only one with an esti-
mated effect size of around 5% (Korsten et al.
2010). This could indicate that the DRD4 poly-
morphism is linked to the functional variant in
some but not all populations, or that the associ-
ation is dependent on the environment or other
population-specific characteristics (Korsten et al.
2010; Mueller et al. 2013).

Another popular gene that has been used in
personality studies is the monoamine oxidase A
(MAO-A), polymorphisms of which have been
linked to antisocial behavior and aggression in
humans and mice (Nelson and Trainor 2007;
Scott et al. 2008; Shih and Thompson 1999). One
well-known example comes from human studies
where the interaction between the MAO-A geno-
type and the rearing environment affected
aggressive behavior (Caspi et al. 2002). This
study showed that children carrying the short
form of the MAO-A promoter gene, which
decreases MAO-A activity, are more likely to
develop antisocial problems when exposed to
abusive home environments. This environmental
effect has less effect on individuals carrying the
long form of the promoter. Later studies sup-
ported these results by showing that the low
activity MAO-A in combination with traumatic
early life events predisposes individuals toward
aggressive behavior (Frazetto et al. 2007;
Kim-Cohen et al. 2006) and in a recent review of
Weeland et al. (2015) they describe ways to
conduct and compare gene–environment inter-
actions in mental disorders. Other genes with
possible effects on variation in personality
include the dopamine receptor D2 gene, the
serotonin receptor genes 5-HT2c and HTR2a,
and the tyrosine hydroxylase gene (reviewed in
Savitz and Ramesar 2004).

In addition to population structuring affecting
the candidate gene studies, there are limitations
to the use of candidate gene studies for animal
personality. Where this approach directly tests
the effects of mutations located in specific genes
for their association to the trait of interest, it can
permit only the identification of genes that have
been, in some way, related to the trait previously.
The candidate gene approach, therefore, cannot
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reveal the association of totally new mutations,
unlike genome-wide approaches, such as linkage
mapping or genome-wide association studies.
Moreover, because candidate gene studies are
often conducted with relatively small samples,
only polymorphisms that are relatively abundant
in the population can be tested. Furthermore, it is
likely that many genes are involved in epistatic
interactions. The effects of single polymorphism
or gene associations might therefore be a bad
indicator for the ultimate role of the genes for
variation in trait expression. Thus, the results
from candidate gene studies need to be validated
by testing for these associations in several pop-
ulations and species, and also by adding gene
expression and genome-wide association
approaches to ascertain causal links between the
polymorphism and the behavior.

Genome-Wide QTL Approaches

Another approach to assess which genomic
regions underlie variation in personality is a more
bottom-up approach in which no a priori expec-
tation about genes related to measured traits is
needed using QTL analyses. This approach is
more suitable for studies of behavior because of
the multigenic architecture of behavioral traits.
These genome-wide QTL analyses can be divi-
ded into two groups: linkage-based studies and
association mapping studies.

Linkage-Based Mapping (QTL
Mapping)

In linkage-based mapping, also known as QTL
mapping, the aim is to identify genetic markers
that predict the phenotype, by linking pedigreed
populations with individual genotypic data con-
sisting of genetic markers that are evenly dis-
tributed over the whole genome (Slate 2005).
This analysis method is based on pedigree
information (one or many pedigrees from natural
populations or crossing experiments) and the
mapping populations consist either of inbred line
crosses, crosses between outbred populations, or

natural populations with known pedigree struc-
ture (Lynch and Walsh 1998; Slate 2005).

The predictive markers are close to the causal
loci, and so the predictive markers and the causal
loci tend to segregate together. Most predictive
markers are expected to be in close proximity to
the causal locus because the probability of
recombination breaking the linkage increases
with physical distance. Linkage-based mapping
permits the determination of genomic regions
that are involved in explaining heritable pheno-
typic variation and this is then used to predict the
genetic architecture of the measured trait
(Erickson et al. 2004). Often the result is a can-
didate chromosomal region linked to variation in
the phenotype, which covers several dozens to
hundreds of genes. This region can be narrowed
by haplotype sharing or the identification of more
polymorphic markers at these specific sites using
so-called fine mapping. The candidate genes are
identified from these areas for further genetic
studies with the aim of identifying loci that are of
major importance for the trait variation.

Many QTL mapping studies on animal per-
sonality traits have been conducted with rodents
using controlled crosses between lines and
strains (e.g., Gershenfeld et al. 1997; Hovatta and
Barlow 2008). Additionally, personality has been
found to be associated with animal well-being in
farm animals (Christiansen and Forkman 2007;
Horback, this volume; Koolhaas et al. 2001;
Rodenburg et al. 2008), leading to behavior
genetic studies identifying QTL for behavioral
traits in livestock (Haskell et al. 2014). For
example, in a study by Gutierrez-Gil et al. (2008)
29 QTL regions were identified in a cross
between two cattle populations measured for
several temperament-related behaviors. In total,
each region explained only a small fraction of the
phenotypic variation, ranging from 4 to 8%.
However, the most notable candidate gene found
in one of the regions was the DRD4 gene,
showing that DRD4 is probably an important
gene in cattle personality traits.

In 2005, Slate published a review of the pro-
spects for QTL studies in natural populations.
This paper has good guidelines for what tech-
niques can be used to perform QTL studies with
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non-model organisms, especially in the context
of ecological and evolutionary issues. The big-
gest issue for most species for which personality
data have been collected in natural populations is
the lack of pedigree information and the lack of a
sufficient number of markers to be able to con-
struct genetic maps. It is therefore possible that
some QTL mapping studies on behavior did not
result in the detection of any QTL and thus
remained unpublished, even in the presence of
heritable variation. Because modern
meta-analytical methods could overcome these
biases, there is an urge to also publish studies
when no significant QTLs are found. However,
genomic polymorphism data for high-quality
genetic maps are now becoming available for
many non-model species. A whole-genome
linkage map of the zebra finch (Taeniopygia
guttata) based on about 2000 SNP markers has
been constructed (Backström et al. 2010), while
tens of thousands of SNPs have been used to
construct the great tit linkage map (Van Bers
et al. 2010; van Oers et al. 2014) to name just
two dominant species used in animal personality
research.

Nevertheless, association studies in wild
populations based on these numbers of markers
show only limited success. In a QTL study on
personality in wild bighorn sheep (Ovis
canadensis), Poissant et al. (2013) identified two
suggestive QTLs using a linkage analysis based
on 238 microsatellite loci genotyped in 310
pedigreed individuals, but no regions exceeding
genome-wide significance were detected.
A study on exploratory behavior in great tits in
two independent replicate populations that used
both linkage and association mapping methods
also failed to reveal any significant regions
associated with this often investigated personal-
ity trait (Santure et al. 2015), even though sample
sizes were larger than in the wild bighorn sheep
study (1000 individuals and 5500 SNPs).

To increase the power of these QTL studies,
natural variation can be magnified by artificial
selection or artificial crosses, by, for example,
F2-cross designs. In Laine et al. (2014),
nine-spined stickleback (Pungitius pungitius),

three behavioral measurements were QTL map-
ped using a F2-cross design between marine and
pond populations. Many QTL regions were
located in the linkage map, which supports the
polygenic regulation of behavior. In one of the
regions they found QTLs influencing different
behavioral traits. This finding suggests that the
genetic factors influencing one behavior may
have pleiotropic effects on other behaviors or that
genetic factors influencing different behaviors
cluster into this linkage group. QTL mapping of
schooling behavior has also been successfully
used in three-spined sticklebacks using two types
of crosses: benthic � marine backcrosses and an
F2 intercross, which revealed new candidate
regions for behavioral differences in sticklebacks
(Greenwood et al. 2015). Another example of
QTL mapping and cross design comes from the
study of anti-predatory behavior in rainbow trout
(Oncorhynchus mykiss, Christensen et al. 2014).
Through using clonal rainbow trout lines derived
from either wild or hatchery populations, they
identified several behaviors that varied between
clonal lines and they found QTLs for behavioral
and size traits.

Association Mapping

Association mapping, also known as
genome-wide association study (GWAS), is also
based on recombination, but the recombination
used in this method is historical. GWAS uses
population-based data with abundant recombi-
nation history and individuals are genotyped with
thousands of SNPs using microarrays or chip
sequencing to capture most of the genetic varia-
tion in the studied population (Risch 2000). With
this method, the entire genome is covered and the
aim is to identify the genes with potentially
known functions that are causing variation in the
trait of interest (Bush and Moore 2012). The
significant genomic areas or candidate SNPs can
be used for further fine mapping or in experi-
mental studies. The power to detect QTL at an
intermediate frequency is comparable between
linkage and GWA studies. However, in GWA
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studies, allele frequencies can be more extreme
and this means that increasing sample sizes and
also marker densities increases the number of
QTL detected and this decreases the average
effect sizes (Mackay et al. 2009).

The vast majority of personality GWA studies
use human participants because of the high
numbers of individuals and markers needed for
the analyses (De Moor et al. 2012). The first
GWA study on the five major human personality
factors, neuroticism, extraversion, agreeableness,
openness to experience, and conscientiousness,
used a sample of 3972 individuals from an iso-
lated population on Sardinia, Italy that was
genotyped with 362 129 SNPs (Terracciano et al.
2008). A few of the most promising SNPs that
were identified were successfully replicated in
two independent samples, one from USA and the
other from the Netherlands. The authors high-
light two important conclusions that can be
drawn from this pioneering study. First, person-
ality traits are influenced by many genes that
each explain only a small proportion of variation
(1–2%), and these polymorphisms are detected
only when sample sizes are large enough. Sec-
ond, genetic effects are most probably found
when specific phenotypes are measured, rather
than when pooled into broader factors or using
principal component analysis (Terracciano et al.
2008). This suggests that personality traits, like
boldness or risk-taking behaviors, should be
broken down into smaller units of individual
behaviors. The same outcome could also indicate
that specific genes play a role in determining
variation in single personality trait, but additional
genes modify the correlations among traits. This
issue points to one of the challenges in the
behavior genetics of personality: the definition
and quantification of behavior (Sokolowski
2001). We expect that more association studies
will be possible in natural systems in the near
future, because with decreasing sequencing and
genotyping costs and the invention of new
genomic and statistical tools, these methods will
become available also for non-model species as
in Santure et al. (2015).

Pleiotropy

Generally, no genes have been identified as
solely affecting behavior, and “behavioral genes”
therefore do not directly control behavior. These
genes instead influence the development and
function of behavior by affecting the develop-
ment of the nervous system that is related to adult
behavior (Sokolowski 2001). In addition, these
genes affect behavior, physiology, and mor-
phology. Genes, therefore, are often responsible
for many distinct and unrelated phenotypes, a
phenomenon called pleiotropy (Stearns 2010).
Pleiotropic effects in behavior have especially
been studied in insects. In the fruit fly (Droso-
phila melanogaster) system where mutants are
relatively easy to produce, researchers discovered
that producing mutants in candidate genes for
behavior had pleiotropic effects in both devel-
opment and behavior, or in several behaviors
[reviewed by Anholt and Mackay (2004) and
Sokolowski (2001)]. Furthermore, in honeybees
(Apis mellifera) there have been demonstrations
of pleiotropy in the context of reproduction and
social behavior (reviewed by Page et al. 2012).
But examples extend also to vertebrates. In the
guppy (Poecilia reticulata), lines selected for
large or for small brains, were known to differ in
cognitive ability (Kotrschal et al. 2014). When
testing individuals from these selected lines for
three personality traits, the authors found that
large-brained animals explored an open field
faster and stayed in the open more compared to
individuals from the small-brained line.
Large-brained animals also secreted less cortisol
in a stressful situation and were slower to feed
from a novel food source, altogether pointing
toward a more reactive personality type in
large-brained animals, indicating pleiotropic
effects between brain development and behavior.

In a combined QTL and eQTL study on a
range of behavioral traits in 294 German Lan-
drace piglets (Sus domesticus), the most evident
gene found was PER1, which has known physi-
ological implications for circadian rhythms, and
was shown to associate with variation in a
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backtest trait, a validated personality and coping
trait in pigs (Ponsuksili et al. 2015), indicating
that this gene may have a role for both timing
and personality traits. Another striking example
of pleiotropic effects between physiology and
behavior comes from the melanocortin system
studies. It has been shown that there is a wide-
spread relationship between melanin-based col-
oration and other phenotypic traits in vertebrates
(reviewed by Ducrest et al. 2008). One of the
most famous examples of pleiotropism comes
from the domestication of wild silver foxes
(Vulpes vulpes). The Russian geneticist Belyaev
found that, when selecting for tame foxes, many
other features were also changed such as droopy
ears, a smaller skull size, bigger litter sizes, a
faster reproductive cycle, and a piebald fur pat-
tern (white patches, depigmentation, Trut et al.
1997; Trut 1999). More recent examples of this
relationship include Mafli et al. (2011) who
found that darker shell coloration predicted
greater aggressiveness and boldness in Her-
mann’s tortoises (Eurotestudo boettgeri). Genetic
studies should therefore not only concentrate on
the most popular genes studied in behavioral
genetics but also widen the search to other gene
networks as well.

Future Research

Research on the genetic mechanism of person-
ality differences saw a transition from testing
effects of candidate gene variation toward
whole-genome methods in molecular genetics.
For quantitative genetics it changed from
describing heritability components in unmanip-
ulated mid-term pedigrees to multivariate exper-
imental setups. Now there is a great need for
integrating such molecular and quantitative
genetic methods (Bell and Dochtermann 2015).
For a truly integrative framework, experiments
should be planned that allow variance partition-
ing at the level of both trait variation and trait
plasticity. A main challenge will be to link the
heritable variation, or even the variance compo-
nents responsible for heritable variation, to
genomic mechanisms. Moreover, the conceptual

frameworks developed in quantitative and
molecular genetics should be integrated, to
develop testable hypotheses.

Because genes and environment cannot be
separated (see e.g., Groothuis and Trillmich
2011; van Oers et al. 2005), future research also
needs to focus on integrating genetic research
with epigenetic research. In addition to additive
genetic variation and dominance genetic effects,
heritable personality differences can arise from
transgenerational epigenetic effects, i.e., all
transgenerational processes that contribute to the
non-genetic determination of the phenotype, such
as paternal/maternal effects and permanent envi-
ronmental effects (Youngson and Whitelaw
2008). The genomic mechanisms responsible for
such transgenerational effects are largely
unknown, although processes such as DNA
methylation of cytosines, small RNA’s, and the
modification of chromatin proteins are strong
candidates (Moore 2015). Therefore, epigenetic
mechanisms may play a major role in the
expression and heritability of animal personality
traits (Ledón-Rettig et al. 2012). First, studies
that investigate the DNA methylation in animals
indicate that DNA methylation might be a
mechanism involved in mediating transgenera-
tional inheritance. In a study of great tits in the
Netherlands, birds from a line selected for fast
exploratory behavior (Drent et al. 2003) have
been found to have increased levels of DNA
methylation in the promoter region of DRD4
(Verhulst et al. 2016). This study was confirmed
by results in a wild population in Spain, where
methylation at a single CpG dinucleotide in the
DRD4 promoter region was related to explo-
ration score in urban great tits (Riyahi et al.
2017). These results support the idea that some
of the effects found for DRD4 may be mediated
by DNA methylation (Verhulst et al. 2016). The
next steps should focus on investigating the
contribution of epigenetic processes, such as
DNA methylation for personality traits in natural
systems and its subsequent role for understand-
ing the ecology and evolution of behavioral
consistency.

Where current studies focus on finding allelic
differences among individuals that are associated
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with individual differences in behavior, in future
studies we will be moving toward more concrete
functional links between genomic variation, gene
expression, and behavior. A very nice example of
this in a recent study is a large-scale genetical
genomics analysis of chicken (Gallus gallus)
brains from individuals differing in open-field
behavior (Johnson et al. 2016). By combining
information on genome-behavior associations
with associations between gene expression and
behavior, the authors identified 10 putative loci
that correlated with both behavior (bQTL) and
gene expression (eQTL). Four of these loci were
formerly linked to bipolar disorder, major
depressive disorder, and schizophrenia in the
mouse Heterogeneous Stock anxiety data set and
human GWAS data sets. Assuming that most
adaptive and functional variation lies in the
coding sequence of genes underestimates the role
of regulatory mechanisms (Groothuis and Trill-
mich 2011; Rasmuson 2009). Studying gene
expression with gene polymorphisms rather than
a single one in isolation will be more likely to
lead to further understanding the consistency and
plasticity of personality traits.

The validation of the findings of association
studies will be mitigated by new tools that are
increasingly becoming available. Tools, that
allow for experimental modification of genomes,
even in unconventional model species such as
wild species, make personality genetics research
more and more experimental. One example of
such a tool is the above-mentioned CRISPR,
which has many advantages for behavioral stud-
ies. For one, this method allows many mutations
to be introduced in parallel, which is especially
advantageous for multigenic behavioral traits. In
addition, CRISPR can be applied to any species.

Conclusion

In the past two decades, research on the genetical
background of animal personality traits focused
on mapping the quantitative and molecular
structure of personality traits, trait correlations,
and plasticity. We should now move toward
more integration among fields of research.

Animal personality offers a unique opportunity to
not only combine quantitative genetics with
molecular genetics, but it also offers the greatest
diversity in processes to be studied in concor-
dance, in single organisms. Animal personality
traits as labile quantitative traits are playgrounds
for studying intra-individual, inter-individual,
and inter-trait associations. Personality will
therefore help us understand the complexity of
organisms at different levels. Genetic studies may
thereby function as a multidisciplinary link
between research fields in achieving a more
holistic understanding how organisms react to
their changing environments.

References

Adams, M. J., King, J. E., & Weiss, A. (2012). The
majority of genetic variation in orangutan personality
and subjective well-being is nonadditive. Behavior
Genetics, 42, 675–686. doi:10.1007/s10519-012-
9537-y

Anholt, R. R., & Mackay, T. F. (2009). Principles of
behavioral genetics. Amsterdam: Academic.

Anholt, R. R., & Mackay, T. F. (2004). Quantitative
genetic analyses of complex behaviors in Drosophila.
Nature Reviews Genetics, 5, 838–849. doi:10.1038/
nrg1472

Arnold, K. E., Ramsay, S. L., Donaldson, C., & Adam, A.
(2007). Parental prey selection affects risk-taking
behavior and spatial learning in avian offspring.
Proceedings of the Royal Society B: Biological
Sciences, 274, 2563–2569. doi:10.1098/rspb.2007.
0687

Backström, N., Forstmeier, W., Schielzeth, H., Mellenius,
H., Nam, K., Bolund, E., et al. (2010). The recom-
bination landscape of the zebra finch Taeniopygia
guttata genome. Genome Research, 20, 485–495.
doi:10.1101/gr.101410.109

Bell, A. M., & Aubin-Horth, N. (2010). What can whole
genome expression data tell us about the ecology and
evolution of personality? Philosophical Transactions
of the Royal Society B: Biological Sciences, 365,
4001–4012. doi:10.1098/rstb.2010.0185

Bell, A. M., & Stamps, J. A. (2004). Development of
behavioral differences between individuals and popu-
lations of sticklebacks, Gasterosteus aculeatus. Ani-
mal Behavior, 68, 1339–1348. doi:10.1016/j.anbehav.
2004.05.007

Bell, A. M., & Dochtermann, N. A. (2015). Integrating
molecular mechanisms into quantitative genetics to
understand consistent individual differences in behav-
ior. Current Opinion in Behavioral Sciences, 6, 111–
114. doi:10.1016/j.cobeha.2015.10.014

4 The Quantitative and Molecular Genetics of Individual Differences … 67

http://dx.doi.org/10.1007/s10519-012-9537-y
http://dx.doi.org/10.1007/s10519-012-9537-y
http://dx.doi.org/10.1038/nrg1472
http://dx.doi.org/10.1038/nrg1472
http://dx.doi.org/10.1098/rspb.2007.0687
http://dx.doi.org/10.1098/rspb.2007.0687
http://dx.doi.org/10.1101/gr.101410.109
http://dx.doi.org/10.1098/rstb.2010.0185
http://dx.doi.org/10.1016/j.anbehav.2004.05.007
http://dx.doi.org/10.1016/j.anbehav.2004.05.007
http://dx.doi.org/10.1016/j.cobeha.2015.10.014


Bell, M. A., & Foster, S. A. (1994). The evolutionary
biology of the threespine stickleback. Oxford: Oxford
University Press.

Belknap, J. K., Hitzemann, R., Crabbe, J. C., Phillips, T.
J., Buck, K. J., & Williams, R. W. (2001). QTL
analysis and genomewide mutagenesis in mice: Com-
plementary genetic approaches to the dissection of
complex traits. Behavior Genetics, 31, 5–15. doi:10.
1023/A:1010249607128

Bendesky, A., & Bargmann, C. I. (2011). Genetic
contributions to behavioral diversity at the gene–
environment interface. Nature Reviews Genetics.
doi:10.1038/nrg3065

Bers, N. E., van Oers, K., Kerstens, H. H., Dibbits, B. W.,
Crooijmans, R. P., Visser, M. E., et al. (2010).
Genome-wide SNP detection in the great tit Parus
major using high throughput sequencing. Molecular
Ecology, 19, 89–99. doi:10.1111/j.1365-294x.2009.
04486.x

Boake, C., Arnold, S., Breden, F., Meffert, L., Ritchie,
M., Taylor, B., et al. (2002). Genetic tools for studying
adaptation and the evolution of behavior. The Amer-
ican Naturalist, 160(S6), S143–S159. doi:10.1086/
342902

Boehmler, W., Carr, T., Thisse, C., Thisse, B., Canfield,
V. A., & Levenson, R. (2007). D4 Dopamine receptor
genes of zebrafish and effects of the antipsychotic
clozapine on larval swimming behavior. Genes, Brain
and Behavior, 6, 155–166. doi:10.1111/j.1601-183x.
2006.00243.x

Brem, R. B., & Kruglyak, L. (2005). The landscape of
genetic complexity across 5,700 gene expression traits
in yeast. Proceedings of the National Academy of
Sciences, 102, 1572–1577. doi:10.1073/pnas.
0408709102

Brommer, J. E., & Kluen, E. (2012). Exploring the
genetics of nestling personality traits in a wild
passerine bird: Testing the phenotypic gambit. Ecology
and Evolution, 2, 3032–3044. doi:10.1002/ece3.412

Brydges, N. M., Colegrave, N., Heathcote, R. J., &
Braithwaite, V. A. (2008). Habitat stability and
predation pressure affect temperament behaviors in
populations of three-spined sticklebacks. Journal of
Animal Ecology, 77, 229–235. doi:10.1111/j.1365-
2656.2007.01343.x

Bućan, M., & Abel, T. (2002). The Mouse: Genetics
meets behavior. Nature Reviews Genetics, 3, 114–123.
doi:10.1038/nrg728

Burtt, H. E., & Giltz, M. L. (1973). Personality as a
variable in the behavior of birds. Journal of Science,
73, 65–82.

Bush, W. S., Moore, J. H., Lewitter, F., & Kann, M.
(2012). Chapter 11: Genome-Wide Association Stud-
ies. PLoS Computational Biology, 8(12), e1002822.

Careau, V., Thomas, D., Pelletier, F., Turki, L., Landry,
F., Garant, D., et al. (2011). Genetic correlation
between resting metabolic rate and exploratory behav-
ior in deer mice (Peromyscus maniculatus). Journal of
Evolutionary Biology, 24, 2153–2163. doi:10.1111/j.
1420-9101.2011.02344.x

Carere, C., & Maestripieri, D. (2013). Animal personal-
ities: Behavior, physiology, and evolution. Chicago:
The University of Chicago Press.

Caspi, A. (2002). Role of genotype in the cycle of
violence in maltreated children. Science, 297, 851–
854. doi:10.1126/science.1072290

Christensen, K. A., Brunelli, J. P., Wheeler, P. A., &
Thorgaard, G. H. (2014). Antipredator behavior QTL:
Differences in rainbow trout clonal lines derived from
wild and hatchery populations. Behavior Genetics, 44,
535–546. doi:10.1007/s10519-014-9663-9

Christiansen, S. B., & Forkman, B. (2007). Assessment of
animal welfare in a veterinary context—a call for
ethologists. Applied Animal Behavior Science, 106(4),
203–220. doi:10.1016/j.applanim.2007.01.004

Class, B., & Brommer, J. E. (2015). A strong genetic
correlation underlying a behavioral syndrome disap-
pears during development because of genotype–age
interactions. Proceedings of the Royal Society B:
Biological Sciences, 282, 20142777. doi:10.1098/
rspb.2014.2777

Danchin, É., Charmantier, A., Champagne, F. A.,
Mesoudi, A., Pujol, B., & Blanchet, S. (2011).
Beyond DNA: Integrating inclusive inheritance into
an extended theory of evolution. Nature Reviews
Genetics, 12, 475–486. doi:10.1038/nrg3028

Delvecchio, G., Bellani, M., Altamura, A. C., & Bram-
billa, P. (2016). The association between the serotonin
and dopamine neurotransmitters and personality traits.
Epidemiology and Psychiatric Sciences, 25, 109–112.
doi:10.1017/s2045796015001146

Moor, D., Costa, P. T., Terracciano, A., Krueger, R. F., de
Geus, E. J. C., Toshiko, T., et al. (2012).
Meta-analysis of genome-wide association studies
for personality. Molecular Psychiatry, 17, 337–349.
doi:10.1038/mp.2010.128

Dingemanse, N. J., Plas, F. V., Wright, J., Reale, D.,
Schrama, M., Roff, D. A., et al. (2009). Individual
experience and evolutionary history of predation affect
expression of heritable variation in fish personality
and morphology. Proceedings of the Royal Society B:
Biological Sciences, 276, 1285–1293. doi:10.1098/
rspb.2008.1555

Dingemanse, N. J., & Wolf, M. (2013).
Between-individual differences in behavioral plasticity
within populations: Causes and consequences. Animal
Behavior, 85, 1031–1039. doi:10.1016/j.anbehav.
2012.12.032

Dingemanse, N. J., & Dochtermann, N. A. (2013).
Quantifying individual variation in behavior:
Mixed-effect modelling approaches. Journal of Ani-
mal Ecology, 82(1), 39–54. doi:10.1111/1365-2656.
12013

Dochtermann, N. A., & Roff, D. A. (2010). Applying a
quantitative genetics framework to behavioral syn-
drome research. Philosophical Transactions of the
Royal Society B: Biological Sciences, 365, 4013–
4020. doi:10.1098/rstb.2010.0129

Dochtermann, N. A., Schwab, T., & Sih, A. (2015). The
contribution of additive genetic variation to

68 V.N. Laine and K. van Oers

http://dx.doi.org/10.1023/A:1010249607128
http://dx.doi.org/10.1023/A:1010249607128
http://dx.doi.org/10.1038/nrg3065
http://dx.doi.org/10.1111/j.1365-294x.2009.04486.x
http://dx.doi.org/10.1111/j.1365-294x.2009.04486.x
http://dx.doi.org/10.1086/342902
http://dx.doi.org/10.1086/342902
http://dx.doi.org/10.1111/j.1601-183x.2006.00243.x
http://dx.doi.org/10.1111/j.1601-183x.2006.00243.x
http://dx.doi.org/10.1073/pnas.0408709102
http://dx.doi.org/10.1073/pnas.0408709102
http://dx.doi.org/10.1002/ece3.412
http://dx.doi.org/10.1111/j.1365-2656.2007.01343.x
http://dx.doi.org/10.1111/j.1365-2656.2007.01343.x
http://dx.doi.org/10.1038/nrg728
http://dx.doi.org/10.1111/j.1420-9101.2011.02344.x
http://dx.doi.org/10.1111/j.1420-9101.2011.02344.x
http://dx.doi.org/10.1126/science.1072290
http://dx.doi.org/10.1007/s10519-014-9663-9
http://dx.doi.org/10.1016/j.applanim.2007.01.004
http://dx.doi.org/10.1098/rspb.2014.2777
http://dx.doi.org/10.1098/rspb.2014.2777
http://dx.doi.org/10.1038/nrg3028
http://dx.doi.org/10.1017/s2045796015001146
http://dx.doi.org/10.1038/mp.2010.128
http://dx.doi.org/10.1098/rspb.2008.1555
http://dx.doi.org/10.1098/rspb.2008.1555
http://dx.doi.org/10.1016/j.anbehav.2012.12.032
http://dx.doi.org/10.1016/j.anbehav.2012.12.032
http://dx.doi.org/10.1111/1365-2656.12013
http://dx.doi.org/10.1111/1365-2656.12013
http://dx.doi.org/10.1098/rstb.2010.0129


personality variation: Heritability of personality. Pro-
ceedings of the Royal Society B: Biological Sciences,
282, 2014–2201. doi:10.1098/rspb.2014.2201

Drent, P. J., van Oers, K., & Noordwijk, A. J. (2003).
Realized heritability of personalities in the great tit
(Parus major). Proceedings of the Royal Society B:
Biological Sciences, 270, 45–51. doi:10.1098/rspb.
2002.2168

Ducrest, A., Keller, L., & Roulin, A. (2008). Pleiotropy in
the melanocortin system, coloration and behavioral
syndromes. Trends in Ecology & Evolution, 23, 502–
510. doi:10.1016/j.tree.2008.06.001

Eaves, L., & Verhulst, B. (2014). Problems and pit-falls in
testing for G � E and epistasis in candidate gene
studies of human behavior. Behavior Genetics, 44,
578–590. doi:10.1007/s10519-014-9674-6

Eley, T. C., & Plomin, R. (1997). Genetic analyses of
emotionality. Current Opinion in Neurobiology, 7,
279–284. doi:10.1016/s0959-4388(97)80017-7

Erickson, D. L., Fenster, C. B., Stenoien, H. K., & Price,
D. (2004). Quantitative trait locus analyses and the
study of evolutionary process. Molecular Ecology, 13,
2505–2522. doi:10.1111/j.1365-294x.2004.02254.x

Falconer, D., & Mackay, T. F. C. (1996). Introduction to
quantitative genetics (4th ed.). Harlow: Longman.

Fidler, A. E., van Oers, K., Drent, P. J., Kuhn, S.,
Mueller, J. C., & Kempenaers, B. (2007). Drd4 gene
polymorphisms are associated with personality varia-
tion in a passerine bird. Proceedings of the Royal
Society B: Biological Sciences, 274(1619), 1685–
1691. doi:10.1098/rspb.2007.0337

Filby, A. L., Paull, G. C., Hickmore, T. F., & Tyler, C. R.
(2010). Unravelling the neurophysiological basis of
aggression in a fish model. BMC Genomics, 11, 498.
doi:10.1186/1471-2164-11-498

Fitzpatrick, M., Benshahar, Y., Smid, H., Vet, L.,
Robinson, G., & Sokolowski, M. (2005). Candidate
genes for behavioral ecology. Trends in Ecology &
Evolution, 20, 96–104. doi:10.1016/j.tree.2004.11.017

Flint, J., & Mackay, T. F. (2009). Genetic architecture of
quantitative traits in mice, flies, and humans. Genome
Research, 19, 723–733. doi:10.1101/gr.086660.108

Flint, J. (2003). Analysis of quantitative trait loci that
influence animal behavior. Journal of Neurobiology,
54, 46–77. doi:10.1002/neu.10161

Flint, J., & Mott, R. (2001). Finding the molecular basis
of quantitative traits: Successes and pitfalls. Nature
Reviews Genetics, 2, 437–445. doi:10.1038/35076585

Frazzetto, G., Lorenzo, G. D., Carola, V., Proietti, L.,
Sokolowska, E., Siracusano, A., et al. (2007). Early
trauma and increased risk for physical aggression
during adulthood: The moderating role of MAOA
genotype. PLoS ONE, 2, e486. doi:10.1371/journal.
pone.0000486

Gershenfeld, H. K., & Paul, S. M. (1997). Mapping
quantitative trait loci for fear-like behaviors in mice.
Genomics, 46, 1–8. doi:10.1006/geno.1997.5002

Gordon, J. A., & Hen, R. (2004). Genetic approaches to
the study of anxiety. Annual Review of Neuroscience,

27, 193–222. doi:10.1146/annurev.neuro.27.070203.
144212

Greenwood, A. K., Ardekani, R., Mccann, S. R., Dubin,
M. E., Sullivan, A., Bensussen, S., et al. (2015).
Genetic mapping of natural variation in schooling
tendency in the threespine stickleback. Genes|Gen-
omes|Genetics, 5, 761–769. doi:10.1534/g3.114.
016519

Groothuis, T. G., & Trillmich, F. (2011). Unfolding
personalities: The importance of studying ontogeny.
Developmental Psychobiology, 53, 641–655. doi:10.
1002/dev.20574

Guan, Y., & Stephens, M. (2011). Bayesian variable
selection regression for genome-wide association
studies and other large-scale problems. The Annals
of Applied Statistics, 5, 1780–1815. doi:10.1214/11-
aoas455

Gutierrez-Gil, B., Ball, N., Burton, D., Haskell, M.,
Williams, J. L., & Wiener, P. (2008). Identification of
quantitative trait loci affecting cattle temperament.
Journal of Heredity, 99, 629–638. doi:10.1093/jhered/
esn060

Haskell, M. J., Simm, G., & Turner, S. P. (2014). Genetic
selection for temperament traits in dairy and beef
cattle. Frontiers in Genetics, 5, 368. doi:10.3389/
fgene.2014.00368

Heils, A., Teufel, A., Petri, S., Seemann, M., Bengel, D.,
Balling, U., et al. (1995). Functional promoter and
polyadenylation site mapping of the human serotonin
(5-HT) transporter gene. Journal of Neural Transmis-
sion, 102, 247–254. doi:10.1007/bf01281159

Henderson, C. R. (1984). Applications of linear models in
animal breeding. Guelph, ON: University of Guelph.

Hovatta, I., & Barlow, C. (2008). Molecular genetics of
anxiety in mice and men. Annals of Medicine, 40, 92–
109. doi:10.1080/07853890701747096

Inoue-Murayama, M. (2009). Genetic polymorphism as a
background of animal behavior. Animal Science
Journal, 80, 113–120. doi:10.1111/j.1740-0929.
2008.00623.x

Ito, H., Nara, H., Inoue-Murayama, M., Shimada, M. K.,
Koshimura, A., Ueda, Y., et al. (2004). Allele
frequency distribution of the canine dopamine receptor
d4 gene exon iii and i in 23 breeds. Journal of
Veterinary Medical Science, 66, 815–820. doi:10.
1292/jvms.66.815

Johnsson, M., Williams, M. J., Jensen, P., & Wright, D.
(2016). Genetical genomics of behavior: A novel
chicken genomic model for anxiety behavior. Genet-
ics, 202, 327–340. doi:10.1534/genetics.115.179010

Jordan, K. W., Carbone, M., Yamamoto, A., Morgan, T.
J., & Mackay, T. F. (2007). Quantitative genomics of
locomotor behavior in Drosophila melanogaster.
Genome Biology, 8, R172. doi:10.1186/gb-2007-8-8-
r172

Kim-Cohen, J., Caspi, A., Taylor, A., Williams, B.,
Newcombe, R., Craig, I. W., et al. (2006). MAOA,
maltreatment, and gene–environment interaction pre-
dicting children’s mental health: New evidence and a

4 The Quantitative and Molecular Genetics of Individual Differences … 69

http://dx.doi.org/10.1098/rspb.2014.2201
http://dx.doi.org/10.1098/rspb.2002.2168
http://dx.doi.org/10.1098/rspb.2002.2168
http://dx.doi.org/10.1016/j.tree.2008.06.001
http://dx.doi.org/10.1007/s10519-014-9674-6
http://dx.doi.org/10.1016/s0959-4388(97)80017-7
http://dx.doi.org/10.1111/j.1365-294x.2004.02254.x
http://dx.doi.org/10.1098/rspb.2007.0337
http://dx.doi.org/10.1186/1471-2164-11-498
http://dx.doi.org/10.1016/j.tree.2004.11.017
http://dx.doi.org/10.1101/gr.086660.108
http://dx.doi.org/10.1002/neu.10161
http://dx.doi.org/10.1038/35076585
http://dx.doi.org/10.1371/journal.pone.0000486
http://dx.doi.org/10.1371/journal.pone.0000486
http://dx.doi.org/10.1006/geno.1997.5002
http://dx.doi.org/10.1146/annurev.neuro.27.070203.144212
http://dx.doi.org/10.1146/annurev.neuro.27.070203.144212
http://dx.doi.org/10.1534/g3.114.016519
http://dx.doi.org/10.1534/g3.114.016519
http://dx.doi.org/10.1002/dev.20574
http://dx.doi.org/10.1002/dev.20574
http://dx.doi.org/10.1214/11-aoas455
http://dx.doi.org/10.1214/11-aoas455
http://dx.doi.org/10.1093/jhered/esn060
http://dx.doi.org/10.1093/jhered/esn060
http://dx.doi.org/10.3389/fgene.2014.00368
http://dx.doi.org/10.3389/fgene.2014.00368
http://dx.doi.org/10.1007/bf01281159
http://dx.doi.org/10.1080/07853890701747096
http://dx.doi.org/10.1111/j.1740-0929.2008.00623.x
http://dx.doi.org/10.1111/j.1740-0929.2008.00623.x
http://dx.doi.org/10.1292/jvms.66.815
http://dx.doi.org/10.1292/jvms.66.815
http://dx.doi.org/10.1534/genetics.115.179010
http://dx.doi.org/10.1186/gb-2007-8-8-r172
http://dx.doi.org/10.1186/gb-2007-8-8-r172


meta-analysis. Molecular Psychiatry, 11, 903–913.
doi:10.1038/sj.mp.4001851

Koolhaas, J. M., De Boer, S. F., Buwalda, B., Van der
Vegt, B. J., Carere, C., & Groothuis, A. G. G. (2001).
How and why coping systems vary among individu-
als. In D. M. Broom (Ed.), Coping with challenge:
Welfare in animals including humans (pp. 197–209).
Dahlem: Dahlem University Press.

Korsten, P., Mueller, J. C., Hermannstädter, C., Bouw-
man, K. M., Dingemanse, N. J., Drent, P. J., et al.
(2010). Association between DRD4 gene polymor-
phism and personality variation in great tits: A test
across four wild populations. Molecular Ecology, 19,
832–843. doi:10.1111/j.1365-294x.2009.04518.x

Kotrschal, A., Lievens, E. J., Dahlbom, J., Bundsen, A.,
Semenova, S., Sundvik, M., et al. (2014). Artificial
selection on relative brain size reveals a positive
genetic correlation between brain size and proactive
personality in the guppy. Evolution, 68, 1139–1149.
doi:10.1111/evo.12341

Kratochwil, C. F., & Meyer, A. (2014). Closing the
genotype–phenotype gap: Emerging technologies for
evolutionary genetics in ecological model vertebrate
systems. BioEssays, 37, 213–226. doi:10.1002/bies.
201400142

Krebs, J. R., & Davies, N. B. (1997). Behavioural
ecology: An evolutionary approach. Wiley-Blackwell.

Kruuk, L. E. (2004). Estimating genetic parameters in
natural populations using the ‘animal model’. Philo-
sophical Transactions of the Royal Society B: Biolog-
ical Sciences, 359, 873–890. doi:10.1098/rstb.2003.
1437

Kruuk, L. E., Slate, J., & Wilson, A. J. (2008). New
answers for old questions: The evolutionary quantita-
tive genetics of wild animal populations. Annual
Review of Ecology Evolution and Systematics, 39,
525–548. doi:10.1146/annurev.ecolsys.39.110707.
173542

Laine, V. N., Gossmann, T. I., Schachtschneider, K. M.,
Garroway, C. J., Madsen, O., Verhoeven, K. J., et al.
(2016). Evolutionary signals of selection on cognition
from the great tit genome and methylome. Nature
Communications, 7, 10474. doi:10.1038/ncomms10474

Laine, V. N., Herczeg, G., Shikano, T., Vilkki, J., &
Merilä, J. (2014). QTL analysis of behavior in
nine-spined sticklebacks (Pungitius pungitius). Behav-
ior Genetics, 44, 77–88. doi:10.1007/s10519-013-
9624-8

Ledon-Rettig, C. C., Richards, C. L., & Martin, L. B.
(2012). Epigenetics for behavioral ecologists. Behav-
ioral Ecology, 24, 311–324. doi:10.1093/beheco/
ars145

Lynch, M., & Walsh, B. (1998). Genetics and analysis of
quantitative traits. Sunderland, MA: Sinauer.

Lyons, L. A., Laughlin, T. F., Copeland, N. G., Jenkins,
N. A., Womack, J. E., & O’brien, S. J. (1997).
Comparative anchor tagged sequences (CATS) for
integrative mapping of mammalian genomes. Nature
Genetics, 15, 47–56. doi:10.1038/ng0197-47

Mackay, T. F., Stone, E. A., & Ayroles, J. F. (2009). The
genetics of quantitative traits: Challenges and pro-
spects. Nature Reviews Genetics, 10, 565–577. doi:10.
1038/nrg2612

Mafli, A., Wakamatsu, K., & Roulin, A. (2011).
Melanin-based coloration predicts aggressiveness and
boldness in captive eastern Hermann’s tortoises. Ani-
mal Behavior, 81, 859–863. doi:10.1016/j.anbehav.
2011.01.025

Meffert, L., Hicks, S., & Regan, J. (2002). Nonadditive
genetic effects in animal behavior. The American
Naturalist, 160(S6), S198–S213. doi:10.1086/342896

Moore, D. S. (2015). The developing genome: An
introduction to behavioral epigenetics. Oxford:
Oxford University Press.

Mueller, J. C., Korsten, P., Hermannstaedter, C., Feulner,
T., Dingemanse, N. J., Matthysen, E., et al. (2013).
Haplotype structure, adaptive history and associations
with exploratory behavior of the DRD4 gene region in
four great tit (Parus major) populations. Molecular
Ecology, 22, 2797–2809. doi:10.1111/mec.12282

Munafò, M. R., Freimer, N. B., Ng, W., Ophoff, R.,
Veijola, J., Miettunen, J., et al. (2009). 5-HTTLPR
genotype and anxiety-related personality traits: A
meta-analysis and new data. American Journal of
Medical Genetics Part B: Neuropsychiatric Genetics,
150B(2), 271–281. doi:10.1002/ajmg.b.30808

Munafò, M. R., Yalcin, B., Willis-Owen, S. A., & Flint,
J. (2008). Association of the Dopamine D4 receptor
(DRD4) gene and approach-related personality traits:
Meta-Analysis and new cata. Biological Psychiatry,
63, 197–206. doi:10.1016/j.biopsych.2007.04.006

Murphy, S. E., Norbury, R., Godlewska, B. R., Cowen,
P. J., Mannie, Z. M., Harmer, C. J., et al. (2013). The
effect of the serotonin transporter polymorphism
(5-HTTLPR) on amygdala function: A meta-analysis.
Molecular Psychiatry, 18, 512–520. doi:10.1038/mp.
2012.19

Nelson, R. J., & Trainor, B. C. (2007). Neural mecha-
nisms of aggression. Nature Reviews Neuroscience, 8,
536–546. doi:10.1038/nrn2174

van Oers, K., Drent, P. J., Jong, G. D., & Noordwijk, A.
J. (2004). Additive and nonadditive genetic variation
in avian personality traits. Heredity, 93, 496–503.
doi:10.1038/sj.hdy.6800530

van Oers, K., & Mueller, J. C. (2010). Evolutionary
genomics of animal personality. Philosophical Trans-
actions of the Royal Society B: Biological Sciences,
365, 3991–4000. doi:10.1098/rstb.2010.0178

van Oers, K., Santure, A. W., Cauwer, I. D., Bers, N. E.,
Crooijmans, R. P., Sheldon, B. C., et al. (2014).
Replicated high-density genetic maps of two great tit
populations reveal fine-scale genomic departures from
sex-equal recombination rates. Heredity, 112(3), 307–
316. doi:10.1038/hdy.2013.107

van Oers, K., Jong, G. D., Noordwijk, A. V. K., & Drent,
P. (2005). Contribution of genetics to the study of
animal personalities: A review of case studies. Behavior,
142, 1185–1206. doi:10.1163/156853905774539364

70 V.N. Laine and K. van Oers

http://dx.doi.org/10.1038/sj.mp.4001851
http://dx.doi.org/10.1111/j.1365-294x.2009.04518.x
http://dx.doi.org/10.1111/evo.12341
http://dx.doi.org/10.1002/bies.201400142
http://dx.doi.org/10.1002/bies.201400142
http://dx.doi.org/10.1098/rstb.2003.1437
http://dx.doi.org/10.1098/rstb.2003.1437
http://dx.doi.org/10.1146/annurev.ecolsys.39.110707.173542
http://dx.doi.org/10.1146/annurev.ecolsys.39.110707.173542
http://dx.doi.org/10.1038/ncomms10474
http://dx.doi.org/10.1007/s10519-013-9624-8
http://dx.doi.org/10.1007/s10519-013-9624-8
http://dx.doi.org/10.1093/beheco/ars145
http://dx.doi.org/10.1093/beheco/ars145
http://dx.doi.org/10.1038/ng0197-47
http://dx.doi.org/10.1038/nrg2612
http://dx.doi.org/10.1038/nrg2612
http://dx.doi.org/10.1016/j.anbehav.2011.01.025
http://dx.doi.org/10.1016/j.anbehav.2011.01.025
http://dx.doi.org/10.1086/342896
http://dx.doi.org/10.1111/mec.12282
http://dx.doi.org/10.1002/ajmg.b.30808
http://dx.doi.org/10.1016/j.biopsych.2007.04.006
http://dx.doi.org/10.1038/mp.2012.19
http://dx.doi.org/10.1038/mp.2012.19
http://dx.doi.org/10.1038/nrn2174
http://dx.doi.org/10.1038/sj.hdy.6800530
http://dx.doi.org/10.1098/rstb.2010.0178
http://dx.doi.org/10.1038/hdy.2013.107
http://dx.doi.org/10.1163/156853905774539364


van Oers, K., & Sinn, D. L. (2013). Quantitative and
molecular genetics of animal personality. In C. Carere
& D. Maestripieri (Eds.), Animal personalities:
Behavior, physiology, and evolution (pp. 148–200).
Chicago: University of Chicago Press.

van Oers, K., & Sinn, D. L. (2011). Toward a basis for the
phenotypic gambit: Advances in the evolutionary
genetics of animal personality. In From genes to
animal behavior primatology monographs (pp. 165–
183). doi:10.1007/978-4-431-53892-9_7

Oortmerssen, G. A., & Bakker, T. C. (1981). Artificial
selection for short and long attack latencies in wild
Mus musculus domesticus. Behavior Genetics, 11,
115–126. doi:10.1007/bf01065622

Ozaki, N., Goldman, D., Kaye, W. H., Plotnicov, K.,
Greenberg, B. D., Lappalainen, J., et al. (2003).
Serotonin transporter missense mutation associated
with a complex neuropsychiatric phenotype. Molecu-
lar Psychiatry, 8, 933–936. doi:10.1038/sj.mp.
4001365

Page, R. E., Rueppell, O., & Amdam, G. V. (2012).
Genetics of reproduction and regulation of honeybee
(Apis melliferal.) social behavior. Annual Review of
Genetics, 46, 97–119. doi:10.1146/annurev-genet-
110711-155610

Penke, L., Denissen, J. J., & Miller, G. F. (2007). The
evolutionary genetics of personality. European Jour-
nal of Personality, 21, 549–587. doi:10.1002/per.629

Petelle, M. B., Martin, J. G., & Blumstein, D. T. (2015).
Heritability and genetic correlations of personality
traits in a wild population of yellow-bellied marmots
(Marmota flaviventris). Journal of Evolutionary Biol-
ogy, 28, 1840–1848. doi:10.1111/jeb.12700

Poissant, J., Réale, D., Martin, J., Festa-Bianchet, M., &
Coltman, D. (2013). A quantitative trait locus analysis
of personality in wild bighorn sheep. Ecology and
Evolution, 3, 474–481. doi:10.1002/ece3.468

Ponsuksili, S., Zebunke, M., Murani, E., Trakooljul, N.,
Krieter, J., Puppe, B., et al. (2015). Integrated
Genome-wide association and hypothalamus eQTL
studies indicate a link between the circadian
rhythm-related gene PER1 and coping behavior.
Scientific Reports, 5, 16264. doi:10.1038/srep16264

Quinn, J. L., Patrick, S. C., Bouwhuis, S., Wilkin, T. A.,
& Sheldon, B. C. (2009). Heterogeneous selection on
a heritable temperament trait in a variable environ-
ment. Journal of Animal Ecology, 78, 1203–1215.
doi:10.1111/j.1365-2656.2009.01585.x

Quinn, J., & Cresswell, W. (2005). Personality,
anti-predation behavior and behavioral plasticity in
the chaffinch Fringilla coelebs. Behavior, 142, 1377–
1402. doi:10.1163/156853905774539391

Rasmuson, M. (2009). Old and new ideas about genes and
behavior. Hereditas, 146, 198–203. doi:10.1111/j.
1601-5223.2009.02138.x

Ripke, S., O’Dushlaine, C., Chambert, K., Moran, J. L.,
Kahler, A. K., Akterin, S., et al. (2013). Genome-wide
association analysis identifies 13 new risk loci for
schizophrenia. Nature Genetics, 45, 1150–1159.
doi:10.1038/ng.2742

Risch, N. J. (2000). Searching for genetic determinants in
the new millennium. Nature, 405, 847–856. doi:10.
1038/35015718

Riyahi, S., Björklund, M., Mateos-Gonzalez, F., & Senar,
J. C. (2017). Personality and urbanization: Behavioral
traits and DRD4 SNP830 polymorphisms in great tits
in Barcelona city. Journal of Ethology. doi:10.1007/
s10164-016-0496-2

Robinson, M. R., Santure, A. W., Decauwer, I., Sheldon,
B. C., & Slate, J. (2013). Partitioning of genetic
variation across the genome using multimarker meth-
ods in a wild bird population. Molecular Ecology, 22,
3963–3980. doi:10.1111/mec.12375

Rodenburg, T. B., Komen, H., Ellen, E. D., Uitdehaag, K.
A., & Arendonk, J. A. (2008). Selection method and
early-life history affect behavioral development,
feather pecking and cannibalism in laying hens: A
review. Applied Animal Behavior Science, 110, 217–
228. doi:10.1016/j.applanim.2007.09.009

Roff, D. A. (1996). The evolution of genetic correlations:
An analysis of patterns. Evolution, 50, 1392. doi:10.
2307/2410877

Santure, A. W., Poissant, J., Cauwer, I. D., van Oers, K.,
Robinson, M. R., Quinn, J. L., et al. (2015). Repli-
cated analysis of the genetic architecture of quantita-
tive traits in two wild great tit populations. Molecular
Ecology, 24, 6148–6162. doi:10.1111/mec.13452

Savitz, J. B., & Ramesar, R. S. (2004). Genetic variants
implicated in personality: A review of the more
promising candidates. American Journal of Medical
Genetics, 131B(1), 20–32. doi:10.1002/ajmg.b.20155

Scott, A. L., Bortolato, M., Chen, K., & Shih, J. C.
(2008). Novel monoamine oxidase A knock out mice
with human-like spontaneous mutation. NeuroReport,
19, 739–743. doi:10.1097/wnr.0b013e3282fd6e88

Shih, J., & Thompson, R. (1999). Monoamine oxidase in
neuropsychiatry and behavior. The American Journal
of Human Genetics, 65, 593–598. doi:10.1086/302562

Shikano, T., Ramadevi, J., Shimada, Y., & Merilä,
J. (2010). Utility of sequenced genomes for microsatel-
lite marker development in non-model organisms: A
case study of functionally important genes in
nine-spined sticklebacks (Pungitius pungitius). BMC
Genomics, 11, 334. doi:10.1186/1471-2164-11-334

Shimada, M. K., Inoue-Murayama, M., Ueda, Y., Mae-
jima, M., Murayama, Y., Takenaka, O., et al. (2004).
Polymorphism in the second intron of dopamine
receptor D4 gene in humans and apes. Biochemical
and Biophysical Research Communications, 316,
1186–1190. doi:10.1016/j.bbrc.2004.03.006

Sih, A., Bell, A., & Johnson, J. (2004). Behavioral
syndromes: An ecological and evolutionary overview.
Trends in Ecology & Evolution, 19, 372–378. doi:10.
1016/j.tree.2004.04.009

Singh, P., Schimenti, J. C., & Bolcun-Filas, E. (2015).
A mouse geneticist’s practical guide to CRISPR
applications. Genetics, 199(1), 1–15. doi:10.1534/
genetics.114.169771

Slate, J. (2013). From beavis to beak color: A simulation
study to examine how much QTL mapping can reveal

4 The Quantitative and Molecular Genetics of Individual Differences … 71

http://dx.doi.org/10.1007/978-4-431-53892-9_7
http://dx.doi.org/10.1007/bf01065622
http://dx.doi.org/10.1038/sj.mp.4001365
http://dx.doi.org/10.1038/sj.mp.4001365
http://dx.doi.org/10.1146/annurev-genet-110711-155610
http://dx.doi.org/10.1146/annurev-genet-110711-155610
http://dx.doi.org/10.1002/per.629
http://dx.doi.org/10.1111/jeb.12700
http://dx.doi.org/10.1002/ece3.468
http://dx.doi.org/10.1038/srep16264
http://dx.doi.org/10.1111/j.1365-2656.2009.01585.x
http://dx.doi.org/10.1163/156853905774539391
http://dx.doi.org/10.1111/j.1601-5223.2009.02138.x
http://dx.doi.org/10.1111/j.1601-5223.2009.02138.x
http://dx.doi.org/10.1038/ng.2742
http://dx.doi.org/10.1038/35015718
http://dx.doi.org/10.1038/35015718
http://dx.doi.org/10.1007/s10164-016-0496-2
http://dx.doi.org/10.1007/s10164-016-0496-2
http://dx.doi.org/10.1111/mec.12375
http://dx.doi.org/10.1016/j.applanim.2007.09.009
http://dx.doi.org/10.2307/2410877
http://dx.doi.org/10.2307/2410877
http://dx.doi.org/10.1111/mec.13452
http://dx.doi.org/10.1002/ajmg.b.20155
http://dx.doi.org/10.1097/wnr.0b013e3282fd6e88
http://dx.doi.org/10.1086/302562
http://dx.doi.org/10.1186/1471-2164-11-334
http://dx.doi.org/10.1016/j.bbrc.2004.03.006
http://dx.doi.org/10.1016/j.tree.2004.04.009
http://dx.doi.org/10.1016/j.tree.2004.04.009
http://dx.doi.org/10.1534/genetics.114.169771
http://dx.doi.org/10.1534/genetics.114.169771


about the genetic architecture of quantitative traits.
Evolution. doi:10.1111/evo.12060

Slate, J. (2005). INVITED REVIEW: Quantitative trait
locus mapping in natural populations—progress,
caveats and future directions. Molecular Ecology,
14, 363–379. doi:10.1111/j.1365-294x.2004.02378.x

Sokolowski, M. B. (2001). Drosophila: Genetics meets
behavior. Nature Reviews Genetics, 2, 879–890.
doi:10.1038/35098592

Stearns, F. W. (2010). One hundred years of pleiotropy: A
retrospective. Genetics, 186, 767–773. doi:10.1534/
genetics.110.122549

Stirling, D. G., Réale, D., & Roff, D. A. (2002). Selection,
structure and the heritability of behavior. Journal of
Evolutionary Biology, 15, 277–289. doi:10.1046/j.
1420-9101.2002.00389.x

Swiech, L., Heidenreich, M., Banerjee, A., Habib, N., Li,
Y., Trombetta, J., et al. (2014). In vivo interrogation of
gene function in the mammalian brain using
CRISPR-Cas9. Nature Biotechnology, 33, 102–106.
doi:10.1038/nbt.3055

Taylor, R. W., Boon, A. K., Dantzer, B., Réale, D.,
Humphries, M. M., Boutin, S., et al. (2012). Low
heritabilities, but genetic and maternal correlations
between red squirrel behaviors. Journal of Evolution-
ary Biology, 25, 614–624. doi:10.1111/j.1420-9101.
2012.02456.x

Terracciano, A., Sanna, S., Uda, M., Deiana, B., Usala,
G., Busonero, F., et al. (2008). Genome-wide associ-
ation scan for five major dimensions of personality.
Molecular Psychiatry, 15, 647–656. doi:10.1038/mp.
2008.113

Tonteri, A., Vasemägi, A., Lumme, J., & Primmer, C. R.
(2010). Beyond MHC: Signals of elevated selection
pressure on Atlantic salmon (Salmo salar)
immune-relevant loci. Molecular Ecology, 19, 1273–
1282. doi:10.1111/j.1365-294x.2010.04573.x

Trut, L. N., Iliushina, I. Z., Prasolova, L. A., & Kim, A.
A. (1997). The hooded allele and selection of wild
Norway rats Rattus norvegicus for behavior. Genetika,
33, 1156–1161. [Translation in English available in:
Russian Journal of Genetics, 1997. 33, 983–989].

Trut, L. (1999). Early canid domestication: The farm-fox
experiment. American Scientist, 87, 160. doi:10.1511/
1999.20.813

Verhulst, E. C., Mateman, A. C., Zwier, M. V., Caro, S.
P., Verhoeven, K. J., & van Oers, K. (2016). Evidence
from pyrosequencing indicates that natural variation in
animal personality is associated with DRD4 DNA
methylation. Molecular Ecology, 25, 1801–1811.
doi:10.1111/mec.13519

Visser, M. E., Caro, S. P., van Oers, K., Schaper, S. V., &
Helm, B. (2010). Phenology, seasonal timing and
circannual rhythms: Towards a unified framework.
Philosophical Transactions of the Royal Society B:
Biological Sciences, 365, 3113–3127. doi:10.1098/
rstb.2010.0111

Vitaterna, M. H., Pinto, L. H., & Takahashi, J. S. (2006).
Large-scale mutagenesis and phenotypic screens for the
nervous system and behavior in mice. Trends in Neuro-
sciences, 29, 233–240. doi:10.1016/j.tins.2006.02.006

Weeland, J., Overbeek, G., Castro, B. O., & Matthys, W.
(2015). Underlying mechanisms of gene–environment
interactions in externalizing behavior: A systematic
review and search for theoretical mechanisms. Clinical
Child and Family Psychology Review, 18, 413–442.
doi:10.1007/s10567-015-0196-4

Wendland, J. R., Martin, B. J., Kruse, M. R., Lesch, K., &
Murphy, D. L. (2006). Simultaneous genotyping of
four functional loci of human SLC6A4, with a
reappraisal of 5-HTTLPR and rs25531. Molecular
Psychiatry, 11, 224–226. doi:10.1038/sj.mp.4001789

Williams, R. J., Pelton, R. B., & Siegel, F. L. (1962).
Individuality as exhibited by inbred animals; its
implications for human behavior. Proceedings of the
National Academy of Sciences, 48, 1461–1466.
doi:10.1073/pnas.48.8.1461

Youngson, N. A., & Whitelaw, E. (2008). Transgenera-
tional epigenetic effects. Annual Review of Genomics
and Human Genetics, 9, 233–257. doi:10.1146/
annurev.genom.9.081307.164445

Zou, W., & Zeng, Z. (2009). Multiple interval mapping
for gene expression QTL analysis. Genetica, 137,
125–134. doi:10.1007/s10709-009-9365-z

72 V.N. Laine and K. van Oers

http://dx.doi.org/10.1111/evo.12060
http://dx.doi.org/10.1111/j.1365-294x.2004.02378.x
http://dx.doi.org/10.1038/35098592
http://dx.doi.org/10.1534/genetics.110.122549
http://dx.doi.org/10.1534/genetics.110.122549
http://dx.doi.org/10.1046/j.1420-9101.2002.00389.x
http://dx.doi.org/10.1046/j.1420-9101.2002.00389.x
http://dx.doi.org/10.1038/nbt.3055
http://dx.doi.org/10.1111/j.1420-9101.2012.02456.x
http://dx.doi.org/10.1111/j.1420-9101.2012.02456.x
http://dx.doi.org/10.1038/mp.2008.113
http://dx.doi.org/10.1038/mp.2008.113
http://dx.doi.org/10.1111/j.1365-294x.2010.04573.x
http://dx.doi.org/10.1511/1999.20.813
http://dx.doi.org/10.1511/1999.20.813
http://dx.doi.org/10.1111/mec.13519
http://dx.doi.org/10.1098/rstb.2010.0111
http://dx.doi.org/10.1098/rstb.2010.0111
http://dx.doi.org/10.1016/j.tins.2006.02.006
http://dx.doi.org/10.1007/s10567-015-0196-4
http://dx.doi.org/10.1038/sj.mp.4001789
http://dx.doi.org/10.1073/pnas.48.8.1461
http://dx.doi.org/10.1146/annurev.genom.9.081307.164445
http://dx.doi.org/10.1146/annurev.genom.9.081307.164445
http://dx.doi.org/10.1007/s10709-009-9365-z


5Personality from the Perspective
of Behavioral Ecology

Jon E. Brommer and Barbara Class

Abstract
Behavioral ecologists consider behaviors that show significant
between-individual variation as aspects of personality. When multiple
aspects of personality covary, these are viewed as a behavioral syndrome.
Meta-analyses have demonstrated that behaviors typically are repeatable
and that behavioral syndromes are common across a wide variety of taxa.
The core interest in behavioral ecology is to understand why such
between-individual differences in behavior arise and how they are
maintained. We present in this chapter an overview of two
inter-connected research avenues: evolutionary quantitative genetics and
individual optimization theories. We outline the basic premises of these
approaches and summarize what empirical studies have demonstrated thus
far. We emphasize the increasing recognition of the hierarchical nature of
aspects of personality and behavioral syndromes in behavioral ecology, as
well as the plasticity of personality and behavioral syndromes with respect
to environmental conditions and to age. We present an overview of
insights derived from explicit incorporation of between-individual vari-
ation in behavioral plasticity into current personality research in behav-
ioral ecology, which emphasizes how personality is likely to be less
consistent across individuals than originally perceived.

Behavioral Ecology

Behavioral ecology aims to understand why
animals behave the way they do under ecologi-
cally relevant conditions. The question “why” is
typically understood in terms of Tinbergen’s
(1963) recognition of this question’s four
aspects, although with an emphasis on under-
standing behavior from its ultimate
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(evolutionary) functional perspective. As a con-
sequence, a behavioral ecologist is typically
interested in the fitness costs and benefits that a
behavior imparts to the individual displaying this
behavior. This type of thinking is central to a
major theoretical framework underlying behav-
ioral ecology: individual optimization. Under
individual optimization, one expects the behavior
adopted by an individual to be the behavior
maximizing the individual’s fitness. Because of
this perspective, behavior is viewed as concrete
and directly quantifiable: A behavior is hence a
measurable trait of an individual similar to other
traits, such as body size, coloration, and number
of offspring. Behaviors are either quantified by
direct observation (e.g., rate at which a parent
feeds its offspring), by experimental measure-
ment within the ecological setting (e.g., latency
to attack a stuffed conspecific simulating territo-
rial intrusion), by measurement of a behavior in a
completely artificial setting (e.g., the number of
exploratory flights a bird makes in a short period
of time directly after release in a closed room), or
by a combination of these approaches (Carter
et al. 2013). Much of behavioral ecology is based
on studying wild populations, but certain studies
in semi-captive populations or laboratory popu-
lations are also considered as behavioral ecology.
Irrespective of how the behavior is quantified, a
behavioral ecologist’s interest is to relate this
behavior to performance of the individual within
its ecological context. The focus on quantifying
behavior, and from those measures distill what
can be considered as aspects of personality,
characterizes what has been termed the “biolog-
ical perspective.” This approach differs therein
from the “psychological perspective,” where
aspects of personality of a subject are predefined
and these aspects are rated by a person close to
the subject (Koski 2011). The field of behavioral
ecology is considered to be still developing its
approach to define and measure personality
(Carter et al. 2013).

In this chapter, we distinguish two partly
overlapping research avenues; one based on
evolutionary quantitative genetics, and one based
on individual optimization and related behavioral
ecological theories. Behavioral ecologists have

become enthused about the study of personality
only about a decade or so ago, and there is hence
a large amount of recent work published and
several recent reviews of personality from dif-
ferent behavioral ecological perspectives (e.g.,
David and Dall 2016; Dingemanse and Wolf
2010; Carere and Maestripieri 2013; Réale et al.
2010; Réale et al. 2007; Sih et al. 2004). Because
of this, our objective here is to provide a
non-exhaustive overview of personality research
in this field. We have further structured this
chapter such that we initially discuss insights
when the focus is on one measured behavior,
from both the perspective of evolutionary quan-
titative genetics and of individual optimization
theory. In the second part, we extend our over-
view to the perspective where multiple behaviors
are considered simultaneously.

Personality in Behavioral Ecology

Personality, also called “animal personality,”
“temperament,” or “coping style” in behavioral
ecology, refers to the phenomenon that behaviors
tend to be repeatable (Bell et al. 2009). That is, if
we measure the behavior beh of individual
i (1,2,3, …, ni) at trial t (1,2,3,… nt), we may, in
the simplest case, assume that

behit ¼ lbeh þ lF þ indi þ eit; ð5:1Þ

where lbeh is the mean behavior over all indi-
viduals measured, lF denotes deviation in the
mean due to fixed effects (e.g., age of the indi-
vidual), indi is the individual-specific deviation
from the overall fixed-effect mean, and eit the
residual deviation. These two deviations are
assumed to be random draws made from a nor-
mal distribution with a mean of zero and a certain
variance r2, which we notate here as
ind� N 0; r2ind

� �
, and e� N 0; r2res

� �
. In general,

other assumptions could also apply, for example
heterogeneous residual errors. If we measure the
same behavior repeatedly for a number of indi-
viduals, then Eq. (5.1) describes a linear mixed
model where the ID of the individual codes a
random effect, which can be solved using
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standard software to yield estimates of r2ind and
r2res, and hence of repeatability (Falconer and
MacKay 1996) defined as

R ¼ r2ind
r2ind þ r2res

¼ r2ind
r2phen

; ð5:2Þ

where r2phen denotes the so-called phenotypic
variance (conditional on the fixed effects inclu-
ded in the model), which is the estimated vari-
ance at the phenotypic level for, in this case,
behavior beh. Repeatability as defined here
(Eq. 5.2) is thus the proportion of phenotypic
variance (conditional on fixed effects in the
model) explained by between-individual variance
(cf. Falconer and MacKay 1996). In the formu-
lation above, repeatability is derived from a
mixed model. Because the inclusion of signifi-
cant fixed effects explains, by definition, part of
the residual and, under some conditions,
individual-specific variance, the calculation of
repeatability is specific to the model structure
used. Thus, careful comparison of repeatabilities
across studies is warranted (cf. Bell et al. 2009).
Repeatability is equivalent to the intraclass cor-
relation (ICC) commonly used in other fields.
Repeatability can be calculated also for behaviors
that are not Gaussian distributed as long as the
behavior is linear on some scale (e.g., a logit
scale) and the proper influence of that scaling on
residual variances is included. For a thorough
overview of repeatability and its quantification in
various contexts, we refer the reader to Naka-
gawa and Schielzeth (2010).

The central feature in the verbal definitions of
personality for behavioral ecologists includes the
property “consistency” across time and situations
(cf. Réale et al. 2007). Consistency is typically
deemed present when there is a nonzero
repeatability R (Eq. 5.2) of measures of a
behavior repeatedly quantified for a set of indi-
viduals during multiple trials. There is confusion
over the terms “(within-individual) consistency”
and “between-individual variation” in the litera-
ture (for an overview, see Japyassú and Malange
2014). We here relate these terms to the

realization that high repeatability may stem from
reduced residual variance r2res(i.e., increased
within-individual consistency) and/or increased
between-individual variance r2ind. Nevertheless,
only nonzero between-individual variation r2ind is
evidence of a nonzero repeatability in the focal
behavior, irrespective of the amount of residual
variance r2res. Cleasby et al. (2015) provide a
detailed overview and discussion of approaches
to quantify behavioral consistency. Even more
confusing is the plethora of terms used in the
literature for a repeatable behavior, including but
not restricted to labeling the focal behavior
“personality,” “a personality trait,” or giving it a
predefined conceptual term (e.g., a repeatable
measure of behavior is labeled “boldness”).
Indeed, a seminal paper in animal personality
research in behavioral ecology (Réale et al. 2007)
explicitly argued that behaviors could be mapped
onto an analogy of the human personality, the
“Big Five” or “Five-Factor Model” (McCrae and
Costa 1999). Within the behavioral ecology lit-
erature, there are examples where aspects of
personality (e.g., boldness) are a priori assumed
to be quantified by (typically one) measured
behavior (e.g., flight initiation distance), as well
as examples where authors consistently refer to
the measured behavior as such, without imposing
conceptual inferences with respect to aspects of
personality. In this chapter, we view personality
as a concept, and adhere to the notion that a
focal, measured behavior is simply termed as
such; finding that the focal behavior is repeatable
constitutes evidence of the existence of person-
ality in the study population, and the focal
behavior could be considered an aspect of per-
sonality. Thus, we are also hesitant to label
specific measures of behaviors according to some
“established” description of personality when the
behavior is shown to be repeatable, but—as
noted above—there are other approaches in
behavioral ecology (cf. Carter et al. 2013), and
this view, hence, primarily reflects our stance on
this issue and not necessarily the general con-
sensus in the field. A summary of studies in
recent (since 2010) issues in the journal
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Behavioral Ecology and Sociobiology (see
Table 5.1) provides an overview both of the
range of organisms studied but also of the types
of behaviors studied and of the naming conven-
tion used. All of these studies calculated the
repeatability (see Table 5.1) and considered this
evidence that the behavior studied was an aspect
of personality.

The approach to personality research in
behavioral ecology, as described above, follows
traditional approaches in evolutionary biology,
and its statistical framework in evolutionary
quantitative genetics (Réale et al. 2007). Indeed,
the behavioral ecological perspective on person-
ality is explicitly an evolutionary one. In general,
if we consider the phenotype as anything we can
measure on an individual, then for evolution of
this phenotype to occur, it is not sufficient that
there simply is variation in the phenotype.
Phenotypic variation across individuals must also
be caused by something that is inherited by the
next generation from the parental generation
(Falconer and MacKay 1996). As a minimal
requirement, the phenotype must be repeatable
(Falconer and MacKay 1996), because
non-repeatable phenotypic variation is equivalent
to “noise” and/or measurement error. Thus, a
necessary although not sufficient requirement for
evolution to occur is the presence of r2ind; there is
variation across individuals in their
individual-specific value ind [Eq. (5.1)]. Clearly,
assessment of whether a phenotype is repeatable
is a common-sense and generic approach to
identify traits that are amenable for further
analyses, and its implementation when it comes
to behavior is therefore not exceptionally novel
or unusual. In fact, it is rather surprising that
interest in repeatable behaviors only boomed in
the last decade or so (although repeatable
behaviors as such were documented earlier, see
references and discussion in Réale et al. 2007).

Variance partitioning, as described above, is
central to quantitative genetics and the quantita-
tive genetics toolbox hence is a natural one for
behavioral ecology (Dochtermann and Roff
2010). Quantitative genetics is, of course, pri-
marily interested in the genetic level, and uses a

statistical approach to further partition r2ind into
its putative causal elements, where, for the sim-
plest quantitative genetic description of behavior
beh

behit ¼ lbeh þ lF þ ai þ peið Þþ eit; ð5:3Þ

where the bracketed terms ai denotes the breed-
ing value and pei the permanent environment of
individual i and other terms as in Eq. (5.1).
Equation (5.3) is a simplified description of the
genetics as it ignores genetic dominance, epis-
tasis, and other interactions within the genome,
but is in practice commonly used (Lynch and
Walsh 1998). Again, the standard statistical
assumption of identical and independent distri-
bution is applied and a� N 0; r2A

� �
and

pe� N 0; r2PE
� �

, where r2A and r2PE are the
additive-genetic and permanent environmental
variances respectively. A breeding value of an
individual can be heuristically understood as the
summation of all genes’ effect on the phenotype.
In the absence of any other effect, an individual’s
phenotype would be its breeding value. The
permanent environment is the effect that is not
due to additive genes but that is conserved across
the repeated records of the individual. The per-
manent environmental effect truly is a potpourri.
An intuitive example of a permanent environ-
mental effect is maternal effects (when not
modeled explicitly); because each individual has
one mother, any effect this mother has on its
phenotype is maintained (i.e., permanent) across
repeated measures of the phenotype. Other
examples include consistent spatial differences in
resource availability between individuals. How-
ever, genetic dominance (when not modeled
explicitly) may appear as a permanent environ-
mental effect, too.

Our emphasis in this chapter is not on the
genetics of personality, which is discussed else-
where (see Laine and Van Oers, this volume).
Nevertheless, we wish to point out that the
bracketed term in Eq. (5.3) is identical to the
individual-specific value ind in Eq. (5.1). Thus,
under the (simplified) quantitative genetic
framework above, variation between individuals
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Table 5.1 Overview of the kind of organisms, behaviors and terminology for the traits investigated in behavioral
ecology, as well as their repeatability

Study Common
name

Species Behavior name Description Repeatability

Lichtenstein
et al. (2016)

Western
black widow
spider

Lactrodectus
hesperus

Boldness Response to a puff of air (retreat
or not)

0.15

Michelangeli
et al. (2016)

Delicate
skink

Lampropholis
delicata

Sociability Time spent basking in
proximity to conspecific

0.34

DiRienzo
et al. (2016)

Field cricket Gryllus
integer

Boldness Latency to emerge head from
the vial

0.17

Yuen et al.
(2016)

African
striped mouse

Rhabdomys
pumilio

Exploration Latency to contact novel object 0.77

Mell et al.
(2016)

Viviparous
lizard

Zootoca
vivipara

Risk-taking
(boldness)

Time head hidden after a
simulated predator attack

0.52

Wexler et al.
(2016)

Flour beetle Tribolium
castaneum

Edge
preference

Proportion of time spent in the
periphery of the arena

0.86

Toscano and
Monaco
(2015)

Mud crab Panopeus
herbstii

Activity Proportion of observations
where crabs were observed
active (/20 total observations)

0.231

Careau et al.
(2015)

Chipmunk Tamias
striatus

Docility Seconds spent immobile in
handling-bag test

0.258

Rödel et al.
(2014)

European
rabbit

Oryctolagus
cuniculus

Offensive
agonsistic
behavior

The frequency (interactions/h)
of events when the focal animal
was observed chasing another
animal

0.226

Stein and
Bell (2015)

Three-spined
stickleback

Gasterosteus
aculeatus

Bites Number of bites towards
intruder

0.14

Boulton et al.
(2014)

Sheepshead
swordstail

Xiphophorus
birchmanni

Activity Percentage of time moving at a
minimum 1.5 cm/s (%)

0.193

Toscano et al.
(2014)

Mud crab Panopeus
herbstii

Refuge use Proportion of the 30
observations where crabs were
completely in the oyster shell
refuge

0.173

Kluen et al.
(2014)

Blue tit Cyanistes
caeruleus

Handling
aggression

Aggression score during
handling (1–5)

0.4

Wilson et al.
(2013)

Sheepshead
swordstail

Xiphophorus
birchmanni

No. attacks Number of attacks on opponent
(characterised by a sudden
forward acceleration towards
the opponent that may or may
not result in contact) (sqrt)

0.442

Fitzsimmons
and Bertram
(2013)

Field cricket Gryllus veletis Aggressiveness Sum of all aggression scores
(1–4)*time performed

0.15

Alcalay et al.
(2014)

Ant lion Myrmeleon
hyalinus

Displacement
to distance

Delta of the first and last
coordinates along the track
length divided by the distance
length

0.22

(continued)
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in behavior may be caused by additive-genetic
and/or permanent environmental effects. Clearly,
for evolution to occur, the phenotype must have a
nonzero heritability h2, defined h2 ¼ r2A=r

2
phen,

the theoretical upper estimate of which is the
repeatability (Eq. 5.2) (Falconer and MacKay
1996). In general, quantitative geneticists have a
variety of approaches to estimate the variances
associated with the terms in Eq. (5.3), some of
which are amenable for use in behavioral ecol-
ogy (Wilson et al. 2010a, b). Whereas the heri-
tability of behavior is fairly modest (about 14%),
comparative analyses of published studies do
show that additive-genetic variance r2A consti-
tutes about 52% of the between individual vari-
ance r2ind in behaviors (Dochtermann et al. 2015).
Thus, genetic factors are typically responsible for
a sizeable fraction of the repeatability underlying
animal personality. Hence, the evidence to date

supports a hierarchical view where genes deter-
mine most of the variation between individuals
and between-individual variation is a pronounced
(although not massive) proportion of the pheno-
typic variance in behaviors (see Fig. 5.1).

Quantitative genetics, and, in particular, its
variance partitioning approach are viewed as
valuable analytical tools also outside behavioral
ecology, for example in studying epidemiology
(Worth et al. 2014). Behaviors that are repeatable
but not heritable may be associated with differ-
ential performance of individuals, but because
such behavioral variation is not inherited, any
fitness differences associated with it will not
cause evolution (Fisher 1958). Nevertheless,
behavioral ecologists are not necessarily inter-
ested in whether, or to what extent, behavior is
heritable. Rather, the focus is on identifying
repeatable behaviors as the hallmark of aspects of

Table 5.1 (continued)

Study Common
name

Species Behavior name Description Repeatability

Cordes et al.
(2013)

Lesser wax
moth

Achroia
grisella

Silence
response

Duration of silence response to
bat signal

0.3

Lapierre et al.
(2011)

Song sparrow Melospiza
melodia

Sharing
strategy

Spearman’s correlation
coefficient between a given
male’s output of each song type
and that song type’s
neighborhood sharing
coefficient, across all the songs
within the male’s repertoire

0.38

Koski (2011) Chimpanzee Pan
troglodytes

Submission Frequency of submissive
behaviors (crouch, pant grunt)

0.34

Pruitt et al.
(2011)

Western
black widow
spider

Latrodectus
hesperus

Retreat
darkness

Females’ response towards
light intensity: distance from
the darkest edge of the Nalgene
enclosure after a 24-h
settlement period

0.47

Grim et al.
(2014)

Blackbird Turdus merula Egg ejection Eject or not a non-mimetic egg 0.7

Stoffer et al.
(2015)

Wolf spider Schizocosa
ocreata

Female
selectivity

Cumulative number of
receptivity displays to the
courting male with large
tufts/male with small tufts

0.235

Compilation is based on a search for articles containing the term “repeatab*” published from 2010 onwards in the
journal Behavioral Ecology and Sociobiology. The search returned 22 studies quantifying 1–16 behaviors each (total of
89 behaviors) of which we randomly selected one behavior per article. The overall mean repeatability of all these
behaviors was 38%
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personality and to explore the fitness conse-
quences (costs and benefits) of such behaviors.
From this perspective, a genetic underpinning of
the focal behavior (Réale et al. 2007) is but one
pathway for causing differences between
individuals.

The Maintenance of Personality
from an Evolutionary Quantitative
Genetic Perspective

A focal endeavor of behavioral ecology is to
study the selective consequences of variation in
behavior. Meta-analysis shows that aspects of
personality are under selection (Smith and
Blumstein 2008). Whenever there is selection

acting, one is faced with a need to explain how
genetic and, as a corollary, between-individual,
variation is maintained. This is because selection,
barring disruptive selection, implies there is an
optimal behavior or, when selection is direc-
tional, higher fitness for extreme values of the
focal behavior. Why then do we still find per-
sonality? The explanations provided by evolu-
tionary quantitative genetics for why personality
(i.e., between-individual variation in behavior)
persists are not unique to personality research,
but are applicable to other traits. Evolutionary
ecologists often discuss these processes in the
light of “evolutionary stasis,” which refers to the
phenomenon that traits under selection appear to
not show micro-evolutionary changes (e.g.,
Merilä et al. 2001). In this section, we discuss

genetic

indbeh1 indbeh2

individual

phenotype

beh1 beh2

|rind|= 0.34 

|ra|= 0.58 

|rpheno|= 0.19 

pebeh1

beh2

pebeh1

ε εbeh2

60%

37%

40%

63%

Fig. 5.1 A schematic summary of the hierarchical view
of personality following from the variance partitioning
perspective. On the genetic level, there is the genome with
many genes (black boxes), some of which are involved in
determining intrinsic propensity for one or more behav-
iors expressed by the individual. In this schematic
example, genes are assumed to pleiotropically affect the
behaviors, but other mechanisms may apply. The sum of
the genetic effects is the breeding value a, Eq. (5.3).
A defining feature of the behavioral ecology view of
personality is the interest on the individual level (in light
gray), here characterized as individual-specific values
(ind) for two behaviors (beh1 and beh2), schematically
presented to be influenced by the underlying genes and

any other effects which are permanently associated with
the individual, permanent environmental effect pe. Within
boxes, the approximate variance explained by one
hierarchical level to the next is given. Thus, 60% of
variance in individual-specific values for a behavior is
expected to be caused by genetic differences (Dochter-
mann et al. 2015). The individual-specific effect is
expected to explain about 30% of variance in the behavior
when measured on the phenotypic level (Bell et al. 2009).
Expected magnitude of the correlations are given for the
genetic level (ra, Dochtermann 2011), individual-specific
level (rind) and phenotypic level (rpheno, Brommer and
Class 2017)
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some of the more prominent explanations related
to personality.

Mutation–Selection Balance

Mutation–selection balance is one mechanism
invoked by population geneticists to explain the
maintenance of genetic variation. Under this
scenario, genetic variation in personality exists
because of mutations occurring at every genera-
tion and selection favors individuals expressing
the optimal phenotype while eliminating indi-
viduals deviating from this optimum. Stabilizing
selection thus decreases genetic variation (but not
totally in the case of “apparent” stabilizing
selection) but this variation will be restored at the
next generation thanks to new mutations (Lande
1976; Nettle 2006; Penke et al. 2007; Zhang and
Hill 2005). Importantly, because polygenic traits,
such as behaviors, involve many genes, these
traits may have a reasonable opportunity to
accumulate mutations although the mutation rate
per se is very low. Hence, one may attain a
balance between the erosion of variation by
(relatively mild) selection and the generation of
new variation. The mutation-selection mecha-
nism was supported for personality traits in
humans (Verweij et al. 2012) but, to our
knowledge, has not been empirically tested in
other species.

Disruptive Selection and Sexual
Selection

Genetic variation in aspects of personality within
a population can also be maintained by selection
if behavioral types at the extreme ends of a
continuum have a higher fitness than intermedi-
ate behavioral types (disruptive selection, Lynch
and Walsh 1998). Evidence for disruptive sur-
vival selection in behavioral traits is however
scarce, but has been documented for adult
exploratory behavior in eastern chipmunks
(Bergeron et al. 2013) and antipredator behavior
in garter snakes (Brodie 1992).

Assortative mating (when individuals that are
similar behavior types mate) is one process that
can generate disruptive selection and maintain
between-individual variation in behavior in a
population in case pairs where partners that have
similar personalities have higher reproductive
success than pairs where partners have different
personalities. Under this scenario, all behavioral
types can achieve equal fitness as long as they
partner with an individual of the same behavioral
type. A higher reproductive success of pairs that
assortatively mated for personality is in fact a
pattern that is commonly found, both under labo-
ratory conditions and in the wild (Ariyomo and
Watt 2013; Both et al. 2005; Class et al. 2014;
David et al. 2015; Gabriel and Black 2012; Harris
and Siefferman 2014; Kralj-Fišer et al. 2013;
Schuett et al. 2011; Sinn et al. 2006; Spoon et al.
2006). Finally, the genetic variation underlying
personality can be maintained by sexual selection
if bold and shy males achieve similar paternity
rates. In great tits for instance, more explorative
maleswere found to siremore extra-pair young but
fewer within-pair young with no difference in total
paternity compared to shy males, hence reflecting
the existence of personality-dependent mating
tactics (Patrick et al. 2012).

Sexual Antagonistic Selection

Personality can be maintained by sexual antag-
onistic selection when the same behavioral trait,
which is positively genetically correlated across
sexes, is selected in opposite directions in males
and females (Rice and Chippindale 2001).
Empirical studies found sexual antagonistic
selection in great tit exploration behavior
(Dingemanse et al. 2004), and in sociality in the
comb-footed spider (Pruitt and Riechert 2009a).

Balancing Selection

Fluctuations of environmental factors in time
and/or space cause antagonistic selection pres-
sures over time/space that maintain
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between-individual variation in behavior
(Dingemanse and Réale 2013; Koolhaas et al.
2007; Nettle 2006; Penke et al. 2007). For
instance, predation risk can vary in time (fluc-
tuations in predator density) or space (some areas
are less accessible to predators than others). Shy
individuals are then predicted to be more likely
to survive than bold individuals during years
with high predator density and in unprotected
areas, whereas bold individuals are predicted to
be more likely to survive than shy individuals
during years with lower predator density and in
protected areas. Overall, both shy and bold
behavioral types have a similar fitness and are
maintained in the population. This hypothesis is
supported by studies in wild and captive popu-
lations showing that fluctuations in food abun-
dance (Both et al. 2005; Dingemanse et al. 2004;
Kontiainen et al. 2009; Quinn et al. 2009; Le
Coeur et al. 2015; Montiglio et al. 2014; Vetter
et al. 2016), density (Cote et al. 2008; Le Gal-
liard et al. 2015; Nicolaus et al. 2016; Quinn
et al. 2009), predation risk (Réale and
Festa-Bianchet 2003) and environmental vari-
ability in time (Réale et al. 2009; Taylor et al.
2014) or space (Monestier et al. 2015) can act to
maintain variation in personalities by alterna-
tively selecting different personality types over
time/space, leading to a balance where one
behavioral type never consistently outperforms
the other behavioral type(s).

From an evolutionary point of view, negative
frequency-dependent selection is another type of
balancing selection where the fitness of individ-
uals expressing a (heritable) behavior decreases
with an increasing frequency of individuals
expressing the same behavior in the population.
As a result, genetic variation underlying per-
sonality is maintained because the different
phenotypes achieve equal fitness payoffs at
equilibrium. Empirical evidence for this mecha-
nism maintaining behavioral variation, however,
remains scarce and only a few empirical studies
demonstrated negative frequency-dependent
selection on heritable behavior (Fitzpatrick
et al. 2007; Kralj-Fišer and Schneider 2012;
Pruitt and Riechert 2009b).

Genotype-Environment
or Genotype-Age Interaction

Aspects of personality may be under consistent
directional selection, but the individual or geno-
type expressing the extreme personality may
differ due to interactions with the environment or
age. Thus, selection will tend to favor different
individuals or genotypes as the environment
changes or individuals age. Further on in this
chapter we discuss plasticity of personality and
conclude that there is strong evidence for
between-individual variation in the plasticity of
aspects of personality in response to environ-
mental contexts and age.

Theory Explaining the Evolution
of Repeatable Behavior (Individual
Optimization)

We have thus far taken a data-driven view of
personality, and of efforts linking it to selection
and evolution. In this section, we provide an
overview of how behavioral ecology theory
explains the existence of personality. Behavioral
ecology theory is strongly based on the concept
of individual optimization (Krebs and Davies
2009). Individual optimization assumes that
natural selection has proceeded such that a
behavior displayed by an individual will be at the
fitness optimum for the focal individual, and the
individual is thus constantly balancing the fitness
costs and benefits (Houston and McNamara
1999). Classical behavioral ecology terminology
for this phenomenon uses a (perhaps somewhat
confusing) semantic, where individuals are said
to “decide” which “action,” out of the set of all
alternative actions, to express. The decision in
this case does not imply a conscious action of a
calculating animal mind, but is instead a short-
hand formulation for natural selection having
selected genes for a specific trait expression in a
specific situation. A classic example concerns
optimal reproductive decisions regarding clutch
size and seasonal timing of reproduction (Daan
and Tinbergen 1997).
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In general, many optimization theories rec-
ognize that fitness payoffs arise from a
game-theoretical situation where a focal indi-
vidual’s fitness is dependent on what the other
individuals are doing (Brommer 2000). Individ-
ual optimization is, furthermore, a phenotypic
framework. It is naïve to the underlying genetics,
and, hence, assumes implicitly that any required
genetic mechanism will evolve and that any
genetic constraint will be removed during
long-term evolution (Weissing 1996). The
exception to the latter are the trade-offs, which
posit that decisions leading to an increase in one
aspect of fitness (e.g., produce a higher clutch
size, or foraging success) also entail fitness costs
(e.g., a reduction in survival). The trade-offs
underlying the costs and benefits in optimization
theory are fundamental ones, typically involving
the resource allocation dilemma. Given that each
individual has finite resources, it can allocate
each unit of these resources to “A,” “B,” “C,”
etc. (including different behaviors), but each unit
of resource can be spent only once. Individual
optimization theory is powerful because it allows
testable predictions to be generated. For example,
if an individual produces an optimal clutch size,
then both experimental increases and decreases
of clutch size should result in lower fitness (Daan
and Tinbergen 1997). In general, individual
optimization theory has led behavioral ecology to
focus on quantification and experimentation.

The existence of repeatable behaviors is, at
first glance, diametrically opposite to the concept
of individual optimization (Sih et al. 2004).
Clearly, if each individual in a population can
facultatively adjust its behavior, one would
expect all individuals to behave optimally under
any condition. As a consequence, there would
not be any between-individual variation and thus
no personality. In the behavioral ecology litera-
ture, this viewpoint is sometimes expressed as an
assumption that theory predicts the mean (a sin-
gle optimum), and that variation around this
mean is noise. This sentiment, however, under-
appreciates individual optimization theory and
forgets that the focus of the theory has always
been on the individual level. For example, why
do we see such variation in nature in

reproductive output across individuals in a pop-
ulation? Individual optimization theory argues
that this is because each individual makes an
optimal decision on its reproductive output under
the costs and benefits it expects to be subjected to
in its specific situation, or—more generally,
given its state (Houston and McNamara 1999).
Thus, the short answer of individual optimization
theory to the question “Why do animals show
between-individual variation in behavior?” is that
each individual expresses the behavior that is
optimal given the individual’s state. Evolutionary
explanations along this line for the existence of
consistent individual differences have been well
reviewed (Dall et al. 2004; Dingemanse and
Réale 2013; Dingemanse and Wolf 2010; Réale
et al. 2007, 2010; Sih et al. 2004; Wolf and
Weissing 2010; Wolf et al. 2013). In this section,
we cover some of the basics of this theory, and
relate it to examples of empirical work.

Stable State Distribution and Feedback
Loops

Individuals vary in their state, defined as any
feature that affects the costs and benefits of an
individual’s actions (e.g., energy reserves,
metabolism, predation risk, age, information
state, social rank, etc.; see Wolf et al. 2013) and
individuals can flexibly adjust their behavior to
their state to maximize their fitness. Hence,
between-individual variation in behavior is con-
stant whenever between-individual differences in
state are maintained (stable state; Wolf et al.
2013). Especially when dealing with behaviors,
however, it is clear that states can be affected by
individuals’ behaviors (through resource acqui-
sition or learning for instance). Hence, even
small initial differences in state between indi-
viduals can be reinforced through so-called pos-
itive feedbacks between behavior and state
(Luttbeg and Sih 2010; Sih et al. 2015; Sih and
Bell 2008; Wolf et al. 2008). Such positive
feedbacks thus have the potential to generate
consistent between-individual variation.

How likely are mechanisms for positive
feedbacks between behavior and state in nature?
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Some mechanisms are argued to always generate
positive feedback. These mechanisms are, for
instance, learning (by being bold, individuals
increase their information that allows them to be
bolder), state-dependent safety (boldness
decreases risks of predation by increasing con-
ditions that favors boldness), the winner/loser
effect (individuals more likely to win a fight
when they won the previous fight). Positive
feedbacks can also be mediated by physiological
characteristics of the individual, such as meta-
bolism or hormones. Furthermore, aspects related
to the extrinsic environment where the individ-
uals are living can generate positive feedbacks.
For example, when parasites are prevalent in the
environment, a bold individual may be more
likely to be infected, which increases its ener-
getic needs and hence increases its boldness to
assure it acquires the additional resources nee-
ded. Finally, the social environment may create
strong positive feedbacks: an individual’s
aggression elicits aggression by others, and vice
versa (Sih et al. 2015).

Not all mechanisms, however, necessarily
give rise to positive feedback loops. The same
mechanism may, under other assumed pathways,
produce negative feedbacks loops, which will
erode differences in state between individuals
and thus eliminate the differences in behavior
between individuals. One example of feedback
that may either create positive or negative feed-
back is the asset protection principle (Wolf et al.
2007). Assuming that risk-taking increases indi-
viduals’ immediate fitness, individuals can opti-
mize their lifetime fitness by adjusting their level
of risk-taking to their assets (residual reproduc-
tive value or RRV). An individual has a high
RRV when it has a high probability to survive to
the next breeding period(s) and/or when it has a
high probability of reproducing in the next
breeding period(s). For instance, individuals that
have a high RRV are predicted to take fewer
risks than individuals that have a lower RRV,
because the former have more to lose than the
latter (Clark 1994; Wolf et al. 2007). However,
the asset protection principle will explain only
long-term differences in individual behavior if
behavior has little or negative effect on the

individual’s assets (Luttbeg and Sih 2010;
McElreath et al. 2007; Sih and Bell 2008; Sih
et al. 2015). This is because positive effects of
risk-taking on the individual’s RRV create a
negative feedback process: By taking risks, an
individual increases its RRV, which makes it less
likely to express risky behavior. As a conse-
quence, when risk-taking behavior positively
affects assets, the resulting feedback process will
erode any initial differences in assets across
individuals, and hence the behavior of all indi-
viduals is expected to be similar, unless
risk-taking behavior has small or negative effects
on assets.

A fair amount of empirical work has explored
whether the required negative relationship
between risk-taking behavior and assets are
found in nature. We here divided empirical work
on the asset protection principle to date into three
categories. First, we considered studies investi-
gating age-specific changes in behavior. Indi-
viduals are predicted to take more risks and favor
their current reproduction as they age, because
(all else being equal) older individuals are
expected to have lower residual reproductive
value than younger ones. Although this age effect
itself does not explain between-individual varia-
tion in behavior, findings of a positive relation-
ship between boldness, reproductive investment,
and age are taken to support the asset protection
principle. Most (62%, 18/29) of the empirical
studies between risk-taking behavior and age
supported the asset protection principle by find-
ing clear or partial support for the expected
relationship (see Table 5.2). A second category
is formed by studies testing whether individuals
show lower risk-taking behavior when they are in
better somatic condition, under the assumption
that individuals in good condition have a higher
residual reproductive value. This prediction
received full or partial support by 58% (15/26)
studies (see Table 5.2). Third, there are studies
testing whether risk-taking behavior is more
likely to be expressed by individuals showing
greater parental care under the assumption that
individuals investing heavily in current repro-
duction presumably are experiencing a reduced
potential for future reproduction. That is, parents
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who invest heavily in current reproduction are
assumed to pay the costs for this investment
through a lowered probability to survive or
reproduce in the future and therefore have fewer
assets than parents making a lower investment in
current reproduction. This third predicted rela-
tionship received full or partial support by 79%
(11/14) of studies (see Table 5.2).

While there is thus empirical evidence in sup-
port of the negative relationship between putative
assets and risk-taking behavior required by theory,
the evidence is not particularly strong. In fact,
simple tests of the estimates compiled imply that,
only in the last category, is there some statistical
support for a nonrandom probability of the
required relationship (see Table 5.2). Thus, to the
extent that the metrics used in the studies sum-
marized in Table 5.2 critically asses the asset
protection principle, we can conclude that both
negative associations and positive associations
between risk-taking behavior and assets are likely.
A second issue is that the majority of the studies
are correlational. Thus, they describe the associa-
tion between behavior and the putative asset as
found in the cross-section of individuals in the
study population. Correlational studies do not
inform us how an individual has changed its
behavior when its assets have changed. The latter
relationship clearly is the critical one with respect
to the theory. To date, only one study tested for the
effect of experimentally altered RRV on boldness,
and found support for the asset protection principle
(Nicolaus et al. 2012).

Apart from the asset protection principle,
behavioral ecologists have invoked several

putative mechanisms with the potential to gen-
erate feedback loops between state and
risk-taking behavior. Risk-taking is a generic
term for any behavior that helps individuals
acquire more resources at the cost of increasing
the risks of being predated. We list what we see
as the main hypothesized mechanisms and
examples of empirical studies supporting these
mechanisms or not (see Table 5.3). The first
mechanism, starvation avoidance, is a process
that causes individuals with low energy reserves
to forage more. Foraging more entails risks. In
contrast, individuals that have sufficient energy
reserves take fewer risks by needing to forage
less, but—as a consequence—they deplete their
energy reserves. In this situation, the feedback is
negative and the individual’s state and person-
ality will hence converge. However, this feed-
back can become positive in some situations, for
example if individuals that have a higher condi-
tion lower their predation risk by foraging in
pairs, which allows them to continue foraging
(Sih et al. 2015).

A positive relationship between metabolism
and personality can generate a positive feedback
between state and behavior. A high metabolism
increases energetic needs and thus can increase
the motivation to feed (and hence increases
risk-taking during foraging). In turn, an increase
in food intake increases mass, which increases
metabolism (Biro and Stamps 2008, 2010; Car-
eau et al. 2008; Sih et al. 2015). There have been
an increasing number of studies on the link
between metabolic rate and behavior supporting
the “performance model” (positive relationship

Table 5.2 Overview of empirical studies testing for the asset protection principle

Asset trait Required relationship
with risk-taking

Support Partial support No support Opposite N Test P

Age Positive 13 5 4 7 29 0.2

Traits linked to
condition

Negative 13 2 6 5 26 0.4

Parental care Positive 6 5 0 3 14 0.03

The direction of the relationship is the one where risk-taking behavior is negatively associated with assets (Residual
Reproductive Value) as required by theoretical models. Only behavior related to risk-taking is included. In total we used
69 traits reported in 37 studies. For each category, a chi-square test is performed contrasting the number of studies
finding full or partial support versus studies finding no or opposite results
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between costly behaviors and basal metabolic
rate, see Mathot and Dingemanse 2015). How-
ever, the relationship between metabolism and
behavior might depend on the behavior tested,
the way in which basal metabolic rate is mea-
sured and whether it is actually linked with
energetic constraints (Mathot and Dingemanse
2015). Finally, state-dependent safety can gen-
erate a positive feedback loop between state and
behavior because bolder individuals are predicted
to have better antipredator defenses and hence
can take more risks while foraging, which, in
turn, increases their state and provides better
antipredator defenses.

Empirical evidence for these different mech-
anisms is mixed (see examples in Table 5.3). As
for the asset protection hypothesis, most studies
investigating feedbacks focus on correlations
between state and behavior, and hence do not test
for causal relationships between these. Thus,
they, at best, provide partial support for the
existence of feedback loop mechanisms. A prob-
lematic issue of the theory is that there is little a
priori knowledge of which type of feedback is
operational in any given system. Thus, there is
little guidance provided to motivate empirical

workers to focus on establishing causal links.
Perhaps as a consequence, studies experimentally
investigating state-behavior feedback loops
remain scarce although a call has been made for
empiricists to test theoretical predictions from the
models (Sih et al. 2015). Clearly, there is also no
reason to expect that only one mechanism is
acting. Indeed, Luttbeg and Sih (2010) showed
that three state-dependent mechanisms can act
simultaneously to maintain variation in behavior
and state. These mechanisms are asset protection,
starvation avoidance (smaller individuals take
more risks, low RRV take more risks, negative
feedback), and state-dependent safety (larger
individuals are bolder, positive feedback). In
their model, however, the maintenance of
behavioral and state variation depends on the
relative strength of the positive feedback com-
pared to the negative feedbacks. Both these
feedback processes depend, furthermore, on the
levels of risk and resource availability (Luttbeg
and Sih 2010; Sih et al. 2015). At present,
therefore, numerous mechanisms and putative
feedback processes have been developed and are
being worked on (see Sih et al. 2015), without
there necessarily being a strong overarching

Table 5.3 An overview of the kind of mechanisms investigated by empirical studies that have the potential to generate
feedbacks between state and behavior (as postulated to exist in theoretical models)

Mechanism More risk taken by
individual with

Feedback
assumed

Example studies

Starvation
avoidance

Less reserves Negative Supported: Dosmann et al. (2015), Niemelä et al.
(2013), Hall et al. (2015), Mishra et al. (2011)
Not supported: Dammhahn and Almeling (2012),
Wilson et al. (2010b), David et al. (2012),
Andersson and Höglund, (2012) (opposite)

Metabolism High Basal Metabolic Rate
(BMR), higher energy
requirements

Positive Supported: Mathot et al. (2015), Huntingford
et al. (2010), McKenzie et al. (2015)
Not supported: Bijleveld et al. (2014)
(experimental, opposite results); Careau et al.
(2015) (opposite), Royauté et al. (2015), Le
Galliard et al. (2013)

State-dependent
safety

More anti-predatory
defenses

Positive Supported: Ahlgren et al. (2015), Hulthén et al.
(2013), Kuo et al. (2015), Briffa and Twyman
(2011) (experimental)
Not supported: De Winter et al. (2016) (opposite
results)

For each mechanism, we denote the expected relationship between risk-taking behavior and the focal trait of the
mechanism. We denote the direction of the feedback that most studies assume is present and provide references to
studies which serve as examples
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theme. It is, in any case, likely that system
specific factors will come into play, as we are
dealing with (i) massive differences in the
organisms studied, and (ii) systems exposed to
ecologically relevant interactions including large
spatiotemporal variation in resource availability
as well in predation pressures.

Negative Frequency-Dependence

Negative frequency-dependence is another phe-
notypic mechanism that can maintain variation in
behavior and is common, e.g., in social species
(Dall et al. 2004). Under this scenario the fitness
payoffs of an individual’s tactic negatively
depend on the frequency of the same tactic and
the alternative tactic in the population. This
mechanism mainly concerns social behaviors and
famous examples of negative frequency-
dependence are the hawk-dove game or
producer-scrounger situation (Maynard Smith
1982). In a hawk-dove game for example, an
individual involved in a dyadic interaction (ag-
gression or cooperation) benefits from adopting a
tactic different from its partner’s tactic. As a
result, both tactics coexist at equilibrium in the
population. Simulation studies showed that under
this scenario, variation can arise even when ini-
tial differences in state between individuals are
small or absent (Wolf and McNamara 2012,
Wolf et al. 2007). Negative frequency-dependent
selection can be associated with positive
frequency-dependent selection in the rock paper
scissor game in which more than two tactics
coexist (Sinervo and Lively 1996). However, an
important critique is that negative frequency-
dependence gives rise to variation, but the pro-
cess does not explain consistency because indi-
viduals will switch between tactics across
repeated interactions (Wolf and McNamara
2012). The evolution of consistency has been
explained by social responsiveness (Dall et al.
2004; Johnstone 2001; Johnstone and Manica
2011; McNamara et al. 2008; Wolf et al. 2011),
which can itself be negative frequency-dependent
(Wolf et al. 2008). Predictions from this “social
niche specialization hypothesis” were supported

in social spiders, where behavioral repeatability
is reinforced by repeated social interactions and
is higher in groups of familiar individuals than in
groups of unfamiliar individuals (Laskowski and
Pruitt 2014; Modlmeier et al. 2014). However,
this hypothesis was not supported in sticklebacks
(Laskowski and Bell 2014) or meerkats (Carter
et al. 2014). Finally, we note that behavioral
consistency can be explained by other positive
feedbacks, which we did not consider in much
detail, such as learning (Rosenzweig and Bennett
1996; Tinker et al. 2009; Wolf et al. 2008).

Behavioral Plasticity

Thus far we have been considering single
behaviors as aspects of personality, emphasizing
their between-individual variation and, thus,
consistency. Consistency, however, does not
imply that aspects of personality are constant
over longer time periods or across different
contexts. Indeed, behaviors are labile, which
means that individuals adjust to variation in their
internal state (age, assets) or external environ-
ment (predation risk, temperature, conspecifics).
Therefore, individuals can have a repeatable
behavior and be plastic at the same time and
there has been an increasing interest in behav-
ioral plasticity in the context of personality. In
this section, we present one way in which
behavioral ecologists study plasticity in a per-
sonality context. This approach allows parti-
tioning of variation in phenotypic plasticity
between different levels (individuals and geno-
types), and can be applied to study variation in
plasticity on these levels across environments,
contexts, and ages.

Individual differences in behavioral plasticity
have been studied from many perspectives by
researchers from different fields using different
terminologies and methodologies. In addition,
several hypotheses have been proposed for
explaining the mechanistic or ultimate causes of
this phenomenon. In a recent review, Stamps
(2016) identified different types of plasticity, dis-
criminating between exogenous (e.g., tempera-
ture, conspecifics, predators) and endogenous
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plasticity (e.g., age, state, circadian cycle,
intra-individual variability), contextual (immedi-
ate response, e.g., the presence of a novel object)
and developmental plasticity (effect of past expe-
rience, e.g., learning,maternal effects). All of these
types of plasticity can be present within one indi-
vidual, and time-related plasticity is typically a
mixture of several types of plasticity. The behavior
of one individual at one moment hence results
from the cumulative and interactive effects of its
internal state and all of the external stimuli that it
has experienced and is experiencing at themoment
it ismeasured. Inwhat follows,most examples and
predictions concern contextual plasticity but also
age-related plasticity and habituation.

We start this section by outlining an approach
commonly used to study plasticity in aspects of
personality. In particular, we focus on how
ecologists typically use reaction norms to
describe between-individual variation in plastic-
ity. We then continue discussing the implication
that the presence of between-individual variation
in plasticity has for personality, and link these
ideas to what empirical studies have found.

The Reaction Norm Approach

Between individual variation in plasticity is
studied using a reaction norm approach (Dinge-
manse et al. 2010; Nussey et al. 2007). Reaction
norms are classically used in ecology to represent
the diversity of phenotypes that can be produced
by one genotype across an environmental gradi-
ent. A reaction norm in the context of this
chapter is a function specifying, for every indi-
vidual (or genotype), its expected behavior
across what we here term a contextual gradient.
This contextual gradient may reflect an extrinsic
environment gradient (e.g., temperature), or an
ordinal gradient (e.g., age, time, repeated mea-
sures) or (two) different contexts (e.g., low and
high predation risk), or ontogenetic stages (e.g.,
juvenile and adult). Reaction norms allow
breaking down the population-level plasticity
into how we expect individuals/genotypes to
respond to this gradient (see Fig. 5.2). As a fur-
ther consequence, the study of reaction norms

provides us with a description of how the vari-
ance between individuals (or between genotypes)
changes over the contextual gradient, as well as
the covariance between environmental contexts
(in terms of the ranking of the “lines”) (see
Fig. 5.2). Reaction norms are not necessarily
linear but are here represented as linear slopes for
simplicity.

Every reaction norm can be characterized by
its elevation and its slope, and individuals may or
may not vary in either parameter (Nussey et al.
2007). In the context of personality, the elevation
represents each individual’s (or genotype’s)

Fig. 5.2 Schematic illustration showing behavioral plas-
ticity on different levels. For simplicity, only linear
plasticity is drawn here, but the same hierarchical
structure applies to nonlinear relationships. On the
population level, a the environment-specific mean behav-
ior may be invariant across the environmental gradient,
but b may also vary. On the individual and genetic levels,
deviations from these environment-specific means are
considered. c All individuals show the same deviation
from the average behavior at every value of the environ-
mental gradient, and there is no between-individual
variation in plasticity (no IxE). Alternatively, d individuals
differ in their environment-specific deviation from the
environment-specific means, showing variation in plas-
ticity (IxE). Despite the presence of IxE, e Genotype—
environment interaction (GxE) may be absent, or f GxE
occurs without the ranking of genotypes changing across
environment (reaction norms not crossing within the
environmental gradient), or g GxE where the ranking of
genotypes changes (reaction norms cross). As a result of
GxA, additive-genetic variance can change across the
environmental gradient. For instance, it can decrease
when lines are “fanning in” (f) or it can show a curvilinear
pattern (g)
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expected value of personality (at the average of
the contextual gradient). Thus, the existence of
personality implies that there is
between-individual variation in the elevation of
the reaction norms. Each reaction norm slope
represents the individual’s (or genotype’s) plastic
response of personality across the contextual
gradient. An important aspect is that plasticity
may occur at the population, individual and
genetic level, but that individuals/genotypes need
not show variation in their plasticity. When there
is no variation in plasticity on the individual level
(no individual by environment interactions, IxE),
the behavior of each individual changes identi-
cally across the contextual gradient. Similarly,
the presence of plasticity and even of IxE need
not imply the presence of genotype by environ-
ment interactions (GxE) (see Fig. 5.2; Nussey
et al. 2007). Because we graphically present the
reaction norms on the individual and genotypic
levels as deviations from the population-level
reaction norm, lack of variation in plasticity on
the individual and genetic levels is indicated by
parallel horizontal lines in Fig. 5.2.

Between-individual variation in elevation (or
the intercept) indicates that the behavioral trait is
repeatable and between-individual variation in
slopes indicates that there is between-individual
variation in plasticity or individual–environment
interaction (IxE or IxA for individual-age inter-
action) (see Fig. 5.2d). Whether this
between-individual variation in plasticity is due
to plasticity itself being heritable (GxE) can be
investigated by testing whether the same pattern
is found on the genetic level (see Fig. 5.2f, g).
The main statistical approach to estimate IxE and
GxE is to use random regression phenotypic or
random regression animal models (RRPM and
RRAM respectively, Nussey et al. 2007). These
are linear mixed models where the variance in
random effects is allowed to vary according to an
environmental variable. The environmental vari-
able typically is continuous, but the models can
be applied to ordinal (e.g., age) or different
contexts (e.g., low and high predation risk).
The RRPM is an extension of Eq. (5.1), where

the behavioral response beh of individual i at trial
t is modeled as:

behi;t ¼ lbeh þ lF þEnvt þ find x;Eð Þþ eið;tÞ;

ð5:4Þ

where Envt is a generic notation used to describe
the effect of the environmental value E at trial
t on the expected behavior beh. Statistically, Envt
is a fixed effect denoting, for example, the linear
effect of E on beh, or, in case E is a factor (e.g.,
two contexts), the contrast between the levels of
this factor. In any case, Envt describes the gen-
eral population-wide response in beh for all
individuals to variation in the environment. The
random regression function find(x, E) describes
an orthogonal polynomial of order x on the
individual level and captures the deviations in
behavior beh as a function of E relative to the
overall effect as described by Env (Henderson
1982). For instance, the random regression
function find(0, E) assumes behavior beh has an
individual-specific intercept ind0,I but individuals
respond similarly to the environmental gradient.
Their slope is hence the population-level
response described by Env (fixed effect). The
random regression function find(1, E) assumes
that individuals differ in their intercept (ind0,i)
and linear slope (ind1,i � E,) and so on for
higher order polynomials. The random regression
parameters (ind0, ind1, etc.) constitute a random
effect, assumed to be (multivariate) normally
distributed with a mean of zero and (co)variances
to be estimated. Thus, for order x > 0, a covari-
ance between all random regression parameters is
estimated. For instance, when x = 1, the covari-
ance between individuals’ intercepts and slopes
is estimated. Finally, ei,t is the residual for indi-
vidual i at the trial t it is measured. Residual
errors can be environment-specific (heteroge-
neous) or correlated across the environments
(homogeneous, noted ei,). Statistical tests can be
conducted to evaluate the order of the random
regression and whether residuals are homoge-
neous or heterogeneous (cf. Brommer et al.
2010). If a significant IxE is found, the RRPM
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can be expanded to a random regression animal
model (RRAM), where the function find(x, E) is
partitioned into fa(x, E) and fpe(x, E) describing
orthogonal polynomials of order x on the level of
additive-genetic and permanent environment
effects respectively. As for IxE, the presence of
GxE and the order x of the random regression can
be statistically tested for (Nussey et al. 2007).

As mentioned previously, one important fea-
ture of reaction norms is the covariation between
slope and elevation. This covariance can generate
changes in between-individual or genetic vari-
ance over the contextual gradient (Brommer
2013a). For instance, a negative covariance
between elevation and slope may cause expected
behaviors expressed by individuals to be “fan-
ning in”, and hence the variance between indi-
viduals or genotypes will decrease over the
contextual gradient (see, e.g., Fig. 5.2f). Other
patterns (crossing of reaction norms) may gen-
erate an initial decrease in variance, which can be
followed by an increase when lines are crossing
within the range of the contextual gradient (see
Fig. 5.2g). Again, changes in between-individual
variance observed to occur across the contextual
gradient may or may not be caused by changes in
additive-genetic variance (see Fig. 5.2).

Equations (5.1) and (5.3) are sub-models of
the more general RRPM and RRAM, where the
order x of the random regression functions is
assumed to be zero. Conceptually, random
regression models allow one to distinguish
between the hierarchical levels of plasticity
depicted in Fig. 5.2. Thus, random regression
models provide a way to determine whether the
behavior beh is plastic (there is an effect of E on
beh), whether there is between-individual varia-
tion in plasticity of beh (IxE), and whether part of
this between-individual variation in plasticity of
beh is heritable (GxE).

Empirical studies have used random regres-
sion to test for IxE in personality traits. Indeed,
there is evidence for between-individual varia-
tion in behavioral plasticity as a function of
food availability (Kontiainen et al. 2009), pre-
dation risk (Mathot et al. 2011), temperature

(Betini and Norris 2012), time of the year
(Dingemanse et al. 2012), number of trials
(Ensminger and Westneat 2012), or reproduc-
tive status (Favreau et al. 2014). A few studies
also used random regression to test for
between-individual variation in behavioral
plasticity over different ages (individual by age
interactions, IxA) (Class and Brommer 2016;
Fisher et al. 2015; Polverino et al. 2016). On
the genetic level, evidence for heritable behav-
ioral plasticity mainly comes from selection
experiments reported in the coping-style litera-
ture. There is abundant evidence that animals
from different lines selected for high and low
personality scores differ in their plasticity
(Carere et al. 2005; Koolhaas et al. 1999; Øverli
et al. 2005). However, evidence for GxE in
personality traits is scarce (Dingemanse et al.
2009; Dingemanse et al. 2012), presumably due
to a lack of power (Brommer 2013b).

The Character-State Approach

Random regression models are an example of the
function-valued trait approach, where trait values
are assumed to follow a specific function of some
covariate (reviewed by Stinchcombe and Kirk-
patrick 2012). Other approaches also exist, but
they are not often used to model plasticity in
behavior. All of these approaches are a simpli-
fication of the so-called character-state approach
(Lynch and Walsh 1998), where behavior
expressed in each context (e.g., environment,
ontogenetic stage) is considered a separate trait
and the objective is to estimate the variances at
each character state as well as the covariances
between these character states. When the envi-
ronmental gradient is continuous or ordinal
(age) it typically covers a considerable number of
character states. Function-valued traits are then
typically needed to reduce the number of
parameters. These approaches at their best will
provide a reasonable description of the underly-
ing (co)variances between all character-states,
but, because they are based on simplifying
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assumptions, they may also seriously underrep-
resent the complexity present across all character-
states (Brommer 2013b).

Variation in Plasticity, Repeatability,
and Correlations Across Ontogeny

The approaches outlined above present one sta-
tistical framework to analyze how aspects of
personality change across contextual gradients.
In this section, we outline some of the expecta-
tions of what the study of variation in plasticity
would entail and link this to what has been
found. An aspect of personality may be plastic,
but when individuals do not vary in their plas-
ticity (no IxE, see Fig. 5.2c), the repeatability is
still constant across the contextual gradient.
When between-individual variation in plasticity
is present (IxE), it can cause (i) changes in
between-individual variance, and (ii) changes in
individual rankings across the contextual gradi-
ent. Thus, between-individual variation in plas-
ticity is expected to impact behavioral
repeatability within each context and the corre-
lation of behaviors across contexts. Whereas
random regression allows assessing whether IxE
is present, it does not directly inform about
changes in between-individual variation or
changes in ranking of individuals across con-
texts. For example, a low correlation between
elevation and slope may lead to a reduction in
between-individual variance (see Fig. 5.2f), or to
a humped distribution (see Fig. 5.2g), depending
on the exact values of the covariances in eleva-
tion and slope (Brommer 2013). In addition, the
between-individual variance in behaviors can be
similar in two different contexts despite changes
in ranking. For example, if the cross-context
correlation is –1, the rankings of behavior will
reverse across contexts but their variance will be
the same. Therefore, the character-state approach
and the random regression approach need to be
considered jointly to get insights into the con-
sequences of behavioral plasticity for changes in
repeatability and changes in ranking across con-
texts (Brommer 2013).

We here consider in some detail three studies
that have attempted to compile estimates from
the literature of correlations in behaviors across a
contextual gradient. First, Brommer (2013b) used
published random regression (Eq. 5.3) estimates
of nine studies to calculate the cross-context
correlation. Killen et al. (2016) compiled esti-
mates of cross-context correlations of behavioral
studies on fish. Finally, Brommer and Class
(2015) compiled published correlations of
behavior expressed across ontogenetic classes
(typically age classes). These three studies all
found that the correlations across the contextual
gradient generally are moderate with a mean
estimate of at most 0.5 (see Fig. 5.3). Thus, only
25% or less of the variation in an aspect of per-
sonality in one context or age class is explained
by the variation in the other context or age class.
Although there clearly are studies reporting a
high correlation (close to +1) across a contextual
gradient, there also is a sizeable fraction of very
low correlations (0 or lower) across contexts or
ages (see Fig. 5.3). Furthermore, the repeatability
of behavior typically differs between contexts
and developmental stages.

A particular form of plasticity in an aspect of
personality is when personality changes as indi-
viduals age. Repeated records collected on indi-
viduals at varying ages can be used to establish
that such a pattern, indeed, is attributable to
within-individual age-related changes, as
opposed to selection removing individuals with
either extreme low or high values (Class and
Brommer 2016). Within-individual age-related
changes in personality are relatively well studied
in humans and other primates (e.g., Weiss and
King 2015), but remain poorly explored in
behavioral ecology. As discussed above, theory
based on asset protection predicts that individu-
als will take more risks as they age, although
most studies investigate this issue using
cross-sectional analyses. Another process that
may cause within-individual age-related changes
in personality is senescence. Interestingly, evo-
lutionary theories of senescence predict that any
fitness-related trait undergoing senescence
should show a genotype-age interaction (GxA),
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which has been found in several wild populations
for life-history traits (Charmantier et al. 2014).
Recently, Class and Brommer (2016) found
partial support for this prediction for an aspect of
personality that showed senescence. In general,
however, the hypothesis of evolutionary senes-
cence of personality as an explanation for
age-related changes in behavior has received
little attention thus far.

Taken together, there is considerable evidence
that the repeatability of behaviors is
context-dependent and of low correlations of
aspects of personality across contexts and across
ontogenetic stages. Thus, between-individual

variation in plasticity of aspects of personality
across ontogenetic or environmental contexts
appears to be the norm in nature. As a conse-
quence, the consistency of behavior is arguably
not as great as originally believed. This insight is
directly derived from explicitly including plas-
ticity into the analyses of aspects of personality,
thereby linking the expression of behaviors of
individuals across environments, contexts, and
ages.

Behavioral Syndromes

The hierarchical (genes to phenotype) view of
behavior (see Fig. 5.1) provides an intuitive
explanation for why personality exists. Further-
more, this view leads to the expectation that
behaviors may be correlated, because the same
underlying (genetically coded) processes are
likely to affect multiple behaviors (Réale et al.
2007). Behavioral ecologists refer to correlated
behaviors as “behavioral syndrome,” and they
are commonly observed. Behavioral ecologists’
interest in behavioral syndromes is twofold.
Firstly, the covariance of several aspects of per-
sonality suggests a common driver, related, for
example, to aspects of physiology (Koolhaas
et al. 1999). Second, from an evolutionary per-
spective, behavioral syndromes imply evolu-
tionary constraints, because multiple correlated
traits cannot respond independently to selection
(Lynch and Walsh 1998). The evolutionary
constraints acting on behavioral syndromes
appear to be substantial (Dochtermann and
Dingemanse 2013). Correlated behaviors may
therefore aid in understanding proximate and
ultimate factors underlying personality.

As a construct, the multidimensionality of a
behavioral syndrome approaches the psycholog-
ical concept of personality better than the
repeatable single behavior discussed thus far,
although it is not identical (Koski 2011). There is
some evidence for a genetic underpinning of
behavioral syndromes (Dochtermann 2011;
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Fig. 5.3 Summary of three studies that have compiled
estimates of correlations across a contextual gradient.
Plotted are the mean (filled circle) and 95% interval
(lines) based on cross-context correlations for (1) “Context
(RR)” by Brommer (2013) who derived cross-context
correlations from published random regression models
across various context gradients, (2) “Context” by Killen
et al. (2016) who compiled correlations across various
contexts reported by studies on fish, and “Age” by
Brommer and Class (2015) who compiled correlations
across ontogenetic classes, for which we here plot the
statistics based on correlations across the first two age
classes. The number of estimates used is specified in the
plot. Some studies have contributed more correlations
than others and no correction is made for this
non-independence. Studies also differed substantially in
their contextual gradient. No published estimate was used
in more than one study. The information plotted here
should thus be considered indicative
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Laine and van Oers, this volume). The bulk of
studies documenting behavioral syndromes are,
however, based on correlations between multiple
behaviors at the phenotypic level. There is a
conceptual conflict when defining personality as
repeatable behavior (i.e., at the level of
between-individual variation), but behavioral
syndrome on the phenotypic level (i.e., covari-
ance between the behaviors measured). To see
this, consider expanding Eq. (1) to consider two
behaviors

beh1it ¼ lbeh1 þ lbeh1F þ indbeh1i þ ebeh1it

beh2it ¼ lbeh2 þ lbeh2F þ indbeh2i þ ebeh2it ;
ð5:5Þ

where the symbols are as above except now
specific to respective behavior. The deviations
from the fixed-effect mean in Eq. (4) are speci-
fied by

indbeh1i

indbeh2i

" #
� BVN 0;Rindð Þ;Rind

¼ r2beh1ind rbeh1�beh2
ind

rbeh1�beh2
ind r2beh2ind

" #

ebeh1it

ebeh2it

" #
� BVN 0;Rresð Þ;Rres

¼ r2beh1res rbeh1�beh2
res

rbeh1�beh2
res r2beh2res

" #

Rpheno ¼ Rind þRres

¼
r2beh1pheno rbeh1�beh2

pheno

rbeh1�beh2
pheno r2beh2pheno

" #
;

ð5:6Þ

where BVN is the bivariate normal distribution,P
its variance-covariance matrix and r the

covariance between behavior beh1 and beh2 on
the level of the individual (ind) and the residual
(res). Statistically, Eqs. (5.5) and (5.6) describe
ind and res as stemming from independent and
identical distributions (Searle 1961). Hence, the
phenotypic (co)variance matrix (conditional on
fixed effects)

P
pheno is the sum of

P
ind andP

res. For details on how such models can be
solved we refer the reader to a hands-on

statistical treatise (e.g., Dingemanse and
Dochtermann 2013).

Repeatability can be calculated from the
appropriate elements of the variance-covariance
matrices (Eq. 6) as the ratios r2beh1ind =r2beh1pheno and

r2beh2ind =r2beh2pheno for behaviors beh1 and beh2
respectively.

Equation (5.6) clarifies that the correlation
between the two behaviors can be considered on
multiple levels. Importantly, there are clear
expectations that the correlations on these vari-
ous levels will not align. This is because residual
variation typically is understood as random noise
(barring measurement error), and random noise
affecting behavior beh1 is not expected to covary
with random noise affecting behavior beh2.
Hence, the residual covariance rbeh1�beh2

res —under
the strict interpretation of Eqs. (5.5) and (5.6) is
expected to be zero and thus the residual corre-
lation of behaviors beh1 and beh2 is expected to
be zero. Covariances on the individual level can
clearly be nonzero. However, there are many
possibilities for the residual correlation to also
become nonzero. This is because the residual of a
behavior will contain, apart from noise, variation
caused by any non-modeled factor. Two behav-
iors may covary because of such unmodeled
factors. Especially in behavioral ecology studies
carried out in wild populations, there will be
potentially many aspects of the environment that
are not controlled for and which may lead to
(co)variances. One example is spatial variation in
the food resources in the local environment (e.g.,
territory) of individuals.

In principle, it is thus possible that two
behaviors, say the rate of attacking a simulated
territorial intruder and the rate of feeding off-
spring, covary positively on the individual level
(an individual with a high ind value for attack
rate towards a territorial intruder tends to have a
high ind value for feeding its offspring), but not
at all on the residual level, or vice versa. Alter-
natively, the magnitude of these correlations may
differ, or, in extreme cases, they could differ in
sign. The phenotypic correlation between
behaviors beh1 and beh2 is an average of the
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correlations on all the hierarchically lower levels,
where each correlation’s impact on the pheno-
typic correlation is weighted by the proportion of
phenotypic variance explained by that level. That
is (Brommer 2014),

rbeh1�beh2
pheno ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Rbeh1Rbeh2ð Þ

q
�rbeh1�beh2

ind þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�Rbeh1ð Þ 1�Rbeh2ð Þ

q
�rbeh1�beh2

res ;

ð5:7Þ

where (dropping sub and super-scripts), r is the
correlation between the two behaviors on the
phenotypic, between-individual and residual
levels respectively, and R is the repeatability.

Equation (5.7) clarifies that the phenotypic
correlation between two behaviors will neces-
sarily reflect a mix of the correlations at the
various levels. Because the average repeatability
of a behavior measured under ecologically rele-
vant conditions is approximately 37% (Bell et al.
2009), the individual-level correlation will nec-
essarily determine only a relatively minor part of
the phenotypic correlation. Or, arguably more
importantly, a correlation between measured
(i.e., phenotypic) behaviors need not be repre-
sentative of the individual-level correlation
between these traits. For example, behaviors
beh1 and beh2 show a positive phenotypic cor-
relation (see Fig. 5.4a, b), but the
individual-level correlation may be of different
magnitude (see Fig. 5.4c, d). In particular,
uncorrelated residuals have the potential to mask
even strong between-individual correlations (see
Fig. 5.4, right-hand side panels).

What, then, constitutes a behavioral syn-
drome? Is it sufficient to demonstrate that the
phenotypic measures of multiple behaviors cov-
ary? At present, the bulk of literature on behav-
ioral syndromes considers only such phenotypic
correlations. Some authors have argued that,
given that behavioral ecologists consider the
presence of between-individual variance (i.e.,
repeatability) as the hallmark of personality, then
—analogously—between-individual covariance
should mark behavioral syndromes (Dingemanse

et al. 2012). Inferences on the presence of
behavioral syndromes based on phenotypic cor-
relations alone should, at the very least, be con-
sidered as taking the “individual gambit”
(Brommer 2013c). That is, phenotypic correla-
tions in behaviors may or may not be represen-
tative of underlying correlations in
individual-specific values for these behaviors.
Use of the phenotypic correlation to describe
behavioral syndromes may be overly conserva-
tive and underappreciate the strength of the
associations of aspects of personality. This is
because (part of) the residuals of behaviors are
likely to be uncorrelated noise. The
between-individual correlation is thus anticipated
to be higher than the phenotypic correlation
(Brommer 2013c). However, in contrast to this
expectation, a compilation of published estimates
showed that the between-individual correlation is
described reasonably well by the phenotypic
correlation (see Fig. 5.5, Brommer and
Class 2017). At the same time, however, there
clearly are studies for which the phenotypic
correlation is a very poor proxy for the
between-individual correlation underlying the
behavioral syndrome (see Fig. 5.5). Thus, while
the phenotypic correlations in aspects of per-
sonality may on average perform reasonably
well, estimation of the between-individual cor-
relation for any particular system is likely to be
highly valuable.

Assuming that behavioral variation is herita-
ble, behavioral syndromes can be explained by
evolutionary quantitative genetics by invoking
correlational selection. Correlational selection
operates whenever certain combinations of traits
are favored over other combinations. Correla-
tional selection has been proposed as a mecha-
nism that maintains genetic variation in
behavioral traits. When specific combinations of
traits have the same high fitness, a “fitness ridge”
is created (Dingemanse and Réale 2013; Sinervo
and Svensson 2002). For instance, Brodie (1992)
found evidence for correlational selection on
color and antipredator behavior in the garter
snake and Le Galliard et al. (2013) found nega-
tive correlational survival selection between
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exploration and RMR. Correlational selection on
aspects of personality is, however, not ubiqui-
tous, for there are studies that failed to detect
correlational selection in the wild (Bell and Sih
2007; reviewed in Dingemanse and Réale 2013;
Bouwhuis et al. 2014; Réale et al. 2009; Réale
and Festa-Bianchet 2003; Sweeney et al. 2013).
On the other hand, it is perhaps inherent in the
nature of correlational selection to expect differ-
ent findings. This is because correlational

selection can rapidly generate (through linkage
disequilibrium), change, or break up genetic
correlations between behaviors. Hence, behav-
ioral syndromes can appear rapidly through nat-
ural selection (Bell and Sih 2007) or disappear if
selection favors opposite combinations of traits
(Taylor et al. 2014). As a result, behavioral
syndromes can differ between populations facing
different environmental conditions (Bell 2005;
Karlsson Green et al. 2016).
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Fig. 5.4 Illustration of how a phenotypic correlation
between two behaviors (a, b) can be partitioned into
non-aligning correlations on the between-individual level
(c, d) and residual levels (e, f). Plotted are random draws
for 50 individual measured in 10 trials each for a
behavioral syndrome as described in Eqs. (5.5) and
(5.6) with an overall mean of 0, and between-individual
and residual variances of 1 and 2 for both behaviors

respectively (i.e., R = 33%). In one case (a, c, e), the
phenotypic correlation (a, r = 0.24) arose with a
between-individual correlation (c) of zero and a residual
correlation (e) of 0.37. In the second case (b, d, f), the
same phenotypic correlation (b, r = 0.24) arose due to a
strong between-individual correlation (d, r = 0.75) which
was masked by an absence of correlated residuals (f)
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Behaviors can also be correlated because they
share underlying proximate mechanisms (genetic
pleiotropy). Coping styles are a good example of
behavioral syndromes caused by genetic pleio-
tropy: it has been shown using selection lines,
that differences in how individuals react to
stressful situations (proactive or reactive coping
styles) are related to differences in their neu-
roendocrine profiles (Baugh et al. 2012; Carere
et al. 2003; Koolhaas et al. 1999). In the case of
pleiotropy, genetic correlations are predicted to
be more difficult to break apart by selection than
correlations caused by linkage disequilibrium
and therefore, behavioral syndromes might be
more evolutionarily constrained (Sih et al. 2004).
In extreme cases, genetic constraints can generate
behavioral syndromes that are maladaptive in
some situations (see Arnqvist and Henriksson
1997 for an example involving precopulatory
cannibalism in female spiders) but in most cases
genetic correlations between behaviors likely
constrain their independent evolution to some
extent (Dochtermann and Dingemanse 2013).

In some cases, correlations between many
measured behaviors could be interpreted as all
these measures essentially reflecting one (or

several) latent factors, which could be described
and distinguished using latent variable modeling
(e.g., Dingemanse et al. 2010; Weiss this vol-
ume). This approach to describing behavioral
syndromes borrows from the psychological
approaches where personality is viewed as a
latent factor upon which several rated behaviors
load (Koski 2011). From this perspective, the
correlation between measured behaviors arise
because one or more latent factors (which
themselves may be correlated) are underlying
variation in these measured behaviors. A partic-
ularly interesting aspect of this approach is that it
allows partitioning of the putative causal path-
ways into its hierarchical levels, distinguishing
the between-individual from the residual level
(Araya-Ajoy et al. 2014). Again, behavioral
ecologists will be primarily interested in estab-
lishing whether presumed latent factors operate
on the between-individual level because patterns
on the residual level can be caused by numerous
less-interesting processes.

Hypotheses for the Existence
of Behavioral Syndromes

In the preceding section, we outlined the quan-
titative genetic (variance partitioning) view with
which behavioral ecologists quantify behavioral
syndromes. In this section, we briefly discuss
how theoretical considerations apply to behav-
ioral syndromes and what kind of empirical work
has been conducted from this perspective.

The same phenotypic mechanisms
(state-dependent feedback loops and negative
frequency-dependent selection) that explain the
existence of repeatable behaviors (see above) can
explain why individuals vary in a suite of
behavioral traits. Using simulations, Luttbeg and
Sih (2010) showed that behavioral syndromes
can emerge and be maintained by state-
dependent feedback loops and the relative
strength of state-dependent safety compared to
asset protection and starvation avoidance. As for
single personality traits, metabolism has been
suggested as one possible mechanism that gen-
erates behavioral syndromes (through a positive
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Fig. 5.5 Plot of 109 between-individual correlations
against phenotypic correlations of 94 different aspects of
personality, based on 39 studies (Brommer and
Class 2017). The black abscissa shows a 1:1 correspon-
dence and the polygon the 95% interval of the regression
which clearly does not differ significantly from the
expected perfect correspondence
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feedback loop). Furthermore, in a simulation
study, Wolf and McNamara (2012) showed that,
when considering physiology, negative
frequency-dependent selection can explain con-
sistent between-individual differences in behav-
ior and coevolution between physiology and
behavior. Another simulation study (Mathot and
Dall 2013) also showed that individual differ-
ences in metabolic rate affect the use of “sam-
pling” and “insurance,” both of which are
strategies that individuals can adopt to deal with
uncertainty in resources and which can generate
between-individual variation in suites of behav-
ioral traits, through positive state-dependent
feedbacks (Mathot et al. 2012).

Some mechanisms generating personality and
behavioral syndromes can be phenotypic or
genetic. A good example is non-equilibrium
dynamics. In some cases, variation in behavioral
types can be maintained by different mechanisms
even if the different behavioral strategies existing
in the population do not reach equilibrium.
Indeed, stochastic environmental variations in
space and time that select for different behavioral
types have the potential to maintain behavioral
variation in the long-term (Wolf and Weissing
2010; Wolf et al. 2013). One good example is the
coexistence of dispersers and phylopatric indi-
viduals within a population experiencing occa-
sional environmental perturbations. Although
dispersers are favored over non-dispersers by
perturbations because they can colonize new
habitats, their fitness and frequency will decline
once a stable population has been established.
This is because the dispersal tendency is coupled
with other traits facilitating the colonization of
new habitats, but which are maladaptive in stable
populations. This is an example of nonequilib-
rium dynamics that is empirically illustrated by
studies in western bluebirds (Duckworth and
Badyaev 2007), where dispersing individuals are
more aggressive and benefit from being more
aggressive in colonizing a new habitat. Once
established, however, aggressive individuals are
outcompeted by less aggressive ones because the
latter have higher reproductive output.

One hypothesis at the intersection of the dif-
ferent phenotypic and genetic mechanisms

previously mentioned that has received consid-
erable attention in recent years is the pace-of-life
syndrome (POLS) hypothesis (Réale et al. 2010).
Conceptually, the POLS is a sort of extended
behavioral syndrome, where, apart from behav-
iors, other key aspects of fitness are hypothesized
to be part of the syndrome. The POLS hypothesis
postulates that aspects of personality and their
covariation (i.e., behavioral syndromes) can be
explained because personality coevolved with
life-history traits and physiological traits. Toge-
ther all of these form a “pace-of life” syndrome.
Thus, individuals vary in their life-history
strategies, behavior and physiology, which
allow them to either live a “fast” or a “slow” life.

The POLS framework was first used to
describe between-species differences in
life-history and physiological traits, but was
recently extended to within-species differences
and personality variation. This is because indi-
viduals within species also vary in their
life-history strategies and physiology, and
because personality is often heritable (Dochter-
mann et al. 2015) and related to individuals’
survival and reproduction (Smith and Blumstein
2008). After Réale et al. (2010) introduced the
idea of personality being part of POLS, work on
this topic has been substantial (see Table 5.4).
Nevertheless, also before this seminal paper,
other authors explored the notion of coevolution
of personality with other organismal traits. For
example, personality has been suggested to have
coevolved with growth (Stamps 2007), metabo-
lism (Careau et al. 2008), and life-history
strategies (Biro and Stamp, 2008; Wolf et al.
2007). Specific predictions that studies have
taken up from the POLS hypothesis as detailed
by Réale et al. (2010) are that individuals that are
bolder, or faster explorers, mature and reproduce
earlier, have a poorer body condition and weaker
immune system, but a higher metabolism and
shorter lifespan. Another prediction is that these
individuals provide less parental care.

To provide an overview of empirical studies
on this topic, we compiled phenotypic or
between-individual correlations between person-
ality traits (raw or PCA scores) and life-history
traits (growth, longevity, age at first
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reproduction, age at optimal reproduction),
physiological characteristics (stress hormones
corticosterone or cortisol, metabolic rate,
immune system, body condition), and parental
care that have been published since 2010 (see
Table 5.4). What appears from these results is
that predictions from the POLS hypothesis are
not always supported. Approximately 36%
(32/90) of the reported correlations support pre-
dictions from POLS for physiology traits, but
more than half (64%, 58/90) of the estimates
indicated no evidence or the opposite of such an
association (see Table 5.4). Similarly, in terms of
the association of aspects of personality with
life-history traits (i.e., traits related to reproduc-
tion and/or survival), POLS was (partially) sup-
ported by 37% (19/52) of estimates, but POLS
was not supported or the opposite was found in
63% (32/52) of estimates (see Table 5.4). In
terms of parental care, again, 33% (5/15) of the
estimates were in partial support of POLS, but
67% (10/15) were in opposite direction (see
Table 5.4). Thus, there is a strikingly similar
degree of low partial or full support in about one
in three estimates for different aspects of POLS
(see Table 5.4).

This literature overview presented in Table 5.4
is not exhaustive. It does, however, indicate that
evidence for POLS remains equivocal. Concern-
ing parental care, predictions from the asset pro-
tection principle, which are opposite to the
prediction from the POLS framework, appear to
receive better support (see Table 5.2). As already
pointed out by Réale et al. (2010), contradicting
results suggest that the predicted relationships
between personality and life-history traits and

physiologymight not be universal andmay evolve
only under certain conditions. In addition to this
reservation, we note that the majority of studies
considered in our overview have not formally
shown that the physiological or life-history trait
considered is related to the pace of life in their
system. For example, a start of reproduction early
in life will only translate to a faster pace of life if it
also entails a shorter lifespan. Although such an
early versus late life trade-off may be expected in
general (Stearns 1992), it may be presumptuous to
apply it to any given system, and it may especially
be problematic to a priori assume these patterns
apply to the individual level.

The POLS hypothesis’ merit is that it suc-
cinctly places personality into the (much wider)
perspective of covarying fitness-related traits.
Behavioral ecologists have been enthused by this
concept, as evidenced by the number of studies
accumulating in a relatively short time (see
Table 5.4). At the same time, support for this
hypothesis is not overwhelming and more work
is needed to carve out and specify testable pre-
dictions of the POLS hypothesis.

Plasticity and Behavioral Syndromes

As we outlined above, between-individual vari-
ation in plasticity is likely to be common for
many aspects of personality. When considering
multiple behaviors, between-individual variation
in plasticity across contextual environments
(IxE) or across ages (IxA) will have conse-
quences on the stability of behavioral syndromes
across environments or ontogeny. Consider, for

Table 5.4 Table of
empirical studies testing for
a Pace-of-Life Syndrome
(POLS)

Type Support Partial support No support Opposite N

Physiology 24 8 50 8 90

Life-history trait 10 9 25 8 52

Parental care 0 5 1 9 15

All studies citing Réale et al. (2010), refined by searching for “personality” were included
as well as studies cited in these studies. All studies considered were published from 2010
onwards. We included information on 157 aspects of personality in 65 studies, and tallied
for each aspects of personality whether it covaried with an aspect of physiology,
life-history or parental care in the direction predicted by POLS ((partial) support), did not
covary (no support) or covaried in the direction opposite to the prediction (opposite)
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example, a behavioral syndrome where IxE
affects one behavior. Because of IxE in this one
behavior, the correlation with the other behavior
will change, also when this second behavior does
not show IxE (see Fig. 5.6). The correlation
between these two aspects of personality may,
hence, disappear or change sign across environ-
ments (see Fig. 5.6).

A review of published age-specific correla-
tions between aspects of personality (Brommer
and Class 2015) indeed shows that behavioral
syndromes are considered (by the authors of the
original studies) to appear or disappear over age
classes. A plot of how the correlation between
aspects of personality changes with age in pub-
lished estimates (see Fig. 5.7) also suggests a
pattern consistent with one or more aspects of
personality showing IxA. That is, some behav-
ioral syndromes get stronger with age, whereas
others get weaker (cf. Bell and Stamps 2004).
Similarly, comparison of the correlations

underlying behavioral syndromes across envi-
ronmental contexts (Bell and Sih 2007) indicates
that behavioral syndromes might change as a
result of between-individual differences in
plasticity.

An alternative explanation for why the cor-
relation underlying a behavioral syndrome
changes across age classes is that correlational
selection (see above) “picks out” individuals
whose behaviors follow a specific correlation.
For example, correlational selection acting
between the juvenile and adult age classes on a

Fig. 5.6 Schematic illustration of the consequences of
IxE on the stability of a behavioral syndrome across two
discrete environments (ENV1 and ENV2). At ENV1, both
aspects of personality are tightly correlated on the
between-individual level, thus forming a behavioral
syndrome. However, IxE in the first aspect of personality
causes rank-order changes between individuals across the
two environmental context, whereas the rank orders in the
second aspect of personality remains the same across
environments. As a consequence, the behavioral syn-
drome in the ENV2 disappears
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Fig. 5.7 Illustration of the changes in the phenotypic
correlation of behavioral syndromes when this correlation
is estimated at different ages. Lines connect correlations
between two aspects of personality estimated at different
age classes. Data plotted is from a compilation by
Brommer and Class (2015), and consists of nine studies
with 24 pairwise correlations of aspects of personality
estimated at two or more age classes. These correlations
are plotted here as an illustration of the variability of
estimates of behavioral syndrome correlations across
ages. The crossing of the lines implies that some
behavioral syndromes become stronger with age whereas
others become weaker. Note, however, that the estimates
do not allow a formal evaluation of whether this
“crossing” exceeds what would be expected on the basis
of stochasticity alone and the pattern is hence indicative

98 J.E. Brommer and B. Class



behavioral syndrome may cause a syndrome to
appear or disappear at various ages. Clearly, this
explanation need not apply to all systems as
survival between age classes may be very high.
One study (Class and Brommer 2015) has
demonstrated how genotype-age interactions,
and not selection, breaks down a strong behav-
ioral syndrome in juveniles, leading it to be
absent in adults. In general, however, we know
little about how and why relationships between
multiple aspects of personality change as organ-
isms develop. In particular, the connection
between theory on age-related behavioral plas-
ticity and its predictions regarding behavioral
syndromes has received little attention thus far.

The idea of plasticity as an inherent part of
personality has been receiving increasing interest
in the last decade. This notion views plasticity as
a latent trait (a trait that cannot be measured
directly on an individual). As a corollary, it
implies that plasticity should be repeatable and
heritable (Araya-Ajoy et al. 2015). Individual
variation in plasticity has already been integrated
into the coping-style framework, where proactive
individuals are predicted to be less flexible (re-
active to changes in familiar situations) and more
prone to form routines than reactive individuals,
which are more sensitive to environmental cues
(Koolhaas et al. 1999). It has thus been proposed
that proactive and reactive animals differ in
neurobiological properties underlying their
response to environmental cues or stressful
events (Coppens et al. 2010; Cockrem 2007).
Hence, “environmental sensitivity” (the ability to
detect changes in the environment) has been
hypothesized to be important in animal person-
alities (Sih and Bell 2008). Such sensitivity, for
example, negatively covaries with exploratory
behavior (Minderman et al. 2009; Verbeek et al.
1994). In addition, different forms of develop-
mental plasticity, such as learning, have been
found to covary with personality. For instance,
Guenther et al. (2014) found that aggression,
boldness, and exploration are related to learning
speed and reversal learning in cavies.

From a reaction norm point of view, the above
implies that a steeper reaction norm slope is
expected for shy or reactive individuals

compared to bold and proactive ones. There have
been empirical tests of this prediction. For
example, in wild blue tits, the most flexible
individuals were the most neophobic and, sur-
prisingly, the most explorative individuals (Her-
born et al. 2014).

Between-individual variation in behavioral
plasticity can also be integrated with the POLS
syndrome where it is argued to covary with
life-history traits, physiological traits, and fitness
(Urszán et al. 2015; Betini and Norris 2012). For
instance, Urszán et al. (2015) proposed that low
within-individual variation would be associated
with a fast pace of life and favored under stable
environments. They indeed found that low
intra-individual variation in risk taking was
associated with low growth rate in tadpoles but
they also found the opposite relationship for
exploration and activity. As previously dis-
cussed, looking at correlations between pairs of
traits might not be the best approach to test the
POLS hypothesis, because such an approach
does not address causality, which is why these
results should be considered to provide tentative
support. In addition, there is no clear prediction
of the relationship between behavioral plasticity
and POLS. These relationships might vary
according to the type of plasticity and the context
in which it is expressed. For instance, Verdolin
and Harper (2013) found that, in mouse lemurs,
shy individuals tended to have a lower
intra-individual variation than bold individuals,
which contrasts with the predictions of Urszán
and colleagues (2015). A possibly fruitful
research avenue would be to investigate the link
between POLS and behavioral plasticities that
have documented impacts on fitness or mecha-
nistic links with coping styles (i.e., learning).

Betini and Norris (2012) proposed two alter-
native evolutionary mechanisms based on the
assumption that plasticity is heritable and under
correlated selection with personality. Under the
“individual quality” hypothesis, only high qual-
ity individuals can express high levels of a
behavior and afford the costs of high plasticity.
The other mechanism, the “compensatory
hypothesis,” states that individuals scoring high
on personality tests do not need to be plastic to
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optimize their fitness, while individuals scoring
low can compensate for their low score by
adjusting their behavior to environmental condi-
tions. Whereas Betini and Norris (2012) found
support for the compensatory hypothesis, the
quality hypothesis was supported by Kontinainen
et al. (2009). We can argue here that the rela-
tionship between personality and plasticity
would actually depend on the personality trait
and the type of plasticity and its associated costs.

Another evolutionary explanation for the
existence of between-individual differences in
personality-related plasticity has been proposed
by Mathot et al. (2012). In a population, different
tactics (“sampling,” “variance sensitivity,” and
“insurance”) can be used by individuals to deal
with environmental uncertainty (in the context of
foraging but also other behaviors) and generate
between-individual differences in behavior and in
behavioral plasticity. Between-individual (co)-
variation (more insurance favors higher invest-
ment in sampling and more variance-averse
behavior) in these different tactics linked with
personality can be generated by even small initial
state differences and can be maintained by
state-dependent feedback loops. Alternatively,
between-individual (co)variation in these tactics
might reflect different strategies that are heritable
and evolutionary stable, maintained, for instance,
by negative frequency-dependent or fluctuating
selection. According to Stamps (2016), this
argumentation applies primarily to learning or
short-term developmental plasticity.

Conclusions

Behavioral ecologists’ interest in personality
started with the observations that individuals do
not facultatively adjust their behavior to any
given situation. Animals show consistent
between-individual differences. Furthermore,
between-individual differences in one behavior
tend to correlate with between-individual differ-
ences in other behaviors, forming behavioral
syndromes. Behavioral syndromes perhaps come
closest to the psychological approach of studying
personality, especially when latent factors

underlying syndromes are recognized
(Araja-Ajoy and Dingemanse 2014). At the same
time, a second objective for behavioral ecologists
has been to distinguish between hierarchical
levels of (co)variation underlying personality and
behavioral syndromes, mainly contrasting the
individual and residual (or within-individual)
levels. As a corollary, personality research in
behavioral ecology during the last decade has
embraced plasticity (sensu Nussey et al. 2007) as
studying it provides further insights in the gen-
eration of within-individual variation. As we
have emphasized at several instances in this
chapter, integration of the notion that individuals
may vary in their behavioral plasticity paves the
way to a realization that personality and behav-
ioral syndromes are not as consistent as origi-
nally perceived. We see this realization as a
challenge rather than a problem. Behavioral
plasticity, and the variation in personality and
behavioral syndromes it creates when investi-
gating these phenomena over contextual envi-
ronments and ages, appears to be an important
and profound part of personality research, and
the key challenge is to integrate its causes and
consequences for personality and behavioral
syndromes. It is perhaps on this front that
behavioral ecology has much to add to person-
ality research.
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Personality in Various Taxonomic
Groups



6Feeling Fishy: Trait Differences
in Zebrafish (Danio Rerio)

Kanza M. Khan and David J. Echevarria

Abstract
Personality in humans refers to the behavioral, affective, and cognitive
traits that persist through time and across context. However, specific
definitions and methods of quantifying personality vary depending on the
specific approach that researchers emphasize. The trait approach allows
clinicians to make informed diagnoses about their patients, and demon-
strates predictive validity regarding health (e.g., longevity) and personal
(e.g., occupational success) outcomes. The trait approach has also been
applied to study personality development and personality disorders in
nonhuman species. The zebrafish (Danio rerio) is a widely used
neurobehavioral model organism that demonstrates tremendous transla-
tional potential with humans. Zebrafish exhibit several traits that remain
consistent with time and across situations and, thus, have some personality
traits like those of humans. Many behavioral and genetic differences have
been observed between laboratory bred and wild-type zebrafish, which are
largely attributable to a decrease in selection pressures in the laboratory
setting. Selective breeding of zebrafish allows for the study of particular
phenotypes (e.g., anxiety) to gain a deeper understanding of behavioral
phenotypes, and provides a model for testing novel drug treatments. Here,
we discuss the five major traits exhibited by zebrafish (boldness,
exploration, activity, aggression, and sociability), and population (strain)
differences in these traits. The use of zebrafish as neurobehavioral models
of personality, and potential for the development of drug therapies for
personality disorders is discussed.

The study of personality in human and nonhu-
man animals focuses on patterns of behavioral,
cognitive, and affective responses to changes in
an individual’s environment (Croston et al. 2015;
McAdams 2015; Stamps and Groothuis 2010).
Broadly speaking, personality refers to an indi-
vidual’s traits, temperament, dispositions, goals,
attitudes, and abilities (Gosling 2001; McAdams
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2015). However, personality psychologists vary
in their approach to the study of personality.

McAdams and Pals (2006) developed a model
of personality that is congruent with the emo-
tional and cognitive development of the indi-
vidual. In this view, personality development is
construed as three parallel and interconnected
lines of psychological continuity over the course
of an individual’s lifetime: to be a social actor, a
motivated agent, and an autobiographical author
(McAdams 2015). As a social actor, the infant
observes individuals in the periphery and begins
to make reputation judgments (e.g., “he is nice”,
“she is aggressive”). These observations lay the
groundwork for the dispositional traits that we
attribute to others. Repeated observations and
judgements become reputations. According to
this view, the development of personality begins
as the social actor gains different reputations
from interacting with others in their periphery
(McAdams 2015). As the young actor matures,
s/he refines his/her ability to detect personality
traits in others and thereby better understands the
way in which s/he is judged by others. The
second line of development begins at roughly 5–
7 years, when the young actor forms directed
goals. As a motivated agent, the young child
must be able to articulate unique motivations and
formulate plans to achieve said goals. Though it
can be said that humans from a very young age
will form and pursue goals (e.g., an infant turn-
ing his/her head to nurse), the full manifestation
of a motivated agency does not fully develop
until several years later. It has been hypothesized
that the development of a theory of mind sig-
nificantly aids in the development of the moti-
vated agent (Apperley 2012). An individual is
said to have a theory of mind if he is able to
attribute mental states to himself and others
(Meltzoff 1999; Wimmer and Perner 1983). With
the full manifestation of theory of mind (occur-
ring at 5–7 years), the motivated agent may
begin to pursue their goals with what they
believe to be true about the world (McAdams
2015). The third line of personality development
sees the young child becoming an autobio-
graphical author. This begins at roughly
3–4 years, when the young child recounts

episodic memories. As the individual matures,
s/he begins to form a narrative that explains who
s/he is and how s/he came to be the person s/he is
today. The narrative that s/he carries becomes an
integral part of his/her personality (McAdams
2015).

The psychobiological approach incorporates
biological, environmental, and developmental
influences on personality development. Several
personality systems have been developed based
on this approach, including the Temperament
and Character Inventory (TCI; Cloninger et al.
1993), Eysenck’s three factor (PEN) model
(Eysenck 1967), and Gray’s reinforcement sen-
sitivity theory (Gray 1970). These models differ
on several levels, including the number of latent
traits that they operationalize, and the proposed
biological mechanisms underlying particular
behaviors (Larstone et al. 2002; Zuckerman and
Cloninger 1996). Traits refer to the long-standing
characteristics that describe the way that indi-
viduals feel, think, or behave (Allport 1931).
These may include such characteristics as the
tendency to be sociable, emotionally stable, or
open to new experiences, among others.
The PEN model, FFM model and others, are
often used in clinical settings to inform the
clinician of the individual’s general dispositions
and to aid in the diagnosis of personality disor-
ders (Dawis 1992; Harkness and Lilienfield
1997; Lubinski 2000; Wiggins 2003).

One of the most widely known and used
models of personality is the Five-Factor Model
(FFM; also referred to as the Big Five; Goldberg
1990; McCrae and John 1992). Developed
through factor analysis, the FFM identifies five
factors: (I) extraversion, (II) agreeableness,
(III) conscientiousness (or dependability),
(IV) neuroticism (versus emotional stability), and
(V) openness to experiences (Goldberg 1990).
Instruments measuring personality traits such as
the Big Five are highly reliable, even across the
lifespan (Fleeson and Gallagher 2009; McCrae
and Costa Jr. 1987). Trait standing has been
widely demonstrated to be associated with
health, occupational, and other life outcomes
(Deary et al. 2010; Fleeson and Gallagher 2009;
Ozer and Benet-Martinez 2006; Roberts et al.
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2007). For example, after controlling for extra-
neous variables (e.g., SES, gender), individuals
that score high in positive emotionality (Danner
et al. 2001), extraversion (Danner et al. 2001),
and conscientiousness (Friedman et al. 1995)
tend to live longer. The FFM is widely applied to
the study of normal personality, but recently
researchers have begun to examine the relation-
ship of the FFM with personality disorders.

The fifth edition of the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-V;
American Psychiatric Association 2013) defines
personality disorders as an enduring set of
thought and behavior patterns that are markedly
different from the expectations of one’s culture
(p. 645). The DSM-V currently acknowledges 11
personality disorders, which fall into one of three
clusters. The clusters of personality disorders are
organized based on descriptive similarities:
Cluster A includes paranoid, schizoid, and
schizotypal personality disorders; Cluster B
includes antisocial, borderline, histrionic, and
narcissistic personality disorders; and Cluster C
includes avoidant, dependent, and obsessive
compulsive personality disorders (American
Psychiatric Association 2013). However, there
are several problems with the diagnostic criteria
outlined in the DSM-V (and previous versions of
the DSM). First, there is a high degree of
comorbidity between personality disorders
(Dolan-Sewell et al. 2001), which leads the
clinician to question which disorder should be
the focus of clinical intervention when the patient
presents with two or more personality disorders
(Krueger and Eaton 2010). Second, the criteria
used in determining whether an individual has a
personality disorder is arbitrary (Kamphuis and
Noordhof 2009). For instance, to diagnose an
individual with borderline personality disorder
s/he must present with at least five of the nine
diagnostic criteria, however, there is no empirical
evidence that supports this threshold (Krueger
and Eaton 2010). As such, there has been a
recent push in reconceptualizing personality
disorders in terms of personality dimensions
(Clark 2007; Krueger and Eaton 2010; Widiger
and Samuel 2005). The development of a
pathological five model (PFM), conceptually

similar to the FFM has been suggested; this
would include domains such as (I) antagonism,
opposite of agreeableness on the FFM, (II) dis-
inhibition, opposite of conscientiousness on the
FFM, (III) negative emotionality, encompasses
extreme neuroticism on the FFM, (IV) introver-
sion, opposite of extraversion on the FFM and
(V) peculiarity (Krueger and Eaton 2010). The
first four dimensions of the PFM relate to the
domains in the FFM; antagonism and disinhibi-
tion are the opposites of agreeableness and con-
scientiousness respectively (Krueger and Eaton
2010). Negative emotionality is encompassed by
extreme neuroticism, whereas introversion is the
opposite of extraversion on the FFM (Krueger
and Eaton 2010). The last dimension, peculiarity,
is narrower than the rest and has a complex
relationship to the FFM. Along with openness to
new experiences, the dimension of peculiarity is
thought to be part of a hierarchical trait domain
(Krueger and Eaton 2010). This relationship,
however, requires further study. The develop-
ment of the PFM model would allow the clini-
cian to obtain a multidimensional personality
trait model for each patient, which would aid in
their diagnosis and treatment (Krueger and Eaton
2010).

Personality traits, adaptive or maladaptive, are
heritable, and there is a great emphasis in per-
sonality research to identify the biological
determinants of behavior (Bouchard and Loehlin
2001; Ebstein et al. 1996; Fullerton et al. 2002;
see also Brommer et al. this volume). The eval-
uation of traits across pairs of differently related
individuals (e.g., monozygotic and dizygotic
twins, full and half siblings, or parents and off-
spring) can help to elucidate four sources of
variance: additive genetic effects, common
environmental effects, nonshared environmental
effects, and the interaction of genotype with the
environment (Bouchard and Loehlin 2001). The
broad-sense heritability (i.e., the proportion of
individual differences attributable to additive and
nonadditive genetic influences) of personality
traits ranges from 40 to 80%, allowing minimal
room for environmental influences (Bouchard
and Loehlin 2001). Aside from genetic factors,
there are several sources of variance influencing
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personality traits, including but not limited to the
sex of the individual (Viken et al. 1994) or the
number of genetic loci for the focal trait (Bou-
chard and Loehlin 2001). Genetic differences
among individuals account for variation in allele
length (Benjamin et al. 1996) and the availability
of post-synaptic receptors (Caravaggio et al.
2016). For instance, high trait standing for nov-
elty seeking (measured as high extraversion and
low conscientiousness on the FFM) is associated
with longer allele length for the D4 dopamine
receptor (DRD4) gene (Benjamin et al. 1996).
Low dopamine D2/3 receptor levels are associ-
ated with increased impulsivity and monotony
avoidance (Caravaggio et al. 2016). Although
individuals exhibit differences in receptor avail-
ability, the related behaviors and pattern of
thinking remain within the normal range (Ben-
jamin et al. 1996; Caravaggio et al. 2016). Once
the patterns of thinking become disruptive and
inhibitory to daily life, problems arise. Molecular
genetics allows researchers to identify genetic
loci that are associated with particular traits, or
the identification of polymorphic genes that play
a role in trait development (Ebstein et al. 1996).
However, researchers should be careful to not
reduce all traits to a single gene or a set of genes
as there are many additional factors (e.g., envi-
ronment, experiences) that influence personality
trait development (Claridge and Davis 2013;
Fullerton et al. 2002). To gain a better under-
standing of the influences of environment, and
its interaction with genetic predispositions,
researchers may choose to study nonhuman
models.

Nonhuman species have long been used as a
means to better understand the development and
progression of human disease states and as
models for drug development (Mehta and Gosl-
ing 2008). Nonhuman animals, similar to
humans, demonstrate individual differences in
behavior that remain relatively constant through
time and across contexts (Gosling 2001). These
behavioral characteristics and individual differ-
ences have been termed the animal’s tempera-
ment (Reale et al. 2007), behavioral syndromes
(Moretz et al. 2007a; Sih et al. 2004), or coping
styles (Koolhaas et al. 1999). The rodent model

has provided great insights into the extent of
genetic influence on individual differences
(Fullerton et al. 2002). Selective breeding allows
for the development of different strains that are
predisposed to various states and disorders, such
as anxiety (Driscoll et al. 2009) or attention
deficit hyperactivity disorder (ADHD; Sagvolden
2000). There are numerous rodent strains that are
utilized in neurobehavioral research. Here we
discuss a few examples.

Roman high-avoidance (RHA) and Roman
low-avoidance (RLA) rats were originally bred
for rapid acquisition and non-acquisition of an
avoidance task (Driscoll et al. 2009). However,
performance in the avoidance task was the result
of emotional factors (i.e., stress-induced freezing
and grooming), rather than their capacity to learn
(Driscoll and Battig 1982). The RLA strain
demonstrates greater anxiety-like responses (rel-
ative to the RHA strain), as evidenced by an
increased frequency of freezing and grooming
behaviors, acute increases of plasma ACTH,
prolactin, renin, and aldosterone levels (Driscoll
et al. 2009). As such, RHA and RLA animals are
used in anxiety and fear research.

Genetic models are also widely used in neu-
robehavioral research, and are commonly used to
model depressive states (Porsolt 2000). Depres-
sion in rodents is characterized by increased
immobility, increases appetite, weight loss,
anhedonia, and impaired immune response
(Seligman et al. 1975). Presently, knockout
models represent the majority of mutant rodents
that have been phenotyped for depressive states
(Krishnan and Nestler 2011). The use of trans-
genic rodent models allows researchers to better
understand the complexity of the disease (i.e., the
types of genes involved, and the wide range of
their functions; Barkus 2013). The majority of the
transgenic lines involve knocking out a candidate
gene for the development of depression, thereby
resulting in antidepressive-like phenotypes (Bar-
kus 2013) in tests that are sensitive measures of
depressive behavior (for a review of tests that
measure depressive behaviors in rodents, see
Krishnan and Nestler 2011). Examples include
the knockout of genes coding for plasma mem-
brane transporters for dopamine (Perona et al.
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2008), serotonin (Barkus 2013; Perona et al.
2008), norepinephrine (Sallinen et al. 1998), and
BDNF (Barkus 2013). Several rodent lines have
also been developed that increase depressive-like
symptoms. Serotonin overexpressing mice
demonstrate reduced anxiety—the opposite effect
observed in the knockout mice (Barkus 2013),
while the knockout of norepinephrine 2A
adrenoceptors results in increased immobility
(indicative of helplessness; Barkus 2013; Sallinen
et al. 1998). Genetic and selectively bred models
may serve as the first line of drug screening for
antidepressant drugs. Efficacy is tested by intro-
ducing the animal to a series of tasks that measure
helplessness in rodents; these include the tail
suspension test and forced swim test, among
others (Krishnan and Nestler 2011).

Although rodent models provide indispens-
able insight into the neurobiological changes
associated with depressive states and related
behaviors, researchers must be cautious when
developing antidepressant drugs. Rodent knock-
down models respond to acute administration of
antidepressant drugs, as observed by an increase
in the number of escape postures and an
increased amount of time searching for an escape
in acute stress tests (Krishnan and Nestler 2011;
Porsolt 2000). Clinical trials of the efficacy of
antidepressant drugs demonstrate high efficacy of
the antidepressant effects of novel drug treat-
ments (Slattery et al. 2011). Unfortunately, the
effectiveness of antidepressant drugs in humans
results are not as substantial, with 30–40% of
patients never responding to the therapy (Krish-
nan and Nestler 2011; Slattery and Cryan 2014).
The low response rate is likely attributable to the
lack of objective diagnostic criteria (Frazer and
Morilak 2005) and the translatability of animal
models with humans (Belzung 2014). One of the
issues with the use of animal models as models
of diseases, for instance, Parkinson’s, is the way
in which the model is created; i.e., animal models
may have a genetic knockout mutation that
accounts for a portion of the disorder’s symp-
toms (Garner 2014; Frazer and Morilak 2005).
Further, the conditions that animals are exposed
to (e.g., single housing) during rearing and test-
ing may account for some of the variation in the

development of the disease (Garner 2014). This
is especially evident in the development of
tumors in mouse models (Hermes et al. 2009)
and in stress responses (Sorge et al. 2014). In
light of such evidence, Joseph Garner (2014) has
suggested that it would behoove researchers to
treat animal experiments as if they were human
trials.

However, the failure to respond to drugs in
clinical trials does not mean that there is little
translational potential between humans and
rodent species. The deactivation of Brodman
Area 24 in humans by deep brain stimulation is
effective in alleviating depressive symptoms in
treatment resistant patients (Mayberg et al.
2005). The inactivation of the infralimbic cortex
in rodents produces a similar response (Slattery
et al. 2011). Thus, there is high translational
potential between humans and rodent species,
and the discrepancies observed in the efficacy
rates during drug trials may not be the result of
incorrect targeting of specific pathways. Focus-
ing on the identification of specific sites of action
may therefore provide a better understanding of
drug effects and hold greater therapeutic potential
(Krishnan and Nestler 2011).

In this endeavor, the use of a simpler neu-
robehavioral model is key. The zebrafish is a
small teleost fish (roughly 3–4 cm in length), that
is native to shallow waters in India, Pakistan and
Bangladesh (Bhat 2004). The use of zebrafish
(Danio rerio) in neurobehavioral research has
steadily increased over the past two decades
(Collier and Echevarria 2013; Gerlai 2003; Ger-
lai et al. 2000; Stewart et al. 2014; Tran and
Gerlai 2013). Despite its utility in neurobehav-
ioral research, the rodent model is costly and
moves at a relatively slow pace (Gauthier et al.
2010; McFarlane et al. 2008; McTighe et al.
2013). The zebrafish model presents a combina-
tion of neural simplicity and behavioral com-
plexity that allows for the translation of
behaviors and results to rodents and humans. The
entire zebrafish genome has been sequenced,
revealing homology between the zebrafish and
humans in neurosignaling molecules and path-
ways (Howe et al. 2013). Although the nervous
system of the zebrafish is simple relative to the
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rodent model, functional homology of neural
regions are conserved (e.g., in the absence of a
suprachiasmatic nucleus, zebrafish possess a
parapineal organ, which, with the retina, function
as the main circadian oscillator; Cahill 1996). As
such, zebrafish exhibit several comparable
behaviors to mammals and are widely utilized as
models of anxiety (Egan et al. 2009), addiction
(Collier and Echevarria 2013), and learning (Best
et al. 2008), among others. Zebrafish produce a
wide range of behaviors, making them a valuable
model in studies of, for example, anxiety,
addiction, and learning (Best et al. 2008; Collier
and Echevarria 2013; Egan et al. 2009). The
short reproduction cycle, and relative ease of
developing mutant lines, makes the zebrafish a
viable model for transgenic studies as well. In
recent years, the study of zebrafish personality
has gained momentum.

We begin the next section with an overview of
trait differences in zebrafish and a review of the
common measures used in classifying behavioral
traits in the animal. From there, we discuss dif-
ferent zebrafish strains and genetic models that
have been utilized in studying mood disorders
and discuss some of the limitations of the zeb-
rafish model.

Studying Personality in Zebrafish;
Measurements, Fitness,
and Population Differences

The ontogeny of personality traits in zebrafish,
and other vertebrate animals, is the product of
natural selection via reproductive success and
predation (Dingemanse et al. 2009; Dingemanse
and Reale 2005; Stamps and Groothuis 2010).
Presently, there are five main behavior categories
in the zebrafish: boldness, exploratory behavior,
aggression, sociability, and locomotor activity
(Ariyomo et al. 2013; Moretz et al. 2007a; Sailer
et al. 2012; Tran and Gerlai 2013; Wright et al.
2003). In the following sections, we discuss the
methods of measuring trait belongingness in
zebrafish and discuss population level differences
between strains, where applicable. Because per-
sonality research in zebrafish is relatively new,

the population differences between strains is not
fully documented. Commonly used strains in
behavioral research include the AB, TU (Tubin-
gen), and Casper. The AB strain was developed
in the 1970s and was the product of mixing two
separate strains, A and B (Howe et al. 2013).
The AB and the TU lines are laboratory stan-
dards, and are roughly 50 generations removed
from the wild-type stock (Norton and Bally-Cuif
2010). Casper is a mutant line that is transparent
and is largely used for optogenetics and in vivo
imaging (White et al. 2008). As will be dis-
cussed, the domestication and rearing of animals
in nonnatural settings involves the removal of
some selection pressures (e.g., predation and
foraging; Wright et al. 2006). The removal of
various selection pressures may result in behav-
ioral (e.g., reduced aggression; Ariyomo et al.
2012; Wright et al. 2003) and morphological
(e.g., fin size; Plaut 2000) changes, as well a loss
in genetic diversity. As such, behavioral research
laboratories must exercise caution when gener-
alizing results between strains.

Shyness–Boldness

Boldness in zebrafish is a suite of characteristics
in which the animal demonstrates reduced anxi-
ety or fear in approaching a novel object (Kalueff
et al. 2013). It is characterized by the tendency to
take risks and seek novel environments, the
reduced tendency to flee from a predator, and an
increase in biting behaviors (Ariyomo et al.
2013; Conrad et al. 2011; Miklosi and Andrew
2006; Sailer et al. 2012; Shaklee 1963). Bold
animals will approach a predator (not flee) in
order to gain more information about the preda-
tor’s identity, hunger state, and the likelihood of
an attack (Dugatkin and Godin 1992; Magurran
1986; Moretz et al. 2007a; Sailer et al. 2012).

Boldness is most often measured via the open
field test, whereby the animal is introduced to a
novel environment and allowed to explore for a
set amount of time (Ariyomo et al. 2013; Ariy-
omo and Watt 2012). In this task, the circular
(Cachat et al. 2013), rectangular (Ariyomo et al.
2013) or square (Sison and Gerlai 2011) tank is

116 K.M. Khan and D.J. Echevarria



divided into several smaller sections. Animals
that cross more lines, and swim in the inner
regions and outer regions of the tank are deemed
bold, whereas those that cross the fewest lines are
deemed shy (Ariyomo et al. 2013). Another
common task is the predator-inspection test, in
which the animal is exposed to a natural or
sympatric predator. Bold behavior may also be
evaluated through the introduction of a novel
object into the environment. In both tasks,
boldness can be measured as a function of the
amount of time that animals remain within a
short distance (e.g., 1.5 body lengths) of the

novel object (Wright et al. 2003). See Table 6.1
for a list of currently used tasks that measure
behavioral traits in zebrafish.

The behavioral tasks used to measured bold-
ness in zebrafish allow the researcher to rank the
zebrafish on a scale that ranges from shy to
middling to bold (Ariyomo and Watt 2012).
Typically, male zebrafish are bolder than their
female counterparts (Ariyomo et al. 2013).
Boldness is also associated with social rank in
newly formed zebrafish dyads (Dadda et al.
2010). Social rank may be directly related to the
ability to garner mates and resources. As such,

Table 6.1 Tasks used to quantify traits in adult zebrafish

Trait Test/task Behavioral response Reference

Aggression Mirror image
test

Short bouts of fast swimming towards the mirror (Ariyomo et al. 2013;
Gerlai 2003)

Dyadic fights Striking, biting, circling, or chasing the opponent. When in
close proximity, the fish may erect its dorsal and anal fins,
and flare its body toward the opponent

(Oliveira et al. 2011)

Pigment
response

Aggressive animals display darker and more vivid colors (Gerlai et al. 2000)

Boldness Open field
test

Tendency to cover a greater swim distance, and swim
towards the middle of the tank. Indicative of risk taking
ability

(Ariyomo et al. 2013)

Feeding Low latency to eat following a stressor (Moretz et al. 2007a)

Sociability Social
interaction
(stranger)

Focal zebrafish spend a greater amount of time interacting
with a ‘stranger’ fish in a separate compartment, compared
to an empty compartment

(Barba-Escobedo and
Gould 2012; Riehl
et al. 2011)

Social
novelty

Preferring to interact with an unfamiliar non-kin, as
compared to a familiar non-kin

(Barba-Escobedo and
Gould 2012)

Shoal
cohesion

Maintain a smaller interfish distance in groups of 10 fish (Buske and Gerlai
2012)

Mirror test Biting at the mirror (to remove a barrier and interact with a
social partner); low responses may be used to quantify ASD

(Moretz et al. 2007b;
Stewart et al. 2013)

Activity Observation
cylinder test

Latency to top, time spent in the top, entries to top, duration
and number of freezing bouts

(Grossman et al.
2010)

Open field Total distance swum (Tran and Gerlai
2013)

Exploration Serial open
field task

Latency to explore occluded regions of a tank (Sailer et al. 2012;
Wisenden et al. 2011)

Light dark
box

Latency to enter the white region; fewer entries to the white
region

(Grossman et al.
2011)

T-maze
exploration

Latency to leave the start box (Vignet et al. 2013)

Novel tank
test

Latency to enter the top half of the tank (Grossman et al.
2011)
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bold male zebrafish, relative to middling and shy
male zebrafish, fertilize a greater number of the
female’s eggs (Ariyomo and Watt 2012), and
produce offspring that are more likely to be bold,
themselves (Ariyomo et al. 2013). This is highly
advantageous from an evolutionary standpoint,
as bold animals may have a reduced lifespan (Sih
et al. 2004; see also Watters et al., this volume).

Mathematical techniques have been used to
identify section(s) of DNA that correlate with
various functional or morphological phenotypes.
A quantitative trait locus (QTL) analysis is one
such technique and has been used to localize the
trait of boldness to chromosomes 9, 16 and 21 in
zebrafish (Wright et al. 2006). Genomic differ-
ences between wild-derived (i.e., first or second
generation offspring of wild-type animals) have
been detected between the AB and Santal (a
founder population sampled from a small town in
Bangladesh) strains (Wright et al. 2006). This is
consistent with behavioral differences in a novel
object approach task (Wright et al. 2006, 2003).
Relative to the AB strain, the Santal strain (and
other wild-derived strains, named after the sam-
ple sites: Canal, Tangail, and Nepal) spent a
greater amount of time within 1.5 body lengths
of the novel object and approached the novel
object a greater number of times (Wright et al.
2006, 2003). Differences in boldness were also
observed within each of the four wild-derived
populations, indicative of genetically based
behavioral differences (Wright et al. 2003).

Exploration-Avoidance

Exploratory behavior is characterized as the
tendency for the animal to explore its environ-
ment and may be assayed through several tasks.
For example, in tasks measuring exploratory
behavior, the zebrafish is introduced to a novel
arena, and allowed to explore the environment.
In the novel tank test, the zebrafish is allowed to
explore a relatively narrow tank that largely
affords only vertical swimming (Egan et al.
2009). On introduction to the novel tank, the

zebrafish typically dive to the bottom of the tank
(Egan et al. 2009; Stewart et al. 2012). The
latency to explore the top region of the tank, and
the total time spent exploring the top region are
measured as indicators of exploratory behavior
(Vignet et al. 2013). In a modified version of the
T-maze task, the animal is placed in the start box
and allowed to explore the environment for a
5-minute period (Vignet et al. 2013). The latency
to leave the start box, time spent in each region
of the T-maze and the distance traveled per
minute inform the researcher of where the zeb-
rafish falls on the exploratory continuum.
Exploratory animals will explore each region,
have a lower latency to leave the start box, and
will tend to swim larger distances per minute
(Vignet et al. 2013).

Another task used to measure exploratory
behavior is the serial open field task. In this task,
a rectangular tank is divided into five sections
and PVC pipes allow passage between sections
(Sailer et al. 2012; Wisenden et al. 2011). The
zebrafish is initially introduced to one of the
sections, and allowed to acclimate to the new
environment. After seven days, animals that tra-
vel through the different sections and arrive at the
final section of the serial open field task are
deemed exploratory (Sailer et al. 2012). Animals
that remain in the first (or first few) section are
deemed non-exploratory (Sailer et al. 2012).

The latency to enter and explore new envi-
ronments varies across strains (Vignet et al.
2013). For instance, adult AB zebrafish tend to
leave the start box in a T-maze exploration task
sooner than TU adults (Vignet et al. 2013). The
tendency to explore can be influenced by the
administration of stimulants and depressants.
Stimulants, such as alarm pheromone or caffeine,
reduce the total time spent exploring the envi-
ronment (Wong et al. 2010). The chronic
administration of fluoxetine (a selective serotonin
reuptake inhibitor; SSRI), and acute administra-
tion of low doses of alcohol reduce the latency of
the animal to explore the top regions of the
environment in the novel tank test (Wong et al.
2010).
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Aggression

Aggression is defined as the propensity of the
animal to be confrontational (Olivier and Young
2002). In the zebrafish, aggression is character-
ized by nipping at or biting an opponent, and
charging (short bouts of fast swimming) at the
opponent (Ariyomo and Watt 2012; Gerlai et al.
2000; Moretz et al. 2007a). Aggression is most
often measured using a mirror aggression test. In
this task, the animal is placed in a small rectan-
gular tank that has a mirror placed at an incline
on the back wall. The zebrafish may perceive its
reflection to be an image of a nearby conspecific
and any schooling or aggressive behavior are
recorded (Gerlai et al. 2000). In this task, the
amount of time the zebrafish spends close to and
far away from the mirror are recorded, as well as
the frequency of attack behaviors (Gerlai et al.
2000). Animals that spend more time in the
region farther away from the mirror are classified
as avoidant, whereas those that approach the
mirror, and display attack behavior are classified
as aggressive (Gerlai et al. 2000). Aggressive
zebrafish are generally also darker and assume a
stereotypic posture: erection of the dorsal, cau-
dal, pectoral, and anal fins (Gerlai et al. 2000).

Much like boldness, being aggressive confers
certain evolutionary advantages. For example,
zebrafish demonstrate aggressive behaviors
towards conspecifics to gain or maintain a rela-
tively higher dominance rank, which enables
them to garner resources and mates (Ariyomo
et al. 2013; Spence et al. 2008). Selective
breeding of zebrafish also produced differences
between strains of zebrafish. The TM1 (roughly
30 generations removed from the wild-type
population) strain is more aggressive than the
Nadia strain at five generations removed from
wild-type populations (Moretz et al. 2007b). In a
study that evaluated aggression, sociability, and
boldness, Moretz et al. (2007b) mixed two strains
of zebrafish, and Nadia. When in a mixed shoal,
animals from either strain exhibited increases in
aggression as characterized by an increase in
biting behavior (Moretz et al. 2007b). The
increase in aggression is likely the result of the
Nadia strain reacting to the high baseline

aggression of the TM1 strain. The relatively
lower genetic basis for aggression could also
allow for the influence of external factors,
including age of the animal, size, motivational
state, and residency status (Moretz et al. 2007b).

Sociability

Sociability is the tendency of the animal to shoal
(a group of 2–10 zebrafish; Ruhl and McRobert
2005; Saverino and Gerlai 2008). As social ani-
mals, zebrafish prefer to remain in close prox-
imity to conspecifics (Pitcher 1983). Remaining
within a shoal poses evolutionary advantages, as
the animal is better able to acquire resources and
is protected from predators (Wright et al. 2006).
Within a shoal, sociability is assessed by mea-
suring the average interfish distance between
conspecifics (Pham et al. 2012). Zebrafish that
remain within four average body lengths of a
neighboring zebrafish are considered to be part of
the shoal (Pham et al. 2012). The average inter-
fish distance maintained between neighboring
fish is dependent on the size of the group, and the
strain tested. For instance, when group sizes are
small, zebrafish of the AB strain tend to less
cohesive and remain interested in the hetero-
geneities of the environment (Seguret et al.
2016). This effect is diminished with increasing
group sizes, i.e., group cohesion increases
(Seguret et al. 2016).

Other measures of sociability include social
preference tests and the mirror biting test (Pham
et al. 2012). For example, in the two-chamber
test, a live conspecific is placed in an exposure
compartment (separated from the rest of the
arena by transparent divider). The amount of
time the focal zebrafish spends near the con-
specific is measured (Pham et al. 2012). This task
may also be conducted using animated images
(Saverino and Gerlai 2008). A greater proportion
of time spent near the conspecific, real or ani-
mated, is indicative of social behavior (Saverino
and Gerlai 2008). The mirror biting test, which as
noted above, is typically used to measure
aggression, may also be used to measure of
sociability (Pham et al. 2012). In the mirror
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biting task, the zebrafish may regard its reflection
as a conspecific and bite at the mirror as a means
to remove a barrier, which would allow the focal
zebrafish to interact more closely with the per-
ceived conspecific (Moretz et al. 2007b). In the
mirror biting task, the zebrafish is introduced into
a small tank that either (a) already has a mirror,
or (b) has a mirror introduced after the zebrafish
acclimates to the novel environment (Pham et al.
2012). In both mirror biting tasks, the number of
mirror approaches, mirror contacts (i.e., biting),
and latency to approach the mirror are measured.
A greater number of approaches and contacts are
indicative of sociability in the zebrafish (Pham
et al. 2012).

Activity

In comparison with the behavioral traits already
mentioned, activity level in the zebrafish has
received the least amount of attention (Tran and
Gerlai 2013). The high degree of within-group
variance for locomotor activity could be the
result of several factors, including observer error
and random variance. More recently, genetic
predispositions have been hypothesized to be one
of the determining factors in activity level (Tran
and Gerlai 2013).

Several parameters are measured to assess
locomotor activity: total distance swum, average
swim speed, and proportion of time spent
swimming (Lange et al. 2013). Locomotor ability
undergoes drastic changes at each stage of
development (i.e., larval, juvenile, and adult
stages; Lange et al. 2013). Differences have also
been observed between laboratory strains (EK,
WIK, TU, AB) at each developmental stage,
suggesting that genetic differences underlie
variation in this trait (Lange et al. 2013). A recent
study by Tran and Gerlai (2013) found that
activity levels of three groups of zebrafish (high,
medium, and low activity) remain consistent over
several days’ observation. For seven consecutive
days, individual zebrafish were placed in an open
field task and their activity levels were measured
over a 10-minute period (Tran and Gerlai 2013).
Animals were rank ordered as high, medium, or

low activity, based on their activity during
behavioral testing on day one (zebrafish were
allowed to swim freely in a 37L tank; Tran and
Gerlai 2013). For six days following the first
observation, the rank order of activity remained
constant (although actual activity levels did
exhibit a gradual decline; Tran and Gerlai 2013).
On the 8th day of observation, animals were
placed in a novel environment; those that were
originally classified as highly active exhibited the
greatest amount of locomotor activity (Tran and
Gerlai 2013). An identical effect was observed
with medium and low activity zebrafish, sup-
porting the claims that genetic predispositions
affect activity levels in the zebrafish, and that
locomotion presents with limited behavioral
plasticity across contexts.

Current Perspectives and Future
Directions in Zebrafish Models
of Human Personality
and Personality Disorders

The relatively high genetic homology of the
zebrafish with humans, and the ability to develop
mutant lines via larval exposure to mutagens
allow for the development of models of human
diseases such as depression and anxiety disorders
(Kalueff et al. 2012). In the following sections,
we discuss current research with zebrafish mutant
models and the effects of drug administration, as
they relate to these disorders.

Depressive Disorders

In humans, the stress response is mediated by the
hypothalamus–pituitary–adrenal (HPA) axis.
Corticotropin-releasing hormone (CRH) is
released from the hypothalamus in response to
stress, physical illness, and activity (Smith and
Vale 2006). An increased production of CRH
promotes the release of adrenocorticotropic hor-
mone from the pituitary, which stimulates the
production of glucocorticoids in the adrenal
gland (Griffiths et al. 2012). The main gluco-
corticoid involved in the stress response in
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humans is cortisol (Smith and Vale 2006). The
release of cortisol serves a homeostatic function
in the acute stress response by providing negative
feedback to stress circuits (Griffiths et al. 2012).
Activated glucocorticoid receptors (GR) bind to
DNA and regulate the transcription of several
genes including those relating to the HPA axis
(Griffiths et al. 2012). However, repeated acti-
vation of the HPA axis may result in long term
neural adaptations, including the down regulation
of GR expression (Howell et al. 2011). This has
been linked to the onset of depressive symptoms
in rodent models (Zhou et al. 2011). Zebrafish
have a comparable stress axis to the HPA, termed
the hypothalamus–pituitary–interrenal (HPI) axis
(Alsop and Vijayan 2008). Several components
of the stress response in zebrafish and humans
are identical (CRH, cortisol, ACTH; Alsop and
Vijayan 2008). By 4 days post fertilization (dpf),
larval zebrafish also exhibit GR-mediated nega-
tive feedback (Griffiths et al. 2012; Alsop and
Vijayan 2009). Recently, researchers discovered
a single nucleotide substitution in the zebrafish
genome in a region that is essential for DNA
binding (Ziv et al. 2012). As a result, cortisol
may still bind to the mutant GR, grs357, and
translocate to the nucleus, but it does not bind to
the DNA, and there is no transcriptional activity
(Ziv et al. 2012).

In the novel tank test, the grs357 mutants are
more immobile and exhibit reduced exploration
(Ziv et al. 2012). Whole body cortisol is also
markedly higher in the grs357 mutant, relative to
wild-type controls (Griffiths et al. 2012).
Administration of fluoxetine attenuates the
behavioral (Ziv et al. 2012) and physiological
stress response (Griffiths et al. 2012). The
administration of betamethasone (synthetic glu-
cocorticoid) suppresses the transcription of pomc
in wild-type animals, but does not have any effect
on the grs357 mutants (Griffiths et al. 2012),
further supporting the claim that GR knockout in
zebrafish eliminates GR binding to the DNA.

Impulsive-Disinhibited Personality

Impulsive-disinhibited personality (IDP) is a
behavioral trait that is chiefly characterized by
seeking immediate gratification (Laplana et al.
2014). It is related to novelty seeking, and as
such, the two traits have been historically com-
bined into a single construct (Zuckerman 1996).
Recently, there has been a push to separate the
two traits as unique, as they may predict different
types of behaviors (Magid et al. 2007). For
instance, in an undergraduate population, the trait
of impulsivity and sensation, measured via the
Impulsiveness and Monotony Avoidance sub-
scales from the Impulsiveness Monotony
Avoidance (IMA) scale were differentially rela-
ted to alcohol use and alcohol problems (Magid
et al. 2007). In the undergraduate population,
high trait belongingness for sensation seeking
was more closely related to alcohol use and
impulsivity more closely predicted
alcohol-related problems (Magid et al. 2007).
Impulsivity may be evaluated via instruments
such as the Eysenck Personality Inventory (EPI;
Acton 2003), the Eysenck Personality Question-
naire (EPQ; Acton 2003), and the NEO-PI-R (a
self-report inventory designed to measure the
basic components of personality identified on the
FFM; Costa and McCrae 1992). The behavioral
trait of impulsivity is a facet of the global trait of
extraversion in the EPI, and psychoticism in the
EPQ (Acton 2003). Impulsivity, in either instru-
ment, is assessed via self-reports for survey items
(Acton 2003). On the NEO-PI-R, impulsivity is
related to four facets that load onto several traits
on the FFM: sensation seeking (extraversion),
lack of premeditation (conscientiousness), lack of
perseverance (conscientiousness) and urgency
(neuroticism; Whiteside and Lynam 2001).

Impulsive-disinhibited personality is associ-
ated with the reduced ability to regulate the
tendency to respond to stimuli and is associated
with various Cluster B personality disorders
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including antisocial and histrionic personality
disorders (Laplana et al. 2014). To better
understand IDP, researchers have sought to
understand the heritability of this personality
trait, often looking to polymorphic regions in the
human genome (Laplana et al. 2014).
Copy-number variants (CNVs) are polymorphic
regions and are associated with several behav-
ioral traits (Cook and Scherer 2008). Genome
wide analysis reveal CNV affecting a 30.1 Kb
region in SIRPB1 intron 1 that is correlated with
impulsivity and sensation seeking in a
dose-dependent manner (Laplana et al. 2014).
The SIRPB1 candidate gene for IDP has been
evaluated in the zebrafish as well. Functional
assays in larval zebrafish highlight two regions
that are associated with the expression of
SIRPB1 (Laplana et al. 2014), opening up a new
avenue of neurobehavioral research in the
zebrafish.

Anxiety Disorders

Stress and anxiety have been widely studied in
the zebrafish (Egan et al. 2009; Griffiths et al.
2012; Stewart et al. 2012). The novel tank test is
one of the more widely used behavioral measures
of anxiety in the zebrafish (Stewart et al. 2012).
As previously mentioned, in this task, a zebrafish
is introduced to a novel environment that largely
permits only vertical swimming. In addition to
the behavioral parameters that are routinely col-
lected in the novel tank test (i.e., placement
within the tank), two additional behaviors are
measured in the study of anxious states, the
increased tendency to engage in erratic swim-
ming and an increase in the time spent in an
immobile state (freezing; Stewart et al. 2012).
Erratic swimming is characterized by rapid
direction changes that are accompanied by an
increase in swim speed (Kalueff et al. 2013). The
stress response in the zebrafish is characterized
by an increased frequency and length of freezing
bouts, increased bottom dwelling, and greater
whole body cortisol levels (Egan et al. 2009).
Outside of the novel tank test, the activation of
the stress responses induces increased shoal

cohesion and decreased aggression (Egan et al.
2009). The anxiety response is mediated by
genetic factors and is susceptible to pharmaco-
logical intervention. Commercially available
mutant strains (leopard, long fin, and albino)
exhibit greater latency to explore the top regions
of their environment and have fewer transitions
to the top regions of the environment (Egan et al.
2009).

Administration of a single dose of caffeine
results in an increased latency to explore the top
region of the novel tank (Egan et al. 2009),
suggestive of an anxiety-like response. Chronic
exposure to fluoxetine and low doses of ethanol
(0.3% v/v) reduce behavioral and physiological
markers of anxiety. Chronic exposure to fluox-
etine and low doses of alcohol markedly increa-
ses total exploration of the top region of the tank
and significantly reduces cortisol expression,
relative to wild-type controls (Egan et al. 2009).
The acute and chronic administration of mono-
amine oxidase inhibitor agent, tranylcypromine
(TCP; Stewart et al. 2011), and, following acute
and chronic treatments with lysergic acid dieth-
lamide (LSD; Stewart et al. 2011; Grossman
et al. 2010) modulate serotonin neurotransmis-
sion (Backstrom et al. 1999) and reduces anxiety
in the zebrafish (shorter latency to top, increased
transitions to top, reduced freezing and erratic
movements).

Discussion

In the interest of furthering our understanding of
the neural and biological underpinnings of psy-
chological and personality disorders, the use of
animal models is invaluable. Work with rodent
models has been indispensable to the discovery
of genes relating to certain traits (e.g., neuroti-
cism), and has played a crucial role in the
development and improvement of drugs used to
treat symptoms of depression and other psychi-
atric disorders. However, the complexity of the
rodent’s nervous system can result in inconsis-
tencies in the translation of drug responses to
humans (Krishnan and Nestler 2011; Mayberg
et al. 2005).
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The zebrafish has been widely used as a
neurobehavioral model, and has proven to be a
valuable model in the discovery of candidate
genes for personality traits, and in the screening
of novel drug treatments. This animal holds
tremendous translational potential as the neces-
sary neurotransmission pathways for emotion
regulation, homologous brain regions for
behavior control, and genetic orthologues are
highly conserved with humans (Howe et al.
2013). The use of inbred strains allows
researchers to control for genetic variance, and
rearing animals under constant conditions works
to limit environmental variation during early life.
However, as has been noted, inbreeding and
selective breeding produces strains with specific
behavioral phenotypes (e.g., higher baseline for
activity or anxiety). Thus, researchers should be
cautious when studying the effects of, for
instance, anxiogenic or anxiolytic substances,
paying close attention to the strain tested and
their baseline behaviors. In addition to selective
breeding, the zebrafish model allows for easy
genetic manipulation. Genetic knockdown and
knockout models allow researchers to use study
conditions and traits such as IPD (Laplana et al.
2014), and depression (Ziv et al. 2012). A greater
understanding of the neural targets for drugs that
alleviate symptoms of such disease would inform
researchers of possible new drug targets, paving
the way for improving current treatments and
work to ultimately improve the human condition.
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7Personality in Elasmobranchs
with a Focus on Sharks: Early
Evidence, Challenges, and Future
Directions

J.S. Finger, F. Dhellemmes and T.L. Guttridge

Abstract
Because of its impact on our understanding of evolution and ecology,
animal personality has become an important area of research within
behavioral ecology. Indeed, individual variation is no longer considered
random noise but as a consistent phenomenon that impacts animal
biology. However, research on animal personality and individual differ-
ences has largely focused on small-bodied species, which means that
sharks and other elasmobranchs are dramatically underrepresented. The
aim of this chapter is to illustrate, using existing studies, the opportunities
and challenges involved in studying Elasmobranchs in captivity and in the
field. While doing so, we discuss how this work informs the fields of
animal personality and elasmobranch conservation. Although the lack of
data necessitates a focus on sharks with only a mention of rays, we hope
that this chapter will stimulate further research on personality in this
underrepresented group.

Introduction

Personality in animals describes consistent
behavioral differences across time and contexts
between individuals of the same population
(Stamps and Groothuis 2010). Animal personal-
ity can be approached from different perspectives
and levels. For instance, individuals can consis-
tently differ in certain behaviors, referred to
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hereafter as behavioral axes. Five axes are com-
monly used, and provide a framework with
which to explore animal personality (Réale et al.
2007). These axes are sociability, exploration,
boldness, aggression in social contexts, and
activity. These axes can be correlated, forming
what are referred to as behavioral syndromes
(Garamszegi et al. 2013). The interest triggered
by animal personality, coupled with its important
evolutionary and ecological consequences (Sih
et al. 2012; Wolf and Weissing 2012), has driven
this field to become a major topic in behavioral
ecology. However, most of the work to date
comes from observations of captive animals (see
Archard and Braithwaite 2010 for examples and
exceptions). This has led to a paucity of data on
larger bodied, wild animals. Sharks and other
elasmobranchs are no exception to this trend
despite presenting interesting evolutionary and
ecological characteristics on their own or as
models for large aquatic animals.

Sharks are part of a highly diverse group of
marine vertebrates, known as the cartilaginous
fishes (Chondrichthyes). Chondrichthyans
evolved independently of bony fishes (Oste-
ichthyes) at least 400 million years ago (Pough
et al. 1999) and, therefore, should not be con-
sidered “typical” fish (Sims 2003). The verte-
brate class Chondrichthyes includes Holocephali
(Chimaeras) and elasmobranchs (sharks, skates,
and rays); however, due to the scarcity of
behavioral data on most chondrichthyan fishes,
the present chapter mainly focuses on sharks.
Sharks range from planktivores to apex preda-
tors, exhibit diverse modes of reproduction, dis-
play ontogenetic shifts in their diet and habitat
selection, and show considerable variation in
brain size and complexity (Grubbs 2010; Lowry
and Motta 2008; Yopak 2012). A large propor-
tion of shark species present slow growth and
reproduction rates, and long life spans. As
described in this chapter, their diversity, impor-
tant functional roles in the top-down control of
marine ecosystem structure and function (Ferretti
et al. 2010; Heithaus and Dill 2002), and life
history strategy make them an interesting alter-
native group to study relative to most aquatic
animals commonly investigated in animal

personality, e.g., guppies (Poecilia reticulata;
Burns 2008; Irving and Brown 2013), mosqui-
tofish (Gambusia spp.; Burns et al. 2012; Cote
et al. 2010), and sticklebacks (Gasterosteus
aculeatus; Harcourt et al. 2009; Ward et al.
2004). Due to these life history traits and over-
exploitation in global fisheries, many shark
populations are in decline (Dulvy et al. 2014;
Worm et al. 2013), which might, in turn, impact
entire ecosystems through trophic cascades and
interactions (e.g., Heithaus et al. 2008; Stevens
et al. 2000). These environmental concerns
combined with the recent realization that per-
sonality should be included within environmental
and fishery management programs (Conrad et al.
2011; Mittelbach et al. 2014) argue for a better
understanding of shark behavior at the individual
level.

To illustrate the relevance and feasibility of
studying personality in sharks, despite the scar-
city of research available, this chapter takes a
holistic approach and discusses both proofs of
personality and individual differences. The first
section focuses on investigations of personality
in sharks. Here, we describe different research
methods, setups (e.g., captivity vs. semi-
captivity), and the species used to study person-
ality. Further, we explain why the juvenile lemon
shark (Negaprion brevirostris) is an interesting
model for the study of personality. This section
aims to first illustrate how sharks can contribute
important insights to contemporary discussions
of animal personality and to stimulate the
development and identification of other elasmo-
branch species with such potential. Next, we
discuss the challenges of studying shark behavior
under controlled conditions, which leads to the
second section where the possibility and poten-
tial of studying shark personality in the wild
is explored. Studies on the Port Jackson
(Heterodontus portusjacksoni) and juvenile bull
shark (Carcharhinus leucas) are introduced to
demonstrate the practicability of investigating
consistent individual differences in their behav-
ior, along with an account of an ongoing project
investigating novel object inspection in great
white sharks (Carcharodon carcharias). Next,
we review various field studies that describe
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interindividual variations in key behaviors of
sharks (e.g., refuging and excursions, large-scale
movements, feeding specialization, human
interactions, and social behavior) illustrating the
potential for informative studies of shark per-
sonality. These examples are included with
arguments supporting the importance of consid-
ering input of shark personality on management
of their populations and ecosystems. Of equal
interest are the differences and similarities that
shark biology displays relative to the other clas-
sical aquatic species intensively studied. In
addition, we describe some of the available tools
(e.g., technology, revisiting old data) that we
believe could stimulate personality research in
sharks. Finally, the chapter concludes by sug-
gesting potential avenues investigators could take
to advance our knowledge of elasmobranch
personality.

Personality of Sharks in Captivity

To date, only a handful of studies have investi-
gated elasmobranch personality. These have
focused on testing for the presence of personality
traits in a few shark species. In addition to the
lemon shark and Port Jackson shark, personality
has been studied in the small-spotted catshark
(Scyliorhinus canicula; Jacoby et al. 2014). Most
studies to date have used behavioral assays in
captive or semi-captive environments (Byrnes
and Brown 2016; Byrnes et al. 2016b; Finger
et al. 2016; Jacoby et al. 2014; Wilson et al.
2015). These studies differed in their methods
and ensuing results, with some demonstrating
consistent individual differences, but all provid-
ing useful guidelines for future investigations.

As is the case for most animals, sharks reared
in captivity are more readily accessible for
behavioral assays and personality investigations
than their wild counterparts. Taking advantage of
the ability of juvenile small-spotted catsharks (S.
canicula), to thrive in captivity, Jacoby et al.
(2014) investigated consistent individual differ-
ences in their social network positions. Catsharks
are a small-bodied benthic species, regularly
observed resting on the seabed in social groups

(Jacoby et al. 2014; Sims et al. 2001). Such
grouping can be defined as socially connected
when one shark rests within one body length
another. This obvious and easily observable
social behavior allows for the construction of
social networks (Croft et al. 2011; Krause et al.
2009). Social network analyses provide measures
to characterize the social dynamic of groups.
Within these measures, some are focused on
individuals, and so provide a method for quan-
tifying individual sociality or social personality.
Jacoby et al. (2014) repeatedly tested groups of
the same individuals across different habitat
types, e.g., simple to complex. They found that
individual social network strength (sum of an
individual’s association index with all other
individuals) was consistent across habitats.
However, when preference for group size was
controlled for (average group size each individ-
ual was observed in), the consistency in social
behavior was less pronounced and no longer
significant, suggesting that group size prefer-
ences drive social consistency, but only within
small groups. In their discussion, the authors
suggested rearranging individuals between test
groups to determine if this consistency was due
to individual personality or the group dynamic
(average group size available). This would cer-
tainly be an important next step for this species
and would help to elucidate the role of person-
ality traits in grouping behavior of a marine
predator. Additionally, this study illustrated the
feasibility and potential of using captive-reared
sharks for personality research. In a similar vein,
exploring possibilities of collaborating with
public aquariums to obtain data on a large range
of elasmobranch species could provide
researchers with a practical model to study per-
sonality in sharks. The availability of other large
animals in captivity has for instance been pro-
ductive for researchers studying great apes (e.g.,
King and Figueredo 1997) or dolphins (e.g.,
Highfill and Kuczaj 2007). One other idea that
should be explored in future work is to manip-
ulate the genetic background (for instance
selecting lines of particular personality types)
and/or manipulating the rearing environment of
sharks to understand the respective roles of
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heredity and rearing in personality development
and maintenance (see also Brommer and Class,
this volume; Laine and van Oers, this volume).
This approach has, for instance, provided inter-
esting insights into personality in species of bony
fish (e.g., Brown et al. 2007), reptiles (reviewed
in Waters, Bowers and Burghardt, this volume),
and birds (e.g., Groothuis and Carere 2005), and
is achievable in some elasmobranch species
(Griffiths et al. 2011).

In addition to studying personality in
captive-reared sharks, personality tests can be
performed on wild-caught sharks. As with other
populations, demonstrating the presence of per-
sonality is a necessary step before showing how
personality impacts the natural behavior and
ecology of these animals. Personality tests on
wild-caught animals were performed in two
species: juvenile lemon sharks and Port Jackson
sharks. Whereas Finger et al. (2016) and Wilson
et al. (2015) used semi-wild captive experiments
(outdoor enclosures in the sharks’ natural envi-
ronments; see Guttridge et al. 2009) to investi-
gate personality in juvenile lemon sharks, Byrnes
and Brown (2016) used wild-caught juvenile Port
Jackson sharks in a laboratory setting.

To test for consistency in social network
position, Wilson et al. (2015) observed ten
wild-caught juvenile lemon sharks from Eleu-
thera, Bahamas, in a mangrove enclave that was
artificially closed. Individuals equipped with
tri-axial accelerometer loggers (see Table 7.2)
were observed three times a day over 8 days for
their sociability (i.e., being within 1 body length
of a conspecific) and leadership (i.e., being at the
front of a pair or group), as well as locomotor
profile (e.g., time swimming fast, swimming
duration, frequency of burst swimming events,
number of transitions between activity states,
activity period). In contrast to catsharks assessed
previously, juvenile lemon sharks in this exper-
iment did not show consistent differences in their
network positions. The dynamic of social inter-
actions was related to individuals’ locomotor
profiles. Furthermore, the authors found that
more social individuals were more active than
less social individuals. This relationship between
sociality and activity level might indicate the

presence of a behavioral syndrome similar to that
observed in Bony fish (e.g., Cote et al. 2010;
Irving and Brown 2013). However, this remains
to be demonstrated due to the lack of consistency
in social behavior and the fact that the behaviors
were not tested independently, thus creating a
contextual overlap (Garamszegi et al. 2013).

More recently, Finger et al. (2016) captured
wild juvenile lemon sharks and repeatedly sub-
jected them to a novel open field test. They found
consistent individual differences in their rate of
movement. Subsequent repetitions of the novel
open field test were used to test whether indi-
vidual sharks were reacting to the novelty of the
open field (i.e., habituating) or simply displaying
their normal swimming behavior (i.e., showing
no habituation; but see Finger et al. 2016 for
other possible interpretations). While exploring
habituation, this investigation revealed consid-
erable variation in habituation rates between
individuals, but also a covariance between these
rates and exploration during the first open field
visit. In other words, Finger et al. (2016) found a
relation between personality and plasticity with
faster explorers showing more rapid habituation
to the novel open field test. Similar results have
been obtained in other taxa (e.g., Dingemanse
et al. 2012; Rodríguez-Prieto et al. 2011) sug-
gesting that individual differences in plasticity
are widespread and should be further investi-
gated to better understand how changes in the
environment (naturally- or human-induced)
could differentially impact individuals.

To investigate the presence of consistent
individual differences in an emergence test and
stress responses to handling, Byrnes and Brown
(2016) collected wild Port Jackson sharks and
housed them temporarily in a laboratory. Sharks
were scored based on time taken to move out of
cover from a “refuge box” (emergence test) and
the increase or decrease in activity relative to
their baseline activity (reaction to stress test). The
sharks showed consistent individual differences
in both tests across repeated testing. Furthermore,
the sharks that emerged faster from cover, i.e.,
bolder individuals, were more active after han-
dling compared to those that were less bold. The
authors interpreted this as evidence for the
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existence of a proactive–reactive coping style in
sharks, with reactive individuals being more
passive toward their environment than were
proactive individuals. In addition, individuals
that were more active after a stressful event
exhibited greater lateralization strength, i.e., the
propensity to choose one turning direction over
another compared to individuals that were less
active (Byrnes et al. 2016b). Due to the lack of
comparative data in elasmobranchs, these rela-
tionships are difficult to interpret. Taken together,
however, these early findings offer guidelines
that could be applied to studies of different shark
species, enabling other researchers to gather
much-needed data to draw conclusions about the
evolution of personality in sharks and other
elasmobranchs.

Prior to the investigation described above
(Finger et al. 2016), juvenile lemon sharks of
Bimini (the Bahamas) had been extensively
studied (Fig. 7.1 shows a juvenile lemon shark
with its typical color tag for individual identifi-
cation). In our opinion and experience, this

particular system has characteristics that make
the juvenile lemon sharks of Bimini a promising
model for the study of elasmobranch personality.
Because similar systems that have not yet been
identified might already be available for studying
personality, we wanted to describe what makes
the juvenile lemon sharks of Bimini pertinent to
the study of personality in sharks and elasmo-
branchs. This could lead to the development of
alternative models that would provide the com-
parative data necessary for the understanding of
proximate and ultimate causes of personality. In
Bimini, during their first 3 years of life, juvenile
lemon sharks use nursery areas (mangrove-
fringed lagoons) as protection from predators
(Chapman et al. 2009; Guttridge et al. 2012).
They have small home ranges and display high
site fidelity (Morrissey and Gruber 1993a, b;
Sundström et al. 2001), and, as a result, can be
successfully recaptured. Furthermore, annual
sampling of the majority of a population’s new-
borns in the main nursery area allows for the
long-term study of their ecology (e.g., life

Fig. 7.1 Juvenile lemon sharks used for behavioral assays and identified with the purple color tag attached to its first
dorsal fin. Credit Eugene Kitsios
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history: Dibattista et al. 2007; philopatry: Feld-
heim et al. 2014; survival: Gruber et al. 2001).
Acoustic telemetry studies revealed excursions
out of the typical home range into deeper water,
and away from the safety of the mangroves
(Morrissey and Gruber 1993b) and visual
observations have shown differences in refuge
use (Guttridge et al. 2012). Although none of
these investigations explicitly discussed person-
ality, their observations indicate possible indi-
vidual differences in the inclination of individual
sharks to take risks. The fact that individual
differences in a novel open field could be related
to these existing observations led Finger et al.
(2016) to suggest that risk–benefit trade-offs
(Stamps 2007; Wolf et al. 2007) could play a
major role in explaining the presence of person-
ality in the juvenile lemon sharks of Bimini. This
hypothesis is further supported by the finding
that large and fast-growing 1-year-old individu-
als have a higher mortality rate (Dibattista et al.
2007), which supports the idea that higher risks
bring greater benefits (i.e., increased growth for
higher mortality). Moreover, stable isotope
analyses in juvenile lemon sharks from Bimini
revealed marked individual differences in their
feeding habits (Hussey et al. 2017). Some sharks
preferentially feed close to shore (mangroves;
refuge habitat) whereas others are more wide
ranging (seagrass flats; risky habitats). This rela-
tionship between personality differences in sharks
and resulting differential risks and benefits is still
hypothetical, as these studies have been per-
formed independently; however, they provide a
framework for future in-depth studies. Indeed,
proximate and ultimate causes of personality are
not fully understood, and trade-off hypotheses
need to be tested. However, if predation risk plays
an important role in personality development and
maintenance (Bell and Sih 2007; Brown et al.
2007; Dingemanse et al. 2007; Urszán et al. 2015)
then this might not be true for all shark species.
As described above, evidence for personality was
also found in juvenile Port Jackson sharks,
despite Byrnes and Brown (2016) suggesting that
there was little to no predation on this population.
If such difference in predation rates exists (which
depends upon further investigations), then

comparative studies between these systems could
give us insight into animal personality develop-
ment and maintenance.

Experimental Challenges
and Constraints

Along with demonstrating the feasibility and the
potential of studying shark personality in captive
settings, it is important to discuss the limitations
and difficulties associated with doing so. Many
shark species are difficult to handle and are easily
stressed during capture (Gallagher et al. 2014;
Morgan and Burgess 2007) and transportation
(Young et al. 2002). Furthermore, most species are
difficult (e.g., Crow and Hewitt 1988; Gruber and
Keyes 1981; Stevens 1994), if not impossible, to
maintain in captivity as they require unique hus-
bandry methods (Smith et al. 2004), which would
likely stress the animal, and probably lead to early
mortality. Even if these practical and ethical issues
were not limiting factors, performing behavioral
tests on unhealthy or stressed subjects would likely
result in inaccurate and/or biased findings. Despite
these challenges, some public aquariums have
managed to keep large sharks (e.g., whale sharks,
Rhincodon typus, at the Georgia Aquarium,
Atlanta, GA, USA); however, doing so for a large
enough sample size would be expensive. These
potential problems should be carefully considered
before further experimental planning.

Obtaining a large enough sample size is a
common issue when studying personality.
Wilson et al. (2015) illustrate how, even with the
substantial effort of capturing the majority of the
population, only a small number of individuals
could be captured (N = 10) leading to potential
failure in detecting consistency. Furthermore,
despite being able to demonstrate consistent
individual differences in personality, Finger et al.
(2016) encountered a similar problem with their
sample being too small to show covariance
between plasticity and personality, using mixed
modeling approaches. We thus strongly recom-
mend using power simulations (e.g., Finger et al.
2016) when possible, to avoid type II errors,
which could deter future researchers from
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studying personality in sharks. It should also be
borne in mind that, even when a large enough
population is located, capturing the necessary
sample size is a long and often expensive pro-
cess, which usually demands a large team of
scientists and/or a long period of field work (e.g.,
Gruber et al. 2001).

Compared to most animals investigated in
behavioral studies, many sharks are large-bodied
and so, to circumvent this issue, studying juve-
nile sharks may be more feasible. Still, it is
important to understand that the size of juvenile
sharks represents an experimental design chal-
lenge. For example, although juvenile lemon
sharks are typically <1 m in total length, the
required size of the semi-captive behavioral pen
for observation by Finger et al. (2016) was large
(12 � 6 m). Figure 7.2 illustrates the typical pen
size required to observe shark behavior in a
social and novel open field context (Finger,
unpublished data). Further, depending on the
species, researchers should consider how to
transfer sharks from holding to experimental
pens, considering handling stress, time, and
effort. To limit potential stress, investigators have

used a technique known as “ushering,” which
involves gently guiding the shark into the desired
location, via a series of channels and temporary
doors (Finger et al. 2016; Fuss et al. 2013;
Guttridge and Brown 2013). Ushering has shown
its effectiveness, but, depending on the size of the
pen and the mobility of the species, this method
can still require considerable time and personnel.
Finally, it is important to note that if personality
is demonstrated in juvenile stages, it does not
lead to automatic stability throughout adulthood
(e.g., Castanheira et al. 2016; Petelle et al. 2013)
and results should be interpreted accordingly.
However, the study of personality in juvenile
sharks should not be neglected as successful
management programs also depend on survival at
this early stage of development (Heupel et al.
2007; Ward‐Paige et al. 2015).

Summary

Overall, early investigations of shark personality
have developed effective and reliable investiga-
tive methods, which will hopefully inspire

Fig. 7.2 Example of a semi-captive setup established in the shallow waters of Bimini, The Bahamas to test for
personality in the juvenile lemon shark, Negaprion brevirostris
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research into the personalities of sharks and other
elasmobranchs. Consistent individual differences
were demonstrated in two taxonomic orders
showing that it is possible to obtain a diverse
taxonomic representation using experimental
studies. Nevertheless, the limited species and
personality traits tested thus far do not enable one
to draw general conclusions about whether per-
sonality is present in other elasmobranchs. For-
tunately, there are numerous species that have
been used for other behavioral investigations,
including gray bamboo sharks (Chiloscyllium
griseum, Fuss et al. 2013), coral catsharks
(Atelomycterus marmoratus, Fuss et al. 2013),
ocellate river stingrays (Potamotrygon motoro,
Schluessel and Bleckmann 2005), and bonnet-
head sharks (Sphyrna tiburo, Myrberg and Gru-
ber 1974) that could potentially be tested for
personality. Furthermore, it is likely that other
wild populations of sharks might provide good
models for studying personality. However, it is
important to emphasize that, when planning,
conducting, and interpreting such experiments,
investigators should take into account the con-
straints associated with testing sharks.

Personality and Individual
Differences in the Field

The field of animal personality continues to
benefit from controlled captive experimental
approaches (Campbell et al. 2009; Herborn et al.
2010). However, large-bodied marine animals,
including many sharks and close to half of
chondrichthyan species, undertake migrations as
part of their life cycle (Grubbs et al. 2010) and
require considerable space to demonstrate natural
prey-capture behavior (e.g., breaching behavior
in great white sharks: Martin et al. 2005; patch
foraging in basking sharks, Cetorhinus maximus;
Sims et al. 2003), or reside in depths exceeding
200 m (Cotton and Grubbs 2015). As such,
experiments of captive sharks are difficult, if not
impossible to implement, which could prevent
personality testing in many species. Such limi-
tations generate challenges in understanding
personality in a natural context and thus hinder

our ability to understand the evolution and
ecology of personality in sharks. This could, over
time, drastically impact our ability to develop
appropriate and realistic management programs
that incorporate information on personality.

One concern with ignoring individual differ-
ences has been illustrated in other taxa. Because
some personality types have a greater probability
of being captured (Biro and Post 2008; Biro and
Sampson 2015; Uusi-Heikkilä et al. 2008), tra-
ditional management programs are bound to be
less effective as the estimations of fishing pres-
sures on a population are biased (e.g., unappre-
ciated artificial selection against fast-grower,
bold individuals by passive fishing gears).
Therefore, along with developing experimental
models, some effort should be directed toward
investigating sharks’ personality in the field.
However, regardless of species, field work is
associated with difficulties, for example, in con-
tinuously observing animals and/or not being
able to control environmental conditions. In
addition, the fact that many sharks live in an
environment that is difficult to work in (e.g., deep
water in the open ocean), usually avoid human
contact, and are highly mobile (e.g., traveling
thousands of kilometers), makes this task almost
impossible. However, despite these challenges,
in the following section we describe studies
investigating shark personality in the wild, and
highlight studies that identified individual dif-
ferences in ecologically relevant behaviors.

Evidence for Personality in the Field

Evidence for personality was recently demon-
strated in a study that involved capturing and
testing Port Jackson sharks in the field (Byrnes
et al. 2016a). The researchers used a docility test
that measured the shark’s response to human
handling (e.g., Martin and Réale 2008), and a
lateralization test that recorded if and which side
a shark rolled onto once it landed on a boat.
Individuals consistently differed in docility,
varying from sharks that struggled to those that
did not move during handling, despite control-
ling for potential confounding effect of size, sex,
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and population. Consistency of lateralization was
not investigated due to the lack of repeated trials,
but individual differences were detected. The
authors found no covariance between these two
tests. This study thus described a new method of
assessing personality that is applicable to
numerous species, including bottom-dwelling
sharks, such as nurse sharks (Ginglymostoma
cirratum) or catsharks. Using this study as
inspiration could lead to a large comparative data
set based on observations in the wild and provide
an interesting avenue to test for personality in
relation to natural shark behavior. However, the
approach used here would have to be modified
for larger and/or more mobile animals.

The Juvenile Bull Shark as a Model
Species for Personality Research

Investigations of juvenile bull sharks were suc-
cessfully used to detect consistent individual
differences in behavior (Matich et al. 2011),
revealing their systems as particularly promising
for the study of personality in sharks. Prior to
discussing this study, it is interesting to note
parallels with the juvenile lemon shark studies
described above. Like lemon sharks, which use
mangrove-fringed habitats as nursery areas,
juvenile bull sharks can also be found using
estuarine or freshwater habitats. Some of these
habitats are known to be safer (less predation)
but less productive (less food) further upstream
(further away from the marine environment,
Matich et al. 2011), and so are comparable to
what is experienced by juvenile lemon sharks in
Bimini. These similarities suggest that juvenile
bull sharks face similar trade-offs between
benefits and risks, which could promote indi-
vidual differences. Indeed, Matich et al. (2011)
found that individual juvenile bull sharks from
their study site differed in their diet. Some
individuals fed in the riskier marine food web
and others in the safer estuarine habitat, which
led the authors to propose that individuals dif-
fered in their risk–benefit strategies. More
recently, in the same system, juvenile bull
sharks were found to differ in their movements

and in the portion of the estuary they used, with
some being detected more often in riskier
locations (e.g., downstream near the mouth)
than others (Matich et al. 2011). These consis-
tent individual differences were documented for
at least 4 months and were independent of age
class. Unfortunately, these investigations were
performed on different groups of individuals
leaving the existence of a potential relationship
between individual differences in estuary use
and feeding habit unproven.

It is important to note that estuarine systems
can be heterogeneous and so, until there is evi-
dence for personality in a more controlled envi-
ronment, it is challenging to disentangle what
could be related to responses to environmental
conditions or to individual behavioral differ-
ences. For instance, Ortega et al. (2009) inves-
tigated movement in juvenile bull sharks in
Florida and in another river system. Similarly,
they found differences in movement between two
groups of juvenile bull sharks, but explained that
these could have been related to the locations
within the river and the differences in habitat
within these areas. Regardless, juvenile bull
sharks are a promising model with which to
investigate consistent individual differences in
behavior. The heterogeneity of predator pressure
and resource abundance in the juvenile bull
sharks’ nursery habitat contributes to the likeli-
hood that personality differences are present in
this species. Longer term studies along with a
demonstration of a long-lasting relationship
between movement differences and feeding
location differences (risky marine web food vs.
safer estuary) or life history traits (e.g., growth
rate and survival) would strongly suggest that
these differences reflect (at least partly) consis-
tent individual differences and demonstrate the
ecological importance of such differences. In the
best scenario, individual differences should be
investigated in controlled captive or semi-captive
conditions and then in the field (e.g., Herborn
et al. 2010; Yuen et al. 2016). This strategy
would, for instance, allow researchers to further
investigate if habitat use variability is due to
differences in boldness, dominance, sociability,
or exploration.
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Behavioral Assays in Large Free
Ranging Sharks

Being usually shy, wide ranging, and living in
concealed environments, shark behavior is diffi-
cult to study for many species (Nelson 1977).
The need to observe the same individuals mul-
tiple times, to demonstrate personality and logi-
cally further amplify this difficulty. However, as
shark personality receives more attention, sys-
tems and methods are likely to be identified and
developed or instance, white sharks provide a
potential model to study personality in a large,
upper trophic predator. White sharks can be
attracted to research boats using bait and
repeatedly observed over months or years, as
demonstrated by the development of ecotourism
in South Africa (e.g., Laroche et al. 2007). This
opens up the possibility to observe the same
individual multiple times. Furthermore, these
sharks have been observed inspecting novel
objects on the water surface (Hammerschlag
et al. 2012). These characteristics were taken
advantage of by William Hughes, Marlene
Stürup, and colleagues in their investigation of
individual differences in the behavior of white
sharks, and the preliminary results are encour-
aging (William Hughes, personal communica-
tion). If these tests are applicable to personality
research, they might provide a method for testing
personality in large sharks in the wild. These
methods could be used to further investigate the
relationships between personality traits (such as
novel object inspection) and individual differ-
ences in observed behaviors, such as movements,
space use, hunting strategy, social interactions,
feeding habits, and more, to be described below.

Evidence for Interindividual
Variation in Shark Behavior: Reasons
to Study Shark Personality

In the following part of this chapter, we describe
the growing evidence for interindividual vari-
ability in the natural behavior of elasmobranchs
across several species with diverse taxonomy,
biology, and behavior (see Table 7.1). These

descriptions of variation between individuals do
not constitute proof of personality, and we do not
intend to use these descriptions as such. Indeed,
little attention has been paid to testing if indi-
vidual differences in behavior are consistent (a
key concept to personality) and if these differ-
ences have fitness consequences (e.g., growth
rate, survival, reproduction) in the field. Despite
the dearth of studies that test for consistency, we
want to illustrate how, if proven to be related to
personality, further investigating the variability
between individuals could improve management
success and our understanding of animal per-
sonality. Because such studies could inspire
further work in shark personality, we describe
which tools and methods were used in these
studies in more detail within Tables 7.1 and 7.2.
In this section we selected a few studies to
illustrate and discuss differences in movements
(e.g., localized and large-scale) with a brief dis-
cussion about incorporating personality variables
in the design of marine protected areas. In
addition, we describe the rationale for studying
personality in large, low predation-risk predators,
and the potential for strong impacts of individual
differences on ecosystems and sensitivity to
wildlife tourism. Finally, we discuss preliminary
evidence for differences in the social behavior of
sharks and emphasize the importance of investi-
gating personality in other elasmobranchs.

Understanding elasmobranch movement is
considered as a critical step to improve their
conservation (Chapman et al. 2015; Papastama-
tiou and Lowe 2012). Data generated from these
studies are crucial for delineating key areas that
require protection, for example sites of parturi-
tion or aggregation (e.g., Mucientes et al. 2009).
Such engagement has led to an explosion of
studies on shark movements, development of
technologies, and modern data analytic methods
(see review: Hussey et al. 2015; Jacoby and
Freeman 2016). This effort has unraveled
interindividual differences in aspects of localized
and large-scale movements.

The use of core areas has been documented in
numerous shark species (see examples in
Table 7.1). These demonstrations have provided
a large amount of data on movements in sharks
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Table 7.1 Examples of investigations used in the chapter describing interindividual differences in Elasmobranchs field
studies

Species Interindividual differences Method Source

Blacktip reef shark
(Carcharhinus
melanopterus)

Home range, habitat use and excursions
High variability in isotopic signature; Some
individuals might rely more on pelagic prey
Gregariousness
Community differences in their mean
sociability

Acoustic telemetry
(passive)
SPOT tags and SIA
Direct observations
via SCUBA
photo-identification

Papastamatiou
et al. (2010)
Mourier et al.
(2012)

Scalloped
hammerhead shark
(Sphyrna lewini)

Core area use and distance of excursions out of
these
Refuging and night excursions away from
seamount
Mention of potential Solitary versus group
excursions

Acoustic telemetry
(active)
Acoustic telemetry
(active)

Ketchum et al.
(2014)
Klimley and
Nelson (1984)

Gray reef shark
(Carcharhinus
amblyrhynchos)

Time of day attendance patterns
Home range behavior. Reef associated sharks
displaying more nomadic patterns than lagoon
associated sharks. Nomadic individuals
showed more agonistic behaviors toward
divers

Acoustic telemetry
(active)
Acoustic telemetry
(active and passive)

Field et al.
(2010)
McKibben and
Nelson (1986)

Blue shark
(Prionace glauca)

Site fidelity
Male large-scale movements and destinations

Satellite telemetry
(PSAT and SPOT)

Vandeperre
et al. (2014)

Bull shark
(Carcharhinus
leucas)

Tendency to migrate
Residency versus migratory behavior
Niche specialization among specialist
individuals

Acoustic telemetry
(passive)
Acoustic telemetry
(passive)
SIA

Heupel et al.
(2015)
Espinoza et al.
(2016)
Matich et al.
(2011)

Tiger sharks
(Galeocerdo
cuvier)

Migration in mature females
Inter-island movements
Movement and residency
Diving behavior and depth use
Habitat use
Movement: Path structure, patch size and
tortuosity

Acoustic telemetry
(passive)
Satellite telemetry
(PSAT and SPOT)
Acoustic telemetry
(passive)
Satellite telemetry
(PSAT)
Crittercam
Acoustic telemetry
(passive)
Acoustic telemetry
(active)

Papastamatiou
et al. (2013)
Meyer et al.
(2010)
Vaudo et al.
(2014)
Afonso and
Hazin (2015)
Heithaus et al.
(2002)
Papastamatiou
et al. (2011)

Spiny dogfish
(Squalus acanthias)

Long distance movements and residency Mark recapture McFarlane and
King (2003)

Great white shark
(Carcharodon
carcharias)

Hunting strategies
Foraging strategies
Response to provisioning

Acoustic telemetry
(active)
SIA
Acoustic telemetry
(passive)

Towner et al.
(2016)
Kim et al.
(2012)
Huveneers
et al. (2013)

Juvenile lemon
sharks (Negaprion
brevirostris)

Leading groups
Relationship between growth rate and
mortality

Direct wild
observation and
conventional tagging
Mark recapture

Guttridge et al.
(2011)
Dibattista et al.
(2007)

(continued)
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and have revealed individual differences in uses
of these areas (see Table 7.1). In addition to
being important to animal ecology and survival,
the fact that some sharks use core areas repre-
sents an interesting methodological advantage.
Indeed, sharks’ regular use of the same area for
long periods of time allows researchers to follow
individuals for extended periods (e.g., 3.5 years:
Papastamatiou et al. 2010) and to then perform
finer scale investigations. Understanding indi-
vidual differences in movements around and in

core areas can contribute to the development of
accurate and efficient protected areas (i.e., marine
protected areas, no-take zones). For instance,
while focusing on protecting only those core
areas, sedentary individuals will be artificially
selected for (Kaplan et al. 2014). If such differ-
ences are shown to be consistent and related to
life history traits, this artificial selection could
have a strong impact on the conservation of the
species. Illustrating this point, many studies have
found evidence for and/or discussed individual

Table 7.1 (continued)

Species Interindividual differences Method Source

Broadnose
sevengill
(Notorynchus
cepedianus)

Movement and diet SIA
Acoustic telemetry
(passive)

Abrantes and
Barnett (2011)

Cownose ray
(Rhinoptera
bonasus)

Residency time and home range Acoustic telemetry
(passive)

Collins et al.
(2007)

Manta ray (Manta
alfredi)

Movement patterns at varying spatial scales Acoustic telemetry
(active)

Papastamatiou
et al. (2012)

Table 7.2 Common methods used to investigate natural behavior of large aquatic animals

Method Technique

Acoustic telemetry Acoustic tags fitted to animals autonomously transmit positioning data to static receiving
stations (passive tracking) that can be retrieved periodically or to mobile “real-time”
receiving stations (active tracking) for example on a pursuit vessel

Satellite telemetry PSAT (Pop-up Archival Satellite Tags) gather data on a variety of measurements (i.e.,
temperature, pressure, luminosity) while attached to the animal. Observations are sent to
land-based receivers via orbiting satellites once tags are detached from the animal
SPOT (Smart Position and Temperature tags) data on a variety of measurements (i.e.,
temperature, pressure, luminosity). Observations are sent to land-based receivers via orbiting
satellites each time the antenna is out of the water (i.e., when the sharks’ fin is out of the
water for tags fitted to dorsal fins)

Crittercam Crittercams are small animal-borne video cameras that record the behavior of its bearer. They
are mostly used for predator–prey encounter studies

Photo-Identification This technique consists of identifying unique features on an animal that are consistent
through time. Pictures from recreational divers or the scientific team can be compared to
previous images and individuals can be identified and observed through time. In
Elasmobranchs, fin edges, ventral patterns, scarring, or skin patterns have been successfully
used to identify individuals, multiple years in a row

Tri-axial
accelerometer

Tri-axial accelerometer data loggers have revolutionized studies of animal behavior and are
providing unprecedented new insight into the biomechanics of shark swimming. These
devices measure accelerations due to gravity in three dimensions, and can be used to
reconstruct a high-resolution record of shark body movements, including tail beat frequency
and amplitude

External tagging Another technique used for individual recognition is through external tagging. Each
individual can receive a tag that can be easily recognized (specific tag number, color, shape).
This can allow the participation of recreational divers into the studies if necessary
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differences: adult blacktip reef shark, Car-
charhinus melanopterus (Papastamatiou et al.
2010), scalloped hammerhead, Sphyrna lewini
(Ketchum et al. 2014; Klimley and Nelson 1984)
and gray reef shark, Carcharhinus amblyrhyn-
chos (Field et al. 2010; McKibben and Nelson
1986). Interestingly, some of these examples
mentioned differences in other behaviors (e.g.,
social and agonistic behavior; see Table 7.1)
revealing these systems as potentially good
sources of data for future studies on personality.

Similarly, individual differences could be
observed in large-scale movements (e.g., across
international boundaries or oceans). Individual
differences in such movements were, for instance,
documented for blue sharks, Prionace glauca
(Vandeperre et al. 2014), which were migrating
throughout a large part of the North Atlantic in
summer months. In Australia, bull sharks (Espi-
noza et al. 2016; Heupel et al. 2015) showed
marked individual differences in their migration
pattern. Examples of variation in destination,
timing, and/or the extent of migration were also
documented in spiny dogfish, Squalus acanthias
(McFarlane and King 2003) throughout the
Pacific, bull sharks in Australia (Espinoza et al.
2016), and in tiger sharks (Meyer et al. 2010;
Papastamatiou et al. 2013). In addition, a
promising phenomenon describing individual
variation is partial migration (i.e., when only a
portion of the population migrates). Little work
has been performed in sharks, but partial migra-
tion is expected to have strong ecological and
evolutionary impacts and important implications
for fisheries management (Chapman et al. 2012,
2015). Interestingly, differences in migration have
been related to personality in fish (Chapman et al.
2011). No such association was investigated in
sharks; however, in Hawaii, where some tiger
sharks were resident and others were transient,
returning for short foraging excursions (Meyer
et al. 2010), one proposed explanation for the
variation was individual differences in cognitive
maps due to initial differences in exploration. If
this is the case, then it would strongly support
personality as one cause for differences in
large-scale movements in tiger sharks. And, if
proven to be true and some individuals

consistently migrated whereas others did not, then
their conservation status might differ (e.g., dif-
fering legislation across borders) leading to
selection favoring certain personality types.

Investigating personality and its effect on the
behavior of large upper trophic predators, such as
tiger sharks or great white sharks, is critical for a
more complete understanding of individual dif-
ference effects on these species’ ecology but also
throughout their ecosystems. Indeed, these large,
predatory animals have a strong impact on their
ecosystems. For instance, they play a role in cou-
pling otherwise discreet food webs (Heupel et al.
2015; Matich et al. 2011; Rooney et al. 2006) and
can impact prey behaviors. Such effects can be
expected to occur throughout the food web where
these sharks are present because they are known to
target and, therefore, influence the behaviors and
habitat use of other top predators, including mar-
ine mammals, such as bottlenose dolphins, Tur-
siops aduncus (Heithaus and Dill 2002) or Cape
fur seals, Arctocephalus pusillus (Towner et al.
2016). If individual differences in movements or
feeding habits are consistent, then these differ-
ences could have large ecological ramifications
throughout the migratory range of these large
predators. Accordingly, individual differences
were observed in tiger shark movements (Afonso
and Hazin 2015; Heithaus et al. 2002; Meyer et al.
2010; Vaudo et al. 2014) and in great white shark
hunting strategies (Towner et al. 2016). The dif-
ferences in hunting strategy were consistent over
short time periods (over a month: Towner et al.
2016). As explained by the authors, a long-term
investigation would be useful to provide evidence
for individual specialization and an understanding
of the impact that these findings have on prey
behavior and foraging success (Towner et al.
2016).

Along with individual differences in behavior,
great white sharks vary in their dietary shift with
age and in their diet specialization. Researchers
classified individuals as either specialists, gen-
eralists, or intermediary (Kim et al. 2012).
Unfortunately, these studies were conducted in
different locations; therefore, we can only spec-
ulate whether such differences in feeding habits
are related to individual differences in behaviors
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of great whites as observed in other taxa
(Toscano et al. 2016).

Despite our focus on the most well-known
species, other large sharks that have received less
attention are as important and have similar
impacts on their ecosystems. For instance, the
broadnose sevengill shark, Notorynchus cepedi-
anus, is known to prey on other elasmobranchs
and marine mammals (Abrantes and Barnett
2011). Marked individual differences in move-
ment and habitat use were found in this species. In
addition, preliminary evidence suggested that
there were diet differences between individuals at
the study site. However, the authors explained
that, due to unknown winter residency locations
for the sharks, it was difficult to draw strong
conclusions on this later point. In view of these
few studies, it seems important to verify how
common individual differences are in large sharks
and how these differences impact ecosystems.
These observations, combined with the possible
existence of individual differences in large-scale
movements leading to a complex network of
linked ecosystems, suggest that underestimating
individual differences could hinder our ability to
understand and protect marine ecosystems.

Large charismatic sharks such as the tiger or
great white shark have become stars of provi-
sioning wildlife tourism and the potential effect
of this activity has raised concerns (Gallagher
et al. 2015). Again, it is worth bearing in mind
that these effects may not hold for all individuals
in the population. Indeed, the amplitude of
behavioral changes caused by ecotourism varies
between great white sharks (Huveneers et al.
2013). Such differences, if consistent, could be
an example of individual differences in attraction
to novelty or in reaction to what might be con-
sidered as a potentially dangerous stimulus (di-
mensions of personality termed neophilia and
boldness, respectively; Réale et al. 2007). If a
link between personality and individual differ-
ences in reaction to ecotourism is demonstrated,
behavioral observations with the participation of
commercial boats could lead to the creation of a
personality database.

Studying a variety of organisms with different
life history traits and ecological conditions is

needed to understand the predictors of animal
personality (Réale et al. 2010, 2007). Therefore,
testing and investigating personality in large
upper trophic predator sharks (see above) could
also be rewarding for the field of animal per-
sonality. Indeed, large predators have a very low
predation risk compared to most species that are
investigated in animal personality research.
Therefore, exploring personality in these species
would add important data to the discussion on
predation as one of the potential mechanisms for
emergence and maintenance of animal personal-
ity. Similarly, the diversity of elasmobranchs
does not stop at sharks. In fact, along with skates,
rays, and chimaeras, sharks represent their own
evolutionary lineage, and, as mentioned before,
are highly diverse in their behavior and ecology.
This is therefore an opportunity to add important
comparative data. Unfortunately, less work has
been conducted on other elasmobranchs. Still,
such variation has been documented in a handful
of ray species. For instance, individual differ-
ences in activity and residence time were found
in the cownose ray, Rhinoptera bonasus (Collins
et al. 2007) and in the movement pattern of
manta rays, Manta alfredi (Papastamatiou et al.
2012). Notably, adult cownose rays and other
rays have successfully been held in captivity for
extended periods of time (Fisher et al. 2011), and
so provide an opportunity to link behavioral traits
observed in captivity to those observed in the
wild. To our knowledge, no personality research
has been conducted on captive rays or skates, but
we hope to see research move in this direction.

Along with increasing the diversity of species,
the behavioral complexity of elasmobranchs
provides an opportunity to increase the range of
behaviors screened for individual differences.
This is the case for social behavior in sharks,
which has attracted a lot of attention (Jacoby
et al. 2012), including recent findings on indi-
vidual differences in sociality (see Jacoby et al.
2014). Understanding more about the dynamics
of shark social behavior is important as concen-
trations of sharks can easily be targeted by spa-
tially focused fishing (Jacoby et al. 2012;
Mucientes et al. 2009). Considering that some
personality traits (e.g., activity and boldness) can

142 J.S. Finger et al.



lead to disproportionate capture rates (Biro and
Post 2008), understanding the presence and
extent of social differences seems necessary to
improve fishery and ecosystem management.
Furthermore, many questions concerning social
dynamics in animals and the role of personality
differences in groups remain (Farine et al. 2015;
Wolf and Krause 2014). Adding taxonomic
diversity will contribute to a more global
understanding of personality role in social group
structures.

In the wild, juvenile lemon sharks differ in
their tendency to lead groups (Guttridge et al.
2011). Differences were found to be size-
dependent with larger individuals leading
groups more frequently. However, there were
instances where smaller individuals were
observed to lead groups (Guttridge, personal
communication). Future work should investigate
how much these differences relate to personality
and not confounding factors, such as age and size.
Further individual differences were observed in
the social behavior of blacktip reef sharks.
Researchers measured gregariousness as the size
of the group in which the individuals were
observed (Mourier et al. 2012). They found that
individuals differed consistently in their preferred
group size. In addition, this investigation revealed
the presence of distinct communities with varying
social dynamics. More personality-focused
investigations controlling for confounding fac-
tors (e.g., size, sex, and social environment) using
the same method could give valuable information
on shark personality in the wild. Over the long
term, this method and system could provide a
good opportunity to study the relationship
between personality and social dynamics in large
marine vertebrates. Furthermore, this could be
extended to additional elasmobranch species that
form predictable aggregations, for example,
whitetip reef sharks, Triaenodon obesus
(Whitney et al. 2012), whale sharks, Rhincodon
typus, and manta rays (Rohner et al. 2013).

Another aspect of shark social dynamics worth
exploring is the observation of differences in
social ranking (e.g., dominance, agonistic
behavior). Such differences have been shown to
be consistent in bony fish (McGhee and Travis

2010) and related to other personality traits,
including boldness and aggressiveness (Colléter
and Brown 2011) and reaction to stress and
aggressiveness (Øverli et al. 2004). Interestingly,
agonistic behaviors (e.g., head shakes or cork-
screw swimming) were displayed by scalloped
hammerhead sharks (Klimley 1985). These sharks
performed such behaviors to retain or obtain a
central position within the large school they form.
Unfortunately, whether these individuals consis-
tently performed such behaviors and were more
successful at occupying central position was not
tested. The author interpreted the central position
within the school as providing a social advantage
to individuals, but not as a means by which indi-
viduals can avoid predators. This interpretation
for occupying a particular position contrasts with
the interpretation of this behavior for most
schooling aquatic organisms. Indeed, in fish
schools that are subject to high predation, posi-
tions are associated with varying degrees of risk
(e.g., being at the front of the school is riskier than
being inside the school; Krause 1994; Ward et al.
2004). Because of this differing schooling func-
tion in the scalloped hammerhead shark, it would
be interesting to determine whether individual
differences in this behavior exist and how these
differences are maintained in this species (or other
with similar characteristics).

Tools for Studying Shark Personality
in the Wild

In this review, we highlighted studies that pro-
vide evidence for individual differences in wild
shark behavior along with the tools and methods
used to study personality in these populations
(see Tables 7.1, 7.2). Following this, we now
emphasize the availability of former methods or
data that, if revisited, could be used to investigate
elasmobranch personality in the wild. We then
briefly mention other tools that have been used in
ecological and behavioral studies on sharks that
will likely enhance the study of personality in
these animals.

One behavior that could provide interesting
data is the reaction of sharks to divers or other
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intrusive stimuli. Martin (2007) reviewed ago-
nistic postures of sharks and how scuba divers
triggered such reactions. Individual differences in
agonistic response to divers have, for instance,
been mentioned in gray reef sharks (McKibben ad
Nelson 1986) suggesting a promising use of this
approach. Using these observations as a starting
point, remote-controlled craft equipped with
cameras could be used to investigate personality
traits such as boldness or neophilia, safely, in
numerous species.

Existing data can also be used to test questions
regarding animal personality. So far, no studies
have taken this approach to investigate personality
but present examples of re-analyzed data revealed
interindividual differences in movement behavior.
For example, Papastamatiou et al. (2011)
re-analyzed acoustic tracking data collected from
tiger sharks, common thresher sharks, Alopias
vulpinus, and blacktip reef sharks, and found
individual differences in the movement patterns of
tiger and thresher sharks. This illustrates the
potential of the large amount of available data on
elasmobranch movements. Once investigated
under the animal personality framework, these data
could become a useful source of information.

In their investigation, Wilson et al. (2015)
measured individual swimming activity using
accelerometers (see Table 7.2 and reviews by
Shepard et al. 2008; Wilson et al. 2006).
Accelerometers have been successfully used on
sharks (Bullock et al. 2015; Gleiss et al. 2013;
Whitney et al. 2007). These devices generate
large data sets for researchers (i.e., continuous
recording of tri-axial acceleration to quantify, for
instance, locomotor activity and deduce body
motion and posture), and these data could be used
to test for and investigate individual differences.

Recently, new tools have been developed to
investigate social behavior in such a way that
direct observations are not required. Guttridge
et al. (2010) made use of ‘proximity receivers’,
small ultrasonic acoustic receivers that can be
placed on focal animals to record signals sent by
acoustic tags deployed on other individuals.
These devices can be set to receive signals at
close (e.g., <10 m) or far distances (e.g., 100 m),
allowing researchers to record the proximity of

interactions. This technology could generate
high-resolution data and enable researchers to
study social interactions in sharks over long
periods of time (see also Haulsee et al. 2016). In
the same vein, the development of acoustic
technology (Hussey et al. 2015) has seen the
parallel development of co-occurrence analysis
(Jacoby and Freeman 2016). Co-occurrences
between individuals (detection of two or more
individuals at different locations in a certain time
interval) can be obtained using acoustic passive
tools (see Table 7.2) and then used as a proxy for
social interactions between individuals (Krause
et al. 2013). Furthermore, fine scale positioning
using acoustic technology permits researchers to
almost continuously and simultaneously record
the position of different individuals allowing
researchers to investigate social behavior and
aggregation of sharks. This method has been
used to study the social dynamics of spotted
wobbegong sharks, Orectolobus maculatus
(Armansin et al. 2016), but consistent individual
differences have not yet been examined.

To study the ecology of leopard sharks (Tri-
akis semifasciata) at the population level, Nosal
et al. (2012) used aerial balloons. One could also
conceivably use drones to follow particular
individuals and observe behaviors of interest.
Drones and balloons are useful technologies that
allow researchers to observe cryptic animals such
as sharks without disturbing these animals
(Kiszka et al. 2016). Such methods can be
applied only to particular environments, namely
those in which one can maintain sight of the focal
individual. Furthermore, these technologies have
to be used in combination with methods for
confirming the identity of the focals (e.g., former
localization using acoustic tags). When these
conditions are met, drones and other new tech-
nologies could become powerful tools for gath-
ering detailed natural behavior about individuals.

Summary

We illustrated how studying personality in sharks
could contribute to a better understanding of
animal personality evolution and of the ecology
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of sharks and their ecosystems. Unfortunately,
most of the examples do not consider personality
as a potential explanation and, therefore, neglect
to test if individual differences are consistent.
This is unfortunate because, if some of the dif-
ferences described in this section are consistent,
they could have strong ecological implications.
We mentioned, for instance, how variation in
localized movements around home ranges or
refuges, in large-scale movements, in social
behavior, and in intra-population differences in
feeding habits are potentially related to these
behavioral differences. Because these differences
can impact elasmobranch conservation or con-
servation of the ecosystem on a large scale, it is
important to consider personality within sharks’
and other elasmobranchs’ biology. Interestingly,
such individual variation was also found in large
apex predators under low predation risk. As
mentioned before, this is of interest because
predation risk is a central cause within the animal
personality literature and determining whether
such large predators exhibit personality could
provide insights into the mechanisms that main-
tain animal personality variation.

Conclusions and Future Directions

The pattern emerging from this chapter is that
research on the personality of sharks and other
elasmobranchs is just beginning and that con-
siderable effort is needed to reach the amount of
data gathered on some other taxa. On the more
positive side, the studies that do exist have not
only managed to demonstrate the existence of
shark personality, but have also demonstrated
interesting systems and methods that will inspire
future researchers.

There is a large literature on other taxa that
can and should be used to design behavioral
experiments for measuring personality in sharks
while keeping in mind the inherent difficulties.
Furthermore, there are examples in the shark
literature of behavioral assays that could be used
to investigate these behaviors at the individual
level. For example, to investigate dominance
hierarchies in captive sharks, two studies looked

at a behavior called avoidance (Allee and Dick-
inson 1954: smooth dogfish, Mustelus canis) or
give-way (Myrberg and Gruber 1974: bonnet-
head sharks, S. tiburo). This behavior occurs
when two individuals are swimming toward each
other and one individual changes its direction to
avoid collision. Both studies found clear differ-
ences between individuals; however, size differ-
ences seemed to explain most of the variation in
both cases and sex differences also contributed to
these differences in Myrberg and Gruber’s study.
Unfortunately, personality was not considered as
an additional cause for differences in avoidance.
Another well-used method is the binary choice
experiment. So far this has been used only to
investigate overall sociality in juvenile lemon
sharks (Guttridge et al. 2009) despite its suc-
cessful application for studying personality in
fish (e.g., Cote et al. 2012; Harcourt et al. 2009).
These methods are reliable, easy to design, and
useful for gathering data on shark personality.

Following captive experiments, if possible, it
is important to perform further tests in the wild
using the same individuals. This is a crucial step
to understand the extent and impact of person-
ality on observed individual differences in the
wild. As such data are being collected in more
manageable species (i.e., testable in captivity and
in the wild), this will help to better interpret
individual differences observed in species that
cannot be tested in captivity or semi-wild envi-
ronments (e.g., highly mobile sharks). In this
chapter, we provided some examples of species
awaiting such transitions, namely juvenile lemon
sharks and Port Jackson sharks.

One recurrent issue throughout this chapter is
the lack of studies examining the association
between life history traits, feeding habit differ-
ences, and personality, despite their feasibility
(e.g., Tinker et al. 2007). This association is
fundamental to understand the evolutionary and
ecological consequences of personality in the
everyday life of sharks, and could lead to an
improvement in fisheries and ecosystem
management.

One remaining important question, which
represents a major challenge in the study of
personality in sharks, and other long-lived
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animals is whether personality traits are stable
throughout the lifetime of the individual,
including when individuals experience drastic
changes in their environment. For instance, after
a few years, predation risk might dramatically
decrease (Chapman et al. 2009; Guttridge et al.
2012) and this decrease might disturb former
rank-order differences between individuals.
Addressing this question requires a long-term
study that starts when the animals are juveniles
and so presents obvious challenges.

Overall, research on personality in sharks is in
its infancy, but, as the importance of individual
differences is being appreciated more by
researchers, new methods, systems and models
for studying personality are being developed. We
believe that in a few years, with researchers
giving sharks the attention that they deserve,
more information will become available that will
improve our understanding of shark behavior,
assist with shark management and conservation,
and enable us to gain a greater insight into the
evolution of personality.
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8Personality and Individuality
in Reptile Behavior
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Abstract
Despite the taxonomic, behavioral, and lifestyle diversity among reptile
species, behavioral consistency in reptiles has not been examined to the
extent that it has been in fish, birds, and mammals. Careful use of terms such
as individuality, temperament, personality, and behavioral syndromes is
needed as they carry overlapping connotations and varying dangers of being
applied in an anthropomorphic fashion. The majority of research on such
phenomena in reptiles has utilized snakes and lizards. Studies on antipredator
behavior in natricine snakes, primarily in the genus Thamnophis, has
produced strong evidence of individual consistency of behavior over time,
some evidence for consistency across situations, clear evidence for a
heritable basis for individual differences in antipredator behavior, and limited
evidence linking individual variation with fitness-related outcomes.
Research in lizards has mirrored findings reported for other vertebrates,
focusing on one or more of five traits: shyness–boldness, exploration-
avoidance, activity, sociability, conspecific aggression, and possible
relationships among them. We review the methodology and statistical
analyses used to study these traits in lizards and the relationships of these
traits to morphology, reproduction, hormones, fitness, life history, and other
factors. The common lizard (Zootoca vivipara) has become a model species,
for example, in studies assessing the pace-of-life hypothesis, with results
differing from those found in other vertebrates. Studies on turtles and
crocodilians are also presented that further illustrate the comparative and
methodological value of reptilian studies.
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Personality and Individuality
in Reptile Behavior

Nonavian reptiles are perhaps the most diverse
vertebrates in terms of their morphology, life-
styles, ecology, and behavioral adaptations. The
early history of reptiles paints an even more
diverse history with true flight in pterosaurs and
relatives, seafaring dolphin-like ichthyosaurs and
mosasaurs, theraspids—so-called mammal-like
reptiles (Hotton et al. 1986), and dinosaurs—
the ancestors of birds. So, one would expect
much behavioral variation between orders, fam-
ilies, genera, and species. However, until
recently, the diversity in reptile behavior,
although acknowledged, was, with few excep-
tions, not a focus of research to the extent found
with fishes, birds, and mammals. This relative
degree of neglect was true whether the research
focused on ethology, comparative psychology,
natural history, or laboratory experimentation.
This was also true of descriptions of intraspecific
variation, which were primarily anecdotal. For
example, in the Reptile Ethology Laboratory at
the University of Tennessee, anyone interacting
with iguanas in the colony room knew which
were docile and which were aggressive; one
iguana was so tame that she would raise her head
to be scratched and rubbed (Burghardt 2000a),
whereas another would consistently perch by the
door and slap unsuspecting caretakers in the face
with her tail. In addition, numerous anecdotal
accounts of individuality of turtles, alligators,
lizards, and snakes interacting with humans have
been described (Bowers and Burghardt 1992).
However, in a review of studies of animal per-
sonality, Gosling (2001) included research on
only two reptile species (two species of garter-
snakes) out of the 65 animal species reviewed.
Similarly, Bell et al. (2009) reviewed studies of
repeatability of behavior and included data from
only six reptile species (one snake, one lizard,
and four turtle species) out of 98 total species.
Even more recently, the review by Weiss and
Altschul (2017) referenced no studies of reptiles
in their authoritative overview of the field. We
hope to illustrate the value of studying nonavian
reptiles in this chapter.

Without systematic observation of individu-
als, it is impossible to separate variation among
conspecifics from factors such as observational
conditions, testing methods, motivation, sex, age,
previous experiences including rearing and par-
ental care, nutritional state, illness, and so forth.
Nonetheless, starting in the 1960s, studies of
differences among species in display behavior,
reproduction, diet, foraging, and antipredator
behavior entered the field, as shown in a defini-
tive early review by Carpenter and Ferguson
(1977). Carpenter was one of the first researchers
to focus on the head-bob and push-up commu-
nicative displays in lizards, and developed a
method of graphical recording of head, dewlap,
and forelimb movements in amplitude, duration,
and temporal sequencing, using Display Action
Pattern (DAP) graphs. He studied and compared
dozens of species, focusing on species and pop-
ulation typical behavior rather than individual
differences. However, Dugan (1982a, b) docu-
mented consistent individual differences in the
signature head-bob displays of male green igua-
nas (Iguana iguana) that could provide infor-
mation to both males and females in courtship
and mating territories.

Species and individual differences in temper-
ament as expressed in antipredator (“defensive”)
behavioral repertoires and strategies were also
studied. Such recognition was especially impor-
tant for reptile curators and keepers in zoos, as
awareness of differences in proneness to attack,
strike, constrict, or flee was essential when
working with large, dangerous, or venomous
reptiles, especially crocodilians and snakes.

Reptilian taxa also differ in sociality, foraging,
diet, reproduction, parental care, habitat, and in
other ways. Although early work, to be described
below, addressed species differences in these
traits, and, later, in stable intraspecific differences
distinct from sex, age, population, health, etc.,
the term personality was not used to describe
these differences. Thus, although there is a lit-
erature on reptile individuality going back dec-
ades, this literature has largely gone
unrecognized in the field of animal personality,
as terms such as temperament and personality
were not used (but see Burghardt 2000b for an
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exception). In this chapter, we review this early
work, especially on snakes, review recent work
that builds on current approaches to studying
animal personality, and discuss some method-
ological and terminological issues. We focus on
snakes and lizards, which represent about 95% of
extant reptiles and which are the focus of the
majority of relevant research. We begin with
terminology and advocate greater use of the term
“temperament,” as “personality” has quite
anthropomorphic connotations due to its origins
in research on humans and subsequently in
nonhuman primates (Weiss et al. 2011; Weiss,
this volume). Although it is important to examine
evolutionary continuity across human and non-
human behavior, and personality is a
time-honored term used by psychologists as well
as farmers, animal breeders, and pet owners,
recent work, much described in this volume,
highlights some of the problems in deploying the
term and its referents clearly and consistently
when applied across wider taxonomic chasms (c.
f., chapters in Weiss et al. 2011; Zeigler-Hill and
Highfill, this volume).

Terminology and Food Preferences

Individual differences, temperament, and per-
sonality are terms that, while seemingly clear, are
sometimes problematic in how they are used. On
one level, personality can be viewed as a way of
dealing with individual differences by grouping
similar individuals or aspects of their behavior
into “types” or categories. If done in this way,
then it is not so different from grouping indi-
viduals into types based on dietary preferences,
foraging styles, and courtship strategies. Of
course, empirically measured variation is con-
tinuous on most dimensions and how such
behavioral differences are measured, grouped,
and deployed is often decided pragmatically and
statistically, as well as theoretically (Weiss et al.
2011; Zeigler-Hill and Highfill, this volume), as
shown in the voluminous work on dog person-
ality (reviewed in Fratkin, this volume).

Temperament was a term used in ancient
medicine to characterize different humans well

before personality, let alone psychology, arose as
a field. The four humors (sanguine, melancholic,
choleric, phlegmatic), popularized by Galen and
other early pioneers of medicine were used to
classify people, and even animals, as belonging
to a type, often using physical appearance as well
as psychological propensities (Lavater 1798).
Animals and people could be viewed as irritable
or placid, for example. Temperament may be a
less anthropomorphic term for some of the
measures being labeled personality. Also, some
researchers emphasize social interactions, as
reflected in the interpersonal circumplex
approach being proposed as an alternative or
supplement to personality measures derived from
the “Big Five” model (Zeigler-Hill and Highfill,
this volume). Although individuality implies
stable variation, both personality and tempera-
ment have been applied to entire species, as
when some lizard or snake species are charac-
terized as being high-strung or irritable, aggres-
sive and prone to bite or attack, or shy and
retiring.

But there are other problems with using the
term personality rather than more neutral terms,
such as behavioral style or syndrome. One is its
origins in human personality research and the
loose application of the term. Are animals per-
sons? This is still an area of discussion (Row-
lands 2016 and commentaries/response). If they
are not, then personality may be a misleading
term. Of course, the recent popularity of the term
has helped to increase interest in the neglected
area of individual differences, as shown by
hundreds of recent studies, but care is needed.
Some research on animals, especially nonhuman
primates, uses scales, terminology, and methods
derived from human personality research (Weiss
and Altschul 2017; Weiss, this volume). Weiss
and Altschul (2017) provide a useful glossary of
terms used within the field that may be consulted
for a somewhat different viewpoint. For example,
temperament is viewed as those aspects of per-
sonality that are innate.

There have been several attempts to apply
variants of personality traits uncovered in
research on humans to other mammals including
chimpanzees, horses, and elephants (Latzman

8 Personality and Individuality in Reptile Behavior 155



et al. 2014; Lee and Moss 2012; Morris et al.
2002; Weiss et al. 2011). However, applying such
an anthropocentric lens to other species using
questionnaires may not accurately incorporate or
reflect the ethology of the target species, although
some careful and promising recent comparative
studies suggest a path forward (Robinson et al.
2016). With reptiles, these concerns may loom
larger than with mammals such as dogs and
nonhuman primates, as reading their emotions,
likes, and social interactions accurately is less
obvious. In any event, let animals be themselves
and let us follow their lead. One study that
highlights the difficulty in applying personality-
trait terms to snakes used 22 owner-rated
descriptors of the behavior of six royal pythons,
Python regius (Dutton and Anderson 2002).
Using multidimensional scaling analysis (MDS),
two dimensions of behavior were identified—one
with opposite poles of sociability and anxiety, the
other, incorporating terms like “prompt,” “ineffi-
cient,” and “complex,” being harder to interpret,
perhaps due to idiosyncratic labeling by the
owner (Dutton and Anderson 2002). The small
sample size (six individuals), lack of interrater
reliability measures (all traits were assessed by
the owner), and use of somewhat anthropomor-
phic traits such as “trusting” and “bashful” limit
the conclusions about snake personality that can
be drawn from this study.

If the term personality is not limited to tradi-
tional human personality derived measures, then
what does get included in the study of consistent
individual differences in behavior? Consider one
of the first reptilian studies, in gartersnakes, to
document within-family stable individual differ-
ences that could be grouped into classes akin to
personality types (Burghardt 1975). It has long
been known that snakes have prey preferences
that are mediated by chemical cues received via
vomerolfaction, the tongue-vomeronasal system
(Cooper and Burghardt 1990; Halpern and Fru-
min 1979; Kubie and Halpern 1979). Snakes will
approach, tongue-flick at, and even attack cotton
swabs dipped in clear aqueous solutions con-
taining chemical cues from the surface of prey.
Furthermore, naïve newly born or hatched snakes
show such chemosensory prey preferences and

such preferences are species typical, heritable,
and vary by population (review in Burghardt
1993). However, stable individual chemosensory
prey preferences, as between fish and earth-
worms, can be shown even without the snakes
ingesting food. For example, when neonatal
common gartersnakes (Thamnophis sirtalis), a
prey generalist, were tested on chemical fish and
worm cues daily for seven days, most individuals
had statistically significant worm or fish prefer-
ences. In fact, snakes fell into three groups: those
having a strong worm preference, a mild worm
preference, or a fish preference. So, not only do
different individuals in the same litter exhibit
individual differences in prey preference, they
can be grouped into types prior to any feeding
experiences. From an evolutionary point of view,
given yearly changes in prey availability, a
mother can hedge her bets by having offspring
with different prey preferences. Regardless of the
initial and often highly specific preferences,
however, both feeding experience and matura-
tional change can alter them (Burghardt 1993;
Waters and Burghardt 2005, 2013), including
learned discriminations among food classes
(small fish, earthworms) that initially were
responded to about equally, one trial illness-
induced food aversions in gartersnakes, and a
maturational shift from dragonfly larvae to crayfish
in crayfish snakes in the genus Regina. Other
research on snakes has demonstrated individual
differences in social aggregation and social pref-
erences as a function of diet and social interactions
(e.g., Lyman-Henley and Burghardt 1994; Yeager
and Burghardt 1991). Individuality in food pref-
erences, then, was not only an early demonstration
of consistent individual variability in reptiles, but
can also be linked to social interactions.

Individuality and Antipredator
Behavior in Snakes

We begin by summarizing the strength of evi-
dence in snakes for (a) consistency in individual
differences across time and situations, (b) heri-
tability of individual variation, and (c) individual
differences being related to fitness measures, thus
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putting the snake research into the conceptual
framework reviewed by Bell et al. (2009) on
diverse taxa. The major focus of this section is on
antipredator behavior in snakes because there are
numerous relevant studies.

Snakes exhibit a variety of antipredator
behaviors, such as death-feigning in eastern
hognose snakes (Heterodon platirhinos, Bur-
ghardt 1991), vigorous striking in Mexican
black-bellied gartersnakes (Thamnophis melano-
gaster), and balling in royal pythons (Python
regius) that are observable in the field and in
captivity (Greene 1988). Most species display a
limited repertoire of antipredator behaviors, so
the frequency of specific behaviors can be used
as a measure. Hognose snakes, however, have a
complex strategy involving bluff strikes followed
by writhing, defecating, blood oozing from the
mouth, and then cessation of all movement,
including breathing. Newly hatched snakes can
perform this immediately and consistent differ-
ences are seen when repeatedly tested within
hours and days of age (Burghardt 1991). Some
snakes bluffed only and others both bluffed and
feigned. Some quickly dropped the bluff and
feigned death (always turning over on their back)
when approached.

Several factors affect individual variation in
the type and amount of antipredator behavior
exhibited, including species (Bowers et al. 1993;
Scudder and Burghardt 1983), population (Bur-
ghardt and Schwartz 1999; Herzog and Schwartz
1990), litter (Herzog et al. 1989a), skin pattern
(Brodie 1992, 1993a), age (Herzog et al. 1992),
sex (Herzog and Burghardt 1986; Scudder and
Burghardt 1983), size (Mayer et al. 2016),
internal state (e.g., reproductive status, Maillet
et al. 2015; hormones, King 2002), environ-
mental factors (e.g., habitat, Greene 1979; tem-
perature, Mori and Burghardt 2001), and eliciting
stimuli (Herzog et al. 1989b). Individual consis-
tency of behavior has been demonstrated in
several species of snakes, and there is evidence
for a genetic basis for at least some of the vari-
ability detected.

Much of the quantitative research with stan-
dardized testing has used North-American natri-
cine snakes as subjects. These snakes include

watersnakes (genus Nerodia), gartersnakes and
ribbonsnakes (genus Thamnophis), brown and
red-bellied snakes (genus Storeria), and crayfish
snakes (genus Regina). All natricine snakes in
North America give live birth, do not provide
parental care, and produce neonates that are
highly precocial. Neonates can be tested as early
as the day after birth and can be housed indi-
vidually under identical conditions, controlling
for effects of experience on behavior. The first
year of life is crucial to neonatal natricine snakes,
as there is low survivorship over this time span
(Gangloff et al., in press); many of the studies
conducted on this group fall within this
timeframe.

An initial study was carried out by Scudder
and Burghardt (1983) with three species of
lab-reared 14-month-old watersnakes that had
been individually housed under similar condi-
tions as part of a growth study. Most watersnake
species are noted for their propensities to strike,
bite, and express obnoxious smelling cloacal
secretions. An escalating series of tests with
humans approaching, touching, and eventually
grabbing the snakes at identically timed intervals
led to more antipredator behavior (coiling, body
flattening, striking) as the “threat” increased, and
these behaviors differed in frequency among
species and also by sex—with males more prone
to strike compared to females. The 43 snakes
tested from these three species were from single
litters born to wild-caught females and, thus, the
differences found could not be definitively
attributed to species. However, this study showed
that different defensive temperaments among
snakes could be measured in a controlled setting.
In a subsequent study using escalating threat with
a somewhat different methodology, in which
snakes were tapped on the head rather than
grasped, four species of lab-born and reared
gartersnakes and ribbonsnakes showed even
more dramatic species differences with all spe-
cies but one represented by multiple litters
(Bowers et al. 1993). Species differed in what
could be termed defensive temperament in their
propensity to coil, hide their head, tail wave,
escape with reversals, or strike; individual dif-
ferences within each species were also noted.
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Other studies in the Burghardt lab were
spearheaded by Herzog and colleagues, who
conducted an extensive comparative research
program on antipredator behavior in natricine
snakes, primarily on species of gartersnakes and
ribbonsnakes; some topics explored were species
differences (Herzog and Burgardt 1986), onto-
geny of antipredator behavior (Herzog et al.
1992), effects of recent feeding (Herzog and
Bailey 1987), effects of experience (Herzog
1990), stimulus control (Herzog et al. 1989b),
habituation (Herzog et al. 1989a), and stability of
individual and litter differences over time (Her-
zog and Burghardt 1988). Many of these exper-
iments used a common methodology in which
snakes, tested in a 51 cm � 59 cm � 25 cm
glass-walled arena, were given a 30 s acclima-
tion period followed by the experimenter bring-
ing a nonmoving finger within 2 cm of the
snake’s snout. After this 60 s “nonmoving trial,”
there was another 30 s undisturbed period and
then a 60 s “moving finger trial” in which the
finger was oscillated 3 to 4 times per second. The
distinction between the nonmoving and moving
stimulus conditions is important as patterns of
striking can differ between these two conditions,
especially when snakes are tested repeatedly over
time (e.g., Herzog et al. 1989a). Unlike the pre-
vious studies described, snakes were never
physically touched during the testing. Using a
human hand as a stimulus has been shown to be
as effective as using predator models in eliciting
antipredator behavior and has excellent
inter-tester reliability, r(24) = 0.86, p < .001
(Herzog et al. 1989b).

The primary dependent variable used in this
series of studies was number of strikes at the
stimulus; an unambiguous behavior that can be
modified by experience (e.g., Herzog 1990) as
well as maturation (Bowers 1992; Herzog et al.
1992). The number of strikes observed has an
interobserver reliability of over 0.99 (Herzog and
Burgardt 1986). Individual variation in striking
has been found in all studies, with consistent
litter differences (e.g., Herzog and Burghardt
1988) but with few reported sex differences (e.g.,
Herzog and Burghardt 1988). In many of these
studies, individual snakes have shown

consistency of striking behavior over time, and
litter means have tended to be consistent in their
relative rank. Consistent litter differences found
in snakes with identical rearing conditions sup-
port a genetic origin of the stable individual
differences. There has been limited research
relating individual differences in behavior to
ecological and fitness-related variables (but see
Brodie 1992, summarized below). If the type of
predator and/or intensity of predation varies from
year to year, then individual differences in
antipredator behavior may be adaptive, espe-
cially in species with no parental care (Herzog
et al. 1989b).

Consistency of Antipredator Behavior
Over Time

Studies that test many animals just once and find
significant differences are not an adequate means
to assess individuality, temperament, or person-
ality because of the limited sample of behavior
and potential sensitivity of behavior to transient
physiological and environmental effects (Bur-
ghardt and Schwartz 1999). Studies that retest
animals repeatedly within a short interval (hours,
days) allow for significant differences to be
demonstrated, as in the studies of chemical prey
preference polymorphism noted above (Bur-
ghardt 1975); however, demonstrating stable
differences across longer periods (weeks,
months, or years) or across settings are even
more convincing demonstrations.

In a pioneering study, Arnold and Bennett
(1984) used several methods (e.g., tail-tapping)
in several contexts, to elicit antipredator behavior
from neonatal plains gartersnakes, T. radix.
Antipredator behavior was assessed by deriving a
score on a continuum from defensive to offensive
behavior using characteristics displayed in the
snakes’ head, body, and tail. They found that the
snakes varied in their displays but also showed
individual consistency over time and test condi-
tion with phenotypic correlations ranging
between 0.55 and 0.73. Table 8.1 summarizes
multiple studies that clearly show both short-term
and long-term consistency of antipredator
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behaviors in natricine snakes; in some of the
studies, e.g., Herzog and Burghardt (1988) and
Brodie (1993a, b), snakes show consistency of
behavior across months or even years.

Long-Term Developmental Trait
Consistency

Two studies of gartersnakes focused specifically
on long-term consistency of behavior. In an
in-depth assessment of long-term stability of
snake behavior, Herzog and Burghardt (1988)
assessed consistency of antipredator behavior
over the first year of life in the Mexican
black-bellied gartersnake (T. melanogaster). This
species is found in central Mexico near water
sources and feeds primarily on aquatic prey
(Rossman et al. 1996). Both neonates and older
individuals are aggressive, i.e., when approached
they strike readily and frequently compared to
other species of Thamnophis (Bowers 1992;
Bowers et al. 1993; Herzog et al. 1989a, 1992;
Herzog and Burgardt 1986). In Herzog and
Burghardt’s (1988) experiment, snakes were
tested the day after they were born and subse-
quently at 7, 16, 31, and 54 weeks. The lifespan
of T. melanogaster in the wild is not known, but
in the laboratory, we have kept individuals alive
for over 14 years. Highly consistent individual
and litter differences were found at each age (see
Table 8.2). In addition, litter ranks were
remarkably consistent over the first year of life,

Kendall’s coefficient of concordance, W = 0.81,
p < .01 (nonmoving hand) and W = 0.94,
p < .01 (moving hand). These stable litter dif-
ferences over the testing span are illustrated in
Fig. 8.1.

Brodie (1993a) similarly tested northwestern
gartersnakes, T. ordinoides, to assess ontogenetic
change in antipredator behaviors (maximum
escape speed, total distance crawled, number of
reversals) and color pattern, both in the labora-
tory and in the field. The laboratory group was
tested at 3 days of age and then at 4, 8, and
20 months. The field groups were tested as
neonates, marked, and released, with one subset
being captured and retested after one year and the
other subset being captured and retested after two
years. The coefficients of concordance for the
laboratory group and Spearman correlations for
the field groups, all adjusted for size, are shown
in Table 8.1. Most of the tests of relationship
were significant, indicating that these snakes
showed individual consistency in their
antipredator behavior. It is notable both that
laboratory and field results were similar (as
rearing and testing conditions may affect an
individual’s behavior), and that behavior was
consistent over a lengthy time period (two years).

Experiential Effects

Experience can modify striking behavior in
gartersnakes (Herzog 1990; Herzog et al. 1989a;

Table 8.2 Pearson r correlation coefficients (sample size) between retests at five different ages of T. melanogaster on
number of strikes directed at a nonmoving and moving human hand during 60 s trials

Age Nonmoving stimulus Moving stimulus

7 weeks 16 weeks 31 weeks 54 weeks 7 weeks 16 weeks 31 weeks 54 weeks

1 day 0.56**
(36)

0.39*
(30)

0.54**
(22)

0.48**
(25)

0.38*
(36)

0.47**
(30)

0.53**
(22)

0.40*
(25)

7 weeks 0.61**
(29)

0.63**
(21)

0.54**
(24)

0.72**
(29)

0.69**
(21)

0.67**
(24)

16 weeks 0.54**
(22)

0.53**
(25)

0.84**
(22)

0.68**
(25)

31 weeks 0.61**
(22)

0.79**
(22)

Note: Recreated from Herzog and Burghardt (1988), p. 254,* p < .05; ** p < .01 (one-tailed test)
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Herzog and Burghardt 1988). The number of
strikes will increase under conditions when the
snakes are harassed repeatedly (Herzog 1990) or
will decrease when repeated stimulus presenta-
tion has no aversive consequences (Bowers
1992; Herzog et al. 1989a; Herzog and Burghardt
1988). Bowers (1992) investigated the ontogeny
of habituation in T. melanogaster using 25 neo-
nates from 3 litters tested in a split-litter design.
Twelve snakes were given a test the day after
birth (day 1) in which a model of a hawk head
was presented for 10 30 s trials with a 30 s
inter-stimulus interval. The number of strikes
given and other antipredator behaviors were
measured in each trial. On day 61, all 25 of the
snakes were given an identical test; 20 snakes (10
from each group) were also tested on day 300.
Regression analyses were performed on the data
for each snake (methodology described by
Petrinovich and Widaman 1984), so that an
intercept and slope were generated for each
snake. The intercept provides a measure of
responsiveness in terms of striking but is highly
affected by slope, which indicates the rate of
habituation. Total number of strikes over all trials
was calculated as an additional measure of
responsiveness. Individual consistency over the

60-day period was found, indicated by strong
positive correlations for all measures between all
test days (see Table 8.1). Number of strikes over
trials on day 1 and on day 61 for three snakes are
shown in Fig. 8.2; these individuals show con-
sistency not only in their total responsiveness but
also in their habituation profiles.

Stamps and Biro (2016) underscore the
importance of measuring personality differences
and their influence on individual differences in
behavioral plasticity. For example, individual
differences in propensity to habituate are asso-
ciated with fitness-related outcomes in Iberian
wall lizards, Podarcis hispanica; the body con-
ditions of individuals that habituate readily to
low-risk predators tended to improve, presum-
ably because they can spend more time foraging
and/or experience less of a physiological stress
response than those that do not habituate readily
(Rodríguez-Prieto et al. 2010). Thus, individual
differences in plasticity may have implications
for fitness. And, whereas experience can interact
with behavior in complex ways, it can also alter,
indeed increase, the heritability of a trait when
measured at different ages and after certain
experiences (Burghardt et al. 2000). In this study,
the responsiveness to chemical cues from prey
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was assessed in neonatal T. sirtalis before feed-
ing experience and after 12 meals on fish. Heri-
tability (h2) of response to fish stimuli increased
from 0 in the initial pre-feeding test to 0.323
(p < .05) after feeding experience; similarly, the
heritability of response to worm stimuli increased
from 0 to 0.497 (p < .005). Interestingly, the
change in fish response (indicating behavioral
plasticity) was itself significantly heritable
(h2 = 0.226, p < .05), whereas the heritability for
change in worm response was not significant
(Burghardt et al. 2000). In another twist, those
snakes that had a greater preference for fish after
the 12 fish meals gained more weight and length,
in spite of all animals receiving the exact same
size meals. Thus, individual differences in feed-
ing “personality” and plasticity are mirrored in
other physiological traits in snakes.

The studies reviewed in this section have
demonstrated clear evidence for individual con-
sistency of antipredator behavior over time in
natricine snakes. Individual consistency was
found in different species, under different testing
conditions, and for different antipredator behav-
iors, all facts that strengthen these conclusions.

Consistency of Behavior Across
Situations

Another marker of temperament/personality is
consistency of behavior across situations. There
has been less research on behavioral consistency
across situations in snakes, and the evidence for
this consistency is mixed, as will be reviewed
below.
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habituation profiles of strikes
given in each of ten trials for
three individual Mexican
black-bellied gartersnakes,
Thamnophis melanogaster
from three different litters.
These snakes were tested the
day after birth (Day 1) and
again 60 days later (Day 61)
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Behavioral Consistency Across
Temperatures
Brodie and Russell (1999) tested northwestern
gartersnakes, T. ordinoides, at different temper-
atures (15, 22.2, 30 °C) representing the range
encountered by these snakes in the wild. Tem-
perature affected distance traveled, reversals, and
speed, with cooler temperature resulting in a
decrease in all measures; however, snakes were
relatively consistent in their rankings across
temperatures. Specifically, snakes with relatively
faster crawling speeds at one temperature were
likely to have faster speeds at the other temper-
atures. In a field study of almost 200 adult
Eastern gartersnakes, T. sirtalis, Passak and
Gillingham (1997) also found changes in
antipredator responses across temperatures
ranging from 6 to 40° C. These rather
cold-tolerant north temperate snakes were either
physically grabbed or mock grabbed after being
exposed from under cover objects. Individuality
was shown in which of five responses were dis-
played by grabbed snakes (body flattening,
mouth gaping, biting, cloacal discharge, or no
antipredator behavior), with flight also recorded
for the mock-grabbed snakes. Flight was more
common at higher temperatures, but other
behaviors such as body flattening and cloacal
discharge, which could occur singly or in com-
bination, did not vary by temperature. Although
these snakes were not retested, there were indi-
vidual differences in behavior not explained
solely by temperature. Mori and Burghardt
(2001) tested 24 adult Japanese tiger keelback
snakes, Rhabdophis tigrinus, under three tem-
perature conditions (14, 22, 30 °C). In the tests,
snakes were briefly pinned with a snake hook,
and the occurrence of eight different antipredator
behaviors was measured; some of the behaviors
(e.g., “neck arch”) exposed nuchal glands that
excrete toxic secretions. Temperature affected
antipredator behavior overall, with snakes
exhibiting more passive behaviors and behaviors
that exposed the nuchal glands at the lowest
temperature; when the snakes were tested under
higher temperatures, they, as with T. sirtalis
above, showed more active fleeing from the
stimulus. The behaviors were sorted into three

factors through principal component analysis,
and the factors were, for the most part, individ-
ually consistent across the temperature condi-
tions (Kendall’s coefficient of concordance: PC1
static threatening response. W = 0.75, p < .001;
PC2 immobility W = 0.48, p = .09; PC3 active
threatening response, W = 0.55, p < .05). An
example of behavioral consistency of a
non-natricine snake was described by Citadini
and Navas (2013) who found consistent indi-
vidual variation of antipredator behaviors across
different temperatures in the neotropical snake,
Tomodon dorsatus (Dipsadidae). Snakes consis-
tently displayed behaviors classified as aggres-
sive, passive, or evasive in the different
temperature conditions; these initial classifica-
tions interacted with behavioral tendency, i.e.,
cooler temperatures increased aggressive behav-
iors only in those snakes previously classified as
having aggressive dispositions. Thus, there is
good evidence that snakes show consistent indi-
vidual variability in antipredator behavior across
different temperatures.

Relationship Between Antipredator
Behavior and Open-Field exploration
It may be expected that antipredator behavior and
open-field exploration would be negatively cor-
related, because less placid snakes may be more
inhibited in an open-field test. Tongue flick rates
and squares traversed in an open-field test have
been shown to be consistent over time in eight
plains gartersnakes, T. radix (Chiszar and Carter
1975). Herzog and Burgardt (1986) compared
open-field behavior and antipredator responses in
three gartersnake species (T. melanogaster, T.
sirtalis, and T. butleri). The only significant
phenotypic correlations were found in eastern
gartersnakes, T. sirtalis, between number of
strikes in the moving hand condition and a)
latency to leave the center square of the open
field, r(88) = 0.25, p < .05 and b) ambulation
time in the open field, r(88) = −0.32, p < .01.
The correlations between antipredator behavior
and open-field measures were near zero for the
other two species. Maillet et al. (2015) reported
no correlations between exploratory behavior and
defensive behavior in T. sirtalis, although their
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methodology differed from that of Herzog and
Burgardt (1986). The open-field tests were
roughly similar in the two studies, but Herzog
and Burghardt measured number of strikes given
as the major dependent variable and used a
human hand as the threatening stimulus. Maillet
et al. (2015), on the other hand, classified snake
behavior along a continuum of defensive to
offensive behaviors and elicited antipredator
behavior using a model claw. Furthermore,
Maillet et al. (2015) found no evidence of a
behavioral syndrome between exploratory,
boldness, and defensive behaviors, although they
did report an interaction between sex and body
size with longer males exploring more than
shorter males, but shorter females exploring
more than longer females. In addition, males and
nongravid females were more likely to show
fleeing behavior than were gravid females. Thus,
there is only weak and limited evidence of a
relationship between antipredator behavior and
exploration.

Relationship Between Antipredator
Behavior and Responses to Chemical
Prey Extracts
The relationship between antipredator behavior
and responses in a prey preference test may be
inverse because more defensive, easily irritable
snakes could be stressed during prey extract
testing and less motivated by food cues. Bur-
ghardt and Schwartz (1999) found genetic and
phenotypic correlations between behaviors from
a battery of tests run on snakes from two popu-
lations of T. sirtalis from Wisconsin and Michi-
gan. Snakes that struck most were less responsive
in the chemical prey test than were those that
struck fewer times. Similarly, Bowers (unpub-
lished data) found a significant negative pheno-
typic correlation between strike scores of
T. sirtalis at 15 days of age and overall mean
responsiveness to chemical prey extracts
10 months later, r(36) = −0.37, p = .02.

Measuring antipredator behaviors and
responsiveness to chemical prey cues over mul-
tiple trials in a habituation test revealed a dif-
ferent pattern of results (Bowers 1992).
Individual intercepts and slopes were calculated

for responses over ten trials (tongue flick—attack
scores) to worm and fish extract as well as for
antipredator behavior to three different threaten-
ing stimuli. The only significant correlations
between chemical prey extract and antipredator
responses were with the control stimulus in the
antipredator test, a finger-shaped foam model,
which has been shown to be relatively ineffective
at eliciting antipredator behavior (Herzog et al.
1989b); typically, only the most aggressive
snakes would strike at this stimulus. Significant
phenotypic Pearson correlations were found
between strikes to the control stimulus and the
following: T. radix, earthworm extract
test/intercepts, (0.49), T. melanogaster, fish
extract test/intercepts (0.42) and slopes (0.48),
and worm extract test/intercepts (0.39). The
persistence of striking at a mildly threatening
stimulus or responding to a prey extract may tap
into a general reactivity dimension in snakes
(Burghardt and Schwartz 1999).

Heritability of Antipredator Behavior

Heritable individual differences can be raw
material for, as well as the result of, natural
selection (Careau and Garland 2012), and there is
good evidence of heritability for antipredator
behaviors in gartersnakes. Arnold and Bennett
(1984) found that the heritability of a composite
antipredator behavior score in plains gartersnakes
(T. radix) was *0.37 when based on single trials
and *0.45 for averages of two trials. In common
gartersnakes (T. sirtalis), Garland (1988; 1994)
studied the genotypic and phenotypic correla-
tions of antipredator behavior with sprint
(escape) speed and physiological endurance and
found significant phenotypic, but not genetic,
linkages among these measures. His heritability
estimate for antipredator behavior was 0.41, very
similar to that of Arnold and Bennett (1984).
Brodie (1989) examined genetic linkages
between color/pattern and antipredator behaviors
in northwestern gartersnakes, T. ordinoides, and
found statistically significant heritabilities for all
behaviors in each of the four populations he
tested. Further tests in two populations of
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T. ordinoides found significant heritabilities
between 0.49 and 0.66 for all three antipredator
behaviors (Brodie 1993b). Finally, Schwartz and
Herzog (unpublished data) found significant full
sibling heritability estimates (h2) for number of
strikes given by three species of day-old garter-
snakes: T. melanogaster (0.75), T. butleri (0.80,
males; 0.47, females), T. sirtalis (0.62, Michigan
population; 0.52, Wisconsin population). In the
latter study, the snakes from the Michigan pop-
ulation had a mean number of strikes per test
(M = 25.9) almost five times higher than that of
the Wisconsin snakes (M = 5.8) (Burghardt and
Schwartz 1999). The heritability estimates are
roughly in the same range as in previous studies.
The moderate heritability estimates for
antipredator behaviors in gartersnakes indicate
that there is not strong directional selection on
the traits measured for the given populations
(Garland 1994). This may be due to the existence
of alternative individually consistent strategies
within the same population (Careau and Garland
2012) as well as to genetic linkages between
color/pattern and behavior (Brodie 1993a, b).
The converging results from multiple laborato-
ries using different species and different
methodologies underscore the robustness of
these findings. The recognition of extensive
multiple paternity in many reptiles (e.g., Bur-
ghardt and Schwartz 1999) would increase h2

estimates somewhat.

Fitness Consequences
of Inter-Individual Variation

The relationship between inter-individual varia-
tion and fitness variables has been relatively
unexplored in snakes. Gangloff et al. (in press)
investigated how “energetic phenotypes” relate
to females’ resource allocation to offspring in a
population of Western terrestrial gartersnake, T.
elegans. They sampled 21 pregnant snakes from
a “slow-paced life history” population and per-
formed both physiological and behavioral assays
to assess maternal energetic phenotype effects on
offspring fitness variables. For the behavioral
tests, females were tested four times in a

simulated predatory attack; total tongue flicks
given (assessing exploratory activity) and latency
to escape the test arena (assessing boldness
towards a predator) were measured and found to
be consistent over two months of testing (see
Table 8.1). Three blood plasma assays of corti-
costerone and glucose concentrations were also
taken; glucose level was only marginally signif-
icantly consistent over time, whereas corticos-
terone showed no consistency. Principle
component analysis sorted the behavioral and
physiological traits of the snakes into “high
reactive” phenotypes, with a high number of
tongue flicks and short escape latency and “low
reactive” phenotypes with the opposite pattern of
behaviors; these phenotypes were said to be
extremes on a single behavioral axis of general
activity. Females with consistent behavioral and
physiological phenotypes (high activity–high
hormone levels; low activity–low hormone
levels) had offspring with better body conditions,
resulting in more rapid growth and better sur-
vivorship, than did those with a mismatch,
establishing that individual variation can affect
fitness in snakes.

Brodie (1992) investigated correlational
selection between color pattern and antipredator
behavior in T. ordinoides, a species that is noted
for the variability of skin color and pattern found
in natural populations (Brodie 1993a). In general,
striped snakes tend to rely on flight to escape
predators due to an optical illusion of longitudi-
nal stripes making detection of motion and
judgement of speed difficult, whereas banded or
blotched-patterned snakes tend to rely on crypsis
or aggression in predatory encounters (Brodie
1992). Individual differences in antipredator
displays and color pattern have been shown to be
relatively consistent over the first two years of
life in this species (Brodie 1993a; Table 8.1).
The unique feature of Brodie’s 1992 study was
that, after neonatal snakes were tested for
antipredator behavior (number of reversals/
evasive maneuvers, speed of crawling, and dis-
tance crawled before resorting to antipredator
displays) and assessed for color/pattern in the
lab, they were released into the wild. The effects
of having different combinations of skin pattern
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and antipredator behavior on survivorship, i.e.,
the fitness consequences of individual variability,
were assessed. The only combination of traits
that affected survivorship was the negative rela-
tionship between number of reversals and strip-
ing. Striped snakes should favor direct flight
from a predator over evasive movements; thus,
the combination of striping and exhibiting a high
number of reversals was selected against. Snakes
high in one of these traits and low in the other
tended to have the best survivorship (Brodie
1992). It was concluded that the maintenance of
the heritable variation found in the population
was due to selection for specific combinations of
traits possibly in conjunction with frequency-
dependent section (Brodie 1992).

In sum, the studies reviewed above provide
evidence of consistency of individual behavior
over time in several snake species, with fewer
studies of consistency of behavior over situa-
tions. Antipredator behavior has been shown to
be heritable in gartersnakes but does not seem to
be under strong directional selection; the vari-
ability found in populations has in some cases
(e.g., Brodie 1992), been linked with fitness.

Sociality

Although in-depth studies of social behavior in
natricine snakes are not yet available, neonates
have a strong tendency to aggregate, preferring
conspecifics (Burghardt 1983), and nearest
neighbor distances can be heritable (Burghardt
and Schwartz 1999).

Rattlesnakes (genus Crotalus) exhibit com-
plex social behaviors, including parental care, in
communal dens. Technological developments
such as miniaturized telemetry equipment with
GPS capacity, improved molecular genetic
methods for identifying kin relationships, and
time-lapse photography, now make it possible to
study the behavior of individual snakes over time
(Schuett et al. 2016). The rich behavioral reper-
toire of rattlesnakes has been underappreciated,
and this is an exciting branch of research for

studying reptile personality. For example,
Amarello (2012) studied Arizona black rat-
tlesnakes (Crotalus cerberus) at communal
basking sites (areas not associated with aggre-
gations due to overwintering or with reproduc-
tion) in two populations. She used time-lapse
photography to follow association patterns of
snakes individually identified by natural mark-
ings in April and May over two years. There was
individual variability in gregariousness, with
some snakes consistently preferring to associate
in either small or large groups. In addition, adult
snakes were selective as to the individuals with
which they associated. Social behavior in reptiles
is an area ripe for further investigation of
personality/temperament, as has been demon-
strated in the studies of lizards reviewed below.

Individual Differences
and Behavioral Syndromes in Lizards

Most recent research on reptile behavioral vari-
ation has focused on the other major group of
squamate reptiles, lizards. Several lizard species
have become popular model animals for studying
animal personality, temperament, and consistent
individual differences and behavioral syndromes.
This may be partly due to the ease with which
lizards are caught and maintained in large num-
bers in laboratories or observed in the field
(McEvoy et al. 2015). Furthermore, the density
of lizards in the field and the frequency with
which they can be observed, even nocturnal ones
such as geckos, is often remarkable. In fact, it
seems easier to collect extensive data on lizards
than it is for most other terrestrial vertebrate
species.

Researchers studying lizards typically embed
their work in personality terminology and we
will follow such use in this discussion. Several
species have been studied and personality traits
and/or behavioral syndromes have been demon-
strated in most (see Table 8.3), with the common
lizard Zootoca (Lacerta) vivipara receiving the
most attention.
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Measuring Behavioral Traits

An important aspect of any behavioral study is to
define and measure the behavior(s) of interest.
Although the use of different measures for a
behavioral type may limit our ability to compare
species or groups, the choice of measure is often
a function of the environmental conditions under
which the study was conducted or idiosyncrasies
of the species studied. Here we summarize the
methods used to measure the behavioral types
commonly studied in lizards.

Boldness or risk-taking was the most common
personality trait studied (see Table 8.3). This trait
was assessed using a variety of methods. A pop-
ular method employed in field or outdoor
enclosure studies was to have an observer
approach the focal lizard and measure variables
such as flight initiation distance (Carter et al.
2010; Taylor and Lattanzio 2016), position rel-
ative to a refuge (Cooper 2012; López et al.
2005; Rodríguez-Prieto et al. 2010), and/or times
associated with a refuge (Mell et al. 2016). The
use of a human to simulate a predator approach is
well established and was originally used to study
lizard antipredator behavior (Burger and Goch-
feld 1990; Cooper 1997a, b). It is only recently
that the focus of such studies has shifted to
understanding individual differences in those
behaviors (e.g., Cooper 2009, and references
cited above).

Le Galliard et al. (2015) used a different
approach to assessing risk-taking. In their study,
common lizards were placed in a plastic box with
a cardboard shelter at one end and a basking light
at the other. To simulate a predatory attack, they
touched the lizard repeatedly with a paintbrush
until it retreated into the refuge. The level of
boldness was determined by measuring how long
the lizard spent hidden before emerging from the
refuge and how long it took before the lizard
resumed normal basking behavior (Le Galliard
et al. 2015). This methodology provides a suit-
able alternative technique for measuring boldness
when field or outdoor enclosure studies are not
possible.

Another frequently assessed behavioral trait is
sociability, which, in lizards, can be measured by

exposing individuals to conspecific odors in a
choice test (Cote and Clobert 2007; McEvoy
et al. 2015; Rodriguez-Prieto et al. 2011). This
test typically involved presenting paper scented
with a conspecific odor or an unscented control
in a shelter (Cote and Clobert 2007) or under a
basking rock (McEvoy et al. 2015). Individual
lizards were then released into the arena and the
time they spent located by or on the odor source
was recorded. This duration was subsequently
used as a metric of social tolerance (Cote and
Clobert 2007; McEvoy et al. 2015). In one study,
live conspecifics were used instead of odor
scented paper and the time a lizard chose to bask
with conspecifics or alone was measured
(Michelangeli et al. 2016).

Another trait, exploration, was typically
measured by introducing a lizard to a novel area
(Le Galliard et al. 2013; Rodriguez-Prieto et al.
2011) or to novel objects (McEvoy et al. 2015).
In the former method, lizards were introduced
into one compartment (familiar or home area)
and then, after a period of acclimatization,
offered the opportunity to enter an unfamiliar
compartment (Le Galliard et al. 2013; Teyssier
et al. 2014). Various measurements were then
taken, such as latency to enter the novel enclo-
sure, time spent in the unfamiliar compartment,
time spent walking, and number of visits to the
novel compartment (Le Galliard et al. 2013;
Teyssier et al. 2014). When lizards were intro-
duced to novel objects, latency to explore (touch
first object) and number of times a lizard
approached a novel object were scored (McEvoy
et al. 2015).

The trait of activity is similar to exploration
and the two can be difficult to separate (Le
Galliard et al. 2015). Activity was distinguished
from exploration by testing lizards in a familiar
environment. The use of an environment in
which a lizard has lived reduces the likelihood
that movements observed are due to the lizard
exploring because the animal has previously
explored the area and is familiar with its struc-
tures, odors, lighting, and temperature. For
example, McEvoy et al. (2015) measured activity
by observing movement of lizards within their
home cage, while Michelangeli et al. (2016) and
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Moule et al. (2016) monitored activity using an
open-field apparatus with which the lizards were
familiar. In their study on the role of personality
types and predation risk on mate choice, Teyssier
et al. (2014) used a different technique to esti-
mate the level of activity of lizards. In this study,
they determined levels of exploration and socia-
bility using the novel compartment and con-
specific odor methods described previously. The
level of general activity was then assessed by
estimating the time lizards spent walking during
each of these trials.

Conspecific aggression has also been studied
in both males (Godfrey et al. 2012; McEvoy
et al. 2015; While et al. 2010), and females
(While et al. 2010, 2009). The aggressiveness of
individual lizards was assessed using several
different measurements. For example, Godfrey
et al. (2012) used two methods to assess male
aggression. First, they monitored lizards every
two weeks for scale damage. Lizards with fresh
scale damage were recorded as being more
aggressive, although the authors do point out that
nonaggressive lizards may also receive scale
damage from attacks by aggressive males. Sec-
ond, they presented captive lizards with a
life-sized open-mouthed lizard model and recor-
ded the subjects’ responses. Model lizards were
also used by McEvoy et al. (2015) and While
et al. (2009, 2010) to assess aggression in males
and females. However, an important difference
was that their models were enhanced by the scent
of either a male or female.

Potential Biases in Research Methods

The need to capture animals to collect biometric
information, provide marking for individual
identification, and collection for captivity studies,
introduces potential sampling biases. Capture
bias may be introduced as a result of factors that
affect the detectability of individuals and
the methods used to capture lizards (Foster
2012; Rodda 2012). But observational and
capture methods themselves can alter subse-
quent behavior, such as movement patterns

(Rodda et al. 1988). The choice of capture and
observational techniques is therefore a critical
component of any study, and especially those
using wild-caught animals. The potential signif-
icance of capture technique when studying
lizards is highlighted by two studies on the
association between lizard boldness on trapabil-
ity. On the one hand, Carter et al. (2012b) found
that boldness was associated with a greater
probability of capture by passive, baited clap
traps. On the other hand, Michelangeli et al.
(2016) found that hand trapping, mealworm
fishing, and pitfall traps did not produce a bias in
the type of lizard captured, because these meth-
ods did not rely on an individual finding and
inspecting a trap, thus minimizing the likelihood
of being rejected or avoided by risk averse
individuals. There are other often-ignored, but
especially pertinent problems in behavioral
research, such as the possible effects of biases in
labeling and characterizing animals. This can be
mitigated by double-blinding, by computing
interobserver reliabilities, and by evaluating
video recordings of behavior (Burghardt et al.
2012).

Statistical Analysis of Behavioral Traits
and Variables of Interest

To determine whether a lizard species demon-
strated consistent individual differences or per-
sonality types, researchers, in the majority of
studies, measured each behavioral trait two or
more times per individual. Recall, however, that in
the prey preference study (Burghardt 1975) snakes
were tested enough times to be able to show sta-
tistically significant effects both within as well as
between individuals at a given time, something not
all that common in the lizard literature. Regardless,
in most lizard studies, each behavioral trait was
analyzed as a single measure or, if there were
correlations among multiple traits, principal
component analysis (PCA) was used to reduce
these measures to one or more components (Bajer
et al. 2015; Le Galliard et al. 2013; Teyssier et al.
2014; While et al. 2010, 2009).
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Behavioral consistency or repeatability was
most frequently assessed by computing an intr-
aclass correlation coefficient for each behavior or
component. Several statistical techniques can be
used to derive intraclass correlation coefficients
(see Nakagawa and Schielzeth 2010). McEvoy
et al. (2015) raise an important issue about
determining whether a behavior, especially one
created by aggregating several different behav-
ioral scores, can be considered a personality trait.
Such behaviors should not only demonstrate
temporal stability, but also structural consistency
(the consistency of relationships between
behavioral components over time). Although
studies almost always report temporal stability,
few document structural consistency (Carter et al.
2010; McEvoy et al. 2015).

Once a trait’s stability across time has been
determined, its relationship to other variables of
interest is assessed to identify correlations and
possible behavioral syndromes. Various statisti-
cal methods are used to determine these rela-
tionships, including repeated-measures ANOVA
(While et al. 2010), general linear models (Mell
et al. 2016; Rodriguez-Prieto et al. 2011; Sinn
et al. 2008), general linear mixed models (Bajer
et al. 2015; Cote and Clobert 2007; Le Galliard
et al. 2013), PCA (Mell et al. 2016; Michelangeli
et al. 2016; Moule et al. 2016) and Spearman
rank correlations (Bajer et al. 2015; López et al.

2005). For example, Carter et al. (2010) identi-
fied a behavioral syndrome in male Namibian
rock agamas (Agama planiceps) that related
boldness to basking duration and movement.
Bolder individuals spent more time basking and
moving around their home ranges than shy
individuals. As a consequence, they also had
larger home ranges and fed more, but they were
more susceptible to predation.

Rodriguez-Prieto et al. (2011) took a novel
approach to analyzing relationships between
behavioral types and other potential factors in
lizards. They used path analysis to understand
the direct and indirect effects of behavioral type
on habituation. In addition to boldness, socia-
bility, and exploration, they included body size,
sex, exposure to low-risk predation, and habitu-
ation index in their model. The analysis showed
that, whereas exploration and sex had direct
effects on habituation, boldness, sociability, sex
indirectly affected habituation through exposure
(Fig. 8.3, from Rodriguez-Prieto et al. 2011).
This study is one of only a few animal person-
ality studies to take advantage of path analysis
(see Konečná et al. 2012, for an example with
primates). The use of path analysis provides an
opportunity to develop a richer understanding of
both direct and indirect associations between
traits that are not elucidated using other statistical
approaches.

0.59***

Boldness Sociability Explora on

Exposure

Habitua on

Sex

0.24
-0.57***

0.26*

0.44**

-0.33*

Fig. 8.3 Path analysis diagram and coefficients for direct
and indirect predictors of habituation by Iberianwall lizards
(redrawn from Rodriguez-Prieto, et al. 2011). Sex was

coded asmales = 1 and females = 2. Direct relationships are
represented by solid lines; inverse relationships by dashed
lines. *p < 0.05; **p < 0.01; ***p < 0.001
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Heritability and Development
of Behavioral Types in Lizards

The heritability of personality traits in lizards
was estimated in three studies. Bajer et al. (2015)
estimated narrow-sense heritabilities using
father–offspring regressions and found no sig-
nificant heritability for risk-taking and explora-
tory behaviors in European green lizards
(Lacerta viridis). However, they did find that
their risk-taking and exploration measure were
repeatable. Le Galliard et al. (2013), using linear
mixed models with maternal identity as a factor,
estimated a broad-sense heritability of 0.32 for
exploratory behavior in common lizards. Finally,
Teyssier et al. (2014) used microsatellite markers
to identify the paternity of common lizards born
in captivity and then estimated the narrow-sense
heritability of activity as 0.41 using a restricted
maximum likelihood animal model. They also
found that mid-offspring activity was signifi-
cantly related to the fathers’ activity, but not the
mothers’. Overall, these studies suggest that
exploration and activity are heritable in at least
one species of lizard and may be most strongly
influenced by the father.

Studies have explored how personality
traits/behavioral syndromes change during the
course of an individual’s life cycle (Bajer et al.
2015; Le Galliard et al. 2015), and are linked to
fitness (Bajer et al. 2015), life history (Cote and
Clobert 2007), and physiological traits (Le Gal-
liard et al. 2013). For example, Bajer et al. (2015)
studied personality in European green lizards in
relation to body size and external parasite load at
different ontogenetic stages. They found that
risk-taking and exploratory behaviors were
repeatable within both adult and juvenile indi-
viduals, and therefore, may be considered per-
sonality traits. However, these behaviors were
significantly more repeatable in juveniles
(Spearman’s rho between 0.60 and 0.84) than in
adults (Spearman’s rho between 0.23 and 0.63),
suggesting an ontogenetic effect, such as matu-
ration or learning, acting on the behaviors.
Interestingly, they found significant correlations
only between risk-taking behaviors and explo-
ration in adults (Spearman’s rho between 0.34

and 0.49) suggesting the existence of a behav-
ioral syndrome in adults, but not juveniles. Bajer
et al. (2015) conclude that European green
lizards have personalities that are innate, and that
behavioral syndromes may develop through
experiences affecting different behaviors in con-
cert. These personalities were associated with
fitness measures, including body size and para-
site load: adult lizards that were large or had low
parasite loads were more exploratory than lizards
that were small or had a large parasite load. Bajer
et al. (2015) interpreted this relationship as either
the linking of personality and fitness during
development or as the result of the survival of
specific phenotypes in the face of environmental
challenges, such as parasite load.

Evidence for Hormone-Dependent
Personality Trait Expression

Although the relationships between personality
traits and levels of hormones have been reported
in other taxa, there have been few studies
examining this association in lizards. An excep-
tion was a study by While et al. (2010) who
examined the effect of testosterone on aggres-
sion. They found that aggression in male and
female White’s skink (Egernia whitii) were
repeatable and stable over 18-months, as were
baseline testosterone levels. In addition, a nega-
tive correlation existed between aggression and
testosterone concentrations in males, but they
were not correlated in females. Of particular
interest was the finding that the association
between testosterone and aggression is context
specific and decoupled across the sexes. In male
lizards, testosterone and aggression were posi-
tively correlated during the mating season, but
became negatively correlated towards the end of
the mating season. No such change in this
association was observed in females. Thaker
et al. (2009) provided indirect support of the
association between hormone levels and bold-
ness. In a study of the ornate tree lizard (Uro-
saurus ornatus) these authors found that
corticosterone levels were positively correlated
with boldness measures, such as flight initiation
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distance and time spent in a refuge when exposed
to a live collared lizard (Crotaphytus nebrius), a
natural predator of small lizards. Unfortunately,
these authors did not take repeated measurements
of these behaviors and, therefore, they did not
document personalities or behavioral syndromes.
Similarly, Vitousek and Romero (2013) found
that the number of males assessed by female
Galapagos marine iguanas (Amblyrhynchus
cristatus) was negatively correlated with corti-
costerone levels. Together, these studies suggest
that, in lizards, hormone levels are associated
with personality, although the underlying mech-
anisms still need to be elucidated.

Research Programs Studying
Personality in Lizards

Namibian Rock Agama
In a series of studies, Carter and colleagues
(Carter et al. 2010, 2012a, b; Highcock and
Carter 2014) studied personality and behavior
syndromes in the Namibian rock agama. The
individuals they studied showed consistency in
flight initiation distance (their metric for bold-
ness), and they identified a behavioral syndrome
in which bolder individuals tended to spend more
time basking and moving around their environ-
ment (i.e., they were more conspicuous) than
their shyer counterparts (Carter et al. 2010). This
behavioral syndrome was associated with fitness
trade-offs. Although bolder individuals benefited
from having larger home ranges and feeding
more frequently, they incurred a cost of tail loss
due to greater predation risk. Carter et al. (2012a)
expanded on their previous study (Carter et al.
2010) and investigated whether personality may
exhibit plasticity in response to environmental
variability (dry versus wet season). Although
they found no evidence for plasticity in flight
initiation distance, they did find that the time
lizards spent conspicuous was dependent on
season and that there was an interaction between
individual and season. Given these observations,
they concluded that, in predictable environments,
selection for plasticity over consistency may be
favored. Highcock and Carter (2014) studied

intraindividual variability of boldness (flight
initiation distance was again used as the metric of
boldness) in the same system. They found that
individual differences in intraindividual variabil-
ity were repeatable across seasons and suggest
that intraindividual variation could therefore be
considered a distinct trait. Additionally, there
was a strong correlation between intraindividual
variation and boldness. Shy individuals had
lower intraindividual variability in boldness than
bolder individuals. Highcock and Carter (2014)
suggest that, because bolder individuals are at
greater risk of predation, individuals with vari-
able flight initiation distances are more likely to
escape predators because their escape behavior is
less predictable. Furthermore, Highcock and
Carter (2014) argued that, given the intraindi-
vidual variability in behavioral responses, such
as flight initiation distance, the use of a single
measure to characterize such behaviors is inad-
equate. They proposed that behaviors with
intraindividual variability would be better repre-
sented by a matrix of values that indicate per-
sonality, degree of behavioral plasticity and
variability of the behavior.

Common Lizard
Extensive work on behavioral types has been
done with the common lizard, which occurs
throughout most of Europe and the north of Asia.
Here we highlight the different topics that have
been studied in relation to personality.

Personality, Population Density and
Fitness The likelihood of dispersal from natal
areas in response to increasing density may
increase or decrease. Some individuals may be
more likely to disperse with increased density
(dispersers) whereas others may be more likely to
remain (non-dispersers). Dispersers and
non-dispersers also differ in their morphology,
physiology, and in their response to olfactory
cues (Cote and Clobert 2007). Given these con-
sistent differences, Cote and Clobert (2007)
hypothesized that dispersing and non-dispersing
individuals might differ in sociability, with dis-
persers from high density populations being
asocial and dispersers from low-density
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populations being social. To test this hypothesis,
they measured the time that lizards associated
with conspecific male odor (a measure of social
tolerance) at birth and one year later. They found
that individual responses were consistent over
time and independent of population and density.
Significantly, Cote and Clobert (2007) found that
the social personality of juveniles determined
their dispersal response at different population
densities. Social individuals were more likely to
become resident in dense populations. They
concluded that social personality influences dis-
persal decisions in common lizards. In a
follow-up study, Cote et al. (2008) investigated
the fitness consequences of maintaining vari-
ability in sociability across population densities.
At birth, sociability was independent of body
length and body mass, but was positively corre-
lated with boldness. Following hibernation, the
probability of survival was negatively correlated
with sociability in low-density populations, and
growth rates were positively correlated with
sociability at both density levels. Furthermore,
female reproductive success was positively cor-
related with sociability, but not density. Cote
et al. (2008) concluded from these results that the
increased survival of asocial lizards at low den-
sity was due to their being less likely to engage
in aggressive interactions with adult males, thus
avoiding bites and stress, while facing less
competition for resources. On the other hand,
social females had higher fecundity than asocial
females regardless of population density, because
they interacted more with males. The mainte-
nance of social personality types in this species
may therefore be due to the spatiotemporal
variation in environmental conditions faced
(Cote et al. 2008).

Le Galliard et al. (2015) expanded on the
work of Cote and colleagues by examining
density-dependent selection on activity, bold-
ness, and sociability for juvenile survival, body
growth rate, and reproduction, these being
life-history traits. They found consistent indi-
vidual differences for all behaviors in the short
term, but within a year, behavioral consistency
had weakened and was significant only for
measures of activity and boldness. Behavioral

consistency in sociability was lost by the end of
the first year, which contrasts with the findings of
Cote and Clobert (2007). Le Galliard et al.’s.
(2015) results suggest significant ontogenetic
changes in ranking of behavioral scores during
the first year of life, which, they note, runs
counter to the assumption that personality trait
levels remain consistent over time. They also
found density-dependent selection on sociability
for growth rate, and on level of activity at birth
for juvenile survival, but not for boldness. For
example, sociability was positively correlated
with growth rates at low densities, but not at high
densities, and activity level was negatively cor-
related with juvenile survival at low densities. Le
Galliard et al. (2015) concluded that density-
dependent selection is important in the mainte-
nance of individual differences in personality
traits, such as exploration activity and sociability.

Female Mate Preference Based on Male
Personality and Female Predation Risk
Teyssier et al. (2014) studied the role of male and
female personality traits on mating behavior and
mate choice in female common lizards under
different levels of predation risk to the female. In
their study, the odor from green whip snakes
(Hierophis viridiflavus) was used as a predatory
stimulus. Activity and sociability showed mod-
erate to high behavioral consistency, while
exploration did not. They found that the proba-
bility of mating depended on female predation
risk and male activity levels. Females that were
not exposed to high predation risk preferred more
active males, whereas females that had been
exposed to predation before mating preferred less
active males. Teyssier et al. (2014) suggest that,
although high activity in males increases com-
petitive advantage and survival, it may be detri-
mental when predator risk is high. Therefore, a
female’s preference for males with a specific
personality may be modified by the environ-
mental context in which they find themselves
(i.e., high versus low predation levels).

Personality and the Pace-of-Life Syndrome
Réale et al. (2010) expanded the pace-of-life
hypothesis to include an animal’s personality in
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addition to its physiology and life history; the
pace-of-life syndrome. Le Galliard et al. (2013)
studied newborn common lizards to investigate
the relationship between exploratory behavior,
resting metabolic rate, and locomotor perfor-
mance. According to the pace-of-life syndrome
hypothesis, exploratory behavior should be pos-
itively correlated with resting metabolic rate and
locomotor performance (Le Galliard et al. 2013).
Although their study provided evidence for con-
sistent individual differences in exploratory
behavior, support for the pace-of-life hypothesis
was mixed. Resting metabolic rate and locomotor
performance were not correlated with exploratory
behavior in juveniles or yearlings. Although Le
Galliard et al. (2013) found evidence for signifi-
cant correlations between growth rate and off-
spring survival involving exploration and resting
metabolic rate, the direction of those correlations
was opposite to that predicted by the pace-of-life
hypothesis. Lizards were most likely to survive
their first year of life if they had high resting
metabolic rate and low exploration, or low resting
metabolic rate and high exploration. Furthermore,
lizards with low exploration at birth exhibited a
positive correlation between resting metabolic
rate and growth, while lizards with high explo-
ration exhibited a negative correlation between
resting metabolic rate and growth. Le Galliard
et al. (2013) suggested that these results may
reflect a trade-off between investment in body
maintenance (indicated by resting metabolic rate)
and energy invested in exploration, or that high
exploration represents thoroughness of explo-
ration and such lizards have a slower pace-of-life,
as indicated by low relative metabolic rate.

Mell et al. (2016) built on Le Galliard et al.’s
(2013) work on personality and pace-of-life
syndrome by looking for correlations among
the various activity, aggressiveness, risk-taking,
and sociability, and physiological variables,
including standard metabolic rate and glucocor-
ticoid response. Although they found significant
short-term stability in activity, aggressiveness,
and risk-taking, but not sociability, in adult
common lizards, they found only weak or non-
significant correlations between these behaviors.
They point out that independence between

personality traits and a lack of a behavioral
syndrome has been documented in other studies
on lizards (Le Galliard et al. 2015; McEvoy et al.
2015). In addition, although they found that
metabolic rate was negatively correlated with
sociability and activity, it was not correlated with
risk-taking. They concluded that the link between
inter-individual variation in physiology and
behavior was trait-dependent in common lizards,
suggesting that these behaviors may be free to
evolve independently of physiology.

Correlated Variation in Morphology
and Behavior

As mentioned earlier, strong flight escape in
snakes is often associated with body shape and
patterns, such as striping. In lizards, where sexual
pattern and coloration dimorphisms are more
pronounced, more socially relevant behavioral
variation exists. In some lizard species (for
example, the tree lizard, Urosaurus ornatus, and
side-blotched lizards, Uta stansburiana), poly-
morphisms and correlated behavioral variation
occur between individuals within one sex (typi-
cally males) and are associated with alternative
reproductive strategies (Hews et al. 1994; Sin-
ervo and Lively 1996). Sinervo and Lively
(1996) developed an evolutionary stable strategy
model to explain the maintenance of such alter-
native male reproductive strategies. Some popu-
lations of side-blotched lizard have three distinct
male reproductive strategy phenotypes. Males
with orange throats are more aggressive and
defend larger territories, while dark blue-throated
males are less aggressive, defend smaller terri-
tories, and exhibit mate guarding. The last phe-
notypic type, yellow throated individuals do not
defend territories and are sneakers, mimicking
female behavior and morphology. Sinervo and
Lively (1996) proposed that these male repro-
ductive phenotypes were maintained in a rock–
paper–scissors game in which each phenotype
has an advantage over one of the others, causing
the frequency of each to oscillate from year to
year. Furthermore, these phenotypic differences
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appear to be due to the effects of steroid hor-
mones, primarily progesterone (Moore et al.
1998) and testosterone (Hews et al. 1994; Hews
and Moore 1996; Sinervo et al. 2000). The dis-
covery of individuals that can transition between
two reproductive phenotypes added an interest-
ing dimension to this system. In the studies of
side-blotched lizard, yellow throated individuals
sometimes transitioned into blue-throated indi-
viduals within the breeding season (Sinervo et al.
2000). This transition typically occurred when a
yellow throated lizard occupied a territory vaca-
ted by an orange throated male (normally
through death) and coincided with an elevation in
plasma testosterone levels. Yellow throated
males who transitioned to blue-throated males no
longer engaged in female mimicry or sneaker
behavior (Sinervo et al. 2000).

A similar system is found in the tree lizard,
Urosaurus ornatus, in which several alternative
male reproductive phenotypes have also been
identified. Individuals with a blue dewlap
(Thompson and Moore 1991) or an orange
dewlap with a blue spot (Knapp et al. 2003) tend
to be territorial and highly aggressive, whereas
individuals with an orange dewlap are typically
less aggressive, and nomadic (Knapp et al. 2003;
Thompson and Moore 1991). A third phenotype,
with a yellow dewlap may also occur. Individu-
als with a yellow dewlap are like the orange
morph in their level of aggressiveness, but
employ a satellite tactic in association with blue
males (Taylor and Lattanzio,2016). Plasticity in
reproductive strategy has also been demonstrated
in tree lizards. Knapp et al. (2003) found that in
drier years, orange males tended to be nomadic,
whereas in wetter years they were more territo-
rial. This shift in response to seasonal weather
patterns was also correlated with differences in
testosterone levels. During dry years, nomadic
males had lower testosterone levels than territo-
rial males. In both species of lizard (Knapp et al.
2003; Sinervo et al. 2000), behavioral change
occurred in response to changes in the level of
interaction with the more aggressive phenotype
and the effects of hormones on transitional
(plastic) reproductive strategies (Knapp et al.
2003; Moore et al. 1998; Sinervo et al. 2000).

Recently, Taylor and Lattanzio (2016) repor-
ted that, in tree lizards, different reproductive
phenotypes also differed in their behavioral
response to a simulated predator attack. They
found that yellow individuals were bolder (less
likely to flee or have shorter flight initiation
distances) than blue individuals, even though the
blue individuals were characteristically more
dominant during paired interactions. Taylor and
Lattanzio (2016) suggest that the interplay
between dominance, aggression and boldness is
likely environmentally dependent and may
explain both ecological and phenotypic variation
in the species.

Studies of Turtles

Although not well represented in the literature,
there has been work on individuality in turtles.
The righting response of neonates has been the
most frequently studied behavior, and has been
used as a measure of fitness. Although several
measures have been used to represent the right-
ing response, individual differences in righting
have been reported in some studies (Carter et al.
2016; Delmas et al. 2007; Ibáñez et al. 2013,
2014), but not others (e.g., Davy et al. 2014).
Additionally, righting has been linked to tem-
perament, if not personality.

Ibáñez et al. (2013) studied the effect of
boldness on conspecific avoidance in male
Spanish terrapin (Mauremys leprosa). Boldness
was determined by measuring the time an indi-
vidual spent motionless and protected by their
shells before righting themselves. Ibáñez et al.
(2013) predicted that bolder males would spend
more time in pools with familiar conspecific
odors than in pools with unfamiliar males, thus
reducing the risk of an antagonist encounter. On
the other hand, shy turtles would reduce the risk
of antagonist encounters by avoiding chemicals
of both familiar, but dominant males, and unfa-
miliar conspecifics. Ibáñez et al.’s (2013)
experiments supported these predictions and they
concluded that behavioral type (along the
shy-bold axis) may influence male–male inter-
actions both during and following agonistic
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interactions and the outcome of these interactions
then determined how individuals responded to
familiar and unfamiliar conspecific chemicals.

Carter et al. (2016) investigated the effect of
estrone sulfate, corticosterone, and thermal fluc-
tuations during incubation on righting response
and exploratory behavior in the red-eared slider
(Trachemys scripta elegans). Although these
treatments did not affect righting responses or
latencies to begin exploration in neonates, these
behaviors were repeatable and positively corre-
lated with each other. Individuals that quickly
righted themselves were also quicker to engage
in exploratory behavior. However, these behav-
ioral types did not predict neonate dispersal time
and survival in naturalistic settings. This finding
is contrary to the interpretation that righting
speed reflects dispersal time and subsequent
survival (e.g., Delmas et al. 2007), and Carter
et al. (2016) urge caution about using the righting
response as a proxy for dispersal ability.

On a different note, two studies found evi-
dence for behavioral individuality in food com-
petition (Froese and Burghardt 1974) and food
acquisition (Davis and Burghardt 2007). Froese
and Burghardt (1974) studied the formation of
food-competitive hierarchies in snapping turtles,
Chelydra serpentina. In a series of trials, they
paired turtles together in an arena and allowed
them to compete for a single food item (a piece
of carp). The turtle that successfully consumed
the food was the winner. By calculating the ratio
of total food wins to total food losses for each
turtle, Froese and Burghardt (1974) constructed a
food dominance hierarchy. Importantly, they
found that this hierarchy was stable over time, as
is true of many animals living in social groups.
This study suggests stable social hierarchies may
be indicators of individuality as well as individ-
ual recognition, especially when not confounded
with size, age, or sex. In a more recent study
from the same laboratory, Davis and Burghardt
(2007) reported that identically reared red-bellied
turtles (Pseudemys nelsoni) had different strate-
gies in a learned food acquisition task. Turtles
were trained to emerge from the water and dis-
place a bottle covering a barely visible food item
versus a bottle not containing food. Some

animals were “impulsive” and made decisions
rapidly, but with frequent errors, while others
were “deliberate” and made the choice decision
more slowly but were more successful in
selecting the correct bottle. Taken together, these
studies suggest that, like snakes and lizards,
turtles exhibit behavioral, even psychological,
individuality.

Studies of Crocodilians

As with turtles, there have been few studies of
personality in crocodilians. Still, similarity in the
expression of aggression in neonates and adults
suggests that agonistic behaviors are innate.
Although common in multiple species, variation
in the type and level of antagonistic behavior
across species may reflect divergence in mor-
phology, ecology, and life history (Brien et al.
2013a). In studies of aggression in freshwater
(Brien et al. 2013b) and saltwater (Brien et al.
2013c) crocodiles, individuals that participate in
an encounter were classified as aggressive or
nonaggressive. During an antagonistic encounter
either one or both individuals may be aggressive.
Unfortunately, the studies did not specify whe-
ther individuals were consistent in their level of
aggression during these encounters or whether
aggression levels differed between encounters.
However, in hatchling saltwater crocodiles,
clutch differences in the frequency of antago-
nistic interactions were reported. Zoo and field-
workers engaged with adult crocodilians often
report great consistent individuality in their
behavior (Burghardt, pers. obs.).

Conclusions

Although studies on individuality, temperament,
and personality in reptiles have not figured
prominently in the personality literature, they
provide intriguing, perhaps crucially important,
material for our attempts to understand the
development, evolution, mechanisms, and adap-
tive function of these phenomena. This is
because the diversity within even closely related
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reptilian taxa dwarfs that of birds and mammals.
Viviparous and oviparous species are common in
snakes and lizards, sometimes within the same
genus and species. The often large clutches and
litters make experimental studies tractable and
the lack of parental care in many, but not all,
species, can facilitate developmental studies by
eliminating confounding effects on neonatal
behavior due to postnatal care, especially when
offspring are reared together in clutches or litters.
For example, parent birds and siblings can dif-
ferentially respond to nestlings in ways that may
affect later behavioral syndromes. On the other
hand, the variation in their sex determination
mechanisms allows exploration of topics not
addressed in mammal and avian studies. Squa-
mate reptiles can both lay eggs and give live
birth. Sex determination can also be temperature
dependent as well as genetic. Recently it has
been found that bearded dragon lizards (Pogona
vitticeps), which normally have genetic sex
determination, can show sex reversal when eggs
with the male (ZZ) genotype are incubated at
high temperatures and become permanent func-
tional females, a phenomenon found in the field
and not just the laboratory. These females can
actually produce more offspring than genetic
females, but also show more male-like mor-
phology and behavior (Li et al. 2016). Further-
more, they found that sex reversed females differ
from sex concordant males and females in
showing greatly increased exploration, boldness,
and neophobia in some measures, which may
have both adaptive and deleterious consequences
for fitness depending on ecological conditions
such as level of predation. The authors relate
their findings to evolutionary trajectories that, of
course, include climate change. Individual dif-
ference and personality research in reptiles can
thus have far reaching effects and can identify
potential phenomena of great importance less
evident in other taxa and whose effects are not
yet appreciated.

We also want to emphasize the need to use
blind coding and/or rater reliability measures
(Burghardt et al. 2012) in reptile studies and also
the need to do studies in both field and captive
conditions whenever possible, as both have

strengths and weaknesses (Snowdon and Bur-
ghardt 2017). This chapter’s goal was to intro-
duce the rich variety of intriguing findings and
opportunities that studies of reptile individuality
offer to researchers interested in comparative
studies of animal personality and individuality.
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Abstract
There are approximately 977 million domestic swine (Sus scrofa
domesticus) that live on farms across the world. Knowledge of individual
variation in behavior, morphology and productivity has been the basis for
artificial selection of this domestic species for thousands of years.
Determining personality traits among group living swine may help to
identify certain individuals that possess an increased ability to cope with,
or a heightened sensitivity to, environmental and/or social stress. There
have been approximately 48 studies that investigated behavioral variation
in commercial swine. The majority of these studies have been limited to
animals aged seven months or younger. Experimental trials are the
predominant method of measuring behavioral differences among swine
and include such methods as physical restraint, open field tests, human
approach tests, novel object tests, and feeding competitions. Previous
research on swine personality has reported the existence of multiple traits
such as aggressive, exploratory or fearful, as well as dichotomous coping
styles (e.g., proactive vs. reactive). Despite excellent work on themes such
as environmental influences and trait development, scholars examining
personality in swine have not yet fully explored proximate and ultimate
explanations of swine personality traits. Considerable effort has gone into
identifying personality traits and coping styles in swine in order to
evaluate the relationship between behavior, health, and production (e.g.,
mothering skills, weight gain, lean meat percentage). Knowledge of
individual personality traits among domestic swine may help the pork
industry to adjust husbandry practices and housing conditions, which are
currently under transition due to market-driven welfare concerns.
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Personality in Domestic Farm
Animals

There are many potential sources of environ-
mental and social stress for domestic farm ani-
mals, such as housing conditions and flooring
(Meunier-Salaun et al. 1987), transport (Von
Borell 2001), integration with unfamiliar con-
specifics (Jensen and Yngvesson 1998), and
handling procedures (Hemsworth and Barnett
1991). A better understanding of personality
differences among livestock may help farmers to
identify individuals that possess an increased
ability to cope with environmental and/or social
stress. Research on animal personality suggests
that animals that are highly resilient to stress may
experience a difference in HPA reactivity
(Koolhaas 2008; Ruis et al. 2000), immunity
strength (Bolhuis et al. 2003), productivity (e.g.,
milk yield, weight gain) and health (e.g., disease
resistance; Capitanio et al. 2008; Capitanio et al.
1999; Carere et al. 2010; Koolhaas and Van
Reenen 2016). Therefore, increasing our knowl-
edge of the ontogeny and maintenance of per-
sonality traits in farm animals can potentially
impact both animal welfare and productivity.

Knowledge of individual variation in behavior
and morphology is the basis for artificial selec-
tion and breeding of farm animals. Humans have
selectively bred animals for production traits
(e.g., milk yield or weight gain) and behavioral
traits, such as a reduced fear of humans, to
increase ease of handling (Price 2002). Due to
the fact that one gene can influence two or more
seemingly unrelated phenotypic traits, known as
pleiotropy, selection for certain behavioral traits
may result in unintentional selection for partic-
ular biological traits (Wright 2015). For example,
research indicates that dairy cows that are calmer
in response to human handling produce higher
milk yields (Breuer et al. 2000; Rushen et al.
1999), and ewes that are calmer in response to
restraint and isolation produce milk with more
proteins (Sart et al. 2004).

Research on farm animal personality has
shown that individual differences in stress
response can be phenotypically associated with
biological welfare measures. For example,

response to physical restraint in piglets is related
to differences in growth, lean meat percentage
(Hessing et al. 1994; Geverink et al. 1998; Van
Erp-Van Der Kooij et al. 2000), reproductive
success (Janczak et al. 2003a), and the occur-
rence of stereotypic behaviors (Geverink et al.
2002). In addition, researchers have found phe-
notypic correlations between the duration of
struggling during restraint among beef cattle and
differences in growth and meat quality (Petherick
et al. 2009; Voisinet et al. 1997), immune func-
tion (Fell et al. 1999), and pregnancy rate (Cooke
et al. 2009). And finally, individual differences in
both neuroendocrine and behavioral stress
response patterns in poultry have been reported
to be related to differences in growth (Marin et al.
2003), egg production (Uitdehaag et al. 2008),
and the frequency of conspecific-directed feather
pecking (Rodenburg et al. 2004). From an eco-
nomic standpoint, knowledge of personality traits
among farm animals may improve both animal
health and production, which may potentially
increase profits for the farmer.

Assessing Personality in Domestic
Farm Animals

A prerequisite for conducting animal personality
research is to establish the test–retest reliability
or repeatability of trait assessments. Like other
forms of reliability, test–retest reliability supports
the idea that reactivity to environmental and
social stimuli is mediated by underlying tem-
peramental characteristics. Assessing animal
personality can be accomplished through two
methods: trait ratings and behavioral codings
(Gosling 2001; Vazire et al. 2007). Rating per-
sonality traits requires animal caretakers to use
their intimate knowledge of each individual to
place the animal on a continuum of a trait (e.g., 1
[timid]—5 [bold]). The number of response cat-
egories can vary according to the species of
interest. This method may be applied in a farm
setting by inviting the animal care staff to share
their knowledge of individual behavior patterns
based on their daily interactions with the animals.
There is an opportunity to examine which factors
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(e.g., housing system, duration of animal inter-
action) may influence the accuracy of personality
and welfare assessment by stockpersons (Hems-
worth et al. 1989; Highfill et al. 2010).

The second method of assessing personality
traits involves behavioral coding. Given that
personality is most clearly expressed in novel
and unpredictable situations (Gosling 2001),
behavioral tests are used to elicit high-arousal
responses (Table 9.1). These experiments mea-
sure an animal’s behavioral response to a range
of relevant situations, using operational defini-
tions for the constructs of interest. For example,
behaviors obtained in the open field test (e.g.,
sniff, lick, walk, or freeze), which involves
placing an animal in a novel arena, are measures
of activity and/or fear (Walsh and Cummins
1976). Interpretation of the behaviors displayed
by the individual in the open field test is con-
tingent upon the species of interest. Exposure
without cover from predators can be fear-
inducing for a domestic chicken; however, for
species that evolved for open ground foraging,
like swine, the open field test can elicit behaviors
related to activity and exploration. In addition,
behaviors expressed in experiments that are
assumed to elicit similar reactions (e.g., boldness

in novel object tests and predation-threat tests)
may not correlate with one another (Carter et al.
2012). Therefore, researchers must be careful to
not incorrectly assign behaviors to certain per-
sonality traits based on the assumption that the
behaviors are similar (i.e., jingle-jangle fallacy;
Block 1995).

Personality traits can also be assessed through
coding of naturally occurring behaviors (i.e.,
ethological coding) in a given environment
or context such as feeding or socializing.
Researchers create ethograms; catalogs of
behaviors that can be displayed by the animal, to
be species-specific. Ethograms for pigs, for
example, may include social grooming, grazing,
wallowing, and interacting with environmental
stimuli (Vazire and Gosling 2004). Behavioral
data are then collected using common sampling
techniques for either singular events and/or sus-
tained states of the focal animal (Altmann 1974).
Behavior events are relatively short in duration,
such as discrete body movements or vocaliza-
tions while behavior states are relatively long in
duration, such as resting or fighting, or the body
posture of an animal, such as stand or sit.
Researchers may use instantaneous sampling to
record the behavior of an animal at a single point

Table 9.1 Example of behavioral measurements employed in animal personality research

Behavioral
experiments

Description Behaviors recorded

Restraint
test

Limit the movement of an animal for a brief
period of time, for example by tethering, or by
close confinement in a weighing crate

Vocalization, freezing, and escape attempts

Open field
test

Separate animal from its pen or herd mates and
place it in a novel arena for brief time

Vocalization, exploration, freezing, and activity

Novel
object test

Animal is presented a species-relevant object in
home pen/pasture or experimental arena

Latency to approach, duration of contact, and
average distance from object

Feeding
competition

Measure aggression and social rank by placing
a single highly valued food source in a
pen/pasture with a certain number of animals

Aggression, duration/rate of food access,
latency to approach food resource, and
displacement at food resource

Resident–
Intruder
Test

Single animal is confronted with unknown
conspecific in their home pen/pasture

Aggression, tactile contact, and inter-animal
distance

Human
approach
test

Animal is placed in solitary arena with an
unfamiliar human. The location of experiment
can be familiar (home pen) or unfamiliar (open
field test)

Latency to approach a human (Voluntary
Approach), or the response to an approach by a
human (Forced Approach), and
frequency/duration of tactile contact
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in time (e.g., every 5 min) or they may use
continuous sampling to record all occurrences of
a behavior within a given time period (e.g., all
bites initiated by an animal in 1 h).

Personality Data Analysis

Researchers may use variable reduction tech-
niques, like principal components analysis
(PCA) or exploratory factor analysis (EFA), to
cluster many behaviors into composite traits.
Principal components analysis is a procedure for
reducing a larger set of behavioral variables into
a smaller set of artificial variables called principal
components, which are based on the strength of
the correlation coefficients among the behavioral
variables (Gorsuch 1983). An observed behav-
ioral variable “loads” on a component if it is
highly correlated with the component. The goal
of exploratory factor analysis, on the other hand,
is to explain the structure of data by determining
the shared variance among the variables, called
communality. Factor analysis summarizes data
into a few dimensions by condensing a large
number of variables into a smaller set of vari-
ables, called factors. Behaviors that are clustered
using PCA or EFA share a significant proportion
of variance in the data (Budaev and Zworykin
2002; Sih et al. 2004). For example, behaviors
such as “bite”, “chase”, and “hit” may have high
loadings on a single component, and this com-
ponent may be labeled “aggression”.

Prior to running the data reduction analysis,
researchers must consider their sample size.
There are many subject-to-variable ratios rec-
ommended, such as 100:1, 10:1, or 5:1 (Bryant
and Yarnold 1995; Gorsuch 1983). For example,
a subject-to-variables ratio of 5:1 means that for
every five animals in the study, one behavior can
be placed in the analysis. This recommendation
of a minimum sample size is not universal, and
there are reports of successful PCA and EFA
with small samples sizes (de Winters et al. 2009;
Guadagnoli and Velicer 1988; MacCallum et al.
1999).

After reducing many behavioral variables into
smaller sets of components or factors, researchers

must determine the number of components or
factors to retain. A researcher may use the K1
method to decide which components or factors to
retain based on the strength of variance
explained, or, the eigenvalue (Kaiser 1960).
According to this rule, only the components or
factors that have eigenvalues greater than one are
retained for interpretation. Researchers must be
aware of the threat of retaining too few or too
many factors or components, as it is difficult to
justify retaining a component with an eigenvalue
of 1.01, but rejecting a component with an
eigenvalue of 0.99 (Zwick and Velicer 1986).
Another popular approach is based on the Cat-
tell’s scree test (Cattell 1966), which involves the
visual exploration of the eigenvalues in graph
form. In this method, a researcher retains the
components or factors in the steep curve before
the “cliff” of flat line trend (Cattell and Jaspers
1967). Parallel analysis (PA) is another technique
for determining the number of components to
retain when using PCA on a correlation matrix
(Franklin et al. 1995; Horn 1965). This method
compares the observed eigenvalues derived from
the correlation matrix to the eigenvalues obtained
from uncorrelated normal variables. Parallel
analysis adjusts for the effect of sampling error
and is a sample-based as opposed to the
population-based method of K1 approach (Zwick
and Velicer 1986).

Once a researcher has identified the number of
factors or components to retain, he or she may
wish to identify an individual’s placement or
ranking on the trait (Gorsuch 1983). Knowledge
of individual rankings on each trait allows a
researcher to determine how factor or component
scores differ between groups or to investigate
correlations between traits and other physiologi-
cal measures (e.g., rank on bold–shy trait and
body weight). There are many methods of cal-
culating trait scores, such as the least squares
regression approach, Bartlett’s approach, or
Anderson–Rubin approach, with each method
having different strengths and weaknesses
(DiStefano et al. 2009). One simple way to
estimate trait scores for each individual involves
summing raw scores corresponding to all
behavioral variables loading on a trait. If a
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behavior has a negative loading, the raw score is
subtracted rather than added because the behav-
ior is negatively related to the trait (DiStefano
et al. 2009).

Coping Styles

Assessing animal personality assumes that there
may be different traits that explain the variance in
behavior among a group of animals. Alterna-
tively, researchers may categorize animals into
one of two categories based on the occurrence of
specific stress-related behaviors and physiologi-
cal reactions (Koolhaas et al. 1999). These cat-
egories are called coping styles. Individual
animals may be characterized as having a
proactive or reactive coping style (Benus et al.
1991; Koolhaas et al. 1999). Proactive animals
are bold (e.g., shorter approach/attack latencies),
aggressive, and actively cope with challenges in
their environment. Reactive individuals are cau-
tious (e.g., longer approach/attack latencies) and
less aggressive. Proactive animals use consistent
behavior patterns when investigating a change in
the environment, whereas reactive animals are
more adaptive to change and develop diverse
behavioral patterns (Benus et al. 1991; Koolhaas
et al. 1999; Sih et al. 2004). In addition, the
reactive coping style is associated with high
hypothalamus-pituitary-adrenal axis responsive-
ness (e.g., cortisol production), whereas the
proactive coping style is associated with high
sympathetic reactivity (e.g., adrenaline produc-
tion; Koolhaas 2008). Given this disparity in
physiological stress response, the coping style of
domesticated farm animals may impact the
immunocompetence of individuals.

Swine Natural Behavior

Approximately 977 million domestic swine (Sus
scrofa domesticus) live on farms across the world
(FAOSTAT 2013). Although they have been
domesticated for almost 9000 years, swine
maintain instinctual behaviors of rooting,

exploring, and social fighting. In the wild, groups
of two to four adult females, called sows, will
travel together with their piglets in groups called
“sounders” (D’Eath and Turner 2009). Each
sounder is led by a dominant sow, while the
adult males, called boars, roam throughout
non-overlapping home ranges in bachelor herds
(Graves 1984). Through frequent nose-to-body
and nose-to-nose contact, swine use olfactory
cues (i.e., pheromones) to recognize other indi-
viduals and gauge social dominance (Kristensen
et al. 2001; Mendl et al. 2002; Stookey and
Gonyou 1998). The establishment of social rank
among a sounder is mediated through both wins
and losses of fighting, with younger animals
fighting more frequently and thus sustaining
more lesions (Arey 1999; Hodgkiss et al. 1998).
The main fighting stance among swine is called
the inverse parallel press (Jensen 1980). During
this agonistic interaction, the animals face head
on and push their shoulders against each other,
throwing the head against the neck and flanks of
the other and biting the other’s neck and shoul-
ders. The fight ends when one animal turns away
to flee and is not pursued by the displacing ani-
mal (Jensen 1980).

Swine are opportunistic omnivores and
explore their environments by digging and root-
ing up objects to test for edibility (Studnitz et al.
2007; Wood-Gush and Vestergaard 1989). Swine
will also manipulate objects using the snout or
front limbs when performing behaviors such as
biting, sniffing, pushing, kicking, licking, and
chewing (Blackshaw et al. 1997). Piglets are able
to discriminate odors from their nest (e.g., sow’s
urine, udders) as early as one day old and can
identify their mother’s vocalizations soon after
(Horrell and Hodgson 1992; Walser 1986). Pig-
lets will engage in antagonistic tussling within
minutes of being born while teat order is disputed
(Algers 1993; Fraser and Jones 1975). This early
social interaction often determines future domi-
nance and aggression levels among the litter,
with piglets positioned at the anterior teats being
more dominant and those in the middle teats
fighting more frequently (Ruis et al. 2000;
Sundman 2011). This relationship between teat
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rank and social dominance highlights how rear-
ing experience may influence the development of
certain personality traits.

Domestic Swine Welfare

The swine farming industry can be divided into
categories based on the age of the animals.
Farmers that operate gestation barns care for
pregnant sows and their piglets. Over 75% of
gestation barns in the United States house their
sows in gestation stalls for approximately
110 days after artificial insemination (Schulz and
Tonsor 2015). Standard gestation stalls are
0.64 m wide and 1.73 m long with metal side
bars and a trough for food and water. While the
original goal of gestation stalls was to prevent
fighting among the sows and to ensure individual
nutrition, this housing system precludes the sow
from turning around and/or performing many
natural behaviors. In many developed countries,
there is increasing public interest in the quality of
life for gestating sows. Due to both legislative
and market-driven initiatives, swine farmers in
nine US states, the entire EU, Australia, New
Zealand, and South Africa have been asked to
transition their gestating sows from individual
stalls to group pens (EU Council Directive
2001/88/EC; Schulz and Tonsor 2015; Weaver
and Morris 2004).

The maintenance of gestating animals in pens
can be difficult due to the multifaceted consid-
erations of pen size, group composition, feeding
system, and individual health care and nutrition
requirements (Bench et al. 2013). Group housing
of gestating sows may result in increased fighting
while the hierarchy is established (Broom et al.
1995), and can thus lead to minor or serious
injuries (Anil et al. 2005; Hodgkiss et al. 1998),
loss of productivity (McGlone et al. 2004), and
may decrease sow longevity (Anil et al. 2005).
These issues create economic losses for the
producer and welfare concerns for the sows.
Knowledge of personality traits may help iden-
tify individuals who are more susceptible to

stress, as well as allow animal care staff to gauge
social compatibility among a pen of sows.

Once the sow is ready to farrow, or give birth,
she is moved into a single farrowing crate or pen.
In modern swine husbandry, the ability of a sow
to raise large litters and to meet the piglets’ needs
for warmth and milk provision is essential. To
reduce piglet losses and to facilitate human
intervention, farrowing crates are used to limit
the sow’s movements during parturition and
lactation (Edwards and Fraser 1997). Farrowing
crates are similar in size to gestation stalls
(0.64 � 1.73 m) and include guardrails to pre-
vent the sow from crushing her piglets when she
is in the process of lying down. While the goal of
limiting the sow’s movement is to increase the
piglets’ welfare and survivability, this restriction
prevents the sow from performing species-
specific behaviors at a crucial time.

To date, just Sweden, Switzerland, and Nor-
way have banned farrowing crate use completely,
with current bans in New Zealand (NAWAC
2010) and Australia implementing bans in 2017
(PISC 2008). There is also voluntary industry
uptake of loose-farrowing alternatives (e.g., UK,
Denmark, and Australia), with a number of dif-
ferent systems being developed and tested (Arey
1997; Edwards and Fraser 1997; Johnson and
Marchant-Forde 2009; Baxter et al. 2012). It may
be beneficial to understand the impact of per-
sonality traits on the survivability of piglets in
both standard and alternative farrowing envi-
ronments. Consistent differences in maternal
behavior among sows could impact piglet wel-
fare as well as productivity for the farmer.

In most commercial farms, piglets are weaned
any time between 20 and 35 days of age,
whereas free-ranging sows wean their piglets at
around 60–137 days of age (Jensen and Recen
1989; Newberry and Wood-Gush 1985). Wean-
ing can be highly stressful for piglets due to the
transport away from the farrowing environment,
adjustment to an unfamiliar pen, and an increase
in aggression as the dominance hierarchy of
unfamiliar piglets is established (Held and Mendl
2001). After weaning, piglets are often
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transported to another farm that specializes in
caring for the animals until they reach the market
weight of 250 lb. By understanding the differ-
ences in personality or coping ability among
piglets, producers may be able to adjust hus-
bandry practices, housing conditions, trans-
portation procedures, and social groupings that
may impact the health and welfare of the
animals.

Swine Personality Research

There have been approximately 48 published
reports of behavioral variation in commercial
swine. The majority of these studies have been
limited to animals aged seven months or younger
and only seven focused on behavioral differences
among gestating sows (Table 9.5). This dis-
crepancy could be due to the logistic difficulties
of implementing standard behavioral experi-
ments with animals ranging from 300 to 700 lb.
Experimental trials were the predominant method
used to measure behavioral differences and
included such methods as physical restraint, open
field tests, human approach tests, novel object
tests, and feeding competitions. While there is
ample information on behavioral differences in
pen housed piglets, there is a lack of information
on the individual differences of group-housed
gestating sows. Given the current focus of ges-
tating sow welfare in the swine industry, the lack
of research addressing behavioral variation
among these mature, pregnant animals is
surprising.

Although PCA is frequently used in animal
personality research as an unbiased approach to
cluster behaviors into composite traits, only
twelve of the 48 published studies on swine
personality or coping styles utilized this analyti-
cal method (Table 9.5). Although many studies
on swine personality have large sample sizes,
many simply present multiple correlations among
the behaviors recorded and do not attempt to
ascertain specific traits. Many studies on swine
personality have identified multiple traits, instead
of a dichotomous coping style, which may
explain the variance observed in behavioral data

(Donald et al. 2011; Forkman et al. 1995; Hor-
back and Parsons 2016).

Forkman et al. (1995) analyzed behavioral
responses of 45 piglets to novel objects, open
fields, resident-intruder agonistic interactions,
and restraint tests to assess personality, and
identified three factors (aggression, sociability,
and exploration) that explained the behavioral
covariance. In human personality research, there
is a popular model that identifies five key traits
that explain the variance in behavior among
humans. This is known as the Five Factor Model
and corresponds to openness to experience,
conscientiousness, extroversion, agreeableness,
and neuroticism (Goldberg 1990). Gosling and
John (1999) suggested that the three traits iden-
tified in the Forkman et al. (1995) study (ag-
gression, sociability, and exploration) may be
analogous to the human dimensions of agree-
ableness (inversely), extraversion, and openness.

This description of swine personality as being
comprised of multiple traits is contrary to some
reports of a dichotomous proactive/reactive
coping style in pigs (Bolhuis et al. 2003; Hess-
ing et al. 1993; Ruis et al. 2000; van Erp-van der
Kooij et al. 2002). The likely reason for this
difference is that many studies attempt to cate-
gorize piglets based on early stress or restraint
tests (e.g., tonic immobility) in an effort to
determine behavioral predictors of coping styles.
For example, Hessing et al. (1993, 1994) per-
formed non-social (i.e., back-test) and social
challenges (i.e., pen mixing) with young piglets
and found that those that were more active and
responsive in the non-social test were more
aggressive in the social test. In contrast, person-
ality studies using PCA evaluate individual dif-
ferences based on a continuum of many traits,
rather than assigning a low versus high category.
In a critical review of research addressing coping
styles in pigs, Jensen et al. (1995b) argue that
researchers have determined these dichotomous
behavioral strategies “by choosing arbitrary
cut-off points when splitting their individuals into
categories rather than performing adequate tests
of correlation in the unbiased raw data”, and
therefore, “great care is needed in the handling of
correlational results” (p. 250).
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As noted previously, much of the research on
behavioral differences among piglets is focused
on the strength of response to handling, social
isolation, and social aggression. On the other
hand, research on sows is focused on differences
in mothering skills or fear/aggression toward
humans. An exception is a recent study of per-
sonality traits among group-housed gestating
sows (Horback and Parsons 2016). In this study,
46 sows from a commercial genetic line were
observed for behaviors occurring during human
approach tests, ease of handling tests, open field
tests, novel object tests and for social behaviors
during pen mixing. The behavioral tests were
repeated five months later to assess the consis-
tency in individual response. Three components,
which accounted for over 60% of the variance,
were uncovered using principal component
analysis. Based on the behaviors that encom-
passed them, these components were labeled
aggressive/dominant, avoidant of humans, and
active/exploratory (Table 9.2). This was the first
description of personality traits in commercial
gestating sows housed in large groups. In
addition, individual component scores were sig-
nificantly correlated between replicates demon-
strating their temporal stability (Horback and
Parsons 2016).

Behavioral Experiments in Swine
Personality Research

Open Field Test

The open field test, originally developed for
laboratory rodents (Walsh and Cummins 1976),
has mostly been used in swine behavioral
research to measure activity (Forkman et al.
1995), whereas a few studies use behaviors col-
lected in an open field as a measure of fear of
novelty (e.g., Spoolder et al. 1996). In an open
field test, an animal is placed alone in an unfa-
miliar arena covered in grid lines and behaviors
are recorded, which, in the case of Spoolder et al.
(1996), included locomotor activity (number of
gridlines crossed and duration of time to explore
walls or ground), eliminative behavior (defeca-
tion, urination) and vocalizations (squeals,
grunts). Due to constraints in arena size, this
approach is most often used to measure fear or
exploration in pigs younger than five months.

In addition to differences in personality traits,
the variance in behaviors displayed during open
field tests in swine has been attributed to breed
(Mormède et al. 1984), genetics (Fabrega
et al. 2004; Shea-Moore 1998), rearing (Beattie
et al. 1995), and age (Wood-Gush et al. 1990).

Table 9.2 Loading scores
of the behavioral
measurements collected on
group-housed sows for
each principle component
(Horback and Parsons
2016)

Behavioral measurements PC11 PC21 PC31

Pen mixing

Nose/smell other sow (#/h) −0.35 0.09 0.76

Displace other sow (#/h) 0.86 0.03 0.10

Retreat from other sow (#/h) −0.54 −0.14 −0.06

Initiate aggressive behavior [bite, hite] (#/h) 0.83 −0.06 −0.16

Chase other sow (#/hr) 0.80 −0.15 −0.03

Open field test

Number of lines crossed (10 min) 0.03 −0.04 0.76

Ease of Handling Test (scale 1–5) −0.07 0.87 −0.10

Human Approach Test (scale 1–5) 0.06 0.84 0.15

Eigenvalue 2.30 1.50 1.20

Variance explained 28.40% 19.00% 15.20%
1PC1: aggressive/dominant, PC2: avoidant of humans, PC3: active/exploratory
Component loadings � 0.5 (bold) were considered to have significant weight and were
clustered to create composite personality traits

192 K.M. Horback



For example, piglets with a genetic mutation on
the Halothane RYR(1) gene, which is associated
with a susceptibility to physiological stress, were
significantly less active in an open field test than
RYR(1) negative piglets (Fabrega et al. 2004).
General activity and vocalizations displayed in
open field tests with piglets of various ages tends
to be repeatable; with test–retest intervals rang-
ing from days to months. In addition, open field
studies of swine indicate that, unlike rodents,
defecation does not seem to be a fear response,
but more of a consequence of increasing activity
(Andersen et al. 2000; Forkman et al. 2007).
Personality traits derived from behaviors mea-
sured in open field tests include activity
(Andersen et al. 2000; Horback and Parsons
2016) and response to novelty (Giroux et al.
2000; Ruis et al. 2000).

Novel Object Test

Due to their omnivorous diet, swine instinctively
dig up and gnaw on objects in their environment
in search of edible materials (Studnitz et al.
2007). Swine explore their environments to
evaluate both the extrinsic value of their sur-
roundings (i.e., shelter, food, water source) and
the intrinsic value (i.e., social group, pen size;
Studnitz et al. 2007; Wood-Gush and Vester-
gaard 1989). The novel object test allows
researchers to assess differences in the interest in
and exploration of unfamiliar, inedible objects. In
this test, an individual is placed either in their
home pen or in an experimental arena (e.g., open
field) and observed within a group or alone and is
presented a species-relevant object, such as a
colorful ball for a pig. Some behaviors com-
monly recorded during novel object tests include
latency, frequency or duration of contact,
exploration, and orientation to object without
physical contact. The consistency of behavior
toward a novel object depends on the time
interval between tests and whether the animal
was tested within a group. Personality traits
observed in novel object tests include exploration

(Thodberg et al. 1999) and curiosity (Spake et al.
2012).

Social Challenge

In order to assess an individual’s response to a
social challenge, or their degree of social
aggression, researchers may use one of two
approaches: resident–intruder tests with young
piglets or social behaviors at pen mixing with
older pigs. In resident–intruder tests, the focal
resident piglets are observed for behaviors
toward an intruder, often a piglet that is younger
than or the same weight as the resident. This test
may take place in the resident’s home pen or
unacquainted piglets may be placed in a separate
experimental arena. Behaviors measured in the
resident–intruder test include the rate of aggres-
sive behaviors initiated and received, the dura-
tion of vocalizations and the latency to approach,
attack, and/or make physical contact with the
intruder piglet. Researchers will often terminate
the test after the first highly aggressive attack to
prevent severe lesions or injury.

Group housing of gestating sows often results
in increased physical aggression as the social
hierarchy is established. Researchers investigat-
ing swine personality can take advantage of this
high-arousal context to collect behavior data
related to both affiliative and agonistic social
behavior (Table 9.3). Data collected at resident–
intruder tests and at pen mixing allow researchers
to create records of the wins and losses during
agonistic encounters, and an individual’s role as
initiator and recipient. Personality traits assessed
using social challenge tests include aggression
and dominance (Horback and Parsons 2016;
Løvendahl et al. 2005; Spoolder et al. 1996).

Back-Test

In many species, animals become immobile as a
fear–response when threatened (i.e., tonic
immobility; Gallup 1977). Behavioral responses
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measured in tonic immobility tests can be cate-
gorical (becoming immobile or not) or continu-
ous (duration of immobility). Research on piglet
personality evaluates individual differences in
tonic immobility response using “back-tests”.
The back-test can be carried out in two ways: the
experimenter may place the piglet in a supine
position in a wood or plastic v-shaped structure
and immobilize the piglet by placing a light
weight on its chest (Erhard et al. 1999), or the
researcher places the piglet on its back on a flat
surface and the experimenter uses their hands to
press firmly on the piglet’s chest and hind legs
(Hessing et al. 1993). The variables measured in
this test are latency to the first escape attempt,
number of escape attempts, duration or strength
of struggling, and duration of vocalizing. Often,
each wriggle or bout of struggling made by a
piglet is counted as one escape attempt.
Researchers use the back-test as a non-social
measure of stress response in order to classify
piglets as “high-resistant/reactive” or “low-
resistant/reactive” based on predetermined cut
points in the behaviors that are measured.
Researchers tend to associate high-responding
piglets as demonstrating proactive coping styles,
and low-responding piglets as demonstrating
reactive coping styles. The validity of the
back-test in piglet personality research is cur-
rently debated as researchers are not certain

which motivational system the back-test chal-
lenges (Jensen et al. 1995b; Spake et al. 2012).

Response to Humans

A piglet’s or sow’s response to handling or
approach by a human is an important factor when
investigating swine personality. Handling tests
involve common husbandry tasks such as an
experimenter physically holding a piglet in a
prone position, the restraint of a piglet in a
weighing chute or snout snare, or the movement
of a piglet during transportation out of the home
pen and/or onto a loading truck (Bolhuis et al.
2003; Forkman et al. 1995). The most common
behaviors recorded during handling tests include
the ease of transit (e.g., physical resistance to
moving) and responsiveness to restraint (e.g.,
physical struggling and vocalizations).

Another method to assess individual differ-
ences in response to humans among swine is the
human approach test. In this test, the behavior of a
piglet or sow is recorded in either a familiar (home
pen) or unfamiliar arena with a familiar or unfa-
miliar human. The human approach test can be
voluntary (i.e., measure latency of animal to
approach human) or forced (i.e., measure animal’s
response to an approach by a human). Additional
measurements in the voluntary human approach

Table 9.3 Example ethogram for data collection of social behaviors during mixing of sows

Behavior Operational definition

Head-to-head
knock

Sow uses snout and side of face to hit another sow’s head with force

Head-to-body
knock

Sow uses snout and side of face to hit another sow’s body with force

Bite Sow uses teeth to clamp down or scrape at another sow’s head and body

Lever Sow places snout under the limbs or torso or another sow and lifts up

Displace other Focal sow forces another sow to move away from current location. May or may not be at the
end of a fight

Retreat from
other

Focal sow moves away from another sow, at a walking or running pace. May or may not be at
the end of a fight

Chase other Focal sow pursues another sow at a fast pace, trying to reduce the distance between the dyad

Nose other Focal sow places snout near the snout, head or body of another sow. Relatively short physical
contact (<5 s) is possible
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test include the duration of physical contact,
average distance from a human, and reaction to a
human changing posture. In the forced human
approach test, the experimenter first records
behaviors in response to a human’s presence and
then gradually moves toward the animal and
eventually initiates physical contact (Table 9.4).
Personality traits obtained from tests involving
human experimenters include fear of humans
(Brown et al. 2009; Lensink et al. 2009a, b)

and response/avoidance to human proximity
or approach (Giroux et al. 2000; Horback and
Parsons 2016) (Table 9.5).

Discussion

When dealing with the behavior of domestic
swine, researchers must keep in mind that swine
evolved in an environment different from the
current agricultural setting and their perceptual
systems are the product of evolutionary devel-
opment and artificial selection. Despite excellent
work on themes such as environmental influ-
ences and trait development, scholars examining
personality in swine have not yet fully explored
proximate and ultimate explanations of swine

Table 9.4 Operationally definition scale for evaluating sow’s response to a forced human approach

Score Operational definition

1 Initiates physical contact to experimenter standing 1 m from head, does not show avoidance of human hand
proximity or touch

2 Tolerant of human standing 1 m from head, initiates physical contact to human when hand is presented,
does not show avoidance of human hand contact

3 Tolerant of human standing 1 m from head and tolerant of hand proximity to face, but intolerant of hand to
snout contact

4 Tolerant of human standing 1 m from head, but avoidant of hand proximity to face and hand to snout
contact

5 Complete avoidance of human standing in proximity (1 m from head)

Table 9.5 Summary table of swine personality research

Study Sample
size

Age Behavioral measurements Traits

*Andersen et al.
(2000)

84 2.5 weeks TI Fear of novelty, Activity

6 weeks Elevated puzzle maze

7 weeks Light/dark exploration test

8 weeks OFT

Bolhuis et al.
(2003)

38 10, 17 days TI (back-test) Low/high resisting

9 weeks Lymphocyte stimulation test

Bolhuis et al.
(2004)

76 10–17 days TI (back-test) Low/high resisting

64 8 weeks T-maze

Bolhuis et al.
(2005)

60 10, 17 days TI (back-test) Low/high resisting

5, 9, 11, 15,
19 weeks

Activity/posture
Social behaviors
Ingestive/comfort behaviors
Exploratory behaviors

Bolhuis et al.
(2006)

120 10, 17 days TI (back-test) Low/high resisting

15, 19 weeks Behavior in enriched/barren
pens

(continued)
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Table 9.5 (continued)

Study Sample
size

Age Behavioral measurements Traits

Brown et al.
(2009)

118 22–23 weeks HAT
NOT
ODT
Feeding competition

Fear

D’Eath (2002) 125 44, 47 days RI Aggressiveness

112 49–51 days Aggression in group mixing

D’Eath and Burn
(2002)

176 3, 9 days TI Low/High responding

128 42, 44 days RI

D’Eath and
Pickup (2002)

125 47 days RI Aggressiveness

D’Eath and
Lawrence (2004)

125 37, 39 days RI Aggressiveness

D’Eath et al.
(2009)

1663 10 weeks Aggression in group mixing Aggressiveness, response to
handling1620 22 weeks Response to handling

1212 11–13 weeks Inactivity in pen

de Sevilla et al.
(2009)

119 4 weeks TI Active/passive coping style

99 11–13 weeks OFT
NOT

15–16 weeks HAT

Donald et al.
(2011)

24 5–6 weeks OFT (pharmacological
manipulation)

Emotionality (cautious to
exploratory, arousal level)

20 5–6 weeks OFT (social manipulation)

12 5–6 weeks OFT (novelty manipulation)

Erhard and
Mendl (1997)

218 7, 11 weeks RI Aggressiveness

Erhard and
Mendl (1999)

29 3 weeks TI
Emergence test

Active/passive behavioral
strategies

Erhard et al.
(1999)

219 2.5 weeks TI Active/passive behavioral
strategies109 4 weeks Handling test

70 10 weeks Speed of movement

Fraser (1974) 35 8–10 weeks OFT Activity, vocalization

*Forkman et al.
(1995)

65 2 weeks TI Aggression, sociability,
exploration45 1–5 weeks

8 weeks Extinction learning

9 weeks NOT, RI

10 weeks Social dependence

Geverink et al.
(2002)

72 10, 17 days Back-test Low/high responding

10 months Nose-sling test

*Giroux et al.
(2000)

252 20–25 days OFT
HAT
Feeding competition

Reaction to humans,
active/passive stress
response, rank order

(continued)
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Table 9.5 (continued)

Study Sample
size

Age Behavioral measurements Traits

Hellbrügge et al.
(2008)

1327 lactating sow Separation from litter at birth “aggressive in group”,
“maternal abilities”

1279 Separation from litter at day
21

1453 Reaction to screaming piglet
and music

1220 gestating sow Aggression in group mixing

Hemsworth et al.
(1981)

1225 gestating sow HAT (forced approach) Response to humans

480 HAT (voluntary approach)

Hessing et al.
(1993)

218 1 week Social confrontation Aggressive, resistant

1–3 weeks TI (back-test)

10, 15 weeks Aggression in group mixing

*Horback and
Parsons (2016)

46 gestating sow HAT (forced approach)
Ease of handling
OFT
NOB
Social behavior in group
mixing

Aggressive/dominant,
active/exploratory, avoidant
of humans

Ison et al. (2015) 24 20, 23,
25 weeks

HAT (voluntary approach)
Startle object test
Behavior at farrowing

“maternal abilities”

Janczak et al.
(2003a)

92 3 weeks TI Fear, anxiety, aggression

8, 24 weeks RI
HAT (voluntary)
NOT

*Janczak et al.
(2003b)

89 8 weeks NOT
HA (voluntary)

Fear of humans, aovelty
induced anxiety

30 first farrow Maternal behavior

*Jensen et al.
(1995a)

45 birth, 12–
24 h, 3 and
5 weeks

Behavior at farrowing
OFT
Social challenge test

Activity, suckling behavior

Lawrence et al.
(1991)

62 30 weeks Response to handling
Ease of transit
HAT (forced)
Resistance to restraint

Low/high responding

34 weeks NOT
Group feeding competition

Lensink et al.
(2009a)

75 26 weeks HAT (forced) “fear of humans”,
“nervousness”NOT

Response to weighing crate

first farrow Behavior in farrowing crate

Lensink et al.
(2009b)

100 sow HAT (forced approach)
Reaction to transfer
Reaction to piglet handling

“fear of humans”

Løvendahl et al.
(2005)

835 sows Aggression in group mixing Aggression

1076 Maternal behavior

(continued)
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Table 9.5 (continued)

Study Sample
size

Age Behavioral measurements Traits

Marchant-Forde
(2002)

62 gilt HAT (voluntary) Shy–bold, aggression

Food competition test

Aggression to human in
farrowing

Melotti et al.
(2011)

128 15 days TI (back-test) Low/high responding;
aggression30 days Aggressive, explorative and

manipulative behavior at
weaning

Mendl et al.
(1992)

37 primiparous
sows

Behavior 1st and 3rd week in
pen

Social dominance (Low,
high, no success)

Reimert et al.
(2014a)

72 10 days TI (back-test) Low/high resisting

11 weeks Social support test

*Reimert et al.
(2014b)

480 2 weeks TI (back-test) Low/high resisting,
locomotion, calm6 weeks NOT

478 7 weeks HAT (voluntary)

467 13 weeks OFT (novel environment)
NOT

Ruis et al. (2000) 128 2–4 days TI (back-test) Low/high resisting,
aggression3–4 weeks Teat order

10, 24 weeks Group feeding competition
test

10, 24 weeks OFT (novel environment)

Ruis et al. (2002) 96 2–4 days TI (back-test) Low/high resisting, social
dominance7 weeks Behavior at pen mixing

8 weeks OFT (novel environment)
NOT

Scheffler et al.
(2016)

1382 12–19 days TI (back-test) Low/high resisting,
aggression1318 6–9 weeks HAT

272 22 weeks HAT (voluntary)

1111 weaning Aggression at group mixing

446 growing

279 gilt

Spake et al.
(2012)

575 6, 13 days TI (back-test) Low/high resisting,
aggression, fear/curiosity120 5, 6 weeks RI

NOT

*Spoolder et al.
(1996)

208 13–17 weeks NOT
Food motivation
Social dominance
General activity

Fearful, restlessness, food
motivation, social
dominance, active

*Sundman
(2011)

63 9–31 days Teat order
Suckling behavior
NOT
Straw test

Exploration, playfulness,
food interest, straw interest

(continued)
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personality traits. Without such an understand-
ing, we are left with an incomplete analysis that
can lead to ill-informed policy decisions. By
combining traditional measurements of biologi-
cal welfare (e.g., health, weight gain, fecundity)
with metrics of psychological welfare (i.e., cog-
nitive bias testing; Douglas et al. 2012), future
research could incorporate an ethological
approach to personality assessment. This
approach can increase our understanding of the
genetic and phenotypic relationship between
production, welfare, and personality traits which
may improve breeding and husbandry practices.

Ongoing animal welfare science research is
directed toward enhancing engineering and pro-
duction standards in housing and care on farms,
such as appropriate bedding, shelter, allowance
for natural self-maintenance (e.g., grooming,
defecating), and opportunity to exercise. An
important factor to keep in mind while estab-
lishing attainable, science-based, auditable stan-
dards is the influence of temperament. A wealth
of research has demonstrated that individual
differences can affect a wide range of biological

mechanisms and processes, such as the formation
of social bonds (Massen and Koski 2014),
immunity strength (Capitanio et al. 1999, 2008),
individual fitness (ability to survive and repro-
duce) (Smith and Blumstein 2008), the ability to
cope with physiological stress (Carere et al.
2010), the performance of abnormal or stereo-
typic behaviors (Cussen and Mench 2015; Ijichi
et al. 2013), and the expression of pain (Ijichi
et al. 2014). Therefore, the personality of an
animal may influence individual ability to cope
with environmental stressors (e.g., air/light
quality, housing structure, and stocking density)
and thus influence their health and overall
welfare.

Implications

Considerable effort has gone into identifying per-
sonality traits and coping styles in piglets in order
to evaluate the relationship between personality,
health, and production variables (e.g., mothering
skills, weight gain, lean meat percentage).

Table 9.5 (continued)

Study Sample
size

Age Behavioral measurements Traits

*Svennson
(2011)

63 9–31 days Teat order
Suckling behavior
NOT
Straw test

Curiosity, playful, food
interest, straw interest

*Thodberg et al.
(1999)

56 17–19 weeks OFT/NOT
HAT (voluntary approach)
Social test
Undisturbed behavior
Food competition test

Immobility, exploratory,
inactivity, object exploration

*van Erp-van der
Kooij et al.
(2002)

315 3, 10,
17 days

TI (back-test) Coping style

5–7, 10–
12 weeks

HAT (forced)
NOT
ODT

von Borell and
Ladewig (1992)

24 18, 22,
27 weeks

Behavior in home pen Activity, stress response

10, 28 weeks OFT

16, 23,
33 weeks

ACTH challenge

TI tonic immobility, OFT open field test, NOT novel object test, RI resident-intruder test, HAT human approach test,
ODT open door test
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For example, studies have reported that piglets that
were more aggressive toward litter mates had
lower susceptibility to tonic immobility in the
back-test, while other studies correlate high
response to the back-test to a higher percentage of
carcass protein at slaughter (Hartsock et al. 1977;
Hessing et al. 1993; Ruis et al. 2000; Van Erp-van
der Kooij et al. 2000). Future research may iden-
tify traits associated with susceptibility or resi-
lience to stress, which can impact the biological
and psychological welfare of swine (Koolhaas and
Van Reenen 2016). Whereas domestic swine have
been bred for traits related to tameness and pro-
duction, it may soon be common practice to breed
for personality traits or coping styles as well.
Given consumers’ increasing interest in the wel-
fare of farm animals, and corresponding legal
requirements in animal care and housing, the
swine industry could benefit from identifying
personality traits associated with an increase in
animal welfare and productivity in various social
and environmental housing conditions.
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10Personality in Dogs

Jamie L. Fratkin

Abstract
Dogs have an ever-increasing presence in our lives from being a child’s
best friend to detecting roadside bombs to guiding people with visual
impairments. Examining the personalities of these animals can help us to
better understand them. This chapter reviews many topics related to dog
personality, beginning by examining the structure of dog personality.
Studies have found that dog personality consists of two to more than five
dimensions with little consensus as to the optimal number of dimensions
needed to best describe dog personality. This chapter then examines the
reliability and validity of dog personality assessments. Finally, this chapter
reviews the evidence for various genetic, biological, and environmental
factors related to dog personality and concludes that what we currently
know is largely mixed. Future studies on dog personality should further
examine several personality dimensions and factors likely associated with
dog personality.

Personality in Dogs

In the last 20 years, dog personality has become
a subject of interest for dog owners and dog
practitioners. Potential dog owners want to
understand dog personality to be able to select a
dog that is suitable for their own lifestyle (e.g., an

active dog for an active lifestyle). Dog owners
want to understand their dog’s personality to be
able to understand the best way to train their dog
or to provide the type of environment their dog
needs. Dogs are now utilized for a variety of
purposes, such as guiding people who are visu-
ally impaired (e.g., Goddard and Beilharz 1986),
detecting drugs and explosives (e.g., Maejima
et al. 2007), helping children with autism or
veterans with post-traumatic stress disorder (e.g.,
Hall et al. 2016), and providing therapy to chil-
dren and adults who are ill (e.g., Haubenhofer
and Kirchengast 2007). With these
ever-increasing working roles created for dogs,
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dog practitioners want to better understand dog
personality so that they can select dogs that are
most suitable for these working roles. This
chapter examines the work to date in the field of
dog personality to better understand these prac-
tical applications as well as to better understand
dog personality more generally. Specifically, this
chapter covers the structure of dog personality,
different methods to assess dog personality, and
the reliability and validity of those assessments.
In addition, this chapter reviews studies that have
begun to explore different factors that that may
be associated with dog personality.

The Structure of Dog Personality

In humans, there is a general consensus among
researchers that personality can be described by
five broad dimensions, known as the Big Five:
extraversion, agreeableness, conscientiousness,
neuroticism, and openness to experience
(McCrae and Costa 2008). In dogs, there is less
consensus about the number of dimensions
required to describe personality: some studies
find five dimensions (De Palma et al. 2005;
Ledger and Baxter 1997; Ley et al. 2009;
Svartberg and Forkman 2002), but others find
only three (Arata et al. 2010) or four dimensions
(Dowling-Guyer et al. 2011; Draper 1995; Mirkó
et al. 2012; Sinn et al. 2010; Wahlgren and
Lester 2003). Some find more than five dimen-
sions, with some indicating up to 22 dimensions
(Hsu and Serpell 2003; Ruefenacht et al. 2002;
Goodloe and Borchelt 1998; Serpell and Hsu
2001).

Whereas many dog personality studies use
factor analysis to examine the structure of per-
sonality, other methods have also been used to be
able to understand how already existing traits
should be categorized. One other method that has
been used in dog personality research is an
expert-sorting method, which helps to evaluate
the points of similarity and difference across past
structural studies (Jones and Gosling 2005).
From this method, Jones and Gosling found
seven dimensions that consistently emerged
across studies (reactivity, fearfulness, activity,

sociability, responsiveness to training,
submissiveness/dominance, and aggression). In
addition, researchers found a none/other dimen-
sion that was not considered to be related to
personality (e.g., barking, pain sensitivity) or
related to an additional aspect of personality that
was not part of the seven broad dimensions (see
Table 10.1).

Although the exact number of dimensions
relating to dog personality varies from study to
study,many studies find similar dimensions of dog
personality (see Table 10.2). Common dog
personality dimensions are activity/excitability,
aggression, confidence/fear, extraversion/
friendliness/sociability, and obedience/trainability.
Less common dimensions that also appear in dog
personality studies are chase, distraction/focus,
drive, motivation, and playfulness. Even though
many dimensions of dog personality appear to be
the same and share similar names, the procedures
for behaviorally defining those dimensions may
differ. For example, Svartberg (2006) defined
curiosity/fearfulness as ranging from high fear-
fulness (e.g., avoidance, flight) and a low tendency
to explore in potentially threatening nonsocial
situations, to low fearfulness and a high tendency
to explore in potentially threatening nonsocial
situations. On the other hand, Dowling-Guyer
et al. (2011) defined fearfulness as indicated by
avoidance and flight behaviors, such as running
and looking away, as well as cowering, trembling,
tail tucking, and lip licking. In another example,
Svartberg (2006) defined aggressiveness as rang-
ing between a low tendency to threaten and act
aggressively in unfamiliar and potentially threat-
ening situations, to a high tendency to threaten and
act aggressively in unfamiliar and potentially
threatening situations. On the other hand,
Dowling-Guyer et al. (2011) defined aggressive-
ness as growling, biting, snapping, and showing
teeth as well as hard eye, stiff body, stiff tail, and
barking. These differences in definitions led Die-
derich and Giffroy (2006) to propose a need for
consensus and standardization in dog personality
assessments and the dimensions generated from
those assessments. Although some dog personal-
ity assessments today are widely used to assess
general dog personality (e.g., the Dog Mentality

206 J.L. Fratkin



Assessment; Svartberg and Forkman 2002), there
still remains a wide variety of personality assess-
ments used to assess dog personality with varying
personality dimensions examined from these
assessments.Morework needs to be done to create
dog personality assessments that assess similar
dimensions with similar definitions in terminol-
ogy, so as in human personality studies,
comparisons can be made across studies and
populations.

Some dog personality assessments are begin-
ning to emerge as frequently used instruments.
Perhaps the most frequently used is the Canine
Behavioral Assessment and Research Question-
naire (C-BARQ; Hsu and Serpell 2003), which
consists of 11dimensions thatwere derived through
factor analysis: stranger-directed aggression,
owner-directed aggression, stranger-directed fear,

nonsocial fear, dog-directed fear or aggression,
separation-related behavior, attachment or
attention-seeking behavior, trainability, chasing,
excitability, and pain sensitivity. Another common
instrument for measuring dog personality is the
Dog Mentality Assessment (Svartberg and Fork-
man 2002), which was developedwith the Swedish
Working Dog Association and consists of five
dimensions (playfulness, curiosity/fearfulness,
chase-proneness, sociability, and aggressiveness).
A more recently developed instrument is the
Monash Canine Personality Questionnaire (Ley
et al. 2009), which consists of five dimensions
(extraversion, motivation, training focus, amica-
bility, and neuroticism). Future dog personality
studies may want to focus on using personality
assessments that are already used frequently, so
comparisons can be made across studies.

Table 10.1 Description of the Jones and Gosling (2005) personality framework

Dimension description

Reactivity Indexed by such behaviors and repeated approach/avoidance of novel objects, raised
hackles, and increased activity in novel situations. Assessed through procedures such as
presenting a novel object or series of novel objects to a puppy and recording is subsequent
behavior. Includes traits labeled as ‘excitability’, ‘sound reaction’, and ‘heart reactivity’

Fearfulness Exhibited by signs of excitement, pacing, or running around, avoidance of social stimuli,
and barking. Also includes shaking and a tendency to avoid novel stimuli without
approaching them. Includes trait labels ‘courage’, ‘confidence’, ‘self-confidence’,
‘apprehension’, ‘dog-directed fear or aggression’, and ‘timidity’

Activity Often assessed by placing a puppy or dog in an empty arena with gridlines on the floor and
seeing how many times the puppy or dog crosses the lines. Includes traits labeled as
‘activity’, ‘locomotor activity,’ and ‘general activity’

Sociability Indexed by such behaviors as initiating friendly interactions with people and other dogs.
Primarily assessed in meetings between dogs and an unfamiliar person. Includes traits
labeled ‘extraversion’, ‘affection demand’, and ‘affability’

Responsiveness to
training

Indexed by such behaviors as working with people, learning quickly in new situations,
playfulness, and overall reaction to the environment. Related to a dog’s tendency to stay
focused on engaged in a given activity. Normally assessed through giving dogs puzzles to
solve, willingness to work with a person, and retrieval tests. Includes traits labeled
‘distractibility’ ‘focus’, ‘problem solving’, ‘willingness to work’, and ‘cooperative’

Submissiveness The opposite of dominance. Dominance can be judged by observing which dogs bully
others, and which guard food areas and feed first. Submission can also be reflected by such
behaviors as urination upon greeting people

Aggression Indexed by behaviors such as biting, growling, and snapping at people or other dogs. Often
assessed through having strangers approach the dog in a threatening manner. Includes traits
labeled as ‘stranger-directed fear or aggression’, ‘owner-directed aggression’, ‘dog-directed
fear or aggression’, ‘sharpness’, and the ‘willingness to bite a human being’
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Methods for Assessing Dog
Personality

Various methods have been used to assess dog
personality, including test batteries, observa-
tional tests, ratings of individual dogs, and expert
ratings of breed prototypes (Jones and Gosling

2005). The most common method for assessing
dog personality is using a test battery (Jones and
Gosling 2005). Test batteries often involve pre-
senting various stimuli to a dog and observing
the dog’s reaction to the stimuli. For example,
one study used a test battery to examine genetic
and non-genetic effects on personality traits for
German Shepherds (Ruefenacht et al. 2002).

Table 10.2 Summary of names of dimensions found across studies examining the structure of dog personality

Dimension Name of dimension from study Studies

Activity/excitability Active, distraction, energy level,
excitability, intraspecific
dominance-activity, reactivity

Arata et al. (2010), De Palma et al. (2005),
Draper (1995), Hsu and Serpell (2003),
Ledger and Baxter (1997), Mirkó, et al.
(2012), Serpell and Hsu (2001), Wahlgren
and Lester (2003)

Aggression Aggression, aggression to family member,
aggression to strangers, aggression to
unfamiliar dogs, dog-directed fear or
aggression, owner-directed aggression,
sharpness, stranger-directed aggression,
subordination/aggressiveness

De Palma et al. (2005), Dowling-Guyer et al.
(2011), Draper (1995), Hsu and Serpell
(2003), Ledger and Baxter (1997), Mirkó
et al. (2012), Ruefenacht et al. (2002),
Serpell and Hsu (2001), Sinn et al. (2010),
Svartberg and Forkman (2002)

Chase Chase-proneness, chasing Hsu and Serpell (2003), Serpell and Hsu
(2001), Svartberg and Forkman (2002)

Confidence/fear Curiosity/fearlessness, dog-directed fear or
aggression, fearfulness, fear or avoidance of
strangers, hardness, nerve stability,
nonsocial fear, neuroticism, self-confidence,
sensitivity, stranger-directed fear, timidity

Arata et al. (2010), Dowling-Guyer et al.
(2011), Hsu and Serpell (2003), Ledger and
Baxter (1997), Ley et al. (2009), Ruefenacht
et al. (2002), Serpell and Hsu (2001),
Svartberg and Forkman (2002), Wahlgren
and Lester (2003)

Distraction/focus Human focus, object focus, search focus Sinn et al. (2010)

Drive Defense drive, fighting drive Ruefenacht et al. (2002)

Extraversion/
friendliness/
sociability

Affiliation, amicability, anxiety-sociability
towards dogs, attachment, extraversion,
friendliness, sociability, sociability toward
humans, stranger-directed sociability

De Palma et al. (2005), Dowling-Guyer et al.
(2011), Hsu and Serpell (2003), Ley et al.
(2009), Mirkó et al. (2012), Serpell and Hsu
(2001), Svartberg and Forkman (2002),
Wahlgren and Lester (2003)

Motivation Motivation Ley et al. (2009)

Obedience/trainability Docility, obedience, training focus Arata et al. (2010), Draper (1995), Hsu and
Serpell (2003), Ledger and Baxter (1997),
Ley et al. (2009), Mirkó et al. (2012),
Serpell and Hsu (2001), Wahlgren and
Lester (2003)

Playfulness Interest, investigation, playfulness De Palma et al. (2005), Dowling-Guyer et al.
(2011), Draper (1995), Svartberg and
Forkman (2002)
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The test battery consisted of eight parts and eight
traits (self-confidence, nerve stability, reaction to
gunfire, temperament, hardness, sharpness,
defense drive, fighting drive) that were scored
from the test, along with an overall score that
indicated the dog’s overall performance.

Observational tests are another method and
involve assessing and describing traits seen in the
dog’s naturally occurring behavior. Observa-
tional tests take place in dogs’ natural environ-
ments rather than in the controlled environments
used in test batteries. For example, one study
examined how dogs in training to become
explosive detection dogs reacted to different
environments, including a general store, a
woodshop, an airport cargo area, and an airport,
with 10 traits (confidence, concentration,
responsiveness, initiative, excitability, hearing
sensitivity, body sensitivity, chase retriever,
independent possession, physical possession)
being assessed from the test (Fratkin et al. 2015).

Another method, ratings of individual dogs,
involves gathering information about a dog’s
behaviors from an informant, often an owner or
someone else familiar with the dog. For example,
the C-BARQ involves having dog owners rate
their dog on a series of traits based on how the
dog typically responds to various stimuli. The
ratings are based on an overall impression of the
dog, rather than a dog’s reaction during a short
testing situation (Hsu and Serpell 2003).

In addition to these methods of assessing the
personalities of individual dogs, expert ratings of
breed prototypes involve experts (e.g., veteri-
narians, dog trainers) describing breeds of dogs.
For example, one study examined how dog show
judges, professional dog handlers, and veteri-
narians rated 56 different breeds on 13 traits
(Hart and Hart 1985). This method is used to
examine overall impressions of breeds of dogs,
rather than examining a specific individual dog.

Each of these methods has advantages and
disadvantages. Test batteries and observational
tests allow for one person to score a large number
of dogs because the rater does not have to have
any knowledge about a particular dog going into
the test. However, in test batteries and observa-
tional tests, raters view dogs during only a short

period of time and thus lack the aggregation (i.e.,
summing or averaging multiple observations) that
the other methods use, which often helps improve
reliability (Epstein 1983). Ratings of individual
dogs can be used in situations where informants
are familiar with certain dogs and thus dogs can
be rated across a number of situations, rather than
viewing the dog through a short testing situation.
However, there is a limit to the number of dogs
each informant can rate because each informant
may know only one or two dogs well enough to
provide ratings. Expert ratings of breed proto-
types can also be used to rate multiple breeds of
dogs because experts often knowmany dogs well.
However, expert ratings do not factor in the idea
that individuals within breeds may differ from the
typical breed prototype. Ultimately, to best
determine a dog’s personality it may be helpful to
use more than one method (e.g., Fratkin et al.
2015; Mirkó et al. 2013).

How Good Are Dog Assessments?

While there are various ways to assess dog per-
sonality, for any of these assessments to be useful
they need to be both reliable and valid. Below, I
discuss results from studies examining reliability
and validity of dog personality assessments.

Reliability

Reliability examines the consistency of a mea-
surement and is a prerequisite for validity, so it is
important to first examine the reliability of a
measure (John and Soto 2007). Many studies
before 2005 did not report on the reliability of
dog personality measures (Jones and Gosling
2005). Further, many of the studies that reported
reliability failed to quantify the reliability
assessment or did not report complete reliability
results. However, in more recent years the
number of studies reporting reliability estimates
has increased with 57% of recent studies
reporting reliability, compared to 19% of studies
prior to 2005 (Gartner 2015). Below, I discuss
findings from studies examining reliability.
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Test–Retest Reliability
Test–retest reliability examines the consistency
of personality over time (John and Soto 2007).
A meta-analysis of dog personality studies found
evidence for good test–retest reliability, with an
estimated weighted mean effect size of 0.43
(Fratkin et al. 2013). However, several factors
affected test–retest reliability. First, test–retest
reliability was not as good when dogs were first
assessed as puppies (<12 months) compared to
adults (>12 months), which is similar to humans
(Roberts and DelVecchio 2000), but different in
other animals (Bell et al. 2009), where there was
no overall difference between juveniles and
adults. Second, the longer the interval between
assessments, the worse test–retest reliability
became. Third, in puppies, assessments of
aggression and submissiveness were found to be
more stable than those of responsiveness to
training and reactivity/fearfulness. These results
suggest that puppy personality may not be as
consistent as adult dog personality, but certain
dimensions may be examined with relatively
good test–retest reliability in puppies.

Inter-Observer Reliability
Inter-observer reliability examines the consis-
tency of personality across raters or coders.
Before 2005, inter-observer reliability was found
to differ across studies and dimensions, with
estimates ranging from 0.00 to 0.86, with a
sample weighted mean correlation of 0.60 (Jones
and Gosling 2005). After 2005, estimates ranged
from 0.01 to 1.0 with a sample weighted mean
correlation of 0.68 (Gartner 2015).

Inter-observer reliability seems to differ based
on the dimension that is being assessed. Some
studies found inter-observer reliability to be the
highest for confidence or fear (Fratkin et al.
2015; Mornement et al. 2014), but one study
indicated inter-observer reliability was poorest
for self-confidence (Paroz et al. 2008). Several
studies found inter-observer reliability was
poorer for activity than for other dimensions
(Fratkin et al. 2015; Jakuba et al. 2013; Paroz
et al. 2008). Other studies found inter-observer
reliability to be poor for sociability with other
dogs (Diesel et al. 2008), sociability with people

(Valsecchi et al. 2011), and friendliness
(Mornement et al. 2014), but good for
stranger-directed aggression (Jakuba et al. 2013).
With so much inconsistency in the findings,
whether some dimensions have better
inter-observer reliability than others is yet to be
clearly established. Many of these studies use
different assessments and designs to score each
dimension, so it is difficult to directly compare
reliability results. However, overall, there is
evidence that dog personality assessments can be
measured with good inter-observer reliability.

Validity

Validity provides an index of the accuracy of dog
assessments or how well an instrument is mea-
suring what it is meant to be measuring. Only
27% of dog personality studies reported con-
vergent validity estimates before 2005, but of
those studies, convergent validity was found to
be relatively good in comparison to human
measures of validity (e.g., Paulhus and Bruce
1992), averaging 0.40 (Jones and Gosling 2005).
More recently, 70% of studies of dog personality
reported convergent validity findings, averaging
between 0.19 and 0.74, depending on the
dimension assessed, which will be discussed in
further detail below (Gartner 2015).

Convergent Validity
Convergent validity examines how well a mea-
sure correlates with other measures of the same
construct (e.g., one measure of fearfulness should
match with another measure of fearfulness).
Many studies found good evidence for conver-
gent validity, but like reliability, convergent
validity was better for some dimensions than for
others. In one synthesis of past research, activity
had the lowest convergent validity, whereas
fearfulness had the highest convergent validity
(Jones and Gosling 2005). However, in that
synthesis of past research, only two studies
reported convergent validity for activity, so the
estimate for that dimension may not be robust.
More recent work suggested the lowest conver-
gent validity was for boldness, whereas the best
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convergent validity was for trainability (Gartner
2015), but again, few estimates of convergent
validity were available from which to calculate
validity.

Discriminant Validity
Discriminant validity examines how much one
measure correlates with another measure that it
should not be related to (e.g., a measure of
fearfulness should not correlate with activity).
Very few studies have examined discriminant
validity in dog personality studies, but from the
studies that do report discriminant validity, there
is evidence for good discriminant validity (Hsu
and Serpell 2003; Serpell and Hsu 2001). More
research is needed on discriminant validity in the
future. Examining both convergent and discrim-
inant validity altogether allows researchers to
evaluate construct validity or how well a measure
assesses a construct as they intend (Cronbach and
Meehl 1955).

Predictive Validity
An important question about dog personality
assessments is in regards to what these measures
of dog personality predict. For example, do
personality measures predict whether a given dog
can become a guide dog? Predictive validity is
particularly important to examine dogs because
doing so addresses questions posed by dog
organizations (e.g., how do working dogs behave
in their job or how do shelter dogs behave in
their future home?). Approximately half of the
dogs that are bred and trained for working roles
are found to be unsuitable as working dogs
through the training process (Maejima et al.
2007; Sinn et al. 2010; Slabbert and Odendaal
1999; Wilsson and Sundgren 1997), so deter-
mining predictors of successful dogs is impor-
tant. With working dogs potentially costing up to
$50,000 or more to breed and train (Wirth and
Rein 2011), determining predictors of success
may help to increase the 50% success rate and
reduce the amount of time and resources spent on
dogs that are not suitable as working dogs.

Several studies have examined predictors of
success in different types of working dogs,
including guide dogs, drug and explosives

detector dogs, police dogs, military dogs, service
dogs, and shelter dogs. One of the earliest studies
found that more fearful dogs were more likely to
be rejected from programs that trained them as
guide dogs (Goddard and Beilharz 1982a). Later
studies found that fearfulness (Tomkins et al.
2011) and stress reactions (Mizukoshi et al.
2008) were negatively related to guide dog suc-
cess. Some studies found that dogs that were less
easily distracted were more likely to succeed as
guide dogs (Arata et al. 2010; Kobayashi et al.
2013). Other personality traits predictive of guide
dog success have included traits related to
trainability, such as the latency to sit (Tomkins
et al. 2011) and pulling on leash (Duffy and
Serpell 2012). Greater sociability (Asher et al.
2013) and lower aggression (Duffy and Serpell
2012; Takeuchi et al. 2009a, b) also predicted
guide dog success.

Other studies focused on detector, police, and
military working dog success. Successful police
dogs tend to be aggressive and tend to do well
on a test assessing their ability to retrieve a toy,
which is often related to responsiveness to
training. In this assessment, dogs were scored
based on their focus on retrieving the toy and
the steps they used to find and return the toy to
the handler (Slabbert and Odendaal 1999).
Successful drug detection dogs had a high desire
for work, which was based on high scores on
items such as concentration, general activity,
and anxiety (Maejima et al. 2007). Successful
military working dogs had high search focus
and sharpness (Sinn et al. 2010) and high con-
fidence (Foyer et al. 2014; Wilsson and Sinn
2012).

Other research examined factors that predict
service dog success in dogs from shelters. Early
research was not successful in finding predictors
of success (Weiss and Greenberg 1997). How-
ever, later research found that a dog’s sensitivity
as measured by their reaction to being lightly
pinched, and a dog’s activity level positively
predicted service dog success (Weiss 2002).
Other predictors of success from the same study
were based on the dog’s reaction to another dog,
a stranger, and a stranger staring at the dog for
30 s. In another study, some researchers
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developed an assessment tool that was successful
at identifying shelter dogs that would pass a
Delta Society test, which assesses therapy dogs
(Lucidi et al. 2005). This assessment tool con-
sisted of assessing dog aggressiveness, initiative,
sociability, fearfulness, and trainability and dogs
that displayed low aggression and fearfulness
and high initiative and trainability passed the
assessment the researchers developed.

A key concern for animal shelters is finding
the right home for their animals. Some studies
have focused on shelter dogs, aiming to predict
the dog’s behavior in his or her new home. Some
research suggested that wariness predicted
problem behaviors (Hennessy et al. 2001), but
other studies found that behavioral assessments
were not associated with later behavior (Chris-
tensen et al. 2007; Mornement et al. 2014, 2015).
In one study, researchers found evidence sug-
gesting that 40.9% of dogs that passed a behav-
ioral assessment in a shelter displayed aggressive
behaviors (e.g., lunging, growling, snapping,
and/or biting) after they were placed in their new
homes (Christensen et al. 2007). Further research
suggested that most traits that were tested did not
predict a dog’s behavior in its new home, but that
fear predicted later fearful/inappropriate toileting
behavior (Mornement et al. 2015) and friendli-
ness predicted later friendly behavior (Morne-
ment et al. 2014). Although the reliability of
many shelter behavioral assessments is good,
their predictive validity often is not (Mornement
et al. 2014). Predicting later behavior in shelter
dogs may be particularly difficult because the
shelter environment may be extremely stressful
for dogs. Shelters would like to determine the
suitability of dogs as soon as possible, but some
research suggests little consistency in scores
between assessments at day 0 of intake and day 3
(Bennett et al. 2015). Dogs may need time to
acclimate to the shelter before their personality
can be observed accurately.

Overall, studies have examined the predictive
validity of dog personality assessments and have
determined that several traits are associated with
later outcomes. These assessments can help us
determine the successful personality profiles of

many types of working dogs as well as com-
panion and shelter dogs. Knowing personality
traits that make successful working dogs allows
working dog organizations to focus on breeding
and training more dogs with those particular
traits. Knowing the personality of shelter dogs
can help us to better match shelter dogs to
owners. Eventually, the success rates of working
dogs should increase and there should be more
successful matches between shelter dogs and
new owners, which means more dogs trained to
do tasks that help keep us safe (e.g., detecting
explosives) and less dogs in shelters.

What Factors Are Associated
with Dog Personality?

Many studies examined how factors relating to
biology and the dog’s environment may be
related to the dog’s personality. Many studies
have been conducted for a variety of purposes,
from better understanding the genetics of dogs
being trained as guide dogs (Goddard and Beil-
harz 1982a, b), to examining personality differ-
ences across different breeds (Turcsán et al.
2011), to examining how characteristics of dog
owners are associated with dog personality
(Kubinyi et al. 2009). To get a sense of the
factors associated with dog personality, I
reviewed the literature, organizing the findings
using the framework set out in Jones and Gosl-
ing’s (2005) review of the dog personality liter-
ature (see Table 10.2). Traits related to
fearfulness and traits related to reactivity often
overlap, so to make the findings clearer and more
concise, these dimensions will be combined.

Biological Factors

Heredity
Many studies have examined the heritability of
personality, seeking to explain the proportion of
variance related to genetic effects. Heritability
studies often involve examining one or two large
samples of purebred dogs. German Shepherds are
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one of the most frequently studied breeds in
genetic studies (Hradecká et al. 2015); other
breeds studied include Belgian Shepherd Dogs,
Border Collies, Boxers, Brittany Spaniels,
Dachshunds, English Cocker Spaniels, English
Setters, Finnish Spitz, Flat Coated Retrievers,
German Shorthaired Pointers, German Wire-
haired Pointers, Golden Retrievers, Hovawarts,
Labrador Retrievers, Rottweilers, Rough Collies,
and Shiba Inus.

A meta-analysis of studies examining heri-
tability of dog personality found that they were
low with the overall weighted mean between
0.09 (for play) and 0.15 (for environment and
hunting) (Hradecká et al. 2015). In addition,
there were no differences in heritability based on
sex or breed. Other research dividing personality
along different personality dimensions suggests
that some personality dimensions are more heri-
table than others. Reactivity/fearfulness (God-
dard and Beilharz 1982a, b; Meyer et al. 2012;
Strandberg et al. 2005) and activity (Lindberg
et al. 2004; Wilsson and Sundgren 1998) appear
to be highly heritable with estimates ranging
from 0.13 for courage in Labrador Retrievers to
0.56 for gun shyness in Labrador Retrievers (van
der Waaij et al. 2008) and from 0.17 for hunting
eagerness in German Wirehaired Pointers
(Brenøe et al. 2002) to 0.53 for activity in Ger-
man Shepherds (Wilsson and Sundgren 1998).
Sociability does not appear to be as strongly
heritable with estimates ranging from 0.03 for
affability in Labrador Retrievers to 0.38 for
affability in German Shepherds (van der Waaij
et al. 2008). Some estimates of heritability for
traits related to responsiveness to training and
aggression are high too, such as for cooperation
in Brittany Spaniels (0.90) (Brenøe et al. 2002)
and dog-directed aggression in Golden Retrievers
(0.88) (Liianmo et al. 2007), but others are lower,
such as for willingness to cooperate in Labrador
Retrievers (0.35) (Wilsson and Sundgren 1997)
and sharpness in German Shepherds (0.09)
(Meyer et al. 2012). Heredity studies allow some
basis to understand dog personality, but other
biological factors also account for personality
differences.

Breed
The American Kennel Club currently lists 189
breeds of dogs (American Kennel Club 2016)
and other estimates suggest that there are more
than 400 breeds of dogs (Clutton-Brock 1995).
Dog breeds have existed since around 3000–
4000 years ago (Clutton-Brock 1995) or even
earlier (Miklósi 2007) likely being created
through human selection based on certain tasks
that humans needed dogs for (e.g., hunting or
herding). Humans sought dogs that had charac-
teristics or traits that made them successful in
these tasks. Dogs with those traits were then
treated favorably and received food and other
resources that helped them to survive and
reproduce (Serpell and Duffy 2014). These dogs
likely formed the basis for breeds, with different
breeds displaying different personalities based on
the specific needs humans used them for.

With the emergence of dog shows and kennel
clubs in the mid-nineteenth century (Sampson
and Binns 2006), modern dog breeding began to
focus on physical appearance, with less of a
focus on behavioral traits in breed standards
(McGreevy and Nicholas 1999). Even though the
focus of dog breeding shifted to focusing on
physical appearance, dog breeding still likely led
to some personality differences between dog
breeds. In one of the most comprehensive studies
of breed differences, Serpell and Duffy (2014)
examined 30 of the most popular American
Kennel Club registered breeds and found differ-
ences between breeds on C-BARQ scores (see
Table 10.3). Specifically, toy breeds (e.g., Chi-
huahuas) scored high on dimensions similar to
reactivity/fearfulness, activity, and aggression,
which is further supported by other research
indicating that toy breeds were the most fearful
dogs (Temesi et al. 2014). In contrast, Golden
Retrievers (Serpell and Duffy 2014), Labrador
Retrievers (Goddard and Beilharz 1985; Serpell
and Duffy 2014; Svartberg 2006; Wilsson and
Sundgren 1997), and Siberian Huskies (Serpell
and Duffy 2014) tended to score low on fear-
fulness. Serpell and Duffy (2014) also found that
herding breeds (e.g., Australian Shepherds) and
sporting breeds (e.g., Golden Retrievers) scored
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high on traits related to responsiveness to train-
ing. Other studies found similar results (Ley et al.
2009; Turcsán et al. 2011), particularly in Lab-
rador Retrievers (Serpell and Hsu 2005). Finally,
guard breeds (e.g., Doberman Pinschers, German
Shepherds) scored high on stranger-directed
aggression (Serpell and Duffy 2014).

Today, most dogs are companions and may
not perform the role that they were originally
bred for (King et al. 2011). In addition, dogs also
perform a variety of working roles for people. As
a result, along with differences between breeds, it
is important to note that there are also significant
personality differences within breeds (Mehrkam
and Wynne 2014; Serpell and Hsu 2014). These
within-breed differences may occur based on the
newer roles certain dog breeds are bred for. For
example, German Shepherds are often bred for
both police dog and guide dog work. While
successful police dogs are often aggressive
(Slabbert and Odendaal 1999), successful guide
dogs are not often aggressive (Duffy and Serpell
2012; Takeuchi et al. 2009a, b), but are confident
(Goddard and Beilharz 1982a). In addition, even
within specific populations of dogs (e.g., military
working dogs) there appear to be substantial
personality differences. For example, Foyer et al.
(2014) examined German Shepherds trained as
military working dogs and found personality
differences within that population of German
Shepherds. Breed differences and heredity alone
cannot account for all of the personality differ-
ences between dogs, so it is important to examine
other biological and environmental factors asso-
ciated with dog personality.

Morphology
Some research has shown that size, height, and
coat color are associated with dog personality
(see Table 10.4). Smaller dogs were found to be
more neurotic (Arhant et al. 2010; Ley et al.
2009), fearful (Arhant et al. 2010; Stone et al.
2016), less sociable (Wahlgren and Lester 2003)
and less obedient (Wahlgren and Lester 2003)
than bigger dogs. Shorter dogs were found to be
more aggressive than taller dogs (Stone et al.
2016). However, these results are likely con-
founded due to the breed of the dog. Many toy

breeds also score high on reactivity/fearfulness
(Serpell and Duffy 2014) and toy breeds tend to
be small and short. However, not all small breeds
score high on reactivity/fearfulness (e.g., Pugs),
so other factors may be associated with person-
ality differences based on size.

Other personality differences have been found
based on the coat color of the dog. In Labrador
Retrievers, black and yellow dogs displayed
more noise sensitivity than chocolate dogs, but
chocolate dogs were more excitable and less
trainable than black dogs (Lofgren et al. 2014).
In English Cocker Spaniels, solid color dogs
were more aggressive than particolored dogs and
golden colored dogs were more aggressive than
black dogs (Podberscek and Serpell 1997) or
other colored dogs (Amat et al. 2009). Differ-
ences based on coat color are likely related to
genetics. In the 1960s, researchers selectively
bred foxes based on tameness and found a con-
nection between behavior and morphology from
that population of foxes (Trut 1999). Specifically,
similar to aggression differences in particolored
versus solid colored English Cocker Spaniels,
researchers found that tamer foxes had a piebald
pattern whereas less tame foxes had a solid color.
This work suggests an association between coat
color and personality.

Sex
Several studies have reported sex differences in
dog personality (Amat et al. 2009; Döring et al.
2016; Goddard and Beilharz 1982a; Goodloe and
Borchelt 1998; Hsu and Sun 2010; Kubinyi et al.
2004, 2009; Lindberg et al. 2004; Plutchik 1971;
Podberscek and Serpell 1997; Reuterwall and
Ryman 1972; Rooney and Bradshaw 2003; Roth
and Jensen 2015; Starling et al. 2013; Strandberg
et al. 2005; Takeuchi et al. 2009a, b; Temesi
et al. 2014; Wells and Hepper 2000; Wilsson and
Sundgren 1997). For some dimensions, there
appear to be consistent sex differences, but for
other dimensions, the differences are less clear
(see Table 10.4). Two dimensions with relatively
consistent sex differences are reactivity/
fearfulness and aggression. All studies found
that females scored higher than males on
reactivity/fearfulness (Döring et al. 2016;
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Table 10.4 Summary of findings of characteristics associated with dog personality

Reactivity/
fearfulness

Activity Sociability Responsiveness
to training

Aggression

Sex

Male Evidence Evidence Strong evidence

Female Strong evidence Strong evidence Evidence Evidence Evidence

No difference Strong evidence Evidence Strong evidence Strong evidence

Sexual status

Intact Evidence Evidence Evidence

Neutered Evidence Evidence Evidence Evidence

No difference Evidence Evidence

Age

Younger Strong evidence Strong evidence Evidence Evidence Evidence

Older Evidence Evidence Evidence

No difference Evidence Evidence Evidence

Human gender

Male

Female Evidence Evidence Evidence Evidence

Human age

Younger Evidence Evidence

Older

Human personality

Extraversion Evidence

Agreeableness

Conscientiousness

Emotional stability Evidence

Openness

Experience

No experience Evidence Evidence Evidence

Experience Evidence

Country

USA Evidence Evidence

Hungary

Exercise/
training/play

Little/none Strong evidence Strong evidence

More/some Evidence Strong evidence Evidence

No difference Evidence

Weight

Heavier Evidence Evidence Strong evidence

Lighter Evidence Evidence

(continued)
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Goddard and Beilharz 1982a; Kubinyi et al.
2009; Plutchik 1971; Starling et al. 2013;
Strandberg et al. 2005; Temesi et al. 2014;
Wilsson and Sundgren 1997), which includes
fear relating to avoiding objects (Plutchik 1971)
and being low in boldness (Kubinyi et al. 2009;
Starling et al. 2013; Strandberg et al. 2005). For
aggression, male dogs were more aggressive
than female dogs (Amat et al. 2009; Borchelt
1983; Hsu and Sun 2010; Podberscek and Ser-
pell 1997; Reuterwall and Ryman 1972;
Strandberg et al. 2005), though some studies
failed to find evidence for sex differences for
aggression (Marder et al. 2013; Meyer et al.
2012; Schneider et al. 2013). Hormonal differ-
ences are one possible explanation for the dif-
ference between male and female aggression.
Male dogs have higher levels of testosterone
than females and, because testosterone is linked
to aggression in dogs (Borchelt 1983), males
may be more likely to display aggression than
females.

There was mixed evidence for sex differences
relating to activity, sociability, and responsive-
ness to training with several studies even finding
no sex differences for these dimensions (Gazzano
et al. 2008; Schneider et al. 2013; Seksel et al.
1999; Serpell and Hsu 2005; Vas et al. 2007;
Wahlgren and Lester 2003; Wright et al. 2011).

For example, female Labrador Retrievers training
to become guide dogs scored higher on activity
than male Labrador Retrievers (Takeuchi et al.
2009a, b), but male Flat Coated Retrievers were
more excitable than female Flat Coated Retriev-
ers (Lindberg et al. 2004). Although there are
clear sex difference findings for reactivity/
fearfulness and aggression, further work needs
to be done to better understand sex differences
for activity, sociability, and responsiveness to
training.

Reproductive Status
Although many assumptions have been made
about reproductive status (i.e., whether dogs are
spayed/neutered) and dog personality, few stud-
ies have reported differences between intact and
neutered dogs (see Table 10.4). Some research
examining reproductive status found that intact
male and female dogs scored lower on
reactivity/fearfulness (Lofgren et al. 2014;
Tonoike et al. 2015), but higher on activity
(Lofgren et al. 2014) than spayed female dogs,
though other research has found that the opposite
is true for activity (Kubinyi et al. 2009; Tonoike
et al. 2015). Personality differences based on
reproductive status may vary based on breed. For
example, intact Shetland Sheepdogs and Rot-
tweilers scored lower on responsiveness to

Table 10.4 (continued)

Reactivity/
fearfulness

Activity Sociability Responsiveness
to training

Aggression

Height

Taller

Shorter Evidence

Coat color

Black (LR) Evidence Evidence

Yellow (LR) Evidence

Chocolate (LR) Evidence

Solid (ECS) Evidence

Golden (ECS) Evidence

Note Strong evidence = 3 or more studies have found dogs with that characteristic scored higher than the comparison
characteristic, evidence = 1 or 2 studies have found dogs with that characteristic scored higher than the comparison
characteristic, Blank cells = no studies reporting dogs with characteristic scored higher than the comparison
characteristic, LR Labrador Retriever, ECS English Cocker Spaniel
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training than altered dogs of these breeds, but
there were no differences based on reproductive
status for trainability for the nine other breeds
that were examined (Serpell and Hsu 2005).

Research on reproductive status has most
commonly focused on whether neutering results
in reduced aggression in male dogs. The idea is
that aggression may be a result of hormonal
differences and, when male dogs are neutered,
gonadal steroid hormones decrease (Landsberg
et al. 2012). Decreasing gonadal steroid hor-
mones should decrease aggression, but findings
have been mixed in this regard. Some studies
found that neutering reduces aggression (Borchelt
1983; Hart and Eckstein 1997; Nielson et al.
1997), but not in all dogs (Hart and Eckstein
1997). Some studies even found that neutered
dogs were more aggressive than non-neutered
dogs (Fadel et al. 2016; Podberscek and Serpell
1997), so the effects of reproductive status of
neutered dogs still need to be examined further.

Age
Several studies have found personality differ-
ences based on the age of the dog (see
Table 10.4). For example, researchers found that
younger dogs scored higher than older dogs on
traits relating to reactivity/fearfulness (Starling
et al. 2013; Tiira and Lohi 2015; Wells and
Hepper 2000) (except for one study: Döring et al.
2016), activity (Kubinyi et al. 2009; Mirkó e al.
2012; Vas et al. 2007), and sociability (Kubinyi
et al. 2009; Wahlgren and Lester 2003).
Age-related differences in personality could be a
result of developmental changes in dogs as dogs
reach sexual maturity at around 6 months of age
and thus hormonal changes may influence
behavior at around this age (Lindsay, 2001).

Age-related differences are less clear for
responsiveness to training and aggression. Some
research suggests that younger dogs are more
responsive to training (Kubinyi et al. 2009) and
aggressive (Kubinyi et al. 2004) than older dogs,
whereas other research suggests that older dogs
are more responsive to training (Roth and Jensen
2015) and aggressive (Bennett and Rolhf 2007;
Hsu and Sun 2010; Wells and Hepper 2000)
than younger dogs. Some research suggests no

age-related difference for responsiveness to
training (Schneider et al. 2013) or aggression
(Meyer et al. 2012; Schneider et al. 2013). Age
differences for aggression may be related to the
type of aggression. Older dogs displayed more
owner-directed aggression (Hsu and Sun 2010)
and dog-directed aggression (Wells and Hepper
2000) than younger dogs, but younger dogs
barked and growled more than older dogs
(Kubinyi et al. 2004). These results suggest that
older dogs may be more physically aggressive,
whereas younger dogs may be more vocally
aggressive.

Environmental Factors

Several characteristics related to the dog’s envi-
ronment appear to be related to dog personality.
Many of these characteristics are related to the
dog’s caregiver, including the caregiver’s gen-
der, age, personality, experience, and environ-
mental factors within the caregiver’s control
(e.g., the number of other people the dog lives
with) (see Table 10.4). First, the gender of the
caregiver appears to be important. Male dog
owners tended to have dogs that were calmer
(Kubinyi et al. 2009), less obedient (Bennett and
Rohlf 2007), less social (Kotrschal et al. 2009)
and less aggressive (Hsu and Sun 2010) than did
female dog owners. Second, the age of the owner
appears to be important. Dog owners who were
under 18 years of age tended to have calmer dogs
than did older dog owners (Kubinyi et al. 2009),
and older dog owners tended to have dogs that
were less extraverted/social than did younger dog
owners (Ley et al. 2009). Third, the personality
of the caregiver seems to be associated with the
dog’s personality. Compared to the dogs of less
extraverted dog owners, dogs of more extra-
verted owners looked more often at an experi-
menter (Kis et al. 2012). In addition, owners who
were higher in neuroticism had dogs that took
longer to sit on command than dogs whose
owners were lower in neuroticism (Kis et al.
2012). Fourth, the experience of the caregiver is
associated with dog personality. The dogs of
first-time owners scored higher on noise
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sensitivity (Tiira and Lohi 2015), overexcitement
(Jagoe and Serpell 1996), and disobedience
(Bennett and Rohlf 2007; Jagoe and Serpell
1996) than dogs belonging to more experienced
owners. Fifth, training, socialization and play
appear to be associated with personality. These
studies show that dogs that did not receive these
experiences were more fearful (Fuchs et al. 2005;
Schneider et al. 2013; Tiira and Lohi 2015; Tóth
et al. 2008), less trainable (Kubinyi et al. 2009;
Kutsumi et al. 2013; Mirkó et al. 2012), and less
aggressive (Jagoe and Serpell 1996; Schneider
et al. 2013) than dogs that did receive these
experiences. Sixth, the home environment of the
dog appears to be associated with personality.
Dogs living in environments where more dogs
were present tended to be calmer than dogs living
in environments in which fewer dogs were pre-
sent (Kubinyi et al. 2009). Finally, there may be
cultural effects because the country the dog (and
owner) lives in appears to be related to person-
ality. American owners of German Shepherds
tended to report their dogs were more confident
and aggressive than dogs of Hungarian German
Shepherd owners (Wan et al. 2009).

While many environmental characteristics
appear to be related to dog personality, it is
unclear as to why these variables are associated
with dog personality. Research suggests dog
owners do not simply project their own person-
ality onto their dogs (Kwan et al. 2008), so dog
personality is not just a reflection of the owner’s
personality. One possible reason for why these
variables are associated with dog personality is
that people may choose dogs with certain char-
acteristics that they find desirable (e.g., activity/
energy). Personality differences may then be a
result of the owner’s preference when selecting
the dog (e.g., selecting an active/energetic dog),
rather than the owner influencing their dog to
display those desirable characteristics. Support-
ing this idea, one study found a similarity
between dogs and owners for most personality
dimensions (Turcsán et al. 2012). This study
found that the length of ownership did not affect
the similarity between the dog and owner, which
may suggest that dog owners selected dogs
similar to themselves to begin with. Dogs and

owners did not grow more similar over time, so
the similarity was there to begin with. Alterna-
tively, dogs could possibly influence the behav-
ior of the owner. For example, an active/
energetic dog may encourage a less active
owner to eventually become more active over
time. Further research is needed to better under-
stand how environmental factors are related to
dog personality.

Summary

Dog personality research has expanded over the
past 20 years, which has allowed for our under-
standing of dogs to also increase tremendously.
There is now considerable evidence that the
methods we use to examine dog personality are
sound, displaying good levels of reliability and
validity. There is also evidence suggesting that
biological and environmental factors are associ-
ated with dog personality. However, there are
still areas in which more work is needed to better
understand dog personality.

One area in which dog personality research
could use some work is in understanding the
structure of dog personality. Whereas much work
has been done to examine the structure of dog
personality, there is little consensus as to the
optimal number of dimensions that describe dog
personality. In humans, there is much more
consensus, which is beneficial because most
human personality studies can be categorized
together and compared with one another. As
Costa and McCrae (1993) state the five-factor
model, “is the Christmas tree on which findings
of stability, heritability, consensual validation,
cross-cultural invariance, and predictive utility
are hung like ornaments” (p. 302). Having a
better consensus may allow us to be able to build
upon what we know about dog personality and
better apply this knowledge.

Although some research shows that biological
and environmental factors relate to dog person-
ality, much more research needs to be done on
these topics, especially in regards to environ-
mental factors. A dog’s environment from the
house the dog lives into the type of food the dog
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eats to the amount of exercise the dog gets is
selected by the dog’s human caregiver. The dog’s
caregiver may select these environmental aspects
based on his/her own personality. Understanding
more about how the environment relates to dog
personality can help us to understand how to care
for and train a dog, whether the dog is a com-
panion or a working dog. Certain dog personality
dimensions also need to be studied in more depth
(e.g., sociability and responsiveness to training),
where there are conflicting reports as to how
biological factors relate to these dimensions.
These studies may need to focus on how envi-
ronmental factors as well as biological factors
relate to these dimensions.

Learning about dog personality helps us to
better examine an animal that is such a huge part
of our lives and that often shares our food and
our homes. By further exploring dog personality,
we can learn more about topics such as what
dogs make the best companions for people with
certain personalities. These studies may even
help us to deepen our bond with dogs. In addi-
tion, because dogs often live alongside humans,
studying dogs may allow us to examine topics
that are difficult to examine in other species.
Understanding dog personality is useful for many
applied reasons. Continuing to research this topic
can help humans develop better relationships
with an animal so entwined with our society.
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11Felid Personality and Its Implications

Marieke Cassia Gartner

Abstract
Animal personality is becoming more of a focus in a variety of fields, and
whereas there is still a bias toward primates, it is important to assess
personality in other species. There is little work done with felids, yet felids
represent a population of animals that could benefit from such research.
Most of the 37 species of felids are endangered, with as few as 60 of some
species left in the wild (e.g., the Amur leopard). In addition, due to their
large home range sizes, they face distinct challenges in zoos. Although
steps are being taken to address both conservation and welfare of these
animals, understanding the causes and consequences of felid personality
has the potential to aid in these efforts, with the goal of improving the lives
of individual animals, and ensuring the future of each species. This
chapter considers the measurement of felid personality, its relationship to
health and life outcomes, and its potential role in conservation and
welfare. Much more research focused on felids is needed, and personality
research can add greatly to the field.

Felid Personality and Its Implications

The last few decades have seen an exponential
increase in nonhuman animal personality studies.
However, there is a bias toward studying species
more closely related to humans, or more useful
to humans in terms of understanding health

outcomes. Among mammals, this has led to a
large literature on personality in nonhuman pri-
mates (210 articles as indicated in Freeman and
Gosling 2010). There is also a growing literature
on dog (Canis lupus familiaris) personality (95
articles as reviewed in Gartner 2015 and Jones
and Gosling 2005; there are very few published
studies on other canid species). By comparison,
there are only 24 articles on personality in cat
species (for a review, see Gartner 2015 and
Gartner and Weiss 2013a). By far, the most
studied cat species, in terms of personality, is the
domestic cat (Felis silvestris catus), with 87.5%
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of studies on felids focused on that species. This
emphasis is mostly due to owner participation in
studies, and also, to a lesser extent, availability of
domestic cats in laboratories, veterinary clinics,
and shelters. Similarly, the focus of canid per-
sonality research is on domestic dogs (often
working dogs—for example, police and guide
dogs) and shelter animals. Big cats in zoos are
more difficult to study in terms of obtaining a
large sample size, and coordinating across zoos.
Methodologies for studying felid personality in
sanctuaries/the wild are difficult to establish, as
cats are notoriously elusive. In addition, even
though scientists have made substantial progress
in establishing nonhuman animal personality as a
valid field of study, there is still resistance to the
word “personality” when it is applied to animals,
especially animals more distantly related to
humans. As a result, this chapter will focus on the
potential for studying personality in these taxa,
with possible implications for domestication,
health, welfare, and conservation. Because many
definitions for personality persist, for the purpose
of this chapter, like other researchers (e.g., Free-
man and Gosling 2010), I will define personality
as a construct described by a set of behaviors that
are consistent across context and time.

The formal study of cat personality began in
the 1980s (Feaver et al. 1986; Meier and Turner
1985; Turner et al. 1986), following numerous
studies of primates, but humans have been fas-
cinated by the multi-faceted behavior of cats
since ancient times. Worshipped as gods in
Egypt (Serpell 2000), buried with humans in
Cyprus (Vigne et al. 2004), possibly domesti-
cated in China (Hu et al. 2014), symbols of good
fortune in Japan (Miller 2010), and revered by
Muslims (Glassé 2003), cats are currently one of
the most popular pets across the world (2015–
2016 APPA National Pet Owners Survey). As a
whole, they are an alluring species, and it is very
possibly their expression of individual differ-
ences, from independence to affection, that draws
so many different people to them.

The study of personality, more than a century
old in humans, originally extended to nonhuman
primates, a natural step considering our close

genetic relationship to great apes, in particular.
But once it was clear that personality could be
measured reliably in primates (for example, King
and Figueredo 1997; King et al. 2005;
Stevenson-Hinde et al. 1980; Weiss et al. 2006,
2011) and indeed was genetically based (for
example, in primates: Adams et al. 2012; Hop-
kins et al. 2012; and in cats: Arahori et al. 2015),
it seemed probable—considering phylogenetic
continuity—that other species would exhibit
individual differences defined by clusters of traits
as well. In 1986, Feaver et al. used a similar
methodology—behavioral observations and a
survey used in primates (both human and non-
human)—to assess domestic cat personality. The
authors found three factors of personality (broad
dimensions comprised of a number of traits);
Alert (comprised of the traits active and curious),
Sociable (comprised of the traits sociable with
people, not fearful of people, not hostile to
people, and tense), and Equable (calm with cats).
The only personality studies on big cats include
single studies of each of the following species:
cheetahs (Acionyx jubatus, Wielebnowski 1999),
clouded leopards (Neofelis nebulosi, Wieleb-
nowski et al. 2002), tigers (Panthera tigris,
Phillips and Peck 2007), African lions (Panthera
leo, Torgerson-White and Bennett 2014), and
snow leopards (Panthera uncia, Gartner and
Powell 2012), and a mix of African lion, clouded
leopards, snow leopards, Scottish wildcats (Felis
silvestris grampia), and domestic cats (Gartner
et al. 2014). Generally speaking, most studies
confirm a three-factor structure of personality,
with the most frequently emerging factors iden-
tified as Sociable, Curious, and Dominant
(Gartner and Weiss 2013a). These particular
factors are not consistently found together across
studies, however. For example, Feaver et al.
(1986) found two factors related to Sociable and
one to Curious. In contrast, human personality is
comprised of five factors (Openness to Experi-
ence, Conscientiousness, Extraversion, Agree-
ableness, and Neuroticism; Digman 1990). Some
studies with great apes have revealed five or six
factors. Chimpanzees (Pan troglodytes), for
example, have a similar structure to that found in
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humans, with the addition of a Dominance factor
(King and Figueredo 1997). In domestic dogs, as
in cats, the factor structure is much less clear (for
a review, see Fratkin, this volume; Freeman and
Gosling 2010; Gartner 2015). Most studies rely
on behavioral observations, but some also make
use of caretaker surveys (for a review, see
Gartner and Weiss 2013a). Because of the dif-
ferences in methodology, species, and the lack of
replication, in addition to the omission of breed,
neuter/spay status, age, and longitudinal studies
in most research, much more work needs to be
done before any definitive pronouncements on
the nature of felid personality can be made.

The study of personality is important in view
of its associations with other aspects of life.
Personality is related to health outcomes such as
morbidity (e.g., Capitanio 2011), mortality (e.g.,
Weiss et al. 2012), and subjective well-being
(e.g., King and Landau 2003), as well as social
behavior (e.g., Capitanio 2002) in nonhuman
primates, and outcomes such as learning ability
(e.g., Pavlov, in Locurto 2007) and adoption
rates in dogs (DePalma et al. 2005). In cats,
similar studies have not been widely conducted
(but see Fromont et al. 1997; Natoli et al. 2005
for morbidity; Gartner et al. 2016 for subjective
well-being; Wielebnowski 1999; Wielebnowski
et al. 2002 for stress). For an animal that is
commonly kept as a pet, and for big cats that face
extinction or special challenges in zoos, this type
of information could be vital to their survival and
well-being.

Implications of Personality for Felids

Wild Versus Domestic Cats

There are eight phylogenetic lineages of felids
(pantherine lineage, 10.8 million years ago
(MYA); baycat group, 9.4 MYA; caracal group,
8.5 MYA; ocelot lineage, 8.0 MYA; lynx genus,
7.2 MYA; puma group, 6.7 MYA; leopard cat
group, 6.2 MYA; and domestic cat lineage, 3.4
MYA; O’Brien et al. 2008). The domestic cat
and the African wildcat probably diverged from a
common ancestor approximately 131,000 years

ago (Driscoll et al. 2007). A genetic study of
domestic cats and five species of wildcat showed
that cats were most likely domesticated in the
Near East (Israel, Saudi Arabia, Bahrain, and the
United Arab Emirates) from the African wildcat,
with five founders across the region, about
10,000 years ago, and then brought to Cyprus
and Egypt (Driscoll et al. 2007). In comparison,
there is evidence of domestic dogs emerging
anywhere from 27 to 40,000 years ago. This
evidence has led to the assumption that unlike
dogs, domestic cats are not very different from
their wild counterparts, with evidence that certain
species interbreed (Scottish wildcat and domestic
cat, for example), although the capability to
breed only within the species is no longer a
distinct part of the definition of speciation (for
example, wolves and coyotes breed successfully
[Way et al. 2010]).

Another assumption is that domestic cats can
survive in the wild, as opposed to domestic dogs.
However, it seems that neither species does
particularly well without help from humans (e.g.,
Boitani and Ciucci 1995; Schmidt et al. 2007). In
addition, in opposition to some societies wor-
shipping cats, a dislike and fear of cats is present
in some cultures, whereas dislike of dogs is not
comparable (Lockwood 2005). There is also a
perception that cats are impossible to study
(Grimm retrieved June 30, 2016), as compared to
dogs, which has been proven untrue. For exam-
ple, Miklósi et al. (2005) found that both dogs
and cats respond in the same way to a human
pointing. Both species were pre-trained so that
they knew they were being offered food in one of
two bowls. During the experiment, the animals
could not see in which bowl the experimenter put
the food; the owner of each animal held them
while the experimenter got the animal’s atten-
tion, and then pointed at the bowl with the food
in it. There were no significant species differ-
ences with regard to accurate searching. How-
ever, differences were found in attention-getting
behavior, which is to be expected, given the
differences in the species’ social structures. Dogs
are a social species, and it is generally believed
that many interactions between humans and dogs
are due to their longer domestication period than
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cats. This has been shown in differences in the
use of gaze between domestic dogs and wolves,
where domestic dogs look to humans for help to
solve problems, whereas socialized wolves do
not (Miklósi et al. 2003). Because domestic cats
are semi-solitary, it makes sense that tests done
with dogs may not always work in the same way
with cats, which suggests that different tests must
be established to test cat abilities.

The relatively recent domestication of cats
also seems to have led to a striking similarity in
personality across various species of wild cats
and domestic cats. In our work on five felid
species (Gartner et al. 2014, 2016), three factors
of personality emerged in each species (domestic
cat, Scottish wildcat, clouded and snow leopards,
and African lions). Domestic cat personality
factors were labeled Neuroticism (with highest
loadings on traits such as anxious and insecure
on one end of the scale and stable and affec-
tionate on the other), Impulsiveness (excitable
and active; constrained and independent), and
Dominance (aggressive and bullying; submis-
sive). Factors related to Impulsiveness, Open-
ness, and Agreeableness were related across
species, as were Neuroticism factors. To under-
stand where there might be differences between
these species, we then compared the traits that
made up the factors across species as well. Most
correlated significantly, with the exception of
African lions, whose traits did not correlate sig-
nificantly with other species, and Scottish wild-
cats and snow leopards whose traits did not
correlate with each other. These results indicate
that there is something different at the trait level
for African lions, especially—perhaps to do with
the fact that they are the only purely social spe-
cies among the felids, with adults living in both
female-only and male-only groups. The highest
reliabilities in lions, but not in any other species,
were for the traits dominant and submissive
(which loaded on the factors Dominance and
Neuroticism, respectively). However, other felids
do sometimes live in social groups. For example,
small, male-only groups exist in cheetahs, and
female-only groups occur within domestic cat
societies (Macdonald et al. 2000). It would be
interesting to add cheetahs to this analysis to

assess any similarities to lions or domestic cats
on the trait level. The similarity on the factor
level indicates that overall felid personality
structures may have evolved early on in cat
species, and that some part of lion personality
structure may be derived from behavioral traits
(such as social behavior) that are found only in
that species. This possible derivation from
behavioral traits is an indication of the adaptive
nature of personality, which is also seen in its
relationship to health and life outcomes across
species, from humans to primates to felids and
others, as noted earlier. This adaptive nature
lends itself well to the study of both proximate
and ultimate explanations of behavior (Mayr
1961; Orians 1962), as well as to an under-
standing of related behaviors that may have
co-evolved with personality (Carere and Locurto
2011).

So does domestication, or even captivity,
affect personality in felids? The results from our
study suggest that the felid personality factors,
Neuroticism and Impulsiveness, have not
evolved much since modern cats split off from
Carnivora, although, until genetic analyses are
conducted, this is uncertain. It is not clear how
either of these traits would be adaptive to the
felid predator way of life. It is possible that the
results are related to the status of all the species
in the study as captive animals, as contemporary
evolution (Hendry and Kinnison 1999) may play
a role in the strengthening or weakening of traits
(McDougall et al. 2006). A study of personality
in wild-living felids, then, might be helpful in
understanding the results. Studies have been
done on groups of free-living domestic cats (e.g.,
Natoli et al. 2005); however, they are limited to
behavioral analyses, not those based on ratings
by a familiar caretaker. One possibility would be
to examine animals living in large sanctuaries,
such as lions in Africa; however, this would still
present problems for the current methodology as
the knowledge of the caretakers is probably dif-
ferent than the knowledge of zookeepers, who
spend more time in close proximity with the
animals in their care. In some cases the same
problem with free-living domestic cats would be
applicable as well. Alternatively, a comparison

228 M.C. Gartner



between sanctuary-living and zoo-living chim-
panzees found no difference in factor structure
attributable to environment (King et al. 2005).
The differences that were found between the zoo-
and sanctuary-living chimpanzees were also
found in a comparison between two different sets
of zoo-living chimpanzees, indicating that per-
sonality could be measured reliably across
environment.

Coat Color

Another indication that personality is genetic is
the link between coat color and personality. There
is very little work done on this in felids, but
evidence from work with other animals (silver
foxes [Vulpes vulpes]: Trut et al. 2009; domestic
horses [Equus caballus]: Brunberg et al. 2013;
and rats [Rattus norvegicus] and deer mice
[Peromyscus maniculatus]: Hayssen 1997) shows
that such an association is possible in felids as
well. The work that has been done in felids shows
some interesting results. One study found that
black cats are more tolerant of crowding (Todd
1977). Another found that red, cream, or tor-
toiseshell kittens struggle for a longer time and
make more escape attempts when handled by an
unfamiliar person compared to other colored kit-
tens (Ledger and O’Farrell 1996). The orange
allele may be linked to aggressiveness in males,
while lacking the agouti allele (usually black cats)
is linked to greater amicability and aggregative
tendencies (Robinson 1977). More recently,
support for the idea that non-agouti cats are
friendlier was found by Morgan (2010) in her
dissertation, along with an increased shyness
among “wildtype appearance” cats, described as
having agouti coloration and no sex-linked
orange pigmentation. However, Stelow et al.
(2016) found that owners reported orange females
(including tortoiseshells, calicos, and torbies),
black-and-white, and gray-and-white cats to be
more frequently aggressive toward humans.
Wilhelmy et al. (2016) found that associations
independent of breed included more aggression in
agouti cats and prey interest in red cats, decreased

stranger-directed aggression in piebald cats, and
increased separation anxiety in Siamese and
Tonkinese patterned cats. On the other hand,
Umbelino (2014) found no association between
tameness and coat color. These varying results do
not allow for any assumptions to be made
between personality and coat color. However, this
work would be useful in shelters, and so more
work should be done.

Rearing Environment

A question that follows from exploring the role of
personality in pet or captive versus wild animals
is one of rearing environment. Do stray cats show
different personality traits than feral cats, and do
zoo-bred cats show different personality traits
than wild animals? If living space does affect
personality, is it due to growing up in that envi-
ronment, or because of other life experiences?
Although this topic has not been formally studied
in felids, comparisons between captive and wild
primates do not reveal such a difference, as noted
above. However, developmental studies have
found that domestic cats show individual differ-
ences in motor activity soon after birth (Raihani
et al. 2014). In addition, kittens that are handled
during their first eight weeks of life are more
likely to be bold at four months and, to some
extent, a year, but by two years of age, handled
kittens are no more likely to be bold than those
who weren’t handled (Lowe and Bradshaw
2001), indicating that perhaps environment does
not play as big of a role as some might think,
which is also the case in humans (Tellegen et al.
1988). Similarly, McCune (1995) found that cats
sired by a friendly father (one that immediately
initiated proximity and/or contact with people), or
who were socialized (handled between 2 and
12 weeks of age), were quicker to approach,
touch, and rub a test person, were more vocal, and
spent more time near both a familiar and unfa-
miliar test person. These results suggest that there
are both genetic and environmental influences on
felid personality, but whether environment also
affects personality development is unclear as yet.
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Health Outcomes

Approximately 59 percent of cat species are
endangered or in decline, and their survival may
depend on their success in zoos. However,
because cat species have large ranges, they often
face challenges in zoo enclosures (Clubb and
Mason 2003). In small cages in shelters and
laboratories, felid welfare is often compromised,
and an estimated 71% of cats in shelters in the
United States alone are euthanized (Animal
Shelter Euthanasia retrieved June 30, 2016).
Although various techniques have been used to
increase welfare, some species still face chal-
lenges in captivity. Knowing an animal’s per-
sonality has the potential to address some of
these issues. Whereas there is some data on the
relationship between personality and health out-
comes in other species, the amount of data in cat
species is meager. What data there is, though, is
telling. For example, Wielebnowski (1999)
found that cheetahs rated highly on the dimen-
sion Tense–Fearful were more likely to be
non-breeders, and that females scored higher on
this factor than males. She suggests that these
cheetahs might have more difficulty in coping
with the captive environment, and might there-
fore need more secluded enclosures and/or more
hiding places. Similarly, stress, which can be
measured by HPA activity (Tsigos and Chrousos
2002), and is related to disease susceptibility
(Elenkov and Chrousos 1999), is also related to
personality. Wielebnowski et al. (2002) found
that clouded leopards rated as more
Fearful/Tense than those rated lower on that
scale, and who self-injured, paced, slept, and hid
more often, had increased overall, base, and peak
fecal corticoid concentrations, indicating chronic
stress.

A link has also been found between person-
ality and disease contraction in domestic cats.
Natoli et al. (2005) analyzed temperament, social
rank, and prevalence of feline immunodeficiency
virus (FIV), a lethal disease that is transmitted by
biting (Fromont et al. 1997), in three cat colonies
in Rome and Lyon. They found one factor, which
ranged from proactive to reactive. Proactive
included the most aggressive and affiliative males

who marked frequently. Reactive described
submissive individuals who were rarely aggres-
sive. Proactive males had the highest social rank,
and were the oldest, largest, and heaviest ani-
mals. Blood sampling of the male cats (who have
higher rates of FIV infection than females)
revealed that most infected males were high
ranking and proactive. Proactive males had
increased reproductive success, but they also had
increased chances of being infected with FIV.
The opposite result is found in domestic cats with
feline leukemia virus (FeLV), which is trans-
mitted mainly during affiliative interactions
including licking and grooming (Fromont et al.
1997). The prevalence of FeLV in more aggres-
sive cats, then, is lower than that in more socially
active cats (Fromont et al. 1997).

Finkler and Terkel (2015) found that boldness
in female cats (but not in males) was correlated
with reproductive status. That is, spayed females
were less bold than intact females. Taken toge-
ther, this small amount of work in the relation-
ship between health outcomes and personality
may have implications for adoption, as different
people have different desires in a prospective pet,
and allowing pets outside is the norm in some
places. If neutering a male cat has no effect on his
boldness, then allowing him outside may expose
him to FIV more readily. However, a female cat
may not face the same challenges. This may be
taken into account when deciding whether to let a
pet cat outside or not. In addition, personality has
been rated as one of the most important factors in
adoption in shelters. For example, one study
found that friendliness and happiness are rated as
the number one and number two (respectively)
criteria by potential adopters of cats (Sinn 2016),
and another found that personality makes up 94%
of the reason for satisfaction/dissatisfaction with
cat adoptions (Neidhart and Boyd 2002; see also
Gourkow and Fraser 2006; Zito et al. 2015).

Personality is one of the strongest and most
consistent predictors of well-being (or happiness)
in humans (Diener et al. 1999) and nonhuman
primates (e.g., King and Landau 2003). In
humans, the relationship is especially strong
between well-being and Neuroticism (a negative
relationship), and, to a lesser extent, well-being
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and Extraversion (a positive relationship; Steel
et al. 2008). In rhesus macaques (Macaca
mulatta), higher ratings on the personality factors
Confidence and Friendliness, and lower ratings
on Anxiety are positively related to well-being
(Weiss et al. 2011). In chimpanzees, well-being
is positively associated with Dominance,
Extraversion, and Dependability (King and
Landau 2003), as well as Agreeableness and
Openness, and negatively with Neuroticism
(Weiss et al. 2009). Higher Extraversion,
Agreeableness, and lower Neuroticism are rela-
ted to well-being in orangutans (Pongo sp.;
Weiss et al. 2006).

We studied well-being and its relationship to
personality in felids (Gartner et al. 2016) to see if
this relationship was also evident in felids. We
found that subjective well-being was related to
Agreeableness/Openness (positive relationship)
and Neuroticism (negative relationship) in clou-
ded leopards, Neuroticism in snow leopards
(negative relationship), and Impulsiveness (neg-
ative relationship) and Neuroticism (negative
relationship) in African lions. In Scottish wild-
cats, well-being is also positively related to the
factor Self-Control, which has high loadings on
decisive, self-assured, and cool, and includes
elements related to those known to comprise
Conscientiousness and low Neuroticism in pri-
mates (Gartner and Weiss 2013b). These results
are similar to some of those found in both human
and nonhuman primates. Because of the simi-
larities across species with regard to personality,
we attempted to see if we could define a taxa
personality structure, and found Neuroticism,
Dominance, and Impulsiveness factors (Gartner
et al. 2014). Interestingly, none of these factors
correlated with well-being (Gartner et al. 2016).
To understand this result, we examined the
relationship of the individual species personality
traits to well-being and found important differ-
ences. There was only one trait that correlated
with well-being across species: insecure. A com-
bination of the adjectives affectionate, calm,
fearful of people, suspicious, tense, and trusting
correlated with well-being in some of each of
three species. Thirteen traits were found to cor-
relate only in one species. Clouded leopard traits

that correlated with well-being include cool,
cooperative, friendly to conspecifics, and smart.
This relationship indicates that positive interac-
tions—both with conspecifics and human care-
takers—are important to the clouded leopard’s
well-being. Two snow leopard personality traits
correlate with well-being—individualistic and
predictable. This may mean that for this species,
environment is what is important in determining
well-being—known situations that either do not
change much or that allow for control over that
situation. Finally, for African lions, it is unsur-
prising that the traits that correlate with
well-being are indicative of social structure—
constrained, dominant, fearful of conspecifics,
persevering, stable, submissive, and timid. This
indicates that, for African lions, how they are
grouped socially is important for their
well-being, and that schisms within the grouping
may be more challenging for them than for other
species, some of which, as noted earlier, are not
as solitary as originally thought. This type of
information can clearly be used for animal
management in zoos, and should be studied
further. For example, it is difficult in zoo situa-
tions to separate groups easily, due to such
challenges as space concerns and Species Sur-
vival Plan recommendations. However, if it is
known that a lion group is experiencing a split, it
may be recommended to try to expedite plans to
separate the group (for instance, already having a
plan in place should such a situation arise),
whereas with other species more time may be
available, without affecting well-being. This
proposal would clearly need more testing,
including assessing the well-being of the group
during a normal period and then at the point of
the break.

In addition to its applications for felid captive
management, well-being is also important to assess
due to its possible relationship with longevity, as
has been shown in humans (Diener andChan 2011)
and orangutans (Weiss, Adams & King 2011).
Well-being may be a good marker for health out-
comes, as personality may influence health via
subjectivewell-being. For example, in cynomolgus
monkeys (Macaca fascicularis), depression, a facet
of subjective well-being, mirrors that in humans in
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terms of physiology, neurobiology, behavior, and
health. Depression is associated with increased risk
of cardiovascular disease risk and mortality and is
subject to individual differences in terms of
response to environmental challenges (Willard and
Shively 2012). This relationship has yet to be
shown in felids, but would be invaluable to know in
caring for any of the felid species.

The relationships between health outcomes and
personality can be used to inform care. In humans,
Deary et al. (2010) argue that there are four major
applications of personality to health care and
improved well-being: heightened surveillance for
those with traits related to earlier mortality; the
development of specific, individual intervention
strategies; targeted drug treatments; and improved
relationships between patients and healthcare
practitioners. There is no reason to think that these
might not also apply to animals (Gartner and
Weiss 2013b). A relationship between longevity
and personality has been found in gorillas (Gorilla
gorilla gorilla), for example, (Weiss et al. 2012),
so it makes sense to also study this relationship in
other animals. In parallel to the suggestion to help
a patient rated low in Conscientiousness, a
physician’s directive could be accompanied by
incentives or regular monitoring (Deary et al.
2010), individual interventions based on person-
ality for felids might include giving shy ones more
places to hide, or giving bold ones more novel
objects more often to help each type cope with
their environment better (Gartner and Powell
2012). Pharmacological treatments are recom-
mended by animal behaviorists and have been
used with some success in pet cats (Kaur et al.
2016). Any chance of increasing that success can
only help pet retention and maintain lower num-
bers of homeless pet cats. Relationships between
animals and their human caretakers are increas-
ingly being studied—in fact an entire journal
(Anthrozoös) is dedicated to the investigation of
these relationships. It makes sense, then, that a
better relationship between an animal and its
keeper should improve welfare (Carlstead et al.
1999; Wielebnowski 1999). Findings from each
of these areas have the potential to contribute to
the overall welfare of an animal, given that each
works to decrease specific causes of stress.

Whereas some have suggested that personality
factors have implications for increasing welfare
directly (for example, Wielebnowski 1999), more
work is needed. This should be an important next
step in furthering the literature on felid personality
and welfare.

Welfare and Conservation

There is little existing work on the direct effect that
personality may have on captive animal welfare.
One study found that chimpanzees rated as higher
in Openness were more interested than other
chimpanzees in cognitive enrichment in the form
of mirror recognition and touchscreen tasks
(Herrelko et al. 2012). Several researchers have
made suggestions as to possible links between
personality and welfare, including the idea men-
tioned earlier that shy or fearful animals may need
more places to hide (snow leopards: Gartner and
Powell 2012; cheetahs: Wielebnowski 1999), or
that an animal’s physical behavior may need fur-
ther explanation, which may lead to better under-
standing of welfare. For example, if an animal is
alert and active, is it also calm, or is it fearful
(Wemelsfelder 2007)? How that animal is handled
or managed would depend on the latter assess-
ment, and without knowledge of both the species
and the individual, that animal’s welfare could be
impacted.

To help conserve species, zoos are often
called upon to orchestrate captive breeding
efforts (Wielebnowski 1998). These efforts
require careful consideration of spatial needs,
species and individual behavior, as well as
genetic differentiation to avoid inbreeding.
Whereas some species breed well in captivity,
others have more trouble, due to a variety of
problems, including aggression (Wielebnowski
et al. 2002), disinterest (Powell et al. 2008), or
poor health, and/or stress (Clubb and Mason
2003). Several methods have been used to
increase the likelihood of successful breeding,
including species- or, ideally, individual-specific
environmental enrichment and providing an
appropriate social environment (Shepherdson
1994), to varying effect. In the past decade,
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research has shown that, in some species at least,
personality can influence how animals interact in
captive breeding situations. This makes sense,
given the evidence that personality affects fitness
in the wild across a number of species, with a
clear connection between boldness and repro-
ductive success (at the expense of survival,
however) and between exploration and survival
(Smith and Blumstein 2008). Because this is the
case, personality should be taken into account
when conducting captive breeding programs. For
example, as noted earlier, Wielebnowski (1999)
found that cheetahs who rated highly on the
personality factor Tense-Fearful were more likely
to be non-breeders.

Captive felids are often kept in multi-animal
enclosures. Despite the fact that cat species,
excluding lions, are mostly solitary, it is becoming
more established that some cat species, such as
domestic cats, tigers, cheetahs, and lynx, are
semi-solitary, forming social groups in certain sit-
uations, often related to food availability, but also
family relationships (dispersing sibling groups,
long-term parental care; Kitchener 2000). It is
unsurprising then, that there is evidence that social
interaction may decrease abnormal behaviors and
increase natural behaviors in pair-grouped captive
tigers, for example (De Rouck et al. 2005).
Knowing each animal’s personality could poten-
tially increase grouping success. Gorillas (Gorilla
sp.) who rate higher on the personality factor
Understanding maintain more successful groups
in captivity (Stoinski et al. 2004). In felids, tigers
housed near other tigers show an increase in
stereotypic behavior (De Rouck et al. 2005). If
personality is taken into consideration when
choosing which tigers to house near one
another, such behaviors may decrease.

Future Studies

There is clearly a large amount of work that can
be done in the field of personality for felids. First
and foremost, establishing a validated, replicable
structure is paramount, for each of the 38 extant
felid species. Because cats are more easily stud-
ied in captivity, comparisons across differing

facilities—zoos, laboratories, sanctuaries—may
offer validation of personality structures. Once
this is established, other associations need to be
made, starting with longevity/mortality, but also
immunity and morbidity. Other ties to welfare
and conservation are vital to the health, happi-
ness, and survival of species.
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12What Do We Want to Know About
Personality in Marine Mammals?

Erin E. Frick, Amber J. de Vere and Stan A. Kuczaj

Abstract
Investigation of personality in a variety of nonhuman animal species has
flourished over the past decade. However, personality assessments in
marine mammals remain greatly underrepresented. In this chapter, we seek
to outline the key areas of interest that warrant further study to improve
knowledge of personality in marine mammals. Several definitional
challenges associated with personality in marine mammals are examined.
An overview of the current marine mammal personality literature is
provided, which is limited to trait ratings of bottlenose dolphins (Tursiops
truncatus) and behavioral axes in grey seals (Halichoerus grypus).
Possible cross-species comparisons are limited at this time due to the lack
of marine species included. With this in mind, it would be useful to assess
the personality dimensions of species from each of the major marine
mammal taxa: pinnipeds, sirenians, cetaceans, and carnivores. This could
provide evidence for the potential impact of marine mammals’ aquatic
lifestyle on the evolution of species-specific personality traits. Given their
aquatic habitat, aspects of typical personality methodology are difficult to
apply to marine mammals. Several of these difficulties are discussed, along
with proposed solutions to maximize the species-relevance and represen-
tativeness of collected data. Finally, the potential contributions of
personality to a number of research areas are discussed: social rank and
dominance, learning, physiology, and friendships. Although the field of
marine mammal personality research is in an early stage of development,
this provides huge opportunity for future research.

Introduction

Marine mammals are social animals that exhibit a
large behavioral repertoire across various con-
texts and possess sophisticated cognitive

E.E. Frick (&) � A.J. de Vere � S.A. Kuczaj
Department of Psychology, University of Southern
Mississippi, 118 College Drive #5025, Hattiesburg,
MS 39406, USA
e-mail: erin.frick@usm.edu

© Springer International Publishing AG 2017
J. Vonk et al. (eds.), Personality in Nonhuman Animals,
DOI 10.1007/978-3-319-59300-5_12

237



abilities. The most frequently studied marine
mammal species, the Atlantic bottlenose dolphin
(Tursiops truncatus), provides a prime example
of this behavioral and cognitive range (Hill et al.
2016). Bottlenose dolphins, which exhibit a fis-
sion–fusion social structure, engage in social
interactions ranging from those that are affiliative
or playful (Connor et al. 2000) to those that are
agonistic or aggressive (Samuels and Gifford
1997). Dolphins also exhibit highly complex
cognitive abilities, such as cooperation (Kuczaj
et al. 2015b) and planning/problem solving
(Kuczaj et al. 2009). Altruistic (i.e., care-giving)
behaviors have also been observed in bottlenose
dolphins (Caldwell and Caldwell 1966; Fertl and
Shiro 1994; Kuczaj et al. 2015a), rough toothed
dolphins (Steno bredanensis; De Moura et al.
2009), long-beaked common dolphins (Delphi-
nus capensis; Park et al. 2013), and La Plata
dolphins (Pontoporia blainvillei; Cremer et al.
2006). Furthermore, as in many species (for
review see Gosling 2001), dolphins show indi-
vidual variation in several behavioral states such
as foraging (Duffy-Echevarria et al. 2008; Gazda
et al. 2005), maternal care (Gibson and Mann
2008; Hill et al. 2007), and group movements
(Lewis et al. 2011). Individual variation in the
type and frequency of behaviors from each of the
aforementioned behavioral states may reflect
personality differences (Highfill and Kuczaj
2007, 2010; Kuczaj et al. 2012a).

In this chapter we will provide an overview of
the literature on personality in marine mammals,
with particular emphasis on bottlenose dolphins
—hereafter referred to as dolphins—due to the
abundance of available research that has been
conducted already with this species compared to
other marine mammal species (Hill et al. 2016).
In our discussion, other species of marine
mammals besides dolphins will be incorporated
when appropriate (i.e., there is sufficient litera-
ture on a given species to incorporate it into the
relevant topic). In doing so, we focus particularly
on how well definitions of personality, methods,
and techniques are currently applied in marine
mammals (in particular, dolphins and pinnipeds)
and propose how cross-species comparisons
could be made in the future to other mammalian

species in which personality studies have been
done, such as elephants (e.g., Highfill et al. 2013;
Horback et al. 2013; Yasui et al. 2013) and
chimpanzees (e.g., King and Figueredo 1997;
Koski 2011; Massen and Koski 2014). We also
consider the influence and role that personality
may serve in diverse aspects of dolphin behavior,
including social rank (Aureli et al. 2002; Samuels
and Gifford 1997), foraging (Gazda et al. 2005;
Highfill and Kuczaj 2010), learning (Kuczaj and
Walker 2006; Kuczaj et al. 2009), physiology
(Ortiz and Worthy 2000), social associations
(Connor et al. 2000; Connor et al. 2006), and
play (Kuczaj and Eskelinen 2014; Kuczaj and
Highfill 2005; Kuczaj and Makecha 2008; Kuc-
zaj et al. 2006). We offer several suggestions for
ways that this field can be expanded to further
contribute to our current understanding of per-
sonality in dolphins and other marine mammals,
as well as the importance of incorporating more
species of marine mammals into the personality
literature.

Defining Personality for Marine
Mammals

Consistent variation in behavioral traits between
individuals is known as individual differences or
personality (Gosling 2001; Locurto 2007; Sih
et al. 2004; Stamps and Groothius 2010a). Indi-
vidual differences are commonly assessed
through questionnaire ratings (Gosling 2001;
Highfill and Kuczaj 2007; Kuczaj et al. 2012a),
naturalistic observations (Horback et al. 2013;
Vazire et al. 2007), or experimental tasks
(Eskelinen et al. 2015). Temperament is consid-
ered the biological precursor for the development
of personality in humans (De Pauw and Mer-
vielde 2010). However, in animal studies, the
word “temperament” appears to be often used to
avoid referring to “personality” (Gosling 2001;
Vazire and Gosling 2004). Subsequently, both
temperament and personality have been used
interchangeably within the animal personality
literature, as have terms such as “coping styles”
(Koolhaas et al. 1999) and “behavioral syn-
dromes” (Sih et al. 2004). The common element

238 E.E. Frick et al.



for all of these labels is the description of indi-
vidual differences as patterns of behavior that are
consistent over time and context/situation (Carl-
stead et al. 1999; Gosling 2001; Locurto 2007).
However, predictions regarding contexts in
which individual differences should be consistent
are typically lacking. Moreover, authors some-
times differ in whether they distinguish between
context and situation (Stamps and Groothius
2010a). It is therefore important to consider how
these terms are used to define personality in
dolphins and other marine mammals.

“Consistency over time” is a phrase com-
monly used when defining personality and indi-
vidual differences (Gosling and John 1999).
However, it is not clear how we define “consis-
tency over time.” Are multiple time periods of
data collection necessary, or is drawing from
one’s cumulative experience working with an
animal (e.g., 5 years as an animal trainer) suffi-
cient for establishing “consistency over time” in
personality? For example, personality ratings of
bottlenose dolphins have been carried out on two
separate occasions over a 2-year time period
(Highfill and Kuczaj 2007), as well as a one-time
assessment relying on the cumulative experience
of the raters that worked with the animals
(Kuczaj et al. 2012a). There currently is no
existing framework stipulating the time course
over which observations would need to be con-
sistent in order to constitute personality.

As noted above, context and situation are
often included in definitions of personality, and
are sometimes used interchangeably (Stamps and
Groothuis 2010a). If/when a distinction is made,
context refers to behavioral categories based on
the function of the observed behavior, such as
foraging or breeding (Sih et al. 2004). Within
contexts, situations occur that consist of different
external environmental conditions, such as the
presence or absence of predators (Sih et al.
2004). Although distinctions between context
and situation can be made, we currently do not
understand the functions of many behaviors in a
variety of animal species, including dolphins.
This lack of clarity can result in incorrectly
assuming a behavior’s function (Stamps and
Groothuis 2010b), and therefore potentially

incorrectly categorizing the context. In their
investigation of the role of context in the per-
sonalities of dolphins, Kuczaj et al. (2012a)
found that only 4 of 20 dolphins were rated
consistently for a personality trait across all
measured contexts. These results emphasize not
only the importance of considering context in
studies of personality, but also stresses that dif-
ferent animals may have individually specific
patterns of consistency across contexts. The
flexibility of individual differences in behavior
across contexts also may serve a role in person-
ality expression in dolphins and other species
of marine mammals (Stamps and Groothuis
2010b).

It is also important to consider the scale of a
particular context. Contexts are continuums that
can vary in time and space (Stamps and Groo-
thuis 2010a). A context could have a duration of
as little as a few seconds, or a larger temporal
scale such as day versus night. It could have a
small spatial scale of only the animal’s immedi-
ate surroundings or could include an entire social
group. These details should always be considered
when designing studies, and accompanied by a
clear definition that clarifies what the term
“context” is referring to. Furthermore, no matter
how stringent the definition, we feel it is
important to note that all environments are
dynamic, and, even if researchers focus on a
small number of characteristics, no two contexts
will ever be identical. This emphasizes further
the importance of clearly operationalizing the
contexts of interest, to maintain as much simi-
larity as possible. Finally, we suggest that
researchers should strive to explicitly examine
the interaction of various forms of context and
durations in their assessments of animal
personality.

Overall, as do Stamps and Groothuis (2010a),
we recommend that context be used as an
all-encompassing term that refers to all stimuli
external to an individual. When it is possible to
make distinctions between contexts, these dis-
tinctions should be based on physical, observable
conditions rather than the function of behaviors.
For example, in marine species, we would
advocate using clearly distinctive contexts such
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as surface versus underwater behaviors. Contexts
that are dependent upon human interpretation
should be incorporated only if there is a sub-
stantial body of research that justifies their use.
Furthermore, when they lack information about
the functions of behaviors, researchers should
collect data on finer scale behaviors, which can
be grouped based on the results of principal
components or factor analyses. In doing so,
researchers avoid assuming that behaviors have
the same function when they do not (Carter et al.
2012, 2013).

Overview of Current Marine Mammal
Personality Research

Cetaceans: Bottlenose Dolphins

Highfill and Kuczaj (2007) were the first to
investigate whether adult bottlenose dolphins
could be characterized as having personalities.
For this study, they obtained personality ratings
of 16 bottlenose dolphins, with one assessment
occurring prior to Hurricane Katrina and the
second occurring 15 months after Hurricane
Katrina. Due to the hurricane, the dolphins were
displaced from the MarineLife Oceanarium in
Gulfport MS to the Mississippi Sound, rescued,
and then relocated to the Atlantis facility in the
Bahamas. MarineLife staff conducted ratings for
the first assessment and new staff members at the
Bahamas resort location completed the second
set of ratings 9 months after the relocation. Of
these dolphins, 12 exhibited fairly stable and
consistent individual differences in personality.
This is remarkable in light of the fact that these
dolphins underwent significant changes to their
environment between ratings.

Kuczaj et al. (2012a) further investigated the
importance of context in dolphin personality by
assessing certain traits across specific contexts.
Twenty dolphins housed at Dolphins Plus in Key
Largo, Florida were rated by experienced animal
care staff on traits Observant, Timidity, Curios-
ity, and Playful across three contexts (interac-
tions with the physical world, interactions with

other dolphins, and interactions with humans). In
a separate assessment targeting social behaviors
across contexts, personality traits Aggressive-
ness, Gentleness, and Cooperative were analyzed
over the two social contexts (interactions with
humans and interactions with dolphins). Four
subjects were stable in all traits across all con-
texts, while the remaining dolphins’ ratings var-
ied across these contexts. This emphasizes the
importance of recognizing traits specific for the
target species, as well as accounting for context
when assessing individual differences in dolphins
and other nonhuman animals.

Pinnipeds: Grey Seals
(Halichoerus grypus)

Due to the lack of studies on personality in any
marine mammal species other than the bottlenose
dolphin, it is not possible at this time to make
personality comparisons between marine mam-
malian species. However, there is some data on
individual differences in a few specific behaviors
in grey seals. Active scanning behaviors (i.e.,
alert behavior) in males have been measured as a
possible indicator of the bold–shy axis over two
consecutive breeding seasons; individual time
spent alert was highly consistent between sea-
sons (Twiss and Franklin 2010). In a further
study, across a short re-test interval of 4–
12 days, Twiss et al. (2012) used a remote con-
trol vehicle (RCV) to test individual differences
in pup-checking by females and individual dif-
ferences in aggressive behaviors of males in
response to disturbance by the RCV. The grey
seals’ responses to the RCV were significantly
repeatable and the length of re-test interval had
no effect on repeatability. The same protocol was
used to test females for the same pup-checking
behavior the following year, to test for long-term
response repeatability (Twiss et al. 2012). Seven
females were tested in both years and showed
some degree of repeatability overall, but with a
wide range between individual repeatability val-
ues. Twiss et al. (2012) attributed individual
differences in reaction to the RCV as
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being indicative of differing positions on a
proactive–reactive behavioral axis. However, we
suggest that these differences could also indicate
individually specific patterns of consistency
across contexts, such as was found in bottlenose
dolphins (Kuczaj et al. 2012a).

Although these studies support the existence
of individual differences in a few behaviors in
grey seals, no studies examine a greater propor-
tion of the behavioral repertoire of this species.
As a result, it is not known whether individual
differences are exhibited in other behaviors, or if
any of these relate to each other. However, the
data used in Twiss and Franklin’s (2010) study
were not gathered for the purpose of studying
personality. It may therefore be possible to test
for a range of further individual differences in
behavior by carrying out another re-analysis of
these existing datasets (Twiss and Franklin
2010).

Furthermore, many pinniped species are
highly faithful in their haul-out sites: locations
where individuals temporarily leave the water for
activities such as resting and mating (Twiss et al.
1994). This allows identification of individuals in
consecutive years in the same location. Although
it must be recognized that hauled-out behavior is
only one subset of their total behavioral reper-
toire, certain pinniped populations that exhibit a
high degree of haul-out site fidelity may lend
themselves more readily to studies of personality
compared to other marine mammals.

Cross-Species Comparisons

There is a need for more analyses that attempt to
measure individual differences in the behavior of
other marine mammal species, as we cannot
make any cross-species comparisons at this time.
It would therefore be useful to assess at least one
marine mammal species from the major groups:
pinnipeds (i.e., seals, sea lions, walruses), sire-
nians (i.e., dugongs, manatees), cetaceans (i.e.,
dolphins, whales), and carnivores (i.e., otters,
polar bears). Interestingly, the most closely
related taxa to each of these groups are terrestrial
mammal groups, so comparisons between these

relatives would be particularly intriguing. Most
phylogenies place hippopotamus as the closest
relative of cetaceans (Berta et al. 2006), but there
is no personality data on any hippopotamus
species. Sirenians are most closely related to
proboscidea (elephants; Berta et al. 2006);
although personality in African and Asian ele-
phants has been studied (Grand et al. 2012;
Highfill et al. 2013; Horback et al. 2013; Lee and
Moss 2012; Yasui et al. 2013), no such research
has been carried out in sirenian species. Pin-
nipeds are possibly closely related to arctoid
carnivores such as raccoons and weasels
(Springer et al. 2004), but are most commonly
grouped with ursids, including the polar bear
(Ursus maritimus). Although there are no exist-
ing studies examining any individual differences
in polar bears, it would be interesting to compare
their personality with that of pinnipeds and ter-
restrial bears.

Future research should therefore be directed at
expanding personality studies to more species of
marine mammals. Cross-species comparisons of
species typical traits would allow for more clarity
on the evolution of a given personality trait
(Gosling 2001). In their review of personality
dimensions across species, Gosling and John
(1999) conclude that Five-Factor Model derived
traits of Extraversion, Neuroticism, and Agree-
ableness were present across a wide variety of
taxa, which suggests there may be a biological
foundation for such factors in nonhuman ani-
mals. This review also observed that the Con-
scientious factor was present only in
chimpanzees and humans. No personality studies
from dolphins or any marine mammal including
all dimensions were available to include in this
review, but Highfill and Kuczaj (2007) did find
the Conscientious component to be present in
their study on dolphin personality. We would
predict that, due to the cognitive abilities
demonstrated by dolphins, that cross-species
comparisons of personality factors would fur-
ther demonstrate the similarity of dolphin per-
sonality to that of chimpanzees and humans on
factors such as Conscientiousness. The impact of
marine mammals’ aquatic lifestyle, compared to
features shared with their closest terrestrial
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relatives on any elucidated factor structure, could
provide insight into the evolution of personality.

Refining Methods and Techniques
for Marine Mammal Personality
Research

Animal personality, like all psychological phe-
nomena, must be assessed by observing behavior
(Freeman et al. 2011; Gosling 2001; Locurto
2007). One of the primary methods of assessing
personality is the rating method (Carter et al.
2013; Highfill et al. 2010). The rating method
asks humans to judge an animal’s behavioral
tendencies across time and contexts (Highfill and
Kuczaj 2007, 2010; Highfill et al. 2010; Kuczaj
et al. 2012a). These ratings are then pulled toge-
ther and analyzed for possible personality
dimensions/domains (see, e.g., Dutton et al. 1997;
King and Figueredo 1997). The personality
questionnaires used in these studies can be
designed using a top-down design, a bottom-up
design, or some combination of both (Freeman
et al. 2013). Top-down designs adapt and apply
an already established scale from one species to
another, such as the Five-Factor Model (Goldberg
1990), which has been widely applied in the study
of human personality. For example, factors
homologous to the Five-Factor Model have been
found in bottlenose dolphins (Highfill and Kuczaj
2007). Although a top-down design tends to be
used more across multiple studies and can facil-
itate cross-species comparisons (Freeman et al.
2013), it has the potential to miss factors relevant
to the target species or to include irrelevant fac-
tors (Gosling and John 1999; Kuczaj et al.
2012a). Conversely, a bottom-up rating structure
derives traits specific to the target species from
their behavioral repertoire (Freeman and Gosling
2010; Freeman et al. 2013; Koski 2011).
Advantages of utilizing this approach include the
use of factors that are directly relevant to the
target species (Uher and Asendorf 2008), but this
does decrease the ability to make comparisons
across species. For example, certain traits inclu-
ded for an assessment of dolphins may not be
relevant to another species. Bottom-up designs

have been incorporated into ratings in only a few
studies of primates (Dutton et al. 1997; Freeman
et al. 2013; Koski 2011), and several
species-specific elements and contexts were
included in Kuczaj et al.’s (2012a) study on rating
assessments of bottlenose dolphin personality.

The coding method assesses personality by
recording all instances of behavior (Highfill et al.
2010), and then clustering behaviors into per-
sonality traits. This method has been used in
several species including African elephants
(Horback et al. 2013) and chimpanzees (Koski
2011). Additionally, coding reactions to novel
stimuli in experimental settings has revealed
information about the bold–shy dimension in
several species such as great tits (Parus major;
Verbeek et al. 1996; Verbeek et al. 1999),
pumpkinseed fish (Leopmis gibbosus; Coleman
and Wilson 1998), and rainbowfish (Melanotae-
nia duboulayi; Colléter and Brown 2011). The
coding method has also been used in all studies
to date of individual differences in grey seals
(Twiss and Franklin 2010; Twiss et al. 2012a, b).
For dolphins, several studies have recorded
individual differences in response to novel stim-
uli (e.g., Eskelinen et al. 2015; Kuczaj and
Eskelinen 2014; Kuczaj and Yeater 2006; Lopes
et al. 2016). However, researchers have yet to
apply the coding methodology to the broader
repertoire of behavior in dolphins, or any other
species of marine mammals.

A currently overlooked issue in animal per-
sonality research methodology is emotions. In
humans, several factors in the Five-Factor Model
of personality contain emotional content, such as
anxiety in Neuroticism (Zillig et al. 2002), and
correlate strongly to measures of emotions, such
as anger with low Agreeableness (Kuppens
2005). As a result, a distinction is often made
between state emotion, the actual experiencing of
an emotion, and trait emotion, individual ten-
dencies to experience those emotions (Izard et al.
1993). In animal personality research, the rating
method frequently involves sourcing trait words
from the human Five-Factor Model (Gosling and
John 1999). The questionnaires constructed then
often include terms referring to emotional expe-
riences. For example, King and Figueredo (1997)
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include traits such as fearful, irritable, and exci-
table in their questionnaire assessing chimpanzee
personality. The coding method may also benefit
from considering emotions. When factor analy-
ses are conducted, the functions of behaviors
loading onto factors are interpreted in order to
provide an explanation of each factor. As a
result, when behaviors are interpreted as indi-
cating an emotional trait, such as cautiousness or
aggressiveness, this may assume that the species
under study does experience some form of these
emotional states.

It is therefore worth asking whether the use of
this crossover terminology, from emotion to
personality research, is justified—are the animals
under study capable of experiencing all of the
emotional states inferred by trait words or factor
labels such as fearful or nervous? Furthermore, if
the answer to this question is not known, is it
justifiable to assume that the animals are cap-
able? Several approaches could be used to tackle
these issues. Firstly, any trait words inferring
emotional states could be avoided in both rating
and coding. However, this would remove a huge
proportion of traits that are currently used, and
would fail to consider the increasing body of
evidence suggesting that animals do experience
some form of emotions (e.g., de Vere and Kuczaj
2016). Alternatively, animals could be experi-
mentally tested to determine which emotional
states they do and do not experience. Already
there is overlap between the experimental tests
used to assess behavioral indicators of emotions
and personality. The most common test uses
approach versus avoidance of a stimulus to
determine an animal’s position on the bold–shy
axis, or the relative pleasantness of the stimulus
(Paul et al. 2005). However, exhaustively testing
a sufficient sample of animals for a range of
emotional states is not time efficient, especially
as each emotion would likely require its own
specific measure (Paul et al. 2005). Finally, it
may be possible to use the rating method to
determine species-specific emotional repertoires.
Personality ratings of many species have proven
reliable (Gosling and John 1999), and often
contain traits inferring emotional states. There-
fore, people familiar with a particular species

may be able to reliably rate that species’ capacity
to experience different emotions (Kuczaj and
Horback 2013). Only those trait words corre-
sponding to emotions rated reliably could then be
included in personality questionnaires, or used to
interpret behavioral factors (de Vere and Kuczaj
2016). For example, if bottlenose dolphins were
not rated reliably on an emotional trait such as
“jealous,” then the trait word “jealous” should
not be included in personality assessments of this
species.

Keeping these aspects of the methodologies in
mind, to improve how we assess personality in
marine mammals it is imperative to understand
the functions and relevance of a given behavior so
as to be sure that the raters and coders assessing
personality are interpreting the observed behav-
iors accurately and as objectively as possible. For
example, among dolphins open mouth displays
are commonly thought to be aggressive “threat”
displays (Samuels and Gifford 1997). However,
there is some evidence that open mouth displays
serve a communicative purpose in other contexts,
such as sexual or affiliative contexts (Kuczaj and
Frick 2015). Interpretation of behavior, and prior
expectations regarding a behavior’s connection to
a trait, then, can be incorrect when knowledge of
the species’ behavioral repertoire is incomplete
(Vazire et al. 2007).

Finally, marine mammals engage in the
majority of their behavioral repertoire underwa-
ter, and so it can be difficult for researchers to
observe their full behavioral repertoire and the
contexts in which behaviors take place. Surface
behaviors are more readily visible in wild pop-
ulations and in captive groups. Underwater
behavior recordings therefore need to be intro-
duced to personality assessments to maximize
the information that researchers can extract from
marine mammals.

Future Directions

Social Rank and Dominance

For numerous mammalian species, individuals
compete with one another for access to
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resources, and for highly social mammals this
can result in the formation of a dominance
hierarchy. Some benefits associated with high
dominance include preferential access to sexual
partners, shelter, and food (Connor et al. 2000).
Chase et al. (2002) suggested that an individ-
ual’s position in the hierarchy is a product of
individual differences in physical and behavioral
characteristics, and social interactions. Although
most research in this area focuses on the phys-
ical attributes associated with dominance, some
studies have investigated whether personality
traits are associated with dominance. For
example, Colléter and Brown (2011) found that,
among male rainbowfish, higher social position
was associated with higher Aggression, Activity,
and Boldness. More dominant fish were also
more likely to be reproductively successful. In
addition, exploratory behavior has also been
associated with rank in some species (e.g., in
great tits; Dingemanse and De Goede 2004). In
contrast, among wild male grey seals, no asso-
ciation has been identified between dominance
rank (as assessed by outcomes of male–male
aggressive encounters) and individual differ-
ences in alert scanning behaviors (Twiss and
Franklin 2010).

Bottlenose dolphins exhibit dominance hier-
archies (Aureli et al. 2002; Veit and Bojanowski
1996). Social conflict occurs when individual
dolphins interact and exhibit aggressive and
hostile behaviors (Aureli et al. 2002; Samuels
and Gifford 1997). In particular, middle-ranked
individuals live in a constant state of instability,
which renders more opportunities for social
conflict (Samuels and Gifford 1997), namely as
these individuals frequently challenge more
dominant individuals and defend their position
from less dominant challengers (Benus et al.
1991). This instability results in more aggressive
behaviors produced by and directed toward other
middle-ranked individuals (Scott et al. 2005).
Thus, individual differences in the behavioral
response that a dolphin exhibits when challenged
by a dominant or submissive individual could
provide some information to that individual’s
personality (Highfill and Kuczaj 2010; Samuels
and Gifford 1997).

The manner in which dolphins form hierar-
chies in their social groups is not well known. In
wild dolphin groups, aggressiveness is difficult to
observe but is nonetheless thought to influence
social relationships and the resulting social
structure (Scott et al. 2005). Aggression is com-
monly expressed through postural movement,
vocalizations, and behaviors such as biting,
ramming, and hitting (Samuels and Gifford
1997). Aggressive behaviors are most often
observed from males when competing for access
to females (Connor et al. 1996, 2001; Scott et al.
2005). The role of personality in reproductive
fitness likely influences the formation of dolphin
social networks, but the nature of this influence
deserves additional attention. Dolphin societies
are made up of a variety of relationships,
including higher order alliances (long-term pair
bonds; Connor et al. 2000) and cooperative
associations (Kuczaj et al. 2015b). Lusseau and
Newman (2004) found, through close observa-
tion of a bottlenose dolphin social network in
Doubtful Sound, New Zealand, that sex- and
age-related bonds (i.e., homophily) drove the
formation of their social network. Kinship may
also influence the emergence of a dolphin hier-
archy, as seen in matrilineal societies (Conner
et al. 1998). Further understanding the relation-
ship between personality, social relationships,
and network formation could pinpoint which
individuals broker relationships in a community
as well as what factors cause certain individuals
to emerge as leaders in a given social group
(Lusseau and Newman 2004). This information
can then be related to social behaviors where
individuals each fulfill a certain role in the
interaction. For example, Gazda et al. (2005)
describe a specialized foraging technique where
certain individuals become “drivers” that use
their fluke to slap the water to create a mud wall,
which herds fish toward other dolphins. The
authors found that the same individuals were
consistently being the drivers. It is suggested that
personality may influence the role dolphins take
in these social coordinated behaviors (Highfill
and Kuczaj 2010). Behavioral profiles may prove
to be the most direct route to identifying per-
sonality factors that influence these types of
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group-coordinated behaviors, as well as social
relationships for dolphins and other marine
mammals (Highfill and Kuczaj 2010).

Learning

Pavlov hypothesized over a century ago that
animals’ learning abilities had potential links to
personality. The four personality types that he
found in dogs (i.e., Excitable, Lively, Quiet, and
Inhibited) appeared to be associated with char-
acteristics of associative learning (Pavlov 1906,
1941). For example, in associative learning tasks,
Quiet dogs learned slowly but consistently and
Lively dogs learned quickly (Pavlov 1906,
1941). Recently, there has been an increased
interest in how animal learning is associated with
personality traits, such as Exploration, as well as
an individual’s standing on the bold–shy behav-
ioral axis. For example, in female rhesus maca-
ques (Macaca mulatta) a significant positive
correlation was found between individuals cate-
gorized as “exploratory” and an individual’s
likelihood to be trained successfully on a learn-
ing task (Coleman et al. 2005). Significant cor-
relations between the speed with which tasks are
learned and exploratory tendencies are also
found in ravens (Corvus corvax); fast explorers
acquired two discrimination tasks faster than
slower explorers (Range et al. 2006). Matzel
et al. (2003) investigated this relationship in mice
(Mus musculus), and demonstrated that individ-
ual tendencies to explore open spaces were cor-
related with performance on four of five different
learning tasks: odor discrimination, accuracy
locating a reward in a maze, movement sup-
pression in response to an aversive stimulus, and
latency to locate a hidden platform in a pool.
Performance in these tasks did not correlate with
individual tendencies in fearful responses, pain
reactivity, running speed and overall activity
levels (Matzel et al. 2006). More recently, Alt-
schul et al. (2016) found that, in rhesus maca-
ques, personality traits of Friendliness and
Openness were related to performance on a serial
cognition task. Specifically, Friendliness was
related to task performance over time while

openness was related to an individual’s rate of
learning the task.

More exploratory individuals may perform
better at learning tasks because they are more
likely to approach and handle novel stimuli or
experimental apparatuses rather than because
they possess different learning abilities than less
exploratory individuals. This is one possible
reason why high exploratory animals perform
better in learning tasks than low exploratory
individuals. Previous research in avian species
revealed that highly neophobic individuals also
tend to be slower learners, indicating that
exploration may facilitate opportunities for faster
learning (review in Sih et al. 2004). Other studies
attempted to rule out the influence of neophobia
on learning by allowing the animals to become
familiar with objects or protocols in the learning
tasks prior to experiments. For example, Range
et al. (2006) tested ravens that had all seen and
touched the exploration task object prior to the
experiment, suggesting that their latencies to
touch the object were more likely due to
exploratory tendencies rather than neophobia.

On the basis of several studies, Kuczaj et al.
(2009) concluded that dolphins possess the
ability to plan and restructure their behaviors in
response to novel tasks and contexts. For one,
planning was evident in the rapid generation of
novel behaviors that resulted in the successful
solutions of novel problems, a process that
eliminates the potential for trial and error learn-
ing in this instance (Kuczaj and Walker 2006;
Kuczaj et al. 2009). The capacity to plan and
structure behavior for the successful completion
of a task, in addition to the individual differences
in planning behaviors, suggest that personality
differences could provide insight into which
animals exhibit more creative planning abilities
(Kuczaj et al. 2009). The bold–shy personality
dimension in particular has been linked to inno-
vation in problem solving. For example, Bou-
chard et al. (2007) found that when pigeons
attempted to solve a complex feeding problem by
observing a pigeon that had been trained to
complete the task, Bold individuals were more
innovative and solved the task faster than Shy
individuals.
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From an early age, dolphins also exhibit
individual differences in the bold–shy dimension
(Highfill and Kuczaj 2007; Mann 1997). Indi-
viduals that are bolder and more curious are more
likely to have their behavior mimicked and
modeled by others in their social group (Kuczaj
et al. 2006, 2012b). Play behaviors may also
influence the development and first occurrence of
problem solving behaviors (Kuczaj and Horback
2013; Kuczaj et al. 2006; Kuczaj and Yeater
2006). Social cooperation in dolphins can be
observed through play behaviors, and personality
traits may influence whom a dolphin chooses to
cooperate with (Kuczaj and Highfill 2005; Kuc-
zaj et al. 2015b). Thus, models for social learning
in dolphins may be partly influenced by person-
ality traits (Kuczaj and Yeater 2006; Yeater and
Kuczaj 2010). Future studies of learning in
marine mammals that incorporate personality as
a covariate could prove useful in determining the
factors that affect learning. This could be
achieved by the addition of trait ratings, which
have already been demonstrated to be reliable
when used to assess dolphins (Highfill and
Kuczaj 2007; Kuczaj et al. 2012a). Even ratings
of just a few traits that are implicated in learning
abilities, such as Exploration (e.g., Exnerová
et al. 2010; Range et al. 2006) and Boldness
(Svartberg and Forkman 2002; Wilson et al.
1994) could explain some variation in learning
abilities. To begin to fill the gap in knowledge
currently present in dolphin literature regarding
the relationship between personality and learn-
ing, researchers should incorporate personality
assessments into experimental tasks that assess
cognitive and learning abilities in dolphins, as
well as in other marine mammals.

Physiology

Alongside the study of personality from a
behavioral perspective, researchers have been
interested in the physiological mechanisms
underlying personality traits. Understanding links
between personality and physiology may allow
another form of quantitative information to be
collected about personality in marine mammals.

Much of the current literature on personality
and physiology focuses on the physiological
profiles of animals with differing coping styles
(e.g., Koolhaas et al. 1999, 2010). Animals with
a proactive coping style react more aggressively
and form routines more easily, whereas animals
with a reactive coping style are less aggressive,
spend more time motionless, and exhibit greater
behavioral flexibility (Koolhaas et al. 1999).
Aggressive behaviors have often been a proxy
for identifying proactive versus reactive indi-
viduals (Koolhaas et al. 2010). This approach
may not strictly identify those constructs, but at a
minimum, studies using this approach assess
physiological differences associated with indi-
vidual differences in aggressive behaviors. Sev-
eral physiological correlates of proactive–
reactive coping styles and aggression have
emerged (see Koolhas et al. 1999). Proactive
individuals have lower hypothalamic pituitary
adrenal (HPA) axis reactivity in response to
stress, whereas reactive individuals show the
opposite response. There is also accumulating
evidence that dopaminergic system sensitivity is
higher in proactive than reactive animals (Kool-
haas et al. 1999, 2010). Furthermore, there is
support for the notion that proactive and reactive
individuals are differently susceptible to cardio-
vascular disease, ulcers, and stereotypic behav-
iors (Koolhaas et al. 1999; Suomi 1997). The
serotonin system has been identified as a target
for future research, citing evidence that highly
aggressive male rats possess more sensitive ver-
sions of a serotonin receptor subtype (1A
autoreceptors) than their less aggressive con-
specifics (Koolhaas et al. 2010). This suggestion
is supported by Suomi’s (1997) findings that
impulsive rhesus macaques were more likely to
have chronically low levels of serotonin meta-
bolism than less impulsive individuals. If future
research continues to support the presence of
these physiological differences between individ-
uals differing in coping style, then evaluating
marine mammals for their risk of developing
such conditions could be achieved by assessing
their position on the proactive–reactive axis.

Corticosteroids, such as cortisol, have also
been consistently linked to differences in coping
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styles (review in Koolhaas et al. 1999). One of
the few studies to assess the relationship between
physiological features and a wider range of per-
sonality traits found that baseline cortisol levels
and cortisol reactivity correlated with several
traits in juvenile tufted capuchins (Cebus apella;
Byrne and Suomi 2002). Cortisol reactivity was
negatively correlated with the factors Confident,
Curious, Effective, and Opportunistic, and posi-
tively with Apprehensive, Fearful, Insecure, and
Tense, whereas baseline levels were positively
correlated with strong, and negatively with
Submissive (Byrne and Suomi 2002). Explo-
ration tendencies have also been linked to corti-
costeroid levels in male great tits using
non-invasive fecal testing. In response to social
stress, only slow exploring birds displayed dif-
ferences in corticosteroid secretion both imme-
diately and a day after being exposed to a stressor
(Carere et al. 2003). The authors interpret these
results as an indication of higher HPA reactivity
in the slow exploring birds.

Few studies in dolphins, whales, pinnipeds,
and other marine mammals have incorporated
physiological profiles due to the difficulty in
collecting this data for marine mammals.
Non-invasive methods for collecting physiolog-
ical data, such as fecal testing, are difficult in
marine mammals due to their aquatic habitat.
Pinniped species that haul-out on shore may
defecate on land, thus facilitating easier fecal
collection in these species. Adrenal function in
stellar sea lions (Eumetopias jubatus) has been
measured via radioimmunoassay of fecal corti-
costerone, determining that age and sex affect
corticosterone concentrations (Mashburn and
Atkinson 2004). Such corticosterone differences
may reflect individual differences in stress
response, and so fecal testing may be another
way to measure personality in pinnipeds that
have loyal haul-out sites (Twiss and Franklin
2010; Twiss et al. 2012a, b). Collection of fecal
matter for cetaceans, while possible in captive
settings, is difficult in the wild. In some cases,
researchers can control aspects of the environ-
ment though capture–release assessments that
allow for physiological data to be collected in
dolphins and whales. Ortiz and Worthy (2000)

measured adrenal steroids and arginine vaso-
pressin in free ranging bottlenose dolphins while
looking at how much the capture experience
affected cortisol levels. The results indicated that
relatively short restraint periods did not induce a
significant stress response, but any procedure that
has the potential to cause stress to the subjects
raises some concerns over both welfare and
possible confounding effects. However, fecal
data from wild North Atlantic Right whales
(Eubalaena glacialis) were collected over several
years in Bay of Fundy, Canada, and was ana-
lyzed to provide information on the stress levels
of the whales in response to entanglement, as
well as hormonal changes due to pregnancy and
lactation (Hunt et al. 2006). Researchers need to
be able to identify the animals in some way to
apply these data to the study of personality. In
marine mammal groups where such data collec-
tion and long-term identification of individuals is
possible, physiological methods and personality
assessments can be conducted together. Devel-
oping and incorporating minimally invasive
measures in an aquatic environment is necessary
to introduce this physiological component into
marine mammal personality research.

Ultimately, we are just beginning to under-
stand the relationship between personality and
physiology in animals, both human and nonhu-
man. Given the invasive nature of many tests of
physiological profiles, and the challenges posed
by the aquatic environment, it is worth examin-
ing what these data would add to our under-
standing of marine mammal personality, as well
as investigating non-invasive alternatives. How-
ever, in general, it would be useful to increase
efforts aimed at relating physiological profiles to
a range of personality traits and factors.

Friendships

Recent research shows that nonhuman animals
with high levels of association (i.e., friendships)
share similar personality traits (Weinstein and
Capitanio 2008, 2012). Rhesus macaques are
selective in forming affiliative relationships with
specific individuals, but these preferences are
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often attributed to age, sex, and relatedness.
However, Weinstein and Capitanio (2008)
demonstrated that, when these factors were taken
into account, young macaques that initiated
affiliative behaviors with each other were sig-
nificantly similar in Adaptability and Equitabil-
ity. Personality effects in capuchin relationships
were also maintained when age, sex, relatedness
and social rank were taken into account; dyads
that were more similar in Neuroticism had more
affiliative relationships, and overall higher qual-
ity relationships existed between capuchins with
more similar Sociability scores (Morton et al.
2015). Massen and Koski (2014) defined chim-
panzee friendships as close associations, charac-
terized by high rates of contact sitting, a known
affiliative behavior (Massen et al. 2010). In
friendships between both relatives and
non-relatives, individuals had similar scores of
Sociality, which is similar to the human
Extraversion factor. This was observed for high
and low Sociability individuals, and this pattern
remained when similarity in sex and age were
controlled for. The authors also raised an
important question about causality: do chim-
panzees preferentially associate with individuals
with similar personalities, or do individuals
become increasingly similar in personality as
they spend more time together?

Several studies have assessed the stability of
relationships between animals with high degrees
of associations over time. Weinstein and Capi-
tanio (2012) defined rhesus macaque friendships
as present between individuals who initiated
interactions with each other at levels greater than
chance. The more similar scores friends had at
1-year-old on Equitability, the more likely they
were to remain friends (i.e., continue to associate
at above chance levels) from 1 to 2 years of age.
The authors concluded that personality does not
play as influential a role in the maintenance of
friendships, as other variables become more
important as the animals age. This is similar to
findings in humans that temperament is more
influential in friendships among younger rather
than older children (Hartup 1996).

Association patterns are the subject of
numerous studies in marine mammals, ranging

from affiliative, or affable (Connor et al. 2006) to
alliance formation (Wiszniewski et al. 2012).
Although several factors play a role in these
associations, some variation remains unex-
plained. For example, in one population of bot-
tlenose dolphins, the sex of both actor and
recipient was important in the occurrence of
contact swimming, an affiliative behavior. This
affiliative behavior predominantly occurred
between females, but the factors affecting which
females associated with one other were unclear
(Connor et al. 2006). In Indo-Pacific bottlenose
dolphins (Tursiops aduncus), twelve pairs of
females associated with one another at greater
than chance levels, but not all of these associa-
tions could be explained by relatedness (Möller
et al. 2006). Stable alliances have been observed
lasting up to 8 years between unrelated male
dolphins, suggesting that relatedness does not
appear to play a role in the stability of these
alliances (Wiszniewski et al. 2012). Although
there are other possible factors that contribute to
alliance formation or association levels, such as
dominance and familiarity, it seems plausible
that personality differences may explain some of
this variation. For example, it would be inter-
esting to determine whether females who exhibit
highly affiliative bonds (Connor et al. 2006) are
similar in personality. To date, there have been
no published studies showing a link between
dolphin personality and social relationships, and
we should therefore consider this an interesting
topic for future research.

Conclusions

The study of personality in marine mammals is
in an earlier stage of development relative to
work with other species, such as avians and
nonhuman primates. However, this provides us
with the opportunity to ask what it is that we
really want to know about marine mammal
personality. Although the answer to this ques-
tion will differ among researchers, we wish to
understand the personality of these animals for
its own sake, and not just how marine mammal
personality might relate to that of humans. We
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also believe that it is important to ask whether
the possession of a certain trait has the same
relevance for a marine mammal as it does for a
human. For example, would it mean the same
thing for a dolphin to be conscientious as it
would a human?

Further knowledge of marine mammal indi-
vidual differences, including personality, can
improve our knowledge of the ontogeny and
evolution of behavior in these species. In par-
ticular, species that have large and complex
social structures, such as bottlenose dolphins,
may serve as a model for investigating the psy-
chological aspects of personality that influence a
given social group in different contexts. Further
refinement of operational definitions of individ-
ual differences, temperament, and personality, as
well as assessing the influence of these constructs
on the behavior of marine mammals will allow
researchers to better understand relationships
between personality and behavior. Research in
this area will also continue to have practical
applications, such as improving management
practices of captive groups and wild populations
(Carlstead et al. 1999), and informing researchers
of how individuals’ roles in social behaviors can
be predicted (Highfill and Kuczaj 2010). Future
research will hopefully allow more experimental
studies to move away from exploratory tech-
niques and incorporate explicit testing of aspects
of personality that broaden and refine what we
already know about personality in dolphins and
other marine mammals.

In this chapter, we identified important subject
matters that require further investigation through
empirical research, including defining personal-
ity, modifying current methodologies for dol-
phins and other marine mammals, and research
areas that may benefit from incorporating per-
sonality assessments. The study of personality
may enable us to further understand its evolu-
tionary significance, as well as its influence in
marine mammals’ behavior at the individual and
group level. Future research should begin to
incorporate personality as a variable in new and
unique ways to broaden our knowledge in this
body of research.
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13Individual Differences in Nonhuman
Animals: Examining Boredom,
Curiosity, and Creativity

Malin K. Lilley, Stan A. Kuczaj and Deirdre B. Yeater

Abstract
Personality psychology has traditionally focused on the study of individual
differences in human cognition and behavior. More recently, the topic of
individual differences in nonhuman animal behavior has featured more
prominently in biology and psychology research. The study of individual
differences in nonhuman animals has important implications for ecology,
conservation, comparative psychology, agriculture, and the care of animals
in zoological facilities. Individual differences in animal boredom will be
examined in this chapter to highlight the importance of studying variation
in boredom proneness and coping styles in nonhuman animals. The
negative affective state of boredom is adaptive because it serves as
motivation for an individual to re-engage with the environment, a process
that can involve curiosity and creativity. Future research on animal
boredom should investigate the behavioral and physiological correlates of
boredom at both a species and an individual level in order to expand the
existing literature and contribute to the future of animal welfare.

Defining “Individual Differences”

Humans are characterized by a number of traits
that comprise each individual’s personality. One
model of human personality, known as the

five-factor model or big five, posits that people
tend to differ in how open to new experiences,
agreeable, neurotic, extroverted, and conscien-
tious they are (Digman 1990). In addition to a
general factor of intelligence (Hopkins et al.
2014), humans and some other apes, also vary in
clusters of skills that belong to particular
domains, such as social and physical reasoning
(Herrmann et al. 2010; Vonk and Povinelli
2011). Human personality psychology is an
established field that aims to address several key
questions: how much variation in traits is attri-
butable to genetic influence and other factors?
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How are traits correlated with one another, with
behaviors, and with other outcomes, and how did
these traits develop over ontogenetic and evolu-
tionary time?

These questions can also be explored when
studying the behavior of nonhuman animals, pro-
vided that variation in behavior, cognitive ten-
dencies, and/or affect does exist in a given species.
One of the earliest arguments for the existence of
animal personality came from Darwin (1871/
1964). He believed that consistent individual dif-
ferences were present in animals, and suggested
that these behavioral traits could evolve in the same
way as physical traits. Darwin (1872) also sug-
gested that behaviors may be inherited based on
acquired characteristics. The extent to which traits
vary within individuals of a species likely depends
upon variability within the environment. For
instance, some animals that live in complex social
societies experience more variability in their social
and physical environment with shifts in domi-
nance, social bonds, and partner preferences.
Therefore, more socially complex species aremore
likely to exhibit individual variation in behavioral
and personality traits. The study of individual dif-
ferences in animals will likely be most fruitful
when directed toward animals that live in changing
social and physical environments (cf.,Sol, Griffin,
and Bartomeus 2012).

In the mid-twentieth century, behaviorism and
ethology led scientists to focus less on the exis-
tence of consistent individual differences and to
focus more on average behaviors. Behaviorism
assumed that animals were inherently similar and
differed only as a result of environmental influ-
ences. During this time, emphasis was placed on
collecting large sample sizes and calculating an
average of behaviors, instead of examining
individual differences (e.g., Chamove et al. 1972,
studied 168 monkeys). There was also an
emphasis on species-specific behaviors such as
fixed action patterns (e.g., Thelen and Farish
1977). Later, the focus began to shift back to the
study of consistent individual differences (e.g.,
Adamec 1975; Buirski et al. 1978; Huntingford
et al. 2010; Stevenson-Hinde and Zunz 1978).
After these studies, the topic of animal

personality fell out of favor as anthropomorphism
became taboo (Kennedy 1992, Chapter 1).

A review by Gosling (2001) reintroduced the
notion of animal personality in the scientific
field. A surge of studies on many species,
including dolphins (Tursiops truncatus) (Kuczaj
et al. 2012) and chimpanzees (Pan troglodytes,
Weiss and King 2015), followed Gosling’s
review, and established that variation in behavior
exists between individuals in the same popula-
tion. After establishing that variation in behavior
exists, the particular behaviors for which varia-
tion exists must be determined. For example,
pumpkinseed sunfish (Lepomis gibbosus) vary in
a personality trait commonly referred to as
‘boldness’ (Coleman and Wilson 1998), which
has since been examined in many species (Réale
et al. 2007). Variations in physical and social
cognitive reasoning have also been reported in a
smaller number of species, and mostly in non-
human primates (e.g., Vonk and Povinelli 2011).
Not all species vary in all behaviors or traits.
Some species are more variable in certain
domains than others, providing the example that
socially complex species may vary more in social
reasoning compared to species that lack complex
social lives (Gartner, this volume).

Individual variation in a behavior or trait has
been discussed in the literature using several
terms, including “personality,” “temperament,”
“behavioral profiling,” “behavioral syndromes,”
“coping style,” and “individual differences” (Sih
et al. 2004; Tetley and O’Hara 2012). Often these
terms are used interchangeably. “Personality,”
originally and most frequently used to describe
stable and consistent differences in human
behavior, has also been used in the literature to
describe behavioral variation in nonhuman ani-
mals. “Temperament” has been frequently used
to describe the biologically determined variation
in human behavior, especially when referring to
infants, and has also been used in reference to
nonhuman animal behavior to avoid using “per-
sonality” and all of its anthropomorphic conno-
tations (Gosling 2001). Some established
dimensions of human personality, such as con-
scientiousness, might not exist in all other
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species, which is why “behavioral profiles” or
“individual differences” are terms that can be
more readily applied to nonhumans, without
implying which dimensions can be found in
those species.

Behavioral ecologists have also characterized
individual variation in behavior using the term
“behavioral syndromes.” Sih et al. (2004, p. 372)
define “behavioral syndrome” as “a suite of
correlated behaviors reflecting between-
individual consistency in behavior across multi-
ple (two or more) situations.” Each individual
can be labeled as having a “behavioral type,”
such as being more or less aggressive. Sih and
Bell (2008) explain that behavioral ecology fre-
quently uses the term “behavioral syndrome”
because it is more inclusive and general than
“temperament,” “personality,” or “coping style,”
and behavioral ecologists are concerned with
studying how correlations between different
variables are related to evolutionary ecology. For
an in-depth discussion of terminology defini-
tions, see Réale et al. (2007). Terminology is
perhaps one of the most difficult obstacles in
developing precise, well-defined discussions of
phenomena that can be useful for a comparison
between similar concepts reported in different
species.

The term “individual differences” will be used
in this chapter to refer to variation between
individuals in emotional dispositions, psycho-
logical states, reactions to stressful conditions,
cognitive skills, behavioral patterns, social
interactions, and other traits in both humans and
nonhumans alike. Individual differences must
exist within members of a given species and be
consistent within individuals over time and
across situations and contexts (Pervin and John
1997). For example, some pumpkinseed sunfish
repeatedly avoid novel objects, whereas others
are more likely to investigate them (Wilson et al.
1993). Likewise, some chimpanzees consistently
solve cognitive tasks more quickly than con-
specifics with similar experience (Vonk and
Povinelli 2011).

Individual Differences: Why Do They
Matter?

From an evolutionary perspective, natural selec-
tion acts upon variation in a trait within a pop-
ulation and may aid in species or population
adaptation (Wilson 1998). Individuals higher or
lower in a trait may have better fitness in different
contexts; thus, variation within a population
improves the chances that at least some individ-
uals will survive and reproduce (Dall et al. 2004).
For example, a bolder animal will be quicker to
approach and capitalize on a novel food source,
which could improve that individual’s chances of
survival in times of limited food resources. On
the other hand, if resources are not scarce and
predators are high in number, a bolder animal
may easily become prey.

In a review of the literature, Call (2015) noted
that boldness is related to creativity in animals.
He reported, for example, that wild cavies (Cavia
aperea) who were bolder and produced innova-
tive behavior more quickly were slower at tasks
that required reversal learning (e.g., Guenther
et al. 2013). Call (2015) proposed that it is best
for a particular population if there are some
individuals that are quicker to innovate, some
individuals that are more likely to copy the
behavior of successful individuals, and some
individuals that are quicker to adapt to a chang-
ing environment because each of these traits
would facilitate different survival rates in differ-
ent contexts. For example, wild cavies who are
faster innovators may have higher survival rates
in stable environmental conditions because they
may be more successful at finding optimal food
sources. In contrast, the wild cavies that are faster
at reversal learning might have better survival
rates in changing environmental conditions
because they may adapt to the new conditions
faster.

Variation in other traits can also be associated
with fitness outcomes (Darwin 1871/1964). For
example, more aggressive animals may have a
better chance of survival and reproduction in
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circumstances where aggression provides pro-
tection from threats. In contrast, more aggressive
animals are less socially connected with group
members, which could decrease fitness in species
where social affiliation is critical to survival and
reproduction.

The above examples are quite general; how-
ever, research on individual differences has
revealed similar trait dimensions, including
Extraversion, Neuroticism, and Agreeableness
that appear in several species (Gosling 2001).
Current issues in nonhuman animal personality
research include the lack of consistent trait defi-
nitions, lack of equivalent assessment methods,
and the fact that differences in species-specific
behavioral repertoires make cross-species com-
parisons challenging (Gosling 2001). These dif-
ficulties are also shared by researchers in the
broader field of comparative psychology.
Whereas some researchers have argued that tests
of cognitive abilities lack internal and external
validity, due to a lack of species-representative
subjects and non-equivalent assessment methods
(Boesch 2007, 2008), others argue that internal
validity threats are controlled for experimentally
and subjects are not a biased sample of the rep-
resentative species (Tomasello and Call 2007).
Both viewpoints should also be taken into con-
sideration while designing cross-species com-
parison studies of personality.

Why Study Individual Differences?

Despite the challenges of studying individual
differences in nonhuman animals, Gosling (2001)
argued that animal personality research may
inform how human personality is influenced by
biological mechanisms, genetics, and the envi-
ronment, and also how personality changes,
develops, and is connected to health. King et al.
(2008) and Weiss and King (2015) directly
compared individual differences in different pri-
mate species in order to explore the develop-
mental and evolutionary origins of personality.
These comparisons are often difficult between
taxa in other nonhuman animals due to the lack

of equivalent behavioral repertoires. For exam-
ple, comparisons of primate species may use
traits such as “sympathetic” and “helpful” as
descriptors of the factor “agreeableness” (King
et al. 2008), though these traits, and possibly
“agreeableness,” too, may not be applicable to
the behavior of distantly related species, such as
zebrafish. Studies on differences within individ-
ual species can also be informative with regard to
species-typical behavior and variation within and
between populations of a particular species.

Individual differences in bottlenose dolphin
(Tursiops truncatus) behavior have been reported
in a range of contexts, including feeding, maternal
care, group movements, and interactions with
human caretakers (Highfill and Kuczaj 2010).
Learning more about individual differences in
dolphins will further understanding of dolphin
behavior and development between and within
wild populations. Additionally, Highfill and
Kuczaj (2010) suggest that a better understanding
of individual differences can aid human caretakers
in providing effective environmental enrichment,
social groupings, and breeding programs.

A review of animal personality ratings as an
animal management tool found that, although
only a small number of studies on animal per-
sonality have actually looked at the implications
for animal welfare, some found clear implica-
tions for improving breeding success, pair
breeding success, and the cohesion of social
groups (Tetley and O’Hara 2012). Additionally,
Tetley and O’Hara (2012) present evidence that
the success and ease of events such as transfers
and introductions to new habitats or social
groups could be predicted by using personality
profiles for each animal. Research on a greater
variety of species and in different contexts is
needed to explore the application of personality
research to animal management programs. For
example, different personality traits can predict
whether an animal would fare well as a program
animal in public education programs, or as an
assistance animal, but also can help predict
which animals might be most likely to survive
reintroductions to natural habitats (see also
Watters, Bermner-Harrison, and Powell, this
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volume). The principle that an animal’s person-
ality can affect its behavior in various circum-
stances is important for both animals in a captive
setting and animals in the wild. Although not
often discussed in research on personality, wild
animals often need to adapt to changing envi-
ronmental conditions or social situations and
personality may play a role in their ability to
adapt, although plasticity in behavior can also be
important for survival (Found and St. Clair
2016).

Despite there being room for further explo-
ration of these traits and behavioral tendencies in
many species, this chapter will focus on the
question of how individual differences in non-
human animals are examined with regard to the
understudied topic of boredom and its relation to
curiosity and creativity. Individual differences in
humans’ proneness to boredom, styles of dealing
with boredom, and outlets for relieving boredom
have only recently been investigated (Daniels
et al. 2015). In animals, the majority of resear-
ches related to boredom have been conducted in
captive settings, due to control over environ-
mental conditions and the efforts of the caretak-
ers to reduce boredom of the animals in human
care. Additional research can establish
species-specific measures for individual differ-
ences in an animal’s tendency to become bored,
style of boredom, means of coping with bore-
dom, and strategies for relieving boredom.

What Is Boredom?

Many children complain that they are bored at
least once over summer vacation. They say,
“there is nothing to do.” Adults in the child’s life
usually respond, “there is plenty to do!” and
proceed to list numerous activities. In this situa-
tion, it is not that the children actually have
nothing to do, but that none of the options holds
the children’s interest. Irritation and restlessness
set in and are part of a negative affective state
that the children wish to avoid, thus increasing
the intensity of their search for a sufficiently

interesting activity. In this situation, children
experience a mental state of boredom that fosters
a cognitive and behavioral process.

Broadly speaking, an organism may experi-
ence boredom when it is unable to engage its
attention with its external or internal environment
(Eastwood et al. 2012). Boredom, a negative
affective state, functions to push the organism
from a state of habituation with the present sit-
uation so that the organism engages its attention
with some stimulus. There is thus an adaptive
process associated with boredom that starts with
an organism’s inability to engage with the envi-
ronment and ends with the re-engagement of
attention, the latter of which may take the form of
curiosity, exploration, contemplation or play. If
re-engagement does not occur, an individual may
experience prolonged boredom, which can result
in negative outcomes, such as learned helpless-
ness and stereotypic behavior (Wemelsfelder
1984). Learned helplessness occurs when an
organism no longer attempts to avoid an aversive
situation due to the inability to control its envi-
ronment and is often likened to depression found
in humans (Seligman 1972).

Individual Differences in Human
Boredom

Boredom has been studied to a limited degree in
humans. Vodanovich (2003) reviewed measures
of different types of boredom, including job
boredom, leisure boredom, and personality
measures associated with boredom. Across these
studies, there was no consensus on a definition
for boredom and each of the measures relied on
self-report of the subjects. The important take
away from this review is that boredom can be
found in a number of contexts and can be caused
by a lack of appropriate stimulation in several
facets of an individual’s life. The Boredom
Proneness Scale (Farmer and Sundberg 1986)
assesses how likely participants are to become
bored and therefore may be useful as a compar-
ison for individual differences in boredom
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proneness that are found in nonhuman animals.
Daniels et al. (2015) established a link between
causes of boredom and the manner in which
people attempt to cope with boredom. One group
of people reported via a questionnaire that, when
a situation becomes boring, they try to avoid the
boring situation. The same people who try to
avoid boing situations were also likely to report
becoming bored easily and believed that
becoming bored was part of their personality. In
contrast, another group of people reported that
when a situation becomes boring they attempt to
make the situation more interesting or make an
effort to re-focus their attention.

The literature on boredom in humans has
established that there are differences between
individuals’ propensity of becoming bored and
furthermore, that individuals may have different
coping mechanisms when they experience bore-
dom (Daniels et al. 2015; Goetz et al. 2014;
Vodanovich 2003). Although people have differ-
ent styles of coping with boredom, there are dif-
ferent types of boredom as well (Goetz et al. 2014).
The types of boredom found in high school and
university students were indifferent (slightly posi-
tive valence, very low arousal; relaxed, with-
drawn), calibrating (slightly negative valence and
low arousal; uncertain, receptive to change/
distraction), searching (slightly negative valence
and medium arousal; restless, active pursuit of
change/distraction), reactant (high levels of nega-
tive valence and relatively high levels of arousal;
highly reactant, motivated to leave the situation for
specific alternatives), and apathetic (high level of
negative valence and very low arousal; similar to
learned helplessness or depression) boredom. The
type of boredom varied within individuals, sug-
gesting that the strategies one would take to
resolve boredom would depend on the type of
boredom that one was experiencing.

Humans report that boredom is associated
with a negative affective state (Fureix and Mea-
gher 2015); however, recent research points to
positive outcomes associated with boredom, such
as increased creativity (Mann and Cadman
2014). Boredom can also be adaptive because it
motivates an organism to re-engage its attention
with new thoughts or stimuli (Bench and Lench

2013). We put forward the idea that the transition
from boredom to arousal is a process that
involves curiosity and creativity. Curiosity, the
engagement of the brain’s attentional system, is
what helps end a period of boredom and focus
attention on some external or internal stimulus.

Eastwood et al. (2012) calls for further
investigation of the behavioral and physiological
markers of boredom in humans. A systematic
investigation into nonverbal correlates of bore-
dom could help determine what categories of
behavior are indicative of boredom. Learning
more about boredom in humans and the indi-
vidual differences associated with it will facilitate
the study of boredom in nonhuman animals.

Animal Boredom

Identifying what boredom might look like in an
animal that is unable to engage its attention with
the environment is a challenging task. Fureix and
Meagher (2015) address this issue by discussing
behavioral correlates of boredom in humans and
how those may be compared to the behavior of
nonhuman animals. A strong emphasis should be
placed on the fact that boredom in nonhuman
animals is not well understood, and it is an easy
mistake to attribute a behavioral state, such as
inactivity, to a mental state, such as boredom
(Fureix and Meagher 2015). In reality, an inac-
tive animal might not be bored, but instead could
be basking in the sun for pleasure or resting
while it digests a meal. Conversely, an active
animal may not necessarily be engaged with its
environment, but instead may be exhibiting
stereotypic behavior. Thus, inactivity and activity
may be associated with cognitive engagement or
boredom in different circumstances. Fureix and
Meagher (2015) suggest that inactivity in various
contexts should be considered when attempting
to explore animals’ cognitive engagement in
relation to animal welfare.

Although activity levels alone are not reliable
indicators of mental engagement, the behavior of
an animal in different contexts can point to what
behaviors are associated with positive affect and
what behaviors are associated with negative affect,
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including boredom (Fureix and Meagher 2015).
One of the first to argue that boredom in animals
can be studied scientifically, Wemelsfelder (1984)
proposed that boredom was the result of environ-
mental deprivation and that animals often perform
abnormal behaviors in circumstances of environ-
mental deprivation in an attempt to fulfill certain
behavioral needs. Some animals may perform
behaviors in the absence of appropriate stimuli,
such as copulation attempts with inanimate
objects. Although this type of abnormal behavior
does not necessarily reflect a lack of mental
engagement, it may reflect a lack of appropriate
environmental stimulation. Other animals may
repetitively pace an enclosure or excessively
groom themselves in an attempt to relieve bore-
dom (Wemelsfelder 1984).

Wemelsfelder (1984) discussed a means for
studying animal boredom by comparing levels of
stereotypic behavior, frequency of behaviors
performed in the absence of appropriate stimuli,
general apathy, and immobility over long periods
of time to a baseline of species-specific behavior
in a stimulating environment. Although boredom
may be assessed in an animal by comparing its
behavior to species-typical behavior, individual
differences in baseline activity levels should also
be considered when attempting to determine
whether an animal is bored (Wemelsfelder 1984).
A less active animal could be content with its
present circumstances, resulting in it resting for a
longer period of time each day, whereas a more
active animal could be content with its circum-
stances but moving about much more.

Meagher and Mason (2012) studied mink
raised in enriched versus impoverished condi-
tions with the goal of assessing the effects of
environmental enrichment on the animals’ signs
of boredom, anhedonia, and apathy. Based on the
behavior of humans in each of these mental
states, Meagher and Mason (2012) wrote that
bored animals seek out interaction with all
stimuli, whereas anhedonic individuals decrease
interaction with previously pleasurable stimuli,
and apathetic animals decrease interaction with
all stimuli. Their results suggested that the mink
raised in impoverished conditions were bored
because the animals showed increased interaction

with all stimuli when compared to the animals
raised in the enriched condition. Meagher and
Mason (2012) also reported that increased inter-
action with stimuli was associated with periods
of lying motionless while awake but was not
associated with increased stereotypic behavior.
This study highlights the need to operationally
define boredom. By specifying that bored ani-
mals will seek out interaction with both novel
and familiar stimuli as bored humans would,
Meagher and Mason (2012) can argue that
impoverished conditions contribute to boredom.
Additionally, looking at the behaviors correlated
with boredom, such as lying still while awake, is
important for assessing boredom in other species,
as each species may have different behaviors
associated with boredom.

Although different species have different
behavioral repertoires, humans and nonhuman
animals may evaluate their environments based
on similar principles. Veissier et al. (2009) pro-
posed that sheep (Ovis aries) evaluate their
environment based on the suddenness, pre-
dictability, familiarity, consistency, and the
extent to which the animal has control, similar to
the way that humans do. The authors argue that
sheep also experience emotions, including bore-
dom, which results from predictability and
invariability. Though this might be the case for
many animals, this model does not necessarily
account for the idea that an animal can be bored
in an environment that contains novel stimuli,
which may occur due to differences both within
and between species. Likewise, an animal with a
less variable environment may not experience
boredom in a stable environment or could even
alter its behavior in order to create variability in
the environment. For example, Kuczaj et al.
(2006) discuss bubble play in bottlenose dolphin
calves. Bubble play occurs when an individual
expels air underwater or uses a body part to
create a bubble beneath the water’s surface and
sometimes manipulates the bubbles with the
rostrum or another part of the body (Kuczaj et al.
2006). One calf created challenges for itself by
releasing a different number of bubbles at dif-
ferent depths with the apparent goal of popping
all of them before they reached the surface. Once
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the calf was able to pop them all under a certain
set of conditions, it modified its swim pattern, the
depth of bubble release, and the number of
bubbles released to make the game more chal-
lenging. Kuczaj et al. (1998) discussed how some
captive orcas (Orcinus orca) appeared to enrich
their environment by using fish as bait to attract
seagulls into their habitat. These scenarios sug-
gest that animals can create their own forms of
environmental enrichment by altering their
behavior. The authors point out that enrichment
that creates environmental variability and fosters
some behavioral processes may be more benefi-
cial than enrichment that is focused solely on
providing rewards. For example, the whales that
played with the gulls rarely ate or even killed
them, but instead seemed to make a game of the
activity. Thus, the whales engaged in the activity,
not with the goal of obtaining food, but instead as
a means to vary behavior and to engage in some
behavioral process (Kuczaj et al. 1998). The
above examples of cetaceans playing with ele-
ments in their environment highlight the need to
study individual differences both in how likely it
is that an individual might become bored and
how an individual might resolve that boredom.

Individual Differences in Animal
Boredom

Many zoological facilities attempt to reduce
pacing and other stereotypic behavior by intro-
ducing environmental enrichment, including
novel objects, foraging challenges, or natural
elements, into enclosures. For many animals, a
successful enrichment program reduces the fre-
quency of stereotypic behaviors and increases the
frequency of naturalistic behaviors (Tarou and
Bashaw 2007). However, not all animals respond
equally to all types of enrichment. For example,
when researchers placed mink (Neovison vison)
in a barren enclosure, some mink paced the
enclosure in a repetitive pattern, while others
rested in the corner (Dallaire et al. 2012). The
animals that exhibited the most stereotypic
behavior prior to enrichment became immobile
and withdrawn when enrichment was introduced

(Dallaire et al. 2012). Perhaps these individuals
were exhibiting learned helplessness and did not
respond to the novel stimuli for this reason, or
were highly neophobic and feared the new
unfamiliar stimuli. In contrast, individual mink
exhibiting less stereotypic behavior prior to
being placed in an enriched environment,
showed an increased interaction with novel
stimuli and an increase in activity levels. As in
humans, individual differences in nonhuman
animals can influence how individuals respond to
different situations and react to boredom.
Therefore, it is important to examine individual
differences in animal boredom and coping
strategies (Dallaire et al. 2012; Eskelinen et al.
2015; Lopes et al. 2016). The improved welfare
of animals in zoological facilities has been the
main focus of the research on animal boredom
until now, and, although animal welfare is an
important outcome, research on animal boredom
is also important to the broader field of psy-
chology, the subfields of comparative psychol-
ogy, and animal behavior and cognition.

Environmental enrichment research has been
conducted with many different species and
focuses on methods of enrichment. For example,
research on stereotypical behavior in wombats
(Lasiorhinus latifrons) that live in Australian
zoos has found that the animals spent very little
time foraging (Hogan and Tribe 2007). When
provided with foraging opportunities, the animals
spent more time foraging, which elicited a
broader range of behaviors; however, the amount
of stereotypic behavior was not reduced (Hogan
et al. 2010). Similarly, a study of gorillas (Gor-
illa gorilla gorilla) found increased activity
levels and time spent foraging upon the intro-
duction of different kinds of environmental
enrichment, but there were no significant differ-
ences in abnormal behavior between the condi-
tions (Charmoy et al. 2015). Additionally,
research on polar bears (Ursus maritimus) has
found that the addition of unfamiliar odors to the
habitat interrupted walking bouts and increased
investigatory behaviors, such as sniffing, but did
not eliminate the stereotypic pacing (Wechsler
1992). A study of harbor seals (Phoca vitulina
concolor) and gray seals (Halichoerus grypus)
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examined stereotypic behavior with a variety of
enrichment conditions. Random swim patterns
and exploratory behavior increased and stereo-
typic behavior decreased for all subjects but one
(Hunter et al. 2002). Individual seals interacted
with different stimuli to different degrees, as
some seemed to favor one enrichment device
over the others- evidence that it is important to
plan enrichment that is beneficial to all animals.
Interestingly, one seal displayed an increase in
stereotypic behaviors upon introduction of envi-
ronmental enrichment. Hunter et al. (2002) sug-
gested that this could be due to the seal’s
subordinate position or reflect differences in
behavioral tendencies between individuals.

A meta-analysis of studies found that the
introduction of environmental enrichment into
the housing of animals living in zoological
facilities reduced the percent of time animals
spent performing stereotypical behavior by an
average of 50% (Swaisgood and Shepardson
2006). Most environmental enrichment condi-
tions in those studies involved the addition of
novel objects, variable feeding methods, training,
or more naturalistic habitats. Because many
aspects of environmental enrichment were added
in combinations or at the same time, the
meta-analysis was not able to determine which
methods reduced stereotypies most effectively.
Moreover, the presence of stereotypies was never
completely abolished in any of these studies.
Because no one intervention eliminated stereo-
typies, further research needs to be conducted,
paying attention to species-specific ecology,
behavior, and even individual experience and
differences (Swaisgood and Shepardson 2006).
With additional research, a parallel may be
established between the individual differences of
animals and humans in coping with boredom, the
types of boredom, and strategies for resolving
boredom. Mellen and Sevenich MacPhee (2001)
suggest placing a strong emphasis on an indi-
vidual animal’s history and experiences both
when setting outcome goals for environmental
enrichment, and also when deciding what
enrichment strategies to use.

In the studies examining the effectiveness of
environmental enrichment, the authors

sometimes interpreted an animal’s interaction
with a novel object as a sign that the animals
were less bored when interacting with that object.
Caution should be used in stating that the animals
interacting with the objects were bored prior to
the object’s introduction. Although the animal
may have been bored, the animal could also have
been already engaged with the environment but
found the novel object to be more interesting, or
was aroused by the introduction of the object.
Meagher and Mason (2012) clarified that an
animal should show increased interaction with all
stimuli in order to be considered to have been
bored; however, this definition should also be
used with caution, as some neophobic animals
might be bored, but also fear at least some of the
novel stimuli and therefore do not interact with
all of them. Additionally, caution should be used
in concluding that all animals exhibiting stereo-
typies are bored. Stereotypies can be caused not
only by a lack of sensory stimulation, but also by
frustrated motivations resulting from the urge to
perform specific behaviors, few environmental
challenges, ample free time, and stressful con-
ditions (Swaisgood and Shepardson 2006). For
example, rhesus macaques (Macaca mulatta) that
performed self-injurious behavior were less
likely to respond behaviorally to a human intru-
der entering the room, compared to those that did
not perform self-injurious behavior (Peterson
et al. 2016). The macaques were likely per-
forming the self-injurious behavior due to a
cause other than boredom, as according to
Meagher and Mason (2012), they would have
shown an increase in response to the human
intruder if they had been bored. Self-injurious
behavior may be the result of stressful condi-
tions, an unlikely environment in which boredom
would develop.

Coping style has been reported as a factor in
determining if an individual develops stereotyp-
ies or experiences learned helplessness when
placed in a barren environment (Ijichi et al.
2013). Performing stereotypic behaviors may be
an outlet for some individuals and function to
reduce boredom or stress. For example, some
people may bite their nails in a stressful situation
to relieve tension, while others may try to think
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of another topic or attempt to solve the problem
causing the stress. Nonhuman animals may have
different ways in which they respond to stress as
well. Neurobiological research supports that
animals, both with and without stereotypic
behavior, have similar physiological measures of
stress, and thus, have established different coping
mechanisms. Specifically, proactive individuals
have higher levels of dopamine and higher
activity levels, but lower levels of stress hor-
mones. Conversely, reactive animals do not
appear to be outwardly stressed because they
have low dopamine and activity levels, but have
a high neuroendocrine response (Ijichi et al.
2013). Stereotypical behavior as a proactive
coping mechanism may help to relieve stress, as
compared to animals that become withdrawn and
disengaged; however, there is no definitive
answer on whether stereotypies help to reduce
stress in all animals (Würbel et al. 2006).

Other measures of personality are reported to
interact with the presence of stereotypy as well.
Orange-winged parrots (Amazona amazonica)
rated high in extraversion-like traits were less
likely to display stereotypic behavior, but those
high in neuroticism-like traits were more likely to
engage in feather-damaging behavior (Cussen
and Mench 2015). Striped mice (Rhabdomys
dilectus) that were categorized as bold on three
different behavioral measures displayed more
stereotypic behaviors compared to conspecifics
that were not categorized as bold (Joshi and
Pillay 2016). Similarly, rhesus macaques
(Macaca mulatta) classified as active in response
to a human intruder, rated as low on gentle
temperament, and that frequently interacted with
novel objects were more likely to exhibit motor
stereotypies (Gottlieb et al. 2013). Overall, cop-
ing strategies and personality are associated with
differential prevalence of stereotypic behavior
and can be indicative of how likely an individual
is to find that a particular situation is not
engaging enough.

An additional factor reducing stereotypic
behavior, and possibly boredom, in captive ani-
mals is the ability of animals to have some
degree of choice or control over their environ-
ment (Markowitz and Aday 1998; Owen et al.

2005; Ross 2006). When provided with a choice
of exhibit enclosures to occupy, giant pandas
(Ailuropoda melanoleuca) had lower stress hor-
mone levels and exhibited less stereotypic
behavior, including pacing, scratching, and
behaviors directed at the door that was between
the enclosure areas (Owen et al. 2005). Similarly,
two polar bears showed reduced stereotypic
behavior and an increase in social play when
given free access between the indoor and outdoor
habitat areas (Ross 2006). Simply being given a
choice of which habitat area to occupy resulted in
improved welfare in both giant pandas and polar
bears (Markowitz and Aday 1998; Owen et al.
2005; Ross 2006). Positive reinforcement train-
ing could also be a method of providing an ani-
mal with a choice of which behaviors to perform
(Laule et al. 2003). For example, training an
animal in a zoological or laboratory setting to
voluntarily participate in veterinary procedures,
such as blood draws, reduces the stress and
anxiety the animal would experience compared
to the stress of being forcibly restrained for the
same procedure. Training can also provide an
animal with other choices and opportunities for
behavioral diversity and cognitive engagement
(Pryor 2015).

What is clear from both the meta-analyses and
literature reviews of environmental enrichment
studies is that many zoological facilities have an
enrichment program focused on Setting Goals,
Planning, Implementing, Documenting, Evaluat-
ing, and Readjusting (SPIDER) based on the
needs of the individual animals (Mellen and
Sevenich MacPhee 2001). The acronym serves
as a guide for caretakers to provide effective
environmental enrichment for animals in their
care. For example, if an animal ignores a par-
ticular form of enrichment or the animal appears
to be frightened, documenting, evaluating, and
readjusting are critical steps in finding effective
enrichment. Simply adding a novel object to the
animal’s habitat each day may not be a positive
change in the animal’s life. Alligood and Leighty
(2015) noted that although publications on
environmental enrichment are increasingly
prevalent, more emphasis should be placed on
single-subject experimental designs. This
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endorsement is consistent with the idea that
individual differences influence what type of
enrichment is effective for a particular individual.
Additionally, evaluation and readjustment of
enrichment strategies are two important compo-
nents of providing effective environmental
enrichment that are often overlooked. Although
most animals in zoological facilities are provided
daily enrichment, the animals’ response and the
effectiveness of the enrichment are not always
documented and used to inform future enrichment
strategies. Evaluating enrichment effectiveness in
terms of goals for each animal may improve
animal welfare in zoological and laboratory set-
tings. For example, a study of common squirrel
monkeys (Saimiri sciureus) found that different
forms of enrichment, such as food presentations,
toys, and walkways, resulted in more positive or
negative welfare indicators depending on the
individual (Izzo et al. 2011). Positive responses to
novelty and rates of aggression were predictors of
welfare indicators (Izzo et al. 2011). An example
of individual-focused research found that envi-
ronmental enrichment tailored to specific indi-
vidual macaques (Macaca spp.) was effective in
decreasing stereotypic behavior in all study sub-
jects and also decreased stress hormone levels in
seven out of nine study subjects (Cannon et al.
2016). Such positive results of individual-focused
enrichment strategies will hopefully encourage
others to conduct and report on similar studies.

The Future of Boredom Research

Most research on animal boredom pertains to
environmental enrichment and stereotypical
behavior in zoological facilities. Although this
research is important and should be promoted, in
order to better understand animal boredom, fur-
ther research must be conducted to distinguish
boredom from other psychological states and to
better understand the behavioral and physiolog-
ical signs of boredom. Other topics to investigate
include what factors contribute to individual
differences in animal boredom, how individuals
experience boredom and try to resolve it, and
how humans can help to reduce boredom in

animals that are in agricultural or zoological
settings. This research will be useful for under-
standing personality in nonhuman animals and
for informing enrichment programs.

Research in its initial stages on animal boredom
has established that impoverished living conditions
are one cause of underdevelopment, stereotypic
behavior, and learned helplessness, suggesting that
the construct of boredom exists for nonhuman ani-
mals (Dallaire et al. 2012; Mason et al. 2007; Mea-
gher and Mason 2012; Wemelsfelder et al. 2000).
Additionally, there is evidence that there are indi-
vidual differences in boredom because animals do
not react in the same ways when placed in the same
conditions and provided with the same enrichment
(Biondi, Bó, andVassallo 2010; Dallaire et al. 2012;
Eskelinen et al. 2015; Lopes et al. 2016), though
when this enrichment is tailored to individuals’
behavioral needs, stereotypies and stress levels can
be reduced (e.g., Cannon et al. 2016). Future
research should consider using Meagher and
Mason’s (2012) paradigm of introducing novel and
familiar stimuli to samples of other species and tailor
environmental enrichment to the behavioral needs of
individual animals, as did Cannon et al. (2016).

A survey of 60 zoological facilities revealed
that, although staff at most facilities believed that
enrichment is important for animal well-being,
time and resource constraints often kept enrich-
ment efforts to a small amount of time each day
(Hoy et al. 2010). For example, 88.8% of staff
surveyed reported an average of 1.5 h of their
work day was spent on enrichment efforts (Hoy
et al. 2010). Thus, staff at zoological facilities
have little spare time, and so it is important that
they are able to spend the majority of this time on
the most effective enrichment possible. In order
to do this, they must know what the most effec-
tive type of enrichment is for each animal. Often
the most effective enrichment consists of objects
that capture the animals’ curiosity.

Curiosity in Nonhuman Animals

Curiosity is the motivational force that moves an
individual from a state of boredom to a state of
re-engagement with the environment. Curiosity
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is a well-explored concept in humans. Numerous
questionnaires have been designed to measure
the extent to which a person is interested in a
novel perceptual stimulus or is eager to partici-
pate in new experiences (see, e.g., Collins et al.
2004).

Research on animal personality has also
examined individual differences on the shy-bold
continuum, which ranges from neophilia (liter-
ally “new loving”) to neophobia (literally “new
fearing”). The trait of boldness is similar to the
five-factor model trait of “extraversion” (Gold-
berg 1990, 1993). Open field tests and novel
object exploration have been used to characterize
individuals of many species, including birds,
(Biondi et al. 2010), rats (Dellu et al. 1993), and
fish (Wilson et al. 1994), as being more bold or
more shy compared to conspecifics. Individual
differences in curiosity cannot be reduced to
whether an individual behaves more or less
boldly upon the introduction of a novel object;
however, because the shy–bold continuum has
been used so extensively to characterize indi-
vidual differences in the exploration of novel
objects, it will be used in this chapter as one
approach to exploring curiosity.

Reader (2015) discusses how an individual’s
tendency to explore is influenced by experience
and environmental conditions. Multiple factors
that contribute to individual differences in
curiosity include differences in genetic predis-
positions (Sih et al. 2004), positive feedback
from behavior (Morand-Ferron and Giraldeau
2010), and social cues (Giraldeau and Dubois
2008). Although it is likely that many factors
contribute to the exploratory tendencies of a
particular individual, Reader (2015) discusses
how the payoffs of exploring a new environment
versus the exploitation of a familiar environment
can maintain inter-individual variation in a pop-
ulation and influence an individual’s behavior in
a specific situation. For example, Reader dis-
cusses how using a previously known food
source may save time and energy that would be
necessary to explore for a new food source;
however, the familiar food source could be
depleted and, in this situation, the better option
would be to explore for a food source.

An important distinction in the literature is the
difference between search and exploration.
Although boredom may facilitate both, there is a
lack of research on how animals use search and
exploration in different contexts. One can imag-
ine that a bored child might explore a new
playground to relieve boredom or search for a
particular toy that has proven to relieve boredom
in the past. A child may choose to search for a
particular toy or explore a new environment
depending on past experience and the child’s
motivation to relieve or avoid boredom. In a
parallel situation, a bored animal may explore a
new environment without seeking a particular
stimulus or may search for specific sources of
novelty, such as unfamiliar objects, a strategy
which relieved boredom in the past.

Individual animals may also have different
strategies for exploratory behavior as well. Some
animals may have flexible strategies for
exploratory behavior, whereas others may be
more committed to one strategy, such as allowing
a conspecific to explore the novelty first. Kuczaj
(2017) uses the phrase “watchful cautious” to
describe dolphins that peered over the “shoulder”
of a conspecific to investigate a novel
bubble-ring machine. Although these animals
were exhibiting neophilic behavior, they allowed
bolder animals to interact with the unfamiliar
stimulus first, thereby giving more cautious
individuals an opportunity to learn about the
stimulus without having to initiate the interaction
themselves. The watchful cautious approach
would be an advantageous strategy if unknown
objects might turn out to be harmful. The fact
that the cautious animals exhibited signs of
curiosity demonstrates the importance of curios-
ity for the behavioral repertoire of a social
group. Reader (2015) also emphasizes that social
influences should not be ignored when examin-
ing individual differences in curiosity.

Kuczaj (2017) uses the example of dolphins
creating “games” with bubbles to explain the
important role of curiosity in innovation and
creativity. Kuczaj argues that individual differ-
ences in curiosity partially account for individual
differences in creativity and innovation because,
without the driving force of curiosity, animals are
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less likely to be creative and innovative. A cre-
ative animal is one that modifies its own behavior
to produce novelty in the environment, while
innovations occur when the behavior of a cre-
ative act serves a useful purpose and is adopted
by others (Kuczaj 2017). The dolphins that were
the most curious and investigated a bubble-
producing machine went on to creatively interact
with the bubbles, using various body parts to pop
them. Although bubble-popping is not necessar-
ily adaptive, other behaviors such as innovation
in foraging could provide the animal with a fit-
ness advantage.

Not only is it important to consider individual
differences from an evolutionary and develop-
mental perspective, it is also important to con-
sider specific traits associated with search and
exploration. Whereas individuals are often char-
acterized as being more shy or bold overall,
Wilson et al. (1994) argue that this trait can also
be considered domain-specific. That is, in a
social situation, an animal may behave boldly,
but when considering novel environmental
stimuli, the same individual could be classified as
shy. Kuczaj et al. (2012) have also argued that
dolphin personality can vary across contexts so
that an individual could be high in openness
regarding environmental stimuli, but low in
openness with respect to humans; however, it is
possible that, instead of measuring a single trait
in two different contexts, these were measures of
two distinct traits. This adds to the discussion of
environmental enrichment as a change that may
not be positive for individuals who are wary of
new objects. In terms of animal management
decisions, it is possible that these same individ-
uals would respond more positively to the
introduction of a new conspecific if they tended
to be bold when considering social interactions, a
prediction that could not be made from simply
characterizing that individual’s neophilia in
response to a novel object.

Early experience can significantly impact how
an individual will interact with novelty. Rats
(Rattus norvegicus) placed in impoverished
conditions during development, solitary and
without stimulus objects, interacted with novel
objects significantly less frequently as adults

(Renner 1987). Rats kept in enriched conditions
displayed more frequent and diverse interactions
with objects and were faster to explore the novel
area compared to the rats kept in impoverished
conditions (Renner 1987). Although the signifi-
cance of early experience should not be under-
estimated, factors such as age can contribute to
differences in curiosity-related behaviors as well.
Juvenile rats increase exploratory behavior and
object manipulation as they approach adulthood
(Renner et al. 1992), while chimpanzees and
humans generally decrease in the traits Openness
and Extraversion with age (King et al. 2008).
Parallels have been suggested between individual
differences in exploration of novelty in rats and
sensation-seeking in humans (Dellu et al. 1993).
Some rats are prone to risk-taking and explo-
ration of novelty that appears independent of
experience, just as humans that are high in the
sensation-seeking trait prefer novel or varied
situations (Dellu et al. 1993).

Research on birds has helped to explain that
part of the reason why exploration would be
beneficial for an individual is that exploration is
correlated with better problem-solving abilities.
It seems that age differences and individual dif-
ferences in curiosity both play a role in
exploratory behavior and its association with
problem-solving. In the neotropical raptor, Chi-
mango Caracara (Milvago chimango), less neo-
phobic juveniles solved a novel problem faster
than more neophobic juveniles (Biondi et al.
2010). Further informing this area of research, a
study of common myna birds (Sturnus tristis)
found that individuals with higher levels of
exploration and lower levels of neophobia were
more likely to exhibit motor and consumer
innovations (Sol et al. 2012). Sol et al. (2012)
were able to conclude that neophobia is a con-
sistent individual trait in the common myna and
that this trait is inversely related to innovation
and problem-solving abilities.

The authors of a review article on avian per-
sonality call for more comparative work to study
the evolution of animal personality, but caution
that behavioral profiles cannot always be com-
pared across taxa (Groothuis and Carere 2005).
For example, research has found that wild
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spotted hyenas (Crocuta crocuta) were more
successful on a novel problem-solving task if
they were less neophobic and exhibited higher
behavioral diversity when trying to solve the
problem (Benson-Amran and Holekamp 2012).
However, because this research was conducted in
a wild population, it is unclear if interaction with
the experimental device was most enticing for the
bolder or more curious animals or if previously
bored animals were most interested in trying to
solve the task. The disparity in methods for
assessing personality traits and different behav-
ioral profiles of various species highlights the
need for attention to methods used in other spe-
cies when designing new studies. For example,
frequency counts of specific behaviors are not
easily compared across species (Wemelsfelder
1984). A more effective approach for assessing
boredom in various species should include
behavioral measures, such as activity levels, and
physiological measures, such as heart rate or
hormone levels, for comparison across species.
For example, even if minimal behavioral changes
occur, examining hormone levels could reveal
changes in how individuals respond to environ-
mental enrichment (e.g., Cannon et al. 2016).
Not only would this approach help explain the
origins of animal personality, it would also help
to complete a picture of what behaviors accom-
pany curiosity in many species. Being able to
describe curiosity from a behavioral and physi-
ological perspective would also allow for further
study of individual differences in boredom.

Creativity, Play, and Problem-Solving

When an organism is able to re-engage its
attention, the organism is considered to no longer
be bored (Eastwood et al. 2012). This means that
the organism has taken interest in some stimulus
or is curious about something. However, bore-
dom can result in more than an increase in
curiosity. Individual differences have been doc-
umented in behaviors that are the result of
curiosity, including creativity, problem-solving,
play, and social interactions.

Experiencing boredom can result in increased
creativity. When human participants were
instructed to complete a monotonous task (Mann
and Cadman 2014), they showed increases in the
number of uses they could name for an object.
Though research has not yet made the link
between boredom and creativity in nonhuman
animals, nonhuman animals do show individual
differences in tendencies to be creative. For
example, birds vary in their ability to innovate
behavior and solve problems both within and
between age groups (Biondi et al. 2010).

Individual differences in dolphins’ ability to
vary their behavior were reported by Kuczaj and
Eskelinen (2014a). When instructed to vary their
behavior by performing a behavior that was dif-
ferent from previous behaviors they had per-
formed during that session, three dolphins
differed in the average number of successive
behaviors they could perform with this restriction
and also varied the different energy levels at
which they performed the behaviors. For exam-
ple, the younger male performed more behaviors
in succession without repeating one and also
performed higher energy behaviors compared to
the two older male subjects. Having used a
similar training task, Pryor (2015) recounted that
training an animal to behave “creatively” or at
least to vary its behavior on command, resulted
in a broader range of behaviors even when
training sessions were not taking place, and that
this reduced stereotypic behavior. This variation
occurred spontaneously and seemed to reflect a
more innovative and flexible behavioral reper-
toire after this “creativity” training took place.

Kuczaj (2017) provides a review of studies
supporting the argument that individual differ-
ences in traits such as the shy–bold continuum
influence an individual’s tendency to be creative.
Animals that are more innovative also tend to be
more bold, curious, and neophilic. Kuczaj (2017)
also discusses individual differences in an ani-
mal’s tendency to invent new behaviors and learn
new behaviors from others, providing the
example of orcas (Orcinus orca) baiting live
seagulls from Kuczaj and Walker (2012). Some
whales were observed to vary their strategies or
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adopted new strategies that were more difficult
and required more attempts to be successful.
Although many different foraging strategies have
been observed in wild orcas, the observations of
captive-living orcas catching seagulls concretely
demonstrates this species’ flexibility and adapt-
ability in foraging strategies (Baird 2000).

Play behavior usually takes place only when
an organism’s basic needs are met (Burghardt
2014). If an individual is hungry, injured, or in
danger, there is no time for play. If basic needs
are met though, an organism is then in a situation
where multiple behaviors, including play, bore-
dom, rest, or a sequence of these states, could
occur. Play has been observed in many species
and currently many theories on the evolutionary
origins and adaptive value of play have been
proposed, including that play may relieve
excessive metabolic energy, help with develop-
ment, and promote physical and cognitive
maintenance (Burghardt 2014). In the same
review, Burghardt (2014) also suggests that play
might relieve stress and boredom and may
develop where there is a lack of stimulation.
Although this is not the only reason play may
occur, the link between boredom and play has
only begun to be explored.

Kuczaj and Eskelinen (2014b) propose that
dolphins play to develop social skills, cognitive
and motor skills, and to challenge themselves. In
an instance where a dolphin consistently increa-
ses the complexity of its play, it is because the
dolphin is no longer satisfied with the former
level of stimulation and thus makes its play more
interesting for its own benefit. Wild and captive
dolphins exhibit individual variation in the fre-
quency and types of objects with which they play
(Greene et al. 2011). As mentioned previously,
Kuczaj et al. (2012) argued that context should
be considered when measuring personality, as
some dolphins are more open to experiences with
objects, while others are more open to experi-
ences with humans or with conspecifics. Social
interactions are often a part of play and may be a
source of stimulation an individual seeks if it is
bored. The research on dolphin play and per-
sonality suggests that individual animals have

preferences in play partners and vary in their
tendency to seek conspecifics (Kuczaj et al.
2012; Kuczaj and Eskelinen 2014b). These per-
sonality differences are likely to influence the
type and frequency of play behavior.

Conclusion

Individual differences in personality have been
reported in several species (Gosling 2001).
Although between-species comparisons are
sometimes difficult, characterizing individuals on
a trait such as how bold one animal is compared
to conspecifics has been done in many species.
Being able to assess variation of a trait within a
particular species and understanding how that
affects the behavior and fitness of individuals
leads to a better understanding of each species, is
beneficial for the study of comparative psychol-
ogy, and can aid caretakers in animal welfare.

Research has established that humans exhibit
individual differences in causes, coping methods,
and outcomes of boredom. The existing literature
on animal boredom supports that there are indi-
vidual differences in the behavior of animals
when experiencing various environmental con-
ditions, ranging from impoverished to enriched.
Measures related to boredom in nonhuman ani-
mals may parallel those found in humans, and so
their study may expand what is known about
boredom as a psychological state in humans and,
of course, other species. Curiosity and creativity
are both topics that are essential in understanding
how boredom can be alleviated and how the
cycle of boredom to mental engagement regu-
larly occurs to maintain an organism’s
well-being. Future research will help explore
boredom from a comparative perspective, such
that the causes and outcomes of boredom are
better understood. This research should focus on
describing boredom from a physiological and
behavioral perspective, describing individual
differences in the causes of boredom, coping
mechanisms, and outcomes, and in developing
environmental enrichment that is tailored to the
needs of individual animals.
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14PhenotypeManagement:An Inclusive
Framework for Supporting
Individuals’ Contributions
to Conservation Populations
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Abstract
There are generally two types of animal populations managed for
conservation purposes, in situ and ex situ. The management goals for each
type of population differ and this drives the manner by which the
populations experience selection. Population members of different
behavioral types may respond to the same stimuli in varying ways,
generating potentially supportive effects for achieving conservation goals.
The cumulative impact of observable phenotypic or behavioral variation
predicts the potential of meeting population goals. Phenotype management
is a conservation strategy that employs understanding of the varied
outcomes for individuals in developing the potential for successful
conservation populations. To employ phenotype management, it is useful
to consider the environmental factors that drive the expression of varied
behavioral types and life history trajectories. Diversity of habitat and
developmental circumstance may be crucial to generating phenotypically
diverse populations. Ex situ populations may be spread across numerous
locations as meta-populations and members of these populations may
experience a diversity of husbandry protocols, social groupings, and
climates—resulting in population level behavioral diversity. A focus on
habitat heterogeneity and in situ habitat restoration may support pheno-
typic diversity in populations of concern.

Introduction

This chapter develops a unified framework for
supporting the contributions of individual ani-
mals to conservation populations. We recognize
two fundamentally different types of conserva-
tion populations—in situ and ex situ populations.
The two types of populations differ both in form
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and function as well as with regard to the
apparent selection pressures they face. In the
grand scheme of conservation work, these two
types of populations play different roles. The
members of in situ populations are fostered to fill
the ecological niche of their ancestral populations
and are generally maintained in the same or
similar areas to where the ancestral population
was originally found. The members of ex situ
populations are often distributed across several
locations as meta-populations—though not
always. Metaphorically, these populations serve
as genetic banks—savings accounts for the pos-
sible infusion of genes or individuals back into
wild populations. “Withdrawals” from these
accounts are generally infrequent and rarely
deplete the entire “fund,” leaving many animals
in ex situ populations to play other roles—the
most common being teacher and breeder. Tea-
cher animals are those maintained under human
care at zoos and other public conservation insti-
tutions, but some of these animals may also be
breeders during their lives. These animals are
often described as ambassadors for theirs or other
species. It is our intention here to recognize the
varied purposes and attempt to provide an
inclusive view of individuals’ roles in these
populations and how they support conservation
outcomes. The core of the concept we develop is
that variant phenotypes interact with their world
in different ways and that this leads to
situation-dependent payoffs. We also recognize
that development, life history, and selection
pressures play a role in the expression of indi-
vidual phenotypes and attempt to suggest future
areas of study and application where conserva-
tion programs may benefit from assessing and
directing the competence of individuals for the
role they will play in conservation populations.
We will focus primarily on behavioral pheno-
types—personalities—because they are relatively
easy to assess and likely play a role in the manner
in which circumstances are perceived by the
individual and, thus, in individual decision-
making as well as group function.

Phenotype Management—
Connecting the Concepts Across
Conservation Populations

Watters et al. (2003) initially described “pheno-
type management” in the context of habitat
restoration. They referred to the then theoretical
process as that of supporting phenotypic diver-
sity in populations targeted for habitat restoration
by ensuring opportunities for alternate develop-
mental pathways with habitat heterogeneity.
They also indicated that habitat heterogeneity
could promote facultative behavior switching.
Watters et al. (2003) provided a simple theoret-
ical treatment that suggested that—for an envi-
ronment with a given carrying capacity—when
environmental change was unpredictable, a
diversity of phenotypes in the population sup-
ported a higher probability of population survival
than a more homogenous population. Recipro-
cally, these authors indicated that when there is
certainty about environmental fluctuation,
focusing on a subset of phenotypes could result
in the largest sustained population size. They also
pointed out that a population’s effective size was
likely to be maximized when it contained indi-
viduals that used different approaches to gain
mates such as the alternative mating tactics males
that many species employ. They indicated that
consideration of whether alternative reproductive
tactics are expressed as a result of developmental
processes or are a facultative response to the
environment will help to maximize the number
of breeders in populations of concern. Thus, by
ensuring that a high proportion of potential
breeders in a population actually reproduce,
maximum genetic diversity is retained.

The original argument for phenotype man-
agement was based on the observation that
population members of different phenotypes
occupy varied niche spaces (sensu Bolnick et al.
2003). This separation of the way that individu-
als interact with their environment—at either a
large or a fine scale—serves an important role in
population function as well as population
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resilience to environmental change. For example,
many species in the family Salmonidae have
populations that express numerous life history
trajectories. These trajectories vary not only in
age to maturity but also in whether an individual
becomes anadromous or remains in the natal
stream as well as the duration of time that indi-
viduals on different trajectories are exposed to
any one of the different environments (Hodge
et al. 2016). The decision to follow one trajectory
or another is generally understood to be based on
an individual’s assessment of its body condition
—at some “decision time” (Thorpe 1994).
A single population of Oncorhynchus mykiss
(known collectively as rainbow trout and steel-
head trout) in California’s Klamath River Basin
expresses as many as 38 different life histories
(Hodge et al. 2016). The result of such pheno-
typic diversity in the same population is that
deleterious—as well as beneficial—effects of
environmental perturbations are unevenly dis-
tributed across the population. Thus, supporting
the ability for a population to retain or develop a
diversity of life histories is viewed as a useful
conservation strategy (Emel and Bonett 2011;
Greene et al. 2010). This sort of diversity is
maintained in restored environments that include
a diversity of habitats even when some of those
habitats support only small proportions of the
population (Watters et al. 2003).

With other colleagues, Watters has broadened
the concept of phenotype management. Watters
and Meehan (2007) combine ex situ populations
with in situ ones to suggest that captive-reared
animals can bemanaged to promote the expression
of varied phenotypes and that doing so will facil-
itate the release of broadly diverse phenotypic
groups from ex situ populations to in situ pro-
grams. They follow on the argument of Watters
et al. (2003) that an unpredictable world warrants
the development of diverse populations, rather
than populations with an abridged phenotypic
portfolio. They also indicate that developmental
processes play a large role in the expression of
phenotypes and suggest that environmental
enrichment can be used to drive the expression of
variant phenotypes in ex situ populations. Rec-
ommendations to assess the behavioral type of

pre-release animals for the purpose of generating
diverse groups for release are increasing in con-
servation practice (Bremner-Harrison et al. 2004;
Dunston et al. 2016).

Carroll and Watters (2008) describe the con-
cept of phenotypic potential—that set of pheno-
types that can be expressed by a population’s set
of genotypes across all possible environments—
regardless of their apparent fitness in a given
environment. Carroll and Watters (2008) also
suggest that in the era of fast acting ecological
problems such as invasive species and abrupt
environmental change, it might make little sense
to try to “reset” in situ populations to their former
state. Instead, it may be more logical to move
forward, developing conservation populations
capable of evolutionary change and providing the
substrate for short-term adaptive plasticity that
can, in turn, promote long-term genetic adaptation
of conservation populations—even if it means that
those populations do not ultimately look as their
ancestral ones did. Thus, phenotype management
may also include promoting within-population
evolution of never before seen phenotypes that
perform well enough to support population per-
sistence in a changing world (Reed et al. 2011).

Watters and Powell (2012) reconsidered cap-
tive population management programs with the
suggestion that animals’ behavioral phenotypes
could be assessed to place them into positions in
captive populations where they would be most
successful. Similar to the notion that novel phe-
notypes could help to support in situ population
persistence, it should be recognized that pheno-
typic expression in captive animals is possibly
dissimilar from the range of phenotypes observed
in their wild counterparts. Nevertheless, Watters
and Powell suggest that the diversity of pheno-
types found in ex situ populations could support
the numerous roles that members of these pop-
ulations fill. They also suggested that assessing
and understanding the situation-specific conse-
quences of behavioral type for individuals in
captive populations would help to support the
welfare of these individuals—ultimately sup-
porting overall population goals of maintaining
genetic and behavioral diversity. The root of this
concept is again that varied phenotypes function

14 Phenotype Management: An Inclusive Framework for Supporting … 279



in different ways in different settings. A growing
literature recognizes the potential for considering
behavioral types in the planning of ex situ pop-
ulations (Fox and Millam 2014; Kaumanns and
Singh 2015) as well as the differential animal
welfare outcomes that similar situations can have
for variant types (Coleman 2012; Franks et al.
2013, 2014; Herrelko et al. 2012; Shepherdson
et al. 2013; Torgerson-White and Bennett 2014)
and the efficacy of different individuals in the
“teaching” role (Luebke et al. 2016).

In this chapter, we use the term phenotype
management to refer to the process of managing
conservation populations with consideration of
individuals’ contributions to the population goals
based on observable phenotypic characteristics or
behavioral phenotype. This consideration requires
understanding the outcomes for different individ-
uals in different environmental circumstances. It
also benefits from understanding the factors that
drive the development of alternative phenotypes
and how these are influenced because active phe-
notype management requires manipulation of the
frequencies of phenotypes in populations. Thus, a
complete view of phenotype management will
consider both in situ and ex situ populations as
well as the factors that drive the expression of
varied phenotypes, including life history trajecto-
ries. As stated earlier, we focus primarily on
behavioral phenotypes, although we will develop
a general hypothesis that relates personality with
life history trajectory in developing individuals.
Althoughwe appreciate that each individual has its
own unique phenotype, we will focus our discus-
sion on general phenotypes—such as shy and bold
individuals—where straightforward assessments
can reliably group individuals into functionally
similar types or place them along a continuum.

Factors that Affect the Frequencies
of Phenotypes in Populations

As previously mentioned, life history variation
can lead to substantial differentiation in popula-
tion structure. Numerous species have the
capacity to vary their developmental trajectory
based upon experienced conditions or perceived

states (Stearns and Koella 1986). A general
example is the animal that matures earlier than the
average member of its population as a result of
enhanced growth and physiological development.
An alternative example is the animal that retains
juvenile status for an extended period in order to
extend growth and reach maturity at a larger than
average size. Life history decisions can be based
on size, perceived danger and numerous other
states or conditions. We suggest that there might
be an important link between behavioral pheno-
type and life history trajectory that to date remains
relatively unstudied; that is, that the behavioral
tendency of a given individual may promote its
development along a certain trajectory. For
example, individuals that are more socially
interactive may in turn be less likely to avoid
agonistic interactions than less socially interactive
individuals. As a result, perhaps more socially
interactive individuals are more likely to be ter-
ritory holders and gain the benefits associated
with holding a territory, including allowing faster
growth and perhaps quicker development. In such
a way, personality may drive the expression of
alternative life histories or vice versa (Biro and
Stamps 2008; Wolf et al. 2007). For example, in
coho salmon (Oncorynchus kisutch), there are
two alternative male types. The types act consis-
tently differently during mating and each is the
product of an alternative life history trajectory
(Watters 2005). Thus, it might be that the result of
a specific life history trajectory is a specific
behavioral type. It is also possible, though, that
certain behavioral types are more likely to
develop along one trajectory than others as one
tactic is associated with rapid early growth and
likely territory holding. Either way, the environ-
ment must be structured to support the successful
expression of alternative phenotypes.

Understanding the range of phenotypes that
can be expressed by a population—its pheno-
typic potential—is a key to phenotype manage-
ment. We consider two primary means by which
phenotypic potential can be observed. The first
approach is essentially a norm of reaction type of
experiment. Here, one would observe the phe-
notypes that are expressed in varied environ-
ments or rearing conditions by individuals of the
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same genetic or family line. This approach is
likely to provide insight to the range of pheno-
types that will develop under predicted or exist-
ing conditions. An alternative approach is to
observe the range of phenotypes expressed under
conditions where selection is relaxed or highly
scattered across the population. This situation is
perhaps more realistic than one might at first
imagine when considering the selection pressures
(or lack of them) faced by ex situ populations.

One goal of many ex situ population man-
agers is to reduce the selection placed on a
population. To this end, much effort is put for-
ward to reduce disease, provide nutritional sup-
port, and ensure breeding to capture as much of
the initial founding stock’s genetic variation as
possible—in some cases even if that stock con-
tains genetic anomalies (Ralls et al. 2000). Typ-
ical breeding programs in zoos aim to minimize
genetic adaptation to captivity that might occur
through artificial selection and result in loss of
genetic variation in the population (Ballou and
Lacy 1995) because maintenance of maximum
genetic diversity minimizes inbreeding (Crnok-
rak and Roff 1999; Keller and Waller 2002; Ralls
et al. 1979) and provides a buffer against future
environmental fluctuations (Falconer 1981; Kel-
ler et al. 1994; Markert et al. 2010; Willi et al.
2006). It is, of course, impossible to remove all
forms of selection, yet these efforts are aimed at
essentially doing just that by generally pairing
individuals for breeding based on their related-
ness to the entire population (mean kinship,
Ballou and Lacy 1995). Individuals of low mean
kinship are paired for breeding to produce off-
spring based on demographic, genetic, and space
considerations. In addition, many ex situ popu-
lations, such as those that are cooperatively
managed within accredited zoos and aquariums,
are composed of individuals that are held in
relatively small numbers at numerous locations.
For example, Bennett et al. (2015) studied 45
okapis (Okapia johnstoni) housed at 16 separate
institutions. These animals were a part of the
Association of Zoos and Aquariums Species
Survival Plan© for okapi and are collaboratively
managed as a connected meta-population. They
represented nearly one half of this

meta-population. The animals in this study were
in climate areas ranging from the west to the east
coast of the United States and from as far south
as San Diego to as far north as Chicago. Indeed,
even though captive populations most certainly
do experience some form of selection, because of
this distribution of “population members” across
institutions—each in different climates and with
varied animal husbandry regimes, selection is
likely to be scattered and not focused in any clear
direction. In addition, the fact that animals are
regularly transferred from one institution to
another to fulfill breeding recommendations
means that long-term location-based selection is
unlikely. In sum, it is likely that the efforts to
minimize selection on these populations out-
weigh the scattered and short-term selective for-
ces that these populations experience. Relaxed
selection in captive rearing environments has
been shown to result in increased behavioral
variation over generations (McPhee 2004).
Environments that minimize selection may also
increase behavioral variation over the course of
development in a single generation (Lee and
Berejikian 2008). Thus, relaxing selection may
provide insight to a population’s phenotypic
potential in both evolutionary and developmental
time.

Phenotype Management as Applied
to Ex Situ Populations
for Conservation

Ex situ populations can broadly be managed in
two, non-mutually exclusive ways: management
for exhibition to the public (teachers) and man-
agement for propagation (breeders). Phenotype
management has applications in both scenarios,
and this section will explore how explicit con-
sideration of phenotype could provide measur-
able progress toward achieving the goals of ex
situ management programs.

In the conservation arena we are mainly
managing populations of whole individuals. As
such, our consideration of phenotype is largely
restricted to an individual animal’s consistent
behavioral characteristics or tendencies, what
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others have referred to as personality (e.g.,
Powell and Gartner 2010) or behavioral types
(Sih et al. 2004). Whole individuals are units that
we can readily observe and assess in terms of
both welfare and contribution to conservation
goals. That said, there may very well be scenar-
ios in which phenotype management in ex situ
populations could extend to anatomy or physi-
ology. For example, should it become known
that the individuals most resistant to temperature
stress, i.e., through a variety of physiological
attributes they possess but which vary across
individuals, are most likely to survive reintro-
duction, then phenotype management could be
used to identify and propagate individuals that
are more likely to survive temperature stress in
the early stages of life, post-release. Similarly,
one might try to identify individual animals that
fare the best in urban, public zoological parks
and breed these individuals preferentially. How-
ever, the danger remains that consideration of
only a narrow range of phenotypic characteristics
could inadvertently select for other traits that
could threaten population viability in the long
term (Sih and Watters 2005). For example, it has
long been known that active zoo animals are
more interesting to zoo guests (Bitgood et al.
1988; Margulis et al. 2003; Myers et al. 2004;
Powell and Bullock 2014). However, Luebke
et al. (2016) demonstrated that animals who
make eye contact with zoo-goers also support
visitor interest—suggesting that focusing only on
active animals could result in loss of otherwise
good educator animals from zoo populations if
the propensity to make eye contact does not
covary with activity.

Ex Situ Animals as Educators

Professional zoos and aquaria, hereafter collec-
tively referred to as zoos, devote significant
resources to developing and maintaining
self-sustaining populations of animals for exhi-
bition to the public (Gusset and Dick 2011). This
is largely because it is no longer considered
acceptable to continually obtain animals from the
wild when captive sources are available, and in

many cases it has become logistically or leg-
islatively extremely difficult to bring some kinds
of animals into ex situ management. Zoos are
therefore obligated to manage animal populations
for the long term. This means that one of the
most fundamental goals for animals in zoos is
breeding to sustain their species, and successful
breeding is nearly always predicated upon
excellent welfare.

For zoos to deliver on their missions of gen-
erating conservation support and educating the
public (in addition to providing recreation for the
public), the animals they exhibit should be good
teachers as well as good breeders. By this we
mean that they should demonstrate natural
behaviors, they should appear to be thriving
because the public cares about their welfare, and
they should engage the public to foster a con-
servation ethic and facilitate biological literacy.
Abundant research demonstrates that animals in
zoos can inspire positive affective outcomes in
zoo visitors (Grajal et al. 2016; Luebke et al.
2016; Powell and Bullock 2014) but animals that
perform abnormal behaviors or do not appear
healthy can also raise concerns in visitors
(Godinez et al. 2013; Miller 2012), which pre-
sumably evokes negative affect.

What do we know about how
personality/phenotype impacts breeding perfor-
mance in captive wildlife? The data are sparse,
but studies have demonstrated that certain per-
sonality traits or behavioral types (e.g., active,
investigatory individuals) can be used to predict
or promote successful breeding. For example,
female giant pandas that are more shy exhibit
less socio-sexual behavior (Powell et al. 2008).
Similarly, bolder male pandas make more
attempts at social interaction during the breeding
season. For black rhinos, we have learned that
breeding pairs in which the female is more
dominant than the male have a higher chance of
breeding successfully (Carlstead et al. 1999).
Impacts of personality on reproductive success
have also been studied in cheetah (Wielebnowski
1999), maned wolves (Carlstead and Kleiman
1998), primates (Maestripieri 1993), and birds
(Fox and Millam 2014). Many more such studies
should be conducted as the number of species
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under care in zoos is vast. Over time, a larger
body of knowledge could reveal a few “rules of
thumb” that might have multispecies application
in terms of behavioral types or personality traits
that are generally associated with reproductive
success. Based on what we know now, we might
hypothesize that behavioral types or personalities
characterized as nervous, fearful, or shy around
conspecifics are less likely to be successful
breeders and could be less successful at rearing
offspring in managed environments. These indi-
viduals might benefit from relatively “private” or
off-exhibit breeding areas as well as an array of
potential mates to choose from. Animals that are
characterized as calm, confident, (appropriately)
bold, and interested in their environment might
be more likely to engage in successful courtship,
mating, and rearing of young.

To ask what kinds of personality traits in zoo
animals make them good “teachers,” we have to
ask zoo visitors about their experiences and
correlate what they say with what animals do or
do not do. Zoos are largely venues for informal
learning; a smaller percentage of zoo-goers par-
ticipate in structured educational zoo programs.
Visitors are most often coming to a zoo on a
recreational motivation (Morgan and Hodgkin-
son 1999; Reade and Waran 1996; Tofield et al.
2003), though educational interests are also cited,
particularly with regards to trips to the zoo with
children (Tofield et al. 2003).

Research has shown that emotion and learning
are often related (Damasio 1994). Affective
arousal is associated with increased attention and
willingness to learn (Krapp et al. 1992; Pekrun
1992) as well as retention of facts (Buchanan and
Lovallo 2001). Thus, it is thought that positive
emotional experiences facilitate free-choice
learning (Tofield et al. 2003). A large body of
research demonstrates that viewing healthy ani-
mals at zoos results in positive affective respon-
ses (Luebke et al. 2016; Powell and Bullock
2014 and references therein).

Are there specific animal traits that draw the
public in and elicit these positive emotional
responses more powerfully? Several non-
behavioral traits affect how well an animal spe-
cies endears humans to them (see Powell and

Bullock 2014 for discussion), but some behav-
ioral characteristics have also proven important at
capturing visitors’ emotions. First, in addition to
activity (Bitgood et al. 1988; Luebke et al. 2016;
Margulis et al. 2003; Myers et al. 2004; Powell
and Bullock 2014;), which we discussed earlier,
behavioral diversity exhibited by the animals is
also correlated with positive emotional arousal
(Anderson et al. 2003). An exception to this
general finding may occur when visitors see ani-
mals actively engaging in real or perceived
abnormal behaviors, like pacing (Altman 1998;
Reade and Waran 1996; Tunnicliffe 1995, but see
Luebke et al. 2016). To date, the data suggest that
generally active animals drive this positive
affective response in the zoo-goer. Luebke et al.
(2016) found that several types of activity: eating,
moving around, interacting with conspecifics, and
surprisingly, pacing, were associated with stron-
ger positive emotional arousal.

Additional behavioral traits that have been
identified more recently are willingness to come
into proximity with and/or make eye contact with
visitors. These behaviors facilitate the visitor
experiencing an “encounter” and perhaps feeling
a connection with the animal (Powell and Bul-
lock 2014). Two recent studies have demon-
strated that the extent to which visitors report
having made eye contact with the animal or
having had an encounter with the animal are
positively correlated with positive emotional
responses. Powell and Bullock (2014) surveyed
visitors after seeing three carnivore exhibits at
the Bronx Zoo and asked them to report on the
positive emotions they experienced and to rate
how strongly they made eye contact with the
animals and how strong of an encounter they had
with the animals. Both eye contact and encounter
strength were strongly correlated with emotions.
Luebke et al. (2016) reported on similar studies
at three zoos focusing on four other species of
mammals and also found that these experience
variables, eye contact and sense of “encounter,”
had a strong impact on emotional arousal. They
also demonstrated that the effect of up close
encounters (which included perceived encounter
strength and eye contact) had a stronger effect on
positive affect than animal behavioral diversity
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observed at the exhibits. Taken together with
findings on animal activity and behavioral
diversity, these results suggest that there may be
more than one behavioral type that is capable of
supporting the role of “educator” in ex situ ani-
mal populations. Bold, active, or social animals
may fill this role well. Indeed, a new hypothesis
might suggest that shy and vigilant animals,
while likely to spend more time in distant prox-
imity from public areas, may also be individuals
that are prone to making protracted eye contact
with zoo-goers.

Another category of animals in zoos is those
animals used in encounters with guests during
narrated presentations, meet-and-greets, touch
tanks, etc. We know of no published studies of
the personality characteristics of animals that
make certain individuals, or even certain species,
more successful at educating the public in
encounters where visitors can get close to and
perhaps make contact with animals. We
hypothesize that, like other good animal teachers,
animals successful in this role will be calm,
confident animals that are exploratory and inter-
ested in novel stimuli (e.g., unfamiliar class-
rooms, scents of unfamiliar people). It is also the
case that many of these individuals are trained to
fulfill this role from a very young age. Thus,
there is likely a developmental component that
focuses the expression of the personality factors
associated with success in this role. Studies of
animals that appear to thrive in this role versus
those that do not and are reassigned to live in
traditional exhibits or serve as breeders would be
very informative. Such studies would focus on
the behavioral types of individuals who are
successful and unsuccessful in each role and also
on the developmental circumstances each indi-
vidual may have experienced.

Because animals of various personalities are
likely to perceive similar circumstances in dif-
ferent ways, it is possible that animal welfare
varies for animals of different behavioral types
housed in the same conditions (Lilley et al. this
volume; Tetley and O’Hara 2012; Watters and
Powell 2012). The studies mentioned earlier that
indicate that breeding success for exhibit animals
varies with personality shed some light on this

notion but the field specifically examining animal
personality and welfare of this group of animals
remains in need of substantial development. One
cross-sectional study of a large sample of oran-
gutans housed in numerous zoos found relation-
ships between personality factors and subjective
assessments of animal well-being (Weiss et al.
2006). The researchers followed up these indi-
viduals to determine that those orangutans that
were ranked higher on a measure of subjective
well-being—termed “happiness” by the
researchers—lived longer lives (Weiss et al.
2011). Future work in the area of exhibit animal
welfare should investigate interactions between
personality type and specific components of the
zoo environment, including space, habitat com-
plexity, social group structure and husbandry
regimes.

Crossover Conservation Populations:
From in Situ to Ex Situ and Back

Occasionally, it becomes necessary to take wild
animals into captive environments in order to
attempt to avoid an extinction event. One example
of such a program is the captive breeding program
that supports the ongoing growth of the wild
population of the Mexican wolf (Canis lupus
baileyi) (Hedrick and Fredrickson 2008). When
animals are taken into human care for the purpose
of propagation for eventual reintroduction, hous-
ing, husbandry, and interactions with humansmay
be managed in a way dramatically different from
other exhibit animals in zoos. And even within
these populations of animals, the goals for indi-
viduals differ and thus the applicability and formof
phenotype management will vary as well.

Reintroduction programs are typically
multi-year initiatives. This is because often the
species in question is drastically reduced in
numbers and, left alone, its population is not
viable. Typically, individuals are brought into
captivity and used as founder stock for a breed-
ing population. Whether their first, second, or
later generation offspring are used as additional
breeders or reintroduced will vary with program
characteristics and species biology, but generally,
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the goal is to get animals back into the wild as
soon as possible to avoid the behavior changes
that appear to accompany long-term captive
propagation (Williams and Hoffman 2009). It
would be fair to say that in these scenarios or
programs, breeders and individuals slated for
release are managed with the goal of being as
“hands-off” as possible. Obviously for successful
propagation the environmental conditions in
captivity must be right for reproduction and the
animals must feel comfortable enough to do so.

The propagation for reintroduction scenario
can present a conflict in terms of application of
phenotype management. To the extent that ani-
mal personality traits are heritable (Bouchard and
Loehlin 2001; Brent et al. 2014; Dingemanse
et al. 2002; Weiss et al. 2000), the captive
environment might select for a different range of
behavioral types than is present in the founder
stock. There may be a set of personality traits or
behavioral types that thrive and reproduce better
than others in propagation facilities, wherein
living environments, and possibly husbandry
practices are more standardized than is the case
in zoos. These successful individuals might tol-
erate human presence more, be less tense or
frightful of unfamiliar stimuli, and they might be
more likely to form relationships with or
dependence on humans. If the need to produce
animals for reintroduction is urgent, it might be
argued that focus be placed on those “good
breeders” in the propagation program and breed
them as much as possible to get offspring on the
ground quickly for release with the caveat that
the reintroduced generation might be less genet-
ically diverse—and therefore possibly less per-
sonality diverse—than the founder base. There
may be trade-offs between behavioral types that
breed well in captivity and types that survive
and/or reproduce best in a reintroduction pro-
gram. Humans are one of the primary reasons for
the death of captive bred individuals when they
are reintroduced (Jule et al. 2008). However in
some cases, animals that are most comfortable
around humans may be the best ex situ breeders.
To address this potential conflict, it might be
instructive to consider propagation programs for
reintroduction in phases. In the first phase, the

animals may have extensive exposure to human
caretakers so that optimal breeding protocols can
be identified. For example, breeding introduc-
tions are closely observed and studied to promote
compatibility, artificial nest or birthing structures
are tested for preference by the animals, and
mother–infant interaction is carefully docu-
mented to promote survivorship. Once a formula
for successful propagation is developed, the next
phase would involve incorporating the lessons
learned from phase one and eliminating the need
for human exposure to the extent possible. This
could involve moving animals to larger enclo-
sures, providing food/water remotely, or
observing animals only via surveillance cameras.
The hope would be that removal of the human
interaction element of the program would not
compromise successful propagation.

As previously discussed, typical long-term
breeding programs in zoos aim to reduce selec-
tion and maintain as much natural genetic
diversity as possible. Thus, if these programs are
successful at meeting these goals, the offspring
produced in typical zoo breeding programs are
possibly more diverse in terms of personality
characteristics than their wild counterparts.
However, in some cases, it may take more
hands-on management and manipulation to get
various behavioral types to breed well in captive
environments, and a variety of types of envi-
ronments may have to be constructed. Current
animal care practice supports the development of
diverse environments in zoos. Conversely, in a
propagation for reintroduction scenario, the
choice could arise between rapidly producing
large numbers of offspring with a narrow range
of behavioral types that have been maintained
under less management intervention and taking
more time and hands-on manipulation to produce
an equivalently sized cohort of animals for
release that have a broader range of personality
traits. Given our current understanding of
behavioral types and their ecological and group
functions (Wolf and Weissing 2012), we believe
that it is always important to ensure some degree
of diversity in release groups. Which types and
their frequencies in the release population is an
area in need of further research.
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Behavioral Type Diversity Is
Necessary for Release Success

Because the ultimate goal of captive propagation
for reintroduction programs is returning animals
to the wild, eventually, animals from these pro-
grams will be released. At this point, these ex situ
populations morph into either in situ populations
or unsuccessful (dead) release groups. Of course,
to re-establish a population requires that released
animals reproduce, but a cornerstone of
re-establishment is survival. Here, groups of
released animals from captive propagation pro-
grams are similar to wild born animals that are
translocated for conservation purposes.

Traditionally, in situ conservation measures
that involve the intentional movement of animals
through conservation translocations (see IUCN
2013 for definitions) have focused on genetic and
ecological characteristics when selecting source
animals (IUCN 1998). However, in more recent
decades there has been a shift of focus with
behavioral suitability or competence being given
more consideration. Along with this focus on
behavioral competence, a few studies demon-
strate the importance of functional social groups.
For example, Shier (2006) found that in
translocations of prairie dogs (Cynomys ludovi-
cianus) where animals were trapped and relo-
cated with family group members, reproduction
and survivorship following release were higher
than when animals were trapped and relocated
with no regard for familial relationships. Shier
and Swaisgood (2012) later demonstrated that
Stephen’s kangaroo rats (Dipodmys stephensi), a
species considered territorial and solitary, also
had higher survival rates and reproductive suc-
cess when translocated with familiar kangaroo
rats (former neighbors from the trapping site)
than unfamiliar kangaroo rats. Both of these
studies suggest that familiarity with social group
partners increases translocation success. How-
ever, if we can assume that intact family groups
or stable territorial arrays of animals include
individuals of varying personality or behavioral
type then we might argue that phenotype man-
agement that produces an array of behavioral
types for reintroduction would be preferable for

facilitating post-release establishment, survival,
and reproduction.

Investigations into the impact of personality
or behavioral type on release success of rein-
troduced, captive-bred animals have demon-
strated relationships between behavioral type
and survival (Sinn et al. 2014) post-release
movements (Bremner-Harrison et al. 2004,
2013; Stratton 2015), social structure (Dunston
et al. 2016) and reproduction (Bremner-Harrison
et al. 2013). These findings suggest a real need
for inclusion of behavioral type as a reintro-
duction candidate selection criterion, a sugges-
tion that has been put forward by both
academics and conservation practitioners (e.g.,
Bremner-Harrison et al. 2004; McDougall et al.
2006; Watters et al. 2003).

These initial investigations highlighted a clear
link between optimal behavioral type for partic-
ular environment conditions, both when looked
at from an applied reintroduction perspective and
from a wider personality and ecological per-
spective. Evolutionarily, this makes sense
because individuals adapted for certain ecologi-
cal or environmental conditions show the
prevalent behavioral types. However, these
studies present only a “snapshot” view of which
behavioral type is optimal for specific environ-
mental conditions, or for a particular factor
studied, e.g., survival or reproductive output, at
the time of the assessment. A broader view to
take is to ask: What is required for long-term
population sustainability when environmental
conditions fluctuate? How do we look beyond
the snapshot of what we know now to predict the
range of phenotypes that will support long-term
population persistence? Ensuring that there is the
means for adaptation to release site conditions, a
fluctuating environment, or to stochastic events
requires sufficient diversity to increase likelihood
of population success. There are three key
arguments that support this call for diversity of
behavioral phenotypes when constructing popu-
lations for conservation, whether they be foun-
ders for breeding or release.

Genetic diversity has long been recognized as
a vital component for maximizing chances of
success in conservation populations (see Chaps.
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11–13 of Ewan et al. 2012 for an overview), and,
as such, is an important recommendation in the
updated IUCN Reintroduction Guidelines (2013)
developed by the IUCN Reintroduction Special-
ist Group. However, several factors lead to the
suggestion that diversity of behavioral type may
be as important as genetic diversity when con-
sidering movement of animals. First, a review by
Smith and Blumstein (2008) explored the exis-
tence of trade-offs in personality. A main finding
of this meta-analysis was the relationship
between the behavioral trait boldness and the
fitness correlates of survival and reproduction.
Bolder individuals may have a greater likelihood
of mortality through predation, but if surviving,
may show higher levels of reproductive output,
thus leading to population growth. Their shyer
counterparts, however, tend to demonstrate
greater survival due to reduced risk-taking
behavior, but have lower reproductive output.
The trade-off between these particular behavioral
traits has ramifications for reintroduction success
where the primary goals, particularly in the early
stages of a conservation program, are for founder
animals to survive and reproduce within the area
of release, thus establishing a sustainable
population.

Second, the persistence of diversity in
behavioral type within in situ populations sug-
gests that variant types each have similar adap-
tive value. Many studies have demonstrated
genetic heritability of personality (Laine and van
Oers, this volume; van Oers et al. 2005), which,
in a stable environment might suggest genetic
selection for an optimal personality type and a
long-term loss of variation. However, fluctuation
of ecological drivers in environments across both
seasons and time results in variable selection
pressures. Thus, variation in behavioral type at
the population level allows for optimal environ-
mental exploitation of shifting conditions. This is
evidenced through differences within populations
in behaviors such as feeding or vigilance (e.g.,
Favreau et al. 2014), exploration (Dingemanse
et al. 2012), or offspring survival (Dingemanse
et al. 2004). In addition, the growing literature on
social group composition suggests that diversity
in group members’ behavioral types plays a

fundamental role in overall group fitness (Sih and
Watters 2005; Pruitt and Riechert 2011).

Finally, at the individual level, whereas an
animal’s behavioral type is considered consistent
over time and contexts (Réale et al. 2000), there
is growing recognition of the impact of consis-
tent variation or plasticity within an individual’s
personality type (Biro and Adriaenssens 2013).
While previously explored from ecological and
evolutionary perspectives, theories have con-
verged to advance understanding of the adaptive
nature of plasticity (Dingemanse et al. 2010).
Plasticity at the population level serves as a
further driver to ensure variability within a pop-
ulation, thus allowing a diversity of strategies to
cope with fluctuating resources.

In combination, personality related trade-offs,
persistence of diverse populations, and consis-
tency of within individual plasticity strongly
support recommendations that incorporating
personality into founding groups of individuals
for conservation measures may help to maximize
the likelihood of success. A trial translocation by
Stratton (2015, PhD thesis) tested this theory
through an experimental release program that
used wood mice as a model species. Mice were
trapped in the wild, and tested for activity and
boldness, first in the wild at the point of capture
and again in captivity. Mice were placed in one
of three release groups (all shy, all bold, and
mixed) and released at three sites with closely
matched environmental conditions. Post-release
monitoring indicated that the mixed group, i.e.,
higher diversity of behavioral types, had the
lowest rates of mortality and dispersal, thus
showing greater survival and site retention and
meeting these two fundamental goals of conser-
vation translocation projects (Stamps and
Swaisgood 2007). Although this study had some
limitations, for example, there were restrictions
on moving resident mice at the release site and
extrapolating results beyond one model study
species should be done with caution, the results
of this study do support the general recommen-
dation for providing diversity in founding release
groups. The results warrant further studies that
examine the conditions that affect optimal fre-
quencies of alternative types in release groups.
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Habitat, the Crucial Ingredient
for Phenotype Success

Above, we discussed the need for variety of the
experience of individuals in founding popula-
tions to maintain or allow behavioral diversity to
develop. However, by what means can this be
achieved? Typically, endangered animals have
been maintained in captivity under a “one size
fits all” regime, whereby all individuals in a
group at a particular facility are maintained under
similar conditions. Where environmental condi-
tions are limited there is little potential for the
ontogeny or expression of a range of behavioral
phenotypes, therefore the resultant range of
behavioral types is similarly limited. Where
environments are enriched to create diverse
sub-habitats the opportunities for expression of a
broad range of phenotypes is greatly expanded
(Watters and Meehan 2007). The observation
that different behavioral types are expressed
between and within habitats in wild populations
supports the case for creating habitats for captive
animals that will encourage development of
diverse behavioral phenotypes.

There are a growing number of studies that
have investigated the variability expressed in
personality traits between populations in differ-
ing environmental conditions. For example,
Brown et al. (2005) assessed boldness in eight
populations of tropical poeciliid from streams
with differing levels of predation risk. Across all
sites, fish that originated from areas with high
predation risk showed higher boldness than those
from areas with low predation risk. Boldness and
fish length were related with smaller fish
emerging to forage earlier, thus scoring higher on
the boldness continuum; however, results of
previous lab-based studies (Brown and Braith-
waite 2004) suggest that this difference is the
result of smaller fish having higher metabolic
needs rather than a function of environment.
Dingemanse et al. (2012) demonstrated consis-
tent average differences in personality and plas-
ticity both between and within four populations
of great tit, Parus major, sourced from sites with
differing environmental conditions. Assessed
from a within-population perspective, Favreau

et al. (2014) explored both ecological and
behavioral hypotheses to determine effects of
habitat and social conditions on eastern gray
kangaroos, Macropus giganteus. Increased sim-
ilarities in behavior between individuals in
groups were found in relation to ecological
conditions, such as decreased patch-richness, and
social conditions, such as when in large group
sizes, but greater consistent individual differ-
ences in behavior were observed when
patch-richness was high or group sizes were
small. Consistent individual differences were also
observed relative to reproductive state and
vigilance/foraging and in behavioral plasticity,
indicating a variety of individual strategies.
Another example employed a suggestion made
by Watters et al. (2003) to vary the habitat
structure of facultative phenotype switching
pupfish. There, Gumm et al. (2011) were able to
increase the population size of endangered Leon
Springs pupfish (Cyprinodon bovinus) by modi-
fying the habitat to support more males that
employed a territory holding rather than a satel-
lite mating tactic. This simple change required
modifying the habitat to increase the number of
shallow breeding areas. Moreover, prior to the
habitat modifications, pupfish eggs were predated
at very high rates by the also endangered Pecos
gambusia (Gambusia nobilis), and so Gumm and
her colleagues were able to mitigate this negative
interaction between endangered species with
these simple habitat modifications, too.

The examples above indicate that providing
complex habitats facilitates the development and
expression of behavioral phenotypes as individ-
uals respond to divergent environmental factors.
This is particularly desirable if animals are to be
used for conservation purposes or where behav-
ioral diversity is to be maintained over time,
similar to the retention goal of 90% of genetic
diversity over 100 years in a captive breeding
program (Frankham et al. 2002). However, in
captivity, spatial constraints may limit the ability
to produce and maintain a variety of environ-
mental conditions. There may be greater oppor-
tunities for spatial and enclosure variation for
animals reared in facilities purpose built for
breeding and release programs, such as the
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National Black-Footed Ferret Conservation
Center in Colorado, USA, or the U.S National
Park Service breeding facilities for California
Channel Island fox on the California Channel
Islands, USA. However, for programs that exist
within zoos, there may be difficulties in flexi-
bility within physical resources to provide a
variety of habitat types or environmental condi-
tions for multiple groups of the same species. As
described above, within institutions, the majority
of species are held in relatively small numbers as
one group or in a single exhibit. This limits the
possibilities for habitat variation in a single
location. But, because long-term captive breed-
ing populations are often spread over sometimes
as many as dozens of institutions, it may be
possible to take a coordinated approach in pro-
ducing a range of environmental conditions to
facilitate development of a variety of behavioral
phenotypes, and then drawing on multiple insti-
tutions to produce a behaviorally heterogenous
group of individuals for release.

One aspect of within-population studies of
behavioral variation that has not been thoroughly
studied is the impact of microhabitats, whereby a
variety of habitat types are contained within the
overall habitat, or, in the captive instance, the
animal’s enclosure. If access to these microhabi-
tats is unrestricted, individuals are likely to exploit
niches within their environment that are suited to
their personality type. An example is provided by
Kobler et al. (2011), whereby more consistently
aggressive fish within one stretch of river were
found in areas of reduced complexity and struc-
ture (in terms of openness of habitat and degree of
presence of reeds, branch jams, tree roots, stones
and water plants), compared to less-aggressive
individuals who were repeatedly located in areas
of higher complexity and structure. Kobler et al.
(2011) speculated that fish that have a propensity
to be more aggressive may choose to occupy the
less complex microhabitat as the difficulty in
defending it provides an under-utilized food
resource, a potentially risky trade-off. Alterna-
tively, fish that choose the less complex habitat
adapt to becoming more aggressive. This could be
relevant to captive-reared populations where
niche-management through enclosure design,

enclosure conditions and implementation of var-
ied enrichment could be utilized to ensure that a
range of behavioral phenotypes develop within a
captive group.

A note of caution is provided by Hensley et al.
(2012), however. Giant sea anemones (Condy-
lactis gigantea) demonstrated a significant asso-
ciation between personality type and habitat
differences along a continuous habitat gradient
created by a combination of density and blade
height of seagrass and water depth. The authors
hypothesize that this congregation at a preferred
habitat type may, over time, lead to segregation
of personality types with an ultimate risk of
speciation. Although reproductive isolation is
highly unlikely to occur in a managed captive
breeding program taking place over a range of
environmentally controlled habitats across which
animals may be transferred, or indeed through
the means of artificial insemination, it bears
thinking about when breeding for conservation
and release, whereas the aim may be to create
founding groups with high levels of diversity, the
group still has to operate as a functionally
cohesive population.

We have discussed above the ability of pop-
ulations of individuals to comprise a diverse
range of behavioral phenotypes despite being
under similar environmental conditions. How-
ever, it is worth noting that the environmental or
habitat constraints present do place a restriction
on the range of behavioral phenotypes expressed
within that population (Watters et al. 2003).
Multiple studies illustrate that a population within
a particular habitat expresses a population level
mean for a given behavioral trait, with deviation
around that mean representing consistent indi-
vidual variation (Carrol and Watters 2008). The
level of variation expressed within a population
depends on genetic diversity and environmental
complexity, which interact in the expression of
behavioral types (Watters and Meehan 2007), the
success of which determines the genetic diversity
of the next generation (Watters et al. 2003).
Therefore, within ex situ populations there will be
levels of behavioral type that are not adaptive to
given environmental conditions at certain points
in time, e.g., excessively bold individuals in areas
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of high predation threat or excessively shy indi-
viduals in areas of high mate or resource com-
petition. As a result, maladaptive behavioral types
will be selected against and either not expressed,
or lost from the population if selected against
persistently.

Analogously, it is often assumed that indi-
viduals within the same captive-bred population
will be subject to similar environmental and
genetic selection pressures, with a population
mean being expressed around the optimal
behavior type for the particular habitat condi-
tions. However, a single captive meta-
population’s conditions can be very diverse
across locations—for example public facilities
with high levels of visitors such as zoos, com-
pared to closed captive breeding facilities that are
purpose built to cater for one species only, This
situation then may result in divergent optimal
behavior types and the ranges expressed around
the means. When populations are maintained in
captivity over time for conservation breeding,
there is a risk of directional selection occurring
whereby the genetic diversity and diversity of
behavioral phenotypes may be lost or reduced in
the population. This risk is likely to be highest in
populations that are maintained in single breed-
ing centers where all individuals experience a
similar environment. However, while an assess-
ment of mice held in captivity for differing
periods of time demonstrated a reduction in
predator avoidance behavior, it also revealed an
increase in behavioral variance for those mice
bred across a greater number of generations
(McPhee 2004), whereas this increase in pheno-
typic variation was interpreted as a result of
relaxed selection having potentially detrimental
impacts for reintroduction programs, it may
prove to be of benefit for these programs.
Osborne and Seddon (2012, p. 75) discuss the
importance of habitat for reintroduction. Among
the eight components they list as impacting
reintroduction success they include that “A
habitat’s suitability and its characteristics vary
across the species range.” Although we recognize
the impact of habitat differences on behavioral

type, we are nowhere near being able to appro-
priately match individuals, or even populations
displaying a particular mean type, with habitats.
Therefore, further to our earlier arguments on
diversity, releasing individuals with a wide
variance of behavioral types into occupied or
empty habitats may increase the likelihood of
success. Furthermore, although it may appear
logical that animals that are returned to the point
of source following a period in captivity would
have a higher likelihood of comprising the req-
uisite range of behavioral types, this is not nec-
essarily the case. Between the time of population
decline and release, habitat and environmental
conditions at the source/release site may have
changed significantly since the species was last
present either through local evolution or
restoration measures (Osborne and Seddon
2012). Thus, releasing a population that shows
increased variance around the mean from the
original founding population of captive animals
may increase rather than constrain the likelihood
of success.

Conclusion

We have argued for greater consideration of
diversity of behavioral type in the management
of various types of populations to realize greater
success toward conservation goals. Although a
strong theoretical and empirical background for
this line of thinking has developed over the last
15 years, still much remains to be done to
effectively put these concepts into action in the
conservation arena. More progress will come
with explicit hypothesis testing regarding the
success or failure of different behavioral types in
applied in situ and ex situ settings. Success in
propagation at zoos or dedicated breeding centers
needs to be measured against behavioral type and
related to environmental and husbandry circum-
stances. Multiple releases of animals in reintro-
duction programs also provide an empirical
framework for testing best practices for expand-
ing the role of phenotype management in situ.
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15You Are What You Eat: The Interplay
Between Animal Personality
and Foraging Ecology

Sandra M. Troxell-Smith and Valentina S.A. Mella

Abstract
Foraging animals face a constant dilemma—balancing the need to acquire
food without putting themselves at risk. Individuals within a population
vary in personality, and as a consequence they differ in how they perceive,
interpret, and respond to foraging choices. Despite the inherent necessity
for animals to acquire food, and thus direct link to fitness, the interplay
between foraging and animal personality has received little attention. In
this chapter, we first summarize studies that have integrated animal
personality and foraging decisions in wild and captive populations, then
highlight research deficiencies and suggest future research opportunities to
unite the study of personality and foraging ecology. We also introduce and
discuss patch-use theory as a specific research methodology that may help
to facilitate future assessment of individual foraging differences. We
believe that further investigation into the influence of personality on
individual foraging decisions is key to understanding a valuable and
largely understudied aspect of overall animal success and the ecological
consequences of personality.

Differences in behavior between individuals of
the same population have long been noted (e.g.,
Clark and Ehlinger 1987; Huntingford 1976; van
Oortmerssen and Bakker 1981; Wilson 1998).
Yet, these differences have often been left
unexplained, or attributed simply to statistical
noise (Dall et al. 2004; Ruckstuhl and Neuhaus
2002). Recent research suggests that such dif-
ferences are stable between individuals,
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representing specific personality traits (Réale
et al. 2007). As a consequence, individuals in a
population may vary consistently in their
responses to the environment (Réale et al. 2007).

Animal personality has been described as
consistent inter-individual differences in behavior
across time and contexts (Réale et al. 2007), and
has recently received increasing attention
regarding its influence on the choices of indi-
vidual animals. Animal personality can be
quantified by measuring behavior in standardized
conditions and ranking individuals based on their
responses (Réale et al. 2007; but see Tetley and
O’Hara 2012 for discussion of preferential use of
observer/keeper ratings to evaluate personality in
zoo-housed species). A behavioral response is
considered stable, and therefore deemed to rep-
resent a personality trait, when the rank order of
individuals is maintained over time, though its
absolute value might change (Stamps and
Groothuis 2010). Typical personality traits
include boldness, exploration, activity, and
aggressiveness (Réale et al. 2007).

A behavioral syndrome is generated when
individuals within a population vary in a suite of
correlated behaviors across functional contexts
(Garamszegi et al. 2007). For example,
cross-context correlations (e.g., correlations
between two measures of the same personality
trait quantified in different contexts) may reveal
that some individuals are consistently bolder
across a range of different situations, and
cross-behavior correlations (e.g., correlations
between two distinct personality traits) may
reveal that some individuals are, for instance,
jointly bolder and more aggressive, while others
are always shy and less aggressive (see reviews
in Bell 2007; Sih et al. 2004a, b, 2012). Some
individuals may present a ‘proactive’ behavioral
style (i.e., coping style; Koolhaas et al. 1999):
consistently more aggressive, more exploratory,
more active, and bolder than ‘reactive’ individ-
uals, which in turn are less competitive, less
exploratory, more passive, and more shy.

Such personality traits can be adaptive and
maintained if individuals at the extreme ends of
the spectrum have higher fitness than those that
are in the middle (Wilson 1998). Thus,

personality traits are inherently linked to indi-
vidual fitness (Réale et al. 2007; Smith and
Blumstein 2007) and have important implications
for ecological activities. Bold red squirrels
(Tamiasciurus hudsonicus) occupy a wider range
of habitats of varying quality than their shy
counterparts (Boon et al. 2008). More exploratory
female great tits (Parus major) disperse farther
upon fledging than less exploratory females
(Dingemanse et al. 2003); however, less
exploratory females were found to have a higher
nest success and larger fledglings (Both et al.
2005). Bold bighorn sheep (Ovis canadensis)
ewes are less likely to be predated upon by cou-
gars (Puma concolor) than shy individuals (Réale
and Festa-Bianchet 2003), whereas bold swift fox
(Vulpes velox) experienced greater mortality
when reintroduced into the wild compared to shy
individuals (Bremner-Harrison et al. 2004).

Despite the increasing interest in the ecolog-
ical implications of animal personality, few
studies have linked individual personality to
inter-individual differences in foraging ecology
and decision-making. This is unfortunate; for-
aging is one of the key behaviors that influence
fitness (Dukas 1998). Therefore, investigating
and understanding how individual animals make
foraging decisions is vital to understanding
overall individual fitness.

Foraging Ecology and the Giving-Up
Density Framework

Foraging ecology provides a highly useful con-
ceptual framework with which to understand
individual animal behavior and decision-making.
Optimal foraging theory investigates how ani-
mals balance the costs and benefits associated
with making foraging decisions (MacArthur and
Pianka 1966). Resources are not ubiquitous
throughout the environment; instead they typi-
cally occur in patches (MacArthur and Pianka
1966). Patch-use theory examines how animals
make decisions on when to approach and leave a
particular patch. Charnov’s (1976) Marginal
Value Theorem predicts that an animal will leave
a patch when the resource payoff falls below the
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average rate of return for the surrounding envi-
ronment. How a forager interprets the resource
payoff will depend on how it perceives the
reward from the resource, and the costs associ-
ated with foraging in that patch. Brown (1988)
extended Marginal Value Theorem by identify-
ing three costs associated with foraging: meta-
bolic expenditure from searching for and
processing food in addition to thermoregulatory
costs (C); missed opportunity costs (MOC, i.e.,
other non-foraging related activities the animal
can perform); and perceived or realized exposure
to forms of risk or discomfort (P). These costs
can be quantified in the equation: H= C +
MOC + P, where (H) represents the quitting
harvest rate. When an animal’s quitting harvest
rate (H) no longer exceeds the sum of the other
components, the benefits of foraging in the patch
no longer exceed the costs, and the forager
should leave the patch (Brown 1988).

Unfortunately, the quitting harvest rate
(H) can be challenging to measure directly in
natural foraging situations. It can be difficult to
estimate how a forager will perceive the quality
of the food resources in a patch, and estimating
the natural food density in the environment prior
to a foraging bout is also problematic. Providing
an animal with experimental food patches, on the
other hand, creates an opportunity for more
controlled foraging scenarios and manipulations
(Brown 1988). An experimental food patch
consists of a container, a known quantity of food
appealing to the species of interest, and an
inedible substrate. The inedible substrate is nec-
essary to ensure that each piece of food is slightly
harder to get than the last (Brown 1988). By
measuring the amount of food left over in a patch
once the animal stops foraging (the Giving-Up
Density or GUD), one gains a surrogate for the
quitting harvest rate, which is ultimately a
reflection of how an animal perceives the costs of
foraging in that environment (Brown 1988).
Since its inception in 1988, patch-use and GUD
methodology has been widely utilized to inves-
tigate how foragers perceive a variety of foraging
costs (see Bedoya-Perez et al. 2013). The use of
GUD provides a simple and useful measure of
foraging efficiency, which can be used to add an

invaluable insight into the role of personality in
the foraging process of animals.

In general, optimal foraging theory assumes
that all individuals should behave in the same
(optimal) way; the study of personality shows
instead that individuals do not necessarily behave
in a single optimal way, but exhibit behavioral
differences that reflect alternative adaptive
strategies. A recent review presented the idea that
personality and individual specialization in the
foraging context may covary, and that the first
would drive the latter by promoting differences in
individual foraging behavior (Toscano et al.
2016). Patch-use and GUD studies have
acknowledged the existence of individual varia-
tion in foraging outcomes, but direct links to
personality have been understudied (but see
Mella et al. 2015). For example, Troxell-Smith
et al. (2016) used GUDs to compare the foraging
abilities and aptitudes of both domestic and wild
house mice (Mus musculus) in a laboratory set-
ting. Whereas the domestic mice foraged more
effectively overall compared to wild mice, sig-
nificant individual variation in resulting foraging
effort (GUDs) within each mouse strain was also
discovered that could not be attributed to differ-
ences in physiological factors alone. Similarly,
another recent study used GUDs to determine the
exhibit preferences (or landscape of comfort) of
zoo-housed okapi (Okapia johnstoni). Individuals
varied greatly in their preferences for, and overall
use of, specific foraging locations throughout the
space, demonstrating that each animal perceived
the same exhibit space differently (Troxell-Smith
et al. 2017). While individual animal personality
was not directly assessed in either study, the
presence of individual variation does suggest that
the differences in foraging effort may reflect
personality differences.

Other factors not related to personality may
also affect individual foraging decisions. For
example, individual variation in performance in
patch-use studies has been previously attributed
to the physiological state of the forager, includ-
ing satiation level, developmental stage, and
reproductive state (Bedoya-Perez et al. 2013).
For example, individuals that are well-fed will
tend to avoid risky foraging situations (leave
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higher GUDs) compared to those that are
food-deprived (Altendorf et al. 2001; Brown
et al. 1992; Lima 1998), demonstrating that the
value of the food for a hungry animal is high
enough to outweigh the risk of predation
(Berger-Tal et al. 2010; Sánchez et al. 2008).
Another study found that individuals with high
ectoparasite loads spend less time foraging and
more time engaged in parasite removal compared
to those with lower ectoparasite loads, resulting
in higher GUDs (Raveh et al. 2011; Webster
et al. 2007). Likewise, immunochallenged indi-
viduals are willing to forage more and to take
more foraging risks than individuals that are not
immunochallenged (Schwanz et al. 2012).

The abovementioned physiological factors can
easily be controlled in captive experiments. How-
ever, individual personality may bias foraging
decisions above and beyond a forager’s physio-
logical state. In fact, differences in physiological
traits may be linked to both individual personality
and foraging demands. For example, highly active
common mud crabs (Panopeus herbstii, Toscano
and Monaco 2015), and bold mealworm beetles
(Tenebrio molitor, Krams et al. 2013) have higher
restingmetabolic rates compared to their less active
and less bold counterparts. As a consequence, these
individuals may require increased foraging activity
to sustain and support their greater energetic
demands (‘increased intake model;’ Careau et al.
2008). Energetically expensive behaviors require
higher metabolic rates to be supported (Biro and
Stamps 2008), and thus, individuals with bold or
highly active/exploratory personality traits may
also require increased foraging activity to sustain
greater energetic demands (Careau and Garland
2012). Studies utilizing a patch-use/GUDparadigm
to quantify individual foraging effort can provide
valuable insight into the connections between
physiology, personality, and foraging decisions.

Personality and Foraging Ecology:
Studies in Wild Species

It is well established that differences in the for-
aging strategies of individuals that are not attri-
butable to differences in age, sex, size, or

environmental effects exist in the wild (e.g.,
Baird et al. 1992; Werner and Sherry 1987). For
example, sea otters (Enhydra lutris) from the
same population show extreme inter-individual
variation in diet composition, which persists
throughout life and cannot be explained by
environmental factors (Estes et al. 2003). Similar
inter-individual differences in foraging behavior
have been observed in other free-living popula-
tions, such as Brünnich’s guillemots (Uria lom-
via, Woo et al. 2008) and northern gannets
(Morus bassanus, Patrick and Weimerskirch
2014). A study by Potier et al. (2015) showed
that the apparent flexibility in foraging behavior
of great cormorants (previously explored only at
the population level), is actually due to a wide
range of individual behavior repeatability, sug-
gesting the existence of different individual for-
aging profiles. However, research to date has
primarily evaluated personality in individuals
temporarily brought into captivity, and only a
few studies have directly explored the effects of
personality on foraging behavior in wild species.

The existence of different personalities in a
population implies that individuals vary consis-
tently in where and how they forage in their nat-
ural environment, generating variation in the use
of feeding opportunities. These differences in
foraging strategies are adaptive and likely arise to
reduce competition for resources. Bold mud crabs
(Panopeus herbstii) (as assessed by behavioral
responses to cues of predation) inhabit subtidal
parts of reefs, where foraging opportunities are
better, whereas shy crabs tend to inhabit the safe
intertidal parts of the reef, where exposure to
predators is low (Griffen et al. 2012). Fast-
exploring free-ranging great tits (Parus major),
that were tested in a novel environment, were
found to travel farther distances in search of food
than slow-exploring birds when challenged by a
sudden removal in food supply at feeders in the
wild (van Overveld and Matthysen 2010).
Slow-exploring individuals continued to visit
known food patches even following food removal,
while fast-exploring individuals quickly sought
new patches (Arvidsson and Matthysen 2016).
Similarly, exploratory tendency in blue tits
(Cyanistes caeruleus) is linked to their ability of
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finding new feeding sites in the wild (Herborn
et al. 2010). Foraging success in a social context
can also be highly influenced by personality.
Following screening for boldness using responses
to a simulated predation event, social groups
consisting of both bold and shy guppies (Poecilia
reticulata) approached a novel feeder more
quickly, and had overall greater foraging success,
than groups of either just bold or just shy indi-
viduals (Dyer et al. 2009). So the personality of
individuals in a population can be related to dif-
ferent strategies employed in the foraging context
and, therefore, to consistent individual differences
in food resource use.

The consistent variation in foraging behavior
observed in wild individuals of the same popu-
lation is in some instances shaped early in life.
General activity and space use in a novel envi-
ronment of wild juvenile brook charr (Salvelinus
fontinalis), which determine a proactive and a
reactive personality type, are associated with the
food searching tactics (i.e., active search or
sit-and-wait, respectively) that are adopted and
maintained as adults (Wilson and McLaughlin
2007). A study on foraging skills of juvenile
meerkats (Suricata suricatta) found that
early-life foraging efficiency of individuals is
maintained later in life. Individuals that were
willing to find food on their own as pups had
higher immediate foraging efficiency than indi-
viduals that were begging for food from helpers
(Thornton 2008). As a consequence, ‘beggars’
had lower body conditions as adults. However,
when the body weight of these individuals was
manipulated through long-term food provision-
ing, foraging efficiency for ‘beggars’ remained
surprisingly unvaried. This seems to indicate that
the two foraging strategies adopted by juvenile
meerkats (i.e., self-feeding and begging) may be
permanent and hence reflect consistent differ-
ences maintained during the life of individuals.

If wild individuals with different personalities
differ in their foraging decisions and efficiency,
this can result in differential foraging outcomes,
with possible important fitness consequences.
Hence, consistent individual differences in for-
aging behavior can, in some instances, seemingly
represent a constraint preventing the achievement

of an optimal strategy. So why do they exist?
Patrick and Weimerskirch (2014) showed that
differences in foraging habits of wild black bro-
wed albatross (Thalassarche melanophrys) are
related to individual differences in personality.
Bird personality was assessed using responses to
a novel object. It was then discovered that bolder
birds feed in shallow waters, where competitive
interactions are substantial, whereas shy indi-
viduals forage in deep areas of the ocean.
Although shy males always have higher breeding
success, fitness benefits for females depend on
year quality, with bold females having higher
fitness in poor quality years, when competition
for food is high. Therefore, the fitness benefit of
different personality types changes depending on
environmental conditions. As these conditions
vary between years, different personality types
will be favored in different years. This explains
why different personality types are maintained
within the same population.

In the context of wild foraging animals faced
with the trade-off between food and fear, differ-
ences between individuals of the same popula-
tion suggest that personality may provide
alternative ways of solving the foraging problem.
The first study to provide evidence of how per-
sonality affects foraging decisions of individuals
relating to both food quality and predation risk in
a natural context was conducted on a generalist
herbivore, the common brushtail possum (Tri-
chosurus vulpecula). Mella et al. (2015) quanti-
fied the GUDs of free-ranging brushtail possums
using artificial feeding patches in the wild, in
response to altered food quality and level of
predation risk. Brushtail possums were offered a
choice between nontoxic food at risky patches
(ground feeders) paired with increasingly more
toxic food at safe patches (above-ground feed-
ers). Results showed that boldness (quantified in
captivity via open-field tests) influences foraging
in response to food toxins and predation risk, and
that these two costs are perceived differently by
individuals with different personalities, so that
each will perceive its own individualized land-
scape of food and fear (as suggested by McAr-
thur et al. 2014). As a consequence, individuals’
foraging behavior depended on their
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personalities, and this resulted in diverse forag-
ing outcomes between bold and shy animals.
Bold individuals spread their foraging time
among nontoxic feeders, using both risky and
safe ones, while shy animals mainly concentrated
their foraging at safe, nontoxic patches. In gen-
eral, shy possums had higher foraging efficiency
(foraging time per food consumed) than bold
possums. At risky-feeders, shy possums achieved
the same foraging outcome (GUD) as bold pos-
sums, but at safe, nontoxic feeders, they har-
vested more food (lower GUD) than bold
individuals. The most likely explanation for these
results is that shy possums explore foraging
patches quickly (but efficiently) to avoid com-
petition with bolder conspecifics (Mella et al.
2015). Therefore, individuals from the same
population with different personalities may use
alternative (but equally successful) strategies to
deal with the trade-off between food quality and
predation risk. The lack of literature linking
personality with foraging behavior highlights the
need of more studies on wild animals to under-
stand the extent of personality-related variation
in foraging behavior.

Personality and Foraging Ecology:
Studies in Captive Species

Animals housed in captivity (including domestic,
laboratory, and zoo animals) provide a unique,
and largely untapped, opportunity to concur-
rently study personality and foraging decisions.
Daily situations and random events are more
easily regulated and controlled for in captivity
compared to similar situations in the wild, and
there is an added benefit of always knowing
where your study species and individuals are
located. Moreover, for species living in captivity,
understanding how individuals vary in their
response to foraging opportunities can have
important implications for the assessment,
improvement, and overall understanding of ani-
mal welfare. Several studies have taken advan-
tage of the control captivity provides when
conducting personality studies, and have inves-
tigated the impacts of personality on various

aspects of the lives of animals. However,
research directly linking animal personality to
foraging decisions has received far less attention.

The few studies that have investigated both
personality and foraging ecology in captive ani-
mals have largely focused on how differences in
personality (particularly measures of boldness)
influence foraging decisions in a social context.
For instance, Bergvall et al. (2011) measured
three personality traits (boldness, dominance, and
flexibility) in tame fallow deer (Dama dama)
using reactions to novel objects. They further
investigated how these traits influenced foraging
decisions in three foraging scenarios: familiar
food was presented in a familiar context, familiar
food presented in a novel context, and novel food
presented in a familiar context. Results demon-
strate that bold individuals were more likely to
consume novel food in familiar situations, and
familiar food in novel situations compared to shy
individuals. Such results demonstrate that per-
sonality influences neophobic responses in the
foraging context, which may be adaptive in an
environment with fluctuating resources.

Boldness has also been shown to influence the
foraging tactics of domestic barnacle geese
(Branta leucopsis). Kurvers et al. (2010) identi-
fied individual geese as bold, shy or intermediate
based on reactions to novel object tests. In a social
producer–scrounger paradigm, groups of two
individuals (one bold, one shy or two intermedi-
ate) were given the opportunity to find food pat-
ches (producing) or join patches (scrounging).
Shy individuals were more likely to scrounge than
bold individuals, whereas bold individuals tended
to spend more time producing than shy individu-
als. These results demonstrate that choice of for-
aging tactics in social scenarios can be directly
linked to individual personality. In an additional
study, Kurvers et al. (2012) found that bold geese
were more willing to explore food patches located
away from conspecifics, whereas shy individuals
took longer to approach food patches when far
from conspecifics, or when foraging alone, sug-
gesting that personality influences sensitivity to
social foraging cues.

Similar effects of boldness and shyness during
social and competitive foraging has also been
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quantified in domestic sheep (Ovis aries,
Michelena et al. 2009, 2010). Individual sheep
were first classified as bold or shy as a result of
their willingness to leave a social group to
explore a novel environment. In a subsequent
social foraging experiment, bold individuals split
into subgroups at smaller group numbers than
shy individuals, demonstrating that boldness
influences willingness to move away from con-
specifics and explore new areas (Michelena et al.
2009). Furthermore, the coexistence of bold and
shy individuals within a population can influence
collective decision-making while foraging.
A model based on experimental data collected on
sheep suggests that different foraging tactics may
arise within a social group mainly because of
differences in conspecific social attraction
(Michelena et al. 2010). Support for this theory
also comes from a study on pumpkinseed fish
(Lepomis gibbosus). Bold individuals, which fed
more quickly and to a greater degree than shy
individuals, were less likely to swim in close
proximity to other fish, suggesting that foraging
tactics in social species may be related to indi-
vidual personality traits (Wilson et al. 1993).

A recent study in laboratory-housed common
marmosets (Callithrix jacchus) suggests that both
boldness and exploration influence foraging
decisions in a captive context (Šlipogor et al.
2016). Marmoset personality was established by
individual responses to a series of five novel
object/novel situation tests. When presented with
a valuable food in a novel and therefore poten-
tially threatening situation, bold marmosets spent
more time in proximity to the threatening stimuli
to gain access to a food reward, whereas shy
individuals spent more time vigilant and took
longer to approach the threatening stimulus.
Furthermore, when provided with access to a
novel food item, more exploratory marmosets
approached the novel food resources faster than
their ‘avoidant’ counterparts (Šlipogor et al.
2016), further substantiating these personality
traits (i.e., boldness and exploration) as important
drivers in foraging decisions.

As highlighted above, most studies on animal
personality and foraging ecology in captive ani-
mals to date have been performed on domestic

and laboratory species. Zoo populations, how-
ever, also present an opportunity to investigate
individual differences in foraging. As with
domestic and laboratory animals, zoo conditions
are highly controlled, and provide an opportunity
to easily observe animals in a variety of situa-
tions over time. Moreover, quantification of
animal personality can have a direct impact on
care and welfare (Tetley and O’Hara 2012;
Watters and Powell 2011), as it can directly
influence how individuals respond to new envi-
ronments, environmental change, and interac-
tions with both conspecifics and individuals of
other species (Powell and Gartner 2011). As a
result, studies investigating personality in zoos
are not novel. However, existing studies have
focused on relating individual differences in
behavior to aspects of animal physiology, such as
reproductive success (Powell and Svoke 2008;
Razal et al. 2016; Wielebnowski 1999) and stress
responses (Grand et al. 2012; Shepherdson et al.
1993). Additional studies have investigated how
personality influences housing success (Kuhar
et al. 2006), and general aspects of welfare,
well-being, and husbandry (Baker and Pullen
2013; Gartner et al. 2016; Powell and Gartner
2011; Schaefer and Steklis 2014). Still, little
consideration has been given to how animal
personality influences other day-to-day aspects of
life for zoo animals, particularly in relation to
foraging choices. In fact, foraging ecology has
received little attention from zoo researchers,
save for studies focused on the efficacy of for-
aging enrichment (i.e., providing captive animals
with additional opportunities and devices
designed to increase foraging times, Young
2003; but see Rapaport 1998). This lack of
research may be due to the assumption that for-
aging choices in zoos are already too limited to
study effectively, as animals typically receive a
far more limited dietary selection than experi-
enced in the wild (Newberry 1995), and in some
cases may be fed to satiety. Also, the factors that
largely motivate foraging decisions in the wild
(e.g., predation risk, required search and han-
dling time, toxicity of diet, etc.) are largely
reduced or absent in captive situations (McPhee
and Carlstead 2010; Mogerman 2011), thus
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reducing the time and energy investment
required for zoo animals to find food.

Nevertheless, understanding how zoo animals
approach and respond to foraging challenges has
the potential to provide valuable information
about how these captive animals interpret their
environment. Moreover, integrating foraging
ecology and personality to better understand how
individuals differ in their interpretation of foraging
challenges can greatly contribute to individual-
based welfare decisions. For example, for socially
foraging species, boldness (Rudin and Briffa
2012), exploration (Favati et al. 2014) and
aggressiveness (Wilson et al. 2013) have all been
found to influence position in dominance hierar-
chies, which can determine and possibly limit
access to food (Gende and Quinn 2004; Hansen
and Closs 2005). Overall willingness to forage in
social groups (González-Bernal et al. 2014;
Michelena et al. 2009), and explore and utilize
novel foraging locations (van Overveld and
Matthysen 2010) have also been linked to per-
sonality traits, which could ultimately impact uti-
lization of zoo exhibit space. As ensuring proper
nutrition and caloric intake is a fundamental aspect
of captive animal husbandry and care, conducting
studies that integrate personality and foraging
success in zoos can aid in informing care and
management decisions.

Conclusion

In this chapter we have reviewed the existing,
albeit limited, literature relating personality to
foraging decisions in wild and captive popula-
tions, and have highlighted the largely untapped
research potential of investigating the effects of
animal personality on foraging decisions. For-
aging ecology provides a useful framework to
study and understand how personality variation
may be maintained in populations. Furthermore,
utilizing patch-use methodology to explore these
connections can facilitate the investigation of
relationships between animal personality and
individual foraging strategies and outcomes. We
therefore urge researchers to pursue more studies
combining foraging ecology and personality to

deepen our understanding of how animals decide
where, and how much, to forage in captive and
wild scenarios. We recommend continuing to
investigate personality and foraging in the wild
(e.g., Mella et al. 2016), as ecological validations
of captive personality studies are still scarce (but
see Boon et al. 2008; Dammhahn and Almeling
2012; Dingemanse et al. 2003; Mella et al. 2015).
This step is crucial in advancing our knowledge
of the role of personality traits in foraging ecol-
ogy in natural contexts. Similarly, we encourage
increased utilization of captive, and especially
zoo, populations in studies incorporating forag-
ing ecology and personality. Such studies will
not only provide controlled and easily managed
research scenarios for investigators, but the
results gained have the potential to drastically
improve animal health and welfare.
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16Applications of Research
in Nonhuman Animal Personality

Carly Loyer and James Ha

Abstract
Nonhuman animal personality research has increased dramatically in
recent years and encompasses a vast range of species, traits examined, and
methods of measurement. To make use of this research, it is necessary to
understand how various approaches interact with and complement each
other, as well as examine the challenges posed for researchers in this field.
In this chapter we describe a variety of ways nonhuman animal research
has been or has the potential to be applied to current problems faced by
both nonhuman animals and humans. The potential applications for this
field of research are as far-reaching as the approaches used to examine
nonhuman animal personality.

Introduction

At different points in history it has been declared
that only humans have emotions, use tools, or
have a concept of “self”, only to have researchers
discover at least one exception to each of these
rules shortly after they began looking for them.
Charles Darwin’s book “The Expression of
Emotions in Man and Animals” documents
multiple comparisons between human and non-

human emotional responses. Rats (Rattus
norvegicus) and dogs (Canis lupus familiaris)
have been found to have specific ways of
breathing or vocalizing that are akin to the
human expression of laughter (Panksepp 2000,
2007; Panksepp and Burgdorf 2003; Simonet
et al. 2005). New Caledonian crows (Corvus
moneduloides) do not only use tools, they create
them, modifying the sticks they use as “grub
extractors”, to improve their usefulness (Hunt
and Gray 2004; Weir et al. 2002). Recognition of
“self” in the ubiquitous mirror task has been
observed in species ranging from chimpanzees
(Pan troglodytes, Gallup 1970) to elephants
(Elephas maximus, Plotnik et al. 2006). As each
of these distinctions has been refuted, the line
between humans and the rest of the animal
kingdom has been blurred further.
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Although nonhuman animals (henceforth:
NHA) are used as models for humancentric
psychological and medical treatment problems
ranging from post-traumatic stress disorder, par-
ental attachment, and autism to cancer treatment
and medical emergencies, until the last few
decades it was generally considered overly
anthropomorphic to focus on NHA personality.
Even fundamental statistical designs focused on
group means rather than individual differences.
However, research in the field of individual dif-
ferences in NHAs has recently (in the last 20
years or so) transitioned from taboo to popular-
ity. With this recent surge in NHA personality
research, it has become clear that nonhuman
animals do, in fact, display consistent individual
differences in their patterns of behavior across
contexts and time. To put it bluntly, they have
“personality”. Other chapters of this book outline
the analogues between human and NHA per-
sonality and give the reader a taste of the “basic
science” discoveries that NHA personality
research has uncovered in terms of the evolu-
tionary and biological underpinnings of individ-
ual differences. The goal of this chapter is to
explain why it is important that NHAs have
personality, and to outline some of the practical
applications of research in this area.

Beyond the interest in individual differences
for its own sake, a majority of behavioral
research is focused on predicting behavior. Most
research looks at average increases or decreases
in behavior across a sample when the indepen-
dent variable changes, e.g., average increase in
singing by song sparrows (Melospiza melodia) as
a function of the season, presence of potential
mates, or parasite load. In cases like these, indi-
vidual differences are seen as statistical “noise”
obscuring the population-level effects in which
the researcher is actually interested (a problem
also noted by Réale et al. 2007). Nonetheless, a
better understanding of that noise allows a
researcher to better control for it, improving the
validity and generalizability of the
population-level results, and decreasing the
sample sizes required for statistical significance,
which is of both practical and ethical value.

Within-Species Applications

Although a large portion of research conducted
on NHAs is for “basic science”, and NHA per-
sonality certainly has plenty to offer in terms of
basic discoveries, improved understanding of
individual differences has enormous potential to
benefit not just the species being studied, but the
subjects themselves. For NHAs in the care of
humans, we have a responsibility and often a
vested interest in providing living conditions that
maximize their normal range of behavior and
well-being, both physically and emotionally.
From an ethical standpoint, given that we choose
to keep NHAs in captivity for entertainment,
companionship, for research, to assist in our
daily lives, and to provide food, we have an
equal duty to ameliorate the potential negative
effects of that captivity. Standards of animal care
in private homes, in zoos and aquariums, and in
research laboratories have improved drastically
in the last century and a half (Gauthier and
Griffin 2005). We have gone from providing the
bare minimum in terms of shelter and food to
designing elaborate, naturalistic enclosures, pro-
viding opportunities for NHAs to use their basic
hunting and foraging skills, and arranging social
housing when it is species appropriate. These
changes reflect a major shift not only in our
concern for NHAs’ physical health, but also
toward our responsibility to maximize their
psychological well-being. Scientists have
repeatedly demonstrated that providing these
types of environmental and social enrichment
can increase activity and may improve medical
and/or reproductive outcomes (Johansson and
Ohlsson 1996; Meagher et al. 2014; Passineau
et al. 2001). However, NHA caretakers have long
observed that environmental enrichment or
deprivation do not affect all NHAs’ behavior
equally.

Environment/Personality Interactions

In collaboration with the Woodland Park Zoo,
we investigated behavioral differences in three
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elephants (two were Asian elephants, Elephas
maxima, and one was African, Loxodonta) that
had been sharing the same space for the majority
of a thirty-plus year span. Bamboo, Chai, and
Watoto (the African elephant) shared their
enclosure at the Woodland Park Zoo, but though
all three had similar high standards of care and
enrichment opportunities, their keepers noticed
behavior patterns distinct enough that the zoo
wanted to better understand. Specifically, Chai
had developed a very distinctive rocking stereo-
typy that both intrigued and concerned zoo vis-
itors. Bamboo and Watoto, on the other hand,
showed very little rocking behavior. The zoo had
been incorporating more and more enrichment in
the form of toys, food puzzles, naturalistic
browse, and training with the keepers, and
wanted to determine whether those efforts had
had an impact on the stereotypical behavior of
any or all of the elephants. They recruited
researchers at the University of Washington to
oversee data collection and analysis of the ele-
phants’ behavior throughout the day. Using focal
scan sampling, researchers catalogued what the
elephants did at various times of day for 4 years.
The results were consistent with staff and vol-
unteer observations: Chai spent a greater pro-
portion of her time engaged in stereotypic
behavior than did Bamboo or Watoto, and the
type of stereotypy she engaged in was different
than that engaged in by Bamboo and Watoto.

Examining the elephants’ range of behaviors
provided additional information regarding the
activity that Chai’s rocking behavior replaced.
During the times of day when Chai was most
likely to be seen rocking, Bamboo and Watoto
dramatically increased their independent forag-
ing activity. The perimeter of the elephant
enclosure was intentionally planted with live,
edible foliage, which the elephants regularly
snagged and devoured as part of their enrichment
program. During the hour or so leading up to a
regular feeding, Bamboo and Watoto would
often snack on the plants around the perimeter,
while Chai was more likely to spend that time in
anticipatory rocking. This information suggested

that providing Chai with more foraging oppor-
tunities, or “training” her to exploit existing
opportunities as the other elephants were already
doing, might be an effective intervention in
reducing her rocking behavior (Loyer et al.
2013). The results of this study were promising:
across the observation years (and correlated with
increased enrichment opportunities) there was a
decrease in stereotypy across all of the elephants.
This study supports the thinking that enrichment,
or added environmental complexity, can reduce
the frequency and duration of stereotypic
behaviors, and that NHAs have consistent indi-
vidual differences in their responses to environ-
mental enrichment, suggesting that enrichment
may need to be targeted to an NHA’s personality
to have maximum impact.

Effect of Environmental Enrichment
One simple explanation for differences in the
efficacy of environmental enrichment is that
some NHAs may simply be too afraid to interact
with the enrichment provided. This would
explain why, when new structures and methods
of food delivery are available, some individuals
show a substantial increase in activity while
others show no change. Walker and Mason
(2012) tested this hypothesis by first assessing
the degree of neophobia (fear of novel objects or
situations) in female mice (Mus musculus) by
placing novel objects into their home cages and
calculating how long it took them to make
contact with the object. Then they gave the
mice-free access to an enriched cage environ-
ment that included a running wheel, objects to
chew on, nesting materials, complex surfaces
for the mice to climb on and around, and a
variety of manipulable toys. The researchers
measured the use of the enriched environment
by the amount of food consumed in the enriched
cage compared to their standard laboratory
cages, and by the quantity of two “consumable”
forms of enrichment (a cardboard planter pot,
which the mice shredded, and a length of string
that they could pull into the cage to chew or use
for nesting materials). They found that mice
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with higher levels of neophobia (those who took
longer to interact with a novel object in their
cage) tended to eat less food in the enriched
cage and to consume less of the available
enrichment. These results support the hypothe-
sis that enrichment items may actually be
frightening for individuals that are more fearful.
They also beg the question of whether neo-
phobia might be indicative of a general per-
sonality trait of fearfulness. In such a case, we
would predict that neophobic individuals would
show extra caution across multiple scenarios,
for example, a greater response to an environ-
mental stressor or increased vigilance under
threat of predation. Alternatively, if no rela-
tionship (or even an opposite relationship) was
found between neophobia and behavior in other
contexts, it opens an entirely new line of inquiry
as we try to explain why (evolutionarily, bio-
logically, or ontogenetically) an individual
might be fearful in one context and not in oth-
ers. Occasionally studies like this deliver rea-
sonably straightforward results, but it is far
more common for researchers to find a complex
relationship between behavior and environment.

The University of California at Davis keeps a
colony of orange-winged Amazon parrots
(Amazona amazonica) for research and has
conducted multiple behavioral studies with them
that examine the relationship between environ-
mental enrichment and personality. Previous
research at the university demonstrated that par-
rots reared in enriched environments tend to be
less neophobic than those reared in barren or
completely stable environments (Cussen and
Mench 2015). To test whether reduction in neo-
phobia is due to the enrichment items themselves
or the consistent exposure to novelty, Fox and
Millam (2007) compared neophobia (measured
as the latency to eat something tasty from a
feeder with a new object hanging nearby) before,
during, and after orange-winged Amazon parrots
were exposed to 11 weeks of either stable envi-
ronmental enrichment objects (the low novelty
condition), or rotating enrichment items (the high
novelty condition). On a group level, the high

novelty treatment had a greater impact on neo-
phobia than the low novelty treatment. However,
for individuals that were extremely neophobic
prior to the treatment, their neophobia actually
increased in the high novelty condition com-
pared to those in the low novelty condition.
These results indicate that exposure to novelty is
only an effective treatment for neophobia if that
exposure is not too severe for the individual
being exposed. The implications for human
behavioral treatments of fear, anxiety, and
neophobia-related conditions are immediately
obvious.

Response to Barren Environments
The previous two studies examined how enriched
environments can improve potentially negative
personality traits and how personality traits
affect NHA responses to enrichment. At the
opposite end of the spectrum, scientists have
studied how NHAs vary in their response to
barren environments based on personality. One
common metric of welfare used in zoos and
laboratories is the amount of time animals spend
engaged in repetitive behaviors called stereo-
typies. These are behaviors like the rocking we
previously described in Chai the elephant, or the
famous pacing of caged predators (Clubb and
Mason 2003; Mason 2010; Clubb and Vickery
2006). There are quantifiable differences between
conspecific individuals housed in similar condi-
tions or even in the same enclosures when it
comes to the degree and type of stereotypic
behavior they exhibit (Cussen and Mench 2015;
Loyer et al. 2013), health outcomes (Cavigelli
2005), and social relationships (Weinstein and
Capitanio 2008).

Cussen and Mench (2015) looked at how
feather plucking (a common problem behavior in
captive psittacines) and locomotor stereotypies
were affected by 20 weeks of barren housing in
orange-winged Amazon parrots that had previ-
ously been rated on what the authors labeled
“extraversion” and “neuroticism”. These ratings
were obtained by having two people familiar
with all of the birds assign a value from 0 to 7
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based on how well an adjective described their
personality. Birds that were considered high on
the factor they labeled neuroticism were aggres-
sive, eccentric, excitable, fearful, inflexible,
high-strung, shy, and were not affiliative, tame,
or confident. Birds that were considered highly
extraverted were active, bold, impulsive, intelli-
gent, cooperative, persistent, and were not cau-
tious or lazy. Prior to enrichment deprivation, the
researchers collected behavioral data that was
repeated at the end of deprivation and after they
had reintroduced enrichment.

There were some fairly universal changes in
behavior: when deprived of enrichment, birds
spent more time preening (cleaning and
straightening out their feathers with their beaks),
more time engaged in locomotor stereotypies,
and more time generally active during the barren
housing treatment than in either the baseline or
the re-enriched conditions. Additionally, the
birds’ feather condition deteriorated significantly
during the barren condition, indicating feather
plucking and over-preening (and although they
returned to baseline levels of preening after
enrichment was reintroduced, the birds’ feather
condition did not improve even after the enrich-
ment was returned). While the changes described
above were found in nearly all birds, there were
also significant differences that were predicted by
individual parrots’ personality ratings. Birds that
were rated as more “neurotic” had poorer feather
condition, even though they did not spend any
more time preening than their less neurotic
counterparts. Birds that were higher on
extraversion showed a smaller increase in
stereotypy after the barren environment and after
re-enrichment: The deprivation had a smaller
impact on their stereotypy than birds that were
less extraverted. This difference in sensitivity to
stressful environments based on personality has
been found in multiple species, and although the
welfare implications should be sufficient moti-
vation to continue research in this line, research
performed on domestic pigs (Sus scrofa domes-
ticus) at an experimental farm at a university in
the Netherlands offers additional arguments for
understanding how personality and environment
interact.

Bolhuis et al. (2006) investigated how differ-
ent rearing environments as well as housing
environment later in life impacted domestic pigs
on the experimental farm at Wageningen
University. They looked at behavior as well as
health to determine how personality or coping
style interacted with the environment. Pigs’ per-
sonalities were assessed using the “Backtest” in
the first few weeks of life (see also Horback this
volume). At 10 days old, experimenters held the
piglets on their backs for 60s and counted the
number of times they struggled during the
restraint. The test was repeated at 17 days old,
and the escape attempts were added across the
two tests in an effort to get a more global picture
of the pigs’ behavior. They categorized piglets as
high resisting (HR) or low resisting (LR), and
then studied the responses of both groups of pigs
to two housing environments: barren floors ver-
sus straw bedding. The researchers manipulated
whether pigs had access to straw during rearing
(from weaning until 10 weeks old), and later
during the “finishing phase” (the period between
10 and 22 weeks old, when they are slaughtered).
One-quarter of the pigs spent the entire time with
straw bedding available, another quarter spent
the entire time on barren substrate, and the
remaining pigs started with either barren floors or
straw and were switched at 10 weeks onto the
opposite flooring. During the study, they looked
at the pigs’ behavior, overall health, and weight
gain, and found complicated interactions
between rearing environment, later housing
environment, and coping style. HR pigs tended
to be more aggressive than LR pigs, and the LR
pigs tended to be more sensitive to the environ-
ment and its changes: while HR pigs in barren
environments showed no difference in the
amount of time they spent chewing/biting at their
penmates based on their rearing environment, LR
pigs reared in barren environments spent more
time chewing on their penmates, especially if
they transitioned to enriched housing during their
finishing phase. LR pigs also played more on
straw bedding than on barren floors, particularly
if they were also reared on straw.

These findings on behavioral differences have
welfare implications for livestock raised for
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human consumption and should be sufficient on
their own to warrant further investigation.
However, the researchers also found that per-
sonality and environment interacted when it
came to health and weight in the pigs, which has
immediate practical implications for farming
protocols. There were significant differences in
the average daily weight gain in HR pigs raised
in enriched environments: If they stayed in an
enriched environment, they gained about 10%
more weight during the finishing phase than if
they were switched to barren floors. They also
found that LR pigs had a significant decrease in
the occurrence of gastric lesions when they spent
the second half of their lives on straw bedding.
Although these results present a substantial
argument in favor of environmental enrichment,
they also highlight the fact that individual dif-
ferences in behavior mean different ways of
expressing stress, different degrees of response to
particular stressors, and a very clear need for
better understanding of each of these facets of
NHA personality. They also suggest that selec-
tive breeding for personality or behavior in
addition to physical attributes has the potential to
improve productivity on farms with minimal cost.
While this research was conducted with pigs,
other studies examining livestock coping styles/
behavioral syndromes/personalities have found
similar variation in behavior that could inform
husbandry and breeding practices to both improve
animal welfare and increase efficiency and pro-
ductivity on farms (Lansade et al. 2014; Müller
and Schrader 2005). Because research in NHA
personality is relatively new, scientists have much
more work to do in testing the generalizability of
findings from one species to the next. Still, there is
sufficient evidence to indicate that some basic
personality traits are comparable even across taxa
(Gosling 2001; Gosling and John 1999).

Across-Species Applications

An example of research in one species having
implications for many others comes from a study
by Ferland et al. (2014). Ferland and her col-
leagues investigated the complex relationship

between an individual’s sensitivity to novelty,
and the effect of repeated exposure to that nov-
elty on impulsive behavior in Long-Evans rats
(R. norvegicus). In rats, one way to measure
motor impulsivity is by looking at their ability to
essentially “wait their turn” in a task where they
have to choose the correct hole out of five
options in order to earn a sugar pellet. Between
trials, the rats are required to wait a whopping 5 s
before a light indicates which hole is the correct
choice for the next trial. Poking their nose into
any of the holes before the 5 s is up is an example
of motor impulsivity, and it turns out that in some
rats, you can drastically increase the number of
premature responses by repeatedly exposing
them to a stimulating, enriched environment.
Researchers assigned half of their rats to the
enriched environment condition, and for 16 days
would place them in a large, enriched cage for an
hour prior to testing while the other half
remained in their normal housing during that
hour. Some rats began nose-poking prematurely
far more often at the end of the stimulating
environment condition than they had during
baseline testing, so the researchers repeated the
experiment with a second cohort of rats. This
time, at the start of the experiment they used
infrared beams to measure the rats’ amount of
locomotor activity in a novel environment for 60
min prior to beginning the task training. Because
not all rats in the enriched environment condition
had changed their proportion of premature
responses, the experimenters were trying to
identify any pre-existing behavioral differences
between rats that were impacted by the envi-
ronmental enrichment and those who were not.
They found a significant difference in activity
between rats whose premature responses
increased drastically in the stimulating environ-
ment condition and those who did not: Rats that
were more sensitive to the extra stimulation were
also more active in the first 40 min in a novel
environment, but by the end of their 60 min, they
were no more active than the less-sensitive rats.
Thus, a consistent personality trait appeared to
govern both their exploratory behavior in novel
environments, and their impulsivity in response
to environmental enrichment.
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The implications of this research (and other
experiments like it) are numerous. It demon-
strates the complicated interaction between NHA
personality and environment (hyperactivity may
be related to an increased sensitivity to novel
stimuli, which may result in an increase in
impulsive behavior, which, in humans, can be
considered part of the personality itself!). If this
experiment could be applied to species used for
assisting humans, it may help inform our deci-
sions about how to more effectively train ani-
mals, like dogs, or which individual animals to
use for particular tasks.

Selection and Evaluation of Animals
for Specific Tasks: Working Animals

Consider, for a moment, the behavioral require-
ments of a guide dog tasked with helping a blind
person maneuver around a busy metropolitan
area. Impulsivity is an enormously risky trait
when it might result in a handler being yanked
into traffic, and it is one reason that dogs “fail
out” of the training (Burrows et al. 2008). If
some dogs, like rats, are likely to become more
impulsive after prolonged exposure to a highly
stimulating environment (such as a big city), and
if those dogs can be identified before extensive
time and money have been spent preparing them
to be guide dogs, guide dog organizations (and
the individuals they benefit) could save a sub-
stantial investment that might have otherwise
been wasted. A few studies have examined dif-
ferent behaviors and personality assessment
techniques to determine their efficacy in pre-
dicting success of canine candidates, with varied
outcomes (see also Fratkin, this volume).

The earlier canine candidates can be identified,
and the sooner unsuitable dogs can be eliminated
from the program, the more efficiently
working-dog programs can function. Breeding
and training working dogs is enormously expen-
sive, ranging from around $19,000 for a police
dog (http://www.nationalpolicedogfoundation.org)
to $42,000 for a seeing-eye dog (http://www.
guidedogsofamerica.org). In addition to the
financial cost, training for these programs

constitutes a serious investment of time (an
estimated 18–24 months for service or assistance
dogs; http://servicedogcentral.org; http://www.
assistancedogsinternational.org). Therefore, the
cost of training an individual dog that is later
ejected from the program due to unsuitable
behavior is immense. On the other hand, if the
methods used for early rejection are unreliable,
excellent candidates will be removed from the
program before they have a chance to demon-
strate their suitability. Goddard and Beilharz
(1986) tested Labrador puppies that were
purpose-bred to be guide dogs to determine how
early important behavioral and personality dif-
ferences could be identified to help with selection
of both breeding stock and dogs that would be
successful in the training program. They found
that consistent differences in fearfulness (one of
the most important factors in a dog’s success as a
guide dog) could be detected as early as 8 weeks
of age, but that tests to predict adult fearfulness
were more accurate as the dog’s age increased.
Based on their research, Goddard and Beilharz
suggest that genetic selection for fear in breeding
stock is most accurate in adulthood, which is
crucial information for working-dog breeding
programs. Many programs neuter males that will
be sent through training when they are adoles-
cents, which means that dogs that may have
potentially valuable genetic contributions are
eliminated from the breeding pool before their
potential can be adequately assessed. Wilsson
and Sundgren (1998) were interested in this
problem and tested whether tests conducted on
8-week-old puppies could adequately predict
adult behavior. They found that the “… corre-
spondence of puppy test results to performance at
adult age was negligible” (p. 1).

This type of NHA personality research, aimed
at determining which personality traits stabilize
at different stages ontogenetically, can have
immediate practical impacts in addition to feed-
ing back into broader theories of personality
development. Additionally, research that helps
identify the most accurate and efficient method(s)
and age(s) for assessing NHA personality can
improve our selection process for purposeful
breeding in species we live and work with. These
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results should be beneficial not only for working
canines, but for livestock and companion animals
as well.

In an effort to produce results comparable
across species, multiple NHA studies have imi-
tated methods used in human research by having
observers familiar with the NHAs being assessed
rate the degree to which adjectives apply to the
individuals (Gosling 1998) or by asking about
individual responses to specific events (Hsu and
Serpell 2003). Unfortunately, these methods
depend on the availability of familiar observers
(which is sometimes impossible) and introduce a
risk of subjectivity and of anthropomorphizing
NHA behavior. Thus, behavioral coding is often
used instead, although this brings its own set of
limitations, one of the most serious being the
heavy time and resource investment required. To
run a single individual through a battery of tasks
designed to assess multiple facets of personality
can require hours, even if these tasks are con-
ducted in a single environment. Many research-
ers avoid this using extremely simple assessment
tools that measure behavior differences on one or
perhaps two axes (Amy et al. 2012; Brommer
et al. this volume; Korsten et al. 2010; Sinn et al.
2006). This simplification of personality to one
or two dimensions is useful for establishing that
individual differences exist, but does not feed
back into broader theory about how personality
and environment interact as it tests extremely
limited slices of each. In the same vein of cri-
tique, behavioral assays are often implemented in
a laboratory setting, which calls into question the
generalizability to related behaviors in the wild
or in real-life circumstances, or worse, whether
the tasks themselves are sufficiently biologically
relevant to allow interpretation of the results.

The degree to which the limitations of these
techniques hobble their practicality depends on
their purpose. If the goal is to breed more docile
animals to improve the ease of handling them in
captivity, it is probably sufficient to perform
simple assays by well-trained observers who
need not know the animals individually. Dmitri
Belyaev’s famous work with silver foxes (Vulpes
vulpes) in Russia may be the best proof of this.
Using a simple two-part assay, Belyaev and his

colleagues selected individuals that showed
minimal signs of fear or aggression toward
humans and bred them. Within 10 generations,
almost 20% of the selectively bred population
were what Belyaev labeled “domestic elite”,
meaning that, when interacting with humans,
they would whimper, sniff the experimenters’
hands, and lick them much like domestic dogs do
(Trut 1999). In this case, the researchers were
interested in domestication and in improving
ease of handling, while looking at the behavioral,
genetic, and physiological side effects of this
artificial selection. This experiment has provided
important information for basic science about the
genetics of behavior and offers a starting point
for those interested in selecting animals for
captivity or livestock based on improving ease of
handling. However, the subjects of this research
were bred and raised specifically for this project
and therefore had fulfilled their duties simply by
demonstrating more affiliation with humans. In
more applied settings, the personality or behav-
ioral tasks required of NHAs are often far more
complex, and the humanitarian and economic
costs of improper breeding and selection of may
be far more severe. As a result, more complicated
personality or behavior measures are often
required. Determining the best method of mea-
surement for each purpose is one subset of
applied NHA personality, and again, the
domestic dog provides an opportune species for
investigation.

In an experiment that examined multiple ways
of evaluating working-dog behavior, Rooney
et al. (2007) compared the ratings of dogs’
handlers/trainers, experienced trainers who were
unfamiliar with the subject dogs, and scientists,
as well as objective measures obtained during an
assessment completed at the end of a training
program at the Defence Animal Centre in the
UK. The trainers rated the dogs throughout their
10-week training program. At the end of this
program, the dogs were run through a series of
search tasks that were video recorded and rated
independently by scientists and experienced
military dog trainers who were unfamiliar with
the subjects. These independent observers rated
the dogs on similar (but not identical)
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characteristics to those assessed by their trainers.
Finally, the recordings of the search tasks were
analyzed for behavior measures thought to be
important for a dog’s success as a working
detection dog. The outcomes of each of these
methods of assessing the dogs’ behavior were
compared. Ideally, if each method is equally
valid, the agreement between the methods would
be high, which is what they found: The trainers
who had worked with the dogs for 10 weeks and
knew them rated their abilities similarly, the
independent scientists and unfamiliar trainers
who rated the dogs based solely on the video
recordings rated the dogs very similar to one
another, and overall, the trainers’ ratings and
independent scientist and trainer ratings for the
dogs were correlated with each other and with
the objective measures. This type of research is
crucial to our ability to identify the best way to
measure NHA’s personality and working poten-
tial. If it is equally valid to use people familiar
with an individual to rate their overall personality
or behavior, versus people familiar with the
species and the tasks required for the circum-
stances, or to use ethological measures that can
be assessed by someone who need not be familiar
with the species or the tasks as long as they can
be trained to measure the crucial criteria, it
allows us to (a) pick the best measurement
method based on time, cost, and personnel
available and (b) more easily compare outcomes
across studies that utilize different methods to
assess personality and behavior.

Selection of Companion Animals
In addition to the humancentric importance of
using effective behavior and personality assess-
ments for working dogs, most NHAs kept as pets
stand to benefit from improving the tests used to
assess their performance and personality.
Behavior assessments are used in animal shelters
and at rescues to determine the right type of
home environment for the NHAs, as well as to
identify NHAs that present a public safety threat.
A test that is supposed to measure a dog’s bite
risk (the chance that a dog will bite a human or
another NHA) necessarily has a major impact on
the dog’s life: with limited space and resources in

shelters, dogs are often euthanized based on
behavior rather than medical necessity. In these
cases, knowing which (if any) assay can accu-
rately predict bite risk could potentially save
NHA lives while improving safety for the gen-
eral public.

Currently, most behavioral assessments used
by animal shelters, breeders, or rescue organi-
zations have not been scientifically validated.
Furthermore, they tend to be blunt instruments
aimed at predicting bite risk (Taylor and Mills
2006), as opposed to understanding the nuances
of behavior that may promote or degrade their
relationship with prospective adopters. Tests of
common assessments show a limited ability to
differentiate dogs with a known history of
aggression from those who have no aggressive
history (Bennett et al. 2012; Bollen and Horowitz
2008; Paroz et al. 2008), calling into question
their utility as a tool for determining adoptability
and placing dogs with appropriate families.
Given the stakes of these assessments, this is an
area of applied research in NHA personality that
is in need of far more attention.

Human Applications
The studies outlined previously have covered a
range of applied research in NHA personality
that is useful for the sake of understanding NHA
personality and behavior in itself. In some cases,
it is useful for ethical reasons and can benefit
NHAs themselves. In others, it is primarily
beneficial to the humans living and working with
these NHAs, and in still other circumstances, it is
beneficial to NHAs and humans alike. Besides
the utility of understanding NHA personality for
its own sake, NHAs have been used as models
for human behavior and medicine essentially
since the beginning of scientific enquiry.

We use NHAs as models for humans when it
is impractical or unethical to conduct experi-
ments on humans. It is not uncommon to delib-
erately breed or genetically engineer animals to
specifically exhibit a medical or behavioral dis-
order, to identify factors that might affect that
disorder’s presentation, or to test treatments.
Some strains of laboratory rats and mice are more
likely to show fearful behavior (Higley et al.
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1991), mice have been bred for their propensity
to display stereotypies (Muehlmann et al. 2012)
so that they can be used as models for autism
treatment, and we examined the relationship
between exploratory behavior or neophilia and
genetics in species ranging from vervet monkeys
(Chlorocebus pygerythrus) (Bailey et al. 2007) to
great tits (Parus major) (Fidler et al. 2007;
Korsten et al. 2010). With NHAs, the possibility
of selective breeding combined with decreased
time between generations allows researchers to
get answers faster than they would with human
subjects. The availability of species with social
lives that are similarly complex to those of
humans allows for research on interactions
between different personality types, and NHA
models are the only experimental option when
testing the effect of major stressors on personality
development. In humans, personality has been
linked to differential outcomes in a variety of
areas, including substance use and abuse (Clo-
ninger et al. 1988; Kotov et al. 2010), academic
performance (Chamorro-Premuzic and Furnham
2003; Komarraju et al. 2009), and relationship
outcomes and satisfaction (Shiota and Levenson
2007; Vohs et al. 2011). Thus, if we are to use
NHAs to understand human behavior and medi-
cal issues, it is critical that we at least attempt to
account for the individual differences that might
affect the conclusions we are attempting to make.

Conclusion

Applications of NHA personality research are
numerous, and span multiple fields from conser-
vation (see Troxell-Smith this volume; Watters
et al. this volume), captive animal welfare (see
Horback this volume; Lilley, Kuczaj, and Yeater
this volume), and the safety of the general public,
to medicine and evolutionary biology (Brommer
et al. this volume; Van Oers and Laine this vol-
ume), and the list goes on. Given the vast number
of areas and species in which this research can be
applied, perhaps it is no surprise that we have yet to
come up with a universal method of assessment,
and indeed, that universality is probably not only
difficult (if not impossible) to achieve, but

inadvisable. Depending on the specific aspects of
an individual’s personality or behavior that need to
be understood, assays must be tailored to be
appropriately broad or specific to the task. Perhaps
oneway to consider this challenge is by comparing
NHA personality tests to aptitude tests, much like
many high-school students take to determine
“what they should be when they grow up.” The
goal of these tests is to ensure that the right indi-
viduals end up in the right vocations, but there are
two ways one might get to the same point:
(1) Develop a general assessment that examines
behavior in a variety of contexts and try to use this
assessment to direct individuals to the best task, or
(2) develop an assessment that is geared at differ-
entiating candidates’ aptitude at a specific task
with a simple “yes or no” answer at the end. Each
approach has its advantages and disadvantages.
Whereas a broader assessment is better able to
examine how facets of behavior and personality
interact, it may necessarily sacrifice the ability to
predict behavior in specific circumstances as the
result of its broader perspective. Alternatively, the
simpler assessment that examines small pieces of
behavior under limited conditions may be more
accurate at predicting behavior in similar circum-
stances in the future, but may, in isolation, tell us
less about the broader construct of personality.
However, these slices of information, when com-
bined, can help us piece together a better under-
standing of personality (or individual differences,
or coping styles, or behavioral phenotype, or
whatever one chooses to call it), in both human and
nonhuman animals. NHA personality research has
enormous potential to improve the lives of all
animals, human, and otherwise.
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