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Methods for measuring mammalian personalities:
In which animals and how accurately can we quantify it?
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Abstract. The study of personality, and individual differences in behaviour has experienced a steady
rise in popularity in the past years. In this review and meta-analysis, we aim to introduce the concept of
personality and related phenomena. A behavioural trait should meet two basic conditions to be considered
a personality trait — it should be consistent (1) in time and (2) across contexts. In mammals, the two most
common orders in personality studies are primates and rodents. We therefore introduce different approaches
to personality testing in these two orders. Primate personality studies are based on psychology studies and
often rely on the observer’s ratings. Rodent personality studies originate in the studies of physiology and use
an experimental approach. We present a more detailed overview of methodological issues of repeatability
as a statistical tool for measuring consistency across time. The classic methods of computing repeatability
do not consider habituation and other trends which may become confounding factors and lead to underes-
timation of repeatability. We also discuss consistency across contexts and different understandings of the
context definition. We illustrate the variability of personality studies in mammals with a meta-analysis of
repeatability estimates. We found that repeatability of behaviour depends on the methodology of behavi-
oural testing and statistical analyses used, but also the number of test repetitions and differences between
the focal behaviours. Repeatability decreased with more repetitions and the tests of aggressiveness and
exploratory behaviour yielded lower repeatability estimates than the tests of activity.

Key words. Personality, repeatability, behavioural syndrome, aggressiveness, exploratory behaviour,
Rodentia, Primates.

Definition of personality

The animal personality topic has experienced a boom in popularity over the last two decades,
with 520 articles in the last four years, 135 of these studying mammals. Out of these, only
four orders were featured in more than five studies: 48 focused on rodents, 37 on primates,
26 on carnivores, and 15 on ungulates. The studies do not just state the existence of consistent
inter-individual differences in the focal species, but focus on the ecological and evolutionary
importance of personality (DALL et al. 2004, Siu et al. 2004a, b, REALE et al. 2010), its ontogeny
(Stamps & GrootHUIs 2010a, b, SMkova et al. 2017), and correlations of personality traits with
physiological parameters (KoorHaas et al. 2010, CAREAU & GARLAND 2012). There is also some
discussion about how the personality is maintained. The prevailing opinion is that individual
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differences are created and maintained by some sort of trade-off, either a life-history trade-off
(different life-history strategies favour different personalities, WoLF et al. 2007) or a fluctuating
selection pressure, created by rapidly changing environmental conditions that favour different
behavioural responses (DINGEMANSE & REALE 2013).

If we consider the number of published papers on personality from different perspectives, it mi-
ght be surprising to see how little agreement there is in the methodology of measuring individual
differences in animal behaviour. Many different fields (e.g., ethology, comparative psychology,
neurobiology, behavioural ecology) approach the inter-individual differences between animals
from different angles. This plethora of different terms, methods of quantifying behaviour, and
interpretations of behavioural traits may seem rather unorganised and confusing to taxonomists
or zoologists who are interested in what the animal personality really is. Therefore, the aim
of this article is to guide the reader through the most common methods and terms used in the
studies of mammalian personality, as well as their respective issues.

More specifically, the goals were to (1) introduce the concept of personality and related
terms, (2) provide a basic overview of methodology of measuring personality in the two most
studied mammalian orders (primates and rodents), (3) point out some methodological issues of
studying personality, (4) analyse repeatability estimates reported in published articles to provide
an indicative insight into factors influencing the temporal stability of behaviour, and finally (5)
provide some methodological guidelines for future studies of personality.

Psychologists usually use questionnaires to assess personality, however this method has only
a limited applicability in animal behaviour research (see below). Ethologists therefore needed
to devise new methods allowing them to search for behavioural traits that could be used to cha-
racterize personality of the focal individual. These traits should be as objectively observable as
possible and easily quantifiable (e.g., the latency to approach novel object or attack a conspecific
in a neutral environment). They are referred to as personality traits and their values as personality
scores. Based on the definition of personality (CARERE & EENs 2005, REALE et al. 2007, CAREAU
& GARLAND 2012, REALE & DINGEMANSE 2012), the behaviour should meet three conditions to
be considered a personality trait: (1) inter-individual variability that is (2) consistent across time
and (3) contexts (REALE et al. 2007). Here we illustrate the methodology of personality research
on two major mammalian orders: primates (Primates) and rodents (Rodentia).

The research of individual variability usually distinguishes between the personality (or tem-
perament as its synonym, CARERE & EENs 2005, REALE et al. 2007) and behavioural syndrome
(St et al. 2004a, b). While the concept of personality or temperament usually focuses on only
one aspect of behaviour (e.g., exploration) and emphasizes a temporal stability of individual
differences (REALE et al. 2007, CAREAU et al. 2015), the behavioural syndrome describes co-
rrelations between various behavioural traits (e.g., more aggressive individuals being also
more active) and does not stress the demand for temporal consistency (SiH et al. 2004a, b, Sin
& BELL 2008).

Approaches to personality research in primates

Primate personality research is heavily influenced by the results of human personality research,
which has a long history, beginning with Hippocrates and his four temperaments and continuing
throughout the 19th and 20th century (HJELLE & ZIEGLER 1992). Psychologists have successfully
used the concept of personality axes to analyse human personalities. An axis of personality is
usually a set of functionally similar behaviours in which we can find a gradient of individual
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variability. This axis is usually derived from a multivariate analysis of different intercorrelated
behavioural variables. In human psychology, one of the most popular paradigms is the “Big
Five” model — five major axes of variation in personality. They are usually labelled as cons-
cientiousness (which is expressed in deliberation and self-discipline), openness (expressed in
openness to experience, imagination, creativity, curiosity), extraversion (sociability, assertive-
ness, activity), agreeableness (trust, cooperation, lack of aggression), and neuroticism (anxiety,
depression, vulnerability to stress) (DiGMAN 1990, McCRAE & JouN 1992). In 1999, GosLING and
Jonn speculated that the “Big Five” might be also found in animals (GosLING & JoHN 1999) which
started the search for five personality axes in subhuman species. Today, the five personality axes
in animals are considered to be aggressiveness (agonistic reactions to conspecifics), sociability
(reactions to absence/presence of conspecifics, excluding agonistic behaviour), exploration
(reactions to new stimuli), boldness (reactions to a risky but not novel situation), and activity
(a general level of the individual’s activity), which can however slightly influence each other,
e.g., a general activity influencing exploratory behaviour (REALE et al. 2007).

There are three basic approaches to the quantification of primate personality. The first one is
a very common approach relying on various questionnaires derived from human personality
questionnaires. Each primate is usually rated on a scale of 1-7 (alternatively 1-5) in a number
of aspects (e.g., fearfulness, sociability, playfulness) by people who are familiar with the focal
individual — typically caregivers or researchers working with the individual for a long time. This
method is most common in apes (WEiss et al. 2007, 2011, 2012, MorToN et al. 2013, ROBINSON
et al. 2017), hence the name of the most popular questionnaire — Hominiod Personality Ques-
tionnaire. In this measure, caretakers are asked to score whether the animal is above, below,
or average (on a 1-7 scale) for 51 selected traits, e.g., dominant or curious (WEiss et al. 2009).
It is, however, also used for a variety of primate species (KoNECNA et al. 2012, MorToN et al.
2013, Apawms et al. 2015, RoBiNsoN et al. 2016).

The second possibility, although not very common, is to rate the personality based on the
observation of animals in normal conditions without any experimental manipulation (Kosk1
2011, Massen & Koskr 2014, Stags et al. 2015).

The third approach is experimental and mirrors personality research in other mammals. The
most common tests focus on boldness and exploratory behaviour, usually in the form of a novel
object or novel food test (DAMMHAHN & ALMELING 2012, Koskl & BURKART 2015).

Even though the results of these methods (questionnaires, observation, experiments) can be
interpreted as yielding the same personality axis, their comparability is somehow questionable,
as they do not always correlate across the methods (STaEs et al. 2016). One of the biggest critical
arguments against the questionnaire method is its subjectivity. Another problem is that this me-
thod cannot accurately measure the temporal stability of behaviour. Even if the questionnaires
were administered repeatedly to the respondents, the results would reflect the stability of their
subjective view on behaviour rather than the stability of the behaviour itself.

Personality in rodents

Even though the personality issue is considered a new study area and the most cited reviews
and concepts are less than twenty years old, individual differences were discussed in the studies
of rodent behaviour much earlier (ARcHER 1973). Researchers recognized the inter-individual
variability and used it to select lines with different aggressiveness (Benus et al. 1987) or different
exploratory tendencies (DEFRIES et al. 1978).
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Rodent personality research started with the term “coping styles” (Benus et al. 1989, 1991,
Koornaas et al. 1999). Coping styles divide the animals according to their reaction to a highly
stressful stimulus. The individuals labelled as proactive tried to actively escape the stress, while
the reactive individuals responded with immobility.

The questionnaire approach that we can see in primates (see above) and some other larger
mammals (e.g., companion dogs (SVARTBERG 2005), cats (GARTNER & WEIss 2013), or even
spotted hyenas (Crocuta crocuta) kept in zoos (GosLING 1998)) is almost non-existent in ro-
dents, with one exception concerning pet rats (KorpELA 2011). The most common personality
aspects studied in rodents are exploratory behaviour and boldness, quantified using a standard
testing procedure.

In the studies of explorative behaviour, the most common test is the open field test (HaLr 1934,
ARCHER 1973, WaLsH & CumMINs 1976), and its variation, the hole board test. In the open field,
the animal is introduced to an unfamiliar environment (usually some sort of arena to prevent the
animal from escaping) and an observer marks the time spent active/inactive and some characte-
ristic behavioural traits (e.g., self-grooming, rearing on hind legs, jumping, see LANTOVA et al.
2011). In the hole board test (BoissiEr & SmmoN 1962, FiLe 2001), there is a number of holes in
the arena floor to provide additional stimuli for exploratory behaviour (see Fig. 1).

Another way to test exploratory behaviour is the novel object test, in which an unfamiliar
object is introduced into the animal’s home cage or another familiar environment (BARNETT 1958,
Cowan 1976, 1977). However, the tests of exploratory behaviour always face the problem of
what can be considered as novel for the animal. If the animal is presented with the same object
or introduced to the same environment twice, for the second time the stimulus may no longer
be considered as novel by the animal, therefore we are not measuring exploratory behaviour. If
we present a different stimulus each time, we do not know whether the results are influenced by
the type of stimulus (e.g., one object is of a preferred colour, some shapes of the arena are more
stressful than others) and any comparison might be problematic (HEyser & CHEMERO 2012).

Other tests usually focus on measuring boldness or anxiety (the terminology is not quite
unified). The open field, hole board, and the novel object tests can yield some behavioural traits
we can interpret as boldness, e.g., self-grooming as a marker of low boldness (ZAMPACHOVA et
al. 2017). However, some of the tests specifically focus on boldness.

One variation of the open field is the so-called light-dark test, when the animal is allowed
to choose between a well-lit part of the arena (stressful environment) and a dark part (AuLicH
1976). The bolder animals are expected to spend more time in the light part of the arena. Ano-
ther boldness test is the startle test, which focuses on the animal’s reaction to sudden noise or
movement (GLowa & HANSEN 1994), or the handling test, when the reaction to being handled
by humans is observed (MARTIN & REALE 2008a, b). A very specific rodent test is the elevated
plus maze and its derivatives (PELLow et al. 1985, DEacoN 2013). The animal is placed on an
elevated platform in the shape of a cross or a plus (hence the name). Two arms of this platforms
have non-transparent walls (so-called “closed” arms), the other two have no walls (“open” arms)
(see Fig. 2). The more time the animal spends on the open arms, the bolder it is considered.

The other axes of personality are studied less often. Aggressiveness and sociability are so-
metimes studied with the resident-intruder test (VAN OORTMERSSEN & BAKKER 1981, KoOLHAAS
et al. 2013), when one individual is introduced to a home cage of the other individual and their
interaction is observed. A similar method is the neutral cage test, where both individuals interact
in a neutral environment (CIHAKOVA & FrRyNTA 1996, SucHOMELOVA et al. 1998, MUNCLINGER
& Frynta 2000, SucHOMELOVA & FrRYNTA 2000). This test can be also used for inter-species
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Fig. 1. Example of the hole board test using Acomys cilicicus as a subject. The animal is exhibiting head-
-dipping (looking inside the hole on the floor), a common measure of exploratory behaviour in this test.
Photo by Barbora KAFTANOVA.

Obr. 1. Piiklad vyuziti hole board testu u Acomys cilicicus. Zvite provadi head-dipping (nahlizeni do dér
v podlaze), coz je povazovano za proménnou odrazejici miru exploracniho chovani v tomto testu. Foto
Barbora KAFTANOVA.

comparisons (FrRynTA et al. 2005). Activity can be measured either by ethogram of each indi-
vidual or by a voluntary wheel running test (DEwsBURY 1980, SHERWIN 1998, KNAB et al. 2009,
MEEkx et al. 2009).

Temporal stability versus habituation

The temporal stability of behavioural traits associated with personality has been considered
in studies more often since the meta-analysis by BELL et al. (2009). This study established the
generally accepted average repeatability of behaviour 1=0.37. Repeatability is usually a number
between 0 and 1, reflecting the proportion of variability that can be explained by differences
between individuals (LEssELLS & BoaG 1987). In an unadjusted form it is called the agreement
repeatability, because it tests the reproducibility of scores of different individuals (McGraw
& WoNG 1996, HAYES & JENKINS 1997, NAKAGAWA & ScHIELZETH 2010, Biro & Stamps 2015),
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but it does not account for habituation to the testing procedure. The problem of calculating the
repeatability of traits subject to a temporal change has been addressed in detail by Biro & Stamps
(2015). When the temporal change is the same in all the animals (e.g., they all habituate at the
same rate), the effect of habituation can be corrected for by statistical tools. The result is called
the consistency repeatability. This method is useful especially for the tests of exploratory beha-
viour and boldness. These behaviours are subject to habituation, but consistency repeatability

-

Fig. 2. Example of the elevated plus maze (EPM) with Acomys cilicicus as a subject. The animal is sitting
on an “open arm” of the maze, therefore exhibiting a “bold” behaviour. Photo by Barbora KAFTANOVA.
Obr. 2. Piiklad vyvyseného kiizového bludisté (EPM) u Acomys cilicicus. Zvite sedi na “oteviené” casti
bludiste, tedy projevuje se jako “odvazné”. Foto Barbora KAFTANOVA.
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Fig. 3. Hypothetical examples of two personality traits, in which (A) describes a situation when the trait
is stable and is not subjected to a temporal trend, therefore both agreement repeatability and consistency
repeatability would be high. (B) shows a trait which is consistent, but with a distinct trend, therefore we
would find low agreement repeatability. This trait, even though it reflects personality, would be repeatable
only after correcting for the temporal trend (consistency repeatability). The different symbols represent
values measured in different individuals.

Obr. 3. Hypoteticky priklad dvou personalitnich ryst, kde ¢ast (A) popisuje situaci, kdy je rys stabilni
a nepodléha zadnému trendu, tedy jak opakovatelnost bez korekce (agreement repeatability), tak opako-
vatelnost, berouci v tvahu &as (consistency repeatability), by byly vysoké. Cast (B) ukazuje personalitni
rys, ktery je konzistentni, ale s vyraznym ¢asovym trendem, tedy opakovatelnost bez korekce (agreement
repeatability) by byla nizka. Toto chovani, pfestoze se v ném projevuje personalita, by bylo dobie opako-
vatelné pouze po statistické korekci, zohledtiujici Casovy trend (consistency repeatability). Rtizné symboly
oznacuji hodnoty chovani, naméfené u riznych jedinca.

allows us to establish whether the individual maintains its relative scores to other individuals
(e.g., if the boldest individual stays the boldest throughout the habituation process). The consi-
stency repeatability can be high and provide an evidence of personality, even when agreement
repeatability is low (see Fig. 3).

It has however been shown that individuals may also differ in their reaction to an environmen-
tal variation (KooLHaas et al. 1999, Davip et al. 2004, MarTIN & REALE 2008a). This concept
originates in behavioural ecology and is referred to as phenotypic plasticity (for a review, see
WEsT-EBERHARD 2003) and the set of phenotypes produced by a genotype over a range of en-
vironments is called the reaction norm (Via et al. 1995). While the ideal personality trait is the
one that is the most stable across contexts and situations, the plasticity looks for traits that are
flexibly adapting to the current environment. However, different individuals may show diffe-
rent levels of plasticity in their behaviour, therefore we can view the plasticity and behavioural
flexibility as another aspect of personality (KoorHaas et al. 1999, Corpens et al. 2010). The
behavioural reaction norms therefore describe not only the average level of animal behaviour,
but also the differences in individual responses to changes in external conditions (DINGEMANSE
etal. 2010).
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Table 1. Coefficients of the gls marginal model, analysing the effect of method, number of repetitions and
axis of personality on repeatability estimates

Tab. 1. Koeficienty gls marginalniho modelu, analyzujicicho efekt metody, poctu opakovani a osy perso-
nality na hodnotu opakovatelnosti

value standard error t-value p-value
hodnota ~ smérodatné chyba hodnota t pravdépodobnost

(Intercept) / (Intercept) 0.408 0.053 7.630 <0.001
method: correlation / 0.086 0.053 1.637 0.103
metoda: korelacni koeficient
method: LMM repeatability / —0.181 0.607 —2.982 0.003
metoda: LMM opakovatelnost
numer of repetitions / —-0.004 0.003 —-1.631 0.104
pocet opakovani
axis: activity / 0.175 0.051 3.397 0.001
osa: aktivita
axis: boldness / 0.128 0.048 2.665 0.008
osa: odvaznost
axis: exploration / 0.018 0.054 0.333 0.739
osa: explora¢ni chovani
axis: sociability / 0.087 0.044 2.007 0.046

osa: sociabilita

Behavioural syndrome and correlations between contexts

Another requirement of personality definition is the consistency across contexts. However,
the literature is somewhat ambiguous as to what is considered as different contexts. Stamps
and GrootHuis defined a context as “all of external stimuli surrounding an individual when
it expresses a given behaviour” (Stamps & GrootHuis 2010b). This can be interpreted in two
different ways. For example, some studies consider two different tests of exploratory behaviour
as two different contexts and accept the behavioural trait as a personality trait if it is individu-
ally consistent across different tests (DAMMHAHN & ALMELING 2012, ZAMPACHOVA et al. 2017).
Some researchers though understand the correlation between contexts as a correlation between
different personality axes, e.g., bold individuals are also more aggressive (EDENBROW & CROFT
2012, RupiN & Brirra 2012). These correlations are unfortunately usually studied separately from
temporal consistency and very few studies focus on both the temporal and contextual stability
of candidate personality traits (GUENTHER & TRiLLMICH 2012, PETELLE et al. 2013, GUENTHER et
al. 2014, Hupson et al. 2015). Some theories state that some behavioural traits, while consistent
when studied alone, might not stay correlated during the ontogeny because of different selection
pressures on adults and juveniles (GrooTHUIs & TriLLMICH 2011).

Meta-analysis of personality trait repeatability

Given the wide variety of methods used for personality tests demonstrated above, it is not
sufficient to merely describe the variability of studies, but one should also present a simple
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indicative meta-analysis to provide some insight as to what differences are truly relevant. We
restricted our search to the period of classical studies of personality, which focused more on
the description of personality rather than ontogenetical changes or an evolutionary context,
therefore we used studies from 2000 to 2013. The source studies were searched for in the Web
of Science database with the key words “boldness”, “neophobia”, “risk taking”, “activity”,
“explor*”, “aggressi*” and “repeat*”. Out of 104 studies containing estimates of repeatability,
we chose only 30 articles studying mammals, which yielded 327 estimates of repeatability. To
each repeatability estimate we also noted the id of the study (variable “study’), the method used
to calculate the repeatability estimate (“method”), the number of times the test was repeated
(“number of replications”), the number of subjects (“number of individuals”), the mammalian
clade the subjects belonged to (“clade™), and the axis of personality the behaviour belongs to
(“axis of personality”). We categorized three methods of the repeatability estimation (methods
reviewed in NAKAGAWA & ScHIELZETH 2010): a correlation coefficient (further referred to as
correlation), an intraclass correlation coefficient using variance components extracted from
ANOVA (further referred to as ANOVA repeatability; LESSELLS & Boac 1987), and an intraclass
correlation coefficient using variance components extracted from linear mixed-effects models
or generalized linear mixed-effects models (further referred to as LMM repeatability). “Clade”
contained three categories, as we found studies of only three clades: Euarchonta (data from the
order Primates), Glires (data from the order Rodentia), and Laurasitheria (data from the orders
Artiodactyla, Perissodactyla, and Carnivora). The “axis of personality” factor contained five
categories of behaviours, corresponding to five axes of personality sensu REALE et al. (2007):
activity, aggressiveness, boldness, exploration, and sociability.

We used a marginal linear model (gls function) as implemented in the nlme package under the
R-environment (R version 3.2.2, package version 3.1-121; PINHEIRO, BATES, DEBROY, SARKAR
& R Core Team 2015). The dependent variable was the estimate of repeatability and the fixed

LR I3

factors in the full model were the “method”, “number of replications”, “number of individu-
als”, “superorder”, and “axis of personality”. First, we compared the full model with the same
model including the “study” as a random factor, using the maximum likelihood (ML) method.
Then we reduced the model by excluding the non-significant fixed factors one at a time, while
comparing the reduced model to the full model to make sure that the reduced model explains
the same variance as the full one.

The model including the “study” as a random factor was significantly different from the same
model without a random factor (L-ratio=15.831; p<0.0001), therefore the “study” was included
as a random factor in all subsequent models.

In the full model, the “number of individuals” and “clade” factors were not significant
(p>0.05). The reduced model was not significantly different from the full one (L-ratio=2.753;
p=0.413) and included the “method” (F=10.683; p<0.0001), “number of replications” (F=5.274;
p=0.022), and “axis of personality” factors (F=4.503; p=0.002). For a summary of the reduced
model, see Table 1. We employed the Tukey HSD test to assess the significance of differences
between factor levels. While the correlation and ANOVA repeatability do not differ significantly
(p=0.232) in the “method” factor, the LMM repeatability produces lower estimates than both the
correlation and ANOVA repeatability (p=0.0002 and p=0.009, respectively). This might mean
that the LMM repeatability is either a stricter method, or is applied to less balanced designs, as
recommended in NAKAGAWA & ScHIELZETH (2010). The Tukey HSD test for the factor “axis of
personality” showed that the repeatability of activity was significantly higher than the repeata-
bility of aggressiveness (p=0.007) and exploration (p=0.012) (see Fig. 4).
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Fig. 4. Repeatability estimates for the five personality axes (Aggressiveness, Activity, Boldness, Explo-
ration, Sociability) from our meta-analysis data.

Obr. 4. Hodnoty opakovatelnosti (Repeatability) pro pét personalitnich os (Agresivita, Aktivita, Odvaznost,
Exploraéni chovani, Sociabilita).

We have found that the estimate of repeatability is significantly influenced by the choice of
the statistical procedure, but also by the methodology of behavioural testing (there was a sig-
nificant effect of study). We revealed a strong effect of the method used to calculate repeatabi-
lity, however we believe this effect to be an artefact of the overall methodology. Studies using
LMMs to estimate repeatability are usually sophisticated with more rigorous methodology,
often with longer inter-test intervals, therefore the repeatability estimates are more sensitive
to a random error.

We found that repeatability is lower in studies with a higher number of the test repetitions,
which is in contrast with the findings of Biro (2012), who found repeatability improving
with a higher number of repetitions. However, it is difficult to compare a meta-analysis and
experimental data. The source studies were also all published before 2014, while the first com-
prehensive article stressing the importance of correcting for habituation and other consistent
temporal trends was published in 2015 (Biro & Stamps 2015). None of the studies included in
our meta-analysis used a correction for systematic temporal trends, which might have led to
undervalued repeatability estimates (BiRo & Stamps 2015, ZampacHoVA et al. 2017).
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The effect of the behaviour type (“axis of personality’’) might reflect the issues of measu-
ring the respective behaviours. While activity is usually measured without any experimental
disturbance and is therefore rather easy to estimate, aggressiveness and exploratory behaviour
are more complicated. Moreover, activity can influence measurements of other behaviours and
distort the results, which does not work reversely (BARNETT & Cowan 1976, REALE et al. 2007).
In both of these behaviours, the experience of tested animals with experimental conditions plays
a large role. In the tests of aggressiveness, it is impossible to replicate the exact situation with
the same opponents meeting for the first time. Sociability, on the contrary, does not show lower
repeatability. Exploratory behaviour is also difficult to test repeatedly, as it relies on a reaction
to “novelty”. The question remains whether the novel stimuli still function as novel during the
test repetitions. An alternative is to use a slightly different stimulus in every repeat of the test,
but it is questionable, whether such repetitions are comparable.

We expected to find some effect of the clade, due to the differences in approaches described
above and the inherent differences between the animals, but the effect was not significant.
This could mean that personality in mammals appears in similar behaviours and we are able to
quantify them with comparable accuracy. Moreover, we did not find any effect of the number
of subjects. This shows that the studies all use a sufficient number of individuals and that the
number of subjects does not create any systematic effect in the studies.

Our meta-analysis therefore shows that experimental studies of personality in different mam-
mals are comparable, it is however advisable to pay close attention not only to the methodology
of behavioural testing, but also to the details of statistical analysis.

Concluding remarks

Animal personality is a wide field of study with a variety of terms and various methodological
approaches. Some of the terms are synonymous, some of them overlapping, some of them
complementary. The definition of personality itself is simple and clear: personality traits are
behavioural traits consistent both across time and context. Despite this, researchers often focus
on either temporal or contextual consistency only.

In the literature review, we demonstrated on the example of two mammalian orders with
the highest number of personality studies that even though the studies try to describe the same
concept, their approaches can be so different that a comparison is complicated. The studies on
primates are usually more comparable with the studies of human psychology, as the primate
studies were originally inspired by psychological methods and therefore have a similar metho-
dology. Rodent studies have a more detailed methodology, focused on quantifying observable
behaviour, however, they often describe only one aspect of personality and somehow lack more
comprehensive characteristics of personality. However, when we compared experimental studies
of personality in two superorders (Euarchontoglires, Laurasiatheria), we found comparable
results with no significant differences in the values of repeatability estimates.

It is tempting to study laboratory or domesticated animals, but in these animals the variability
of their behaviour is reduced by the domestication process, as shown by DE Boer and colleagues
(pE Bokr et al. 2003). Considering that personality is in its core a study of variability, we be-
lieve that studies focusing on wild or wild-derived animals may bring many interesting results
and can reveal new angles for future studies of personality, e.g., mechanisms in ontogeny of
personality, where theoretical models do not always match the observations (SiMKovA et al.
2017) or specific selection pressures maintaining different personality types in the population
(as demonstrated in the black rat, Rattus rattus; ZampacHova et al. 2017). Wild and wild-deri-
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ved animals can answer many questions about the ecological relevance of personality and the
interaction of different personality types with the environment that studies on domesticated or
laboratory animals cannot.

The most widely used personality tests (the open field test for measuring exploratory behavi-
our and/or boldness, the resident intruder test for measuring aggressiveness) are also the most
universal ones, however, we recommend a careful consideration should be paid when choosing
tests suitable for the studied species and in some cases, an adaptation of the standard tests might
be required. Based on our previous results (ZaMpaCHOVA et al. 2017), we suggest three to four
repetitions of each test to assess the temporal stability and whether the behaviour is subject to
habituation. However, our meta-analysis presented above suggests that repeatability is lower
with more repetitions of the testing procedure. Therefore, we advise to correct for habituation
during a statistical analysis, especially in the tests of aggressiveness and exploratory behaviour,
as it might provide more accurate estimates of repeatability. We also recommend testing the
same behaviour in different contexts (e.g., different tests of exploratory behaviour) to assess
the context generality of behaviour.

We would like to point out that personality studies in mammals focus either on “traditional”
orders with specific methodology (primates, rodents) or on large attractive animals (carnivores,
ungulates). There are only a few studies concerning other orders, whose unique ecology (e.g.,
bats) might provide a new insight into the development and structure of animal personality.
We encourage zoologists working with many interesting and ecologically unique species to
consider personality in their studies, as personality framework may provide more information
about the link between the individual variability in behaviour and autecology of many mam-
malian species.

SOUHRN

Studie zabyvajici se personalitou a individualnimi rozdily v chovani v poslednich letech nabyvaji na po-
pularité. V tomto ptehledu a meta-analyze chceme piedstavit koncept personality a podminky, které musi
prvek chovani spliiovat, aby mohl byt povazovan za osobnostni rys. Z definice personality to je konzistence
(1) v ¢ase a (2) v riznych kontextech. U savcii je personalita studovana predevsim u dvou fadd, a to u pri-
matt (Primates) a hlodavct (Rodentia). Popisujeme zde rizné ptistupy k méfeni personality u zastupct
téchto dvou radt. Primatologické studie personality vychazeji z lidské psychologie a ¢asto spoléhaji na
skorovani subjektl pozorovatelem, zatimco studie na hlodavcich vychazeji spise z fyziologického vy-
zkumu a pouzivaji vice experimentalni ptistup. Dale poskytujeme nahled do metodickych uskali pouziti
koeficientu opakovatelnosti jako statistického nastroje pro méfeni konzistence chovani v ¢ase. Klasické
metody vypocti opakovatelnosti neuvazuji habituaci a dalsi trendy, které mohou zkreslit vysledky a vést
k pfili§ nizkym hodnotam opakovatelnosti. Také diskutujeme konzistenci chovani v riznych kontextech
a rizné pohledy na definici kontextu. Variabilitu ve studiich sav¢i personality ilustrujeme meta-analyzou
opakovatelnosti. Nasli jsme zavislost opakovatelnosti na metodice behavioralnich testl a statistické ana-
lyze, ale také jsme nasli signifikantni efekt poctu opakovani daného testu a rozdily mezi riznymi okruhy
chovani. Opakovatelnost klesala s rostoucim poc¢tem opakovani a testy agresivity a explora¢niho chovani
se ukazaly méné opakovatelné nez testy aktivity.
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