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ABSTRACT

Background: In recent years, the study of animal personality has gained significant attention in ecology and evolutionary bi-
ology. Small mammals are one of the most frequently studied mammalian taxa in this field, and their personality significantly
impacts ecological outcomes. However, a review focused on the materials and methods to study wild small mammal personality
is lacking.

Aims: To address this gap, we aim to (1) identify the most consistent assays for measuring specific personality traits in wild
species and (2) propose a standardised experimental design, detailing optimal arena size, shape and material, as well as stand-
ardised testing conditions and experimental procedures and highlighting critical aspects which require validation. Moreover, we
(3) report a clear interpretation of the most commonly measured behavioural traits and the methods employed for their analysis.
Material and Methods: Our review synthesises findings from 133 articles covering 54 species in a variety of habitats, ranging
from the Canadian boreal forests to the semi-desert regions of South Africa. We found a concerning lack of standardisation in
research methodologies, especially for key features such as the shape and size of arenas for behavioural assays and test duration.
We observed considerable variability in how behavioural traits were interpreted. Nevertheless, we identified a suite of tests and
interpretations of behaviours that allow for efficient processing of animals and produce consistent results in both field and lab-
oratory settings.

Conclusion: We conclude with five recommendations for a standardised approach to enhance the comparability of results and
advance the field of wild small mammal personality research.

1 | Introduction same species are referred to as personality (Réale et al. 2007).

Personality is found throughout the animal kingdom and has
Each animal has a unique way of behaving and responding to been identified in a wide range of organisms, from earthworms
life's challenges (Réale et al. 2007; Sih et al. 2004). These con- (Nakashima et al. 2018) to gorillas (Gold and Maple 1994). The
sistent and repeatable (i.e., stable across various situations and study of personality is relevant to both ecology and conservation
over time) behavioural differences between individuals of the (Sih et al. 2004; Réale et al. 2007; MacKinlay and Shaw 2023),
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as the personality of an individual has been found to influence
ecosystem services, forest regeneration and predator—prey dy-
namics (Bump et al. 2022; Hunter et al. 2022).

1.1 | Research on Wild Small Mammal Personality

Small mammals (i.e., rodents, lagomorphs, shrews, moles and
marsupials weighing lesser than 5kg, Merritt 2010) are one of
the most studied mammalian taxa when it comes to personality,
with over 100 papers published in the period from 2000 to 2023.
In comparison, in the same period researchers have published
50 papers on personality in cetaceans and 30 on ungulates. The
large number of studies conducted on small mammals is likely
due to their small body size, which makes it easier to measure
their personality through assays. They also serve as suitable
model species for addressing various ecological and behavioural
questions (Adler 1985), as they play a crucial role in food webs
(Mukherjee et al. 2004; Karell et al. 2009), seed and spore dis-
persal (Price and Jenkins 1986; Stephens and Rowe 2020),
and as ecosystem engineers (Bagchi et al. 2006; Prugh and
Brashares 2012).

Personality traits in rodents affect physiological and ecolog-
ical variables, such as metabolic rate (Careau et al. 2011, von
Merten & Siemens 2012, Sichova et al. 2014), survival (Brehm
and Mortelliti 2023), reproductive success (Boon et al. 2007),
disease and parasite transmission (Vanden Broecke et al. 2019;
Santicchia et al. 2020; Yen et al. 2023), space use (Boyer
et al. 2010; Schirmer et al. 2019; Aliperti et al. 2021), habitat use
(Brehm and Mortelliti 2021; Tranquillo et al. 2023), seed disper-
sal (Brehm et al. 2019; Brehm and Mortelliti 2022) and response
to anthropogenic disturbance and urbanisation (Dammhahn
et al. 2020; Oliveira et al. 2021; von Merten et al. 2022). For in-
stance, in the seed dispersal mutualism, bold rodents usually
behave in a more mutualistic manner than timid ones, as they
are more likely to bury seeds intact in suitable locations for ger-
mination (Brehm et al. 2019; Brehm and Mortelliti 2022). Also,
Mazza et al. (2020) found that common voles in urban habitats
are significantly bolder and more explorative compared to indi-
viduals from rural populations. These findings underscore the
importance of considering wild small mammal individuality
and integrating their behavioural diversity into ecological and
evolutionary studies, as well as restoration and conservation
efforts.

Numerous behavioural traits have been used to assess per-
sonality in wild small mammals (e.g., locomotion, activity, la-
tency to emerge from a refuge and response to handling; Réale
et al. 2007), as they are repeatable and exhibit significant vari-
ation among individuals (Schulte-Hostedde and Millar 2002;
Martin and Réale 2008; Dingemanse and Wright 2020).
Additionally, researchers use various methods to measure
personality such as field observations (e.g., flight initiation
distance; Blumstein et al. 2023), physiological parameters
(e.g., breath rate; Boon et al. 2007, Haigh et al. 2017) and be-
havioural assays (e.g., open field test, handling test and mirror
image stimulation test; Martin and Réale 2008, Eccard and
Herde 2013), in both field and laboratory settings. Behavioural
assays are a critical tool for studying personality because they

allow researchers to control testing conditions (Martinig
et al. 2022). The identification of the most efficient and reli-
able behavioural assays (i.e., tests with brief duration and sim-
ple procedures) is clearly a priority for researchers. Although
there are multiple reviews of the methods used to study small
mammal personality (Hall 1941; Walsh and Cummins 1976;
Garcia-Sevilla 1984), none focus specifically on the study of
personality in wild small mammal species. This distinction
is important, as wild species exhibit behavioural differences
compared to domestic or laboratory strains (Smith et al. 1994;
Plyusnina et al. 2011; Bardos et al. 2024).

Behavioural traits recorded during tests should be easy to iden-
tify and ensure unambiguous interpretation (Carter et al. 2013).
Psychologists have applied the concept of personality axes (rep-
resenting a gradient of variability in similar behaviours among
individuals) within the framework of the ‘Big Five’ model since
the early 1990s (Digman 1990). However, the concept of person-
ality axes pre-existed the formalisation of the Big Five model.
An axis of personality refers to a set of similar behaviours in
which we can identify a gradient of variability among individ-
uals. This model is currently being applied to animals as well
(Réale et al. 2007), with the five personality axes including ex-
ploration (i.e., tendency to explore a new environment or object),
activity (i.e., general level of activity of an individual), boldness
(i.e., individual reaction to a risky situation), sociability and
aggressiveness (i.e., non-aggressive and aggressive reactions
to the presence of conspecifics; Gosling and John 1999, Réale
et al. 2007, Zampachov4 et al. 2017). The definitions of these
personality traits were initially developed by Gosling and John
in 1999 and later expanded by Réale et al. in 2007. The authors
highlighted the importance of contextualising each personal-
ity trait within the specific situation (sensu Sih et al. 2004) in
which it is assessed. Thus, behavioural assays are designed to
create specific contexts to evaluate particular personality traits,
such as the open field test, which creates a novel and open envi-
ronment in which to measure animals’ exploratory tendencies.
Therefore, experimental designs addressing the need for effi-
cient assays measuring easily interpretable traits do exist, yet
there is a concerning lack of standardisation among studies. A
standardised approach is crucial for advancing wild small mam-
mal personality research and comparing results more effectively
across studies.

Our aim is to review behavioural assays currently used to study
personality in wild small mammals, with the goal of facilitating
the adoption of a standardised approach. We focused on the Big
Five personality traits, aiming to (1) identify the most frequently
used and methodologically consistent (i.e., repeatedly applied in
similar ways across studies and producing stable, comparable
results) behavioural assays to measure exploration, activity, so-
ciability, aggressiveness and boldness (i.e., respectively aligning
to openness, extraversion, low agreeableness and low neuroti-
cism; Réale et al. 2007; Zampachov4 et al. 2017), (2) propose a
standard experimental design (i.e., arena size, shape and mate-
rials) and (3) testing conditions (level of illumination, absence
of disturbance, etc.) for those assays, (4) propose a univocal in-
terpretation of commonly measured behavioural traits, and (5)
identify good practices for behavioural analyses and repeatabil-
ity assessments (Figure 1). Our recommendations are intended
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FIGURE1 | Graphical summary of the review, with sections organised into ‘Standardised Experimental Design’ and ‘Behavioural Measurements’,

numbered from 1 to 5. The top right image shows Apodemus flavicollis during an emergence test. The bottom right images display tracking trajecto-

ries of the same individual in an open field test measured 1 month apart.

as a practical starting point for researchers, while encouraging
continued investigation into how specific methodological vari-
ables, such as apparatus dimensions or test duration, impact be-
havioural outcomes.

2 | Methods

We conducted a literature search using Web of Science and
Scopus, with resultslimited to papers published before December
2023. The search was performed using the following key words:
TS =(((small AND mammal¥) OR (wild AND rodent*) OR squir-
rel* OR shrew* OR mouse* OR rat* OR vole* OR hamster* OR
tamia*) AND (personality* OR (behaviour* AND syndrome*)
OR temperament OR emotionality OR (copying AND style*))).
The search included both English and American spellings. To
focus on ecological research, excluding biomedical and phar-
macological fields, we limited the search to the “Environment”
subject area on Scopus, while in Web of Science, we restricted
results to the following categories: “Ecology,” “Behavioural
Sciences,” “Zoology,” “Evolutionary Biology,” “Environmental
Science,” and “Environmental Studies.” We reviewed titles and
abstracts of 981 papers (Appendix S1; Page et al. 2021) and in-
cluded 86 papers in this review based on the following criteria:
(1) the study focused on the examination of personality in small
mammal species in either field or laboratory settings (n=775
excluded papers); (2) the study species were neither domestic
nor from zoo or laboratory strains, and they corresponded to
the definition of a small mammal (Merritt 2010; wild caught

”» < ”

animals and their progeny were included; n=81 excluded pa-
pers); (3) personality was assessed by behavioural assays (we
excluded papers including only metrics obtained through field
observations; e.g., Uchida et al. 2017, Ortiz-Jimenez et al. 2022,
Blumstein et al. 2023; n=16 excluded papers); (4) the research
addressed ecologically relevant questions by investigating per-
sonality traits in relation to fitness, habitat and space use, pred-
ator-prey interactions, or plant-animal relationships (n=32
excluded papers focusing solely on methodological development
or laboratory-based behavioural tests without linking them to
ecological or evolutionary processes in natural systems); the
study reported original data (n=1 excluded paper). We also
manually added 47 studies that were found through citations
and bibliography searching, reaching an overall number of
133 papers. From the selected studies, we collected the follow-
ing information (Appendix S2): authors, year of study, country
where the study was conducted, study species, origin of sam-
pled individuals (i.e., wild or captivity), test conditions (i.e., field
or laboratory, whether the light levels were controlled or not,
whether the apparatus was cleaned or not before conducting
tests, whether operators were visible or not), behavioural assay
name (i.e., we used the name reported in the paper, or assigned it
based on existing literature when unspecified), apparatus char-
acteristics (i.e., size, materials and structure), test duration, be-
havioural traits and their interpretation, methods employed in
analyses, software and methods used for repeatability analyses,
number of tested animals, research questions and relationships
of the studied variables (e.g., metabolic rate, parasite load, space
use, etc.) with behavioural traits.
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FIGURE2 | Summary of published studies on small mammal personality from 2000 to 2023. The figure presents the number of publications pub-
lished each year, with each bar representing the total count of studies.
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FIGURE 3 | Number of published studies on personality across small mammal groups. Each bar represents the number of published studies

(2000-2023) for each group of species.
3 | Results and Discussion

The number of publications on wild small mammal personality in-
creased gradually from 2000 t0 2020, peakingin thelast Syearswith
59% of articles published between 2019 and 2023 (Figure 2). A total
of 54 species have been studied, including wild mice (Apodemus,
Dipodomys, Melomys, Micaelamys, Mus, Napaeozapus, Necromys,
Peromyscus and Rhabdomys), voles (Microtus and Myodes), shrews
(Blarina, Crocidura, Neomys and Sorex), squirrels (Sciurus and
Tamiasciurus), chipmunks (Tamias), marsupials (Burramys) and
mole-rats (Fukomys). Wild mice and voles are the most commonly
studied species (54% of studies on mice and/or voles, Figure 3),
followed by tree squirrels (15%) and chipmunks (14%). Personality
in small mammals has been explored on every continent except
Antarctica, and in diverse habitats from Canadian boreal forests
(Boon et al. 2007) and beech stands in Eastern Europe (Bednarz
and Zwolak 2022) to the coastal grasslands of Argentina (Fanjul
et al. 2023) and the semidesert region of Succulent Karoo in South
Africa (Agnani et al. 2020).

3.1 | Experimental Design
3.1.1 | (1) Personality Assays

Currently, 14 different behavioural tests are employed in wild
small mammal personality studies, some of them more fre-
quently than others (Table 1). Four of these tests are used to
estimate exploration and activity (i.e., open field, hole board,
novel object, radial arm maze), six are dedicated to measuring
boldness/docility (i.e., emergence, handling, dark-light, startle,
barrier, elevated-plus maze) and four are typically employed to
assess sociability or aggressiveness (i.e., mirror image stimula-
tion, dyadic encounter, resident-intruder, preference test).

3.1.1.1 | Open Field Test. The most common behavioural
test for assessing wild small mammal personality is the open
field test, with approximately 86% of published studies using
the open field test, or its variants such as the hole board test, to
measure exploration, activity and boldness. This test has been
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TABLE1 | Listof personality tests, how commonly used they are in studies from 2000 to 2023, and their interpretation according to the Big Five
theory (exploration, activity, boldness, sociability and aggressiveness).

Personality Percent of
test Personality trait studies Definition
Open field Exploration/activity 76% The investigator introduces an individual into an
arena, usually novel. The variables measured include
speed, distance travelled and location in the arena
Hole board Exploration 11% A modified version of the open-field test with holes in the
floor. The variable that is usually measured is head-dipping
Novel object Exploration 14% The investigator presents an individual with a
novel object. Typically, the variables measured
are latency to approach the object and proportion
of time spent in contact with the object
Radial arm maze Exploration <1% An individual is allowed to explore the maze composed of
a central platform and radial arms. The variables measured
are number of visited arms and pattern of exploration
Handling Boldness (docility) 23% The investigator holds an individual in hand (often in a
transparent bag) and measures the total time spent moving
Emergence Boldness 20% The individual emerges from a trap or shelter
into a novel environment. Typically, the
variable recorded is latency to emerge
Dark-light Boldness 5% The investigator places a subject in a test box
with a dark chamber and an exit. The variables
measured are the latency before the first transit and
the time spent in the light and dark chambers
Startle Boldness <1% The investigator presents individual with a threatening
stimulus, such as a loud noise. The variable
measured is latency to enter a trap or a shelter
Barrier Boldness 3% The testing apparatus is divided into equal
compartments and the variables measured are latency
to cross the barrier and crossing frequency
Elevated plus Boldness <1% The investigator places the individual in the centre
maze of crossed arms and it is allowed to visit open arms
(transparent walls) and closed arms (opaque walls).
The variables measured are time spent in the open and
closed arms as well as speed and distance travelled
Mirror image Sociability/aggressiveness 17% The investigator presents an individual with a
stimulation mirror. The variables measured are aggressive
display or contact with the mirror
Dyadic Sociability/aggressiveness 8% The investigator introduces an individual to a conspecific.
encounter The variables measured are reaction to the presence of a
conspecific, latency of attack and solicitation of interactions
Resident-intruder ~ Sociability/aggressiveness <1% The investigator adds an intruder animal to the cage/
arena in the presence of a resident animal. The variables
measured are time spent in social and aggressive behaviours
Preference Sociability/aggressiveness <1% The test is conducted in an arena consisting of two

chambers: one occupied by another animal and one free.
The variable measured is the time spent in each chamber

Note: Réale et al. (2007); Martin and Réale (2008); Lantova et al. (2011); Herde and Eccard (2013); Krebs et al. (2019); Shchipanov and Demidova (2020).

used to study a wide range of small mammal species, includ- et al. 2018), chipmunks (Martin and Réale 2008), ground squir-
ing mice, voles (Lantova et al. 2011; Brehm and Mortelliti 2021), rels (Piquet et al. 2018), rats (Zampachov4 et al. 2017), mole-rats
shrews (von Merten and Siemers 2012), squirrels (Mazzamuto (Begall et al. 2022), tuco-tuco (Fanjul and Zenuto 2020) and degu
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(Chock et al. 2017). The open field test is relatively simple:
the animal is placed in an empty enclosed area (i.e., the “open
field”) which typically contains distinct zones, such as central
and peripheral areas (Table 1). The amount of time the animal
spends exploring these zones is then measured (Archer 1973).
However, the specifics of the open field test can vary significantly
between studies. Sometimes researchers add objects to the arena
(making it no longer empty; Dochtermann and Jenkins 2007;
Warrington et al. 2022, Morris and Palmer 2023) or modify its
structure by connecting it to another chamber (making it no lon-
ger enclosed). Such changes should only be made if research-
ers are interested in obtaining measurements that differ from
those obtained using the original version of the open field
test. For instance, in Fanjul and Zenuto (2020), the open field
arena was connected to a dark acrylic box, making the setting
more like a dark-light apparatus. However, dark-light tests
are intended to measure boldness exclusively rather than explo-
ration, which makes the results of this study incomparable to
those of studies using a classic open field setup. Therefore, to
ensure consistent results, we recommend conducting the open
field test with standard conditions (e.g., open field test with an
empty arena; Hall 1934, Archer 1973).

3.1.1.2 | Novel Object Test. The novel object test was used
in 14% of studies, with limited consistency in experimental
design. For instance, novel objects differed in their size, shape
and presence of scent. Researchers reported the use of odor-
ous paper (Cremona et al. 2015), odourless plastic objects, such
as toys (Yuen et al. 2015; Mazza et al. 2018; Vanden Broecke
et al. 2019), and glass objects (Duparcq et al. 2019). Without ref-
erence studies, it is challenging to determine if a specific object
can genuinely pique the curiosity of a wild animal. According
to the novel object paradigm, a novel object should be unfamil-
iar to focal animals so that we do not expect an evolved attrac-
tion to these objects (Takola et al. 2021). To determine whether
animals are truly perceiving the object as novel, thereby elic-
iting curiosity, and whether responses are explorative or fear
responses, we highly recommend conducting trials comparing
explorative behaviour towards a novel object made of material
that animals may not have experienced in the past and that can
be moved or manipulated (i.e., small plastic ball), a familiar
object (i.e., natural items such as a stone found in the study area)
and a control object (i.e., natural items that are not found in
the study area). In conclusion, improving experimental design
in the selection of novel objects can lead to more meaningful
and ecologically relevant findings, reducing the risk of misinter-
preting the absence of exploratory behaviour.

3.1.1.3 | Emergence Test and Handling Test. Boldness
is commonly assessed with the emergence test (20%) and han-
dling test (23%), which both have consistent methodologies
(Table 1). Indeed, these tests are characterised by relatively
easy procedures, which have rarely been modified. The emer-
gence test assesses boldness by placing animals in a shelter (i.e.,
dark tube or trap; von Merten et al. 2017; Mazza et al. 2020)
and measuring whether animals emerge and their latency to
emerge from the shelter. The handling test is conducted by
directly holding the experimental animal with one hand (von
Merten et al. 2022; Hurst-Hopf et al. 2023) or using a bag (i.e.,
handling bag test; Patterson and Schulte-Hostedde 2011; Tay-
lor et al. 2012, Brehm et al. 2019) and it measures docility (i.e.,

the animal's reaction to handling). Humans are seen as a poten-
tial source of predation or threat, so docility can be considered
as part of the animal's boldness axis (Réale et al. 2007), but
it may be also associated with social or defensive aggression
(Réale et al. 2009; von Merten et al. 2022). Handling test varia-
tions, such as ‘behaviour in trap’ (i.e., the animal is confined by
the trap rather than a human handler) which has been reported
in only one study (Aliperti et al. 2021), should be avoided as
they are not consistent.

3.1.1.4 | Dark-Light Test, Barrier Test, Startle Test
and Elevated Plus Maze. The dark-light test and barrier
test also measure boldness but are rarely employed (5% and 3%
respectively). In the case of the dark-light test, the methods
differ among studies. For instance, Stratton et al. (2021) ini-
tially placed the individual in the centre of the light chamber
and called it the light-dark test, instead of the dark-light test.
Additionally, Krebs et al. (2019) used a shelter placed in a test
box instead of a dark chamber connected to an open arena. Star-
tle tests and elevated plus mazes are even rarer in the literature,
having been used in only 1 and 2 studies respectively.

3.1.1.5 | Mirror Image Stimulation Test and Dyadic
Encounter. The mirror image stimulation test and dyadic
encounter are the most frequently employed (17% and 8%
of overall studies) and consistent methods for measuring socia-
bility and aggressiveness (Table 1), whereas other tests such as
resident-intruder and preference tests are rarely adopted (n=2).
The mirror image stimulation test is conducted especially in
social species, such as squirrels and chipmunks, often using
a sliding panel that can be removed to reveal a mirror imme-
diately after the open field test and then quantifying animals’
interactions with the mirror (Taylor et al. 2012; Mazzamuto
et al. 2018; Uchida et al. 2020). Dyadic encounters, tests allow-
ing two animals to interact freely, have been conducted to inves-
tigate intraspecific interactions in mice (Schradin et al. 2010),
voles (Korpela et al. 2011), chipmunks (Schulte-Hostedde
and Millar 2002), tuco-tuco (Fanjul and Zenuto 2020), mole-rats
(Begall et al. 2022) and shrews (von Merten et al. 2017), using
both familiar (Begall et al. 2022) and non-familiar individuals
(Schulte-Hostedde and Millar 2002).

In general, original test versions can be easily classified ac-
cording to some Big Five dimensions, whereas combinations
of multiple tests and significant variations in setup may lead to
confusion about measured traits, resulting in misinterpretation.
Standard tests and modified versions should not be considered
as the same test, as they are not comparable. We therefore rec-
ommend using original tests to obtain results comparable with
other studies. We propose the use of these tests based on their
frequency of use, although we acknowledge that this is a pro-
visional recommendation and further empirical validation (e.g.,
cross-species and cross-context validation) is required before
they can be universally recommended (Table 2). Specifically, we
propose (1) the open field test to measure exploration and activ-
ity, (2) the emergence and (3) the handling tests for boldness/
docility, and (4) the mirror image stimulation and (5) the dyadic
encounter tests for sociability and aggressiveness. Finally, it
would be beneficial to investigate whether there is a correlation
between the results of the mirror image stimulation and dyadic
encounter tests. The mirror image stimulation test could be a
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TABLE 2 | This table outlines the key validation considerations for
each personality test.

Personality
test Validation required

Open field and - Cross-species validation for diurnal
hole board vs. nocturnal species
- Reliability across sexes, reproductive
status, and age groups
- Validation of physiological
responses (e.g., faecal glucocorticoid
metabolites, FGMs) alongside
behavioural measures, such as
grooming behaviour

Novel object — Comparison of behaviour towards

novel, familiar, and control objects

— Consideration of materials animals
have been exposed to, species-specific
preferences and environmental
factors affecting novelty perception

- Reliability across sexes, reproductive
status and age groups

Handling and - Species-specific response to stressors
startle (e.g., freeze vs. fight)
- Reliability across sexes, reproductive
status and age groups
- Potential display of tonic immobility

Dark-light - Cross-species validation for diurnal
vs. nocturnal species
- Reliability across sexes, reproductive
status and age groups

Elevated plus - Cross-species validation for different
maze habitats and familiarity with high
elevation (e.g., arboreal vs. burrowing
species)
- Reliability across sexes, reproductive
status and age groups

Mirror image - Cross-species validation for social vs.
stimulation, solitary species
dyadic - Potential differences in social
encounter and behaviours and self-recognition,
preference especially in solitary species
- Reliability across sexes, reproductive
status and age groups

preferable alternative to the dyadic encounter since it does not
require the presence of another individual.

3.1.2 | (2) Effects of Size, Shape and Materials
of Testing Arenas

The construction of testing arenas is a critical aspect of the exper-
imental design of behavioural assays, as arena characteristics,
such as size, shape and materials, can influence the behaviour
of tested animals (Archer 1973; Walsh and Cummins 1976;
Nislund et al. 2015). Specifically, of the five tests we recommend,

the open field test, mirror image stimulation test and dyadic en-
counter test all have an arena of some sort.

3.1.2.1 | ArenaSize. Thesizeofexperimentalarenasaffects
animal activity (Archer 1973; Walsh and Cummins 1976), thus
size may be of particular importance when constructing open
field test arenas, which are designed to assess activity and explo-
ration. While movement increases with arena size (Broad-
hurst 1957; Oldham and Morlock 1970; Blizard 1971), very
large arenas may be perceived as risky environments and thus
reduce exploratory activity (Eilam 2003). Mice and voles tend
to move close to arena walls (Treit and Fundytus 1989), an
anti-predator behaviour known as thigmotaxis, which is also
observed in the natural environment where animals use dead
wood, branches, or rocks as shelter when moving on the ground
(Clarke 1983; Eilam 2004). Thus, in larger arenas where the dis-
tance to the centre increases, mice and voles rarely move in
the entire space available (Eilam 2003).

Optimal arena size varies for differently sized species
(Shoji 2016), as testing larger animals requires a larger arena.
Unexpectedly, open field arenas employed to study larger species
such as chipmunks and squirrels were on average smaller than
those used for mice and voles (4630 and 5855 cm?, respectively),
despite chipmunks and squirrels weighing 5-10 times more than
a mouse or a vole. Moreover, while we found a certain degree of
consistency in the size of arenas used to assess the personality
of chipmunks and squirrels (arenas measured 2192-4800cm?
in 75% of studies), we observed substantial variability in the
size used for mice and voles, with arenas ranging from 1120 to
14,844 cm?, thus differing by an order of magnitude. Further
research is required to determine if results from arenas of dif-
ferent sizes are comparable and to identify optimal arena sizes.
Specifically, it would be useful to conduct a study of the locomo-
tor behaviour of differently sized species in response to changes
to the area of test arenas. It would also be useful to conduct a
meta-analysis to synthesise results from existing published
studies and verify whether the results obtained from differently
sized arenas are consistent. Until such studies are conducted, we
recommend using medium-sized arenas (4000 cm? for mice and
voles) to prevent animals from exhibiting excessive thigmotaxis
behaviour (although moderate thigmotaxis behaviour may be
recorded as a measure of boldness/shyness) and to ensure ac-
tivity and exploration, measured in variables such as distance
travelled, mean speed, or percent of the arena explored by an
animal, are not inhibited by small arenas.

3.1.2.2 | Arena Shape. The shape of the arena is a second
fundamental characteristic of testing apparatuses. Early studies
with the open field test typically adopted a circular arena, as was
the case in pharmacological research (e.g., Careau et al. 2011;
Lantova et al. 2011; Herde and Eccard 2013); however, only 14%
of studies published from 2000 to 2023 use a circular design. The
current tendency to use rectangular and square devices may be
because these are easier to assemble (i.e., the sides can be easily
aligned and the connections are stronger) and transport (i.e., less
empty space). Although we could not find studies explicitly test-
ing the effect of arena shape on behaviour, it is likely that animals
behave differently in circular and square arenas (Archer 1973).
Corners provide areas of relative safety for small mammals
(Archer 1973; Treit and Fundytus 1989), which are not present
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in circular arenas. For this reason, outcomes from experiments
conducted in differently shaped arenas may not be comparable.
Considering the prevalence of square or rectangular arenas (86%
of studies), we recommend adopting these designs to facilitate
comparability across studies.

3.1.2.3 | Materials. A variety of materials have
been used to build testing arenas, such as glass (e.g.,
Simeonovska-Nikolova 2000; Zampachovd et al. 2017; Lan-
tova et al. 2011), wood (Yuen et al. 2016) and metal (Herde
and Eccard 2013; Gracceva et al. 2014), plastic is the most fre-
quently used material (95% of studies; Wauters et al. 2019,
Dammbhahn et al. 2020, Stratton et al. 2021). Likewise, a variety
of objects have been used as arenas for the open field test, such
as classic plastic boxes (Kelley et al. 2015; Montiglio et al. 2015;
Brehm and Mortelliti 2021) and more unconventional options
like plexiglass terrariums (Carrilho et al. 2023) or Tomahawk
traps (Chock et al. 2017).

Very few studies (n = 5) reported the use of transparent material.
Transparent walls are not recommended because they expose
animals to their surroundings. Thus, the presence and distri-
bution of objects or natural elements (i.e., landmarks) can vary
between studies. This inconsistency can affect animals' naviga-
tion and behaviour (Etienne et al. 1996). Additionally, materials
that are easily cleanable are preferable over materials that may
absorb odours, such as wood. Finally, we advise against the use
of glass and metal because they may be perceived as cold or hot
by animals, affecting behaviour. In light of the above consider-
ations, we suggest using opaque plastic for building arenas.

3.1.3 | (3) Standardisation of Test Conditions

Behavioural assays were originally developed for laboratory ro-
dents, but these tests have since been adapted for use with wild
species in a variety of contexts. In the field, as well as in the
laboratory, it is important to maintain a consistent and quiet en-
vironment to mitigate the impact of environmental factors on
assays.

3.1.3.1 | Environmental Conditions: Illumination
and Sounds. Only in 27% of field studies did researchers
explicitly report that they controlled levels of illumination during
tests, such as by working in the shade to reduce glare and expose
animals to the same canopy (Patterson & Schulte-Hostedde
2011, Bohn et al. 2017; Brehm et al. 2019). In five studies, authors
also reported that they reduced sound disturbance by avoiding
conducting tests during loud noise, such as during heavy rain
or high winds (Schirmer et al. 2020). Environmental stim-
uli induce higher perceived risk in animals, which may inter-
rupt their activity and induce freezing behaviour (Hofer 1970;
Archer 1973). For this reason, we recommend controlling envi-
ronmental conditions in both the field and laboratory to ensure
testing consistency and limit bias. We suggest the following
strategies when working in the field: (1) conduct all behavioural
tests in each site (e.g., capture grid) at the same location to mini-
mise variation in conditions among trials (Piquet et al. 2018); (2)
conduct tests in the shade using tents or tarps (Bohn et al. 2017;
Brehm et al. 2019) to ensure that all animals are exposed to
the same canopy and similar light levels; and (3) interrupt tests

in case of heavy disturbance, such as adverse weather condi-
tions (Schirmer et al. 2020). We also suggest using the same light
source and maintaining the same settings among trials when
conducting tests in the laboratory (Lantova et al. 2011; Agnani
and Careau 2023). Finally, as it was not always clear from papers
whether any standardisation strategies were adopted, we recom-
mend explicitly describing techniques adopted to mitigate envi-
ronmental factors in the methods section.

3.1.3.2 | Environmental Conditions: Odours. The pres-
ence of odours, such as the ones left in the arena by previously
tested individuals, could also affect test results. For example,
males may be attracted to females' odours, spending more time
in areas of testing arenas which had been previously occu-
pied by a female (Satinder 1969). 71% of the studies examined
explicitly mentioned cleaning the arena, usually with an alco-
hol solution (30%-90% ethanol). We highly recommend using
this method to minimise the presence of odours from previously
tested animals.

3.1.3.3 | Protocol: Manipulation and Experimenter
Presence. The manipulation procedure prior to testing,
the visibility of the experimenter to the animal, and sounds pro-
duced during the test (such as voices and footsteps) may affect
test results, potentially inhibiting activity (Walsh and Cum-
mins 1976). However, most papers do not report whether any
precautions were taken to minimise these disturbances. We rec-
ommend implementing procedures to minimise stress on ani-
mals both before and during testing, such as marking animals
after testing (marking procedure provokes stress due to handling
and may affect behavioural response during tests; for example,
Dammbhahn et al. 2020; marking before testing is reported in
only 11% of studies) and remaining silent and not visible during
behavioural assays (e.g., Montiglio et al. 2010; 12% of studies
reported that the experimenter was visible).

3.1.3.4 | Protocol: Test Duration. The duration of a test
may impact the measurements taken: excessively short tests may
miss some critical behaviours, while excessively long tests may
result in habituation to testing conditions, causing a decrease
in responses to novelty or risk (Walsh and Cummins 1976). In
the case of open field tests, one out of four studies reported a
duration of at least 10 min (Stratton et al. 2021; Figure 3), despite
past work recommending that open field tests do not exceed
5min (Martin and Réale 2008; Mazzamuto et al. 2019). In gen-
eral, the duration of the open field test varied widely, with some
assays lasting 30s (Chock et al. 2017) and others extending up
to 4h (von Merten et al. 2017). Researchers should carefully
choose test durations for their target species, possibly following
preliminary tests. For example, one could conduct a relatively
long test and then measure the same variables for shorter dura-
tions (e.g., for 5, 4, 3min, etc.) evaluating when an asymptote
is reached for each behavioural measurement, such that adding
time to the test would not increase the proportion of time an ani-
mal spends doing a behaviour, thus identifying the shortest test
duration, saving researchers’ time, while still allowing for full
observation of behaviours. However, it is not always feasible to
conduct pilot studies due to logistical constraints; in such cir-
cumstances we recommend setting the duration of the open field
test to 5min, as this duration is the most frequently reported
in published studies (45%; Figure 4). For other recommended
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FIGURE4 | Summary of the reported durations (in minutes) of the open field test for each of the 100 studies employing the open field test includ-
ed in this review. One study reported a test duration exceeding 30 min (4 h); however, this data is not shown in the figure due to the scale of the axis.

tests, the most common durations were 1 min for the handling
bag test (61% of studies, range: 15s-1min), between 3 and 5min
for the emergence test (64% of studies, range: 3-90min), 3 to
6 min for the mirror image stimulation test (91% of studies, range:
3-15min), and between 5 to 15min for the dyadic encounter test
(92% of studies, range: 5min-12h).

Additionally, the interval between repeated measurements for
any test must be proportional to the lifespan of the animal to
avoid habituation to the experimental conditions (Martin and
Réale 2008; Zampachova et al. 2017). More than 50% of stud-
ies reported repeated trials with a one-week interval. However,
for small mammal species, a minimum of a one-month inter-
val is highly recommended between sequential tests (Taylor
et al. 2012; Brehm et al. 2019).

3.2 | Personality Measurement
3.21 | (4) Interpretation of Behavioural Traits

The definition and interpretation of behavioural traits have
been widely discussed in small mammal studies (Walsh and
Cummins 1976; Réale et al. 2007; Carter et al. 2013). We re-
ported the most frequently measured behaviours and their in-
terpretation in Table 3. However, a specific behavioural trait
may be interpreted differently in different animal species and in
different contexts. We have identified ‘grooming’ and ‘rearing’
behaviours as particularly ambiguous based on their interpre-
tations reported in 51 and 55 studies, respectively. Grooming
behaviour is often used as an indicator of anxiety and stress
(Table 3). In highly aversive environments, self-grooming is a
form of de-arousal and high levels of grooming may indicate
better coping and lower anxiety (Kalueff et al. 2016; Fernandez-
Teruel and Estanislau 2016). Behavioural assays such as the
open field test are characterised by a bright environment and
the absence of landmarks, which is likely very distressing for
small mammals. Thus, especially in nocturnal species, the

open field test represents a highly aversive environment and in-
creased grooming may suggest better coping and lower anxiety.
In contrast, in more diurnal species, high amounts of grooming
may indicate high anxiety, while low to moderate levels may be
considered as coping (Brehm et al. 2019). Given this complex-
ity, we recommend careful consideration of species biology and
behavioural context when interpreting grooming. Importantly,
further empirical validation is needed to reliably use grooming
as an indicator of stress or coping across different species and
experimental setups. For instance, we highly recommend val-
idating trait interpretation by conducting studies that measure
both grooming and physiological responses to the open field test
(e.g., faecal glucocorticoid metabolites, FGMs or breath rate;
Table 2).

Rearing behaviour is another personality trait with an am-
biguous interpretation. Rearing is observed when an animal's
forelegs leave the arena floor and is commonly considered
an indicator of exploration (Martin and Réale 2008; Brehm
et al. 2019). However, it was also interpreted as activity (Boon
et al. 2008, Lantova et al. 2011; possibly because exploration and
activity are often correlated), vigilance (Bohn et al. 2017; Morris
and Palmer 2023), stress (Przybylska et al. 2019) and neophilia
(Malange et al. 2016). Since this behaviour is commonly ob-
served across various species (including Glis glis, Mus muscu-
lus, Peromyscus sp., Rattus rattus, Sciurus sp. and Tamias sp.),
it is essential to accurately interpret its meaning. Much of the
existing literature on rearing behaviour focuses on the pharma-
cological aspects (Archer 1973; Prut and Belzung 2003) while
neglecting its evolutionary implications. Lever et al. (2006)
highlighted the hippocampal formation, which is involved in
memory and spatial navigation processes, as a key component
of the system regulating rearing in novel environments and
found that rearing behaviour increases in novel environments
and decreases with habituation. This suggests that rearing may
serve as an indicator of exploration, in agreement with Réale
et al. (2007), though further empirical investigation is essential
to validate this interpretation.
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3.2.2 | (5) Analysis of Behavioural Traits

Behavioural traits can be analysed as raw variables, or they
can be transformed into a smaller set of variables through a
Principal Component Analysis (PCA), Factor Analysis (FA), or
another dimensionality reduction method. These methods are
popular among small mammal personality research (41% of
studies) because they have the advantage of reducing the overall
number of variables used, and consequently of models fitted and
statistical tests conducted, and facilitating model convergence.
Conversely, disadvantages include difficulties in interpretation.
As an example, in Malange et al. (2016), grooming behaviour
observed during the open field test was categorised under the
principal component interpreted as “Exploratory levels”, along
with ambulation and rearing. As previously mentioned, groom-
ing should not be interpreted as exploration but rather as an
indication of stress coping ability (either positive or negative)
depending on its frequency and context. Additionally, in Bohn
et al. (2017), the principal component called “Exploration” in-
cludes faecal pellet number, number of head dips and latency to
enter the arena during a hole board test. During tests, defecation
activity is usually considered an expression of anxiety (Martin
and Réale 2008; Stratton et al. 2021) and may not be considered
as exploratory behaviour.

Additional issues include the fact that behavioural variables
may have relatively high loadings in two or more components,
complicating the interpretation of the component. For instance,
in Morris and Palmer (2023), the number of grid lines crossed
on the arena floor loaded for two different components, one that
was interpreted as exploration (PCA loadings=0.577) and one
as vigilance (PCA loadings =0.578). Moreover, two individuals
may obtain the same score as a result of different behaviours.
For example, in Boon et al. 2007, the first component is labelled
as “Activity” and is characterised by walking behaviour, jumps,
rearing events (positive loadings) and time not moving (nega-
tive loadings). Consequently, animals that obtained high scores
spent less time not moving. However, this may be the case of
genuinely more active animals, but also of individuals that
showed other behaviours that do not involve movement, such
as grooming, that are not listed in this component (both scan-
ning and grooming behaviours were included in component 3).
Another important issue is that researchers often fail to specify
whether they included all observations or only a subset of them
in principal component analyses (PCA). If repeated measures
of the same animals are included, the independence assump-
tions of the PCA are violated, thus it is crucial to report this
information. Finally, PCA results can be influenced by sample
size and methodological choices, such as variable selection,
rotation methods, data transformations and factor determina-
tion criteria. Future studies should prioritise larger samples,
diverse measures and careful methodological considerations to
enhance PCA reliability. Specifically, researchers should con-
duct diagnostic tests, such as the Kaiser-Meyer-Olkin (KMO)
measure and Bartlett's Test of Sphericity (Kaiser and Rice 1974;
Bartlett 1951), to verify that the assumptions underlying PCA
are adequately met, thereby ensuring the robustness and va-
lidity of the analysis. Overall, we recommend carefully con-
sidering the above-mentioned issues when applying reduction
methods in personality studies.

3.2.3 | (6) Repeatability

Repeatability is defined as the proportion of total phenotypic
variation attributed to individual differences after controlling
for the potential impacts of fixed effects (Dingemanse and
Dochtermann 2013; Nakagawa and Schielzeth 2010). A lack of
repeatability suggests that a measured trait may not be consid-
ered as personality in a particular species (Carter et al. 2013).
Consequently, non-repeatable behaviours must be excluded
from analyses of personality. However, a surprising 25% of
published studies on wild small mammal personality did not
measure repeatability (e.g., Baier and Hoekstra 2019; Haigh
et al. 2017; Hurst-Hopf et al. 2023). The most common method to
assess repeatability is using the rptR package (31%; Dingemanse
and Dochtermann 2013, Stoffel et al. 2017).

We recommend searching the literature about the repeatability
of traits in a target species when designing behavioural analyses
since some traits may be repeatable for some species, but not for
others (see Appendix S2 for information on which traits from
specific behavioural assays were confirmed as repeatable for
species included in this review). For instance, Brehm et al. (2019)
found rearing behaviour was repeatable in wild mice but not in
shrews and voles, which may be because the latter two species
have shorter limbs, leading to a lower likelihood of displaying
this behaviour.

4 | Conclusions

Here, we have summarised methods commonly used for mea-
suring personality in wild small mammals, focusing on be-
havioural assays (Table 1). Our findings strongly suggest that
the time is ripe for standardising methods across studies, since
several tests are available that enable efficient processing of ani-
mals and yield consistent results in the field and the laboratory.

Based on our findings, we recommend: (1) opting for the most
frequently used and consistent tests to measure personality
traits (Table 1; e.g., open field test for assessing exploration
and activity, emergence and handling tests for boldness/docil-
ity, mirror image stimulation and dyadic encounter tests for
sociability and aggressiveness); (2) adopting a consistent arena
design, preferably using the most common shapes (e.g., rect-
angular or square for open field tests), as well as standardising
the size and materials (e.g., opaque plastic) of arenas; (3) stan-
dardising test environments to eliminate disturbances caused
by field conditions or laboratory settings, operator presence
and manipulation; (4) measuring behavioural traits that are
easy to interpret and clearly defined in the work (Table 3; e.g.,
locomotion, jumps, time to emerge, time spent immobile); and
(5) conducting repeatability assessments and excluding non-
repeatable behaviours from analyses. Further research should
consider species-specific differences and contextual factors (e.g.,
age, sex and reproductive status) when interpreting behavioural
traits and selecting tests (Table 2). For instance, fear- or anxiety-
inducing contexts must be species-specific (e.g., responses to
height and open spaces vary by species), as should arena size. A
standardised approach that takes into account each species’ eco-
logical and behavioural characteristics is essential for making
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meaningful comparisons across studies and advancing small
mammal personality research.
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