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Abstract

Personality in free-living individuals has predominantly been
measured under standardized laboratory conditions. Such mea-
surements have been then linked to life-history traits, fitness and
survival. Yet, it remains unclear how such personality measure-
ments reflect the variation shown by free-living individuals, if the
same measurements were taken directly in their natural environ-
ment. Here, we used free-living African striped mice to test
whether the personality traits of activity, boldness, exploration
and aggression are consistent when measured in the laboratory
and in the field contexts. First, we established whether personality
traits were repeatable and consistent within one context. Next, we
compared measurements across the two different contexts.
Additionally, we established whether personality traits were cor-
related with one another in behavioural syndromes and assessed
whether the resulting syndromes were consistent across the two
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contexts. All personality traits in the laboratory were measured
using classical personality tests. The same tests were then modi-
fied and used to measure personality of the same individuals in the
field. All personality traits were highly repeatable and consistent
within the same context. In addition, individuals behaved consis-
tently forall the behaviours measured both in the laboratory and in
the field. Further, we found that the presence of two correlated
context-specific separate latent variables (one for the field and one
for the laboratory) underpinned all the behaviours measured, in-
dicating that there is a context-specific syndrome in this species.
Overall, our results confirm that measurements of personality
traits of wild striped mouse individuals recorded in the laboratory
environment are consistent with the traits that the same individ-
uals show under natural conditions.

Significance statement

Animal personality research has been mostly focused on measur-
ing traits of wild individuals under standardized laboratory con-
ditions. Most recently, however, such approaches have come un-
der increased scrutiny as it is unclear whether personality mea-
sured in the laboratory reflects the variation that the same individ-
uals would show if the same measurements were taken directly in
their natural habitat. Here, we used wild African striped mice to
test whether the personality traits of activity, boldness, exploration
and aggression are consistent when measured in the laboratory
and in the field contexts. Using similar protocols, we established
whether personality traits were repeatable and consistent within
one context and then compared measurements across the two
different contexts. We showed that personality measures from
standardized laboratory conditions are consistent with field mea-
surements for all personality traits considered.

Keywords Context-dependent behavioural syndrome -
Dyadic encounter - Novel object - Open field - Rhabdomys

pumilio
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Introduction

Understanding how and why individual variation in behaviour
is maintained in a population is an important area of research
in animal behaviour. Variation among individuals that is con-
sistent over time and across contexts is defined as personality
(Sih et al. 2004; Bell 2007). Personality studies have described
the predictable manner in which individuals maintain consis-
tent differences in the face of environmental challenges (van
Overveld and Matthysen 2013). Such research has often in-
volved capturing free-living individuals and measuring their
behaviour under standardized conditions in the laboratory, and
then relating personality measurements to varying life-history
and fitness parameters (Dingemanse et al. 2004; Bell 2005).
These studies have been extremely valuable for demonstrating
that individual variation in one behaviour is often linked with
variation in other behaviours, creating behavioural syndromes
(Sih et al. 2004), which are ecologically relevant, such as
dispersal (Cote et al. 2010), foraging (Quinn et al. 2012),
predator-avoidance (Jones et al. 2009) and space-use
(Kurvers et al. 2010). While testing individuals under stan-
dardized conditions eliminates several extrinsic influences
on the data (Campbell et al. 2009), it is unclear whether the
personality of free-living individuals measured in a laboratory
environment is truly representative of the behaviour that the
same individuals would show if the measurements were taken
directly in their natural environment (Herborn et al. 2010;
Niemela and Dingemanse 2014).

Behaviour measured under laboratory conditions can be
adversely affected by stress brought about by the artificial
environment, which may result in a modification to their gene
expression and behaviour (individual x environment and
genes X environment; Hodgins-Davis and Townsend 2009;
Niemela and Dingemanse 2014). Biro (2012) demonstrated
that initial tests in a novel laboratory setting did not relate to
later tests within the same settings, and that individuals tested
in a familiar environment display different behaviour when
tested in a novel but also artificial environment, leading him
to question whether personality measured from a single assay
under artificial conditions can be reliably used to infer
personality in nature. Similarly, Carter et al. (2012) showed
that multiple assays meant to measure a single trait may not
always relate to each other. Consequently, laboratory tests
may produce behavioural differences between behavioural
types that are not present in nature and vice versa (Herborn
et al. 2010), especially in studies where wild individuals are
particularly sensitive to being handled and housed in captivity.
Studies of great tits (Parus major) performed in the labo-
ratory have, for example, found an overall negative corre-
lation between dominance rank and exploratory tendency
(Verbeek et al. 1999), but when the relationship between
dominance and exploration was investigated in the wild, it
was only negative in non-territorial juvenile males
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(Dingemanse and De Goede 2004). Psychologists have
shown that humans show low consistency in their behav-
ioural traits when these are measured in different contexts.
For example, an early study found that honesty of school
children was not consistent across different situations (e.g.
at home or at school; Hartshorne and May 1928). In an-
other study of 300 college students, there was no consistency
for the personality trait punctuality across different situations
(Dudycha 1936). These studies show that measuring person-
ality in the laboratory only may be misleading and limit the
ability to predict the ecological significance of personality
traits in captivity (Herborn et al. 2010). It would therefore be
timely and necessary to test whether wild behavioural types
can extend to the laboratory, particularly in the light of how
environmental sensitivity can affect gene expression and be-
haviour (Niemela and Dingemanse 2014).

‘While the importance of measuring personality of individuals
directly in their natural environment is widely recognized (Bell
2012; Niemela and Dingemanse 2014), this often remains diffi-
cult to achieve practically because obtaining reliable measures
necessitates individuals being captured and handled multiple
times. To date, a few studies have successfully compared results
obtained from individuals tested in their natural environment with
results obtained from the same individuals under captive condi-
tions (Coleman and Wilson 1998; Brown et al. 2005; Wilson and
McLaughlin 2007; Briffa et al. 2008; Hollander et al. 2008;
Herborn et al. 2010; Cole and Quinn 2014). While these studies
underline the importance of comparing laboratory with field tests,
their strength is often constrained by a lack of validation or biased
by the use of different types of tests in the field and in captivity to
measure the same trait. For example, Herborn et al. (2010) inves-
tigated personality in free-living blue tits (Cyanistes caeruleus) by
cleverly adapting the exploration test of Verbeek et al. (1994) and
the novel object test of Greenberg (1984) developed in the labo-
ratory to measure individual variation in exploratory tendency
and neophobia in nature. Their results showed that personality
measures obtained in captivity can uncover differences among
individuals in their natural behaviour and demonstrated that the
personality of individuals can be consistent over different contexts
even in nature (Herborn et al. 2010). While their results provide
important validation for captive versus free-living personality
measures, each bird was tested in a non-random way (first in
captivity and then in nature) which could have affected the find-
ings. Further, there seems to be a general discrepancy and a lack of
consistency between findings from the laboratory and the field by
different authors. For example, Herborn et al. (2010) found pos-
itive relationships for two behaviours they measured, and Boon et
al. (2008) have also confirmed that assays in the laboratory relate
to similar behaviours in the field. However, recent work by Fisher
et al. (2015) found relationships for activity and exploration, but
not forboldness in field crickets. Similarly, Boyeretal. (2010) and
van Overveld and Matthysen (2010) found relationships between
different behaviours between the laboratory and the field. Thus, it
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still remains unclear whether individual-level correlations mea-
sured in captivity remain consistent when measured in nature
across a range of taxa.

In the present study, we investigated whether personality
and behavioural syndromes observed in African striped mice
(Rhabdomys pumilio) in the field also occurred in the labora-
tory. Striped mice are socially flexible, with individuals of
both sexes following alternative reproductive tactics
(Schradin et al. 2012). In a previous study, we showed that
wild-caught African striped mice show consistency in person-
ality traits when measured under standardized conditions in a
field laboratory (Yuen et al. 2015), using a battery of classical
personality tests (i.e. open field, novel object and novel
conspecific tests; Verbeek et al. 1996; van Oers et al. 2004;
Réale et al. 2007). However, we do not know whether striped
mice show consistency in personality traits under natural con-
ditions, and whether this is correlated to personality traits
measured under standardized laboratory conditions. Here,
we examined whether the personality traits of activity, bold-
ness, exploration and aggression were consistent across the
laboratory-field context. To ensure that we measured the same
behaviour in both the laboratory and the field, we used clas-
sical personality tests previously employed to study personal-
ity in striped mice in the laboratory (Yuen et al. 2015) and
adapted them to the field. First, we tested whether personality
was present within contexts, i.e. in the laboratory and in the
field (within context comparisons) by repeatedly measuring
individuals within the same context. Second, we correlated
personality measures from the laboratory with the same mea-
sures from the same individuals tested in the field (across
context comparisons). Finally, we tested whether the different
personality traits were correlated with each other in behaviour-
al syndromes and whether the laboratory and the field setting
resulted in similar behavioural syndromes. To do so, we fol-
low procedures outlined in Araya-Ajoy and Dingemanse
(2014) and tested four a priori hypotheses: (a) was each be-
havioural type underpinned by a separate factor (the null mod-
el; Fig. 1a); (b) was a single latent variable affecting all be-
haviours in both the field and the laboratory environment
(Fig. 1b); (c) were two context-specific separate latent vari-
ables underpinning all the behaviours (Fig. 1c); and (d) were
two correlated context-specific separate latent variables under-
pinning all the behaviours (Fig. 1d)?

Materials and methods

Study area and field techniques

Data were collected in the non-breeding seasons (December—
April) between 2008 and 2012 on a field site located in the

Goegap Nature Reserve, in the Succulent Karoo biome, South
Africa (S41.56, E1.60). In the semi-arid Succulent Karoo, striped

mice are typically group-living, with each group consisting of one
breeding male, two to four breeding females and their philopatric
offspring (Schradin and Pillay 2004). However, if population
density is low during the breeding season, philopatrics leave their
natal group and start to breed solitarily (Schradin et al. 2010;
Schoepf and Schradin 2012a). Trapping, behavioural observa-
tions and radio-tracking were used to identify striped mice within
the study site and to determine social tactics and group composi-
tion (Schradin and Pillay 2004, 2005; Schradin et al. 2010).
Striped mice were trapped with Sherman-like metal traps
(26 X9 x9 cm) baited with a mixture of bran flakes, currants,
sea salt, and salad oil (Schradin 2005). Traps were set directly at
striped mouse nests in the early morning and were checked 45 min
later (Schradin 2005). Each trapped mouse was weighed, sexed
and received a permanent ear-tag (National Band and Tag Co.,
Newport, KY, U.S.A.). Additionally, individuals were marked
with a non-toxic hair dye (Inecto Rapido, Pinetown, South
Africa), which aided with individual recognition during behav-
ioural observations and field personality tests. Striped mice at our
field site are habituated to our presence and readily enter traps
once they are set. This allowed us to easily capture individuals
that were observed during field tests for testing in the laboratory.
Trapping and behavioural tests did not have any adverse effects on
individuals’ behaviour (Yuen et al. 2015). Behavioural observa-
tions were made at each group nest in the morning and evening to
determine individual affiliation to specific groups. In addition, at
least one breeding female from each group was fitted with a radio-
collar (Holohil, Carp, Ontario, Canada; 2.5-4.4 g) and was radio-
tracked to determine the nesting site location of the group
(Schradin and Pillay 2005). Radio-tracking was carried out using
an AOR 8000 wide range receiver (Tokyo, Japan), an H-antenna
(Africa Wildlife Tracking, Pretoria, South Africa) and a global
positioning system (GPS) navigation device (eTrex Venture,
GARMIN International, USA) with an accuracy of +5 m. All
striped mice fitted with a transmitter were radio-tracked twice a
day to determine ranging areas and sleeping sites.

Personality tests under standardized laboratory
conditions

Test subjects were all adult. Captive and field tests were random-
ized so thathalfofthe individuals were first tested in the laboratory
while the other half were first tested in the field. All laboratory
tests were performed within 2 weeks of the tests in the field and
vice versa so that all individuals were measured under the same
conditions (e.g. age, reproductive status, season). Multiple-
samples per individuals were obtained by selecting specific indi-
viduals so that each individual was tested within a week of one
another. Striped mice are diurnal, with peak activity in the early
morning and evening (Schradin and Pillay 2004). Therefore, all
individuals were tested in the early morning. Mice were trapped
directly at their nests as they emerged to bask and were taken to the
research station, where they were transferred to a type III Perspex
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Fig. 1 Four models (hypotheses) a

explaining syndrome structure
among the different behavioural

types (activity, boldness, explora-

tion and aggression) assayed in

free-living striped mice in the

laboratory and in the field. Model
(a) predicted that each behav-

ioural type was underpinned by a
separate factor (the null model).

Model (b) predicted that a single
latent variable (referred to as “R.

pumilio syndrome”) affected all

behavioural types. Model (c¢) pre-
dicted that two context-specific

separate latent variables
underpinned all the behavioural

types. Model (d) predicted that
two correlated context-specific

separate latent variables
underpinned all the behaviours
types. For each model, we pro- c

vide the AAIC as well as its as-
sociated Akaike weight (w;)

Laboratory

Syndrome

Field

Syndrome

cage (38 x22x 15 cm). Each cage was provided with bedding
(sand) and food (10 sun flower seeds) to account for hunger during
tests. Mice were left to settle for a period of 10 min in the test room
before being transferred individually to a neutral presentation
arena made of wood chip (80 x 65 cm and 94 cm high, with a
partition in the middle), similar to the one used in previous per-
sonality studies in striped mice (Schoepf and Schradin 2012b;
Yuen et al. 2015). The presentation arena was cleaned with a
mixture of odourless disinfectant (Dis-Chem Pharmacies,
Northriding, South Africa) and water after each mouse had been
tested. For all tests in the laboratory, we followed the same proce-
dure that we validated previously (Yuen etal. 2015). Specifically,
each focal mouse was sequentially tested for (a) activity and bold-
ness, (b) exploration, and (c) aggression.

Activity was measured using an open field test (Wilson et
al. 1976; Réale et al. 2007). During this test, a focal individual
was placed in a corner of the arena for a period of 5 min.
Activity was recorded every 15 s using instantaneous focal
sampling (Martin and Bateson 1993) as the number of times

@ Springer
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an individual spent being active. In the same open field test,
boldness was recorded using continuous focal sampling
(Martin and Bateson 1993) as the total time (in seconds) an
individual spent at least half-a-mouse length away from the
wall of the arena (estimated by sight).

Exploration was tested using a novel object test (Birke and
Archer 1983; Greenberg 1984; Verbeek et al. 1994) which
lasted for 5 min. A fixed object, consisting of a small plastic
animal toy (115 x 20 x 44 mm), which was secured to the floor
of the arena and could not be moved by the test subject, was
set at the far side of the arena, in the opposite corner to where
the focal individual was located. Exploration was measured as
the latency (in seconds) it took the focal mouse to physically
come into contact with the fixed object.

Aggression was tested in dyadic encounters with a novel
conspecific test (Verbeek et al. 1994; Benus and Rondigs
1996), during which we tested the focal mouse against a stim-
ulus individual of the same sex (the stimulus) from our captive
colony, which was permanently maintained at the research
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station. Stimulus individuals were always at least 3 g (but
never more than 7 g) lighter than the focal animal. Because
body mass has a positive influence on the outcome of aggres-
sive encounters (Schradin 2004), we expected the focal mouse
to initiate interactions. Aggression tests were performed using
standard procedures previously used for striped mice (Schoepf
and Schradin 2012b). Aggression was measured as the total
number of aggressive encounters initiated by the focal indi-
vidual during a period of 5 min. In addition to aggression, we
also recorded sniffing the stimulus mouse, body contact be-
tween the dyad, allo-grooming and activity, but these behav-
iours occurred too infrequently for statistical analysis and
were not considered any further.

To minimize the effect that the captive environment could
have on personality, we kept mice in the laboratory for a
maximum of 2 h before release (Yuen et al. 2015). A maxi-
mum of three individuals were tested in a day. Once tests
ended, all mice were returned in good condition to the field
and released in the same place where they were captured. To
minimize observer bias, a blind protocol was adopted when all
behavioural data were recorded and/or analyzed. A total of 41
individuals were measured for activity and boldness, 48 for
exploration and 20 for aggression in the laboratory.

Personality tests in the field

To assess activity in the field, we used a modified version of the
“whole-day follow” (Schradin 2006). All focal mice were fitted
with radio-collars and followed for a period of 3 h during their
peak activity times in the early morning and for another 3 h in
the early evening (6 h total observation time per mouse).
Activity was recorded as the frequency of all the “active” be-
haviours displayed by the focal individual (e.g. travelling, for-
aging, self-grooming). We recorded whether the mouse had
been active or inactive in the past minute, and then calculated
the percentage of the 180 recordings from the 6-h observation
that the individual had been active. From the same observations,
boldness was recorded as the time an individual spent in the
open at least one mouse length away from the nearest shrub.
To assess exploration, we presented a novel object in front
of individual nests (Fig. 2). The novel object was a plastic
animal toy (115 % 20 X 44 mm), which was fixed to the ground
and was the same as the one used in the neutral presentation
arena tests in captivity. To be consistent with data collected
under captive conditions, the novel object was placed at a
distance of 70 cm away from the entrance of the nest.
Exploration was recorded as the latency (in seconds) it took
focal individuals to approach the novel object. Recording
started as soon as an individual was seen outside of its nest.
The novel object was cleaned between tests. As exploration in
both the laboratory and the field was measured during a 5-min
trial, the maximum value for exploration was always 300 s.
Measures of exploration obtained in this way indicated that

Fig. 2 African striped mouse during an exploration test in the field,
showing a striped mouse mounting a novel plastic toy (photograph by CHY)

individuals with high values were the least explorative. To
facilitate interpretation of the results, we subtracted all explo-
ration data from a value of 300 so that individuals with the
highest score were the most explorative.

To assess aggression, we placed a food-scented box (the
same as the one used for boldness tests) at the boundaries
between two different group territories. Individual striped
mice from two different groups were attracted by the scent
from the box at the territory boundary. Aggression was mea-
sured as the total number of aggressive encounters between
individuals belonging to different groups and the same aggres-
sive behaviour patterns as in the laboratory were recorded.

To correct for difference in test length between the field and
the laboratory and thus enable comparisons of data between
the two contexts, all data were converted into behaviour/
minute prior to analysis. The same individuals were scored
in both captive and field studies (i.e. a total of 41 individuals
were measured for activity and boldness, 48 for exploration
and 20 for aggression in the field). As such, each individual
was assayed four times: twice in the laboratory and twice in
the field. Among all individuals sampled, 18 individuals were
measured in all tests and were used to determine the existence
of potential behavioural syndromes among the different per-
sonality traits. Two individuals that were measured for aggres-
sion were not sampled for measurements of activity and bold-
ness in the field and were thus excluded from the behavioural
syndrome analysis.

Data analysis

Data analysis was performed using R version 3.0.2 (The R
Foundation for Statistical Computing, Vienna, Austria). We
checked for the normal distribution of the data using the
Shapiro-Wilk test. To reach normality, activity, boldness and
exploration were log-transformed whereas aggression was
square-rooted. We used random intercept models to evaluate
the degree of among-individual variation. Random intercept
models were fitted using linear mixed effects models (LMMs,
Imer; Package /me4; Bates et al. 2014). Each LMM was a
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univariate model consisting of one of the behavioural traits
(activity, boldness, exploration or aggression) as the response
variable, while testing sequence (first, second) was the fixed
factor. Individual ID was entered as a random factor in each
model. Univariate models were calculated separately for each
behaviour within each context. To check whether the degree
of among-individual variance was significant at the 95 % lev-
el, we compared models that included the random effect of
individual ID with simpler models without it, while maintain-
ing the same fixed factors structure using likelihood ratio tests
(Crawley 2007; Zuur et al. 2009). We used the package
RLRsim (Scheipl 2010) using the exactLRT function to calcu-
late accurate P values when comparing models with a single
random effect to models with no random effect (P values were
based on 10 000 simulated values; Crainiceanu and Ruppert
2004). For all our models, we report the R? (adjusted), as
calculated following Nakagawa and Schielzeth (2013). We
verified our model selection by (1) plotting the model resid-
uals versus the fitted values, (2) checking the normal distribu-
tion of the model residuals using normal probability plots, (3)
checking for heteroscedasticity, and (4) leverage (Crawley
2007). To assess the proportion of phenotypic variation attrib-
utable to between-individual variation, we calculated the co-
efficient of repeatability R and estimated the 95 % confidence
intervals (CI) around the repeatability estimates for each be-
haviour in each context (laboratory, field) separately
(Nakagawa and Schielzeth 2010). Repeatabilities (adjusted)
were calculated for each model as the between-individual var-
iance divided by the sum of the between-individual and the
residual variance (Nakagawa and Schielzeth 2010).

Additional linear models were used to assess whether per-
sonality measured under standardized conditions in the labo-
ratory were good predictors of personality measured in the
field. Each of these models were constructed following
Herborn et al. (2010) and Fisher et al. (2015) and had one of
the behavioural scores measured in the wild (e.g. activity in
the field) as the response variable, and the corresponding mea-
sured score for that individual’s behaviour in the arena (e.g.
activity in the laboratory) as the fixed factor. Individual ID
was included in each model as the random factor to control
for possible bias arising when repeated measures were taken
from the same individual.

We used structural equation models (SEM; Package
lavaan; Rosseel 2012) to investigate whether the different
personality traits resulted in behavioural syndromes
(Dochtermann and Jenkins 2007). To do so, we followed pro-
cedures outlined in Araya-Ajoy and Dingemanse (2014) and
tested the four above-mentioned a priori hypotheses. Support
for each model was determined by calculating Akaike infor-
mation criteria (AIC). We selected the model that best fitted
our data by selecting the model that yielded the lowest AIC
(Dochtermann and Jenkins 2007). Repeated measures taken
from individuals within each context were averaged prior to
all SEM analysis. Pair-wise Spearman rank correlations (rs)
were additionally calculated between the different behavioural
characteristics to further elucidate syndrome structure.
Because we conducted multiple comparisons, all the P values
were adjusted using the Benjamini-Hochberg method
(Benjamini and Hochberg 1995). All tests were two-tailed.
For all tests, a significance level () of 0.05 was selected.
Data are presented as mean and confidence intervals. Data
were z transformed prior to analysis.

Results

Consistency and repeatability of personality traits
in the laboratory

Including the random effect of mouse ID in our LMMs
improved model fit for activity (ExactLRT:
L.Ratio=60.13, P<0.0001; Rzadj.=0.88; Tables 1 and
2), boldness (ExactLRT: L.Ratio=30.81, P<0.0001;
R*adj.=0.73; Tables 1 and 2), exploration (ExactLRT:
L.Ratio=17.15, P<0.0001; Rzadj.:0.56; Tables 1 and
2) and aggression (ExactLRT: L.Ratio=7.01, P=0.006;
R*adj.=0.54; Tables 1 and 2), suggesting that there was
an inter-individual difference in the level of activity, bold-
ness, exploration and aggression within the laboratory en-
vironment. Individuals displayed significant repeatability
in all four behaviours when they were measured in the
arena (activity: P<0.0001; boldness: P<0.0001; explora-
tion: P=0.0005; aggression: P=0.03; Fig. 3).

Table 1 Mean and confidence

interval for activity, boldness, Behavioural Trait

Laboratory

Field

exploration and aggression ]
observed in each of the two First

Second First Second

contexts (laboratory, field) in free-
living striped mice in the
Succulent Karoo (South Africa)

Activity
Boldness
Exploration
Aggression

2.29 (1.88,2.71)
449 (3.13, 5.85)
14.69 (8.22,21.15)
0.54 (0.25, 0.83)

2.52(2.16, 2.89)
5.60 (3.96, 7.23)
21.60 (14.81,28.39)
0.64 (0.20, 1.08)

0.40 (0.32, 0.47)
0.18 (0.12, 0.23)
17.99(10.77,25.22)
0.05 (0.02, 0.07)

0.48 (0.40, 0.59)
0.15(0.11, 0.19)
19.04 (11.96,26.11)
0.03 (0.01, 0.05)

Each behaviour was measured in behaviour/min
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Table 2  Summary of the results obtained from univariate mixed-effect models on each behavioural type within each context
Activity Boldness Exploration Aggression
Laboratory Fixed effects
Intercept 1.61 (1.55, 1.67) 0.54 (0.40, 0.68) —0.76 (-1.07, —0.46) 0.91(0.71, 1.10)
Test —0.03 (-0.06, 0.00) 0.10 (0.00, 0.20) 0.37(0.08, 0.67) —0.01 (-0.20, 0.18)
Random effects
Mouse ID 0.03 (—0.15,0.23) 0.14 (—0.29, 0.49) 0.65 (—0.57, 1.06) 0.11 (-0.17, 0.50)
Residual 0.01 (—0.06,0.09) 0.05 (-0.19, 0.29) 0.54 (—0.60, 0.90) 0.09 (-0.22, 0.41)
Field Fixed effects
Intercept 0.49 (0.31,0.67) 0.24 (0.06, 0.43) 0.47 (0.44, 0.52) 0.93 (0.72, 1.13)
Test 0.11 (-0.04,0.26) —0.03 (-0.23, 0.16) —0.01 (-0.05, 0.11) —0.07 (-0.23, 0.08)
Random effects
Mouse ID 0.22 (-0.35,0.62) 0.16 (-0.24, 0.56) 0.46 (0.33, 0.52) 0.15 (—0.26, 0.57)
Residual 0.12 (-0.28,0.43) 0.19 (-0.36, 0.55) 0.14 (—0.16, 0.25) 0.06 (—0.18, 0.34)

Estimates were derived separately for each behaviour. Each model included mouse ID as the random factor, while test (first or second) was the fixed
effect. For each model, we report point estimates for the fixed (mean) and the random parameters (variance) along with their 95 % confidence intervals

Consistency and repeatability of personality traits
in the field

We found that the random effect of mouse ID in our LMMs
was significant for activity (ExactLRT: L.Ratio=22.76,
P<0.0001; R*adj.=0.66; Tables 1 and 2), boldness
(ExactLRT: L.Ratio=9.35, P=0.002; Rzadj.=0.45; Tables 1
and 2), exploration (ExactLRT: L.Ratio=49.20, P<0.0001;
R*adj.=0.77; Tables 1 and 2) and aggression (ExactLRT:
L.Ratio=14.60, P=0.0001; Rzadj.=0.72; Tables 1 and 2),
suggesting that there was an inter-individual difference in
the level of activity, boldness, exploration and aggression
within the field environment. Individuals displayed significant

1.00
o Laboratory

0.90 o Field

Adjusted Repeatability Estimates

0.10

0.00 : L

Activity Boldness Exploration Aggression

Fig. 3 Estimates of the repeatability measures obtained when running
repeated tests within the laboratory and the field context. Black circles
represent adjusted repeatability measures from the arena. White circles
represent adjusted repeatability measures from the field. Adjusted
repeatability measures are reported together with their 95 % confidence
intervals

repeatability in all four behaviours when they were measured
in the field (activity: P=0.004; boldness: P=0.01; explora-
tion: P<0.0001; aggression P=0.04; Fig. 3).

Comparisons of personality traits between the laboratory
and the field

Personality measured in captivity was a good predictor for
personality measured in the field for all the behavioural char-
acteristics measured. Specifically, models, which included the
fixed effect of captivity better explained our data than models
without them (activity: X2=9.64, P=0.002; Rzadj. =0.65;
boldness: XZ =6.21, P=0.01; Rzadj. =0.45; exploration:
x*=25.99, P<0.0001; R*adj.=0.81; aggression: y>=24.17,
P<0.0001; R%adj.=0.72; Table 3).

Behavioural syndromes in the laboratory and in the field

The comparison of our four a priori hypotheses using struc-
tural equation modelling (SEM) resulted in two models with
similar AICs, which could have potentially explained our da-
ta: model 2 (AIC=393.93) and model 4 (AIC=395.39).
However, the cross-context correlation between the latent var-
iables of field and laboratory was rather strong (z=5.16,
P<0.0001), suggesting that model 4 was a better fit for our
data (Fig. 2). This model predicted that two correlated context-
specific separate latent variables underpinned all the behav-
iours (Fig. 4). Pair-wise correlations of the different personal-
ity traits showed the existence of a negative behavioural syn-
drome between boldness and exploration in both the labora-
tory and in the field (Table 4), indicating that the boldest
individuals took the least amount of time to approach the
novel object in both environments. Two further behavioural
syndromes were found in the laboratory: a behavioural
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Table3  Summary of the results obtained from univariate mixed-effect models to test whether personality measured under standardized conditions in
the laboratory were good predictors of personality measured in the field

Activity Boldness Exploration Aggression

Fixed effects
Intercept 2.34 (1.18, 3.53)
Test 0.08 (-0.07, 0.22)
—1.15 (—1.88, —0.44)

0.03 (-0.21, 0.27)
~0.07 (-0.27, 0.12)
0.40 (0.09, 0.70)

0.69 (0.57, 0.81)
~0.03 (-0.11, 0.04)
0.17 (0.10, 0.23)

1.10 (0.97, 1.24)
—0.09 (-0.27, 0.08)
Laboratory score 0.36 (0.29, 0.49)
Random effects
Mouse ID

Residual

0.21 (-0.33, 0.59)
0.10 (~0.26, 0.40)

0.13 (~0.17, 0.50)
0.20 (~0.36, 0.55)

0.12 (-0.27, 0.44)
0.03 (-0.15, 0.22)

0.003 (0.00, 0.24)
0.08 (~0.20, 0.35)

Each of these models had one of the behavioural scores measured in the wild (e.g. activity) as the response variable and the corresponding measured
score for that individual’s behaviour in the arena (e.g. activity in the laboratory) as the fixed factor. Individual ID was entered as the random factor in each
model. For each model, we report point estimates for the fixed (mean) and the random parameters (variance) along with their 95 % confidence intervals

syndrome between (1) activity and boldness, indicating that
the most active individuals were also the boldest, and (2)
activity and exploration, indicating that the most active indi-
viduals took the least amount of time to approach the novel
object (Table 4). No evidence of behavioural syndromes was
found when any of the other personality traits were correlated
using either field or laboratory data (Table 4).

Discussion

We showed that personality traits of individual African striped
mice tested under standardized conditions in the laboratory were
consistent with measurements of personality traits from the
same individuals in their natural habitat. We showed that all
personality traits were consistent and repeatable both within
and between the laboratory and the field, thereby demonstrating

Fig. 4 Parameter estimates of the
structural equation model that
best fitted our data and thus
considered to be representative of
the behavioural syndrome
structure for R. pumilio. Factors
loadings together with their 95 %
confidence intervals as well as
variance estimates explained by
the latent variables are reported
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Laboratory
Syndrome

1.25 (0.78,1.71)

Field
Syndrome

that personality measures collected under artificial laboratory
conditions did reflect natural behavioural tendencies, regardless
of the sequence of the testing. Moreover, we found that the
presence of two correlated context-specific separate latent vari-
ables (one for the field and one for the laboratory) explained all
the behaviours measured, indicating that there is a context-
specific syndrome in this species.

Several studies have described personality variation in wild
animals tested under standardized laboratory conditions (Bell
and Sih 2007; Cote and Clobert 2007; Johnson and Sih 2007).
Most recently, however, the urgency of establishing whether the
behaviour observed in the laboratory are reliably representing
the behaviour of individuals under natural conditions have been
highlighted (Bell 2012), especially in the light of the fact that the
environment in which an individual is tested may end up mod-
ifying its behaviour (Hodgins-Davis and Townsend 2009;
Niemela and Dingemanse 2014). As a consequence, several

Variance explained by the
Latent Variable

Laboratory Activity
0.43 (0.11,0.75)

factors loadings

Laboratory Boldness
0.20 (-0.04,0.45)

Laboratory Exploration
0.69 (0.22,1.15)

Laboratory Aggression
0.94 (0.33,1.56)

Field Activity
0.81(0.29,1.34)

Field Boldness
0.54 (0.11,0.97)

Field Exploration
0.80 (0.28,1.32)

Field Aggression
0.89 (0.32,1.46)
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Table 4 Correlations between different personality traits of striped
mice tested in a neutral arena in captivity and in the field, indicating
behavioural syndromes

Behavioural syndrome  Laboratory Field
n rho P n rho P

Activity-boldness 18 0.62 0.01 18 023 0.36
Activity-exploration 18 —-0.78 0.0001 18 -0.07 0.76
Activity-aggression 18 0.14 058 18 -0.19 044
Boldness-exploration 18 —0.65 0.004 18 -0.55 0.02
Boldness-aggression 18 —0.04 0.87 18 —0.18 046
Exploration-aggression 18 021 041 18 -0.09 0.73

Only individuals that were tested twice in the arena and twice in the field
were included in the analysis. Numbers in ifalics indicate significant
differences

authors have started to investigate whether wild behavioural
types can also spill over to the laboratory, resulting in conflicting
reports regarding the degree of consistency between the two
contexts. For example, Herborn et al. (2010) and Boon et al.
(2008) found consistency in all the behavioural traits measured
between the laboratory and the wild, whereas Fisher et al.
(2015), Boyer et al. (2010) and van Overveld and Matthysen
(2010) only found consistency for some measures but not
others. Our results support the former, as we found that in striped
mice all the behaviours we measured (activity, boldness, explo-
ration and aggression) were consistent across the field-
laboratory context. From a methodological point of view, our
results are important because they show that (1) the tests we
employed to measure the different behaviour were representa-
tive of the target behaviour we measured in both contexts, and
(2) classical personality tests, such as open field, novel object
and dyadic encounters with a novel conspecific, typically used
to measure individuals in a neutral presentation arena can be
successfully transposed to the field, at least for striped mice.
Our results are also significant as they show that the laboratory
environment in which striped mice were tested did not adversely
affect them, as was expected in the literature (Hodgins-Davis
and Townsend 2009; Niemela and Dingemanse 2014). This
might have been the direct result of either our sampling protocol,
which restricted the time each individual spent in the laboratory,
or could have been due to the fact that striped mice at our field
site are habituated to our presence because each individual is
trapped and handled several times per month (Yuen et al. 2015).
This is further supported by the fact that corticosterone levels,
which are typically elevated in individuals experiencing a stress-
ful event, remained similar before and after individuals were
tested for personality in the laboratory (CHY, unpublished data).

We found repeatability to be higher in certain behaviours
more than others. Activity and boldness were found to be
highly repeatable in the laboratory, but less so in the field
and the relationship of both behaviours between the field

and the arena was the weakest. The lower repeatability ob-
served for activity and boldness in the field compared to the
laboratory suggests that these behaviours might be more easily
affected by external stimuli, such as weather conditions or
temperature or by the type of environment in which they are
assayed (novel versus unfamiliar). Though significant, aggres-
sion was found to be the least repeatable trait within both the
field and the laboratory, but the relationship between field and
laboratory measures was among the strongest. Aggression, in
contrast to activity and boldness, was always performed in a
neutral setting whether it be in the wild (at the border between
territories) or in the laboratory (in the neutral presentation
arena), which could have accounted for the high strength in
the relationship between aggression measured between the
two contexts. However, aggression was also most likely af-
fected by the type of stimulus presented, with individuals al-
ways being presented with different stimulus mice whether in
the field or in the laboratory. Aggressive encounters may be
affected by within contest decision-making and information
gathering, and are also highly energetically demanding,
resulting in post-contest changes in behaviour (Briffa et al.
2015). Further, as individuals will engage in more than one
contest over their life, their behaviour will be affected both by
the opponent’s identity and behaviour (Briffa et al. 2015) as
well as by their own previous experience and familiarity with
that opponent. As all of these factors will bear on aggression
by varying degrees, different individuals will elicit different
aggressive responses, which might explain why repeatability
for this behaviour was not as high as for the other behaviours.
In this respect, our results are consistent with other studies that
have shown aggression to have a low repeatability overall
(Briffa et al. 2015). On the other hand, exploration was highly
repeatable in both contexts and had the strongest relationship
between the field and the laboratory; exploring a novel envi-
ronment is particularly important for dispersing individuals
(Schoepf and Schradin 2012b). Further, of all the behaviours
measured, exploration was tested in the most similar way in
both the field and the laboratory, further highlighting the need
of carefully designing tests that are as similar as possible when
doing across context comparisons.

Different personality traits are often correlated with each
other, creating behavioural syndromes (Sih et al. 2004), which
can be present both in the captive environment and in nature
(Dochtermann and Jenkins 2007; Adriaenssens and Johnsson
2013). While some studies have shown that syndromes can be
stable over time (Chapman et al. 2013) and across different
ecological conditions (Mowles et al. 2012), some authors have
found syndromes to differ among conditions, populations or
over time (Bell and Stamps 2004; Dingemanse et al. 2007;
Clobert et al. 2009). In our study, we found that two separate,
but correlated; latent variables affected all the behaviours,
pointing to the presence of a context-specific syndrome struc-
ture in this species, although the support for this model was
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rather weak. Closer inspection of the estimates obtained from
the SEM model revealed that the two latent variables loaded
most heavily on activity, boldness and exploration in the lab-
oratory context and on boldness in the field context respec-
tively. Further analysis using pair-wise correlations revealed
that boldness-exploration behavioural syndrome was consis-
tent in both contexts. Specifically, we found that the boldest
individuals, which approached the novel object fastest in the
arena, were also the boldest and approached the novel object
fastest in the field, indicating that the boldest individuals were
the most exploratory in both the laboratory and in the field.
Surprisingly, however, we found no consistency between the
other behavioural syndromes in the two different contexts.
This is intriguing because it would be expected that if all the
personality traits measured in isolation are present between
the captive and the natural environment, the correlations
between such personality traits should also be present.
Herborn et al. (2010) suggested that boldness and exploration
might be perceived as two measures of a single approach—
avoidance trait, with risk-prone, fast-exploring individuals at
the one extreme and risk-averse, slow-exploring individuals at
the other, thus indicating that the open field test developed by
Wilson et al. (1976) and the novel object test developed by
Greenberg (1984) to be regarded as approach—avoidance in a
novel and a familiar environment, respectively (Clark and
Ehlinger 1987; Wilson et al. 1993; Johnson and Sih 2007).
Another equally plausible explanation for why we did not find
a relationship between activity and boldness in the field is that
in the laboratory activity assays were conducted within a very
short time of each other. In contrast, activity and exploration in
the field were tested separately with a greater time interval
between them. This temporal separation might have weakened
the correlation between activity and exploration in the field.
Similarly, the lack of a boldness-activity correlation in the
field might have been the result of a time discrepancy between
the measures of boldness, because in the laboratory, boldness
was measured during a period of 5 min whereas in the field it
was measured during a period of 6 h. Another possibility
could be that our results reflect the small sample number of
individuals at our disposal. In a previous study, we showed
that male and female striped mice differ in their personality
traits (Yuen et al. 2015), with females being consistent for
activity, boldness and exploration and males being consistent
for exploration and aggression, even after adopting a new
alternative reproductive tactic. In the present study, 18 indi-
viduals were available to test for behavioural syndromes,
which included both males (nine) and females (nine). If the
two sexes display different behavioural syndromes, the low
number of samples might have constrained detecting sex dif-
ferences. This could also explain why some of the behavioural
syndromes did not match between the field and the arena.
Several studies have measured personality of wild-caught in-
dividuals in captivity and used these measures to explain

@ Springer

individual differences in fitness observed in nature (e.g.
Dingemanse etal. 2004). Most recently, however, several authors
have started to investigate whether wild behavioural types can
also spill over to the laboratory because concerns have been raised
regarding the effect of the environment on behaviour. This has
resulted in a surge of studies testing for consistency among the two
context, with different authors often reporting different levels of
consistency between the field and the captive environment (Boon
etal. 2008; Boyer et al. 2010; Herborn et al. 2010; van Overveld
and Matthysen 2010; Cole and Quinn 2014; Fisher et al. 2015).
Ours is the first study that has measured four of the most common
behaviours (activity, boldness, exploration and aggression) typi-
cally researched in personality by using similar protocols both in
the laboratory and in the field. We showed that personality mea-
sures from standardized laboratory conditions can reflect field
measurements, at least in striped mice. Furthermore, to our knowl-
edge, ours is one of the few studies that have investigated whether
behavioural syndromes measured in captivity can be related to
behavioural syndromes measured in nature. Our methodological
approach validates previous field studies and confirms that per-
sonality traits of free-living individuals measured under standard-
ized laboratory conditions reflect the natural variation related to
important life-history parameters, such as reproductive fitness
and survival.
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