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Abstract
The repeatable among-individual variation in behavior (animal personality) is considered to affect fitness. The variation 
in personality traits is shaped by complex evolutionary mechanisms involving energy allocation and resource acquisition. 
However, an association between personality and individual performance in energy gain in the natural environment still 
seems underexplored. The aim of our study was to test a hypothesis that consistent individual variation in behavior affects 
the energy acquisition of unpredictable food resources. We predicted that more explorative individuals would be finding 
ephemeral food resources with higher probability than those less explorative. The quasi-experiment with ‘random-walking-
feeders’ was performed to assess the use of unpredictable food resources in the natural habitat occupied by free-ranging 
arboreal rodents — edible dormice Glis glis. A repeated open field test at laboratory conditions was conducted to assess 
whether male dormice show consistent among-individual variation in behavior. The open field test analysis indicated two 
main components of dormice behavior: exploration and boldness, from which only the first one was repeatable and thus 
considered as a component of animal personality. The probability of finding a feeder increased with exploration, indepen-
dently of dormice age and body size. The results indicate that exploration can be considered an adaptive trait that improves 
energy acquisition. We suggest that the behavioral among-individual variation within populations persists due to the usage 
of distinct foraging strategies in the face of fluctuations in food resources availability.
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Introduction

The consistent among-individual differences in behavior 
are referred to as animal personality (Réale et al. 2007). 
Suites of correlated behaviors (behavioral syndromes) are 
categorized along a continuum from a reactive to a proac-
tive personality type (Koolhaas et al. 1999; Sih et al. 2004). 
Proactive individuals are more aggressive, explorative and 
risk-taking while reactive individuals are less active and 
more timid. One of the main hypotheses explaining the 
maintenance of behavioral variation in the population — 
the ‘extended pace-of-life syndrome’ hypothesis (POLS) 
— assumes that personality is shaped by the evolutionary 
trade-off between current and future reproduction (Réale 
et al. 2010). As a result of energy allocation, proactive indi-
viduals are expected to prioritize current reproduction at the 
expense of survival, whereas reactive ones should invest in 
survival and future reproduction (Réale et al. 2010). How-
ever, recent meta-analyses did not support these predictions 
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(Royauté et al. 2018; Moiron et al. 2020) and suggested that 
the plausible relationship between proactive behavior and 
resource acquisition may mitigate this evolutionary trade-
off (Haave‐Audet et al. 2022). The behaviors which support 
reproduction were found to improve survival, suggesting that 
rather than only energy allocation, variation in behavior at 
the among-individual level can also reflect differences in 
resource acquisition (Haave‐Audet et al. 2022).

Since proactive behavior is energetically costly, individu-
als with different personalities should also be characterized 
by different energy expenditure and thus requirements (Car-
eau et al. 2008; Mathot and Dingemanse 2015). Moreover, a 
review of existing studies found support for a ‘performance 
model’ (Mathot et al. 2019; at least in males: Strijker et al. 
2023 and cited herein) which predicts a positive associa-
tion between behavior and metabolism that improves the 
capacity to mobilize energy through its assimilation. Thus, 
extensive metabolic machinery is needed to promote and 
maintain higher expression of energetically costly behaviors 
(Careau et al. 2008; Biro and Stamps 2010). However, as a 
result, proactive animals (e.g., fast-exploring) must spend a 
significant amount of energy on self-maintenance and thus 
need to acquire more resources than reactive (e.g., slow-
exploring) ones to maintain positive energy budgets. Thus, 
the itself costly actions of a proactive animal, as well as its 
increased obligatory metabolism, should be accompanied by 
more successful strategy of finding and utilizing resources 
that allow to survive in natural environment.

Besides predicted mechanisms rooted only in energetics, 
an association between behavior and resource acquisition 
may also occur because animals with different personality 
traits may perceive and thus explore their surroundings in 
substantially different ways (for example, see Brehm et al. 
2019). The potential link between cognitive types and 
animal personality as well as repeatable differentiation in 
movement patterns between individuals might occur due 
to variation in perception, learning, memory and decision-
making (Sih and Del Giudice 2012; Arvidsson and Mat-
thysen 2016). The ‘information-gathering strategy’ (IGS) 
hypothesis predicts that although fast-exploring individuals 
explore the environment less precisely, they still can enter 
new unknown food patches more often than others (Arvids-
son and Matthysen 2016). Slow-exploring individuals, on 
the other hand, explore close surroundings more precisely 
but forage rather in patches known by experience — there-
fore, they have a more precise ‘mental map’ of their smaller 
home ranges. This suggests that fast-exploring individuals 
should perform better in ephemeral food resource acquisition 
tasks than slow-exploring ones.

Animal personality is currently considered to be an 
important factor shaping the food web and as such have 
strong ecological consequences for the whole ecosystem 
functioning (Feldman et al. 2019; Zwolak and Sih 2020; 

Hunter et al. 2022). Thus, understanding how the among-
individual variation in behavior affects the way animals 
utilize available resources seems crucial from wider eco-
logical perspective. However, only a few studies aimed 
to directly link animal personality (e.g. exploration) with 
food resource acquisition in free-ranging animals (see for 
examples: Herborn et al. 2010; van Overveld and Mat-
thysen 2010; Brehm et al. 2019; see also: Herborn et al. 
2014). Moreover, most studies were conducted on bird 
models that fundamentally differ (in movement ability) 
from most mammals (excluding bats). The studies con-
ducted on mammals investigated only the link between the 
boldness component of the personality of the individual 
and their behavioral patterns in risky situations (Dam-
mhahn and Almeling 2012; Mella et al. 2015; Mazza et al. 
2019). To the best of our knowledge, there is no study 
directly investigating the relationship between exploration 
and effectiveness of ephemeral food resource acquisition 
in free-ranging nonvolant vertebrate.

Herein, we use a quasi-experimental study designed 
to test a hypothesis that personality affects ephemeral 
food resource acquisition in a free-ranging tree-dwelling 
rodent — edible dormouse Glis glis. Dormice are a good 
animal model for verifying this hypothesis, since they 
are unlikely to hoard food (Morris and Hoodless 1992; 
followed by: Bieber and Ruf 2004), and thus, they need 
to explore the environment to gain food daily. We specifi-
cally predicted that the proactive personality of dormice 
is associated with an increased probability of finding 
ephemeral food resources. Moreover, virtually nothing 
is known about the influence of individual experience 
likely associated with age on the effectiveness of food 
resource acquisition (but see Herborn et al. 2014). The 
edible dormouse is a long-living species (up to 14 years 
in the wild: Trout et al. 2015); therefore, it can be used 
as a model organism to test whether age affects resource 
acquisition. We predicted that older (thus, more expe-
rienced and more familiar with the habitat) individuals 
would have higher chances of finding ephemeral food 
resources than younger ones, irrespectively of the per-
sonality they represent.

Materials and methods

Animals

The study was conducted in the Kozienice Forest (cen-
tral Poland: 51°32′N, 21°28′E). Dormice were captured 
at ~ 12 ha nest-box plot located in a managed pine-dominated 
(Pinus sylvestris) forest. The nest-boxes were deployed in 
2013 and at the beginning, there were 36 nest boxes form-
ing an ~ 50 × ~ 50 m grid. In 2019, the plot was extended to 



91Mammal Research (2024) 69:89–98 

1 3

a 64 nest-boxes grid. Since 2013, nest-boxes were checked 
at least three times a year (early summer, late summer, and 
early autumn) and all captured animals were sexed, aged, 
and marked individually with radio-frequency identification 
tags (RF-IDW-1, CBDZOE, Poland).

In 2020, male dormice were captured and transported to 
the laboratory of Forest Ecology Department in the For-
est Research Institute in Sękocin Stary (~ 80 km apart). In 
the laboratory, the animals were kept in individual rodent 
cages (1290D, Tecniplast, Buguggiate, Italy) under con-
trolled, ambient conditions (Ta = 20 ± 2 °C) and a natural 
photoperiod. Animals were provided with balanced food 
for rodents (Megan, Kraków, Poland), water and apples ad 
libitum. After 3–4 days, when all measurements were col-
lected, animals were released at the place of capture. Since 
dormice, like many other hibernating species, are fattening 
at the end of the reproductive season, we decided that struc-
tural measures (head width; HW) would reflect their actual 
body size better than body mass (mb). The mb was used only 
to estimate body condition indices that are based on both 
structural and weight measures. We decided to conduct the 
study only on males to avoid the gestation of reproducing 
females influencing the results. In total, 48 animals were 
studied; 43 during the first session (in early summer) and 
23 during the second session (in late summer). Overall, 18 
individuals were studied repeatedly during both sessions. 
Since in the previous years we individually marked juve-
niles and yearlings, the age was known for most individuals. 
The animal age varied from two to at least seven years (four 
among five of the oldest animals were already adults when 
captured during the first year of the study).

All experimental procedures were approved by the Sec-
ond Local Ethics Committee for Animal Experimentation in 
Warsaw, Poland (WAW2/121/2018), as well as under licence 
from the Polish Regional Directorate of Environmental Pro-
tection in Radom (decision: WSTR.6401.66.2018.MK.4).

Open‑field test

To detect and measure behavioral traits, an open-field test 
(OFT) was performed. Each individual was tested in OFT 
after one night and one day spent in the animal room to 
reduce the stress associated with capture and transport. To 
minimize observer bias, blinded methods (animals were 
chosen randomly) were used when all behavioral data were 
recorded and when recordings of behavioral tests were ana-
lyzed. Each test was conducted during night-time (~ 1 h 
after sunset and no later than 1 h before sunrise). The arena 
(1 × 1 × 1 m) was self-constructed from white polyvinyl chlo-
ride plastic. It was placed in a dark room (3 × 3 × 3 m) and 
illuminated by four 5.5 W bulbs (470 lm; Lexman, Leroy 
Merlin Poland, Warsaw) painted red and mounted outside 
the arena above its corners at 2 m height. It resulted in an 

illuminance of 50 lx inside the central part of the arena. 
Before and after each OFT, the arena was cleaned with 70% 
ethanol and dried. During OFT, the animal was placed in 
the center of the arena using a plastic pipe 1 m tall and 
15 cm in diameter. When the animal reached the floor of the 
arena, the pipe was removed and the recording was started. 
During OFT, the animals were recorded for 7 min with a 
digital camera (Hero 5, GoPro Inc., USA) mounted above 
the experimental set-up. During OFT sessions, observers 
left the behavioral room to avoid disturbances and tracked 
the recording with a smartphone using GoPro App (GoPro 
Inc., USA). We performed two sessions of OFT, the first in 
early summer  (10th–27th June) and the second in late summer 
 (21st August–23rd September).

Field experiment

We performed the ‘random-walking-feeders’ experiment 
which was developed to simulate the occurence of ephem-
eral food resources in the natural environment. With the 
usage of advanced automatic technology, specially adapted 
to long-term field work, we were able to record which indi-
viduals were more effective in finding resources without any 
human disturbance. The field experiment was conducted for 
7 weeks between the  2nd of July and the  20th of August 2020. 
Ten feeders (0.4 × 0.4 × 0.2 m) constructed from metal mesh, 
wood and plexiglass (Supplementary information: Fig. S1) 
were mounted to trees ~ 4 m above ground. The automatic 
system reading individual tag IDs (Borowski et al. 2019) 
was installed in each feeder and registered the presence 
of individuals along with the date and time (Supplemen-
tary information: Fig. S2). All feeder locations (n = 70; 10 
feeders × 7 weeks) were randomly assigned to the area of 
nest-box plot (+ 50 m buffer zone) in QGIS 3.12 (QGIS.org 
2022) (Supplementary information: Fig. S3). At all times, 
there were 10 feeders available on the plot (at least 100 m 
apart from each other) and each week, they were moved to 
new locations. All readers were pretested to check whether 
they were able to collect tagged animal ID when passing 
through the gate before feeders were placed at given loca-
tions. Although readers used in the experiment were energy 
saving (Supplementary information: Fig. S2) and batteries 
would have lasted for more than a week, at each location, 
batteries were replaced with new ones to additionally sup-
port continuous work of equipment. Previous locations of 
feeders were never used again and new locations were also 
randomly chosen so that they were at least 50 m from any 
past location. Each feeder was baited with 5 apples and 50 
hazelnuts. After each week, the feeders were cleaned with 
70% ethanol. If needed, apples and hazelnuts were replaced 
with fresh ones only when a feeder was moved to a new 
location (only in one location during the whole experiment 
all apples were eaten).
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Data processing

The number of times each behavior (grooming, jumping 
and rearing — standing on two legs) was exhibited during 
OFT was obtained manually by a single observer (MW). The 
latency to leave the central zone, time spent in different parts 
of the arena and total distance covered by an individual were 
calculated based on the data obtained automatically with a 
trained neural network using DeepLabCut software (Mathis 
et al. 2018). The central zone was defined as a 50 × 50 cm 
square in the middle of the arena, the corners as 25 × 25 cm 
squares and the edges near the walls as 25 × 50 cm rectan-
gular areas. Since we placed dormice in the central zone at 
the beginning of each test, the relative time spent in different 
parts of the arena was calculated by excluding time spent in 
the center before its first departure.

Based on automatic records of tag IDs, we were able to 
detect activity in feeders and assign it to individual dormice 
without human presence. Since only a few dormice found 
more than a single feeder, we transformed this data to bino-
mial values (1 — found at least one feeder during the whole 
study; 0 — did not find any feeder).

Statistical analysis

All statistical analyses were performed in R 4.1.2 (R Core 
Team 2020).

The principal component analysis (PCA) was performed 
using function ‘prcomp’ from ‘stats’ package to reduce the 
number of potentially correlated variables obtained during 
the open-field test into uncorrelated and significant  com-
ponents describing dormice behavior. The data included in 
PCA was initially tested with Bartlett’s as well as Kaiser-
Mayer-Olkin tests from the ‘psych’ package. All variables 
were normalized prior to the analysis. To find which principal 
components (PCs) were significant, we compared the vari-
ance they explained  with a random ‘broken stick’ model 
plot generated with ‘bstick’ function from ‘vegan’ package.

To explore variation in the significant PCs, linear mixed 
modeling procedures (LME) with restricted maximum likeli-
hood were performed with ‘lme4’ package. Body size, con-
dition and age were included as covariates (to account for 
plausible state-dependent variation in behavior) and animal 
ID as a random effect. Body condition (BC) was obtained as 
residuals from the linear relationship between mb and HW 
(Supplementary information: Fig. S4A). Since HW was cor-
related with age, to avoid multicollinearity in LMEs, we 
included its residuals (rHW was obtained from second order 
polynomial regression between HW and age: Supplementary 
information: Fig. S4B). Finally, an analysis of variance was 
performed for each LME based on the type II sum of squares 
using package ‘car’. Degrees of freedom for LMEs were 
estimated using the Kenward–Roger approximation.

The repeatability (τ) of HW, BC, and PCs was calculated 
using the function ‘rpt’ from ‘rptR’ package (Stoffel et al. 
2017). Estimation of τ for morphological measures allowed 
us to understand its potential measurement error, changes 
in animal condition and/or the growth of animals during 
a study. By calculating the τ for PCs, we were able to dis-
tinguish state-dependent labile behaviors from the consist-
ent variation that can be considered a component of animal 
personality. We calculated both unadjusted and adjusted τ’s 
for the components included in the LME models. 95% con-
fidence intervals were estimated using parametric bootstrap-
ping (1000 iterations). We estimated τ’s based on available 
data where 18 dormice were measured twice. However, we 
kept all the individuals in this analysis to improve the gen-
eral fit of the dependent variable to explanatory variables 
during the modeling procedure. Statistical significance of 
estimated τ was tested using the likelihood ratio test.

Logistic regression was used to test whether the probabil-
ity of finding a feeder was associated with age and repeatable 
traits as HW and PC1. Since variation in PC1 was affected 
by animal BC and rHW (see the “Results” section), thus, in 
the final analysis, we decided to use the best linear unbiased 
predictions (BLUP) calculated for PC1 from LME. We also 
calculated BLUP for HW from LME where quadratic rela-
tion with age was included. Male edible dormice may have 
relatively large home-ranges (from ~ 1 up to 7 ha; Ściński 
and Borowski 2008). However, this may also vary with the 
density of the population (high to low: ~ 0.5–2.5 ha: Jurc-
zyszyn and Zgrabczyńska 2007). Average daily movements 
in male dormice may range from ~ 100 m (Cornils et al. 
2017) up to 200–500 m, depending on high and low popu-
lation density, respectively (Jurczyszyn and Zgrabczyńska 
2007). Moreover, in our another study, we found that males 
equipped with radio-transmitters captured at the nest-boxes 
system were also exploring the natural shelters up to 200 m 
outside the plot (Iwińska et al. 2020). Since individuals cap-
tured at peripheral lines of the nest-box system were likely to 
spend more time outside the plot (in comparison to animals 
from the central part), they were expected a priori to have 
also lower chances to find a feeder placed on the study plot 
(see also the Supplementary information: Fig. S3). This indi-
cates that the place of capture could affect at least 25–50% 
of individual chances to find any feeder at periphery lines 
— assuming realistic individual cores of the home ranges 
observed in male dormice (Jurczyszyn and Zgrabczyńska 
2007; Cornils et al. 2017). We accounted for that by includ-
ing place of capture in a logistic model (LM) to analyze all 
animals in a single procedure. We distinguished two catego-
ries: 0 — animals that were captured only in two peripheral 
lines and 1 — animals that were at least once captured in the 
central zone of the nest-box plot (16 central boxes). In the 
LM, probability to find a feeder was included as a depend-
ent variable, BLUP-PC1, BLUP-HW, and age as covariates, 
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and place of capture as a centered continuous predictor. In 
this modeling procedure, we also accounted for all plausible 
interactions between the place of capture and covariates.

The package ‘visreg’ was used to present the results 
obtained in the statistical modeling procedures. We assumed 
the significance of the P at the ≤ 0.05 level. Marginal sta-
tistical results of the P < 0.1 were accepted as insignificant 
trends.

Results

Our initial behavioral traits dataset met assumptions for 
PCA based on Bartlett’s and Kaiser–Meyer–Olkin’s tests. 
The first two PCs were found to significantly explain in 
total 66.3% of the variation in dormice behavior. The 
PC1 explained 41.5% of the total variation in dormice 
behavior during OFT. The rest of variation in behavior 
was significantly explained by PC2 (~ 24.8%). According 
to the correlation of behaviors with PCs (Table 1), the 
PC1 was interpreted as exploration and the PC2 as the 
boldness axis.

PC1 (exploration) and PC2 (boldness) were not corre-
lated with age (PC1: ANOVA:  F1,47 = 0.57, P = 0.456, PC2: 
ANOVA:  F1,50 = 1.40, P = 0.242). PC1 (exploration) was pos-
itively correlated with rHW (β ± SE = 0.47 ± 0.18, ANOVA: 
 F1,37 = 6.52, P = 0.015; Fig. 1a) and not significantly nega-
tively correlated with BC (β ± SE =  − 0.31 ± 0.16, ANOVA: 
 F1,35 = 3.50, P = 0.070; Fig. 1b). PC2 (boldness) was affected 
neither by BC (ANOVA:  F1,61 = 0.16, P = 0.683) nor rHW 
(ANOVA:  F1,56 = 0.15, P = 0.708).

The individual variation in HW adjusted for age was 
consistent (τ = 0.52 [95% CI: 0.10–0.79], P = 0.007), 

but for BC, repeatability was not significantly higher 
than zero (τ = 0.00 [95% CI: 0.00–0.54], P = 0.500). The 
unadjusted PC1 (exploration) was repeatable (τ = 0.73 
[95% CI: 0.46–0.87], P < 0.001) and that was also true 
when adjusted for rHW, BC, and age (τ = 0.78 [95% CI: 
0.60–0.93], P < 0.001). That did not hold true for either 
unadjusted (τ = 0.09 [95% CI: 0.00–0.60], P = 0.349) or 

Table 1  Correlations between the number of jumps (jumping), rear-
ing and grooming episodes, time to leave the central zone after the 
animal was placed in the arena (latency), total distance covered 
(distance), the relative time spent in different parts of the arena (for 
details see: "Materials and methods" section chapter) and the signifi-
cant principal components (PCs) indicating exploration (PC1) and 
boldness (PC2)

*The significant correlation was assumed > 0.6

Variable PC1 (Exploration) PC2 (Boldness)

Jumping 0.78* 0.01
Rearing 0.93*  − 0.07
Grooming  − 0.09  − 0.68*
Latency  − 0.78* 0.51
Distance 0.97*  − 0.03
Time in center 0.47 0.29
Time in corners  − 0.13  − 0.85*
Time near walls 0.27 0.68*

Fig. 1  First principal component (PC1) indicating explorative behav-
ior as a function of (a) residual head width (obtained from second 
order polynomial regression between head width and age) and (b) 
body condition as residual body mass obtained from ordinary last 
square regression between body mass and head width.
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adjusted PC2 (boldness) (τ = 0.10 [95% CI: 0.00–0.64], 
P = 0.349).

The probability of finding a feeder was affected neither 
by age nor individual BLUP-HW (Table 2). We found a 
single significant interaction — the probability of finding a 
feeder increased with individual BLUP-PC1 (exploration) 
in the animals captured in the central zone of the nest-box 
plot (β ± SE = 1.93 ± 0.93, P = 0.037; Fig. 2) but not those 
from the periphery (β ± SE =  − 0.79 ± 0.45, P = 0.077).

Discussion

According to the pace-of-life syndrome (POLS) hypoth-
esis, proactive animals would be those investing into 
reproduction, but with increased costs of survival (Réale 
et al. 2010). However, this assumption recently did not 
find support and an alternative hypothesis was formulated 
stating that resource acquisition associated with personal-
ity can mask this evolutionary trade-off rooted in energy 
allocation (Laskowski et  al. 2021; Haave‐Audet et  al. 
2022). Therefore, if any trait raises the probability of find-
ing ephemeral food resources, it can be considered adap-
tive. As information-gathering strategy (IGS) hypothesis 
indirectly suggests, the individuals who perform better in 
ephemeral food resource acquisition task should be the 
ones being more proactive and fast-exploring (Arvidsson 
and Matthysen 2016). In our experiment, conducted on 
free-ranging edible dormice, the probability of finding 
ephemeral food sources increased with the exploratory 
tendency of individuals measured under standardized labo-
ratory conditions. Thus, the results support the statement 
that consistent among-individual differences in behavior, 
hence personality, is a key candidate to determine among-
individual variation in resource acquisition (suggested in 
Laskowski et al. 2021; Haave‐Audet et al. 2022).

The number of jumps, rearings, and total distance cov-
ered correlated positively, whereas latency to move corre-
lated negatively with PC1, indicating that this component 
clustered exploration (Table 1). The variation in explora-
tion was marginally negatively correlated with BC (Fig. 1b), 
which is in line with the general tendency of animals in 
poor condition to exhibit higher levels of activity (Moran 
et al. 2021). We also found that bigger dormice were more 
explorative than smaller individuals (Fig. 1a). Nonetheless, 
when adjusted for the above, exploration was highly repeat-
able, indicating that this trait consistently differs between 
individuals. This is in agreement with other studies, as 
exploration was also found repeatable in many small mam-
mals (Boon et al. 2007; Boyer et al. 2010; Montiglio et al. 
2012; Dosmann and Mateo 2014; Schuster et al. 2017a, b; 
Schuster et al. 2017a, b; Rohrer and Ferkin 2020; Underhill 
et al. 2021; Wauters et al. 2021), birds (Dingemanse et al. 
2002, 2012), and fishes (Mazue et al. 2015). Thus, it can be 
concluded that explorative behavior is an expression of per-
sonality trait in the studied population of dormice. Beyond 
explorative behavior, PCA distinguished the second signifi-
cant axis (PC2), which was negatively related to grooming 
and time spent in corners (but positively with time spent 
near walls; Table 1) suggesting that it describes boldness. 
However, PC2 was not repeatable and thus, cannot be con-
sidered as a trait of animal personality but rather plasticity 
in behavioral response.

Table 2  The results of logistic regression model for the probability 
of finding a feeder by edible dormice Glis glis captured at the cen-
tral and peripheral zone of the nest-box study plot. Animal age, best 
linear unbiased predictions (BLUPs) for the head width (HW) and 
the principal component (PC1) explaining explorative behavior were 
included as covariates. The BLUP-HW was obtained from a model 
including second order polynomial regression between HW and age 
(Supplementary information: Fig.  S4B) and the BLUP-PC1 from 
the model where residual HW (not explained by age) and age were 
included as covariates. The place of capture was included as a cen-
tered continuous predictor

Variable est ± SE z P

Age 0.48 ± 0.51 0.95 0.345
BLUP HW (body size) 0.18 ± 0.45 0.40 0.687
BLUP PC1 (exploration)  − 0.45 ± 0.44  − 1.00 0.317
Place of capture 0.23 ± 0.90 0.26 0.798
Age × Place of capture  − 1.20 ± 1.03  − 1.16 0.245
BLUP-HW (body size) × Place of 

capture
1.54 ± 1.00 1.54 0.123

BLUP-PC1 (exploration) × Place of 
capture

3.05 ± 1.19 2.57 0.010

Fig. 2  Model-based predicted probability of finding a feeder as a 
function of best linear unbiased predictions (BLUPs) for the first 
principal component (PC1) indicating explorative behavior adjusted 
for body size and condition (see the “Materials and methods” section 
for details)
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Neither dormice behavior nor its effectiveness in food 
acquisition was affected by the age of individuals — even 
though, intuitively, the effect of age could be significant in a 
species like dormouse, which can live up to 14 years in the 
wild (Trout et al. 2015), since individuals acquire experience 
and learn during their whole life. Moreover, the age was 
found to affect behavior in American red squirrel Tamias-
ciurus hudsonicus — individuals became less active during 
their ontogeny (Kelley et al. 2015). One explanation for this 
discrepancy is likely the fact that the authors compared juve-
nile and yearling stages while we compared adult animals 
of different age. The recent review indicates that even if 
differences in personality traits occur over maturation, they 
tend to be stable within later life stages (Cabrera et al. 2021). 
Only individuals that reached sexual maturity (> 2 years old 
Fietz et al. 2004) were included in this study, and this might 
be why exploration was not affected by age.

The results of the ‘random-walking-feeders’ experi-
ment indicate that variation in the body size (adjusted for 
individual age) of dormice did not affect the probability of 
finding ephemeral food resources. For the animals captured 
in the central zone of the study plot, only the exploration 
(adjusted for individual age and body size) increased the 
probability of finding a feeder. Although several studies 
showed a positive relationship between proactive behaviors 
and food intake rates, most of them were conducted under 
laboratory conditions with food ad libitum or based on a 
correlation between the amount of accessible food in the 
environment and the personality traits of animals (reviewed 
in: Biro and Stamps 2008). Only a few examples of experi-
mental bird studies linked exploration with the ability to find 
previously unknown resources in the wild. Fast-exploring 
great tits Parus major covered further distances in search of 
food than slow-exploring ones when challenged by sudden 
removal of food supply from known feeders (van Overveld 
and Matthysen 2010). Similarly, exploration in blue tits 
Cyanistes caeruleus was connected to their ability of dis-
covering new feeding sites (Herborn et al. 2010). However, 
so far, there is no direct evidence of a link between explora-
tion and ephemeral resource acquisition in non-volant ter-
restrial vertebrates. Despite that, a few studies documented 
relationships between personality and space use that might 
suggest it indirectly. There is a general tendency of proac-
tive (bold and/or explorative) individuals of rodent species 
to travel more and possess larger home ranges or its core 
areas (Boon et al. 2008; Montiglio et al. 2012; Schirmer 
et al. 2019; Aliperti et al. 2021; Wauters et al. 2021). Moreo-
ver, the relationship between personality and use of differ-
ent food resources was found in common brushtail possum 
Trichosurus vulpecula; proactivity was reflected in their 
diet composition and foraging strategies — more explora-
tive individuals were more generalistic (Herath et al. 2021). 
Here, we present the first attempt to test the linkage between 

ephemeral resource acquisition and the exploration obtained 
in a quasi-experimental study on terrestrial vertebrate spe-
cies. Our results suggest that more explorative dormice are 
also more effective in ephemeral food resource acquisition 
when free-ranging in the natural environment.

As the high level of exploration seems adaptive for indi-
viduals, it may be puzzling why among-individual variation 
in this trait still occurs in the population. Because resources 
are not evenly distributed across the habitat and they typically 
occur in patches (MacArthur and Pianka 1966), one can argue 
that in a heterogenous environment, high levels of proactive-
ness should always give the animal an advantage in finding 
resources (Wolf et al. 2007). This would happen likely by 
chance because of their elevated movement rates and larger 
home range areas (discussed above). This, however, does not 
explain why the less explorative behavioral types still persist 
in a population. The individual cognitive capacities postulated 
by IGS hypothesis as associated with animal personality (Sih 
and Del Giudice 2012) may state an explanation for behavio-
ral variation in natural populations (Arvidsson and Matthy-
sen 2016; Rojas-Ferrer et al. 2020). Firstly, the fast-exploring 
black-capped chickadees Poecile atricapillus showed attrac-
tion to novelty that was independent of locomotion rates 
(Rojas-Ferrer et al. 2020). Moreover, the slow-exploring 
great tits seemed to try to increase the foraging opportunity 
by checking already known food past sources, even when 
they were already empty (Arvidsson and Matthysen 2016). 
We suggest that the observed within-population variation in 
exploration is shaped by both spatial and temporal variation 
in food resources. This seems to be in agreement with simula-
tions done by Spiegel and coauthors (2017), which implied 
that the slow-exploring animals could perform better than fast-
explorers under patchy but predictable resources distribution. 
In turn, fast-explorers would perform better by finding new 
resource patches (Spiegel et al. 2017). We propose that these 
distinct strategies can coexist when temporal variation in food 
resources counteracts the process of microniche specializa-
tion and, as a result, maintains the population variability. For 
example, fast-exploring eastern chipmunks Tamias striatus 
reproduced earlier than slow-exploring ones, likely due to a 
higher success in resource acquisition. The slow-explorers in 
this species seemed to be more dependent on masting years 
and showed a higher reproductive success later in their lives 
(Montiglio et al. 2014). It is possible that a similar mecha-
nism also occurs in edible dormouse and in years of food 
abundance, reactive individuals would have higher reproduc-
tive success, while in years of food scarcity, animals that are 
more effective in finding unpredictable food resources (more 
explorative ones) would benefit more.

As Laskowski et al. (2021) stated, finding out poten-
tial contexts in which the linkage between behavior and 
life-history trade-off is likely to exist should be a foun-
dation needed to revise POLS hypothesis. In our study, 
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we present such potential context and suggest that the 
interplay between different foraging strategies and per-
sonality under a temporally variable environment is 
crucial for further investigation. We hypothesize that 
while sedentary slow-explorers might indeed be more 
efficient in food acquisition ‘on a daily basis’ due to 
more thorough foraging in already known food patches, 
fast-explorers mitigate this difference with different for-
aging strategy, in which they search for unknown food 
patches and/or simply find new resources with higher 
efficiency. As a result, the fitness of slow-explorers 
would be more related to temporal variation of food 
abundance, while in fast-explorers, it would be rather 
independent of this phenomenon. Testing such plausible 
complex and context-dependent selection would allow us 
to better understand the variation in personality existing 
in natural populations and its role in adaptations under 
current global changes.
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