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1. Intraspecific variation plays a pivotal role in shaping ecological dynamics. As the

dispersal of seeds of most woody plants is mediated by animals, individual varia-
tion within the animal dispersers holds considerable implications for plant popula-

tion and ecology.

. We explored how individual traits (such as sex, body mass and exploration levels)

of yellow-necked mice (Apodemus flavicollis) impact the dispersal of common oak
(Quercus robur) acorns. Over 3years, we collected data on seed fate and the spe-

cific mice responsible for their dispersal.

. The relationship between individual traits and seed dispersal was not static, but

influenced by yearly environmental conditions. Heavier individuals tended to
carry seeds farther, yet contrary to our expectations, sex had no effect on the
distance of seed dispersal. Moreover, the exploration rate showed an inconsist-
ent association with seed consumption and dispersal distance, while it positively

impacted the distance of dispersal from the nearest tree.

. Synthesis. Our findings suggest a more nuanced role of individual traits in seed

dispersal than often assumed, with noticeable annual variation significantly in-
fluencing these impacts. Consequently, it appears there is no single, universally
beneficial individual type to ensure maximal benefits to plants. Rather, the traits
conferring advantages in seed dispersal are dynamic, subject to change over time

in response to environmental context.

KEYWORDS

1 | INTRODUCTION

Intraspecific variation, a vital driver of ecological dynamics (Des
Roches et al., 2018), has the potential to influence species inter-
actions (Wolf & Weissing, 2012), community composition (Hausch
etal., 2018) and ecosystem functioning (Bonaldo & Bellwood, 2008).
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Intraspecific variation frequently manifests as ecologically signifi-
cant differences in the morphology, physiology or behaviour of ani-
mals (Bolnick et al., 2003; Sih, Bell, & Johnson, 2004), stemming from
factors such as sexual dimorphism (Shine, 1989), ontogenetic shift
(Nakazawa, 2015) or personality traits (Sih, Bell, & Johnson, 2004).

As a result, different individuals may assume quantitatively or

Functional Ecology. 2024;00:1-11.

wileyonlinelibrary.com/journal/fec 1


www.wileyonlinelibrary.com/journal/fec
mailto:
https://orcid.org/0000-0001-9916-2904
https://orcid.org/0000-0002-0307-4035
https://orcid.org/0000-0002-6777-9034
https://orcid.org/0000-0002-7665-5033
mailto:paulina.celebias@gmail.com

CELEBIAS ET AL.

2
Functional Ecology BB &loeu

qualitatively different roles in interspecific interactions (McConkey
& O'Farrill, 2015; Moran et al., 2022; Poisot et al., 2015). Moreover, if
these roles are shaped by environmental context, they can undergo
shifts over time in response to labile ecological conditions. Despite
the importance of intraspecific variation, only a modest, albeit in-
creasing, proportion of research studies collect and analyse ecolog-
ical data at the individual level, as opposed to merely focusing on
species averages (e.g. Eastcott et al., 2020; Jonsdottir et al., 2023;
Khalil et al., 2019).

Seed dispersal is a critical ecological interaction that could be
particularly affected by intraspecific variation (Schupp et al., 2019;
Todd et al., 2022; Tsuji et al., 2020; Zwolak, 2018). Since seed dis-
persal is the primary means for plant movement, factors influencing
this process can have direct effects on plant fitness, species distri-
bution, community composition and patterns of biodiversity (Snell
et al., 2019). By incorporating realistic variation in seed dispersal, as
opposed to relying solely on mean estimates, the predicted risk of
extinction, range shifts and biodiversity loss for plants maybe signifi-
cantly modified (Snell et al., 2019).

Most woody plants depend on animals for seed dispersal
(Herrera, 2002). Therefore, for these plants, intraspecific variation
among animal seed dispersers truly matters (Zwolak, 2018). The in-
fluence of animal traits on seed dispersal is complex, as individuals
within the same species can differ in multiple ways (Zwolak, 2018).
Males and females, for example, may exhibit distinct seed dispersal
patterns due to variations in morphology and behaviour (Clarke &
Kramer, 1994; Karubian et al., 2012). Sex can affect roaming pat-
terns and home range size (Cutrera et al., 2006), which in turn impact
seed dispersal distance (Oleksy et al., 2015). Seed dispersal patterns
are further influenced by a granivore's ontogenetic shift, resulting in
within-individual variation over time (Nakazawa, 2015). Larger indi-
viduals can handle a greater range of seed sizes (Herrel et al., 2004;
Larsen & Burns, 2012; Mufioz & Bonal, 2008) and consume more
seeds (Herrel et al., 2004), leading to increased quantities of dis-
persed seeds (Correa et al., 2015; Eisenhauer et al., 2010; Larsen &
Burns, 2012, but see Tulipani & Lipcius, 2014). Finally, recent studies
have highlighted the critical impact of individual behavioural types
on seed dispersal (Boone et al., 2022; Brehm & Mortelliti, 2021,
2022; Brehm et al., 2019; Dochtermann & Jenkins, 2007; Feldman
et al., 2019), which have largely been ignored until recently. For in-
stance, bolder and fast-exploring individuals are thought to be more
inclined to cache seeds in riskier environment (Zwolak & Sih, 2020).
In turn, proactive, fast-exploring animals with high energy demands
(Careau et al., 2009) are expected to harvest more seeds than reac-
tive, slow-exploring individuals (Zwolak & Sih, 2020). Consequently,
certain individuals can play particularly important roles in seed dis-
persal and cannot be replaced by others (Sih et al., 2012).

Synzoochory, or seed dispersal facilitated by seed-caching an-
imals, presents an excellent system to examine the impact of indi-
vidual traits on interspecific interactions (Gomez et al., 2019; Lichti
et al., 2017). Synzoochory is both common and ecologically signifi-
cant. Seed-caching animals, also known as scatter-hoarders, disperse
at least 1339 species of plants, including numerous dominant trees

(Gémez et al., 2019). These animals play a dual role as both seed
dispersers and consumers. Whether they act as mutualistic seed dis-
persers or antagonistic seed predators hinges on individual foraging
decisions (Pesendorfer et al., 2018; Schupp & Fuentes, 1995; Zwolak
& Crone, 2012). Given that individual foraging strategies are influ-
enced by the animals' traits (Bolnick et al., 2003), it might be feasible
to use these traits to identify functional groups within species. While
the concept of intraspecific functional variability is well-established
in plant ecology (e.g., Albert et al., 2010; Doudova & Douda, 2020;
He et al., 2021; Spasojevic et al., 2016), it appears less explored in
animal ecology. However, using on a single value of a trait to charac-
terize animal species can hide substantial functional diversity (Wood
et al., 2017). By examining the differences in individual traits, we
can better understand their impact on animal performance and key
ecological processes, such as seed dispersal.

In this study, we investigated the influence of individual traits of
yellow-necked mice (Apodemus flavicollis) on the dispersal of com-
mon oak (Quercus robur) acorns. We examined individual variation
related to sex, body mass and exploration levels of rodents. Our
study spanned 3years, allowing us to investigate temporal fluctu-
ations in this variability, which has received limited attention so far.
Our first hypothesis (H1) posited that larger individuals would cache
fewer seeds compared with their smaller counterparts, as their de-
cision to consume seeds instead of caching may be driven by higher
energy requirements (Lichti et al., 2017). Additionally, we hypothe-
sized (H2) that larger individuals will carry seeds farther because the
relative cost of seed transport decreases with increasing body mass
(Munoz & Bonal, 2008). Considering sex differences, we anticipated
that male mice would cache seeds more frequently than female mice
(H3), possibly due to superior spatial memory that enables them
to retrieve a larger proportion of stored seeds (Zhang et al., 2016).
Furthermore, we predicted that males would transport seeds far-
ther than females (H4), given their considerably larger home ranges
(Stradiotto et al., 2009). Finally, we proposed that more exploratory
individuals, as assessed in open-field tests, would be more likely to
consume rather than cache seeds (H5), transport them over greater
distances (H6) and deposit them farther from trees (H7). Proactive,
exploratory individuals may be less inclined to cache than reactive
individuals, as they prioritize current rather than future reproduc-
tion (Wolf et al., 2007), and are hypothesized to invest less in spatial
memory than slow-exploring individuals (Sih & Del Giudice, 2012).
Moreover, they are also more likely to traverse greater distances
and venture into risky environments (Fraser et al., 2001; Holtmann
et al., 2017; Zwolak & Sih, 2020).

2 | MATERIALS AND METHODS

2.1 | Study site and small mammal trapping

We conducted this study in Puszcza Zielonka Landscape Park (52.6
N, 16.9 E), located in Greater Poland Voivodeship in Poland. We
performed the experiment at six existing plots within a managed
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forest, dominated by common oak (Quercus robur), European
beech (Fagus sylvatica) and common hornbeam (Carpinus betulus).
Key distinctions between this managed forest and more natu-
ral (protected) forests are a less diverse age structure of stands
and a lower volume of coarse woody debris (Celebias, personal
observation). At each plot, we established a trapping grid con-
sisting of 100 live ‘dziekanéwka’ traps (10 x 10 arrangement; size
16.5x8x%x9.5cm, produced by PPUH A. Marcinkiewicz, Rajgrod,
Poland) with 10 m spacing. We baited traps with oat flakes and
sunflower seeds and checked twice per day. We conducted five
4-day long trapping sessions at 3-week intervals from June to
September in 2020, 2021 and 2022, totalling 36,000 trap nights.
We checked traps twice a day, at 8 AM and 6 PM. During each ses-
sion, we assessed the sex and weight of each trapped animal. We
double-marked all individuals with unique ear tags and passive
integrated transponder (PIT) tags. The handling of animals not in-
volved in the behavioural tests was typically completed in under
1 min, after which they were released at their point of capture.

2.1.1 | Animal personality test

We tested each captured individual for behavioural type using two
tests: an open-field test to measure activity and exploration in a
new environment (Bednarz & Zwolak, 2022; Montiglio et al., 2012)
and a handling bag test to assess docility and struggle rate (Taylor
et al., 2014). Each time we started with the handling bag test. We
released the individual from the live trap into a clean, linen bag,
and we recorded the struggle rate for 1 min. After the handling bag
test was completed, we proceeded with the open-field test, releas-
ing the individual into a 35x50x 3 cm plexiglass arena. The arena
was divided into four sections by two 2-cm high perpendicular
partitions. We used the number of times each individual crossed
the bars during the test as an exploration score. We rated the ex-
ploration score for 2min, starting when the mouse made its first
step. Between tests, the arena was thoroughly cleaned with paper
towels and 70% ethanol. We recorded both experiments with
hand-held digital cameras. The tests were conducted only after
the morning trapping session, and afterwards, individuals were
released at their point of capture. The Local Ethical Committee
in Poznan approved all experimental procedures (Approvals No.
24/2018 and 19/2020).

2.1.2 | Seed tracking

To link seed fate to the decision-making of animals with known
traits, we conducted seed-tracking experiments at the same sites
that were used for small mammal trapping. To avoid the confound-
ing effect of fluctuations in natural acorn availability, these experi-
ments were performed from June to mid-September, before the
natural acorn fall (October-November), using commercially pur-
chased acorns. Like the small mammal trapping, the experiments
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were conducted at three site pairs, over five 4-day sessions with
3-week intervals. Seed tracking was performed simultaneously for
each pair of sites, immediately following their respective trapping
sessions.

At each plot, we displayed acorns at four seed depots, each at
least 30m apart. At each depot, we placed five acorns marked with
a red plastic tag (20 x40 mm) attached to the acorn with a thin steel
wire (length 100mm, g 0.2 mm).

We placed the acorns in the loop of a PIT-tag reader's antenna,
with a Reconyx™ camera trap set up above them. The acorns were
individually numbered and always placed in the same order on the
Petri dish, allowing us to link the fate of an acorn (from the camera
trap image) to the mouse (data from the PIT-tag reader). We set up
the experiment at 8 PM and checked the following morning, starting
at 8AM.

We conducted time-constrained searches (20min per station).
For each found acorn, we recorded its distance from the seed depot,
the distance from the nearest tree (beginning in September 2020),
and the tree's diameter and species. Following (Zhang et al., 2008)
we categorized acorns as left untouched at the station (IS—in situ),
consumed at the seed station (EIS—eaten in situ), moved from the
station and consumed (EAR—eaten after removal), removed from the
station and cached (CAR—cached after removal), removed from the
station and left on the forest floor (RS—removed and left on surface)
and missing (M). Acorns were considered consumed when over 70%
of the cotyledon was consumed, as less damaged seeds are still ca-
pable of germination (Giertych & Suszka, 2011; Perea et al., 2011).

Then, by comparing the timestamps on the images from the cam-
era trap and the data from the PIT-tag readers, we linked individual
mice to dispersed acorns. The unmarked mice were recorded by the
camera trap, but not by the PIT-tag readers.

2.1.3 | Statistics

We evaluated the impact of individual traits of yellow-necked mouse
on common oak seed dispersal among 3years. The scale of inference
was among individuals in the population in relation to the seed fate
of the presented seeds (Table A1).

We conducted the analysisin R (R Core Team, 2018). Adjusted re-
peatability and associated 95% confidence intervals were calculated
using the ‘rptR’ package (Stoffel et al., 2017) to determine which be-
havioural variables could be considered personality traits. We used
the Poisson error family, performing 1000 parametric bootstrap and
100 permutations. The individual number of an ear tag was included
as a random intercept and mice's body mass and sex were fixed ef-
fects. We also included individuals with a single test, as excluding
such individuals can reduce rather than improve power in random
regressions (Martin et al., 2011).

Then, we investigated the within-individual variability that oc-
curs between repeated behavioural observations. For each individ-
ual, we calculated the mean best linear unbiased predictor (BLUP)
with ‘glmmTMB’ package (Brooks et al., 2017). Due to the poor fit
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and low repeatability of the handling bag struggle rate models, we
used only the exploration rate in the open-field test as a personality
trait in further analysis.

To assess the impact of mice's individual traits on exploration
rate (represented by the number of crosses in an open-field test), we
used generalized linear model (GLMMs) with negative binomial error
terms and zero inflation, implemented via the ‘glmmTMB’ package
(Brooks et al., 2017). We tested the impact of year, mice's body mass,
sex, and number of open-field tests with site and individual (i.e. PIT-
tag number) as random intercepts.

To analyse the effects of a mouse's sex and body mass on seed
fate, we constructed two binomial mixed models. In one model,
the response variable was the proportion of removed seeds that
were cached, and in the other model, it was the proportion of
removed seeds that were consumed. Body mass, sex, year of
study and exploration rate were included as fixed effects, with
seed depot, site and individual included as random intercepts. The
initial GLMM models included all possible two-way interactions
between the year and other explanatory variables. These interac-
tions were retained in the final models only if they were statisti-
cally significant.

The impact of the yellow-necked mouse's exploration rate,
sex, body mass and year of study on the distance of seed dispersal
and the dispersal distance from the nearest tree, was tested using
Gaussian-family GLMMs implemented via ‘glmmTMB’ package
(Brooks et al., 2017), with square-rooted dispersal distance as the
response variable and station, site and individual as random inter-
cepts. These analyses included only seeds that were successfully
dispersed, that is, removed and either cached or left uneaten on
ground surface. In the initial GLMM models, we included two-way
interactions between the year and other explanatory variables (re-
tained when significant).

We tested for the statistical significance of fixed factors with
Wald type Il chi-square tests (‘Anova’ function from the ‘car’ pack-
age, Fox & Weisberg, 2019). Next, to understand the temporal
patterns of our data, we used the ‘relevel’ function to alter the
reference levels of our factors to the years 2020, 2021 and 2022.
By examining the estimates and p-values from the ‘summary’ out-
put, we assessed whether the effects in these years significantly

differ from zero.

3 | RESULTS

We captured a total of 1247 yellow-necked mice (552 females and
695 males). We subjected 943 of these individuals to open-field tests
with an average of 2.0 tests per individual (range: 1-11). The explora-
tion rate during the open-field tests was not affected by sex (5 + SE:
-0.029 +£0.040, p=0.464), but increased with mouse's body mass
(B+£SE: 0.065+0.020, p=0.001). Moreover, the exploration rate
varied across the years of the study (;(2=14.483, df=2, p<0.001)
and was decreasing over repeated tests (f+SE: -0.04+0.011,
p<0.001). The adjusted repeatability of exploration was 0.57 on

the link scale (95% Cl: 0.52-0.62, p <0.001) and 0.48 on the original
scale (95% Cl: 0.43-0.53, p<0.001).

3.1 | Impact of individual traits on seed dispersal
Over the 3years of the study, we recorded 196 marked and be-
haviourally tested individuals dispersing 1451 experimental seeds
(446 seeds in 2020, 372 in 2021 and 503 in 2022). Of the total
number of seeds offered in the experiment, 10.1% of seeds were
left intact in the seed depots, 26.7% were consumed (1.9% in
seed depots and 98.1% after dispersal), 22.2% were cached after
dispersal, 7.1% were dispersed and left on the ground surface,
and 33.9% were not found. We were less likely to find seeds dis-
persed by heavier individuals (p+SE: 0.04+0.018, p=0.011), and
the effect of sex differed by year. In 2020, seeds dispersed by
females were found less often than male-dispersed ones (5 +SE:
-0.13+0.06, p=0.025). Conversely, in 2021, seeds dispersed by
males were less commonly found than female-dispersed seeds
(p+SE: 0.23+0.09, p=0.009), while in 2022, there was no dif-
ference in seed dispersal between the sexes (f+SE: -0.06 +0.06,
p=0.341).

3.1.1 | Seed consumption

The impact of exploration rate, mouse's sex and body mass on the
probability of seed consumption varied over time (significant in-
teractions with year in Table 1a; estimates and standard errors are
provided in Table A2). The exploration rate had a negative associa-
tion with the probability of seed consumption in 2021 (p=0.004),
while the relationships in the other years were non-significant
(2020: p=0.407; 2022: p=0.263) (Figure 1a). Body mass had a
positive relationship with the probability of seed consumption
in 2020 (p=0.047) and non-significant effects in the other years
(2021: p=0.188; 2022: p=0.123). Finally, females had a higher
probability of seed consumption than males in 2020 (p=0.019),
but the difference was no longer significant in 2021 (p=0.253)
and 2022 (p=0.371).

3.1.2 | Seed caching

The impact of exploration rate, sex and body mass on seed caching
also varied across years (Table 1b; Table A3). The impact of body mass
was negative in 2020 (p=0.031), but positive in 2021 (p=0.015) and
2022 (p<0.001) (Figure 1b). The impact of exploration rate was pos-
itive in 2021 (p <0.001; Figure 1c) and non-significant in other years
(2020: p=0.342; 2022: p=0.086). Moreover, the probability of
seed caching was higher for males than females in 2020 (p=0.002),
but the opposite was true in the following years, with a marginally
non-significant effect in 2021 (p=0.052), and significant in 2022
(p=0.002) (Figure 1d).
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TABLE 1 Summary of model output
examining the relationship between (a)
the probability of seed consumption, (b)
caching, (c) distance of dispersal and (d)
distance from the nearest tree by yellow-
necked mice (Apodemus flavicollis) and
the following variables: exploration in

an open-field test, year (2020, 2021 and
2022), sex and body mass.

Category

(a) Consumption

(b) Caching

(c) Distance of dispersal

(d) Distance from the
nearest tree

3 BRITISH 5
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Effects Ve df p

Exploration rate 2.046 1 0.153
Year 24.027 2 <0.001
Sex 0.192 1 0.661
Body mass 0.115 1 0.735
Exploration rate:Year 8.154 2 0.017
Sex:Year 7.451 2 0.024
Body mass:Year 7.930 2 0.019
Exploration rate 5.357 1 0.021
Year 25912 2 <0.001
Sex 2.190 1 0.335
Body mass 0.393 1 0.531
Exploration rate:Year 23.02 2 <0.001
Sex:Year 26.259 2 <0.001
Body mass:Year 2.319 2 <0.001
Exploration rate 0.536 1 0.464
Year 38.75 2 <0.001
Sex 0.680 1 0.411
Body mass 2.936 1 0.087
Body mass:Year 14.988 2 <0.001
Exploration rate 6.505 1 0.011
Year 14.112 2 0.001
Sex 0.759 1 0.384
Body mass 5.971 1 0.015
Body mass:Year 6.127 2 0.047

Bold values denote statistical significance at the p < 0.05 level.

3.1.3 | Distance of dispersal

On average, dispersed seeds were transported 6.2m from the de-
pots (range: 0.1-49.7 m). The distance of dispersal was not affected
by the mice's sex or their exploration rate (Table 1c; Table A4). The
effect of body mass on the distance of seed dispersal, however, var-
ied annually (body massxyear interaction in Table 1c; Figure 1e). A
positive correlation between body mass and seed dispersal distance
was observed in 2022 (p <0.001), whereas no significant association
was found in 2020 (p=0.462) and 2021 (p=0.452).

3.1.4 | Distance from the nearest tree

The distance of dispersal from the nearest tree was not influenced
by the sex of the mice. However, individuals with a higher explo-
ration rate dispersed seeds farther away from the trees (Table 1d).
Furthermore, the body mass of the mice had varying effect on
the distance from the nearest tree across different years (body
massxyear interaction in Table 1d; Table A5; Figure 1e). Heavier
mice transported seeds further in 2022 (p=0.006), but no effect
was found in the other years (2020: p=0.064; 2021: p=0.114).

4 | DISCUSSION
Our study reveals that the relationship between individual traits and
seed dispersal is not static but varies from year to year. This implies
that environmental conditions may have a more decisive role than
expected in determining which individual traits of mice aid or hinder
tree regeneration. Such findings emphasize the value of multi-year
studies when investigating seed dispersal dynamics. Furthermore,
they suggest that the effects of individual traits on seed dispersal
may be more multifaceted than previously assumed.
Seed-granivore interactions are highly context-dependent
(Celebias & Bogdziewicz, 2023; Lichti et al, 2017; Ostoja
etal.,, 2013). Several factors, such as the quality of the patch (Caccia
et al., 2006), population size of granivores (Janova et al., 2016;
Zwolak et al., 2021) and the availability of alternative food sources
(Van Baalen et al., 2001), shape the decisions granivores make re-
garding encountered seeds. These factors exemplify the variability
of the species-level influence of scatter-hoarders under different
environmental conditions (i.e., considered by averaging out intra-
specific variation among animal seed dispersers: Zwolak, 2018).
Additionally, our data imply that the influence of scatter-hoarders'

individual traits is equally contingent on ecological context.
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TABLE 2 Summary of tested predictions and results.
Is prediction
Prediction supported? Result
H1 Larger individuals cache fewer seeds compared with Partially The impact of body mass on caching behaviour varied annually,
smaller individuals ranging from positive to negative
H2 Larger individuals carry seeds farther Partially The impact of body mass on seed dispersal distance varied
annually, ranging from positive to non-significant
H3 Males cache seeds more frequently than females Partially The impact of sex on the probability of seed caching varied
among years
H4 Males transport seeds farther than females No Sex had no effect on seed dispersal distance
H5 More exploratory individuals are more likely to No In various years of the study, the impact of the exploration
consume acorns rather than cache them compared rate on acorn consumption was either negative or non-
with less exploratory individuals significant, while its impact on acorn caching was either
positive or non-significant
Hé6 More exploratory individuals transport acorns over No Exploration rate had no effect on seed dispersal distance
greater distances than less exploratory individuals
H7 More exploratory individuals deposit acorns farther Yes Distance of dispersed acorn from the nearest tree was greater

from trees than less exploratory individuals

The predicted decrease in the probability of seed caching
with body mass (H1; Table 2) only occurred in 2020, with the
opposite trend in 2021 and 2022. Perhaps seed-handling chal-
lenges are more significant than the energetic requirements we
initially focused on. Caching behaviour often involves carrying
seeds over longer distances (Steele et al., 1996), a task possibly
more challenging for smaller and more manageable for larger
individuals (Mufioz & Bonal, 2008). This notion is supported by
the finding that heavier individuals tend to carry seeds farther, a
pattern observed in 2022, and providing partial support for our
second hypothesis (H2; Table 2). Alternatively, fluctuations in
the availability of alternative food sources could alter the body

for more exploratory individuals

mass-dependent trade-offs involved in caching rather than con-
suming seeds.

The results for hypothesis H3 (regarding a higher seed caching
propensity in males compared with females) were inconsistent, with
males caching more in 1year, but not others. Hypothesis H4, which
predicted that sex would influence seed dispersal distance, found
no support; differences in the spatial behaviour of male and female
yellow-necked mice are well-established (Bogdziewicz et al., 2016;
Stradiotto et al., 2009), but they did not translate to seed dispersal
distances in our study. While the effects of sex were less clear-cut
than expected, future studies should also consider reproductive
state, as the sexual cycle may influence the foraging behaviour
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of both females and males (Ruivo et al., 2017; Scridel et al., 2023;
Zwolak, 2018).

Moreover, the exploration rate had a negative or non-significant
association with the probability of seed consumption and the dis-
tance of seed dispersal, contradicting hypotheses H5 and Hé.
This outcome complicates the intuitive idea that higher explora-
tion corelates with increased energy gain and expenditure (Careau
et al., 2008), but lines up with the nuanced views offered by more
detailed models of this relationship (refer to figure 2 in Careau &
Garland, 2012). In contrast, our hypothesis regarding the impact
of exploration rate on the distance of dispersal from the nearest
tree (H7) was confirmed. This aligns with established theories link-
ing proactive personality traits and risk-prone behaviour (Koolhaas
et al., 1999; Sih, Bell, Johnson, & Ziemba, 2004). Such behaviour can
have important consequences for plant recruitment because seeds
deposited farther away from adult plants often escape distance and
density-dependent mortality, and thus can be more likely to ger-
minate (Bell et al., 2006; Comita et al., 2014; but see Bogdziewicz
et al., 2020).

Our results also diverge from previous studies by Brehm
et al. (2019) and Brehm and Mortelliti (2022). In these studies,
scatter-hoarding rodents with more proactive personalities (bolder,
less timid, more active) displayed higher seed consumption rates
and fewer cached seeds, suggesting a more antagonistic relation-
ship with plants compared with their reactive counterparts. Yet, our
study unveils a remarkable level of temporal context-dependence in
these interactions. Consequently, it is challenging to assign mutualis-
tic or antagonistic roles to individuals with specific traits in our study
system since their interactions with seeds display dynamic, annual
fluctuations.

Though mechanisms behind the context-dependency are un-
clear, we suggest potential explanations for annual variation.
Environmental factors like weather (Wrébel & Bogdziewicz, 2015)
and food availability (Fletcher et al., 2010) can impact the energy
levels and foraging behaviour of mice, potentially interacting with
individual traits to affect seed dispersal behaviour. Although we
controlled for tree nut abundance by conducting our experiments
before seed fall (and therefore removed probably the biggest driver
of context-dependence in masting systems: Pesendorfer et al., 2016;
Zwolak et al., 2016), the availability of other food sources could fluc-
tuate annually. For example, in years with ample food, the effect of
body mass on seed dispersal may be less pronounced, as both large
and small individuals have sufficient resources to meet their energy
requirements. Changes in food availability can also impact the rel-
ative importance of seed dispersal as a foraging strategy, and the
trade-off between seed dispersal and other behaviours, such as mat-
ing or avoiding predators, may differ between mice with different
individual traits.

Changes in population density, sex ratios and age structure can
alter the behaviours and movements of individual mice, including
those with specific traits (Schoepf et al., 2015). High population
density might increase competition for resources and intensify the
influence of traits like body mass or exploration levels on seed

BRITISH 7
Ei-an

Socl

Functional Ecology

dispersal behaviours, as individuals with specific trait combina-
tions differentiate their foraging strategies to reduce competi-
tion (Aradjo et al., 2011; Manlick et al., 2021; Noble et al., 2019).
However, despite considerable variation in mouse abundance, it
did not appear to drive the context dependence in our results (see
supplementary analysis in Appendix S2: Impact of mouse abun-
dance on seed fate). Predation risk can also affect traits' influence
(Merz et al., 2023; Toscano et al., 2016). For instance, in years with
higher predation risk, the influence of traits related to risk-taking
behaviours, such as exploration levels, might be more critical for
seed dispersal, as individuals that balance exploration with preda-
tion avoidance could disperse seeds more effectively. Given these
potential variations, data collection over several years is crucial.
Long-term studies tend to reveal more variability, and single-year
studies may overestimate effects or miss context dependency
(Chamberlein et al., 2014).

Future research should focus on identifying the mechanisms re-
sponsible for the varying effects of individual traits on seed disper-
sal. Examining the influence of environmental and ecological factors
on this process will be crucial. Fluctuations in food availability and
changes in predation risk appear particularly promising in this con-
text. Moreover, investigations into the long-term effects of these
fluctuations on plant recruitment could offer valuable insights. The
interplay between individual traits and external factors emphasizes
the importance of incorporating both individual variation and envi-
ronmental context when studying seed dispersal.

In conclusion, our study underscores that seed dispersal re-
search must account for year-to-year variations, which are likely tied
to environmental shifts. Importantly, in the real-world rather than
experimental scenarios, outcome variability might be even greater
due to our control of the acorn crop. Our observations hint at a com-
plexity in the role of individual traits in seed dispersal that exceeds
initial assumptions, with these traits' impacts undergoing significant
shifts with each passing year. Hence, there is not a single, consistent
individual type that confers maximal benefits to plants; instead, this
optimal type changes over time. By deepening our understanding
of the complex interactions between individual traits and environ-
mental factors that drive the yearly variations, we can gain a more

comprehensive perspective on seed dispersal.
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