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Abstract

Scatter-hoarding rodents play a crucial role in seed survival and seed dispersal. As one of the most important seed
traits, seed size and its effect on rodent–seed interaction attract lots of attention. Current studies usually target one or
a few species and show inconsistent patterns; however, few experiments include a large number of species although
many plant species usually coexist in natural forest and overlap in fruiting time. Here, we tracked the dispersal and
predation of 26 100 seeds belonging to 41 tree species in a subtropical forest for 2 years. Most species showed
no relationships between seed size and rodent foraging preference, while the remaining species displayed diverse
of patterns: monotonic decrease and increase trends, and hump-shaped and U-shaped patterns, indicating that a
one-off study with a few species might give misleading information. However, the seed size effect across species
was consistent in both years, indicating that including a large number of species that hold a sufficient range of seed
size may avoid the aforementioned bias. Interestingly, seed size effect differed among rodent foraging processes: a
negative effect on seed harvest, a hump-shaped effect on seed removal and removal distance, while a positive effect
on overwinter survival of cached seeds, indicating that rodents may make trade-offs between large and small seeds
both among foraging processes and within a single process, thus lead to a parabolic relationship between seed size
and seed dispersal success, that is medium-sized seeds were more likely to be removed and cached, and transported
with a further distance.
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INTRODUCTION

Many small mammals, especially rodents, are believed
to play a crucial role in seed survival and seedling es-
tablishment which in turn influence the diversity and
structure of plant community in many ecosystems, espe-
cially forests; because they can act as both seed preda-
tors and dispersers during their scatter-hoarding processes
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(Vander Wall 2010; Hirsch et al. 2012; Cao et al. 2016;
Zhang et al. 2021). When rodents encounter a seed, they
usually have a series of step-wise decisions to make: har-
vest the seed or ignore it; if choose to harvest the seed,
consume it in situ or transport it to some other places;
upon transportation, where and how far; and consume the
seed or hoard it for later use after transporting (Wang
et al. 2013; Wang & Ives 2017). Seed traits are essential
factors in determining the foraging preference of scatter-
hoarding rodents, thus in turn influence seed fate (Wang
& Chen 2009; Vander Wall 2010; Zhang et al. 2016;
Lichti et al. 2017).

As one of the most important seed traits, seed size and
its effect on seed predation and dispersal by rodents have
been attracted lots of attentions; however, current studies
often show inconsistent results (Blate et al. 1998; Moles
et al. 2003; Wang & Chen 2009; Cao et al. 2016; Chen
et al. 2021). How to explain these inconsistent patterns?
In general, seed size has 2 opposite effects on the forag-
ing behavior of scatter-hoarding rodents: on the one hand,
seed size is usually positively related to the absolute en-
ergy content of a seed (Gong et al. 2015; Wang et al.
2016), and rodents prefer larger seeds because of their
higher energy content compared to smaller ones (Wang
& Chen 2009). On the other hand, larger seeds usually
require more handling time and energy inputs (especially
during the seed transporting and caching processes) that
may in turn increase foraging risk and decrease forag-
ing efficiency (Munoz & Bonal 2008). By using artifi-
cial seeds, Wang et al. (2013) found that the preference of
larger seeds was limited within a threshold, beyond which
rodents would prefer the smaller ones, indicating that the
effects of seed size on rodent preference may be contin-
gent on the range of seed size available. Lots of evidences
seem to support this prediction that rodent foraging pref-
erence can be positive (Jansen et al. 2004; Wang & Chen
2009), negative (Blate et al. 1998) or independent related
with seed size (Moles et al. 2003; Gong et al. 2015), even
some complex non-monotonic patterns (Cao et al. 2016;
Dylewski et al. 2020).

Current studies testing the seed size effect on scatter-
hoarding rodents’ foraging preference often conduct their
experiment at the population level by focusing on a sin-
gle plant species (Jansen et al. 2004; Xiao et al. 2005;
Cao et al. 2016; Wang & Ives 2017). While in natural
forest, diverse of plant species coexist, and their fruiting
time often overlaps (Li et al. 2012; Sunyer et al. 2014).
Therefore, one question may be asked: how seed size af-
fects rodents’ foraging behavior at the multiple species
level? Blate et al. (1998) showed a negative relation-
ship between seed size and the proportion of seed har-

vest among 40 species in a tropical forest, while Gong
et al. (2015) showed no correlation between seed size and
seed harvest by studying 30 species in an alpine pine for-
est. The energy cost may differ among processes of the
scatter-hoarding behavior, and rodents may show differ-
ent preferences upon seed size among processes (Wang
et al. 2013). However, few studies that involve a large
number of species have been conducted to test the seed
size effects on the following processes after seed harvest,
for example seed removal, caching and dispersal distance;
it is therefore difficult to do a reliable statistical analy-
sis among species. Studies compiling data from different
experiments provide a way to explore this question. For
example, Zhang et al. (2016) compiled a dataset includ-
ing 23 tree species collected from 4 study sites spanning
23° of latitude, and their results showed that seed size was
negatively correlated with the proportion of seeds both
eaten in situ and eaten after removal, but positively corre-
lated with the proportion of larder hoarded. By compiling
data from published papers, Thomson et al. (2011) found
no significant relationship between seed size and dispersal
distance across 24 plant species that depended on scatter-
hoarding animals for seed dispersal. However, different
studies often differ in environmental factors, experimen-
tal protocols, seed availability, and abundance and com-
position of rodent community, all of which play impor-
tant roles on rodent–seed interaction (Xiao et al. 2013;
Garzon-Lopez et al. 2015; Yang et al. 2020; Wang 2020a;
Zeng et al. 2021), and thus may potentially bias the pat-
terns from compiling dataset.

In order to get a more comprehensive understanding of
seed size effects on rodents’ scatter-hoarding behavioral
processes among species, we tracked the dispersal and
predation of 26 100 seeds belonging to 41 tree species
in a subtropical forest for 2 consecutive years. We wanted
to answer the following questions: (1) does seed size af-
fect rodent foraging preference across plant species; if
so, is there a consistent pattern of seed size effect among
scatter-hoarding processes? (2) Does seed size affect ro-
dents’ foraging preference within each single species; if
so, do the species follow a same rule? (3) Do the above 2
predictions show similar patterns between years?

MATERIALS AND METHODS

Study site

The field experiments were conducted in 2017 and
2018 in a subtropical evergreen broad-leaved forest
in Ailao Mountains in Yunnan province, southwestern
China (24°32′N, 101°01′E, altitude 2045 m). The mean
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annual temperature is 11.7◦C, and annual precipitation
is 1923.1 mm, much of which occurs in the wet season
(from May to October). The dominant tree species in the
forest are Fagaceae species. Small rodents were primarily
response for the seed predation and dispersal of our
experimental seeds (unpublished camera trap data), and
the dominant species were Chinese white-bellied rat (Ni-
viventer confucianus), large white-bellied rat (Niviventer
excelsior) and Apodemus ilex. The rodent abundance dif-
fered between years, with the trap success being 6.5% in
2017 and 12.2% in 2018 (n = 245 trap days), respectively.

Study species

In order to guarantee both a sufficient sample size of
plant species and a large interspecific variation in seed
size, 41 tree species of seeds were bought from Seed and
Seedling Company of Yunnan to do the seed tracking ex-
periments: 28 species in 2017 and 30 species in 2018,
with 17 species being used in both years. Seed size varied
among species in both years: from 0.01 to 10.43 g with
the mean value being 0.85 ± 1.07 g (±SD) in 2017 and
from 0.01 to 11.13 g (0.79 ± 1.07 g) in 2018.

The seeds used in this study were not collected directly
from the focused forest; however, we do not think it would
bias our target question (i.e. effects of seed size on forag-
ing preference of scatter-hoarding rodents); because: (1)
all the 41 tree species are either native species that dis-
tribute widely in our study area or nearby regions, or in-
troduced species that have been used for afforestation for
decades (Feng et al. 2021); therefore, rodents in our study
forest have been already familiar with the experimental
species of seeds; (2) rodents can identify tiny differences
in seed traits, no matter the seeds are local or introduced
(or exotic) species, even artificial seeds made from clay
and peanut powder (Wang & Chen 2009; Gong et al.
2015; Wang 2020a; Thein et al. 2021); (3) our previous
study showed that both local and introduced plant species
of seeds suffered similar predation by rodents (Gong et al.
2015); and (4) seed size also showed similar effects on
the probability of seed removal by small mammals among
both local and exotic species (Dylewski et al. 2020).

Based on our live-trap and camera-trap surveys, ro-
dents were the main predators and dispersers of our ex-
perimental seeds. It would be very difficult for inverte-
brates to open the seeds as most of them held very hard
seed coats, and we found few invertebrate seed preda-
tor at the seed releasing points or nearby. More impor-
tantly, the seed fragments found at the releasing points
showed strong evidence of predation by granivorous ro-
dents. Furthermore, by using the same seed species, we

studied the seed predation and dispersal in several other
forests (including both temperate and tropical forests),
and found that the seeds were seldom predated by other
seed predators, such as ants and birds (Wang & Yang
2007; Gong et al. 2015; Wang 2020a; Thein et al.
2021).

Seed tracking experiment

Three 50 m × 50 m plots were established in the forest
with at least 150 m apart from each other. At each plot,
36 seed releasing points were established in a 6 × 6 grids,
about 10 m between points. Each seed was weighted and
drilled a small hole (∼ 0.6 mm) at the base part and con-
nected with a 3.5 cm × 2.5 cm plastic tag by a 15 cm
long steel line (0.2 mm in diameter), and each tag was
numbered for individual seed identification (Xiao et al.
2006a; Wang & Ives 2017). Tags was proved to have lit-
tle effect on the probability of seeds being eaten or dis-
persed by rodents (Zhang & Wang 2001; Xiao et al. 2004;
Wang et al. 2012; but see Wrobel & Zwolak 2013). Tags
may affect the cache recover, especially by a naive ro-
dent if it has experience in locating caches by tags; how-
ever, Xiao et al. (2006a) showed that tags had little effect
on cache survival. In this study, the seed mass differed
greatly among species, with the range being 0.01–11.13 g,
while the wire and tag attached on each seed was about
0.25 g. Therefore, the tag effect may differ among differ-
ent sized seeds. For example, tags could make small seeds
less valuable by increasing their handling costs more than
that for large seeds. Conversely, the tags could also make
it easier for rodents to locate small seeds once they learn
that the tags are associated with a food reward. However,
few experiments have been conducted to test the tag effect
among different sized seeds. Nevertheless, the tag track-
ing method has been widely used to study seed dispersal
by scatter-hoarding rodents of many plant species, with
the seed mass ranging from 0.01 to 60 g (Jansen et al.
2004; Wang et al. 2012; Lai et al. 2014; Yadok et al.
2020), and almost all of our experimental seeds fell into
this range.

The seed tracking experiment was conducted right af-
ter the fruiting season to stagger the potential effects
of local seed production. In 2017, 12 600 seeds (450
seeds × 28 species) were selected and released into the
3 plots for 15 consecutive times every 6 days, with 840
seeds being released each time (10 seeds × 28 species ×
3 plots). At each time, 28 releasing points were randomly
selected from the 36 points at each plot, and 1 species
was randomly assigned to each point, and then 10 seeds
of the selected species were released at the point. In 2018,
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13 500 seeds (450 seeds × 30 species) were released fol-
lowing the same procedure.

In this study, we mainly focused on the effect of seed
size on the final seed fate. From the plant aspect, the final
seed fate, especially the seeds dispersed successfully (i.e.
overwinter survival of cached seeds), directly determines
the following seedling regeneration. Therefore, for both
seed tracking experiments, the overwinter fate of each
seed was checked in May of the following year, while
the intermediate scatter-hoarding processes (e.g. cache re-
covery and multiple re-caching) were not surveyed. Dur-
ing the seed fate survey, we did a complete search around
each point with the radius being 30 m. Furthermore, we
also haphazardly searched beyond this area to relocate as
many of the dispersed seeds as possible. Seed fates were
first divided into ignored (i.e. seeds that were left intact
at their original releasing points) and harvested by ro-
dents. The harvested seeds included seeds eaten in situ
(i.e. seeds that were consumed at their original points)
and seeds removed by rodents. The removed seeds in-
cluded seeds dispersed successfully (i.e. seeds deposited
intact on the ground or buried in the soil after being re-
moved), seeds eaten after being transported and missing
seeds (seeds that were not found within our search area
with their fates unknown) (Wang et al. 2013; Wang &
Yang 2014; Wang & Ives 2017). When a removed seed
was found, we measured the dispersal distance to its orig-
inal releasing point. After the seed fate survey, all the ex-
perimental seeds and fragments were taken back to the
laboratory.

Data analysis

All the statistical analyses were conducted in R (ver-
sion 3.6.1). A generalized linear mixed model (GLMM)
was used to analyze the effect of seed size on seed fates
(including the probability of seeds being ignored versus
harvested by rodents, probability of being eaten in situ
versus removed by rodents and eaten versus dispersed af-
ter being removed), with a binomial error distribution and
logit link function (function glmer, package “lme4”). A
linear mixed model was used to analyze the seed size ef-
fect on dispersal distance that was log-transformed to re-
duce skewness (function lmer, package “lme4”). First, we
analyzed all the species together, considering seed releas-
ing point nested in plot, species and time of seeds released
as the random effects. Second, we run the same models to
analyze each species separately, with seed releasing point
nested in plot and time of seeds released being the ran-
dom effects. Each of the above analysis included 2 can-
didate models: (1) Model I, the seed predation and dis-
persal indexes were predicted to monotonically increase

or decrease with seed size, and seed size was treated as
a fixed factor; and (2) Model II, a unimodal relationship
was predicted between the seed predation and dispersal
index and seed size, so both seed size and the quadratic
term of seed size were included as fixed factors. The better
fitting model was selected under the most-parsimonious
criterion and Akaike information criterion (AIC) (func-
tion anova, package “stats”). Because the same test was
repeated for each species, the false discovery rate was
used to adjust the P values to avoid a type I error (function
p.adjust, package “stats”).

RESULTS

Seed harvest

In 2017, 63.0% of the 12 600 released seeds were har-
vested by rodents. A marginally significant relationship
was detected between seed size and the probability of
seeds being harvested with the result that smaller seeds
were more likely to be harvested than larger ones across
species (generalized linear mixed model, z = −1.72,
P = 0.086; Fig. 1a). The proportion of seeds harvested
differed among the 28 species, ranging from 7.8% to
100%. When analyzing each of the 28 species separately,
none species showed a significant correlation between
seed size and the probability of seeds being harvested
(including 1 species with all the seeds being harvested)
(Table 1).

In 2018, 71.2% of the 13 500 seeds were harvested.
Although the model including the quadratic term of seed
size was selected based on AIC (seed size, z = −3.36,
P = 0.001; seed size2, z = 2.83, P = 0.005), the overall
pattern showed a clear negative relationship between seed
size and the probability of seed harvest (Fig. 1b). The pro-
portion of seeds harvested differed among the 30 species,
ranging from 3.8% to 100%. Finally, 1 species showed a
similar negative effect of seed size on seed harvest as the
overall pattern across species, 1 species showed a hump-
shaped pattern (i.e. medium sized seeds were more likely
to be harvested than both small and large ones), 1 species
showed a U-shaped pattern, and the remaining 27 species
showed no effect of seed size on the probability of seeds
being harvested (including 2 species with all the seeds be-
ing harvested) (Table 2).

Seeds removed versus eaten in situ

Of the 7939 harvested seeds in 2017, 57.8% were
eaten in situ, while 42.2% were removed by rodents. A
hump-shaped pattern was detected between seed size and
the probability of seeds being removed, indicating that
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Figure 1 Effects of seed size on the probability of seeds (a, b) being harvested, (c, d) being removed, and (e, f) being dispersed
successfully. The regression lines with 95% confidence bands were based on the generalized linear model. The short black lines at the
top and bottom of panels represent the seeds that were either success (1) or failure (0), respectively.

medium sized seeds were removed rather than directly
consumed in situ much more often than both small and
large ones (seed size, z = 3.86, P < 0.001; seed size2,
z = −2.89, P = 0.004; Fig. 1c). The proportion of seeds
removed ranged from 13.0% to 100% among the 28
species. Two species showed a similar hump-shaped pat-
tern, 4 species showed a positive effect of seed size on
seed removal (i.e. larger seeds were more likely to be re-
moved) and the remaining 22 species showed no effect
of seed size on the probability of seeds being removed
(including 1 species with all the harvested seeds being re-
moved) (Table 1).

Of the 9608 harvested seeds in 2018, 45.8% were eaten
in situ, and 54.2% were removed. A similar hump-shaped
pattern was detected between seeds size and the proba-
bility of seed removal (seed size, z = 11.46, P < 0.001;
seed size2, z = −7.38, P < 0.001; Fig. 1d). The propor-
tion of seeds removed ranged from 6.7% to 100% among
the 30 species. Five species showed a hump-shaped pat-
tern, 9 species showed a positive trend, 1 species showed
a U-shaped pattern, and 15 species showed no effect of
seed size on the probability of seed removal (including
1 species with all the harvested seeds being removed)
(Table 2).
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Figure 2 Effects of seed size on the dispersal distance. The regression lines with 95% confidence bands were based on the linear
model.

Removal distance

Of the 3347 seeds removed in 2017, 18.4% were re-
trieved and the distances from their original releasing
points were measured, with a range being from 0 to
31.25 m (mean ± SD: 3.99 ± 5.01 m). Removal distance
generally increased with seed size until 2.5 g, above which
removal distance declined slightly (linear mixed model,
seed size, t = 2.09, P = 0.038; seed size2, t = −1.67,
P = 0.096; Fig. 2a). The mean removal distances ranged
from 0.86 to 11.20 m among the 28 species. One species
showed a U-shaped pattern, 1 species showed a positive
effect and the remaining 26 species showed no effect of
seed size on removal distance (including 9 species that
were not statistically analyzed because of the small sam-
ple sizes) (Table 1).

Of the 5206 seeds removed in 2018, 48.7% were re-
trieved with the removal distances ranging from 0 to
53.20 m (4.83 ± 6.00 m), and a hump-shaped pattern
was detected between seed size and removal distance
(seed size, t = 5.19, P < 0.001; seed size2, t = −4.08,
P < 0.001; Fig. 2b). The mean removal distances ranged
from 0.85 to 12.94 m among the 30 species. In total,
only 1 species showed a similar hump-shaped pattern as
the overall pattern across species, and the remaining 29
species showed no effect of seed size on removal distance
(Table 2)

Seeds dispersed successfully versus eaten after

removal

Of the 616 seeds retrieved in 2017, 85.1% were eaten,
and 14.9% were successfully dispersed. A marginally sig-

nificant relationship was detected between probability of
seeds being successfully dispersed and seed size with the
result that larger seeds were more likely to be dispersed
rather than to be eaten after removal than smaller ones
(z = 1.77, P = 0.076; Fig. 1e). The proportion of seeds
dispersed differed among the 28 species, ranging from
0% to 100%. Two species showed a positive relationship
between seed size and the probability of seeds dispersed,
while the remaining 26 showed no clear seed size effect
(including 12 species that were not statistically analyzed
because of either the small sample sizes or most of the re-
trieved seeds were either successfully dispersed or eaten)
(Table 1).

Of the 2537 seeds retrieved in 2018, 85.2% were eaten,
and 14.8% were dispersed successfully. Larger seeds were
more likely to be dispersed rather than eaten after be-
ing removed (Fig. 1f), although the model including the
quadratic term of seed size was selected based on AIC
(seed size, z = 4.35, P < 0.001; seed size2, z = −2.65,
P = 0.008). The proportion of seeds dispersed ranged
from 0% to 100% among the 30 species. Finally, 1 species
showed a positive effect of seed size on the probability of
seeds being dispersed, 2 species showed a hump-shaped
pattern and the remaining 27 showed no clear trends (in-
cluding 7 species that were not statistically analyzed be-
cause most of the retrieved seeds were either successfully
dispersed or eaten) (Table 2).

DISCUSSION

In this study, we found that seed size significantly af-
fected all the processes of the rodent scatter-hoarding be-
havior across plant species, although most of the species
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showed no clear seed size effects on scatter-hoarding
processes within species. Interestingly, seed size medi-
ated the rodent foraging processes in different ways: a
negative effect on the probability of seed harvest, a hump-
shaped effect on the probability of seed removal and re-
moval distance, while a positive effect on the probabil-
ity of seeds dispersed successfully (i.e. the overwinter
survival of cached seeds). Furthermore, these patterns of
seed size effect were consistent between years.

Two opposite hypotheses have been proposed to ex-
plain the seed size effect on rodent foraging preference:
(1) rodents prefer larger seeds as larger seeds hold more
absolute energy (Gong et al. 2015; Wang et al. 2016);
and (2) rodents reject larger seeds as larger seeds cost
more handling time that may decrease foraging efficiency
and increase foraging risks (Munoz & Bonal 2008; Jorge
et al. 2012). Therefore, rodents may make a trade-off be-
tween the 2 opposite seed size effects and prefer to the
medium-sized seeds (Wang et al. 2013; Dylewski et al.
2020). Our results proved that rodents made such bal-
ance within a single process of their foraging behavior
(i.e. the hump-shaped pattern in seed removal process
and removal distance). Moreover, our results also indi-
cated that the tradeoff between selecting large versus
small seeds also occurred between processes, that is the
negative trend in seed harvest process (smaller seeds were
more likely to be harvested which conformed to the sec-
ond hypothesis) versus the positive trend in seed disper-
sal process (large seeds were more likely to be cached
after being removed which conformed to the first hy-
pothesis). The different seed size effects among scatter-
hoarding processes found in this study may finally lead to
a parabolic relationship between seed size and dispersal
success, that is medium-sized seeds were more likely to be
removed and cached, and to be transported with a further
distance.

Plant seeds often show great variation not only in
seed size but also in many other seed traits (e.g. nu-
trient contents, physical and chemical defenses) all of
which play important role in seed dispersal and preda-
tion by rodents (Gong et al. 2015; Zhang et al. 2016;
Wang et al. 2018). Current studies using multiple species
of seeds often show different patterns of seed size ef-
fect on rodent foraging preference (Price 1983; Vander
Wall 2003; Xiao et al. 2006b; Gong et al. 2015; Zhang
et al. 2016). Different seed traits usually correlate with
each other and co-influence the rodent foraging selection
among species of seeds; it is therefore difficult to figure
out which seed trait is the actual determinant of rodent
foraging preference (Price 1983; Gong et al. 2015; Zhang
et al. 2016). Our study provided a useful addition to this

long-debated question. Despite the potential noisy effects
of other seed traits, our results still showed a significant
seed size effect on rodent foraging behavior in both years,
indicating that seed size may be a vital factor in affect-
ing rodent foraging preference among multiple species of
seeds.

Our studied species differed greatly in the mean value
(ranging from 0.06 to 4.84 g) and the range of seed size
(from 0.12 to 9.60 g), and the multiple of the maximum
and minimum seed size (ranging from 3-fold to 41-fold).
Furthermore, the species also differ greatly in many other
seed traits, including tannin, fat, protein, seed coat ra-
tio, etc. (Gong et al. 2015, unpublished data). However,
most of the species showed no clear effects of seed size
within species, especially on seed harvest, seed removal
distance and survival of cached seeds. There are several
possible explanations: (1) the range of seed size within a
single species may be not large enough to show a signifi-
cant seed size effect; (2) for small-seeded species, rodents
may have no interest in selecting among seeds because of
the small amount of absolute nutrient content of any seed
(Wang & Yang 2020); (3) while for large-seeded species,
rodents may show no preference if the seeds are larger
than a threshold (the segmented line model in Wang et al.
2013); (4) Seeds often contains diverse of chemical de-
fense components (Kollmann et al. 1998; Vander Wall
2010), which may influence the effects of seed size; for
example if a seed is rich in high toxic chemicals, rodents
may reject it no matter it is big or small. (5) Seeds of-
ten show great interspecific variation in different nutrient
contents, for example fat and protein (Xiao et al. 2006b;
Gong et al. 2015), and the proportion of nutrient content
of a seed may also bias the seed size effects (Wang & Yang
2014, 2015). Furthermore, the indirect seed–seed interac-
tion (i.e. neighbor effect) is believed to affect rodent–seed
interaction. For example, whether a given species of seeds
would be ignored, eaten in situ or removed by rodents can
be influenced by the existence of neighboring seeds (Os-
toja et al. 2013). Different species of neighboring seeds
often show different, even opposite patterns of neigh-
bor effect (Garzon-Lopez et al. 2015; Yang et al. 2020),
mainly because of the contrast of seed traits between the
neighboring and focused seeds (Wang 2020b; Xiao et al.
2021). In our experiment, different species of seeds were
randomly selected and released at a same point; therefore,
for any given species of seeds that were distributed into
several points, they may face different neighbor effects
because of the different composition of species of seeds
among points. Such variation of neighbor effect may
dilute the effect of seed size on rodent foraging prefer-
ence upon a specific species of seeds.
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Current studies have often obtained different patterns
of seed size effect on rodent scatter-hoarding behavior
among forests, seasons and years, even using a same
species of seeds, mainly because of the spatiotempo-
ral variation in both seed and rodent abundance (Xiao
et al. 2005; Wang et al. 2012; Chen et al. 2017). In our
study, both rodent abundance (capture success: 6.5% in
2017 vs 12.2% in 2018) and seed production (unpub-
lished seed rain data) in the forest differed between years.
Several species did show different seed size effects be-
tween years. For example, Amygdalus davidiana showed
a hump-shaped relationship between seed size and the
probability of seed harvest in 2018 but not in 2017, while
Pinus armandii showed a positive relationship between
seed size and the probability of seed removal in 2017 but
not in 2018 (Tables 1, 2). However, seed size showed a
consistent effect across species in both years despite of
the annual variation in either seed or rodent abundance,
indicating that environmental factors may bias the results
within single species, but not across species that hold a
large range of seed size.

Individual plant species displayed diverse of patterns
of seed size effects on rodent foraging preferences in both
years: monotonic decrease and increase trends, hump-
shaped and U-shaped patterns, although most species
showed seed size-independent pattern, indicating that the
effect of seed size is species specific. In conclusion, the
effects of seed size on rodent foraging preference may be
contingent on both intrinsic (e.g. other seed traits) and ex-
ternal (e.g. rodent abundance and seed availability) fac-
tors. The different seed size effects among species found
in this study further suggest that a one-off study with only
a few species might give misleading information on the
overall pattern of seed size effect. However, the seed size
effect across species was consistent in both years, indi-
cating that including a large number of plant species that
hold a sufficient range of the seed size may avoid the
aforementioned bias to some extent. Future studies of ef-
fects of seed traits on animals’ foraging preference should
bear this in mind.
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