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The effect of seed size on seed fate in a subtropical forest, southwest 
of China

Zhengwei Lang, Bo Wang Scatter-hoarding rodents acting both as seed predators and dispersers usually
play an important role in seed dispersal of many plant species. Seed size is
thought  to  essentially  affect  rodent  scatter-hoarding  processes.  However,
studies to date have frequently shown many controversial results regarding
the effect of seed size on rodent foraging. In this study, we explored how seed
size affects scatter-hoarding rodent foraging preferences in order to identify
the possible reasons underlying the conflicting results reported in the scien-
tific literature. We surveyed rodent seed predation and dispersal of five com-
mon tree species in a natural subtropical forest located in southwestern China
along two seasons which were different in both seed abundances and rodent
communities. Our results showed that a similar effect of seed size on rodent
scatter-hoarding behavior existed in both seasons, although the seeds in spring
were harvested more quickly than in autumn. Larger seeds of the small-seed-
ed species (Castanopsis wattii, Lithocarpus hancei, Machilns yunnanensis and
Lithocarpus pachyphyllus) were harvested, removed, and finally cached by
the rodents more frequently. For the largest-seeded species (Lithocarpus xylo-
carpus), seeds with smaller size were preferred during the rodent scatter-
hoarding processes. Our findings support the hypothesis that scatter-hoarding
rodents preferably feed on large seeds at early stage of seed dispersal, but
only up to a certain threshold of seed size.
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Introduction
Many rodents play a crucial  role in seed

dispersal of many plant species, as they can
act as both seed predators and dispersers
during  their  scatter-hoarding  processes
(Vander  Wall  1990,  Jansen  et  al.  2004,
Wang et al. 2013). A set of possible behav-
iors  are  undertaken  by  rodents  when  a
seed is found, including: (1) ignore or har-
vest  the seed;  (2)  eat  the seed  in  situ or
move it  away;  (3)  transport  the  seed  far
away  or  in  the  close  vicinity;  (4)  eat  or
cache the seed after removal (Wang et al.
2013). As a consequence, some of the ca-
ched seeds have the opportunity to be dis-
persed  and  contribute  to  seedling  estab-
lishment,  at  the cost  of  other  seeds con-
sumed by the rodents (Vander Wall  1990,
Jansen et al. 2004, Xiao et al. 2013). 

Seed  size  is  usually  believed  to  be  an
essential  factor  that  can  affect  the  deci-

sion-making  process  of  rodents  (Vander
Wall  1990,  Jansen et  al.  2004,  Xiao  et  al.
2005,  Moore  et  al.  2007,  Wang  &  Chen
2009,  Rusch  et  al.  2013,  Wang  &  Yang
2014). Generally, larger seeds have a higher
energy content compared to smaller ones,
therefore are usually preferred by rodents
(Smith & Reichman 1984, Vander Wall 1990,
Jansen  et  al.  2004,  Wang  &  Chen  2009,
Vander  Wall  2010).  On  the  other  hand,
larger  seeds  may require  longer  handling
times, which implies a decreased foraging
efficiency and an increased predation risk
(Wang et al. 2013). The trade-off between
these  two  opposite  effects  of  seed  size
may prevent rodents from always choosing
either large or small seeds. To date, studies
have  frequently  found  contradictory  re-
sults  about  the  seed  size  preference  of
rodents during each step of their scatter-
hoarding  behavior.  For  example,  Blate  et

al. (1998) found a significant negative rela-
tionship  between  seed  harvest  and  seed
size, while others did not (Kollmann et al.
1998, Gong et al. 2015). According to some
studies,  rodents  preferred  to  remove
larger  seeds  rather  than eat  them  in  situ
(Forget  et  al.  1998,  Vander  Wall  2003,
Jansen et al. 2004, Wang et al. 2012), while
others  showed  that  medium-sized  seeds
would be removed away more frequently
than  both  large  or  small  ones  (Theimer
2003, Wang & Yang 2014). Seed size is usu-
ally found to be positively correlated to the
transportation distance by rodents (Xiao et
al. 2005, Moore et al. 2007, Takahashi et al.
2007), while several other studies found a
parabolic  relationship  between  seed  size
and  dispersal  distance,  i.e.,  medium-sized
seeds would be transported to farther dis-
tances  than  both  large  and  small  seeds
(Jansen et al. 2002, Wang & Yang 2014).

Additionally, the results of foraging pref-
erence of scatter-hoarding rodents on seed
size may be affected by the different plant
and rodent species investigated. For exam-
ple, Tamura & Hayashi (2008) showed that
large bodied squirrels hoarded larger seeds
more frequently  and at  greater  distances
than smaller seeds. In contrast, small body
sized  mice  preferred  to  hoard  and  trans-
port smaller seeds. Furthermore, temporal
variations  in  seed  abundance  and  rodent
populations  could  also  influence  the  ro-
dent’s  foraging  behavior  (Jansen  et  al.
2004, Li & Zhang 2007, Wang et al. 2012).
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 In this  study,  we surveyed rodent seed
predation  and  dispersal  of  five  common
tree species in a natural subtropical forest
(southwestern China) during two seasons
which  were  different  in  both  seed  abun-
dances and rodent communities,  in order
to  further  explore  how  seed  size  affects
scatter-hoarding  rodent  foraging  prefer-
ences,  and  find  out  the  possible  reasons
underlying the conflicting results reported
by different studies. We wanted to target
the following three questions: (1) are larger
seeds  preferred  by  rodents  during  their
scatter-hoarding  processes?  (2)  Are  ro-
dents’ preferences on larger seeds consis-
tent among different plant species? (3) Are
rodents’ preference on larger seeds consis-
tent between seasons with different seed
abundances and rodent communities?

Material and methods

Study site and species
This  study  was  carried  out  during  the

autumn  of  2013  (October-November)  and
spring of 2014 (May-June), in a subtropical
forest  in the Yunnan Province,  southwest
China (24° 32′ N, 102° 01′ E, altitude ~ 2500
m).  The  mean annual  temperature in the
area is 11.3 °C, and the annual precipitation
is  1931  mm.  The  dominant  species  are
Stone Oak species (e.g., Lithocarpus hancei,
L. xylocarpus) and chinquapin species (e.g.,
Castanopsis wattii). We analyzed five com-
mon  tree  species  characterized  by  differ-
ent  seed  size,  including  three  Stone  Oak
species,  L.  xylocarpus  (seed  mass:  6.05  ±
1.95 g, mean±SD, n = 800), L. hancei (2.26 ±
0.68 g, n = 800), L. pachyphyllus (2.19 ± 0.51
g, n = 800), one chinquapin species, C. wat-
tii (1.55 ± 0.54 g, n = 800), and one species
from the family Lauraceae, Machilus yunna-
nensis (1.25 ± 0.18 g, n = 800). Several com-
mon  rodent  species  existed  in  the  study
site, including the South China field mouse
Apodemus draco (body mass: ~ 30 g), the
Chinese white-bellied rat  Niviventer  confu-
cianus (~80  g),  the  Anderson’s  white-bel-
lied rat N. andersoni (~150 g), and the Asian
red-cheeked  squirrel Dremonys  rufigenis
(~250 g),  all  considered both seed preda-
tors and dispersers (Xiao & Zhang 2012).

Experimental design
In October 2013, which is the fruiting time

of  our  five  target  species,  intact  seeds
were collected from the forest ground and
stored in a refrigerator (4 °C) until the field
work began. For the seeds of L. xylocarpus,
L.  pachyphyllus and  C.  wattii,  the  woody-
enclosed  receptacle  was  removed  manu-
ally before the experiment. Each seed was
weighed and tag-labeled using a modifica-
tion of the method reported by  Xiao et al.
(2006). A tiny hole (~ 0.6 mm in diameter)
was drilled at the base of each seed, and a
small  white  plastic  tag  (3.5  cm  in  length
and 2.5 cm in width) was tied through the
hole by using a thin steel thread (15 cm in
length). Each tag was uniquely numbered
for  further  identification.  When  rodents
cached the seed in the soil, the tags were
often left on the surface, making the seeds
easy to be detected. This tagging method
might bias the results about the final seed
fate  (i.e.,  seed  germination  and  seedling
establishment)  because:  (1)  the  tags  of
cached seeds may serve as a cue to forag-
ing animals;  and (2)  the hole drilling may
lead to some damage to the seeds. How-
ever,  our  goal  was  to  study  the  conceal-
ment/consumption  of  seeds  from  the  re-
lease  plots  (see  below).  Moreover,  tags
were  found  to  have  little  effect  on  seed
dispersal  and caching by rodents (Xiao et
al. 2006, Wang et al. 2012).

Twenty trees of each target species were
chosen randomly, with a minimum distance
of 30 m each other. Four seed release plots
were established every 90 degrees around
each  tree  at  a  distance  of  1  m  from  the
trunk. At each plot, 10 conspecific tagged
seeds were placed along a circle (15 cm in
diameter),  with  tags  pointing  outwards.
Overall,  4000  seeds  were  placed  in  the
autumn  of  2013  (800  seeds  per  species),
while in spring of 2014 only seeds of C. wat-
tii, L. pachyphyllus and L. hancei were used
(600 seeds and 15 trees per species), as the
seeds left for the other two species were
not  enough  to  conduct  the  experiment.
The fate of  tagged seeds at each release
plot was checked 11 times, i.e., 1, 2, 3, 4, 6,
8, 12, 16, 20, 28, 36 days after seed release
(Wang et al.  2012).  To detect as many re-

leased seeds as possible, we conducted a
systematical and intensive search within 25
m in all directions from each seed release
plot, and an extra search beyond the 25 m-
area more haphazardly and less intensively.
When  a  cache  was  found,  the  seed  fate
was registered and the cache location re-
corded based on the directional angle and
the distance from its original release plot.
According to our previous studies (Wang et
al.  2013,  Wang  &  Yang  2014),  seed  fates
were  categorized  as  seeds  harvested  vs.
ignored (i.e., left intact  in situ). Harvested
seeds were then divided into eaten  in situ
(i.e., leaving only seed fragments and plas-
tic tags at their original positions), cached
in situ (i.e., buried intact in the soil at their
original  positions) or removed by rodents
(i.e., carried away from their original posi-
tions).  Removed  seeds  were  recorded  as
either  cached  seeds  (buried  intact  in  the
soil or deposited intact on the soil surface
far  from  their  original  position),  seeds
eaten after removal (eaten after being re-
moved from their original release plots), or
missing seeds (seeds not found within the
search area, hence with unknown fate).

Rodent survey
During the experiments,  live traps  were

baited with seed kernel of  L. xylocarpus to
identify the key rodent species responsible
for seed dispersal and predation. To mini-
mize the effect of live traps on seed disper-
sal  experiment,  traps were set about 500
m away from the seed release plots, but in
the same forest. Forty-nine traps were set
up at  intervals  of  10 m along seven tran-
sects  for  seven  consecutive  days  and
nights.  Traps  were  checked  twice  a  day
(08:00 and 17:00), and all captured rodents
were recorded and taken to the laboratory.
All the rodents were released at their cap-
ture sites after the survey. All animal exper-
iments  in  this  study  were  carried  out  in
strict  accordance  with  the  Guide  for  the
Care  and  Use  of  Laboratory  Animals  of
China.  The protocol  was approved by the
Administrative Panel on the Ethics of Ani-
mal  Experiments of  Xishuangbanna Tropi-
cal Botanical Garden, Chinese Academy of
Sciences.
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Fig. 1 - Survival curve (pro-
portion) of the tagged 
seeds after placement at 
seed releasing plots. The 
sample size for each 
species was 800 in autumn 
and 600 in spring, respec-
tively. The order of tree 
species in the legend was 
sorted ascendingly by seed
size.
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Seed dispersal and predation by rodent

Data analysis
Cox regression model  was  used to ana-

lyze the differences in the time of seed har-
vest among plant species. A logistic regres-
sion  model  was  applied  to  detect  the
effect of seed mass on seed fate, including
seeds harvested  vs. ignored,  removed  vs.
eaten  in  situ,  and  eaten  vs. cached  after
removal. One-way ANOVA was used to test
for differences in the distance of dispersal
among plant species. Pearson’s correlation
was  used  to  analyze  the  relationship
between seed size and dispersal distance.
Logistic regression was performed in R (v.
3.1.2), while all the other statistical analyses
were performed using the software SPSS®

18.0 for Windows.

Results

Rodent species
No  rodents  were  captured  in  both  sea-

sons by the day traps. The night traps cap-
tured 7 individuals  in autumn, of  which 4
were  N. confucianus  (57.1%) and 3 were  A.
draco (42.9%).  Thirty-two individuals  were
captured in spring: 21 A. draco (65.6%), 9 N.
confucianus  (28.1%),  and  2  D.  rufigenis
(6.3%).

Harvested vs. ignored seeds
Seeds of  C.  wattii were harvested more

quickly than those of the other species in
autumn,  followed  by  M.  yunnanensis,  L.
pachyphyllus,  L.  xylocarpus and  L.  hancei
(Cox regression,  Wald  statistic  =  578.209,
df = 4, P < 0.001). At the end of the experi-
ment,  most  of  the seeds  of  C.  wattii had
been harvested,  while  a  large  proportion
of seeds of the other species were left at
the release plots (97.1%, 88.1 %, 38.6% and
22.0% for  L. hancei, L. xylocarpus, L. pachy-
phyllus  and  M.  yunnanensis,  respectively  -
Fig.  1).  A similar  pattern was observed in
spring (Wald = 837.097, df = 2,  P < 0.001),
with the seeds of  C. wattii completely har-
vested by the end of the experiment, while
93.7% and 21.3%  of  the seeds  of L.  pachy-
phyllus and L.  hancei,  respectively,  were
harvested (Fig. 1).

In autumn, rodents preferred to harvest
the  larger  seeds  of  C.  wattii  (Logistic
regression model: Z = 1.99, P = 0.05) and L.
pachyphyllus (Z = 2.59, P = 0.01) but showed
no harvest preference in seed size for both
L. hancei (P = 0.24) and M. yunnanensis (P =
0.54).  For  L.  xylocarpus rodents preferred
to  harvest  the  smaller  seeds  rather  than
the larger ones (Z = -3.16, P = 0.002 - Fig. 2).
In spring, rodents preferred to harvest the
larger seeds of L. hancei (Z = 2.28, P = 0.02),
but not those of L. pachyphyllus (P = 0.54 -
Fig. 3).

Seeds removed vs. eaten in situ
Most of the seeds harvested were either

removed away or eaten in situ, while a very
small proportion (3.7%) were cached in situ
(i.e.,  buried in the soil  at their original re-
lease  plots);  thus  these  seeds  were  ex-
cluded  from  the  analysis  because  of  the
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Fig. 2 - Comparison of seed 
size among different seed 
fate categories for each 
species in autumn of 2013. 
(Sr): Seeds released at the 
original plots; (Ig): Ignored; 
(Ha): Harvested; (Ei): Eaten 
in situ; (Ci): Cached in situ; 
(Re): Removed away; (Ea): 
Eaten after removal; (Cr): 
Cached after removal; (Mi): 
Missing; more details about 
seed fate category, please 
see the text. Numbers in the
brackets are sample size. 
Logistic regression model 
was used to detect the 
effect of seed mass on seed 
fate, , including seeds har-
vested vs. ignored, removed
vs. eaten in situ, and eaten 
vs. cached after removal, 
(*): p < 0.05; (**): P < 0.01; 
(NS): not significant. Mi 
seeds were excluded 
because of their uncertain 
fates, while the Ci seeds 
were discarded from the 
analysis because of the 
small sample size (3.7% of 
the total harvested seeds).
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small  sample  size.  Consistently,  also  the
seeds cached in situ for other species were
discarded (e.g., L. hancei and L. xylocarpus,
despite their proportion was a litter larger)
in order to carry out a uniform comparison
among  species.  In  autumn,  seeds  of  M.
yunnanensis were  more  likely  to  be  re-
moved rather than eaten  in situ (80.9%  vs.
15.9%,  n =  624),  followed by  L.  xylocarpus
(75.8%  vs. 5.3%,  n  =  95),  L.  pachyphyllus
(69.0% vs. 25.1%, n = 491), C. wattii (51.5% vs.
45.9%,  n  =  719)  and L.  hancei (39.1%  vs.
43.5%, n = 23). In spring, seeds of  L. pachy-
phyllus were  more  likely  to  be  removed
rather than eaten in situ (84.2% vs. 14.9%, n
=  563),  followed  by  C.  wattii (53.7%  vs.
45.8%,  n  =  600)  and L.  hancei (36.7%  vs.
45.0%, n = 120).

In  autumn,  the larger  seeds  of  C.  wattii
were preferably removed rather than eat-
en in situ (Z = 4.34, P < 0.001), but  no seed
size preference were observed for L. pachy-
phyllus (P = 0.72),  L. hancei (P = 0.38) and
M. yunnanensis (P = 0.40); for L. xylocarpus,
smaller  seeds  were  more  likely  to  be  re-
moved away (Z = -2.36, P = 0.02 - Fig. 2). In

spring,  rodents  preferred  to  remove  the
larger seeds of both C. wattii (Z = 5.31,  P <
0.001)  and  L.  pachyphyllus  (Z =  1.95,  P =
0.05), but not those of L. hancei (P = 0.53)
(Fig. 3).

Dispersal distance
No differences in seed dispersal distances

were found among species in autumn (F[3,

807]  = 2.449,  P =  0.062).  L.  hancei was  ex-
cluded from this analysis because only one
removed seed was found. Mean dispersal
distance (± SE)  was  4.48 ± 0.20 m for  C.
wattii (n = 216), 7.83 ± 0.00 m for L. hancei
(n = 1), 4.74 ± 0.27 m for L. pachyphyllus (n =
209), 4.10 ± 0.19 m for M. yunnanensis (n =
372) and 6.02 ± 1.49 m for L. xylocarpus (n =

14). In spring, the seeds of  L. pachyphyllus
were dispersed to a farther distance (7.23 ±
0.27 m, n = 305) than both C. wattii  (5.91 ±
0.23 m, n = 242) and L. hancei  (2.69 ± 0.35
m, n = 19 – F[2, 563] = 14.883, P < 0.001).

A  weak  positive  relationship  was  found
between seed size and dispersal  distance
among seeds of both C. wattii  (Pearson’s r
= 0.177,  P < 0.001) and  M. yunnanensis  (r =
0.125,  P =  0.015)  in  autumn  (Fig.  4),  and
only among seeds of C. wattii (r = 0.127, P =
0.047) in spring (Fig. 5).

Seeds eaten vs. cached after removal
Seeds were either cached or eaten after

being removed away by rodents. However,
a certain proportion of seeds were not re-
trieved (i.e.,  missing), and were discarded
from the analysis  because of  their  uncer-
tain  fates.  In  autumn,  larger  seeds  were
likely to be cached rather than eaten after
being removed for L. pachyphyllus (Z = 2.02,
P = 0.05), but not for the other species (P >
0.4 - Fig. 2). In spring, rodents preferred to
cache  the  larger  seeds  of  C.  wattii  (t  =
1.980, P = 0.049), but not those of  L. han-
cei and L. pachyphyllus (P > 0.4 - Fig. 3).
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Fig. 3 - Comparison of seed size among
different seed fate categories for each
species  in  the  spring  of  2014  (for  leg-
ends and abbreviations, see Fig. 2).

Fig. 4 - Relationships between seed size
and dispersal  distance of  the removed
seeds in the autumn of 2013.

Fig. 5 - Relationships between seed size
and dispersal  distance of  the removed
seeds in the spring of 2014.
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Discussion
In general, larger seeds of the small-seed-

ed species (i.e.,  C. wattii, L. hancei, M. yun-
nanensis and L. pachyphyllus) were harvest-
ed, removed, and finally cached by rodents
more frequently, although this pattern was
not consistent for all  species in both sea-
sons. Many studies have shown similar pos-
itive  relationships  between  seed size  and
rodent  preferences  during  their  scatter-
hoarding processes (Vander Wall 1990, For-
get et al. 1998,  Jansen et al. 2004,  Xiao et
al.  2005,  Moore  et  al.  2007,  Vander  Wall
2010,  Wang et al.  2012).  However, for the
largest seeded species in our study (L. xylo-
carpus) smaller seeds were preferably har-
vested and removed from the seed release
plots.  We  did  not  identify  which  rodent
species harvested the seed species consid-
ered in this study. As a result, the seeds in
any of  our  release plots could have been
handled  by  rodents  whose  body  weight
ranges from roughly 30 g (the South China
field  mouse)  to  300  g  (the  Asian  red-
cheeked  squirrel).  It  has  been  reported
that differences in the ratio of seed mass
to  rodent  body  mass  might  influence  ro-
dent’s preference upon seed size (Munoz
&  Bonal  2008,  Tamura  &  Hayashi  2008).
Nevertheless, the contradictory results be-
tween the small- and large-seeded species
did  demonstrate  that  the  preference  to
larger seeds in the rodent’s scatter-hoard-
ing process only existed within a range of
seed sizes (i.e., the small-seeded species in
this study). Only few studies showed simi-
lar results about the rodents’ preference of
medium-sized seeds in their scatter-hoard-
ing  behavior  (Theimer  2003,  Wang  et  al.
2013,  Wang  &  Yang  2014).  Furthermore,
some other seed traits may also influence
the  rodents’  preference  upon  seed  size,
e.g.,  the  seed  energy  density.  Indeed,
seeds composed by 90% lipid and 10% car-
bohydrate could be about 60% smaller than
others with the opposite composition but
still  having  the  same  energy  content.  In
such case, rodents are expected to choose
the smaller seeds because of their shorter
handling time.

Our results showed a weak positive rela-
tionship  between  dispersal  distance  and
seed size in both seasons, but only in a few
species.  Seed  size  was  often  found  posi-
tively related to dispersal distance (Vander
Wall  1995,  Xiao  et  al.  2005,  Moore  et  al.
2007, Wang et al. 2012). However, Theimer
(2003) found  no  relations  between  seed
size and dispersal distance in Beilschmiedia
bancroftii.  Some  other  studies  demon-
strated  that  medium-sized  seeds  are  dis-
persed to the maximum distance (Jansen
et al. 2002, Wang & Yang 2014). Wang et al.
(2012) provided a possible reason for these
controversial  results,  pointing  out  that
such positive relationship might only exist
up  to  a  certain  threshold  of  seed  size,
beyond which rodents may decrease their
net benefit because of the increasing cost
of  transporting  big  seeds.  However,  sev-
eral other seed traits  such as the energy/

nutrient or tannin content, may also affect
seed dispersal distance by rodents (Wang
&  Chen  2009,  Wang  &  Chen  2012).  This
could  be  the  reason  we observed  only  a
weak or even no significant relationship for
some  of  the  species  considered  in  this
study, although they were not very large-
seeded species.

Different effects of seed size on the for-
aging behavior of scatter-hoarding rodents
were  often  found  among  years  and  sea-
sons (Jansen et al. 2004, Xiao et al. 2005, Li
& Zhang 2007,  Moore et al. 2007,  Wang &
Chen 2012,  Gong et al. 2015). These differ-
ences are usually thought to reflect differ-
ent yearly seed abundance and/or fluctua-
tions  of  the  rodent  community.  In  our
study, there were substantial differences in
seed  production  between  autumn  and
spring,  as  seed  maturation  occurs  in  au-
tumn for almost  all  the species  analyzed.
There was also a slightly difference in ro-
dent  densities  between seasons  (average
trap success:  2.0 %  vs. 9.3%,  n  =  343;  Chi-
square test:  P < 0.001), with a little differ-
ence  in  the  species  composition  of  cap-
tures. However, based on the limited live
trapping efforts carried out in this study a
comparison of the whole rodent communi-
ties between seasons was not feasible. Fur-
thermore,  animal  behavior  may  change
across seasons as a consequence of differ-
ences  in  relative  abundance  of  alternate
food  sources,  reproductive  condition  and
age structure of the rodent population. In
any case, our results did show that seeds in
spring are harvested more quickly than in
autumn,  but  the  effect  of  seed  size  on
rodent  scatter-hoarding  behavior  had  a
similar  pattern  in  both  seasons.  Further-
more, the rodents’ preference among seed
species  remained  constant  between  sea-
sons  for  the  three  species  in  common.
However,  we  did  not  test  the  largest
seeded  species  (L.  xylocarpus)  in  spring,
which might potentially change our results
about the seed size effects. Large bodied
squirrel  (D.  rufigenis)  were  captured  in
spring  (2  individuals)  but  not  in  autumn,
and rodents’ body size has been often con-
sidered as an important factor  which can
affect the relations between seed size and
rodent foraging preference (Munoz & Bo-
nal 2008, Tamura & Hayashi 2008).

In the study forest,  rodents are the pri-
mary  agents  of  seed  dispersal  for  many
tree species, especially for our target spe-
cies. Nonetheless, both L. xylocarpus and L.
hancei had very few seeds being harvested
by rodents during our experiment. Preda-
tor-satiation  hypothesis  could  be  the  pri-
mary  explanation  (Janzen  1971,  Kelly  &
Sork 2002,  Xiao et al.  2013).  Indeed, both
species had a mast seeding in the autumn
2013, and many seeds were still on the for-
est ground until  the following spring (un-
published data). To some extent, our find-
ings that the rodents’ preference of larger
seeds only existed within small-sized seeds,
support the hypothesis that scatter-hoard-
ing  rodents  may  favor  the  evolution  of

large seed size (Smith & Reichman 1984),
but  only  up  to  a  certain  size  threshold.
However, we did not consider the poten-
tial influence of other seed traits,  e.g., ger-
mination period, shell thickness, chemistry
and  nutrient  content  etc.  Further  studies
are needed to understand the interactive
effects  of  multiple  seed  traits  on  the
rodent foraging behavior, and their poten-
tial  effects on the seed fate and seedling
recruitment success.
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