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Effectiveness of small rodents dispersing seeds of Castanopsis indica
Xishuangbanna tropical seasonal rain forest
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Abstract: The effectiveness of Castanopsis indica seed dispersal was studied in the tropical rain forest in the Xishuangban—
na region, Yunnan Province, China. We experimentally tracked the fate of 600 tagged nuts of C. indica under three focal
trees (200 nuts for each tree) each year from November 2007 to November 2009. We investigated the proportion of experi—
mental nuts moved away from the seed stations, the proportion of cached nuts buried beneath leaf litter or in soil, the num-
ber of nuts per cache, the distance that nuts were transported, and finally the proportion of nut surviving after being re—
moved by rodents. Our results show that 69.3% of the tagged C. indica nuts under focal trees were dispersed by rodents,
18% of which were cached. All cached nuts were buried beneath leaf litter or in soil, and most caches contained only one
nut, which may benefit nuts germination and seedling establishment. The dispersal distance of cached nuts averaged
7.1 m, ranging from 0. 5 to 43. 8 m, and there was no significant difference in distance variation among these three years.

No nut survived to the end of the experiments in 2007 ( when seeds were less abundant and rodents were more abundant) ,
whereas 0.3% and 1.5% nuts survived to the end of the experiments in 2008 and 2009 ( years with high seed abundance
and fewer rodents). Overall, our results suggest that rodents are effective dispersers of C. indica, but the dispersal effec—
tiveness is largely dependent on the relative abundances of rodents and available seeds.
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Introduction

1990 ; Herrera, 1995). The effect of dispersal agents

on plant recruitment depends upon the seed dispersal

Recruitment of many plants depends on seed dis— effectiveness, which is the contribution made by the

dispersers to the plant fitness ( Schupp, 1993; Schupp

ants ( Howe and Smallwood, 1982; Vander Wall, et al. ,2010). Seed dispersal effectiveness is usually
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assessed by both quantity and quality of dispersal
(Schupp, 1993; Vander Wall, 1993 ; Gomez et al. ,
2008). The quantity of dispersal is determined by the
number of seeds dispersed by the dispersal agents for
an individual plant, and the quality of dispersal is de—
termined by the probability that a dispersed seed can
survive, germinate and produce a seedling (Schupp,
1993).

mals is well understood through the combined efforts of

Seed dispersal effectiveness of frugivorous ani—

many studies conducted since decades ago ( Schupp et
al. , 2010). However, the seed dispersal effectiveness
of scatter-hoarding rodents remains unclear.

The scatter-hoarding rodents are important seed
dispersers for many plant species ( Vander Wall,
1990; Li and Zhang, 2003; Jansen et al. , 2004 ;
Xiao et al. , 2004; Roth and Vander Wall, 2005; Xi-
ao et al. , 2006) , especially for nut species ( Vander
Wall, 2001 ).
seed removal by small rodents was often argued to be
seed predation ( Schupp, 1990; Hulme, 2002;
Vander Wall et al. , 2005a). Although small rodents

can remove and cache a large number of seeds, these

However, in many previous studies,

seeds do not remain in the cache sites for a long time,
and most of them are quickly consumed and only a few
can survive and germinate ( Gomez et al. , 2008 ).
Besides, it has been shown that many rodents species
prefer to cache seeds in underground burrows ( Hollan—
der and Vander Wall, 2004; Lu and Zhang, 2008;
Kuhn and Vander Wall, 2009; Chang et al. , 2010;
Huang et al. , 2011)

manathan et al. , 2007 ), which are not beneficial to

or other larder sites ( So-

the fitness of plants. All of this evidence indicates that
the seed dispersal effectiveness of rodents is relatively
low (Gomez et al. , 2008). On the other hand, some
other studies argued that rodents were effective seed
dispersers because after dispersal the few surviving
seeds are still important for the recruitment of plant
species ( Vander Wall, 2001; Vander Wall et al. ,
2005a; Xiao and Zhang, 2006). Also, rodent dis—
persal can benefit the plants by taking seeds far away
from the parent trees and caching them in suitable mi-
cro-sites that
( Briggs et al. , 2009 ).

hoarding rodents are effective seed dispersers remains

are favorable for seed germination

However, whether scatter—

unclear due to the lack of evidence, because both the
rate of dispersal and the survivorship of dispersed seeds
are important indices for evaluating the dispersal effec—

tiveness (Schupp, 1993; Schupp et al. , 2010).

The objective of this study was to investigate the

effectiveness of seed dispersal by small rodents on
chinquapin ( Castanopsis indica) in Xishuangbanna
tropical seasonal rain forest. The genus Castanopsis
contains about 110 species, which are dominant or key
species in the tropical and subtropical broaddeaved ev—
ergreen forests in East and Southeast Asia ( Liu and
Zhou, 2006 ).

(e. g. Quercus and Fagus) in Fagaceae by scatter—

Seed dispersal of some other genera

hoarding rodents is well understood ( Vander Wall,
2001) ; however, the dispersal ecology of Castanopsis
is still poorly known. In this study we investigate the
quantity and quality of seed dispersal in order to assess
the dispersal effectiveness. We assess the quantity of
dispersal by using (1) the proportion of experimental
nuts moved away from the seed stations. For the quali-
ty of dispersal we consider (2) the proportions of

(3)

the number of nuts per cache (cache size), (4) the

cached nuts buried beneath leaf litter or in soil,

distance of nuts transported, and finally (5) the pro—

portion of nuts surviving after removal by rodents.
2 Materials and methods

2.1 Study site
This study was conducted in a tropical seasonal
rain forest of the Menglun Nature Reserve, Xishuang—
banna, Yunnan Province, China, a region that has a
typical tropical monsoon climate characterized by dis—
tinct wet and dry seasons. The average annual rainfall
is approximately 1 500 mm, 80% of which is during
the wet season ( May — October) and 20% during the
dry season (November — April). The average annual
temperature is 21. 7°C ( Cao and Zhang, 1997 ). The
study site is located in a wet valley, near a permanent
plot of the Xishuangbanna Tropical Botanical Garden,
Chinese Academy of Sciences (21°50'N, 101°12'E,
elevation 780 m). The forest is dominated by Pometia
tomentosa and Terminalia myriocarpa with an average
canopy height of 30 m (Zhang and Cao, 1995).
Castanopsis indica is widely distributed in south
Asia, and is commonly seen in Xishuangbanna tropical
seasonal rain forests, where a few nut-bearing tree spe—

The nuts of C.

dense spines. Burs contain only one seed, and mature

cies occur. indica are protected by
from late September to December. The mean fresh nut
mass is 1.3 £0.2 g (mean + SD), varying from
0.2 g103.0 g. The nuts germinate very quickly after
falling to the ground, usually within 1 —2 weeks under
favorable conditions. Different from many other spe—

cies of Castanopsis (e. g. C. echidnocarpa and C. hys—
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trix) in the study site, C. indica has not shown
marked mast seeding ( Cao Lin personal observation).
The crops of C. indica nuts were very low from 2007 to
2009. However, Lithocarpus magneinii and C. echino—
carpa showed marked mast seeding in 2008 and 2009,
respectively, in the study site. Many nuts of L. mag-
neinii and C. echinocarpa fell to the ground after ripe—
ning, and remained for a long time under the parent
trees (Cao, 2009; Cao Lin personal observation).

Small rodents are important seed predators and
dispersers of Castanopsis ( Roth and Vander Wall,
2005; Xiao et al. , 2005a). In the study site, three
commonly seen rodent species ( Niviventer confucianus,
N. fulvescens and Maxomys surifer) scatter and larder—
hoard seeds, and one species ( Rattus flavipectus)
larder-hoards seeds (Cao et al. , 2011). In addition,
three species of tree squirrel ( Dremomys rufigenis,
Callosciurus erythraeus and Tamiops swinhoei) also are
potential seed dispersers.
2.2 Seed releasing experiments

Experiments were conducted in mid-November ev—
ery year from 2007 to 2009. One thousand and eight
hundred round nuts were used for seed releasing exper—
iments. In mid-November of each year, 600 tagged
nuts were placed under three focal trees (200 nuts for
each tree) , which were spaced > 30 m along a tran—
sect. For each focal tree, we constructed 4 seed sta—
tions within 2 m radius from the tree trunk, and 50
tagged nuts were placed on the ground surface at each
station. Each nut was marked by attaching to a small
coded plastic tag using a thin 16 c¢m long steel thread
(Zhang and Wang, 2001 ; Xiao et al. , 2006). After
rodents buried the tagged nuts beneath leaf litter or in
soil , the tags were exposed on the surface and can eas—
ily be relocated. This tagging method has insignificant
effect on the patterns of seed dispersal by rodents
(Xiao et al. , 2006). The fate of the released nuts
was surveyed 1, 4,7, 14 | 28 and 56 days after place—
ment. During each visit, we searched the area around
each focal tree (search area diameter: 30 —80 m) to
retrieve the tagged nuts and to record their fate. Nuts
at seed stations were categorized as remaining, eaten,
and removed, whereas tagged nuts removed from the
seed stations were categorized as cached ( primary
cache, buried beneath leaf litter or in the soil ),
eaten ,or missing. During our survey, we also found
that some nuts hoarded in underground burrows or in
tree holes, where nuts may finally be eaten, and this

was not beneficial to the fitness of parent plants.

These nuts were thus categorized as consumed
(eaten). For dispersed nuts, we also recorded the mi-
cro-sites and distance from the focal trees. Cached nuts
were marked using a numbered bamboo stick 20 cm
away. During subsequent visits, we also checked the
cached nuts found in previous visits until they were re—
covered (eaten or removed from cache sites) by ani-
mals. If a marked cache was removed, the area around
the cache was extensively searched in a radius of 10 —
20 m. When nuts in primary or higher order caches
(e g
hing) were removed and found in other cache sites,

secondary caches, caches after primary cac—

we also recorded their fate, micro-sites and distances
from focal trees.
2.3 Trapping of small rodents

We monitored rodent populations in September
and December from 2007 to 2009. We set a 5 x 10
trapping grid (spaced 10 m apart) , which consisted of
50 live traps (Lx W xH =14 cm x 14 ecm x 30 cm)
baited with fresh peanuts ( Chang et al., 2009 ).
Trapping was conducted for three consecutive days per
season (150 trap days). Captured rodents were iden—
tified, weighed and released immediately in situ.
2.4 Statistics and analysis

SPSS for Windows (13.0) was used for data an—
alyses. Chi-square and Fisher’ s exact test were used
for testing differences for the trap success of rodents.
The Cox regression was used for comparing the differ—
ences of mean lifetime (mean = SE days, n =600 nuts
per year) of tagged nuts under focal trees among three
years, and survival time (mean = SE days) of nuts in
the cached sites among three years. Logistic regression
models were used to test the differences of the propor—
tion of nut removal (% mean = SD, n =3 trees per
year) under focal trees and the proportion of nuts
cached (% mean = SD, n =3 trees per year) after
removal from focal trees among three years. One-way
ANOVA was used to test differences in dispersal dis—
tance (mean + SD m, log-transformed to meet normal

distribution) of cached nuts among three years.
3 Results

3.1 Population abundance of small rodents

During the three study periods, 38 rodent individ—
uals of five species ( N. confucianus, N. fulvescens,
M. sunfer, R. flavipectus and D. rufigenis) were cap—
tured. The dominant species was N. confucianus (n =

31, 81% of total) and M. surifer (n =4, 10.5% of
total ). Only one individual each of the other 3 species
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was captured. This result was consistent with a previ—
ous study (Wu et al. , 1996). Trap success rate was
8.7% in 2007 (n = 26), significantly higher than in
2008 (0.3% , n =1; Fisher’ s exact test; df = 1,
P <0.001 )and 2009 (3.7% n =11 chi-square test;
X = 6.481, df=1, P=0.011).
3.2 Nut removal and caching

Small rodents harvested (ate or removed) all the
tagged nuts within one day after nut placement in
2007, and within 28 days in 2008 and 2009 ( Fig. 1).
Nut lifetime at the seed stations was significantly differ—
ent among the three years (Cox regression, Wald =
583.414, df =2, P < 0.001). The mean nut life—
time at seed stations in 2008 (16.9 = 0.3 days) and
2009 (6 + 0.1 days) were 16.9 and 6 times longer,
respectively, than in 2007 (1 day).
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Fig. 1 Seed harvest of Castanopsis indica by small rodents after nut

placement under three focal trees in 2007 (all nuts were harvested

within one day for all 3 trees), 2008 and 2009.

Rodents removed 69.3% (from 56 t0 91.2% ) of

the tagged nuts and consumed the rest under focal trees

in all three years (Fig.2). The proportion of nuts
that were moved away from focal trees was significantly
different among three years as shown by logistic regres—
sion (X = 168.182, df = 2, P<0.001). The pro-
portion of nuts removed in 2007 was 91.2 + 3.7% ,
which was significantly higher than that in 2008 (56.0
+7.5% , n=3 trees, X =159.527, df =1, P <
0.001) in 2009 (60.7 = 18.5%, X =
130.531,df =1, P < 0.001) (Fig.2). Of these
removed nuts, 59.7% (from 48.9 to 64.9% ) were

consumed immediately, 18% (from 4.9 to 42% ) were

and

found cached ( primary cache), and the rest were
missing ( Fig.2). We found that the proportion of
cached nuts was significantly different among three
years (X = 214.424, df = 2, P < 0.001). The
proportion of cached nuts in 2009 (25.5 +5.7% of
the tagged nuts) was 5.7 and 3.4 times higher than in
2007 (4.5 + 5.6% ) and 2008 (7.5 £ 5.2% ) re—
Most ( primary
cache) were quickly recovered by rodents. 70.7%
(from 57.8 to 81. 5% ) of them were consumed imme—
diately, and 7.1% (n =

cache sites ( secondary cache) nearby (Fig.2). No

spectively ( Fig. 2 ). cached nuts

16 ) were moved into new

nuts were found in secondary caches in 2007, while 2
nuts and 14 nuts were found in 2008 and 2009 respec—
tively (Fig. 2). In 2009, we also found 3 nuts in ter—
tiary caches. All of the cached nuts were buried be-
neath leaf litter or in the soil, where the nuts possibly
survived and produced new recruits. All cached nuts
were deposited under shrubs or in grasses. For these
caches, most of them (n =180 ) contained only one
single nut for each cache, and a few (n =14) con-
tained 2 =3 nuts. Two large were found, one in 2007
(contained 19 nuts) and one in 2009 ( contained 13
nuts ) .
3.3 Dispersal distance

We relocated 225 cached nuts in three years. The
dispersal distances of primary caches ranged from 0.5 to
47.5 m, but most were <10 m. The primary dispersal
distance of cached nuts varied little among three years
(Fy2,, n=10.886, P = 0.414). The dispersal dis—
tance of primary caches in 2007 was 8.1 + 8.6 m (n
= 27 nuts) , slightly farther than in 2008 (6.7 = 5.8
m, n = 45 nuts) and 2009 (7.1 £6.1 m, n =153
nuts ).
3.4 Nut survival

Most cached nuts did not survive for long in cache
sites, and only a very few nuts survived to the end of

the experiment. The survival time of nuts in the
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Fig.2 Seed fate pathways of the tagged nuts of Castanopsis indica after placement under focal trees from 2007 to 2009

cached sites was significantly different among the three
years (Wald = 583.414, df =2, P <0.001). The
mean survival time of cached nuts in 2008 and 2009
was 22.4 £ 2.1 days (n = 45 nuts) and 23.4 =
1.8 days (n = 153 nuts), respectively, 5.9 and 6.2
times higher than in 2007 (3.8 + 0.3 days, n = 27
nuts). There was considerable annual variation for nut
survival. No nut survived to the end of the experiment
in 2007, whereas 2 (0.3 % ) and 9 (1.5% ) nuts
survived to the end of the experiment in 2008 and
2009, respectively ( Fig.2).

nuts were from the primary cache sites, and two from

Nine of the surviving

the secondary caches. We also found that 6 of the sur—

viving nuts germinated at the end of the experiment.
4  Discussion

Through our experiments, we found that rodents
handled all of the tagged nuts within 4 weeks and dis—
persed most of them. The results suggest that the
quantity of seed dispersal to the C. indica performed by
rodents is high. This high seed dispersal is consistent
with that of many other cases of nut-bearing trees

(Schupp, 1993; Hollander and Vander Wall, 2004 ;

Roth and Vander Wall, 2005; Xiao and Zhang,

2006; Gomez et al. , 2008 ). After removal from focal
trees, most dispersed nuts were consumed immediately
following dispersal. However, we also found 12.5%
(4.5% to 25.5% over three years) of the tagged nuts
were cached beneath leaf litter or in the soil. The pro—

portion of cached nuts was at a moderate level

(Vander Wall, 1993; Roth and Vander Wall, 2005;
Xiao and Zhang, 2006; Gomez et al. , 2008). All of
the cached nuts were buried beneath leaf litter or in the
soil, and most caches contained only one single nut.
These caching characteristics will favor seed germina—
tion and seedling establishment, and will further favor
the surviving of the seedling ( Hollander and Vander
Wall, 2004 ; Roth and Vander Wall, 2005; Briggs et
al. , 2009).

very quickly, and 6 of the surviving nuts germinated by

We found that cached nuts germinated

the end of the experiment. These results indicate that
seed dispersal by rodents also benefits the recruitment
of the plants, when compared with non seed-predator
dispersers which deposit seeds in clusters on the
ground surface (Vander Wall et al. , 2005b).

The definition of seed dispersal effectiveness im—
plies not only the dispersal of seeds but also the survi-

In our

vorship of dispersed seeds ( Schupp, 1993).
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study, we found a large number of nuts cached after
removal; most cached nuts were quickly recovered and
consumed by rodents. However, we found that 0. 61%
of the tagged nuts survived to the end of the experi—
ments across the three years. But nut survival varied
greatly among three years. Our results show that the
high proportion of nut removal (in 2007 ) does not
necessarily equal high proportion of scatter-hoarding or
even nut survival given that the quality of seed dispers—
al is determined by multiple factors ( Schupp et al. ,
2010).

sizes (in 2008 and 2009 ) could potentially promote

High seed abundance or low rodent population

scatter-hoarding and survival of dispersed seeds ( Jans—
en et al. , 2004 ; Li and Zhang, 2007) , but at the cost
of low seed removal. In our study site, seed abundance
was very low and the rodent population was relatively
This
may explain why few nuts were found cached and no
nut survived in 2007, while 0. 3% and 1. 5% nuts sur—
vived in 2008 and 2009. These results indicate that

the seed dispersal effectiveness performed by rodents

high in 2007 compared with the other two years.

varies between years.

Besides the survivorship of seeds, the quality of
seed dispersal is also dependent on the distance the
seeds are transported and on the micro-sites where
seeds are deposited. Long distance dispersal is very
important because it enables a plant to colonize new
habitat patches, and could also reduce density-depend-
ent mortality as predicted by the Janzen-Connell model
(Janzen, 1970; Connell, 1971 ). Rodents did not
transport the nuts of C. indica for long distances
(mean dispersal distance was only 7.1 £ 6.4 m),
which is similar to other nut-bearing trees with seeds
dispersed by rodents ( Vander Wall, 2002; Xiao et
al. , 2004 ; Xiao et al. , 2005b; Moore et al. , 2007 ;
Gomez et al. , 2008). Though most cached nuts were
found within 10 m from focal trees, a few were trans—
ported more than 30 m away, suggesting that long dis—
tance dispersal of C. indica seeds by small rodents is
possible.
disp rsed  ost
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