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EFFECT OF BURIAL ON ACORN SURVIVAL AND SEEDLING
RECRUITMENT OF LIAODONG OAK QUERCUS
. LIAOTUNGENSIS UNDER RODENT PREDATION
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Abstract Liaodong oak Q. liaotungensis forest is the zonal typical vegetation in maintains of Bei-
jing China. Prior observation indicated that rodents might be involved in acorn predation and then
affected oak regeneration. This study aims to investigate three questions 1 what kind of rodent
species attributed acorn disappearance of Liaodong oak 2 can burial reduce acorn predation by ro-
dents and improve seedling recruitment of Liaodong oak 3 will ground vegetation affect seedling
recruitment rate of the oak In September of 1996 37 plots of 5 sites were located for acorn place-
ment test. Ten acorns were placed on the soil surface of each plot. Acorns on soil surface were
checked 1 10 20 days later after acorn placement. Wooden snare traps baited with oak acorns and
peanuts were used for identifying key rodent species of removing the acorns. Five sites were located
for burying 50 acorns at 5 cm in soil within one square meters at each site. Seedling numbers and
seedling height were measured next year. Three rodent species i.e. Apodemus speciosus Rattus
confucian and A. agrarius were found to consume the acorns and the proportion of acorn con-
sumed was related to their abundance. Among the 370 acorns which were placed on soil surface in 37
plots of 5 sites 15.1% of them disappeared next day 78.1% disappeared 10 days later and all of
them disappeared 20 days later. Among 250 acorns buried in five sites 11.2% of them sprouted out
with an average height of 7.8 cm. Therefore burial can effectively reduce acorn predation by ro-
dents. The seedling recruitment rates in five sites tended to negatively correlate with grass cover and
height. It was suggested that direct seeding can facilitate oak reforestation.
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In mountains of Beijing China warm temperate broad-leaved deciduous forest is the
zonal typical vegetation. Because of extensive cutting burning and cultivation since this early

century only small patches of secondary Liaodong oak forests or scrubs scattered among
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shrubs or grasses ! . It is very essential to understand the natural regeneration of the oak for
reforestation.

Many previous studies indicated that rodent is a very important factor in affecting seed-
fate of oak. Oak acorns fallen or placed on the soil surface disappear very quickly due to

heavy predation by vertebrates especially rodents. It is well recognized that rodents remove

2-6

most acorns In most situations nearly all the removed acorns by rodents were con-

6-8

sumed and only very few acorns were able to become seedlings However in some situ-

ations rodents only consume a small proportion when abundant seed production leads to seed

12" Predation by rodents was sometime blamed for the failure of some

613

predator satiation °~

oak seeding regeneration in small fragments or low-density oak forests Rodents were

also recognized as an important agent for oak regeneration because they disperse and bury a-

corns ' . The germination of many oak species is very poor on soil surface without acorn

burial and dispersal by rodents.

Burial is found to be a potential measure in reducing acorn predation by rodents as well

3515-17

as other vertebrates and increasing seedling recruitment Rodent locates seeds

mainly by odor and its success in finding seeds usually decrease as the depth of burial in-

18220 Oak acorns are particularly vulnerable to

21

crease or as the size of seed cache decrease
damages by drying intense sunlight or temperature Thus burial also increases seed ger-
mination through providing protection and improving moisture. However because of differ-
ences of acorn foraging behavior of rodent spatial and temporal heterogeneity of habitat as
well as rodent density the success of burial could vary greatly 8 .

The natural regeneration of the Liaodong oak is extraordinary low in the study area Ma
Keping personal communication . We speculated that rodents might have destroyed large
amount of acorns of the oak. This study aims to investigate three questions 1 which ro-
dent species attribute acorn disappearance of Liaodong oak 2 can burial reduce acorn pre-
dation by rodents and improve seedling recruitment of Liaodong oak 3 how ground vege-

tation affect seedling recruitment
1 STUDY AREA AND METHODS

1.1 Study area

The study was carried out nearby the Beijing Forest Ecosystem Research Station of Chi-
nese Academy of Sciences. The station is located in the Xiaolongmen Forest Farm Men-
tougou District Beijing China. The station lies about 114 km northwest of downtown Bei-
jing at a latitude and longitude of 40°03" N and 115°26'E. The elevation of the study area
ranges from 800 m to 1 600 m. It is a typical area of warm-temperate zone. Apart from oak
birch Betula spp. poplar Populus davidiana and walnut Juglans mandshurica are
commonly found in the region. The Chinese pine Pinus tabulaeformis and larch Larix

principis-rupprechtii  are planted forests by local forest farms. Filbert Corylus spp.  les-
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pedeza Lespedeza bicolor and spiraca Spiraea trilobata are dominant shrub species in
this area.
1.2  Key rodent species

Wooden snare traps baited with fresh and ripe oak acorns were used for identifying ro-
dent species of removing oak acorns. A total of 226 traps were placed in different habitats in
the study area in October of 1996. For comparing the food preference of rodents to oak a-
corns another 774 wooden traps baited with fresh peanuts the routine bait for snare trap-
ping were used to trap rodents.
1.3 Acorn disappearance and predation by rodents

The fresh ripe and intact acorns of Liaodong oak were collected on September 20 to 22
1996 for seed placement test. A total of five sites which represent different habitats were se-
lected and a transect line was located in each site. For three sites five plots were located
with an interval of 10 m apart along each transect line. For the other two sites ten and
twelve sites were located respectively in same way. At each plot ten oak acorns were placed
on soil surface. The test began on September 24 1996 and acorns on the soil surface were
checked 1 day 10 days and 20 days later.
1.4 Effect of burial on acorn predation and seedling recruitment

Six sites in a north-facing slope were located for acorn burial test. Fifty acorns were
buried 5 cm deep in soil evenly in an area of one square meter at each site on October 25 —
26 1997 with minimum disturbance to soil and grasses. The seedling numbers and
seedling height were measured on May 20 1998. The ground grass cover and height were
also measured.
1.5 Statistics

SPSS for Window was employed for statistic analysis. Pearson correlation was used for
analyzing correlation between seedling numbers or height and grass cover or height. Non-
parametric Chi-square and Bionomial Tests were used for identifying the difference of rodent

abundance obtained by two methods.
2  RESULTS

2.1 Key animal species affecting acorn disappearance

In October of 1996 a total of 98 rodents were captured by using 774 wooden traps bait-
ed with peanuts among them Apodemus speciosus making up 63.3% Rattus confucian
making up 8.2% A .agrarius making up 21.4% Cricetulus triton making up 7.1% . A
total of 16 rodents were captured by using 226 wooden traps baited with fresh acorns of
Liaodong oak among them Apodemus speciosus making up 62.5%  Rattus confucian
making up 12.5% A .agrarius making up 25% . This result indicates that three rodent
species i.e. Apodemus speciosus Rattus confucian and A.agrarius attributed to the
most acorn disappearance and abundance of these three species obtained by using traps bait-

ed with peanuts was not significantly different from that obtained by using traps baited with
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acorns P = 0.920 df=2
methods was also not significant
0.308 Binomial test

appearance in this study is assumed to be due

P

. Therefore acorn dis-

to predation by rodents.
2.2  Acorn disappearance on soil surface
A total of 370 acorns were placed on soil
surface in five plots and 15.1% disappeared
next day 78.1% disappeared 10 days later
and all of them disappeared 20 days later
Fig.2

moval by rodents was very great after acorns

. This result indicated that seed re-

fallen on the ground.
2.3

seedling recruitment

Impact of burial on acorn predation and

The mean seedling recruitment rate
in five sites was
Table
. This result clearly indicated that burial

seedlings acorns X 100 %
11.2%after acorns were buried in soil
1
could effectively reduce acorn predation by ro-
dents and thus improved seedling recruitment
rate. The burrowing activities of rodent at
sites where acorns were buried were commonly
observed. Nearly all sites showed traces of
burrowing activities of rodents. This implied
that rodents were much able to locate the

buried acorns.

Fig.1 . The abundance of C. triton between these two
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Fig.1 Proportion of rodent species captured by using

wooden snare traps baited with peanuts shadow bar
and oak acorns open bar

A.S.denotes Apodemus speciosus R.C.denotes Rat-

tus confucian A.A. denotes Apodemus agrarius

C.T. denotes Cricetulus triton
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Fig.2 Proportion of acorns r&#ved by rodents after

acorns were placed on soil surface.

Table 1 Seedling numbers and height when checked on May 20 1997 after fifty acorns were buried

at 5 cm deep in each site on October of 1996

Site 1 2
Seedling recruitment 14 24
rate %
. . 6.4 +1.7 8.0+%2.7
Seedling height cm n= 7 A "
Grass height cm 14 22
Grass cover % 80 70

3 4 5 Mean £ SD
5 6 10 11.2:,r 8.4
n =35
7.5 7.0+ 1.7 9.5+ 1.8 7.7 £ 1.2
=1 n =3 n =735 n =735
35 30 35 27.2:,r 9.1
n=>5
80 95 90 83.0} 9.7
n=>35

* The seedling recruitment rate is seedlings acorns X 100%

2.4

Impact of environmental factors

The variation of seedling recruitment rates within the 5 sites was somehow associated

with grass vegetation cover and height Table

1 .Though not significant the seedling re-
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cruitment rates tended to negatively correlate with grass cover = —0.663 P=0.223 =»n

=5 and height »r=-0.649 P=0.236 n=5
3  DISCUSSION

3.1 Species affecting acorn disappearance and recruitment

In this study only four rodent species were identified as major agents for acorn disap-
pearance on surface by using snare traps baited with oak acorns. There are several other ro-
dent species including Crecetulus triton which were not captured by using this method in
this region. Those species are house mouse Mus musculus ~ Norway rat Rattus norvegi-
cus  brown-backed vole Clethrionomys rufocanus  gray squirrels Sciurotamias davidi-
anus and chipmunks FEutamias sibiricus . The major reason would be because of the
small probability of being captured due to their small abundance and small extensive trapping
effort. Some rodent species such as brown-backed vole gray squirrels chipmunks have been

522725 Except for rodents  several oth-

observed to eat oak acorns in some previous studies
er large animals like birds deer wild pigs cattle also attributed to acorn removal of
oak 192 In this region some birds such as Garrulus glandariu pekingensis Phasianus
colchicus karpowi and wild pig  Sus scrofa were observed to eat oak acorns by local resi-
dents.
3.2 Impact of burial on acorn predation and seedling recruitment

This study clearly indicated that burial effectively reduced acorn predation and improved
seedling recruitment rate of the Liaodong oak. This observation is very similar to many previ-

3515717 Ovington and MacRae found 1% germination of Q. petraea on the

ous studies
surface compared to 80% in the soil seed predation excluded ' . Shaw recorded the fol-
lowing percentages of germination a on surface 48% acorns germinated b beneath a
layer of litter 59% and ¢ a few centimeters into soil 63% * .

Burial could reduce acorn predation by rodents which much depend on odour when lo-
cating seeds '® . However the capacity of burial in reducing acorn predation may vary de-
pending on the species and environments. According to our observation rodents are quite ca-
pable of locating acorns in soil because burrowing holes were commonly seen at sites where a-
corns are buried. Burial may also eliminate competition from deer and other large ani-
mals ' and effectively eliminates avian competition for acorns because birds have a poor
sense of smell % .

Burial in the soil also benefits emerging seedlings since buried seed often produce more
vigorous seedlings due to the improved moisture 2! . Griffin observed that in the absence of
predator surface-sown acorns are more susceptible to overheating and desiccation failure of
the radicle to penetrate the soil surface and mold %’ . Acorns are particularly vulnerable to

21

damage by drying intense sunlight or low temperature Therefore burial by animals is

very important for the regeneration of oak especially for some oak like the central California
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oaks which is poorly adapted to surface germination 2! .

The natural regeneration of oak in 1996 — 1997 was estimated at 0.1% — 1% Zhang
Zhibin Unpublished data . The proportion of seedling recruitment through burying acorns
in soil was very larger than the natural regeneration rate through rodent dispersal. Therefore
it is concluded that most of the acorns was consumed by rodents although few of them can es-
cape their predation.

3.3 Impact of vegetation on seedling recruitment

There are two possible explanations on how ground vegetation affects seedling recruit-
ment rate.One explanation is that dense ground vegetation competes for water and nutrition
with oak seedlings. This explanation was supported by some studies which suggested that
much seedling mortality resulted from competition with existing plants >® 2° . The other ex-
planation is that acorns buried at habitats with dense vegetation suffer more predation because
dense vegetation has more visits of rodents by providing safer shelter for them. Several stud-
ies have shown a positive correlation between plant cover and seed removal by rodents which

330 Acorns of Q. Mongolica usually disappeared more rapidly from

5

prefer dense habitats
habitats with ground cover than those without ground cover Kondo suggested that the
ground cover is an important factor favoring the activities of mice *' . Kollmann and Schill
reported that acorn predation and harding by mice were highest under scrub and in unmown
grassland ?° . However Herrera reported the predation rate is zero under dense heath
scrub  but 52% under open scrub ® . Dense scrub is a good deterrent to predation by large
animals like ungulate.Observation that seed predation differs among micro-habitats as a func-
tion of predator behaviour e.g. hiding from their own predators are frequently report-

ed % 3233 The main reason for higher abundance of mice in unmown abandoned grass is

probably better protection against avian predators 2° . Therefore the role of ground cover in
reducing acorn predation much depends on the predators and their foraging behaviors. In a
previous study we found there was not much relation between rodent occurrence and habi-
tats ** . Rodents are very capable of finding acorns on soil surface.
3.4 Implication for oak reforestation and management

Many studies have shown worries about natural regeneration of oak forests because of its
low recruitment rate and high acorn predation by rodents. Herrera concluded that the
prospect for natural establishment of cork oak seedlings are slim because of the low population
density of tree the lack of effective dispersers and a superabundance of predators like ungu-
lates © . Such conditions definitely have a harmful effect on the regeneration of this once
abundant species. Santos and Telleria reported that predation by mice was apparently respon-
sible for the failure of sexual reproduction in the small fragmented stands '

Directing seeding and planting seedling are two major ways for reforestation. Direct
seeding has obvious advantage over planting seedlings in terms of cost and easiness of han-

dling. Many experimental seeding projects conducted by US Federal and State agencies and
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private companies showed that successful seeding is impossible without effective control of

| 3% . Sowing seeds in soil was proven effective in increasing seedling es-

seed-eating mamma
tablishment in other forest trees. Radvanyi found when seeds were covered by snow or lit-
ter only 16 percent of the white spruce seeds were destroyed by mice and shrews while 46
percent of them were destroyed when tagged white spruce seed were just put out on the
ground surface * . Forget and Milleron concluded that seed artificially buried have more
chance to escape seed predation than unburied seeds under natural condition ¥/ .

As demonstrated in some previous study as well as in this study many factors affect the
result of burial.For reforestation of Liaodong oak forests in the study region we suggest to
sow acorns at 5 cm deep in soil. In areas with dense grasses site preparation of clearing
grasses is recommended before sowing acorns.
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