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ABSTRACT

All landscapes are mosaics of habitat patches of different types. Therefore, there are always
edged between habitat patches in a landscape. Forest animal has an important role in vegetation
development and maintenance by seed dispersal around forest. Movement of animals depends on
the spatially heterogeneous structure and pattern of vegetation landscapes because each animal has
special habitats in a landscape. Especially, forest edge with high permeability and prey density is
one of the important habitats to the animals. Therefore, understanding the ecological
characteristics of the forest edges as a corridor connecting mosaic vegetation patches is necessary
to establish the strategies for the nature conservation and sustainable vegetation management.

Under this idea, we examined the animal influenced on pine seeds as one of the method of
monitoring the animal activity in mosaic vegetation. Man-made mosaic vegetations including open,
edge and inner forests were carefully selected in the rural landscape. We carried out predation test
on pine seeds during one year. A result was that damages on seed was more significant at forest
edge than inner and open forest. Pine seed on seedbeds was mainly attacked by squirrels and mice
than birds. Pine seed was damaged by squirrels in different types of vegetation by seasons. Rate of
seed predation at forest edge was, in special, higher than that of other sites. According to this
results, it is suggested that the relationship between animal behavior and spatial vegetation struc-
ture relating to human impact such as the distance from settlement to vegetation appeares to be in
the rural vegetation landscape.

Key words: Agricultural landscape, Animal influence, Corridor, Edge effect, Mosaic vegetation,
Pinus densiflora seed
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INTRODUCTION

All landscapes are mosaics of habitat patches of
different types. Therefore, there are always edged be-
tween habitat patches in a landscape (Forman and
Godron 1986). Mosaic vegetation has an important
role of constituting spatially different habitat patches
in all landscapes (Andrén and Angelstam 1988).
Moreover, it is generally one of the factors deter-
mining the structure and functioning of animal and
plant populations and communities (Johnston 1995,
Fitzgibbon 1997).

Spatially heterogeneous vegetation patches consist
of “habitat edges” (e.g. Odum 1971) between patches
and matrix characterized by different quality, size,
and shape (Forman and Moore 1992). The habitat
edges may be associated with a higher diversity of
plants and animals, traditionally called an “edge ef-
fect” (Andrén 1992). In recent, rural vegetation land-
scape characterizing these landscape elements is faced
on the habitat fragmentation and degradation due to
the unbalances of natural and anthropogenic factors
(Hong et al. 1993, Murcia 1995). Therefore, it is
necessary to study ecological functions between the
fragmented habitats and local biota for the effective
adjunct to planning for conservation in fragmented
landscape (Noss 1983, Soul and Gilpin 1991).

To understand the effect of habitat fragmentation
as well as the effect of different landscape (veg-
etation) mosaic on prey-predator interaction, it is im-
portant to explore the interaction among organisms
living in different habitat patches in the landscape
(Forman and Godron 1986, Kozakiewicz et al. 1993).

Forest animals have important roles in vegetation
development and maintenance by dispersal of seed
around forest (Rim and Shidei 1975, Houle 1992, Ida
and Nakagoshi 1996). Activity of the animals is sig-
nificantly related to vegetation pattern and structures
in and around landscape boundaries (e.g. Andrén
1992, Hanssen et al. 1995). Moreover, in the case of
rural vegetation, the animal activity is specially re-
lated to landscape factor such as patch size and the
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distance from village to vegetation as well as veg-
etation quality (Andrén and Angelstam 1988). There-
fore, quantitative data to show loss of seeds and to
indicate the relative importance of the factors for
seedling establishment should be considered to under-
stand the animal activity on spatial mosaic vegetation
structure.

To understand the mosaic landscapes and ecologi-
cal process associated with vegetation development
and animal activity, animal influence on pine seeds in
varied mosaic vegetations, i.e. forest edge, open and
inner forests that made by human activity, were stud-
ied. We also examined the animal influence on pine
seeds as one of the method of monitoring the animal
activity in mosaic vegetation.

METHODS
Study area and survey

Animal influences on the pine seeds on the forest
floor were studied in the pine-dominated vegetation
at Yanghwa-ri, Kyeryong-myon in Chungcheongnam-
do from June 1995 to July 1996. Vegetation of this
region is mainly covered with secondary pine (Pinus
densiflora) forest (Hong et al. 1993) as in Korea gen-
erally (Lee and Lee 1991). A place remote from vil-
lage is mixed with deciduous oak forest such as
Quercus acutissima and Q. mongolica. We carefully
selected two pine forest plots (each 200X 50 m2) with
mosaic vegetations that composed of cutting area and
graveyard with different distance from human settle-
ment (Fig. 1).

One was composed of two-year abandoned cut-off
plot {cut-off plot, COP) for Korean pine (Pinus
koraiensis) plantation (Approx. 2.5 km distant from
the nearest village). Except for open site after cut-off,
other part including inner forest was partly mixed
with Quercus species in tree layer. Phanerophytes
such as Genus Robinia, Smilax, Rosa, Juniperus and
young Quercus spp. are intruded in shrub and herb
layers under the tall pines. Open site was partly
covered with Pueraria thunbergiana, Robinia pseu-
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Fig. 1. Vegetation types composed of varied mosaic vegetations (20X50m? per plot). COP is composed of cutting
area as a open forest. Three mounded tombs (T) as a open forest are belonged to GYP. Each number in box means
the number of seedbed to check animal influence. Seedbeds 1, 2, 9, 10 : inner forests, Seedbeds 3, 4, 7, 8: forest

edge, Seedbeds 5, 6: open forest in both plot.

doacacia and Lespedeza spp. which often occurring at
disturbed area.

The other was a managed forest with graveyard
(graveyard plot, GYP) near farm village (Approx. 200
m distant from the nearest village). Making graveyard
is one of the traditional forest-use in agricultural
landscape (Hong and Nakagoshi 1996). For the con-
struction, people cut the owned forest and make an
open area and then buried. The grass (Zoysia japon-
ica) is planted on and around the mound for protec-
tion of soil erosion and for aesthetic landscape.

People periodically manage and pluck up weed from
the graveyard. Vegetation of graveyard is, therefore,
always poor (Table 1). In the present study, we set
up the boundary zones including the edges on both
sides of a boundary line at each site according to the
case of forest-edge-field boundaries
Godron 1986).

(Forman and

Experimental design for seed predation monitoring

To trace seeds sown on the ground, the following
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method was devised (Rim and Shidei 1975). The pine
seed was glued the thin thread with emulsion of
polyvinylacrylate (PVC). Seed-beds (0.5%0.5 m?) of
dispersed 100 pine seeds were randomly set up at
forest floor in each plot (Fig. 1). With these seeds,
monthly changes of seed population were checked.
Wire traps were used (o catch the animals responsible
for eating pine seeds. Pine seeds were fed to the
animals caught to identify the clues for the animal
agents. Germination rate was checked near the
seed-beds by placing quadrats (1X1m?) ; open (out-
side), edge and inner forests at each plot. In germi-
nation test, wire-net was used (o protect pine seeds
from predators. Before setting up seed-beds, the seed-
ling distribution from the center of open area to in-
side was checked by belt-transect method. Damage
rate due to each predator was obtained from the
hulls of seeds (Rim and Shidei 1975).

RESULTS AND DISCUSSION

Vegetation structure and germination rate of pine seed

Table 1 shows the difference of germination
rate from forest inside to open area in both plots,
Compared to COP, the coverage of vegetation In
GYP was low. It was due to human activity on
forest surrounding graveyard. People periodically
manage the graveyard and forest. Vegetation ma-

Table 1. Germination rate under different vegetation
types of two plots. Each seed-bed was located under
the litter

Vege- Mean coverage of Germi-

tation vegetation(%)* nation

types Tree Subtree Shrub  Herb  rate(%)
COP

mner 80 75 60 45 35.5

edge 60 85 80 55 560.8

open 5 0 15 60 01
GYP

inner 65 50 30 25 55.7

edge 45 40 10 5 40.4

open 0 0 0 45 15.5

* QOriginal cover scale is based on the coverage of
Braun-Blanquet (1964).

Germination rate (%)
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nagement such as weeding, cutting-twig and harve-
sting litter are often occur. Therefore, all coverage of
vegetation in GYP is poor than COP that had aban-
doned since clear-cutting of pine. Open area in GYP
is covered with the grass Zoysia japonica for protect-
ing soil erosion in graveyard, therefore, coverage of
the herb layer was relatively high. Moreover, there is
no trees having shadow, so that open area is sunny
and dry during seasons.

These structures of vegetation affect the germi-
nation rate of pine seed. More seedlings were found
in forest edge of both plots (56.8 and 40.4%) and in-
ner forest of GYP (55.7%) being keep away from di-
rect sun light. On the other hand, germination rates
of inner forest of COP and open area of GYP were
lower than other areas (35.5 and 15.5%). In the case
of inner forest in COP, accumulated litter and closed
canopy were main reasons for low germination of
pine. However, low germination rate of open area in
GYP was due to soil dry by heat and soil erosion
by heavy rain after dry season.

Light conditions in the forest and soil temperature
is important factors for germination, establishment
and growth of seedling and sapling (Grime 1979,
Canham er al. 1990). The excessive portions of these
factors are, however, sometimes be resulted in failure
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Fig. 2. The relationships between germination rates
and the mean coverages of total vegetation layer in
each sites. COP(closed circle, thick line):r=-0.501
{(p<0.05), GYPlopen circle, thin line):r=0.987 (p<0.01).
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performance at the early germination phase. Accord-
ing to Houle (1992), the litter layer with moist con-
dition and canopy shadow avoided from direct sun
light are reasonably necessary to germinate, specially
in pine seed, at the initial stage of seedling establish-
ment. The relationships between germination rate and
vegetation coverage represent the “safe-site” need for
successful germination of pine seed (Fig. 2). Open
site of GYP was the worst place to perform germi-
nation of pine seed than the inner forest of COP.
Germination rates of edge of GYP and open site of
COP where forest management continued were high
germination rate. Considering germination of pine
seed, two forest types, forest edge in COP and inner
forest in GYP, are similar “safe-sites” (e.g. Grime
1979) for successful performance of seed germination.

After successful germination performance, many
mortal factors are till left. Fig. 3 shows the distri-
bution of the germinated current-year seedling of pine
on the seedbeds with wire-net protecting predators. In
the case of COP, seedling number was regularly
increased toward open forest from inner forest.

On the contrary, that of GYP was shown an ir-
regular pattern of seedling distribution. Open forest
having three tombs in GYP was not safe-site for seed
germination of pine because of excessive sun light in-
ducing high soil temperature. Inner forests in GYP
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Fig. 3. The current-year pine seedling distribution
of two study plots, Each bar shows the maximum and
minimun number of seedlings. Thick line : COP, Thin
line : GYP.
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periodically controlled by human being were also
shown more seedling number than other forests in
COP. Therefore, we can guess that seed hunting by
forest animals is more active at four forest types,
open and edge sites in COP and inner and edge sites
in GYP, where seedling density of pine was high
(Harper 1977).

Animal activity on seed predation

Seed predators take seeds before or after dispersal
(Gashwiler 1970). The long-lived mammals and birds
are usually taken seeds before or after dispersal. A
post-dispersal predator finds seeds in a pattern deter-
mined by the dispersal system and leaf residue with a
pattern determined by his behavioral characteristics of
choice and search. Predation on seeds before dispersal
has some obvious advantages to the predators; he
has jumped a queue of seed feeders most of which
wait for seed to fall to the ground. However, pre-dis-
persal predation demands a degree of specialization,
in particular the ability to fly or to climb (Harper
1977).

Seed of Pinus densiflora is wind-dispersed, therefore
most seed falls close to the parent plant. However,
forest animals are controlled the seed population size
at the pre- and post-dispersal stages by cache (Rim
and Shidei 1975). Animal effects and their beha-
vioural characteristics are significantly related to the
patterns of regeneration and vegetation development
of pine forest. Consequently, it can be extended to
changing landscape structure (Verboom and van Ap-
eldoorn 1990).

Fig. 4 and 5 show the monthly dynamics of pre-
dation rate by forest animals and insects. In this
study, predation by field mice (Genus Apodemus and
Micromys) was added to other animal affects such as
Genus  Sciurus {e.g. Sciurus vulgaris) and Genus
Tamias (e.g. Tamias sibiricus) because the trace of
field mice seems to be less visible than that of
squirrels. Mice are small, and work at night, and
prefer fallen seeds to cones and fruits on the trees
(Rim and Shidei 1975). The subject of animal
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Fig. 4. Predation rates of pine seed due to squirrels
and field mice,

as predator (also as destroyer) of conifer seeds has
an important meaning (Yoo and Kim 1987). For
example, mice of the Genus Peromyscus have long
been recognized as the main consumer (Donald
1960) in Douglas-fir region of northwestern Ca-
lifornia. Birds also are the main mortal factor of
pine seeds on the forest floor in clear-cut area of
Pseudotsuga-Tsuga community in western Oregon
(Gashwiler 1970). There are some studies on the re-
lationship between activity of small mammals and
the regeneration of Japanese deciduous broad-leaved
forests specially regarding dispersal and disappear-
ance of acorns and nuts by acorn-feeding rodents
such as field mice (Kikuzawa 1988, [da and Na-
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kagoshi 1996). Genus Sciurus is one of the represen-
tative mammal preferring fallen seeds and cones on
the pine trees (Miyaki 1987). In study area, there are
many traces eaten cones by Sciurus around tall pine
trees. Genus Tamias, post-dispersal predator, as well
as Genus Sciurus also prefer hard cones and seed of
pine as well as acorn and walnut (Tamura and
Shibasaki 1996). In this study, damage on pine seed
is mainly by Sciurus, and they attack pine trees

by group. Although we could not quantify the popu-
lation size of squirrels in this area, we could find
many Sciurus attacking cones on the pine trees in the
forest.

According to Rim and Shidei (1975), Tamias
usually attack cones on trees and eat the seeds even
before the cones are mature, and leave a large num-
ber of young cones. Moreover, sometimes they pick
the cones and eat on the forest floor. In the study
area, cache sites with many acorns hoarded by
Tamias could be found near the tree of Quercus
species. Seed of pine also had found in the same
cache sites.

Rim and Shidei (1975) also reported that the pre-
dation on pine seed is due to dove (Streptopelia
orientalis Lat.). A negligible quantity of predation by
birds could be found in the present study although
the hull of injured seed was different to the result of
Rim and Shidei (1975). However, high predation
rates in winter (Nov. to Jan.) were perhaps the ac-
tivity of the dove often appearing at rural forest, be-
cause the mammals such as squirrels have a hber-
nation in this season. As a whole, a predation rate
was higher by squirrels and mice than insects in both
plots (Figs. 4 & 9).

In addition, the whole trend in the monthly dy-
namics of predation rate between animals and insects
was reversed in winter (Fig. 5). A few damages due
to soil insects were observed from the early spring to
fall, and this damage was not detected in winter.
Total predation rates in open forest of GYP were
higher in winter than other seasons. It is due to hu-
man who manage the forest and passing through the
road to village in the season. Stopping human ac-



August 1997

20

copP
open
15F 4 nner h
*— edge /.\
A\ ) \ﬁ\ ./"‘ o
10F \// n 7./ \\ // / ) |
- ‘ \\\ \\ \\ /:,/ ,'/
5f \ \!\ /.\.o/"’ o/
g \\. l\ //‘//'A
g AR /a4
s ok a BB i
[y ¥ ) T T T |} 1 T L] T ] 1 ] 1
2 20
3 GYP
o
15+

July J

Fig. 5. Predation rates of pine seed due to insects.

tivity, therefore, may act as a trigger of animal
movement. Animal activity and predation rate in
GYP more nearly located from the village (Approx.
200 m distant from the nearest village) are may
interrelated with human influence. In recent, the
alien Northern pitch pine (Pinus rigida Mill.) and
Korean pine (Pinus karaiensis Sieb. et Zucc.) were
commonly planted near human settlement of rural
region. Moreover, the animals can easily find many
edible seeds such as chestnul, maize and other grains
near village. In fact, dispersal and abundance of Ge-
nus Sciurus (e. g. Sciurus vulgaris) edible for seeds
and young cone of these plantations had been
increased in proportion to extending area of these
plantations and human settlement in
Korea (Yoo and Kim 1987).

the whole
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Spatial heterogeneous vegetation structure and animal
activity

The size and abundance of animal populations are
mutually related to the size, quality, and isolation
rate of each vegetation patch (Forman and Godron
1986, van Dorp and Opdam 1987, Fitzgibbon 1977).
Fig. 6 shows that predation rate is related to patch
structure with different vegetation types. Edge and in-
ner forest of GYP were highly influenced by animals
than that of COP. Open sites of COP with the
highest germination rate (Figs. 2 & 3) shown the
lowest predation rate. It means that germination rate
is not completely decisive to predation rate (r=-0.
452, p>0.05). Tt is suggested that the movement of
animals in relation to predation-prey interaction is
also depended on the vegetation types (Verboom and
van Apeldoorn 1990). In other words, predator ac-
tivity on prey is related with vegetation type, that is,
spatial pattern, to help animals moving through for-
est space (Fig. 7).

Vegetation structure and spatial pattern of forest
edge as an ecological barrier (i.e. corridor) conn-
ecting or dissecting different vegetation types is im-
portant to the activity and conservation of forest
animals (Hansen and di Castri 1992). Therefore, the
builing corridor as heterogeneously connected veg-
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Fig. 6. The relationship between predation rate and
the mean coverage of total vegetation layer in each
sites. Total regression : r=0.230 (non significant).
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etation types that any animals can passing through
habitats are needed for forest management and
nature conservation strategies (Soulé and Gilpin
1991). A largescaled graveyard such as open site in
GYP is, however, sometimes may act as a “hard
edge” (or hard barrier, e.g. Andrén 1992) which
some animal migration can be restricted because
there is no shelter and habitat geometry for move-
ment of the animals. In addition, closed structure of
inner forest in COP also is one of the restrict factor
to some animal movement in mosaic vegetation be-
cause of no permeability. In the present study, we
could not correctly recognize that how size of grave-
yard as a corridor effect on animal movement is.
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However, it is important to understand the edge ef-
fect in fragmented forest for establishment of impli-
cation for habitat conservation of local biota (Ranny
et al. 1991, Murcia 1995).

CONCLUSION

Edge effects are the result of the interaction be-
tween two adjacent ecosystem (landscape) boundaries
{i.e. Hansen and di Castri 1992). Therefore, edges
may affect the organisms in a forest fragment by
causing changes in the biotic and abiotic conditions
(Murcia 1995). Landscape structure affects the inten-
sity of edge effects by reducing the amount of inci-
dent light that reaches the understory vegetation
(Forman and Godron 1986). In human-influenced for-
est, therefore, the intensity of edge effects is resulted
by human activity on the vegetation landscape struc-
ture. In present study, we tried to reveal the edge-ef-
fect on the relationship between vegetation structure
and animal activity using monitoring of seed pred-
ator. The mosaic vegetation structure, although we
only measured the coverage of understory vegetation
and the germination performance of seed by veg-
etation types, also affects the spatial difference of
ammal activity between each vegetation type.

The structure of a forest edge adjacent to culti-
vation or a pasture can be understood by visualizing
a cross section through the edge, that is, saum, man-
tel, and canopy trees (Ranney e al. 1981, Forman
and Godron 1986). Shape and dispersal pattern as
well as the width of graveyard as the complexed
landscape element may have decisive roles to deter-
mine the intensity of edge effect and the differences
of species composition and abundance in the agricul-
tural landscape in Korea. The size of graveyard and
the intensity of landscape management as one of the
human disturbance keeping the ecological character-
istics, therefore, must be considered for conservation
strategy of agricultural landscape system in future
Korea (Hong and Nakagoshi 1996).
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