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Abstract. We investigated the effect of topography-related
environmental factors (i.e., ground-surface stability and soil
moisture) on seedling establishment of 8 deciduoustree species.
A field experiment was carried out using canopy Species,
which were classified into 3 groups based on the spatial
distribution of adult trees (ridge, slope and valley). Demo-
graphic parameters were compared among species during the
early stage of seedling establishment among 3 topographic
positionsin combination with gap and canopy conditions. The
percentage of emerging seedlings tended to be lower on the
ridge irrespective of the adult topographical distribution pat-
terns. There was no clear trend in seedling emergence among
the species groups classified by their spatial distribution.
Seedling survival during 2 growing seasons was significantly
different among species, topographic positions and light con-
ditions. On the ridge, seedlings of the species dominating
ridge tops had greater survival than those of other species,
probably due to differences in demand for soil moisture. On
the slope, frequent physical damage caused by surface mate-
rial movement was observed and some species showed greater
adaptability to the disturbed slope habitat. Survival of al
seedlings was highest in the valley plots. Light conditions
were the critical factor for seedling survival in some species.
The results of this study suggest that topography creates
diverse habitats for the establishment of tree seedlings. In
addition to soil moisture, surface material movement may bea
significant factor affecting seedling establishment.

Keywor ds: Erosion; Forest dynamics; Ground-surfacedistur-
bance; Seedling emergence; Seedling survival.

Nomenclature: Satake et al. (1981-1982, 1989); Iwatsuki
(1992).

Introduction

Topographic variation in soil moisture, soil fertility
gradients and landslide scars has been correlated with
species composition of communities (Hack & Goodlett
1960; Tanaka 1985; Harrison et al. 1989; Kikuchi &
Miura 1991; Basnet et al. 1992; Burns & Leathwick
1996; Tanouchi 1996). Recently, micro-scale ground-
surface disturbances have been emphasized as a princi-
pal factor forming the vegetation patternin hilly regions
(Hunter & Parker 1993; Kikuchi & Miura1993; Sakai &
Ohsawa 1994). Hara et a. (1996) suggested that the
differencein stability of theground surfacewaslikely to
be the major cause of the observed differencesin stand
structure within a slope from the ridge to the valley
bottom. Neverthel ess, the mechanism of vegetation dif-
ferentiation isstill obscure, because studiesusually only
focus on static relationships between environmental
measurements and the abundance or rel ative dominance
of adultsin each species.

Inthelife histories of trees, the most drastic popula-
tion changes occur during seed and seedling stages
(Harper 1977; Harcombe 1987). Thus, the population
dynamics of forest tree species have been considered to
be characterized mostly during these stages (e.g.
Augspurger 1984; Streng et a. 1989; Schupp 1990; De
Steven 1991; Jones et al. 1994; Shibata & Nakashizuka
1995; Seiwa 1998). Seedling dynamics across topo-
graphic positions might help clarify the role of the
establishment processin topographic patterns. Tree seed-
ling dynamics are affected by various environmental
factors such as soil moisture (e.g. Potvin 1993; Ashton
et al. 1995), micro-scale disturbance (Clark & Clark
1989; McCarthy & Facelli 1990; K obayashi & Kamitani
2000), canopy cover (Streng et al. 1989; Titus 1990;
Harrington 1991; Crow 1992; Titus & del Moral 1998;
Denslow & Guzman 2000) and deep leaf litter layers
(Clark & Clark 1989; Molofsky & Augspurger 1992;
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Facelli 1994; Seiwa & Kikuzawa 1996; Seiwa 1997).
Other biotic factors such as herbivores (Wada 1993; Ida
& Nakagoshi 1996; Forget 1997; Seiwa 1998), fungal
infection (Sahashi et al. 1994; Forget 1997; Seiwa 1998)
and inter-species competition (Nakashizuka 1988;
Callaway 1992) have also been reported to affect seed-
ling demography.

Although these environmental factors sometimes
vary according to topographic position (Tamura 1969;
Conacher & Darymple 1977), little attention has been
paid to the relationship between topography and seed-
ling dynamics (but see Ashton et al. 1995). In thisstudy,
we investigated the effect of topography-related envi-
ronmental factors, i.e. ground-surface stability and soil
moisture, on seedling establishment of 8 deciduous
canopy species in a field experiment. The study was
conducted in aforest that hasno clear ‘ seedling bank’ of
suppressed seedlings (Hirabuki et al. 1992). In this
condition, natural seedling establishment after gap for-
mation may be important for forest dynamics. In the
field experiment, the effect of light conditionsin artifi-
cial gaps or under closed canopies at different topo-
graphic positions on seedling establishment was also
evaluated. Seeds were introduced to evaluate species
establishment successafter seed dispersal. We addressed
2 questions: 1. To what extent does seedling demogra-
phy vary among species and topographic positions? 2.
Which, if any, of the factors was correlated with differ-
encesin seedling survival among topographic positions?

Material and M ethods

Sudy area and experimental design

This study was conducted in a broad-leaved decidu-
ousforest inthe Experimental Forest of Tohoku Univer-
sity in northeastern Japan (38° 48' N, 140° 45' E, 480-
530 m as.l. see Fig. 1). Mean monthly temperature is
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highest in August (23.0°C) and lowest in January (—1.8
°C). Mean annual precipitation is 2140 mm and the
maximum snow depth is 165cm (Hirabuki et al. 1992).
Brown forest soil covers the study area and the parent
rock istuff. Ca. 168 hahave been protected from human
activities for more than 50 yr as aforest reserve.

The experimental site faces south (Fig. 1) and was
established at 3 topographic positions (ridge, slope and
valley positions) in combination with 2 light conditions
(gap and canopy). The gap plotswere created by cutting
all trees, shrubs and understorey dwarf bamboo withina
radius of 6min October 1995. A pair of gap and canopy
plots was established within 100 m of each another in
each of the 3 topographic positions. Three replicated
plots were established for all combinations of topo-
graphic positions and light conditions, giving atotal of
18 plots (Fig. 1). In each plot, 3 rectangular-frames (4.4
mx 0.7 m) were established and divided into 6 quadrats
(0.4m x 0.7m), which were separated by 0.4-m wide
strips between quadrats.

Theridge plots (ridge) were located on a gentle (0-
14°) ridge top with deep fine soils of sand or silt. The
canopy treelayer wasdominated by Quercusserrata, Q.
crispulaand Faguscrenata, and also included Carpinus
laxiflora. In the understorey layer Rhododendron
obtusum var. kaempferi, Elliottia paniculata and Sasa
palmata were abundant. The slope plots (slope) were
located on steep lower slopes (32-46°) near the valley
bottom with a thin soil mixed with coarse gravel. The
canopy layer was dominated by Ulmus davidiana var.
japonica and Magnolia obovata. The understorey layer
was sparse. The valley plots (valley) were located on a
valley bottom (0- 5°) with thick sandy soil. Canopy trees
were Alnus japonica, Ulmus davidiana var. japonica
and Pterocarya rhoifolia. The understorey layer was
covered by tall herbs (e.g. Aconitum japonicum). Rela
tionships between vegetation and topography near the
study area are described in detail by Nagamatsu &
Miura (1997).

Fig. 1. Map of the study area.
Pairsof gap and canopy plots
on the ridge (O), slope (A)
and valley ([1J) are arranged
in3replicated plots. Gap plots

were artificially created.
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Tree speciescommonin thisforest were selected for
theexperiment: Acer monovar. marmoratumf. dissectum
(Abbr. Acer mono), Alnushirsuta, A. japonica, Carpinus
laxiflora, Quercus serrata, Q. crispula and Zelkova
serrata. The speciesstudied wereclassifiedinto 3 groups
based on the spatial distribution of the adult trees along
topographic positionsin the study areausing the vegeta-
tion dataiin Hirabuki et a. (1992). In the 25 stand data,
species whose density was significantly higher on and
around the ridge (p < 0.05, binomial test, see detailsin
Hara et al. 1996) were classified into Group A (Q.
serrata, Q. crispula and C. laxiflora; Table 1). Species
whose density was higher on and around thelower slope
and on the valley bottom became Group B (Z. serrata
and A. japonica). Species that were not abundant and
their density was not significantly different between the
ridge and lower slope - valley bottom were Group C (A.
mono and A. hirsuta). Idesia polycar pa, which does not
occur naturally in the study area, was aso subjected to
the experiment because it was shown to have adistinc-
tivedistribution patterninrelationto topography (Group
B) in a previous study conducted near this area
(Nagamatsu & Miura 1997).

Seeds of each species (except Q. serrata and Q.
crispula) were collected before and just after seed dis-
persal in 1995 from the deciduous broad-leaved forest in
thereserve. Seeds (acorns) of Q. serrataand Q. crispula
were collected in 1996, since these species produced no
seeds in 1995. Seeds of |. polycarpa were collected at
the Botanical Garden, Tohoku University (ca. 50 km
south-east of the study area). Seeds having insect or
fungal damage were discarded. Seeds were floated in
water to eliminate non viable ones and were stored in a
refrigerator (5 - 7°C) during winter.

Field experiment

To avoid severe seed predation by mammals during
winter (Kikuzawa 1988; Seiwa & Kikuzawa 1996) and

Table 1. The 8 deciduoustree species used in this experiment.
Speciesdominant ontheridgewereclassifiedinto Group A. Those
dominant on thelower slope and valley bottom were Group B.
Specieswhosedensity wasnot different among topographic posi-
tionswerein Group C (seetext for details).

Species No. of seeds Seed dry Distribution
(m~2) per plot  weight (mg) type
Quercus serrata 107 1833.3 A
Quercus crispula 107 3308.2 A
Carpinus laxiflora 3784 6.2 A
Zelkova serrata 107 14.6 B
Idesia polycarpa 1606 22 B
Alnus japonica 6120 34 B
Acer mono 2124 81.9 C
Alnus hirsuta 14 844 14 (3

seed drifting with melting snow al the seeds were sown
in early spring, immediately after snow had melted.
After sowing quadrats were covered by 0.5cmx0.5¢cm
mesh wire nets and buried to a depth of 5¢cm to prevent
seed removal by small mammals and jays.

Natural gaps, where seedling establishment actively
occurs, are not only created by canopy disturbances but
also by ground-level ones e.g. uprooting (Putz 1983;
Nakashizuka1989), dopefailure (Hunter & Parker 1993)
and flooding (Jones et al. 1994), which usually remove
the A, horizon (including litter and humus). To simulate
such natural conditions, we removed the A horizon
before sowing.

A known number of seeds (Table 1) of 6 species
were sown in each quadrat inlate April 1996 and in early
May 1997 for Q. serrata and Q. crispula immediately
after the snow had melted. Net-covers were removed
after most of the seedlingshad emerged (21 June 1996 for
6 speciesand 25 June 1997 for Q. serrataand Q. crispula).
The number of seeds sown was determined by consider-
ing the seedling size of each species so as to reduce
mutua shading among seedlings during the census. Con-
trol quadratsthat received no experimental seedinput had
been established previously to monitor background seed-
ling emergence, which was shown to be negligible.

Emergence and survivorship censuses were initi-
ated on 1 May 1996 and were repeated at 2-wk inter-
vals during the first growing season and monthly dur-
ing the second season. Seedling emergence was de-
fined as the appearance of cotyledons for 6 species or
epicotylsfor Q. serrata and Q. crispula above the soil
surface. Naturally growing herbs were removed by
hand during the study period to reduce the variation of
inter-specific competition among plots. Thus the ef-
fects of neighbouring plants on seedling establishment
among topographic positionswere excluded. The causes
of seedling mortality were classified into 4 categories:
(1) herbivory, (2) withering, (3) physical damage and
(4) unknown. Seedlings that died with symptoms such
as arotten stem or brownish body were diagnosed as
(2). Seedlings whose roots were entirely exposed by
soil erosion or killed by fallen branches or gravel were
categorized as (3).

The physical environment (canopy openness, mate-
rial movement on ground surface and soil moisture)
weremonitored at each replicated plot. To estimatelight
conditionsfor emerged seedlings, hemispherical canopy
photographs were taken at a height of 0.5m above the
ground at the centre of each replicated plot with a fish
eye camera (Nikon, F8 mm) on 21 July 1996. From the
photographs, canopy openness in each replicated plot
wascal cul ated by theratio of the open part of the canopy
of the entire hemispherical areato the closed part. The
material movement on the ground surface in each repli-
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cated plot was estimated by the amount of sand, gravel
and plant litter collected by surface-material traps
(open-top boxes 50cmx 20cm x 25 cmin length, width
and height, respectively). These boxes were embedded
in the ground so that the top of each box was level with
the ground surface. Three traps were randomly estab-
lished for each replicated plot, and a total of 54 traps
were established in this experiment. Materia in each
trap was collected every 3 months from May 1996 to
November 1997. Materials were dried (105°C, 16 hr)
and dry weight measured. To estimate soil moisture, we
collected 3 samples of 100cm3 soil from the upper 4cm
of the substratum for each replicated plot every month
and every 2 months during the growing season (May to
October) in 1996 and 1997, respectively. All samples
were taken afew days after a sufficient rain. Soil water
content (g) was to be 1500 kPa water retention (pF 4.2)
by the centrifugation method (Anon. 1986).

Data analyses

Canopy openness, material movement and soil mois-
ture were measured in al the replicated plots. The
consistency of each factor within 3 replicated plotsin 6
combinations of 3 topographic positions and 2 light
conditionswaschecked using 1-way ANOVA. In canopy
openness, consistency was estimated by Bartlett’s test
for homogeneity of variances since it had no repeated
measurement in each replicated plot. Then, the effects
of topographic position and light condition for 3 envi-
ronmental factors were evaluated by 2-way ANOVA
with replication based on the mean value of the 3 sam-
plesin each plot.

The effects of species, topographic position and
light condition on the emergence ratio were analyzed by
3-way ANOVA after arcsine transformation (Sokal &
Rohlf 1995). Then, the effects of topography-light com-
binations were examined in more detail in each species
by 1-way ANOVA and multiple comparison tests
(Tukey-Kramer test).

The seedling survival ratio at the end of each grow-

ing season were aso analyzed by 3-way ANOVA after
arcsine transformation (Sokal & Rohlf 1995) and the
effects of species, topographic position and light condi-
tion were examined. Kaplan-Meier analysis, a non-
parametric survival analysis, was conducted to evaluate
the complex relationship between seedling survival
curves and combination of topographic positions and
light conditions in each species. Multiple comparisons
were conducted in pairs of plots using the logrank test.
Significance level was controlled by the Sequential
Bonferroni test (Rice 1989). The computer software
JMP (Anon. 1995) was used for these analyses.

Results

Environmental conditions

There was no significant difference in either mate-
rial movement or soil moisture (p>0.05; 1-way ANOVA)
among the 3 replicated plots in each combination of
topographic positions and light conditions. Neither was
the variance of canopy openness in each plot signifi-
cantly different (p > 0.05; Bartlett’ stest for homogene-
ity of variances). These results showed that the 3 repli-
cated plotshad similar environmental conditionsineach
combination of topographic position and light condi-
tion.

Canopy openness in a growing season was signifi-
cantly greater in the gap than the canopy but not differ-
ent among topographic positions (Table 2, Fig. 2a). The
amount of material movement increased in the order of
ridge, valley, slope under each light condition and was
larger under the canopy than in the gap in each topo-
graphic position (Fig. 2b). Soil moisture throughout the
2 growing seasons differed among topographic posi-
tions, being highest on the valley and lowest on the
ridge, but was not different between the gap and canopy
conditions (Fig. 2c). There was no interaction between
topography and light conditions in canopy openness,
material movement and soil moisture (Table 2).

Table 2. Results of 2-way ANOVA for canopy openness, amount of material movement and soil moisture factors.

Mean
Source df. square F-value p
Canopy openness Topographic position 2 2112 0.192 0.828
Light condition 1 624.222 56.627 <0.001
Topographic position x light 2 9.757 0.885 0.438
Material movement Topographic position 2 13.032 36.315 <0.001
Light condition 1 5.090 14.184 0.002
Topographic position x light 2 0.266 0.741 0.477
Soil moisture Topographic position 2 4372.003 302.897 <0.001
Light condition 1 1.402 0.097 0.755
Topographic position x light 2 10.108 0.700 0.497
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Fig. 2. Three environmental factors for each plot: (a) canopy
opennessafter leaf expansion (June 1996), (b) amount of ground-
surfacematerial movement captured by trapsand (c) soil moisture
content. Dataaremeansfor 2 growing seasonsin (b) and (c). Error
barsinthefigureindicate 95% confidenceinterval.

Seedling emergence

The ratio of seedling emergence (100 x number of
emergence / number of seeds sown) was significantly
different both among speciesand topographic positions,
but not different with the light condition (Table 3). All
2-way and 3-way interactions were also significant.

Neither Quercus serrata nor Quercus crispula had
any differencein seedling emergence among the 6 com-
binations of topographic positions and light conditions,
and it was greater than in the other species in each
combination (Fig. 3). In the other species studied, seed-
ling emergence tended to be lowest on the ridge and
highest on the valley under both gap and canopy condi-
tions regardless of the species group. Zelkova serrata
was an exception in that seedling emergence was higher
on the slope under canopy conditions.

Table 3. Results of 3-way ANOVA on the ratio of seedling
emergence (100 x number of emergence / number of seeds
sown) of the 8 deciduous tree species.

Mean

Source d.f. square F-value p

Species 7 1.873 188.298 <0.001
Topographic position 2 0.426 21.410 <0.001
Light condition 1 0.006 0.651 0.422
Spp. x topo. 14 0.333 2.391 0.007
Spp. x light 7 0.289 4.156 < 0.001
Topo. x light 2 0.213 10.715 <0.001
Species x topo. x light 14 0.473 3.398 <0.001

Seedling survival

Seedling survival at the ends of both growing seasons
was significantly different among species, topographic
positions and between light conditions (Table 4). There
were interactions among species, topography and light
conditionsin seedling survival curves (Table 4, Fig. 4).

In Group A species (Quercus serrata, Q. crispula
and Carpinus laxiflora, which are dominant on the
ridge) under both light conditions, seedling survival
rates were same or higher on the ridge compared to the
slopeor valley (Fig. 4). By contrast, the Group B species
(Zelkova serrata, |desia polycarpa and Alnus japonica,
which dominate the lower slope and valley bottom) had
the lowest surviva rates on the ridge compared to the
slope and valley. Among Group C species (which are
distributed from ridge to valley), the lowest survival rate
for Acer mono was on theridge, which wassimilar to that
inthe Group B species. Inanother Group C species, Alnus
hirsuta, seedling survival rates on the ridge and the slope
were not significantly different from each other.

Seedling survival rates were generally lower under
canopy conditions than under gap conditions, particu-
larly for A. hirsuta, A. japonica and I. polycarpa (Fig.
4). Exceptions were Z. serrata (Group B) and A. mono
(Group C), in which the survival rates tended not to be
different between gap and canopy conditions.

The cause of mortality could be detected for ca. 50%
of the dead seedlings of each speciesin most plots (Fig.
5). Q. serrata, Q. crispula and A. mono seedlings were
attacked by small mammalsimmediately after removal
of the net covers; herbivory was the most prevalent
cause of mortality. Withering was the second most
common form of death for all species. Seedlings killed
by physical damage were most frequent on the slopefor
most of the species studied. Exceptionswere Q. serrata
and Q. crispula under both gap and canopy conditions
and both Z. serrata and A. mono in gap conditions,
where death by physica damage was not observed on
the slope.
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Discussion

Seedling demography of the 8 tree speciesvaried by
topographic position. In the species whose adult trees
dominate on and around the ridge (Group A; Quercus
serrata, Q. crispula and Carpinus laxiflora) seedlings
established successfully on the ridge in gaps due to
greater seedling survival. Greater ratio of seedling emer-
gence also contributed to establishment success of Q.
serrata and Q. crispula. In contrast, establishment suc-
cessof the other 5 species (Groups B and C) ontheridge
was low. In these species, both emergence and survival
rates were lower on the ridge than in the slope and
valley. Although seed dispersal (which was not exam-
ined) may aso be important, these results indicate that
the seedling establishment process can contribute to
species composition on the ridge.

Under field conditions, seedling emergence and sur-
vival are often inhibited by water deficit and litter accu-
mulation (Molofsky & Augspurger 1992; Everham 111
et a. 1996; Seiwa & Kikuzawa 1996; Seiwa 1997). In
the present study, seedling emergence (except for Q.
serrata and Q. crispula) was lower on the ridge where
soil moisture waslowest. These results suggest that soil
moi sture might be afactor affecting seedling emergence
of 6 species along topographic positions. Ashton et al.
(1995) suggested similar possible explanationsfor seed-
ling distribution of Shorea specieswiththe moredrought
tolerant on the ridge tops and the drought prone re-
stricted to lower slopes and valleys. In our research
seeds were buried in minera soil, which might have
provided the large Quer cus seeds with better conditions
for emergence and subsequent survival against drying
(Seiwa & Kikuzawa 1996). In Group A species (abun-
dant on theridge) large seeds (acorns) of Q. serrata and

Q. crispula have substantial storage; thus seedlings of
these species might emerge and grow in awide range of
topographies, including on ridge tops. High establish-
ment success irrespective of topographic positions in
other Quercus specieswasreported by Ashton & Larson
(1996). Larger seed size represents investment in the
seedlings and may expand the range of conditions for
establishment. In C. laxiflora, seedling establishment
ontheridgewasdueto greater seedling survival, similar
resultshaveal so been reported by Shibata& Nakashizuka
(1995).

Table 4. Results of 3-way ANOVA on the ratio of seedling
survival at the end of the first growing season for 8 species(a)
and at the end of the second growing season for 6 species (b).

a

Mean
Source df. Square F-value p
Species 7 744.574 3.555 0.002
Topographic position 2 1945.636 9.289 <0.001
Light condition 1 12619.021 60.250 <0.001
Spp. xtopogr. 14 810.159 3.868 <0.001
Spp. x light 7 791.652 3.780 0.001
Topogr. x light 2 1119.040 5.343 0.006
Spp. x topo. x light 14 355.741 1.698 0.067
b

Mean
Source df. Square F-value p
Species 5 1302.109 11.744  <0.001
Topographic position 2 1524.852 13.753 <0.001
Light condition 1 3581.872 32.306 <0.001
Spp. x topogr. 10 458.121 4.132 <0.001
Spp. x light 5 409.981 3.698 0.005
Topogr. x light 2 480.980 4.338 0.017
Spp. x topogr. x light 10 117.885 1.063 0.403
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Greater survival of Q. serrataand Q. crispulaonthe
ridge partly resulted from comparatively low mortality
from herbivory. Attacks by vertebrates and herbivores
on seeds and seedlings have been considered an impor-
tant factor affecting the population dynamics of trees
(Shaw 1968; Jensen 1985; Kikuzawa 1988; lda &
Nakagoshi 1996).

Zelkova serrata and ldesia polycar pa, both Group B
species (adults abundant on lower slope and valley
bottom), had greater establishment successon the slope.
Under canopies, emergence ratio of Z. serrata was not
low and survival rate was intermediate compared to

Fig. 5. Causal factors of seedling death for 8 deciduous
tree speciesexamined during 1 growing season for Quercus
serrata and Q. crispula and 2 growing seasons for the
remainder.

Group B Group A

Causes of mortality (%)

Group C

MJJASO MJJASO

MJJASO MJJASO
1997 1996 1997

under canopieson theridge and valey. Z. serrata had a
higher survival rateontheslopeingaps. Inl. polycarpa,
the emergence ratio tended to be high, and the survival
rate was highest, in gaps. In contrast, the other 5 species
had | ess establi shment success on the slope compared to
the other topographi ¢ positions. These resultswere con-
sistent with the distribution patterns of adult trees of Z.
serrata and |. polycarpa, which are sometimes domi-
nant in frequently disturbed slope habitats (Sakai &
Ohsawa 1994; Shimada 1994; Nagamatsu & Miura
1997). In this experiment, seedling mortality caused by
physical damage was morefrequent onthe slopethanin
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Fig. 6. Number of flags that disappeared during 2 growing
seasons in each plot. Each bar isthe total number of flags that
disappeared in 3 replicated plots for all species.

the other topographic positions. This is also supported
by the fact that the flags used for identification of
individuals were lost most frequently on the slope (p <
0.05; y? test, Fig. 6). Theseresultsindicate that physical
damage caused by surface material movement could be
an important factor which limits seedling establishment
on hill slopes, in addition to other micro-disturbances
such as litter fall, fallen logs and soil disturbance by
vertebrates (Clark & Clark 1989; McCarthy & Facelli
1990; Shibata & Nakashizuka 1995). It is possible to
assumethat higher establishment successesof Z. serrata
and |. polycarpa on the slope where physical damage
was heavy, were dueto their ability to adapt to physical
damage, such as long horizontal roots in Z. serrata
which would enhance its resistance to severe surface
meaterial flow (Nagamatsu, Seiwa& Sakai unpubl. data).

In the valley, seedlings of all 8 species established
abundantly irrespective of their adult distribution. This
suggests that awide variety of tree species can grow on
thevalley bottom. Thevalley may represent a‘ stressless
core of sites for seedling establishments based on the
centrifugal organization idea (Keddy & MacLellan
1990), that all species can live under the optimum core
habitat, but some survive at a more stressful peripheral
habitat such as the ridge through greater tolerance to
those conditions. Adult Alnus japonica and Ulmus
davidiana var. japonica dominate the valley bottom in
thisarea. According to the centrifugal organization idea
(Keddy & MacLellan 1990) as in the valley, the opti-
mum core habitat, competition intensity among seed-
lingsis presumed to be higher than in stressful periph-
eral habitats (i.e. the ridge). Competition with herba-
ceous and shrub species (Nakashizuka 1988; Callaway
1992) may have an effect on seedling establishment
success. |n addition, resistanceto fluvial disturbancesis
probably critical for speciesto grow successfully onthe

valley bottom (Jones et a. 1994; Hupp & Osterkamp
1996). Thefrequency and intensity of floods and result-
ing sediment may influence the actual probability of
seedling establishment.

The effects of light condition on seedling survival
patternswere different among species. In Alnus hirsuta,
A. japonica and |. polycarpa, seedling survival rates
under canopies were much lower than those in gaps.
They are ‘light-demanding’ early-successional species
(Seiwa & Kikuzawa 1996; Sakai et al. 1997) and light
conditionswereagreater prior factor for seedling estab-
lishment successin these speciesthan topographic posi-
tion. In contrast, there was little effect of light condi-
tions on seedling survival of Z. serrata and Acer mono,
probably duetotheir greater shade-tolerance (e.g. Koike
1988) and/or shade avoidance (Seiwa 1998). Topo-
graphic position was amajor factor in seedling survival
for Z. serrata and A. mono. In Q. serrata, Q. crispula
and C. laxiflora (Group A species) it seemed that both
light conditions and topographic positions were the
major factorsaffecting seedling survival. Inthese species,
seedling establishment success was the highest on the
ridge compared to other topographic positions under
both light conditions. In addition, seedling survival rates
on the ridge in Group A species were lower under
canopies than in gaps.

The amount of material movement was heavier in
the canopy plots than in the gap plots. The weights of
plant litter were not different between the canopy and
the gap plots (p = 0.181, 2-way ANOVA); however, the
weights of gravel and sand were significantly different
between these 2 light conditions (p < 0.001, 2-way
ANOVA). Thereason for thisis obscure, but it may be
dueto adifferencein therain-induced erosion condition
between the sites with and without canopy. Tsukamoto
(1976) reported that a raindrop from a tree canopy is
larger than one of throughfall and strikes the ground
surface harder. Larger drops might increase material
movement on the ground surfacein the canopy plots. In
studies on plant regeneration at disturbed sites, the ef-
fect of tree canopy was usually treated only as the
indicator of their light condition (e.g. Hupp 1983 and
this study); however, it may be worth considering that
the tree canopy affected the amount of material move-
ment and possibly also the seed-seedling dynamics
through physical damage.

Thetopographic positionisacritical factor for seed-
ling establishment for 8 temperate tree species. In addi-
tion to soil moisture, material movement on ground
surface may also be a significant factor affecting this
process. The most intense mortality in plants often
occurs at the juvenile stage (Harper 1977; Harcombe
1987). The processes which shape future species com-
position may, therefore, operate strongly on seedling
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establishment process athough the differential rates of
mortality and growth after the seedling establishment
will aso influence species composition and forest struc-
ture. On ridge tops, it seems reasonabl e to suppose that
species composition may be largely determined by the
seedling establishment process. Thereisno clear ‘ seed-
lingbank’ of suppressed seedlingsinthisforest (Hirabuki
et al. 1992). Although the results of this study are not
linked directly to the present forest dynamics in the
study area, they suggest that topography creates diverse
habitats for the establishment of tree seedlings and
affectsfurther forest structure. Thesetopographic varia-
tion should help maintain a greater biological diversity
in forest composition and their dynamics in the local
forest community.
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