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Effects of dwarf bamboo (Sasa sp.) and forest floor microsites
on conifer seedling recruitment in a subalpine forest, Japan
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Abstract

To clarify the effects of dwarf bamboo (Sasa sp.) and forest floor microsites on coniferous (Abies mariesii, A. veitchii, Picea
Jezoensis var. hondoensis, and Tsuga diversifolia) seedling recruitment, occurrence and survivorship of current and old
(age > 1 year old, height < 15 cm) seedlings on soil and fallen logs were examined in quadrats (2 m x 2 m) set systematically
in a 1 ha permanent plot located in stands with or without Sasa understory of a subalpine forest, central Japan. Occurrence
of old seedlings of P. jezoensis var. hondoensis and T. diversifolia was much greater in number on fallen logs than on soil,
whereas old seedlings of Abies could occur with similar number on soil as well as fallen logs in the stand without Sasa
understory. Whether old Abies seedlings occur on soil or on fallen logs varied largely with degree of Sasa coverage in the
stand with Sasa, on the sites with Sasa cover < 40% in area, the old seedlings occurred more frequently on soil, but on the site
with Sasa cover > 40% they occurred more frequently on fallen logs. The results indicate that the presence of Sasa raises
the relative importance of fallen logs for the seedling recruitment of Abies. On the other hand, fallen logs are primarily
important for the seedling recruitment of P. jezoensis var. hondoensis and T. diversifolia irrespective of the presence or absence
of Sasa. The difference in occurrence of recruited seedlings between these two microsites was formed at some stages in
seedling emergence and subsequent mortality process within a current year. The forest floor occupied by fallen logs was small
in area, while soil covered large area of the forest floor. However, seedlings on fallen logs may not be affected by the sup-
pression of understory vegetation, such as Sasa as those on soil. From this study, it is suggested that the difference of species
life history traits (e.g. seed size), presence of various microsites, and their interactions with Sasa may be one of possible
factors to maintain tree species coexistence in a subalpine old-growth coniferous forest. © 2002 Elsevier Science B.V.
All rights reserved.
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1. Introduction 1986; Nakashizuka, 1989; Peterson and Pickett, 1990;
Peterson et al., 1990; Lusk, 1995). Some of these

The forest floor is characterized by various micro- microsites create safe sites for the seedling recruit-
sites, such as soil, fallen logs, rotten stumps or root ment of plants (Harper, 1977; Christy and Mack,
mounds (Orians, 1982; Putz, 1983; Beatty and Stone, 1984). When different microsites can be used as

recruitment sites by different species, the presence of
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Duncan, 1993). In evergreen coniferous forests of the
Pacific Northwest, the occurrence of tree seedlings is
often restricted to fallen logs (Franklin and Dyrness,
1973; Harmon and Franklin, 1989). For example,
McKee et al. (1982) estimated that 88-97% of tree
seedlings in Picea sitchensis—Tsuga heterophylla
forests in Olympic National Park, Washington, grew
on fallen logs. In Japan, occurrence of some conifer
species on fallen logs has been reported for boreal and
subalpine evergreen coniferous forests (Haruki, 1982;
Suzuki et al., 1987; Nakamura, 1992; Kubota et al.,
1994; Takahashi, 1994, 1997). However, comparative
studies on the seedling recruitment of different tree
species on fallen logs are very few.

The Sasa species, dwarf bamboos, are distributed
widely from the warm temperate to the subfrigid zones
in Asia, and often form dense undergrowth in forests
(Shidei, 1974). Sasa flowers, then dies simultaneously
in a wide area after rthizomatous vegetative reproduc-
tion during a long period (Campbell, 1985; Makita,
1992; Makita et al.,, 1993). Its presence has been
considered to be one of the major factors impeding
forest regeneration, because tree seedling recruit-
ment is very difficult under the dense cover of Sasa
(Nakashizuka and Numata, 1982a,b; Nakashizuka,
1987, 1988), like other understory bamboos in
temperate regions, such as Sinarundinaria spp. in
China (Taylor and Qin, 1988) and Chusquea spp.
in Chile (Veblen, 1982). In some parts of subalpine
forest of central Japan, a seedling-sapling bank of
evergreen conifers is developed (Kohyama, 1984),
while the understory of other parts is dominated by
Sasa. In stands with Sasa understory, formation of
seedling—sapling banks is strongly impeded by Sasa
(Yamamoto, 1993, 1995), and if this situation is
continued, this stand does not regenerate and may
gradually change into an open stand with vigorous
Sasa undergrowth. In this type of stand, elevated
surfaces, such as fallen logs or root mounds are
thought to be very important for the seedling
recruitment of canopy trees.

To clarify the effects of Sasa and microsites on
conifer seedling recruitment, we examined the conifer
seedling occurrence and its early survival on different
microsites in stands with or without Sasa understory in
a subalpine old-growth forest of northern Yatsugatake
mountains, central Japan. Specific questions are as
follows:

1. What microsites are suitable for seedling recruit-
ment of four major coniferous species (Abies
mariesii Masters, A. veitchii Lindley, P. jezoensis
var. hondoensis (Sieb. et Zucc.) Carriere, and
Tsuga diversifolia (Maxim.) Masters) in a sub-
alpine old-growth forest?

2. What are the effects of Sasa for the recruitment of
conifer seedlings on various microsites, especially
soil and fallen logs?

2. Methods
2.1. Study area

This study was conducted in the northern Yatsuga-
take mountains (36°00’'N, 138°23'E, up to 2645 m
a.s.l.) in central Japan (Fig. 1). These mountains are
dead volcanoes and the surface in this region is
composed of andesitic lavas, which originated in the
Pleistocene or the Holocene (Tsuchida, 1991). The
climatic and vegetational features were described by
Oshimaetal. (1958), Kimura (1963), and Franklin et al.
(1979). The mean annual temperature is ca. 2 °C, and
August (mean 21 °C) and February (mean —11 °C) are
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Fig. 1. The location of northern Yatsugatake mountains in central
Japan.



Y. Narukawa, S. Yamamoto/ Forest Ecology and Management 163 (2002) 61-70 63

the warmest and the coldest months, respectively.
Annual precipitation is 1500-2000 mm. Subalpine
coniferous forests grow between 1800-2500 m a.s.l..
Forests dominated by A. mariesii and A. veitchii cover a
wide range of soil conditions and those dominated by
T. diversifolia grow on very stony soils. Mosses or
herbs usually cover the floors of most Abies forests,
while Sasa sometimes grows on the floors of stands
with deep, fine-textured volcanic-ash soils.

Two extensive (>20 ha), old-growth, unlogged
stands (about 2200 m a.s.l.) were sampled near Shir-
akomaike pond in the northern Yatsugatake moun-
tains. The stands are gently sloping topographies
(mean inclination is 5°) and northwesterly aspects.
One is covered by Sasa hayatae Makino understory
(Sasa stand); the other is not (non-Sasa stand) and a
seedling-sapling bank of conifers is developed. The
number and basal area of stems >5 cm of DBH were
not substantially different between the non-Sasa and
the Sasa stands (Table 1; Xz-test, P > 0.05). Both
stands were dominated by T. diversifolia, A. mariesii,
and P. jezoensis var. hondoensis. In the Sasa stand,
Betula ermanii was also important. The heights of the
forest canopy were 25-30 m. Nomenclature follows
Ohwi and Kitagawa (1983).

2.2. Plot setting and sampling
We established a 1 ha (100m x 100 m) permanent

plot in a representative part of each stand. Quadrats
(2m x 2 m) were systematically located within the

Table 1

1 ha plot. Since two quadrats were in a small stream in
the non-Sasa stand, they were omitted. Total area of
quadrats were 132 m’ (4m? x 33) and 124 m’
(4m? x 31) in the Sasa stand and the non-Sasa stand,
respectively. Each quadrat was divided into four
I m x 1 m subquadrats for convenient of investigation
of seedlings, Sasa, and area of microsites. We recorded
the percentage area occupied with microsites in each
subquadrat as soil, fallen logs, stumps, buttresses, root
mounds, or rocks. In the Sasa stand, we also recorded
the coverage and the number of culms of Sasa, and
measured the culm height in each subquadrat. The
mean values of the four subquadrats were adopted as
representative values of each 4 m” quadrat.

The quadrats were classified into three types
according to the coverage of Sasa. Quadrats located
in the non-Sasa stand, that is coverage of Sasa = 0%,
were called N-quadrats. Quadrats in the Sasa stand
were separated into Sn-quadrats (0% < coverage of
Sasa < 40%) and Ss-quadrats (coverage of
Sasa > 40%). Since 1997 was a mast year of seed
production of Abies and T. diversifolia, many current
seedlings were observed on the forest floor in 1998. In
June 1998, current (individuals which emerged in
1998) and old (age > 1 year old, height < 15 cm)
seedlings of all conifers within each quadrat were
marked with small numbered flags, and the species
name and rooting microsite of seedlings were
recorded. When juvenile seedlings of A. mariesii
and A. veitchii could not be identified, they were
recorded together as Abies. Additional emergence

Number (ha™'), diameter at breast height (DBH mean + S.D., cm), and basal area (m?ha™") of stems (>5 cm of DBH) in the 1 ha plot
of stands without (non-Sasa stand) or with (Sasa stand) Sasa understory in a subalpine old-growth forest, central Japan®

Species Non-Sasa stand Sasa stand
Number DBH Basal area Number DBH Basal area

A. mariesii 258 17.5 + 13.9 (55.7) 6.18 257 15.7 £ 11.5 (51.0) 4.99
A. veitchii 70 24.6 + 15.3 (69.7) 3.34 59 24.6 + 11.7 (47.8) 2.80
P. jezoensis var. hondoensis 20 53.5 £ 16.2 (77.2) 4.49 24 40.4 + 11.6 (63.4) 3.07
T. diversifolia 217 37.1 £ 14.7 (75.8) 23.47 248 334 £+ 12.6 (78.3) 21.68
B. ermanii 23 38.7 £ 12.6 (57.3) 2.71 100 35.6 =+ 10.5 (59.4) 9.97
B. corylifolia 14 30.7 £+ 8.0 (54.1) 1.04 3 29.7 £ 3.5 (33.1) 0.21
Total 602 41.21 691 42.73

* The values of maximum DBH are given in parentheses. The data were derived from a total measure of the 1 ha plot.
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and mortality were detected in censuses with about
1 month interval from June to September 1998.

2.3. Data analysis

To check whether the proportion of microsites on
the forest floor is significantly different between the
non-Sasa and the Sasa stands, we used a Xz—test. To
check the difference between Sn- and Ss-quadrats, we
used a t-test for the number and the culm height of
Sasa and a Mann—Whitney U-test for the coverage
of Sasa. Though, we recorded rooting microsites of
seedlings by six types, we especially compared the
occurrence and survival rate of seedlings on soil and
fallen logs, because number of seedlings on other
microsites, such as stumps, buttresses, root mounds,
and rocks were not enough for statistical analysis.
Because investigated areas of soil and fallen logs were
different, we used the difference of observed values
from expected values of seedlings, which were
calculated from percentage occupied area of micro-
sites, for the statistical analysis. The expected value of
seedlings on each microsite = (total number of
seedlings) x (each microsite area of quadrats/total
area of quadrats). To determine whether the numbers
of current or old seedlings on two microsites are
significantly different, we used a y*-test for two mic-
rosites. To check the difference of survival rate of
current seedlings on soil and fallen logs, we also used
a y>-test.

3. Results
3.1. Microsites and Sasa

Six types of microsites, such as soil, fallen logs,
stumps, buttresses, root mounds, and rocks were
observed; rocks did not exist in the Sasa stand
(Table 2). The proportion of each microsite area on the
forest floor was similar between two stands, and no
significant difference was detected (Xz-test, P > 0.05).
Soil comprised almost two-thirds of the forest floor in
both stands, and fallen logs occupied 13-16% of the
forest floor. Only about 12-19% were occupied by
other microsites.

In the Sasa stand, all values of the Sasa character-
istics (number, coverage, and culm height) were

Table 2

Percentage area (%) occupied by various microsites (soil, fallen
logs, stumps, buttresses, root mounds, and rocks) on the forest floor
in stands without (non-Sasa stand) and with (Sasa stand) Sasa
understory in a subalpine old-growth forest, central Japan

Microsite Non-Sasa stand Sasa stand
Soil 65.4 74.8
Fallen logs 15.5 13.2
Stumps 6.3 2.0
Buttresses 6.3 9.1
Root mounds 0.6 0.9
Rocks 5.8 0

Total 100.0 100.0

obviously higher in Ss-quadrats than in Sn-quadrats
(Table 3; t-test and Mann—Whitney U-test, P < 0.01).

3.2. Old seedlings on different microsites

A total of 1486 old seedlings occurred in three types
of quadrat (Table 4). Number of old seedlings varied
largely among species, degree of Sasa coverage, and
microsites. A. mariesii or A. veitchii was the most, and
P. jezoensis var. hondoensis was the least abundant
species in all quadrats. Most old seedlings occurred on
soil and fallen logs, and those on other microsites were
about 10% of total number of old seedlings. Of Abies,
occurrence of old seedlings was mainly on soil, but
some seedlings on other microsites, such as fallen
logs, stumps, buttresses, and rocks. Of P. jezoensis var.
hondoensis and T. diversifolia, occurrence of old
seedlings was mainly on fallen logs.

Table 3

Number (mean £ S.D., culms m™}), coverage (mean + S.D., %),
and culm height (mean + S.D., cm) of Sasa in the Sasa stand.
Sn-quadrat: quadrats with Sasa cover < 40%; Ss-quadrat: quadrats
with Sasa cover > 40%"

Quadrat

Sn-quadrat Ss-quadrat
Number 11.8 £ 16.2 (0-51) 30.3 £ 192 (0-85)"
Coverage 13.5 £ 16.0 (0-35) 66.4 = 24.6 (40-100) "
Culm height ~ 44.9 + 24,0 (10-95)  67.1 + 19.4 (25-105)""

#Range of values is given in parentheses. Symbols mean
significant differences between Sn- and Ss-quadrats (z-test and
Mann—Whitney U-test.

P <00l
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Absolute number of old seedlings (age > 1 year old and height < 15 cm) occurred on different microsites and area of each microsite (m?)

in a subalpine old-growth forest, central Japan®

Quadrat Total Microsite
Soil Fallen logs Stumps Buttresses Root mounds Rocks
N-quadrat species
A. mariesii 342 274 29 10 20 0 9
A. veitchii 100 69 15 1 13 0 2
Abies® 103 61 34 3 1 0 4
P. jezoensis var. hondoensis 47 1 44 0 1 0 1
T. diversifolia 115 34 73 3 3 0 2
Area of microsite 124.0 81.1 19.3 7.9 7.9 0.8 7.2
Sn-quadrat species
A. mariesii 145 133 6 3 3 0 0
A. veitchii 252 223 10 10 9 0 0
Abies® 157 117 24 10 6 0 0
P. jezoensis var. hondoensis 2 0 2 0 0 0 0
T. diversifolia 54 15 30 1 6 2 0
Area of microsite 56.0 39.2 6.2 1.6 8.4 0.8 0
Ss-quadrat species
A. mariesii 38 17 15 0 6 0 0
A. veitchii 67 37 20 0 9 1 0
Abies® 33 12 15 0 6 0 0
P. jezoensis var. hondoensis 5 0 4 0 1 0 0
T. diversifolia 26 0 15 0 11 0 0
Area of microsite 76.0 59.6 11.3 1.1 3.6 0.4 0

# N-quadrat: quadrats in the non-Sasa stand; Sn-quadrat: quadrats with Sasa cover < 40% in the Sasa stand; Ss-quadrat: quadrats with
Sasa cover > 40% in the Sasa stand.
® Could not be identified to species.

Table 5
Number of old seedlings (age > 1 year old and height < 15 cm) on soil and fallen logs in N-quadrat, Sn-, and Ss-quadrats®
Species N-quadrat Sn-quadrat Ss-quadrat

Soil Fallen logs Soil Fallen logs Soil Fallen logs
Abies® 404 (389) 78 (93) n.s.” 473 (443) 40 (70)" 66 (98) 50 (18)™
A. mariesii 274 (245) 29 (58)" 133 (120) 6 (19)" 17 27) 15 (5"
A. veitchii 69 (68) 15 (16) n.s.” 223 (201) 10 (32)" 37 (48) 20 (9)
Abies® 61 (77) 34 (18)" 117 (122) 24 (19) n.s.” 12 (23) 15 4)"
P. jezoensis var. hondoensis 1 (36) 44 (9)" 0(2) 2 (0) 0(3) 4 (1)
T. diversifolia 34 (86) 73 2" 15 (39) 30 (6)” 0 (13) 15 (2)

* N-quadrat: quadrats in the non-Sasa stand; Sn-quadrat: quadrats with Sasa cover < 40% in the Sasa stand; Ss-quadrat: quadrats with
Sasa cover > 40% in the Sasa stand.
® Abies mariesii + A. veitchii + unidentified Abies. Number of seedlings on each microsite was compared with a y*-test. The expected
values of seedlings on each microsite are given in parentheses. The expected value of seedlings on each microsite = (total number of
seedlings) x (each microsite area of quadrats/total area of quadrats). d.f. = 1.

P >0.05 (n.s).
P <0.0l.

¢ Could not be identified to species.
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In N-quadrats, old seedlings of A. mariesii occurred
more frequently on soil than on fallen logs (Table 5; y*-
test, P < 0.01), while occurrence of those of A. veitchii
was not different between two microsites (Xz-test,
P > 0.05). In Sn-quadrats, both old seedlings occurred
significantly more frequently on soil than on fallen logs
(Xz—test, P < 0.01). On the other hand, in Ss-quadrats,
they occurred significantly more frequently on fallen
logs than on soil (y*-test, P < 0.01). Of P. jezoensis var.
hondoensis and T. diversifolia, old seedlings occurred
much more frequently on fallen logs than on soil
(Table 5; xz—test, P < 0.01). On soil, only one old
seedling of P. jezoensis var. hondoensis occurred in
N-quadrats, and old seedlings of P. jezoensis var.
hondoensis in Sn- and Ss-quadrats and those of
T. diversifolia in the Ss-quadrats did not occur.

3.3. Occurrence and survivorship of current
seedlings on different microsites

Actotal of 1834 current seedlings occurred on soil and
fallen logs in three types of quadrats; total number of
current seedlings for Abies, P. jezoensis var. hondoensis
and T. diversifolia was 400, 167,and 1267, respectively.
Many current seedlings of Abies emerged mainly from
June to July, while those of P. jezoensis var. hondoensis
and T. diversifolia emerged mostly in July (Fig. 2).
Many current seedlings died as soon as emerged, and
the 42.8-50.1% of current seedlings died by the end of
September 1998. Although, the survival rates were
different, these trends did not vary among species,
quadrats, and microsites.
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Fig. 2. Proportion of emerged, dead, and surviving current
seedlings to total emerged seedlings from June to October 1998.
Abies: could not be identified to species.

The difference in abundance of current seedlings
emerged in 1998 between on soil and on fallen
logs was small compared with that of old seedlings.
The occurrence of Abies current seedlings was not
significantly different between two microsites in the
N- and Sn-quadrats (Table 6; Xz—test, P > 0.05), but

Table 6
Number of current seedlings emerged in 1998 on soil and fallen logs in N-, Sn-, and Ss-quadrats®
Species N-quadrat Sn-quadrat Ss-quadrat

Soil Fallen logs Soil Fallen logs Soil Fallen logs
Abies” 127 (123) 25 (29) ns.” 124 (119) 14 (19) n.s.” 80 (92) 30 (18)™
P. jezoensis var. hondoensis 88 (100) 36 (24)*f 10 (10) 2 @2) ns.” 22 (26) 9 (5"
T. diversifolia 185 (226) 95 (54)™ 443 (444) 71 (70) n.s.” 310 (398) 163 (75)"

# N-quadrat: quadrats in the non-Sasa stand; Sn-quadrat: quadrats with Sasa cover < 40% in the Sasa stand; Ss-quadrat: quadrats with

Sasa cover > 40% in the Sasa stand

" could not be identified to species. Number of current seedlings on each microsite was compared with a y*-test. The expected values of
seedlings on each microsite are given in parentheses. The expected value of seedlings on each microsite = (total number of seedlings) x (each

microsite area of quadrats/total area of quadrats). d.f. = 1.
“P>0.05 (n.s.).
P <00l
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Fig. 3. Survival rates (%) of current seedlings emerged in 1998 on
soil and fallen logs in different quadrats at last census. N-quadrat:
quadrats in the non-Sasa stand; Sn-quadrat: quadrats with Sasa
cover < 40% in the Sasa stand; Ss-quadrat: quadrats with Sasa
cover > 40% in the Sasa stand. Number of current seedlings on
each microsite is given in parentheses. Symbols: (n.s.) P > 0.05;
(*) P < 0.05; (**) P < 0.01 (Xz-test, d.f. = 1). Abies: could not be
identified to species.

was greater in number on fallen logs than on the soil in
Ss-quadrats (y*-test, P < 0.01). P. jezoensis var.
hondoensis and T. diversifolia, were not significantly
different between two microsites in Sn-quadrats
(*-test, P > 0.05), but significantly greater in number
on fallen logs than on the soil in other quadrats
(;{z—test, P < 0.01).

Survival rate of current Abies seedlings at final
census time was not significantly different between on
soil and on fallen logs, although that on soil was
slightly higher in Sn-quadrats, and slightly higher on
fallen logs in Ss-quadrats (Fig. 3; y*-test, P > 0.05). Of
P. jezoensis var. hondoensis, survival rate of current
seedlings was not significantly different in Sn-quadrats
(*-test, P > 0.05), but significantly higher on fallen
logs than on soil in N- and Ss-quadrats (y*-test,
P < 0.01). The survival rate of current T. diversifolia
seedlings was consistently higher on fallen logs than

on soil, regardless of the degree of Sasa coverage
(Xz—test, P < 0.01).

4. Discussion
4.1. Safe site for seedlings of four conifer species

The suitable microsite for seedling recruitment
varies with genus or species. Harper (1977) named this
site as a ‘safe site’. In this study, occurrence of
old seedlings of P. jezoenmsis var. hondoensis and
T. diversifolia was significantly greater in number on
fallen logs than on soil. For these species, fallen logs
would appear to be safe sites for their seedling
recruitment. Similar results have been obtained for
P. engelmanii by Knapp and Smith (1982), for
T. diversifolia by Nakamura (1992), and for P. sit-
chensis and T. heterophylla by Harmon and Franklin
(1989).

Some studies reported that Abies seedlings can
occur on soil (Knapp and Smith, 1982; Taylor and Qin,
1988), but others indicate that Abies seedlings
recruited on fallen logs for A. alba (Szewczyk and
Szwagrzyk, 1996) and A. sachalinensis (Takahashi,
1997). In this study, Abies seedlings could occur on
soil as well as fallen logs, as there was no significant
difference for the occurrence of its old seedlings on
both microsites in the non-Sasa stand (Table 5). The
plausible explanation of these phenomena is the
difference of seed size (Grubb, 1977; Gray and Spies,
1997). Larger seeds produce larger seedlings with
rapidly growth of long root compared with smaller
seeds (Schaal, 1980; Knapp and Smith, 1982). Rapid
root growth and penetration into soil may be important
for avoiding drought or temperature extremes (Baker,
1972). In this study, P. jezoensis var. hondoensis
((178—199)x10* seeds m™>) and T. diversifolia
((71—142)x10* seeds m™>) seeds are smaller ones,
while A. mariesii (18 x 10° seeds m73) and A. veitchii
(24 x 10 seeds m73) seeds are larger one (Asakawa
et al., 1981). For Picea and Tsuga seedlings, a thick
litter layer on the forest floor may prevent their roots
reaching the mineral soil (Knapp and Smith, 1982;
Gray and Spies, 1997). Abies seedlings, which
germinated from large seeds, have long root and
can penetrate into deep soil (Zobel and Antos, 1991).
Seed characteristics and early growth of seedlings
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would decide the variation of safe site for seedling
recruitment.

Suitable microsites for the recruitment of conifer
seedlings were formed at various stages after seedling
emergence on the forest floor. Although, main cause to
characterize various safe sites is thought to be seed
size, other hypothesis have been proposed, such as
burial by litter (Christy and Mack, 1984), pathogen
(McKee et al., 1982), and competition with understory
vegetation (Harmon and Franklin, 1989). If the timing
to characterize the safe site varies, seedlings might be
affected by various causes at different growth stages.
The results suggest that the factors before and after
seedling emergence interact to determine the recruit-
ment of seedlings on different microsites.

4.2. Effects of Sasa on the seedling recruitment

Occurrence of old seedlings on soil and fallen logs
was strongly affected by Sasa. Density and decaying
degree of fallen logs were similar irrespective of
presence or absence of Sasa (Narukawa and Yama-
moto, unpublished data). Density of old Abies seed-
lings on fallen logs decreased a little with increased
coverage of Sasa, 39 and 38 x 10* ha~' in Sn- and
Ss-quadrats, respectively. While that on soil decreased
largely; 121 and 11 x 10 ha™' in Sn- and Ss-quadrats,
respectively. Thus, the occurrence of old Abies seed-
lings was relatively greater in number on fallen logs
under Sasa cover. Many studies revealed that presence
of Sasa understory inhibits the seedling recruitment of
many tree species (Nakashizuka and Numata, 1982a,b;
Nakashizuka, 1987, 1988; Hiura et al., 1996; Takaha-
shi, 1997). Vigorous growth and high density of Sasa
culms reduce space for seedling growth and dense
cover decreases understory light on the forest floor. Its
litter is difficult to decompose and the thick litter layer
on the soil prevents seedling recruitment on the forest
floor. Fallen logs, which are ‘elevated sites’, can
probably have more light and avoid invading Sasa
(Yamamoto, 1993). Our results show that relative
importance of fallen logs for seedling recruitment site
of Abies increased under the presence of Sasa under-
story. For Picea and Tsuga, elevated surfaces were
primarily important as a recruitment site irrespective of
the presence or absence of Sasa. Under dense Sasa
cover in the subalpine coniferous forest, elevated sites,
such as fallen logs therefore become more important as

the recruitment site not only for P. jezoensis var.
hondoensis and T. diversifolia seedlings but also for
Abies seedlings.

4.3. Fallen logs as a recruitment site

This study also indicates characteristics of two
microsites, such as soil and fallen logs on the forest
floor. The surface area of fallen logs covered on the
forest floor was small (13.3-15.5%), which is similar
or a little larger compared with other values reported
(Graham and Cromack, 1982; Szewczyk and Szwagr-
zyk, 1996). On the other hand, soil covered large area
of the forest floor. Therefore, tree recruitment on soil
seems to be more abundant than on fallen logs.
However, seedlings on soil are more affected by the
suppression by understory vegetation, such as Sasa,
compared with those on fallen logs. Veblen (1986)
showed that dominant Abies lasiocarpa had a greater
recruitment rate and survival rate for its canopy
population, but minor Picea engelmanii could main-
tain its present abundance because its lower recruit-
ment rate was compensated by a lower mortality rate
and a longer longevity in the North American spruce-
fir forest. In this study, Abies seedlings have variation
for the recruitment site, they can usually recruit on soil
and change their major recruitment site into fallen
logs under dense Sasa cover. For P. jezoensis var.
hondoensis and T. diversifolia, recruitment sites are
restricted to fallen logs, which are small but
unaffected microsite. It is suggested that the various
characteristics of species life history and the presence
of various microsites, and their interactions with Sasa
may be one of possible factors to maintain the
coexistence of conifers in subalpine coniferous forest
in Japan.
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