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Abstract. The effects of  dwarf  bamboos (Sasa spp.) on 
the regeneration of  trees in a natural hardwood forest 
were studied by analysing the spatial dispersion of  seed- 
lings and saplings of  anemochores (Acer palmatum var. 
rnatsumurae, Fraxinus lanuginosa, and Carpinus laxiflora) 
and zoochores (Quercus mongolica var. grosseserrata and 
Q. serrata). Relative photosynthetic photon flux density 
at 10 cm above ground was significantly correlated with 
the coverage of  dwarf  bamboos (r=0.661,  P<0.001) .  
Seedlings were abundant  and were randomly distributed 
in the anemochores, other than the shade-intolerant spe- 
cies C. laxiflora which was significantly more sparse in 
sites with dense Sasa than in sites where Sasa was rare. 
DistributiOn of  saplings was also random in the shade- 
tolerant anemochores A. palmatum var. rnatsumurae and 
F. lanuginosa but aggregated in sites with sparse Sasa in 
the shade-intolerant anemochore C. laxiflora. In contrast 
to the anemochores, seedlings of zoochores were very few 
and were distributed in sites with sparse Sasa. Saplings 
were also aggregated and negatively correlated with Sasa 
cover in the shade-intolerant species Q. serrata and the 
tolerant species Q. mongolica var. grosseserrata. The 
acorns put  on the forest floor in a site with dense Sasa 
were quickly removed by small rodents such as Apode- 
mus speciosus and A. argenteus. Trap census of  rodents 
revealed that those mammals prefer the dense Sasa hab- 
itat to the sparse Sasa habitat. This suggests that the 
dwarf  bamboos strongly affect the regeneration of 
zoochorous trees not  only by shading the seedlings but 
also by providing habitats to acorn-feeding small 
mammals. 
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The regeneration of  trees has been discussed with re- 
ference to the dynamics of  canopy trees (e.g. Watt  1947; 
Whitmore 1975). In the course of  ecological succession, 
sun trees are competitive in incipient forests while shade- 

tolerant trees are favored in climax forests. Even in the 
climax forests, fallen canopy trees occasionally produce 
large gaps where sun trees are more competitive than 
shade-tolerant trees (Watt 1934; Monsi and Oshima 
1955). In contrast to these effects of  canopy trees, the 
forest-floor herbs have been considered less influential 
for the regeneration of  trees. 

In East Asia, however, the forest floors are often 
covered by dwarf  bamboos, Sasa spp., which rapidly 
extend their rhizomes. A single strain of  this monocarpic 
plant may cover scores of  acres until it finally withers 
away soon after synchronized flowering at several de- 
cades of  age (Numata 1970; Kudo 1984). Especially in 
northern Japan, where a thick cover of  snow protects 
their rhizomes from frost damage (Sakai 1976; Uemura 
1989), some species of  Sasa densely cover the floors of 
deciduous broadleaved forests and evergreen coniferous 
forests. These dwarf  bamboos are about  50-200 cm tall 
and appear to shade the forest floors more effectively 
than canopy trees. Moreover,  the floor-layer herbs mark- 
edly affect the distribution and behavioral range of  
seed-dispersing rodents (Ota et al. 1977; Kondo 1980), 
suggesting a special influence of  dwarf  bamboos on the 
spatial dispersion of  zoochorous trees producing acorns 
or nuts. 

In this study, I analysed the effects of  dwarf  bamboos 
on the regeneration of  trees by comparing the spatial 
distribution of  seedlings and saplings between shade- 
tolerant and -intolerant trees or between zoochores and 
anemochores on a forest floor covered by Sasa spp.. 

Materials and methods 

I chose five tree species, Quercus mongolica var. grosseserrata, Quer- 
cus serrata, Aeer palmaturn var. matsumurae, Fraxinus lanuginosa 
and Carpinus laxiflora, which are common in deciduous broad- 
leaved forests of northern Japan. Of these species, Q. mongolica var. 
grosseserrata and Q. serrata are zoochores producing acorns which 
are collected and saved for food mostly by mice (Kikuzawa 1988; 
Miyaki and Kikuzawa 1988), while A. palmatum var. matsumurae, 
F. lanuginosa and C. laxiflora are anemochores producing small 
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alate seeds. The order of shade tolerance is Q. mongolica var. 
grosseserrata > Q. serrata in zoochores and A. palmatum var. 
matsumurae--> F. lanuginosa > C. laxiflora in  anemochores (cf. 
Koike 1986, 1988; Maruyama 1990). 

In the summer of 1991, a study site was chosen in a deciduous 
broad-leaved natural forest about 50 km east of Sapporo City, 
northern Japan. On a south-facing slope patchily covered by about 
50-cm-tall dwarf bamboos such as Sasa nipponiea, S. senanensis and 
S. borealis, I set up a 20 x 20-m quadrat in which the canopy was 
wholly covered by crowns of Q. mongoliea var. 9rosseserrata, Q. 
serrata, C. laxiflora and other trees and the shrub layer included 
e.g. Fraxinus lanuginosa, Sorbus alnifolia, Euonymus oxyphyllus. 
The litter layer was about 2 cm thick with little variation. In this 
quadrat, seedlings, saplings (<200 cm in height) and mature trees 
(>  200 cm) of Q. mongoliea var. grosseserrata, Q. serrata, A. pal- 
matum var. matsumurae, F. lanuginosa and C. laxiflora were located. 
The quadrat (20 x 20 m) was further divided into one hundred 
2 x 2-m subquadrats in which the percentage coverage of dwarf 
bamboos was measured and the number of seedlings and saplings 
of five species was counted. The photosynthetic photon flux density 
relative to a standard open site (hereafter RPFD) was also measured 
at the height of 10 cm above ground in 100 subquadrats to assess 
the effect of the Sasa layer on enhancing the heterogeneity of 
illuminance on the forest floor. A quantum sensor (Shimazu 
SPB-H) was used for measuring RPFD. 

The removal of acorns by mice was compared between a site 
with dense Sasa (coverage: 100%) and a Sasa-free site (coverage: 
1%). Within the study quadrat, at night, 50 acorns of Quereus 
serrata were put on the ground at each site until all of them were 
removed by mice. This experiment was replicated outside the 
quadrat. 

In June 1992, the effect of Sasa cover on the distribution of 
acorn-collecting mice was examined by putting 50 live traps (Sher- 
mann's traps) in about 1 ha area of this forest for 4 days. Prior to 
setting traps, the percentage coverage of dwarf bamboos was mea- 
sured within 2 x 2-m quadrats; then the distribution of traps was 
arranged as follows: 16 traps in quadrats of 0-30% coverage, 17 
traps 30-70%, 17 traps 70-100%. The small rodents trapped were 
marked by hair cutting before release. 

Results 

Effect of dwarf bamboos on anemochores 

The numbers of seedlings found in the quadrats were 130 
of Acer paImatum var. matsumurae, 61 of Fraxinus lan- 
uginosa and 830 of Carpinus laxiflora (Table 1) and dis- 
persion was almost random in two shade-tolerant spe- 
cies. However, in the shade-intolerant species C. laxi- 
flora, dispersion was somewhat aggregated and the seed- 
ling density was lower in sites with dense Sasa than in 
sites with sparse Sasa (Fig. 2). In order to confirm the 
effects of dwarf bamboos on dispersion, Spearman rank- 
correlation coefficients (rs) for the relationship between 
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Fig. 1. Correlation between relative photon flux density (RPFD) 
and Sasa coverage. The correlation is statistically significant 
(r = 0.661, P <  0.001) 

Table 1. Number of seedlings and saplings in the 20 x 20-m quadrat 

Species Shade- Seedling Sapling < Total 
tolerance a _< 50 cm 

Anemochores 
Illuminance distribution on the fores t  f loor Acer palmatum high 130 313 70 513 

var. matsumurae 
Although the canopy was wholly covered by crowns of Fraxinus lanuginosa high 61 141 20 222 
mature trees and illuminance appeared nearly homoge- Carpinus laxiflora low 830 59 20 909 
neous in the 20 m x 20 m quadrat, RPFD at 10 cm above 

Zoochores 
ground showed a great variation, from 7.2% to 26.1% 
(mean' 15.3 • SD 3.6%). This great variation seemed to Quereus mongoliea high 4 56 14 74 

var. grosseserrata 
be principally due to Sasa spp., because RPFD was Quercus serrata low 15 124 22 161 
significantly correlated with the coverage of the dwarf 
bamboos as shown in Fig. 1 (r=0.661, P<0.001). a Koike (1986, 1988); Maruyama (1990) 

Table 2. Correlations (Spearman rank correlation coefficient, r~) between the densities of seedlings and saplings and the percentage cover 
of dwarf bamboos in one hundred 2 x 2-m subquadrats (n= 100) 

Species Anemochores Zoochores 

Acer palmatum Fraxinus Carpinus Quercus rnongolica Quercus 
vat. matsumurae lanuginosa laxiflora var. 9rosseserrata serrata 

Seedling - 0.27** 
Sapling (<50  cm) - 0.07 ns 
Sapling (> 50 cm) 0.11 ns 

-0 .13  ns -0 .61"** -0 .07  ns -0.29** 
0.01 ns -0.54*** -0.29** - 0.45*** 

- 0.03 ns -0.37*** -0.27** - 0.30** 

**P<O.O1 ; ***P<O.O01 ; ns: non-significant 
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Fig. 2. Spatial distribution of Sasa cover and three species, saplings 
of which were aggregated in the corner with low Sasa cover. Top 
left: numerals show the percent Sasa coverage as follows: 1, 0-10 % ; 
2, 10-25%; 3, 25-50%; 4, 5 ~ 7 5 % ;  5, 75-100%. Top right, bottom 
left, bottom right: open circles, seedlings ;full circles, saplings; dotted 
lines, edge of crown of mature trees 
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Fig. 3A, B. Removal of 50 acorns by rodents. In A, the site with 
dense Sasa (full circles) and the site with no Sasa (open circles) 
were on the northern and the southern corners of the 20 x 20-m 
quadrat,  respectively (cf. Fig+ 2). B took place in the other area, 
dominated by the mouse species Apodemus argenteus 

the densities of seedling and sapling and the coverage of 
Sasa are shown in Table 2. With the exception of 
F. lanuginosa, seedling densities were significantly nega- 
tively correlated with the coverage of Sasa, and the cor- 
relation coefficient was higher in C. Iaxiflora (rs = -0 .61,  
P<0.00! )  than in A. palmatum var. matsumurae 
(r~= -0.27,  P<0.01).  Thus, Sasa cover may affect ger- 
mination and seedling establishment, especially in the 
shade-intolerant species C. laxiflora. 

In the shade-tolerant species A. palmatum var. matsu- 
murae and F. lanuginosa, the numbers of saplings were 
as high as 383 and 161, respectively, and their distribu- 
tion was also nearly random. Sapling densities of two 
species were not correlated with the coverage of Sasa 
(Table 2), suggesting that their mortality is not signifi- 
cantly increased by the cover of dwarf bamboos. In the 
shade-intolerant species C. laxiflora, however, there were 
only 79 saplings and their distribution was significantly 
negatively correlated with the coverage of Sasa (Table 2). 
Therefore, saplings of this species were mostly ag- 
gregated in the area where Sasa was sparse (Fig. 2). 

Effects of dwarf bamboos on zoochorous trees 

In contrast to the anemochores, zoochore seedling num- 
bers were as low as 15 for Quercus serrata and 4 for 
Q. mongolica var. 9rosseserrata (Table 1), even though 
crowns of six Q. serrata and eight Q. mongolica vat. 
9rosseserrata trees producing acorns constituted the can- 
opy of this quadrat (Fig. 2). Although the correlations 
between seedlings of Quercus mongolica var. 9rosseser- 
rata and Sasa cover were not statistically significant 
because of the low density (Table 2), it was striking that 
in the corner with dense Sasa no seedling of Quercus was 
established. This suggests that Sasa cover has a consider- 
able effect on the survival of zoochorous seeds. As a 
consequence, saplings were also aggregated in the area 
with low cover of Sasa (Fig. 2), showing a significant 
negative correlation with the Sasa cover (Table 2). 

Instead of the direct effect of shading, the dwarf bam- 
boos affected the dispersion of Quercus seedlings by 
providing habitats to rodents feeding on acorns. As 
shown in Fig. 3A, all the 50 acorns put in the area with 
dense Sasa were removed by Apodemus speciosus within 
about 1 h while the 50 acorns put on the Sasa-free corner 
were never removed. In the area dominated by the other 
mouse species, A. argenteus, the removal of acorns also 
occurred only in the area with dense Sasa (Fig. 3B). This 
suggestion that the Sasa cover provides habitats to 
acorn-collecting mice was confirmed by the census of 
rodents within about 1 ha. The rodents captured were 20 
individuals of Apodemus argenteus and 8 individuals of 
Clethrionomys rufocanus, and their densities were nearly 
normal for cool-temperate forests (cf. Ota et al. 1977; 
Kikuzawa 1988). The number of mice collected per trap 
per day was 0.094+SD 0.094 in 0-30% coverage, 
0.235:kSD 0.042 in 30-70% coverage and 0.309+SD 
0.064 in 70-100% coverage (Table 3). The Kolmogorov- 
Smirnov test showed that the differences among these 
values were statistically significant at P < 0.05. 
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Table 3. Census of mice in three grades of Sasa coverage 

Coverage of Sasa (%) 0-30 30-70 70-100 

Number of traps 16 17 17 
Apodemus argenteus 0.094_+ 0.094 0.147 + 0.029 0.221 _+ 0.025 
Clethrionomys rufoeanus 0 0.088 + 0.051 0.088 +_ 0.066 
Total number of mice 0.094 +_ 0.094 0.235 _+ 0.042 0.309 _ 0.064 
Kolmogorov-Smirnov test P< 0.05 P< 0.05 

Sampling of mice was conducted over 4 days by using 50 live traps, and the number of mice per trap per day (mean +_ SD) is given here 

Discussion 

In Fagus crenata forests with dense stands of  150-200 cm 
tall Sasa kurilensis, the absence of  Fagus seedlings has 
been attributed to the direct effect of  shading by the Sasa 
cover (Maeda and Miyakawa 1971 ; Nakashizuka 1987). 
For  instance, Nakashizuka  (1988) demonstrated that  the 
mortal i ty of  Fagus crenata seedlings and saplings was 
much higher on the Sasa-covered floor than on the par t  
of  the forest floor where Sasa had withered away several 
years before. Shading by Sasa caused low dry-matter  
production by Fagus seedlings and allowed the seedlings 
and saplings to be easily attacked by fungi (such as 
Cylindrocarpon sp.) and grazing animals. Even in the 
gaps opened by canopy-tree fall, seedling banks of  Fagus 
did not occur because the cover of  dwarf  bamboos  be- 
came still denser. 

However,  beech and oak have large seeds, and the 
early growth of  seedlings is much more dependent on the 
resources previously stored in the nut than on the re- 
sources newly produced by photosynthesis. This suggests 
that another factor besides the direct effect of  shading may 
cause the absence of  Fagus seedlings just after germina- 
tion. Some authors have demonstrated that  the establish- 
ment of  plants is sometimes interfered with by a thick 
litter layer which disturbs the rooting of  seedlings (Sydes 
and Grime 1981a, b; Borchert et al. 1989; Facelli and 
Pickett 1991). Although dwarf  bamboos  drop many  
leaves every year (Kawahara  and Sato 1977), the thick- 
ness of  litter layer was not markedly different between 
sites where Sasa was abundant  and sites where it was rare 
in the forest studied. Seedlings of  anemochores,  which 
have small seeds, were negatively correlated with Sasa 
cover (Table 2), but were able to establish in sites with 
dense Sasa. Acorns store much more  resources for root  
elongation and seem more tolerant of  the thick litter 
layer than anemochorous  seeds. Wood  (1938) reported 
that Quercus seedlings show the best growth when the 
litter is 2.5-5.0 cm deep. Thus, the effects of  leaf litter and 
shading alone do not  seem an adequate explanation for 
the absence of  oak seedlings. 

What  then is the other factor causing the scarcity of  
seedlings in beech and oak  forests with high densities of  
dwarf  bamboos  ? In cool-temperate forests, the density of  
small rodents is positively correlated with the coverage 
of herbs (Kondo 1980). In particular, dwarf  bamboos  
provide small rodents not only with hiding places f rom 
predators but also with food resources; their leaves, buds 
and seeds (cf. Maeda  et al. 1984). In the habitats with 

abundant  rodents, almost  all of  the Quercus acorns put  
on the ground are removed within a few days, while in 
the habitats where rodents are rare some seeds germinate 
without being removed (Kikuzawa 1988; Borchert et al. 
1989). Although most  of  the acorns removed are tem- 
porarily deposited under litter, about  99% of  them are 
eventually eaten by the rodents before the follow- 
ing spring (Sork 1984; Miyaki and Kikuzawa 1988). 
I therefore suggest that  Sasa cover prevents the regenera- 
tion of  beech and oak not only by shading the seedlings 
but also by providing habitats for the small rodents 
which remove the zoochorous seeds fallen to the forest 
floor. 
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