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原 著 論 文

Changes in the effects of neighboring trees on tree growth and mortality
in a temperate mixed forest for 30 years

Tsutomu Enoki*,1，Takuo Hishi1，Naoaki Tashiro1

　We compared the effects of tree size and the basal area of neighboring trees on the growth rate and mortality of individual trees 
over the past 30 years (1984-2014), before and after the increase of a sika deer population in a mixed conifer-broadleaf forest in the 
Shiiba Research Forest of Kyushu University in Japan. In the study site, sika deer (Cervus nippon) have reduced understory vegetation 
since the 1990s, denuding it since the 2000s. Most of the recruitment in the second half of the study period (1996–2014) consisted of 
tree species that sika deer cannot consume, such as Illicium anisatum and Pieris japonica subsp. japonica. Smaller trees had higher 
mortality throughout the study period. Neighboring trees affected the tree mortality significantly in the first half of the study period 
(1984–1996), while they did not significantly affect it in the second half. However, neighboring trees significantly affected the growth 
rate of trees throughout study period. Based on our findings, we speculate that an increase in sika deer population may have affected 
the competition between individual trees in the mixed forest. The effects of tree size and neighboring trees on mortality and growth 
varied depending on the growth form groups and the species.
Keywords: competition, growth form, neighboring tree, sika deer, tree size

九州大学農学部附属宮崎演習林内の針広混交林において，樹木サイズと隣接個体の胸高断面積合計が樹木の成長と枯
死に及ぼす影響を，シカの個体数が増加した 30 年間の前期（1984-1996 年）と後期（1996-2014 年）とで比較した。
本調査地では下層植生が 1990 年代から衰退し，2000 年代ではほぼ消滅した。調査期間の後期に更新した樹木のほとん

どは，シカが採食しないシキミとアセビであった。小径木は成長速度が遅く，枯死率が高い傾向が調査期間を通じて観察
された。調査期間の前期では，隣接個体が枯死率に有意に影響を及ぼしていたが，後期では影響が見られなかった。一
方，隣接個体の成長に及ぼす影響は調査期間を通じて観察された。以上の結果から，本調査地において，シカの個体数増
加は樹木の個体間競争に影響を及ぼした可能性が示唆された。これらの影響は樹木の生活型や種によって異なっていた。
キーワード：競争，生活形 ,	隣接個体，シカ，樹木サイズ
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1. Introduction
Competition is a principal component of plant interactions, 

regulating plant communities and ecosystems (Tilman 1982; 
Grime 2001). For example, neighboring trees negatively 
influence the growth and survival of individual trees (Yoshida and 
Kamitani 2000; Umeki 2002; Mori and Takeda 2003). In contrast, 
facilitation is a positive interaction among neighboring plants that 
also occurs in plant communities (Callaway and Walker 1997; 
Kunstler et al. 2011; del Rìo et al. 2014). Plant interactions can 
be affected by abiotic stressors such as temperature and drought 
(Callaway et al. 2002), as well as biotic factors such as herbivores 
(Rousset and Lepart 2000; Kunstler et al. 2006). In addition, plant 
interaction differed with changes in stand structure (Cavard et al. 
2011).

Mixed conifer-broadleaf forests are widely distributed across 
Japan, mainly over the Pacific side of the archipelago. The forests 
are dominated by evergreen conifers such as Abies firma Sieb. et 
Zucc. and Tsuga sieboldii Carrière, and deciduous broad-leaved 
trees at higher elevations. Previous studies in mixed forests have 

shown that there are patterns of regeneration and stand dynamics 
after a gap disturbance, suggesting that the competition for light 
resource is significant in maintaining species coexistence (Suzuki 
& Tsukahara 1987; Kubota 2006). However, a few researches on 
changes of competitive relationship between trees have conducted 
based on long-term monitoring in natural mixed forest (Takahashi 
2010). 

Populations of sika deer (Cervus nippon) have increased across 
Japan (Takatsuki 2009a) and had considerable effects on forest 
structure and dynamics (Akashi and Nakashizuka 1999; Tsujino 
and Yumoto 2004). Mixed forests in Kyushu Island, Japan has 
been damaged, and in severe cases, heavy browsing pressure 
has denuded forest floor vegetation (Murata et al. 2009a). Grime 
(1974) predicted that relative importance of competition for 
vegetation would vary along disturbance gradients. Thus, the 
competitive interactions between individuals may be affected by 
increases in sika deer populations. If heavy browsing and bark 
stripping reduced growth and increased mortality, the effects of 
the neighboring tree will decrease. On the other hand, deer may 
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positively affect tree growth in several ways (Lucas et al. 2013). 
First, deer can increase nutrient input through their excretions. 
Second, browsing by deer may reduce understory vegetation and 
so reduce competition in the belowground environment. Thus, 
we expect the positive effects of neighbors to increase if the 
facilitation by deer exceeds the negative effects. 

The effects of sika deer on vegetation would differ with tree 
species. Food habits of sika deer was variable locally with habitat 
variability (Takatsuki 2009b). Two evergreen broadleaf trees, 
Illicium anisatum and Pieris japonica subsp. japonica have 
been known as species that sika deer cannot consume in the 
mixed forest (Nakajima 1929). In the mixed forest, regeneration 
patterns were observed with growth form groups with different 
leaf habits—evergreen conifer, evergreen broadleaf trees and 
deciduous broadleaf trees (Kubota 2006). Nevertheless, no studies 
have investigated stand dynamics based on long-term monitoring 
over the entire course of the increase in a sika deer population, as 
it is difficult to predict and prepare for disturbance such as large 
increase in wild life population. 

In the present study, we examined the stand dynamics of a 
mixed conifer-broadleaf forest for 30 years. We evaluated the 
effects of tree size and the basal area of neighboring trees on the 
growth rate and mortality of individual trees, comparing before 
and after sika deer population increase. We compared also the 
patterns of tree dynamics between different growth form groups 
with different leaf habits.

2. Methods
2.1 Study site

The study was conducted in a cool temperate mixed forest in 
the Shiiba Research Forest, Kyushu University, South-Western 
Japan. The forest consists of conifers such as Abies firma and 
Tsuga sieboldii, evergreen broad-leaved trees such as Quercus 
salicina Blume and Quercus acuta Thunb., and deciduous broad-
leaved trees such as Fagus crenata Blume, Quercus crispula 
Blume and Carpinus laxiflora (Siebold et Zucc.) Blume. In 
2002–2011, the Shiiba Research Forest Station, located 600 m 
a.s.l., had a recorded annual precipitation of 2,833 mm and a 
mean temperature of 13.1 °C. At this site, the understory has 
mostly been denuded by sika deer browsing in 2014. Prior to 
browsing, Sasa borealis (Hack.) Makino et Shibata covered the 
forest floor thickly (Murata et al. 2009a, b). Sika deer have been 
observed in this forest since the 1980s, and understory vegetation 
has decreased since the 1990s and has been denuded since the 
2000s (Murata et al. 2009b; Saruki et al. 2004).

2.2 Study plot and data collection
In 1984, a study plot (30 m × 70 m) was established in the 

above-mentioned mixed forest at an elevation of 1100 m a. s. l. 
(32°24′5″N, 131°10′26″E, Aragami et al. 1987). Broad-leaved 
trees in and around the plot were thinned in 1978 to encourage 

regeneration (Aragami et al. 1987). After thinning, the relative 
illumination at a height of 1 m was 60%. The diameter at breast 
height (DBH), height, and position of trees taller than 2 m in the 
plot were recorded in 1984 and 1996 (Aragami et al. 1987). We 
reestablished the plot in 2014 and identified the trees measured in 
the former study, referring to species, size and position. In 2014, 
we measured DBH and position of trees taller than 2 m again. We 
regarded the two study periods (the first and second study periods 
are 1984–1996 and 1996–2014, respectively) as before and after 
an increase in sika deer population, respectively. 

2.3 Analysis
We calculated the changes in stem number (λ), the mortality 

rate (m), and the recruitment rate (r) of trees for the first 
(1984–1996) and second (1996–2014) study period following 
Mori et al. (2007) using the formulas:

  λ = (ln nt - ln n0) / t,
  m = (ln n0 - ln st) /t,
  r = (ln nt - ln st) / t,
where n0, nt and st are the number of stems at time 0 and t, and 

the number of stems surviving through time t, respectively. We 
calculated the values for all trees, the three growth form groups, 
and A. firma and T. sieboldii. The tree numbers of species other 
than A. firma and T. sieboldii were too limited for appropriate 
analysis. We conducted the following analyses as described 
above, defining the growth rate (G; cm/year) of DBH (cm) of 
trees during the first and second study periods as:

  G = (Dt - D0) / t
where Dt and D0 are the DBH of stems at time 0 and t, 

respectively. The difference in growth rate between the periods 
could not be evaluated precisely and so were not used further in 
this study because the position of stems at which we measured 
DBH in 2014 may have been different to the position at which 
they were measured in 1984 and 1996.

In the first and second study periods, the effects of neighboring 
trees were calculated using their basal area (nBA; m2), defined as:

  nBA = π Σi (D0i / 2)2

where D0i is the DBH(m) of the ith stem within a given radius 
R (2, 4, 6, 8 or 10 m) from the focal tree at time 0. We calculated 
the nBA as the sum of all trees within a given radius in order to 
examine the effects of neighboring trees. We applied the toroidal 
edge correction (Ripley 1979). Since light comes from above, 
larger plants often have an advantage in competition for light 
(Weiner and Thomas 1986). In the present study, however, we 
evaluated competition and facilitation between neighboring trees. 
We used the basal area of all neighboring trees to examine the 
effects of competition and facilitation.

To evaluate change in the contribution of competitive 
interactions on the stand dynamics with an increase in sika 
deer population, we compared the stand dynamics between the 
two study periods. We evaluated differences in the DBH size 
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distribution of trees between three censuses (1984, 1996 and 
2014) using the Kolmogorov-Smirnov test. We evaluated the 
differences in mortality and recruitment rates between the two 
study periods using a Chi-square test. We analyzed the factors 
affecting tree growth rate and mortality using generalized linear 
models, assigning binomial (mortality) and Gaussian (tree growth 
rate) distributions, assigning tree height and BA as explanatory 
variables. We compared the models with different radius using 
Akaike’s Information criteria (AIC), selecting the model with the 
lowest AIC value as the best model. All statistics were performed 
using R 3. 2. 1 (R Core Team 2015).

3. Results 
Two evergreen conifers (Tsuga sieboldii and Abies firma) 

predominated in the canopy layer, while evergreen broad-leaved 
trees such as Quercus salicina and Quercus acuta and deciduous 

broad-leaved trees, such as Castanea crenata Siebold et Zucc. 
and Fagus crenata, coexisted (Table 1). Tree number decreased 
during the first study period (1984–1996), while it increased 
during the second study period (1996–2014). The tree number 
in 1984 and 2014 were similar. The number of evergreen broad-
leaved trees increased in the second study period, while those 
of other growth form groups decreased through the entire study 
period. The basal areas of all growth form groups increased 
through the entire study period. Especially, Illicium anisatum and 
Pieris japonica subsp. japonica, which sika deer cannot consume, 
increased largely in the second periods.

The frequency of trees smaller than 10cm in DBH decreased 
in the first study period (Kolmogorov-Smirnov test, p < 0.05, 
Fig. 1). Furthermore, the frequency of smaller evergreen conifers 
decreased through the entire study period (p < 0.05), while the 
frequency of evergreen broad-leaved trees smaller than 10cm 

Table 1. Species composition in the study plot (70m × 30m).

1984 1996 2014

Growth form Basal area Stem density Basal area Stem density Basal area Stem density
(m2/ha) (/ha) (m2/ha) (/ha) (m2/ha) (/ha)

Tsuga sieboldii EC 4.54 514 5.98 510 7.8 481
Abies firma EC 5.85 195 8.78 176 10.58 143
Quercus salicina EB 3.47 129 4.39 129 5.8 152
Carpinus spp DB 1.12 71 1.72 76 1.88 57
Quercus acuta EB 2.93 62 3.79 52 5.06 57
Quercus crispula DB 1.73 62 1.94 48 2.63 48
Castanea crenata DB 2.52 57 3.34 57 3.26 43
Acer spp DB 1.01 33 1.07 29 1.41 38
Camellia japonica EB 0.33 29 0.43 29 0.59 33
Ilex crenata var. crenata EB 0.27 29 0.22 19 0 0
Fagus crenata DB 2.17 19 2.49 19 2.75 19
Betula grossa DB 0.4 19 0.51 14 0.56 14
Ilex pedunculosa EB 0.21 19 0.2 14 0.26 19
Clethra barbinervis DB 0.17 14 0.2 10 0.11 10
Neoshirakia japonica DB 0.14 14 0.03 5 0.05 5
Cerasus jamasakura DB 0.12 10 0.15 10 0.13 5
Quercus sessilifolia EB 1.38 10 0.05 5 0.06 5
Ilex macropoda DB 0.26 10 0.24 5 0.31 5
Magnolia obovata DB 0.26 10 0.37 10 0.84 19
Eurya japonica var. japonica EB 0.17 10 0.2 10 0.23 10
Illicium anisatum EB 0.1 10 0.15 10 0.14 143
Symplocos myrtacea EB 0.06 10 0 0 0.02 19
Pinus densiflora EC 0.83 5 0.93 5 1.1 5
Chengiopanax sciadophylloides DB 0.15 5 0 0 0 0
Gamblea innovans DB 0.1 5 0 0 0 0
Lindera erythrocarpa DB 0.06 5 0.06 5 0.05 5
Stylax japonica DB 0.05 5 0.04 5 0 0
Lyonia ovalifolia var. elliptica DB 0.04 5 0.06 5 0.09 5
Stewartia monadelpha DB 0.01 5 0.01 5 0.01 10
Pieris japonica subsp. japonica EB 0 0 0 0 0.01 43

Evergreen Conifer EC 11.22 714 15.69 691 19.48 629
Evergreen broad-leaved tree EB 8.92 308 9.43 268 12.17 481
Deciduous broad-leaved tree DB 10.31 349 12.23 303 14.08 283
Total 30.45 1371 37.35 1262 45.72 1393

EC, Evergreen conifer; EB, Evergreen broad-leaved tree; DB, Deciduous broad-leaved tree
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in DBH increased in the second study period (p < 0.05), and 
the frequency of deciduous broad-leaved trees smaller than 
10cm in DBH decreased during the first period (p < 0.05). The 

tree mortality rates of all growth form groups, A. firma and T. 
sieboldii did not differ between the two study periods (Chi-square 
test, p > 0.05, Table 2). The mortality rates of A. firma did not 
differ from that of T. sieboldii through the entire study period 
(p > 0.05). The recruitment rate of whole trees did not differ 
signifi cantly between the two study periods (p > 0.05). However, 
the recruitment rates of evergreen and deciduous broad-leaved 
trees increased in the second study period (p < 0.05), while that of 
evergreen conifers did not differ between the two study periods (p 
> 0.05). The recruitment rates of A. fi rma did not differ from that 
of T. sieboldii through the entire study period (p > 0.05). 

The growth rate of whole trees in the study plot was affected 
positively by tree DBH and negatively by neighboring trees 
through the study period (Table 3). The growth rate of evergreen 
conifer was affected positively by tree DBH and negatively by 
neighboring trees through the study period. The growth rate of 
evergreen broad-leaved trees was positively affected by tree DBH 
in the second period. Tree DBH and neighboring trees did not 
significantly affect the growth rate of deciduous broad-leaved 
trees through the entire study period. In the first study period, 
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Fig. 1. Diameter at breast height (DBH) size distribution of each 
growth form group in 1984, 1996 and 2014 in the study plot (30m 
× 70m). Open area, deciduous broad-leaved trees shaded area, 
evergreen broad-leaved trees; fi lled area, evergreen conifers;

Table 2. Changes in mortality and recruitment rates of 
trees with study period.

1984-1996 1996-2014
Mortality rate
				All 0.0142 0.0087
    EC 0.0117 0.008
      Abies fi rma 0.0224 0.012
      Tsuga sieboldii 0.0131 0.0068
    EB 0.0117 0.0102
    DB 0.0135 0.0088

Recruitment rate
    All 0.0075 0.0138
    EC 0.0103 0.0034
      Abies fi rma 0.0135 0.0019
      Tsuga sieboldii 0.0093 0.0039
    EB 0.0069 0.0366 *
    DB 0.0013 0.0077 *
EC, Evergreen conifer; EB, Evergreen broad-leaved tree; DB, Deciduous 
broad-leaved tree
* signifi cant difference between the study periods (p<0.05)

Table 3. Differences in effects of tree DBH and basal area of 
neighboring trees (nBA) on the tree growth rate between the fi rst 
(1984-1996) and the second (1996-2014) periods. Generalized 
linear model was performed for all trees, evergreen conifer (EC), 
evergreen broad-leafed tree (EB), deciduous broad-leaved tree 
(DB), Abies fi rma and Tsuga sieboldii. Effects in selected models 
with smallest AIC are shown.

Intercept DBH (cm)    nBA (m2) R (m)
1984-1996

				All trees
2.75e-03 6.447e-2*** -2.399e-4*** 6
-3.02e-01 -1.10e-02 -6.93e-05

				EC
-0.277 8.523e-2*** -2.206e-4* 8
-0.441 -1.25e-02 -6.95e-05

						Abies fi rma
2.15 9.273e-3*** -2.890e-4** 10

-0.966 -2.43e-03 -1.02e-04

						Tsuga sieboldii
-0.442 6.173e-2*** -1.06e-04 8
-0.444 -1.63e-02 -7.12e-05

				EB
3.61e-03 5.29e-03 -2.18e-05 6
-7.83e-02 -3.51e-03 -1.33e-05

				DB
1.237* -2.59e-05 6
-0.603 -1.67e-05

1996-2014

				All trees
-0.277 8.523e-2*** -2.206e-4* 2
-0.441 -1.25e-02 -6.95e-05

				EC
0.787 4.132e-2** -2.566e-4*** 8
-0.518 -1.27e-02 -6.19e-05

						Abies fi rma
0.386 2
-0.458

						Tsuga sieboldii
1.370* -2.653e-4*** 8
-0.546 -6.69e-05

				EB
-2.0186** 8.529e-3** 2

-0.643 -2.91e-03

				DB
-2.132 -2.33e-05 8
-1.069 -1.28e-05

*** 0.001,  ** 0.01,  * 0.05
BA: the sum of basal area of all trees in radius of R (m) from the focal tree



5Tree dynamics for 30 years

the growth rate of A. firma, was positively affected by tree DBH 
and negatively by neighboring trees. On the other hand, in the 
second period, the growth rate of A. firma was not affected by the 
DBH and neighboring trees. In the first study period, growth rate 
of T. sieboldi was positively affected by tree DBH, while it was 
negatively affected by neighboring trees in the second period.

The mortality of whole trees in the study plot was negatively 
affected by tree DBH and positively by neighboring trees in the 
first study period, while it was affected only by tree DBH in 
the second period (Table 4). The relationship of the mortality 
of evergreen conifer to tree DBH and neighboring trees was 
similar to that of whole trees through the entire study period. 
The mortality of evergreen broad-leaved trees was negatively 
affected by tree DBH in the second study period. Through the 
entire study period, neighboring trees did not significantly affect 
the mortality of deciduous broad-leaved trees, while tree DBH 
did affect mortality in the second study period. The mortality of 
A. firma was negatively affected by tree DBH and positively by 
neighboring trees in the first period, while it was affected only by 
tree DBH in the second period. The mortality of T. sieboldii was 

negatively affected by tree DBH and positively by neighboring 
trees through the entire study period.

4. Discussion
Stand dynamics in the mixed forest differed between two study 

periods. Although the mortality and recruitment rates of whole 
trees did not differ during the entire study period (1984–2014), 
stem density decreased in the first study period (1984-1996), 
and increased in the second (1996–2014). The decrease in stem 
density in the first study period was mainly due to a decrease in 
small trees, suggesting that the decrease in stem density might 
be a result of competition between individuals. On the other 
hand, the increase in stem density in the second study period 
was mainly due to a decrease in tree mortality and an increase 
in recruitment of species that sika deer cannot consume, such as 
Illicium anisatum and Pieris japonica subsp. japonica (Nakajima 
1929). We observed the recruitment of inedible tree species only 
in the second study period. Based on our results, we suggest that 
the competition between individuals in the previous period and 
the effects of sika deer in the latter period may create niches that 
allow regeneration of tree species that sika deer cannot consume. 
We discuss the possible mechanisms of the change in the stand 
dynamics below.

The effect of neighboring trees on the mortality of whole 
trees in the study plot was significant in the first study period, 
but not in the second. In contrast, the effect of neighboring trees 
on the growth of whole trees was significant through the entire 
study period. These effects of neighboring trees suggest that 
competition between individual trees has occurred through the 
entire study period, but did not affect mortality in the second 
study period. The high mortality of smaller trees in the second 
study period could be partly due to sika deer. Small trees are 
likely to be damaged by sika deer bark stripping (Akashi and 
Nakashizuka 1999; Suzuki et al. 2011). 

The mixed forest consisted of three growth form groups: 
evergreen conifer; evergreen broad-leaved trees; and deciduous 
broad-leaved tree, the composition of which has varied over 
30 years. The effects of tree size and neighboring trees on 
mortality and growth of trees varied depending on growth form 
groups and species. Evergreen conifers, predominant in the 
plot, showed a similar pattern to that of whole trees in the plot. 
Neighboring trees had significant effects on mortality in the first 
study period, but not in the second, though neighboring trees did 
significantly affect growth through the entire study period. The 
two predominant species, A. firma and T. sieboldii, had different 
patterns of tree dynamics. The difference in shade tolerance 
between A. firma and T. sieboldii may explain this difference. 
Neighboring trees significantly affect the mortality of the less 
shade-tolerant T. sieboldii (Nakao 1985; Suzuki and Tsukahara 
1987), but not on those of the more shade-tolerant A. firma. On 
the other hand, we did not find reasons for that neighboring trees 

Table 4. Differences in effects of tree DBH and basal area of 
neighboring trees (nBA) on the tree mortality between the first 
(1984-1996) and the second (1996-2014) periods. Generalized 
linear model was performed for all trees, evergreen conifer (EC), 
evergreen broad-leafed tree (EB), deciduous broad-leaved tree 
(DB), Effects in selected models with smallest AIC are shown.

Intercept DBH (cm)    nBA (m2) R (m)
1984-1996

				All trees
-4.442*** -7.792e-2** 1.154e-4* 10

-0.6174 -2.58e-02 -5.74e-05

				EC
-4.457*** -2.902e-1** 2.047e-4* 10

-0.939 (1.016e-0.1)

  				Abies firma
-2.810. -0.372* 2.413e-4. 10
-1.495 -0.177 -1.36e-04

  				Tsuga sieboldii
-4.425** -0.525** 2.368e-4* 10

-1.421 -0.203 -1.12e-04

 				EB
-4.295***

-0.356

 			DB
-2.881 -0.08  
-0.869 -0.056

1996-2014

				All trees
-3.620*** -8.634e-3**

-0.329 -2.70e-03

				EC
-4.575*** -0.186* 1.02e-04 10

-0.962 -8.40e-02 (6.508-5)

  				Abies firma
-0.681 -0.355*
-1.309 -0.166

  				Tsuga sieboldii
-7.557*** -0.240. 3.018e-5* 10

-1.552 -0.129 -1.08e-05

				EB
3.383 -6.373e-4* -4.21e-05 8
-2.7 -2.97e-04 -2.99e-05

				DB
-1.812 -2.622e-4* 9.91e-05 2
-1.283 -1.12e-04 -6.68e-05

*** 0.001, ** 0.01, * 0.05, . 0.01
BA: the sum of basal area of all trees in radius of R (m) from the focal tree
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had a significant effect on growth of A. firma and T. sieboldii in 
the first and second study period, respectively. 

Neighboring trees did not significantly affect the mortality and 
growth of evergreen and deciduous broad-leaved trees, while tree 
DBH did. These findings suggest that evergreen and deciduous 
broad-leaved trees were unlikely to be affected by competition 
with neighboring trees. However, in the study plot, many different 
species of evergreen and deciduous broad-leaved trees were 
present, in contrast to evergreen conifers, which were represented 
by fewer species. Different species could have different patterns 
of tree dynamics as A. firma and T. sieboldii showed different 
patterns. Especially, evergreen broad-leaved trees include species 
that sika deer cannot consume. Based on these results, we 
examined the possibility that an increase in sika deer population 
may have affected the competition between individual trees 
in a cool temperate mixed forest, though we cannot explicitly 
extract the effects of sika deer from results of the tree census. 
Experiments such as enclosure and population control are 
available to evaluate the change in the contribution of competitive 
interactions and the increases in the sika deer population.

Species composition and stand structure of the mixed forests 
varies depending on climate, topography, and anthropogenic 
factors (Nakao 1985). The surroundings of the study site had 
been thinned partially to enhance regeneration by improving the 
light conditions (Aragami 1987). The basal area of 30.5 m2/ha 
in 1984 was considerably smaller than that of other neighboring 
mixed forests (c.a. 80 m2/ha, Aragami 1987; Okano and Aragami 
1999). The increase in basal area through the entire study period 
indicates biomass recovery as a result of thinning. However, 
the basal area of 45.7 m2/ha was still smaller than those of 
other neighboring mixed forests. Growth of standing trees and 
recruitment of trees that sika deer cannot consume would further 
increase the basal area in the study plot. Further research on 
each species would confirm our prediction and results regarding 
evergreen and deciduous broad-leaved trees.
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