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Stand dynamics of a cool-temperate old-growth forest in the foothills of Mt. Fuji,
central Japan

Takuo Nacake ', Seiji MATSUZAKT?

Abstract

We examined the stand dynamics of an old-growth forest and the effects of bark stripping by Sika deer (Cervus
nippon) on these dynamics. Two study plots (plots 1 and 2 ) were established in a cool-temperate old-growth forest
along the Shoji trail in the foothills of Mt. Fuji, and trees were censused in 2002 and 2008 . In this interval, total basal
area of trees in both plots increased, especially in plot 1, and total stem density, which was lower in plot 1 than
in plot 2, increased in plot 1 and decreased in plot 2. Thus, parameters of stand structure and dynamics differed
between plots, reflecting different phases of forest development. The effects of bark stripping on stand dynamics
appeared to be weak in this census period; however, it is important to carefully monitor the effects of Sika deer
population growth on forest ecosystems in the region.
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Introduction

Human activity on the Pacific side of Japan, which
experiences low snow cover in winter, has been intense
compared to that on the Japan Sea side (Nakashizuka and
Tida 1995 ). In the foothills of Mt. Fuji, as well as in other
regions on the Pacific side of the country, primary or
old-growth forests remain only as fragments (Nakano et
al. 2008 ) because of human activity (e.g., logging). Thus,
such fragments are important to forest management as
model systems for matching natural disturbances and as
reserves for conserving biological diversity in the region.
The dynamics of such forests can be studied in the
context of ecological forestry (e.g., Franklin et al. 2002 ).

Recently, the population of Sika deer (Cervus nippon)
has sharply increased in the region, and the effects of
bark stripping on plantation trees have been serious
(Jiang et al. 2005 ). Because bark stripping by the deer
can strongly affect forest stand dynamics and species
composition (Akashi and Nakashizuka 1999 ), itis
important to carefully monitor these effects in natural

forests. In this study, we examined the dynamics of an
old-growth forest and the effects of bark stripping by
Sika deer on these dynamics.

Methods
Study sites and data collection

Two study plots (plots 1 and 2 ) were established in a
cool-temperate old-growth forest along the Shoji trail in
the foothills of Mt. Fuji in 2002 . The elevations of plots
1 and 2 were 1500 and 1560 m, respectively. Each plot
was 50 X 50 m. Because the forest was included in a
Special Protection Zone of Fuji-Hakone-Izu National Park,
human intervention such as forest management has been
limited. In each plot, all living trees greater than 3 cm
in diameter at breast height (DBH) were identified, and
girth at breast height was measured. We re-surveyed the
same plots in 2008 . In both censuses, we monitored the
trees for signs of bark stripping by Sika deer.
Analysis

We estimated mortality and recruitment rates in
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each plot for this census period (i.e., 6 years) using a
logarithmic model (Condit et al. 1999 ; Miura et al. 2001 ):

Mortality rate (% / year) = In (Nb / Ns) / 6 X 100,
where Nb and Ns are the numbers of stems alive at the
beginning of the study and surviving to the end of the
census period, respectively.

Recruitment rate (% / year) = In (Ne / Ns) / 6 X 100,
where Ne is the total number of stems alive at the end of
the study.

Population changes were calculated from the population
growth rate, A , (Condit et al. 1999 ) for basal area (BA)
and the numbers of stems (s) of a species using data from
2002 and 2008 :

A BA (% / year) = (BA 2008 - BA 2002) / BA 2002 / 6
x 100,

and

A s (% / year) =1In (N 2008 / N 2002) /6 x 100,
where N and BA are the numbers of stems and the BA
of a species in census, respectively.

Results and discussion
The recruitment rate in plot 1 exceeded that of
mortality, and the opposite was true in plot 2 (Fig. 1).
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Figure 1. Relationship between mortality and recruitment
ratios in the study plots.

In plot 1, the dominant species by BA and stem density
were Quercus crispula and Fagus crenata, and Abies
homolepis and F. crenata, respectively (Table 1). In plot
2, the dominant species by BA and stem density were
F. crenata and A. homoleprs, and Acer shirasawanum and
Tilia japonica, respectively. Although A. shirasawanum
and T. japonica dominated by stem density in plot 2,
their stem size was small and the canopy was dominated
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by large individuals of F. crenata. Total BA was similar in
both plots, but stem density was greater in plot 2. Total
BA increased in both plots during the interval between
censuses, particularly in plot 1 (Table 1). The BA of all
of the species in plot 1, except for Prunus maximowiczit,
increased, whereas the BA of 7 of 27 species in plot 2
decreased. Total stem density, which was lower in plot 1
than in plot 2, increased in plot 1 and decreased in plot
2. Thus, stand structure and dynamics differed between
the two plots, reflecting different phases of forest
development.

Stem density of . crenata was greater in plot 1,
whereas its DBH was greater in plot 2. Given that BA
was similar in both plots, plot 2 contained larger and
fewer canopy trees, whereas trees in plot 1 were smaller
and more numerous.

The density of bark-stripped trees was lower in plot 1
than in plot 2 in both census years (Table 2). However,
both the numbers of bark-stripped trees and trees killed
by bark-stripping increased during this census period
in plot 2. These numbers increased in particular for A.
shirasawanum and Sorbus commixta, supporting the idea
that Sika deer preferentially bark-strip trees of certain
species (Nagaike and Hayashi 2003 ; Ando and Shibata
2006 ). Such preferred species may disappear if bark-
stripping continues (Akashi and Nakashizuka 1999).
Although the effects of bark-stripping on stand dynamics
seemed to be weak in this study, itisimportant to
carefully monitor the effects of population growth of Sika
deer on forest ecosystems in the region.
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Table 1. Basal area, stem density, population growth rates, and mean diameter at breast height (DBH) of tree species in the study

plots.
Species Basal area (mi/ha) Stem density (No./ha) Mean DBH (cm)
plotl plot2 plotl plot2 plotl plot2

2002 2008 1BA(%year) 2002 2008 iBA(byew) 2002 2008 )s(%/year) 2002 2008 1s(b/vear) 2002 2008 2002 2008
Abies homolepsis 814 856 087 1308 1397 1.13 116 116 0.00 120 112 115 264 272 291 310
Acanthopanax sciadophylloides 0.07 0.09 5.89 005 0.05 0.75 20 24 3.04 4 4 0.00 59 6.1 128 131
Acer japonicum 072 072 0.07 4 4 0.00 478 479
Acer micranthum 004 004 249 0.00 8 8 0.00 4 75 81 3.3
Acer mono subsp. marmoratum 065 0.69 092 001 002 348 36 40 1.76 4 4 0.00 94 91 67 74
Acer palmatum 001 001 0.83 8 8 0.00 4.0 41
Acer palmatum subsp. amoenum 018 0.20 0.98 4 4 0.00 243 250
Acer rufinerve 023 024 125 063 070 1.74 68 56 -3.24 8 8 0.00 63 72 253 270
Acer shirasawanum 190 197 0.66 220 252 2.38 56 60 115 468 476 0.28 175 171 63 67
Acer sieboldianum 012 013 0.86 4 4 0.00 199 204
Aralia elata 0.07 -16.67 4 - 152
Betula ermanii 015 0.18 248 332 349 0.87 12 8 6.76 16 16 0.00 124 167 493 507
Betula grossa 003 004 477 003 003 2.34 4 4 0.00 4 4 0.00 104 118 94 100
Carpinus cordata 0.07 007 0.00 4 4 0.00 154 154
Cercidiphyllum japonicum 004 007 10.80 4 4 0.00 113 145
Cornus controversa 005 0.06 362 022 029 461 8 8 0.00 8 8 0.00 85 94 188 213
Enkianthus campanulatus 0.01 001 -1.06 8 8 0.00 3.7 36
Euonymus planipes 005 002 -1011 12 4 -1831 70 77
Fagus crenata 1685 17.13 028 1913 17.73 -1.22 104 100 -0.65 36 32 196 364 373 748 801
Fraxinus langinosa 002 0.03 567 033 033 022 24 32 479 72 56 -4.19 34 34 60 69
Kalopanax pictus 025 027 131 157 164 0.66 4 4 0.00 16 16 000 281 292 321 332
Ligustrum tschonoskii 0.00 -16.67 4 - 3.1
Magnolia obovata 004 007 9.29 4 4 0.00 119 149
Phellodendron amurense 039 043 153 4 4 0.00 354 370
Picea jezoensis var. hondoensis 884 944 1.14 24 24 0.00 658 682
Prunus maximowiczii 001 0.00 977 018 026 773 8 4 -1155 20 24 3.04 36 33 101 108
Pyrus ussuriensis var. hondoensis 0.00 0.00 -0.80 4 4 0.00 39 39
Quercus crispula 2315 24.15 072 523 554 0.99 84 84 0.00 20 20 000 573 585 509 525
Sambucus racemosa 0.05 -16.67 12 - 6.8
Sorbus alnifolia 097 1.00 042 000 000 0.29 28 28 0.00 4 4 0.00 193 196 37 37
Sorbus commixta 068 059 222 60 44 5.17 107 116
Sorbus japonica 005 0.05 0.61 4 4 0.00 124 126
Tilia japonica 015 0.20 492 172 195 222 63 88 4.30 180 156 2.39 50 50 93 107
Tsuga diversifolia 115 125 1.49 4 8 1155 605 381
Viburnum furcatum 002 000 -1342 16 4 -2310 40 36
Viburnum wrightii 0.00 4 32
Viburnum wrightii var. stipellatum 0.01 -16.67 4 4.1
Total 5422 56.30 064 5868 59.96 0.36 684 704 048 1136 1044 -141 228 227 151 164
Table 2. Densities of stems bark stripped by Sika deer in the study plots (No. stems / 2500 nt ).
Species plotl plot2

2002 2008 2002 2008
Bark Death by b/a*100  Bark Death by b/a*100  Bark Death by b/a*100  Bark Death by b/a*100
stripping  bark stripping stripping  bark stripping stripping  bark stripping stripping  bark stripping
(a) (b) (%) (a) (b) (%) (a) (b) (%) (a) (b) (%)

Acer micranthum 1 0 0.0
Acer shirasawanum 12 0 0.0
Euonymus planipes 2 2 100.0 2 40.0 3 2 66.7
Fraxinus langinosa 1 0 0.0
Sambucus racemosa 1 1 100.0
Sorbus alnifolia 1 0 0.0 1 0 0.0
Sorbus commixta 0 0.0 10 3 30.0
Tilia japonica 1 0 0.0
Viburnum furcatum 1 50.0 2 1 50.0
Viburnum wrightii var. stipellatum 1 0 0.0
Total 2 2 100.0 0 0 0.0 12 3 25.0 31 7 226
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