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Diversity and composition of tree species in mature stands along an altitudinal
gradient on Mt. Fuji

Yumiko MIYAMOTO', Takashi NAKANO?, Kazuhide NARA'

Abstract

We report diversity and composition of trees at four sites along the Shoji Trail, northwest slope of Mt. Fuji, as a part of a project
examining diversity-altitude relationships of microorganisms. We established four study sites (about 1ha/site) at altitudes of 1100 m,
1550 m, 1900 m and 2250 m in mature forests and surveyed trees (> 1.3 m in height). Forests were dominated by Quercus-Fagus at
lower elevations, while Abies and Tsuga exclusively dominated at higher elevations. The observed pattern in tree species composition
along the altitudinal gradient is typical at climax forest stages in the Pacific Ocean side of Japan. Species diversity generally
decreased with altitude. Occurrence of large Larix and Betula at the highest site indicates the effect of disturbances. Primary forests
are scarce and fragmented in most part of Japan. The unmanaged forests along the Shoji Trail can provide valuable fields to examine
biological adaptations and responses of organisms to changing environments along an altitudinal gradient.
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introduction ecosystems.

It is critical to understand how organisms adapt to environments Although urbanization and silviculture activities have decreased
and how biodiversity changes along environmental gradients in most natural forests in the area around Mt. Fuji, well-developed
establishing proper management strategies under rapidly changing mature forests with limited human impacts still remain on the
environments (Hooper et al. 2005). Altitudinal gradients are one northwest slope of the mountain (Ohsawa 1984, Nakamura 1985).
of the most powerful tools to assess the patterns of adaptation and These unmanaged forests may provide excellent fields to explore
biodiversity changes with environments in relatively small biodiversity-altitude relationships. As a part of a project examining
geographical ranges (Korner 2007, Alberto et al. 2011). Thus, diversity-altitude relationships of microorganisms, we surveyed
intact natural ecosystems spanning a substantial altitudinal gradient tree communities along the altitudinal gradient near the Shoji Trail
are of great scientific value. Unfortunately, such intact gradients on Mt. Fuji. This paper aims to describe diversity and compositions
are very rare due to intensive and widespread human impacts on of tree species and discuss advantages and limitations of this area
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to investigate biodiversity-altitude relationships.

Methods
Study sites

The study was conducted along the Shoji trail on northwest slope
of Mt. Fuji, Yamanashi Prefecture, Japan. This area has a temperate
climate characterized by wet warm summers and moderately dry
cool winters. Mean annual temperature and mean annual precipitation
is 10.6 C and 1577 mm, respectively, at the Weather station,
Kawaguchi Lake at 992 m (35°26' N, 138°50" E). We established
four 1-ha study sites at 1100 m, 1550 m, 1900 m and 2250 m above
sea level (35°13"-35°15" N, 138°23" -138°25" E). All the study
sites were established in closed-canopy mature forests developed
on scoria deposit and least affected by human activities. Spatter
and larva deposits were also observed partly at 2250 m and 1990 m
sites, respectively. The upper most site at 2250 m was located just
below the treeline. The 1100 m and 1550 m sites were located in
Mt. Fuji Primeval Forest designated as National Heritage (Nakano
et al. 2008, Nagaike and Matsuzaki 2010). It was difficult to find
less-disturbed mature forests even in this study area, especially
below 1550 m, because of the large and intermixing 4bies and
Larix plantations. We also had difficulty in establishing study sites

at finer intervals or replicate plots.

Sampling methods

Forest survey was conducted during the summer of 2011.
Twenty-five circular plots with 5.0 m radius were arbitrary established
within each study site. The centers of two plots were at least 10 m
apart. Species and diameter of breast height (DBH; 1.3 m) of all
trees (> 1.3 m height) were recorded in each plot. We also established
two and one square plots (20 m X 20 m) at 1550 m (Plot A1 and
Plot A2) and 2250 m (Plot B1) sites, respectively. The centers of
the square plots at 1550 m were approximately 30 m apart. Species,
DBH and location of all trees (> 1.3 m height) in the plots were
recorded.

Data analyses

Tree data from the 25 circular plots were pooled for each site
(total area of 1962.5 m2). Data from the square plots (400 m2)
were individually analyzed. Basal area and density (stem count)
were estimated for each species. Species richness, Shannon's
diversity index (H' = - Z pj(loge(pi))) and Simpson's diversity
index (D = 1- 2 p;2) were calculated for each site or plot, where
pi is the proportion of each species based on stem count or basal
area.

Results
Species composition

The two sites at lower elevations were characterized as
cool-temperate, broadleaf deciduous forests (Table 1). The stand
at 1100 m was dominated by Quercus crispula (relative basal area
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of 36 %) and subdominated by Fagus japonica (13 %) and
Carpinus tschonoskii (10 %). The stand at 1550 m was dominated
by F crenata (47 %) and Abies homolepsis (29 %) and subdominated
by younger Tilia japonica (12 %), Q. crispula (3 %) and several
Acer species (Fig. 1a, b). Sasa (Sasamorpha borealis) predominantly
covered the forest floor at this site.

The two sites at higher elevations were characterized as subalpine
coniferous forests (Table 1). Tsuga diversifolia (44 %) and A. veitchii
(50 %) dominated at 1900 m site and 7. diversifolia (74 %) and
Larix kaempferi (23 %) dominated at 2250 m site (Fig. 1c). Seedlings
of T. diversifoli and A. veitchii also occurred on the forest floor at
both sites.
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Figure 1. Spatial patterns of tree species within 20 m X20 m
plots at 1550 m and 2250 m sites. Others include
species with maximum DBH < 30.5 cm.
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Table 1. Stem density and basal area of tree species at each site and plot.

Stem Density [stems/hal

Basal Area [ /ha]

Family Srecies 1100m 1550m | f:f)m 1 f:g" 1800m 2250m 2(2;0;“ 1100m 1550m 1?:10)’" 1 ;5:20)’" 1900m 2250m 2(22?)”‘
Pinacceae Abies firma al 087
Abies homolepis 157 180 125 2080 1469 1970
Abjes mariesiy A 81 25 017 085 002
Abjes veitchii 530 188 350 2477 244 1465
Larix kaempferf 183 250 2137 2642
Picea jezoensis var, hondoensis 5 10 287 03
Pinus parvifiora 15 50 1989 6.28
Tsuga diversifolia 876 993 900 2165 6881 4126
Tsuga siebolay 20 006
Cupressaceae Chamaecyparis pisifera g1 217
Taxaceae Torreya nucifera 10 om
Salicaceae Salix bakio 25 143
Betulaceae Beltula ermani 15 25 5 50 046 064 015 245
Betuia prossa 51 15 25 396 026 133
Betula maximowicziana 5 050
Carpinus cordata 367 5 152 000
Carpinus faponica 5 oo
Carpinus tschonoskir 132 534
Fagaceas Fagus crenata 56 103 175 150 447 3350 3270 4284
Fagus faponica 198 724
Quercus crispula 163 48 100 50 2032 213 021 072
Magnoliaceae Magnolia praecocissima 10 015
Cercidiphyllaceae Cercidiphylium japonicum 5 005
Actinidiacese Actinicha arguta 25 008
Rosaceae Pourthiaca villosa var. faevs 50 0.03
Rosaceae Prunus heisa 5 25 000 001
Prunus famasakura 5 005
Frunus maximowiczii 5 008
Prunus sp. 10 022
Sorbus ainifolia 20 25 100 011 084 115
Sorbus commixta 15 25 noe 002
Aceraceae Acer amoenum 225 100 048 008
Acer micranthum 5 005
Acer mono var. marmoratum 143 20 25 25 352 ooz 0.0 002
Acer nikoense 46 036
Acer palmatum subsp. amoenumn 107 49 130 019
Acer rufinerve 10 39 100 136 035 031
Acer shirasawanum 5 54 50 25 0.00 1.04 0.03 1.04
Acer sieboldianum 5 24 100 000 045 007
Acer tenuifolium 7| 24 25 028 003 002
Agquifoliaceae Hfex macropoda 15 003
Tiliaceae Tilia faponica 230 350 325 885 1.06 24
Cornaceae Cornus controversa 5 5 25 50 034 015 005 082
Cornus kousa 7] 017
Araliaceae Acanthopanax sciadophylioides 15 013
Ericaceae Preris faponica 10 002
Rhododendron brachycarpum 25 005
Oleaceas Fraxinus fanginosa 15 15 25 136 no2 o0
Fraxinus fanginosa f. serrata 278 75 028 010
Caprifoliaceae Wiburnum wrghts’ 25 001
Total 1640 886 1750 1150 1462 1477 1625 5608 7204 5080 7238 4548 9367 B51.08

Species diversity along the altitudinal gradient

Observed species richness was 25, 25, 5 and 6 at 1100 m, 1550 m,
1900 m, and 2250 m, respectively. In the square plots, 17, 15, and
6 species were recorded in Plot A1 and Plot A2 at 1550 m and Plot
B1 at 2250 m, respectively. Species richness and Shannon's diversity
index based on stem count decreased sharply from 1550 m to 1900 m
and slightly increased at 2250 m site (Fig. 2a). Shannon's diversity
index based on basal area gradually decreased with elevation in
general, although the values varied largely between circular and
square plot data (Fig. 2b). Shannon's diversity index and Simpson's
diversity index showed similar trends along the altitude (data not
shown).

Discussion
The study stands typified climax forest types in the Pacific
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Ocean side of Japan, i.e. Quercus-Fagus dominated broad-leaf
forests at lower elevations and Abies-Tsuga dominated coniferous
forests at higher elevations. These stands were also characterized
as mature forests including relatively large diameter class trees.

Larix leptolepis and Betula ermanii are pioneer tree species
that readily colonize disturbed sites such as volcanic deserts and
avalanche slopes. They commonly occur in climax subalpine
forests on Mt. Fuji as a remnant of early colonizers (Ohsawa 1984).
Ohsawa (1984) suggested that Abies-Tsuga forests tended to replace
early successional Betula-Larix forests with succession. We recorded
large to medium diameter classes of L. leptolepis and B. ermanii
in Tsuga dominated forest at 2250 m, but not at 1900 m site,
suggesting the effect of environmental disturbance near the treeline.

Stem density, basal area (Table 1) and diversity index based on
basal area (Fig. 2b) varied considerably between the circular and
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square plot data at the same altitudes. Thus, the survey methods
influenced the overall trend of tree diversity patterns along the
altitudinal gradient. Location, shape and size of the survey area
can have significant influences on results when quantifying stand
characteristics (Hosoda et al. 2012). Larger survey areas would
provide more general and accurate pictures; thus data obtained
from our circular plot survey would be more reliable than those
from the square plot survey.

Species richness and diversity were higher at lower elevations
than higher elevations as reported in previous studies (i.e. Ohsawa
1984, Stevens 1992, Miyajima et al. 2007). Our results generally
confirmed this diversity-altitude pattern. But the result based on
stem basal area data obtained from square plots contradicted this
general pattern (Fig. 2b), indicating the small survey area would
be easily affected by site specific conditions and not be suitable
for generalizing a diversity pattern. We also found that the stem
count and basal area data resulted in different diversity-altitude
relationships, i.e. the diversity index based on stem count decreased
dramatically from the low-elevation deciduous to high-elevation
coniferous forests (Fig. 2a) but those based on stem basal area
decreased gradually with elevation (Fig. 2b). While various diversity
measures are available, the selection of indices would have significant
effects on results (Motz et al. 2010). Therefore, we should be cautious
in selecting survey methods and diversity measures to investigate
diversity patterns along the gradient.

Although we observed the decreasing tree diversity trend with
altitude, hump-shaped patterns (i.e. the highest diversity occurs at
mid elevation) are suggested to be the common biodiversity-altitude
relationships worldwide (Lomolino 2001). Moreover, causal
explanations of these patterns remain controversial (Grynes and
Vetaas 2002). Data from different geographical areas and climate
will likely advance our knowledge on the diversity patterns and
their mechanisms. The data presented in this paper could hopefully
be used in various future ecological studies concerning altitudinal
gradients.
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Figure 2. Shannon's diversity index (H') along the altitudinal
gradient. Overall (@) represents the pooled data from
25 circular plots at each altitude.
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