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Changes of above- and below-ground biomass forty-three years
after a typhoon disturbance in a subalpine wave regeneration
forest on Mt. Shimagare

Kojiro IWAMOTO"", Shin UGAWA”, Masatake G. ARAKI”, Daisuke KABEYA”,
Moriyoshi ISHIZUKA®* and Takuya KAJIMOTO”

Abstract

Understanding post-disturbance reforestation processes could make a valuable contribution towards predicting
the impacts of future changes in disturbance regimes on forest ecosystems. In this study, we aimed to estimate
biomass dynamics in a wave-regenerated fir forest following blowdown. Three research forest stands at different
developmental stages (young, intermediate, and mature; 19, 36, and 59 years-old, respectively) were established in
a wave-regenerated Abies forest on Mt. Shimagare in central Japan, where a severe large-scale windthrow event
occurred during a typhoon landfall in 1959 (Typhoon “Vera”). For each stand, above- and below-ground biomass
was estimated using tree census data measured repeatedly from 2001 to 2008 and size-mass allometric equations
developed based on the sample trees’ data. Growth patterns were also examined by tree ring analysis. The
estimated biomass was the lowest in the young stand, but reached a similar level in both intermediate and mature
stands. During the research period, mean height and estimated mass of trees were increasing in all sites but plot
biomass were not increasing in the mature site because of mortalities of canopy trees. In the intermediate stand,
tree ring analysis showed that post-typhoon seedlings could grow fast and thus a similar biomass accumulated
to that in the mature stand, where trees originated from advanced seedlings that existed in high density prior to
the disturbance. Compared to mature wave-regenerated fir forest without disturbance, mature forest in this study
had lower biomass and the onset of mortality started earlier. These results suggest that typhoon disturbance affect

17

subsequent forest structures and biomass accumulation.

Keywords: biomass dynamics, subalpine coniferous forest, wave-regeneration, typhoon disturbance

1. Introduction

Wave-regeneration is often observed in subalpine fir
forests on slopes facing prevailing winds in several global
regions, including Japan and northeastern North America
(Iwaki and Totsuka 1959, Sprugel 1976, Boyce 1988, Kohyama
1988). Their landscapes are characterized by visible strips
of dead trees between living stands, with a sequential
arrangement between from smaller- to larger-sized trees down
the slope. Wave-regeneration was long regarded as a shifting
mosaic steady-state system, where waves of mortality (dead
trees) move at a fairly uniform rate followed by continuous
regeneration (Sprugel and Bormann 1981). Many studies

have described the stand structure and dynamic features of

Received 16 March 2017, Accepted 7 February 2018

wave-regenerated forests (e.g. Okubo 1933, Oshima et al.
1958, Sprugel 1976, Tadaki et al. 1977, Kohyama and Fujita
1981, Kimura 1982, Ugawa et al. 2007). Without catastrophic
disturbance such as severe blowdown, strips of new dead trees
were observed year by year at the edges of mature stands in
the windward direction. Several causes of tree mortality at
the forest edge have been postulated: needle death by rime
ice deposition (Marchand et al. 1986, Boyce 1988, Foster
1988b), desiccation due to winter winds (Hadley and Smith
1986, Maruta and Nakano 1999), desiccation and mechanical
damage due to summer winds (Kai 1974, Oka 1983, Kohyama
1988), increased root damage from the swaying of trees in the

wind (Marchand et al. 1986), and accelerated death of stressed
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trees by bark beetle infection (Ohtaka et al. 2002). Within a
strip of dead trees, vigorous regeneration of seedlings occurs
(mostly through the release of formerly suppressed seedlings).
Multiple developmental stages of community dynamics can
thus be observed in wave-regenerated forests at any one point
in time (Oshima et al. 1958, Tadaki et al. 1977, Sprugel 1984,
Ugawa et al. 2007). Some studies have estimated changes in
stand biomass and productivity with the development of wave-
regeneration by establishing experimental plots within various
aged stands (or different developmental stages) (Tadaki et al.
1977, Sprugel 1984).

However, the forests in these studies were assumed
to be in a shifting-mosaic steady state, which is only in
equilibrium when disturbances are sufficiently frequent
and small in scale relative to the landscape, and where most
dynamic processes are distributed evenly over the whole area
(Sprugel and Bormann 1981). Many studies have suggested
that the maintenance of wave-regeneration is accompanied
by gradual degradations of canopy trees due to continuous
stress (e.g. Oshima et al. 1958, Tadaki et al. 1977, Sprugel and
Bormann 1981). Such studies have not given consideration to
large-scale disturbances, which are caused by low frequency
events such as severe windstorm or fire. Tropical cyclones
(called "typhoons" in the western North Pacific) often affect
forest structure and function in tropical to temperate regions,
causing uprooting and defoliation of trees due to strong winds
(Chambers et al. 2004, 2007, Lin et al. 2011). For coniferous
forests in cool temperate and subalpine regions, cyclones
sometimes cause serious damage, such as windthrow of large
trees across vast areas (Kimura et al. 1986, Foster 1988a,
Yamanaka et al. 1994, Ishizuka et al. 1997, Suzuki et al. 2013).
These intensive disturbances can lead to major modification of
the forest structure and dynamics.

In 1959, typhoon Vera (known as the Isewan typhoon in
Japanese) impacted on an extensive area of forest in central
Japan and caused severe windthrow of large sized trees (Morita
1960), including a wave-regenerated forest on Mt. Shimagare
(Tanabe 1960, Okuhara 1977, Kimura 1982). In this forest,
it was observed that most trees within the mature tree zones
were damaged and that the dead tree zone became wider after
the typhoon disturbance (Okuhara 1977, Kohyama and Fujita
1981). A few decades later, damaged stands have recovered
mainly through natural regrowth, retaining the familiar wave
patterns (Kohyama and Fujita 1981, Kimura 1982). More
recently, however, it was found that stand structures and age
composition were greatly modified from those observed before
the disturbance, shifting to smaller and younger trees (Suzuki
2003) and showing greater heterogeneity in spatial distribution
of trees (Suzuki et al. 2009, 2013). These patterns were

considered to result from differences in the spatial distribution

of advanced seedlings and saplings that were left over after
dying of canopy trees by the typhoon disturbance (Suzuki et
al. 2013). These structural changes and local heterogeneity
may alter the carbon dynamics of wave-regenerated forest, but
there is still no information on biomass dynamics following
these intense disturbances. Future climate change is predicted
to change the frequency and intensity of natural disturbance
to forest ecosystems through events such as wind storm and
fire (Dale et al. 2001, Pechony and Shindell 2010), so has the
potential to reduce net carbon stocks (IPCC 2013).

In this study, we characterize biomass dynamics in a
wave-regenerated fir forest following blowdown by typhoon
Vera in 1959. We reconstructed the process of biomass
dynamics over time and examined influencing factors,
focusing on interactions between pre- and post-disturbance
stand structures such as seedling density, which were playing
a key role in biomass accumulation. We discuss to what
extent the potential carbon stocks would differ in disturbed
forest from those in non-disturbed stands by comparing
published data of biomass accumulation in undisturbed wave-

regeneration forests.

2. Materials and methods
2.1 Study site

This study was carried out in the subalpine conifer
forest located on the southwestern slope of Mt. Shimagare
(36° 4'N, 138° 20' E; 2403m a.s.l.) in the Northern Yatsugatake
Mountains of central Japan (Fig. 1). Annual mean air
temperature at the study site was about 1.9°C during the study
period (2001-2008), estimated from the data recorded at the
nearest AMeDAS station at Suwa city (about 20km southwest
from the site). Annual precipitation recorded at the station
averaged about 1200mm during the period. Snowfall at the
site generally occurs from November to March, and snow
accumulation continues from early December to late May.

The bedrock at Mt. Shimagare is andesite originating
from volcanic eruptions in the mid- to late Pleistocene
(Kawachi 1974). The soil is moderately moist and dark brown,
falling into the FAO classification of Cambisol (Ugawa et al.
2010), and ground floor is covered with mosses, needle litters
and humus. The mineral soil is relatively thin (30-40cm deep),
permitting only the development of shallow tree root systems
(Oshima et al. 1958). The study forest was dominated by two
subalpine Abies species, A. veitchii Lindley and A. mariesii
Mast., together with several other species, such as Picea
jezoensis Carr. var. hondoensis (Mayr) Rehder, Betula ermanii
Cham. and Sorbus commixta Hedl. (Oshima et al. 1958).

Before typhoon Vera, Yoshida and Yamanouchi (1955)
established a 530m-length belt transect on the study slope. The

same transect has been studied repeatedly in four different
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Fig. 1. Location and views of the study site.
(a) study site (dashed line square) on the southwestern slope of Mt.
Shimagare, inset in (c) and (d); the solid white line shows the approximate
location of the belt transect defined by Yoshida and Yamanouchi (1955). (b)
Location of Mt. Shimagare on Honsyu Island, Japan. Aerial photographs
around the research stands were taken in 1966 (c) and 2005 (d). Y, I and M in
(c) and (d) show the locations of research stands that we settled in this study.

years (1954, 1977, 1987 and 2002) (Yoshida and Yamanouchi
1955, Okuhara 1977, Maeda and Shiratori 1987, Suzuki 2003).
Using the data of mean heights in sub-quadrats along the
transect published in these studies, we reconstructed a stand
profile diagram (Fig. 2) to illustrate how the wave-like forest
has shifted along the transect over the period of ca. 40 years
following the typhoon disturbance. In 1954, prior to typhoon
Vera, the mean tree height increased gradually down the slope
within a single wave, then decreased abruptly at the lower edge
of the wave (Fig. 2a). In 1977, 18 years after the disturbance,
the mean tree height in each wave was smaller (about 10m)
than that in 1954 (about 13m) (Fig. 2b). In addition, waves
moved up the slope by some 70-90m, and the width of the
stripe of dead trees found between waves was observed to be
wider (Fig. 2a, b). These structural changes suggested that the
typhoon disturbance event had accelerated tree mortality and
gap movement (Kohyama and Fujita 1981, Oka 1983). Mean
tree heights inside the waves were further reduced (to 7-8m in
1987 and 5m in 2002), while tree heights in the gaps became
larger (Fig. 2c, d). Consequently, the forest in this study period
is characterized by large irregular canopy openings caused
by the typhoon (e.g., Kohyama and Fujita 1981) and by tree
size and age structures that differ markedly from those of
wave-regenerated forests that have not experienced a major

disturbance event.

|Bu11etin of FFPRI, Vol.17, No.2, 2018

2.2 Field measurements
2.2.1 Tree census

In 2001, three research stands were selected as
representatives of different developmental stages, i.e. young
(Y), intermediate (I), and mature (M) stands. The median ages
of Abies trees were 19 years in stand Y, 36 in stand I and 59
in stand M. Tree ages were estimated by counting the number
of tree rings at the soil surface for each sample individual
felled in 2002 (see below). Two SmX5m plots were established
in each stand for the purpose of obtaining tree census data.
The plots were selected to represent high (h) and low (1) tree
densities in each stand.

In each plot, we measured stem diameter at 1.3m height
(D, 3), height of crown base from the ground (Hg) and tree
height (H) for all living trees taller than 1.3m of the two Abies
species. We also recorded evidence of notable damage, such
as stem breakage. For smaller trees (0.3m = H < 1.3m), stem
diameters at 0.Im height (D,,), stem diameters at crown base
(Dg), HB and H were measured. For the two plots in stand Y,
Dy, measurement were recorded for all trees, regardless of
their heights, since many trees were below 1.3m in height and
these trees were difficult to divide two layers, when we had
measured first time in 2001. The tree census was conducted
once a year in early June from 2001 to 2008.In June 2001 data
for plot Y, was not collected: censuses were complete for all

following years.
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5
0-

Mean height (m)

200

Sloped distance(m)

Fig. 2. Changes in mean tree heights along the slope of a wave-regenerated Abies
dominated forest on Mt.Shimagare from 1954 (before typhoon Vera) to 2002.
Data from permanent belt transect along the slope, 530m in length and 10m in
width (Yoshida and Yamanouchi 1955, Okuhara 1977, Maeda and Shiratori 1987,
Suzuki 2003). Redrawn from Maeda and Shiratori (1987), and data added from
Suzuki (2003). Mean tree height in each 10x10m (sloped distances) sequential
quadrat shown. Dashed dotted line shows 8m height, showing the boundary
of height dependent typhoon disturbance on canopy trees, estimated from a
comparison of the stand profiles from 1954 (a) to 1977 (b). Y*, I* and M* show
the relative locations of the young, intermediate and mature stands examined in

this study.

2.2.2 Tree sampling

In October 2002 and 2003, we sampled 31 trees to
establish size-dry mass allometric equations (n=16 for A.
veitchii, n=15 for A. mariesii; using five or six trees per species
in each stand). The height ranges of the sample trees were
0.41-2.92m in stand Y, 2.94-5.95m in stand I and 2.43-7.12m in
stand M. The sample trees were felled at ground surface level
and four size parameters, D, ;, H, Hg, and Dy, were measured.
For the smaller sample trees in stand Y, D,, was measured
instead of D, ;. Each sample tree in stands I and M was divided
into 1-m vertical segments, and the fresh masses of the stem
and branches with needles in each segment were measured
separately. Stems of sample trees in stand Y were cut into
shorter segments (0.125-0.5m in length). In each segment,
several branches (with needles) were randomly sampled for
determining relative proportion of needles, and stem disks
were removed from the lower-most segment. Current branches
(i.e. with needles) were removed from older parts of samples
and weighed to quantify their fresh masses separately.
These samples were taken to the laboratory and needles

were removed from each branch samples. All samples (stem,

current branches and needles, older branches and needles)
were oven-dried at 70°C for three to seven days until weights
remained constant, and the dry/fresh ratio of each component
was determined. Using these data, the dry masses of stem
(Wy), branches (Wg) and needles (W) of each sample tree

were calculated.

2.3 Data analysis

To examine the growth patterns of 4bies trees in each
study stand, fluctuations in annual ring widths were analyzed
for the stem disks taken at the lowermost section of the sample
trees. Annual ring widths were measured in four directions in
the cross section.

To estimate the individual- and stand-level biomass of
the four tree components (stem, branch, needle, coarse root),
we developed nonlinear model equations based on allometric
relationships between observed size parameters (D, ; or D,
H and Hg) and each component dry mass. Details of model
selection and fitting method are summarized in the Appendix,
and the final models selected are shown in Appendix Table 2.

The coefficients of the selected models that we used were

TR BTG 5517 % 2 5, 2018]
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different between the two tree species. Yearly changes in
the biomass of each of the tree component within the six
study plots were reconstructed using these nonlinear model
equations. Here, both of the biomass of undamaged Abies trees
and those that were affected by shoot damage were estimated
using the same prediction formula. The biomass of Betula
trees which grew only in the high-density, intermediate aged
stand (I,), was ignored due to its relatively minor overall
contribution.

Patterns of yearly changes in plot biomass were compared
between the two different density plots (high, low) within each
stand, using a linear mixed model to test for differences in
initial biomass and annual biomass increment on time course
data in each plot. The following model was fitted to the data in

each stand:

Modell: W= B,+ B, DENSITY + B, YEAR + f3, DENSITY-YEAR
+R+ ¢

where the yearly change in total biomass in each plot (/') was
given as the linear regression of two factors: YEAR (years
from 2001: 0-7) and DENSITY (plot densities: high=0 and
low=1), and their interaction DENSITY:YEAR. R indicates
random effects of plots. In this model, the coefficients (3, f84+
1) describe the initial biomass, and (f3,, f3,+[35) the annual
increments in high and low density plots respectively.

For comparison of biomass differences among the stands, we

121

fitted another linear model separately to each series of the high

and low density plots in the Y, I and M stands.

Model2: W= B, + B, STANDY + f, STANDM + f3, YEAR +
B4 STANDY-YEAR + s STANDMYEAR+R+ €

where STANDY and STANDM are dummy variables denoting
stands.

The two Abies species were distinguished in the field
measurements and during sampling, but were treated together

in the data analysis.

3. Results

3.1 Stand structure change

Table 1 summarizes tree size parameters, stand structure
variables and each component biomass obtained in each plot
at the beginning (2002) and end of the study period (2008). In
2002, the densities of Abies trees (3.20-4.68m™) in the high
density plots (Y}, I,, M) were approximately twice those (1.40-
2.16m™) in each corresponding low density plot (Y,, I,, M).
Of the high density plots, Abies density was highest in Y, and
similar between the I, and M, plots. The densities decreased
in all high density plots and one low density plot (M,) during
the study period, while they remained similar in the other two
plots (Y, and 1)) (Table 1, see also Fig. 3). In stand M, which
was located adjacent to a dead tree zone of wave-regeneration,

some canopy-layer trees were observed to decline (i.e., crown

Stands: Y: Young I: Intermediate M: Mature
Density:  High Low High Low High Low
5
]
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Fig. 3. Changes in the tree density and biomass of each tree component
(stem, branch, needle coarse root and accumulated loss with dead
trees) for six study plots in the years 2002-2008.

Bulletin of FFPRI, Vol.17, No.2, 2018



122

IWAMOTO, K. et al.

Table 1. Outline of the study plots.

Stand Y 1
Age (median(range)) 18(15-29) 35(32-74) 58(46-66)
Plot Y, Y, I, I, M, M,
year 2002 2008 2002 2008 2002 2008 2002 2008 2002 2008 2002 2008
Density ( m'z) 1.88 2.44 4.68 4.2 1.4 1.44 32 2.96 2.16 1.48 3.44 2.88
Mixture ratio (%)
Abies mariesii 0.7 0.77 0.71 0.68 0.29 0.25 0.5 0.5 0.52 0.46 0.41 0.4
Abies veitchii 0.3 0.23 0.29 0.32 0.71 0.75 0.48 0.47 0.48 0.54 0.59 0.6
Betula ermanii 0.03 0.03
Height, H (m), mean 1 1.6 1.3 1.9 2.7 2.8 3 33 3.8 3.8 3.1 3.4
(min-max) 0.6-1.7  0.5-3.0 04-23  04-34 0.6-53  0.5-6.3 0.6-5.5  0.6-6.1 0.7-6.7  0.5-7.0 0.5-6.0 0.4-6.4
Crown length, C(m)
mean 0.9 1.2 0.9 1 13 1.2 1 1 1 0.9 0.8 0.9
(min-max) 0.5-1.6  0.2-2.9 0.1-2.1  0.0-3.1 0.1-3.8  0.0-43 0.0-32  0.0-3.3 0.0-3.6  0.0-3.2 0.0-2.7  0.0-3.7
C/H, mean 0.87 0.73 0.7 0.5 0.4 0.32 0.29 0.24 0.22 0.26 0.21 0.22
(min-max) 0.74-0.97 0.31-1.00 0.10-0.96 0.01-0.94 0.10-0.73 0.03-0.67 0.03-0.62 0.02-0.53 0.01-1.00 0.01-0.83 0.00-0.53 0.02-0.63
Upper layer ( H>1.3m trees in I and M)
D, 3 (cm), mean 5.8 6.8 4.7 5.1 53 6.4 4.5 5.1
(min-max) 29-11.1 3.5-13.1 1.9-10.5 1.7-11.5 1.7-10.6  2.5-11.6 1.8-89  2.0-99
H/D, 3, mean 68 67 82 79 90 85 84 81
(min-max) 47-86 49-79 45-143 49-143 60-124 60-111 63-116 60-111
BA, ; (cm’m?) 25.4 328 489 56.4 434 347 49.4 53.9
Lower layer (0.3m< H=1.3m trees in I and M, 0.3m< H trees in Y)
Dy, (em), mean 23 3.5 24 34 1.9 1.8 22 2.1 1.8 2.1 1.7 1.8
(min-max) 0.9-4.8 0.9-9.0 1.0-6.4 1.2-84 0.8-2.6 0.9-2.6 1.3-3.6 1.3-3.5 1.0-2.7 1.2-3.5 0.8-2.9 1.0-2.9
H/Dy,, mean 46 48 58 59 56 52 50 48 65 49 58 52
(min-max) 24-70 14-83 26-115  19-143 39-72 32-75 30-72 31-76 48-85 35-69 41-77 43-73
BAo, (cm*m?) 9.1 29.1 253 45.7 1.7 1.7 3.1 23 14 2 2 1.6
Biomass estimated
(kg/mz (%)) 1.1(100) 4.2(100) 3.1(100) 6.3(100) 6.6(100) 8.6(100) 11(100) 12.7(100) 10.2(100) 8.5(100) 10.9(100) 12.3(100)
Needle 04(32) 1227 0.827)  1.4(23) 0.9(14)  1.0(11) 1.110)  1.1(9) 0.7(7)  0.6(7) 0.9(8)  0.9(8)
Branch 0.3(22)  0.9(22) 0.6(19)  1.2(19) 0.9(13)  1.0(12) 1.1(10) 1.2(9) 0.8(8)  0.6(7) 0.8(8)  0.9(8)
Stem 0.3(24) 1.1(27) 0.930)  2.1(33) 3.3(50)  4.5(53) 6.2(56)  7.3(57) 6.2(61)  5.2(61) 6.7(61)  7.5(61)
Root 03(22)  1.0(24) 0.7(24)  1.5(25) 1.523)  2.1(24) 2.6(24)  3.2(25) 25(24) 2.1(25) 2.6(23)  3.0(24)

Y, Iand M in the stand show young, intermediate and mature stand respectively, Subscript h and 1 in plot name represent high- and low- density respectively, D, 3 and Dy,
show stem diameter at 1.3m height and at 0.1m height, BA, 3 and BA; show basal areas at 1.3m height and at 0.1m height.

Table 2. Regression results of the selected models for annual changes
of the biomass estimates in each plot

Model 1: W =p,+p DENSITY + 8, YEAR + 3 DENSITY :YEAR + R
Factors: YEAR: years from 2001 (0-7)

DENSITY : plot densities High=0 and Low =1

R : Random effects of plots
Coefficients:
STAND  fy B B2 B Rsp o0
Young 253 -1.87 054 15¢°%  0.16
Intermediate 10.86 -4.56 0.32 1.7¢° 0.18
Mature 11.11 -0.55 0.16 046  33¢° 0.36

Interpretation of coefficients:
By and B, +p; : initial biomass in high and low density plots
> and f, +f; : annual increments in high and low density plots

W =8, +p,; STANDY +f, STANDM

Model 2: +B3 YEAR + Jp 4 STANDY:YEAR + 3 s STANDM:YEAR+R
Factors: YEAR : years from 2001 (0-7)

STANDY : The young stand=1, others=0

STANDM : The mature stand=1, others=0
Coefficients:
SIAND o B f2 B B s RsD o
High density 11.01  -843 029 025 -0.11 23e° 027
Low density 627  -5.68 4.29 0.33 0.23 -0.63 1.0 0.24

Interpretation of coefficients:
Bo,Bo B, and B, +B,: initial biomass in the stands I, Y and M
B3,Bs5 B, and B ; +f 5: annual increments in the stands I, Y and M
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dieback) and some died within both study plots (M, and M,)
during the study period. The mean H, which was highest in
stand M and lowest in stand Y, increased in all plots during the
study period. The mean crown length C = H-H; ranged from
0.8m in M, to 1.3m in [, and was greater in the low density
plot (Y,, I, M)) than in the corresponding high density plot
(Y, I, My) in each stand. Mean C was shortest in M;, among
the high density plots. The mean ratios of C to H were largest
in stand Y and decreased in order of Y, I, M and was higher
in the low density plot than in the corresponding high density
plot in each stand. The mean D, ; in the four plots in stand [
and M increased during the study period. Mean D, ; values in
the two mature plots (M,, M,) were similar to those in the two
intermediate-age plots (I, I,). The mean ratios of H to D, ; in
the four plots in stands [ and M ranged from 67 in [, to 90 in M,
and were smaller in stand I than in stand M. In stand I, H/D, 5

ratios were smaller in [, than in I,.

3.2 Tree growth patterns

We counted 47-67 annual tree rings for the sample trees
in stand M, 33-72 in stand I, and 15-30 in stand Y (Table 1).
By calculating from the year when each tree was felled ( 2002
in the [ and M stands, 2003 in the Y stand), the innermost tree
rings were formed in the years 1936-1956 in stand M, 1931-
1970 in stand I, and 1974-1989 in stand Y. As for stand I, a
single tree had 72 rings, while the other nine trees were much

younger, with a narrow range of 33-38 rings, indicating that the

123

sample trees were mostly established at similar period (1965-
1970).

Tree ring analysis showed that growth patterns of the
sample trees differed among the three stands (Fig. 4). In the
stand M, the sample tree diameters increased slowly in their
early years (1940-50s), and the growth of some trees increased
sharply from 1959 onwards. On the other hand, in the stand
I, many of the sample tree diameters increased linearly from
their early stages. In the stand Y, diameter growth gradually
increased during the trees’ initial stages of development. In
yearly changes of mean width of tree rings in the stands,
monopodial patterns were shown in stand I and M with their
peak in 1980 and 1966 respectively (Fig. 4). The peak value of
mean width was smaller in stand M than in other two stands.
From these patterns, we divided them to three phases, i.e.,
Phase 1, where ring width fluctuations remain low, Phase
2: where ring width rapidly increase, Phase 3: where they
decrease gradually with annual fluctuations. In stand Y, they
increased monotonously and were not considered to have
reached Phase 3 yet. For comparing the increasing rates of tree
ring width in the phase 2 among the stands, a linear mixed
effects model that include effects of elapsed years, the stands
and their interactions with individual trees as a random effect
was fitted on these data. The fixed effects of interactions
between elapsed time and stand were not significant (p> 0.05).
It showed that increasing rates of tree ring width in Phase 2

were not significantly different among stands.

60 1

404

Radius(mm)

20

Radial increment(mm)
N

0
1930 1950 1970 1990 1930 1950

1970 1990 1930 1950 1970 1990
Year

Fig. 4. Changes in radiuses and their annual increments of tree rings at soil
surface level for each sample tree of young (Y), intermediate (I) and

mature (M) stands.

Bold lines show annual means of radial increments in each stand. Vertical
dashed line indicates the year 1959 when typhoon Vera attacked.
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3.3 Biomass change

Total and each component biomass increased in all the
study plots except M, during the study period. Biomass was
highest in plot I, and similar between plots I, and M, in
2001(Fig. 3). According to the model selections from subsets
of Modell, the model including the major effects of DENSITY,
YEAR and the interaction effect of DENSITY:YEAR was
selected for fitting to the stand M data, whereas the effects
of DENSITY:YEAR were excluded in the model selected for
stands Y and [ (Table 2). These results indicated that initial
biomass was lower in the low density plot than high density
plot in each stand, and rates of biomass increment did not
differ between the high- and low-density plots in stands Y
and I. Consequently, the annual biomass increment in each
plot, which were estimated by the parameters of Modell,
was 0.54kg m” year' in stand Y, 0.32kg m” year” in stand I,
0.16kg m™ year" in plot M,, and -0.30kg m” year" in plot M,.
As mentioned above, several large canopy-layer trees of the
mature stand (M) had declined and died during the study
period, which greatly contributed to the continuous reduction
of biomass in plot M, during the study period (Fig. 3). In the
results from the model selections from subsets of Model2, the
effect YEAR and its interactions with stand STANDY:YEAR,
STANDM:YEAR were selected in both sets of the different
densities. Biomass increment was largest in stand Y, followed
by stands I and M (Table 2).

Each estimate of needle and branches biomass increased
rapidly over time in stand Y, whereas they stayed at almost
constant levels in the high-density plots in stands I and M
during the years 2001 to 2008 (Table 1, Fig. 3). On the other
hand, the relative proportion of biomass in stems increased
in stands Y and I, with a corresponding decrease in that of
needles (Table 1, Fig. 3). When the two plots of different
densities were compared for each stand, the estimates of
biomass in branches and needles were smaller but their relative
proportions were greater in the low-density plot than the high-

density plot.

4. Discussion

We compared the temporal trends in aboveground
biomass in our study site with the results from three previous
studies conducted in wave-regeneration forests (Fig. 5). One
site was located in the vicinity of our site, Mt. Shimagare,
from which biomass data were obtained before the Typhoon
Vera event (Oshima et al. 1958). Other sites were located
on Mt. Asahi (about 36km from our study site), where the
typhoon disturbance was not serious (Tadaki et al. 1977), and
on Whiteface mountain, North America (Sprugel 1984). These
previous studies share a similar pattern, increasing rapidly

in young stands (30-40 years), then increasing monotonously

until 60-100 years of age (Fig. 5). Our study results also
followed those patterns. However, the biomass estimates in
stand M (about 8-9kg m?* M,, M,) were smaller than those of
the similar-aged (> 60 years) stands in the previous studies.
There were comparable amounts with that in stand I, which
was about 20 years younger than stand M. We observed the
death of several canopy trees in stand M during the research
period and many trees had already exhibited symptoms of
dieback. Though previous studies noted that mortality of
overstory trees in wave-regeneration forests occurs at 80 - 100
years (Oshima et al. 1958, Kohyama and Fujita 1981), the onset
of mortality started earlier in stand M, at ca. 60 years old.
This reduction of age and tree sizes in mature stands could be
related to the typhoon disturbances that had accelerated tree
mortality and increased gap movement, as already described
in the section 2.1. We could not estimate overall variations in
tree sizes on whole areas of the forest from using these results
from the limited sample arecas. However, recent studies on Mt.
Shimagare showed that tree size compositions in mature tree
stands were similar to those that we observed (Suzuki 2003
(Fig. 2d), Ugawa et al. 2007). It suggests that the reduction in
biomass that we found prevail on the slopes of Mt. Shimagare.

To examine the linkage between the observed patterns
in biomass and stand structural change, we superimposed the
relative position of each study stand on the diagrams of stand
profile (see marks Y*, I*, M* in Fig. 2d) of a nearby transect
along wave-regeneration forest (Fig. 1) where past stand
structure has been reconstructed repeatedly since 1954 (see
Methods). According to the virtual plot location, the current
young stand (Y*) is considered as a formerly intermediate-
aged stand when typhoon Vera struck in 1959 (see diagram
in 1954; Fig. 2a). Likewise, the intermediate (I*) and mature
(M*) stands correspond to formerly mature and young (or
overmature) stands, respectively. Comparison of the stand
profiles from 1954 to 1977 (Fig. 2a, b) indicates that the
typhoon windthrow occurred in stands where the mean height
of canopy trees exceeded approximately 8 m. Fig. 1c shows
that there were still many windthrown trees on the forest
floor, and that only the stand I* was located within a large
windthrown area when the aerial photograph taken in 1966,
eight years after the typhoon. This evidence suggests that only
the stand I* sustained destructive typhoon damage on canopy-
layer trees, whereas the other two sites, M* and Y*, escaped
serious damage because there were few or no canopy-layer
trees (H >8m) present at that time.

The difference in the magnitude of disturbance by growth
stage may also have affected post-disturbance regeneration
processes and growth conditions of seedlings. Positive growth
response of seedlings often appears due to improved light

conditions following windthrow events (Kimura et al. 1986).
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Fig. 5. Relationships between aboveground biomass and stand age of six study plots
in wave-regeneration forests on Mt. Shimagare from 2001-2008.
Stand Y: young stand, Stand I: intermedate stand, Stand M: mature stand. Data
from three previous studies are also indicated: one in wave-regeneration Abies
forests on Mt. Asahi (Tadaki et al. 1977), another in pre-disturbance, wave-
regeneration fir forests on Mt. Shimagare before typhoon Vera (Oshima et al.
1958) and the other in Whiteface Mountain, USA (Sprugel 1984). For the data
of Oshima et al. (1958), the aboveground biomass in each plot was calculated by
multiplying aboveground total dry mass of standard-size sample trees and tree
density. Note that each stand age was estimated by the number of stem rings at
50cm height in Sprugel (1984), at soil surface in other studies.

The recovery of a subalpine coniferous forests following
a windthrow event was dependent on both the release of
previously suppressed, advanced seedlings and newly recruited
seedlings (Kohyama 1984, Kimura et al. 1986, Yamamoto 1996,
Kulakowski and Veblen 2003). The state of the seedling bank
varies depending on the condition of the canopy trees and the
light conditions (Kohyama 1984). In mature wave-regenerated
forests close to dieback zones, seedling populations become
established in high densities following gradual changes
in light conditions on the forest floor (Kimura 1982). For
example, Ugawa et al. (2010) suggested that Abies seedlings
can establish in mature stands with fewer than 6,000 trees
per hectare (>6% relative light intensity). It was shown that
seedlings were established approximately 30-70 /m” at young
stands in 1958 (Oshima et al. 1958). As mentioned above,
the stand M was considered to be a similar young stand at
that time (Fig. 2), so it was speculated that the forest in stand
M had been grown from such a high densities of seedling
community, with large mortalities due to self-thinning. On the
other hand, the faster growth of trees in stand I than in stand
M (Fig. 4) may result from more favorable light conditions for

post-typhoon seedlings. These are found under the condition
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of lower seedling densities under the larger canopy openings.
In the results from tree-ring analysis, all of the sample trees
in site M showed symptoms of suppression, but in site I most
sample trees grow rapidly from their initial phase (Fig. 4).
Therefore, biomass accumulation largely depended on
seedlings that germinated after the typhoon disturbance in
stand I, whereas in stand M biomass accumulation relied on
more advanced seedlings already recruited there (i.e., pre-
typhoon seedlings). In addition, maximum value of mean
annual increments was smaller in stand M than in other two
stands. This result also supported that the forest in stand M
had been grown from higher densities of seedling community
than in other stands, considering that tree radial growth were
majorly regulated by competition among neighboring trees
(Kunstler et al. 2011). These results suggested that stand I
growth could achieve a rate of biomass accumulation as high
as that of stand M in a shorter period, mainly due to faster
individual growth rates. The positive growth response which
can be expected after a severe disturbance thus happens only
under a particular combination of stand structure and seedling
type. To evaluate more large-scale variations in seedling

growth response and its contribution to stand-level biomass
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accumulation, we must examine other relevant growth factors
or inhibitors of seedling establishment processes, such as
heterogeneity in seed dispersal, accumulation of windthrown
tree boles and competition with tall herbs (Rammig et al. 2006,
2007). Suzuki et al. (2013) examined stand structures in wave-
regeneration fir forest close to our study site, showing that a
large degree of heterogeneity in tree distribution still existed
45 years after Typhoon Vera, and suggested that differences
in the density and spatial distribution of seedlings produced
at the time of disturbance persisted and gave rise to the
heterogeneity.

The biomass of branches and needles increased rapidly
in stand Y, whereas they had near-constant values in stands
I and M (Table 2, Fig. 3). The biomass of stems and coarse
roots increased perceptibly in all stands. Consequently, the
relative biomass proportion of stems and roots increased
in all stands during the study period (Fig. 3).The pattern of
biomass allocation is similar to those reported in other wave-
regeneration subalpine forest studies without wind storm
disturbance (Tadaki et al. 1977, Sprugel 1984). The foliage
biomass in our study forest, ranging from 0.92-1.17kg m™
(maximum 1.45kg m” in the young stand Y,) (Table 2), is
nearly equivalent to the estimated range (0.86-1.05kg m™)
and maximum (1.21kg m”) in a young stand (13 yrs-old) in
the wave-regeneration forest on Mt. Shimagare before the
Typhoon Vera damage (Oshima et al. 1958).This suggests that
the foliage biomass of the typhoon-disturbed forest has already
recovered to the same level as before the typhoon, although the

total stand biomass has not yet fully recovered (Fig. 5).

5. Conclusion

In this study, we showed that heterogeneity of seedling
distributions that were caused by typhoon disturbance affect
subsequent forest structures and biomass accumulation. On
the other hand, previous studies have shown that the effects
of past typhoon disturbance on the forest were confined to
the reduction in size of mature trees at the forest edges and
in the heterogeneity of spatial tree distributions. From these
observations we speculated that biomass on the slopes of Mt.
Shimagare had not yet recovered to pre-disturbance levels. As
global-scale climate change is likely to influence hurricane
formation (Royer et al. 1998, Dale et al. 2001), shifting storm
tracks and an increasing probability of stronger typhoons
making landfall are predicted around Japan (Murakami et al.
2010, Yasuda et al. 2010). To evaluate precisely the total future
changes in overall carbon stocks in this forest ecosystem
under any given climate change scenario, further analyses on
the interaction between forest structure and biomass changes
are necessary, with a particular focus on large-scale spatial

heterogeneity (i.e., landscape level) effects.
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Appendix
We used allometric equations for biomass modeling
relating the component of biomass (w) to two predictors, tree
diameter () and height (/)

w = kd*h?

An extended nonlinear model (Pinheiro and Bates 2000),
based on the allometric relationship between the biomass
of each component and other measured tree variables (stem
diameter and stem length) with group-specific parameters (tree
species and/or stands) was developed as follows.

for i=1,2,3, j=1,2, k=1,..,6

_ P21y B3
Wijie = exp(@157) Diji??V Hyj#0 + €4

1
sp,
@1 Bir Bz Bz B Bis Bisl| sranpm.
;= |P2if = [821 B2z B2z Bas Bos 326] STANDy.l
P3ij Bsi B3z B3z PBas Bss Bse SP]-:STANDlMi

| sp:sTANDY, |

0, A.mariesii

SP; = {1, A.veitchii

1, standY
STANDY; = {0, standl
0, standM

0, standY
STANDM; = { 0, standl
1, standM

Var(e;j,) = o?|(fittedvalues)|?

where W is an objective variable for the biomass of each
component, D and H are explanatory variables denoting stem
diameter and stem length (height) respectively. Parameter
matrix @ was assumed to follow a linear model that contains
the factor variables of species (SP) and stand (STANDY,
STANDM). Coefficient matrices are shown as /. In our
preliminary examination, the within group errors in many of
the fitting results showed heteroscedasticity, with a positive
relationship to the fitted values. Therefore, we used the fitted
values as the variance covariate. Prior to fitting the nonlinear
model, we also fitted linear models that were transformed
from the nonlinear model by taking the logarithm of both
sides. For fitting the nonlinear model, we used the coefficients
of the results of fitting the linear model as the initial values.
For fitting the extended nonlinear regression model using
maximum likelihood, we used R (R Core Team 2015) with the
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function gnls in the nlme library (Pinheiro et al. 2015).

We used diameter at specific height Dy (D, ; of the trees in
stands M and I and D, in stand Y) or diameter at crown base
Dy as the explanatory variable of diameter D, and stem length
(heights) H or Crown length C = H-Hj as the explanatory
variable of height H. Since the size distribution of trees
differed among the study stands and measures of the height of
Dy in sample trees also differed among stands, we could not
separate the effects of measuring height in D in these models
from the effect of stand Y. We regard the effect of stand Y
as of the difference in measuring heights, not considering
topographic and environmental differences between stands.
For root biomass, we used diameter at stem base D,, and D, ;
as an explanatory variable and excluded group parameters of
species and stands, because of the small sample size. When the
model with D, ; was fit to W, we excluded variance covariates
of fitted values, because heteroscedastic errors were not
detected. For fittings to W, and W), we also attempted to fit
other variables in D, which is the estimated values of Dy (eDjy)
from measured variables Dy, H and Hy. Equations for D was

derived from fitting the segment model of bole taper (Valentine

Table Al. Fitted models

and Gregoire 2001) to the tree sample data. Dy were described

here using this model:

Dy =Ds (C/ (H-HS))"

where a was assumed to follow a linear model that contains
the effect of the group variables of species and stands.
Comparing the results of the fitted models with different
combinations of group effects, the minimum c-AICs was in
those models that have different coefficients of o between the

trees in stand Y and in other stands, as follows:

_ (0.40 € stand [ and M(H > 1.3 m)
- { 0.31 € stand Y(H < 1.3m)

For model selection, we mainly used the finite collections
of AIC (c-AIC, Sugiura 1978). Table Al shows the fitting
results of models, which was selected from all fitted models

with different combinations of parameters of species and sites

Obj ?the Explanatory variable Parameters Data df logLik c¢-AIC RSE R?
variable

W Dg STANDY 31 5 2138 440 0.19 0.96
/) Dy + H SP + STANDY 31 10 -189.7 4103 0.1 0.99
W Dg + C STANDY 31 7 -204.1 427.1 0.15 0.96
Wy Dy SP + STANDY + SP:STANDY 31 9 -1919 4104 0.28 094
W Dg + C STANDY 31 7 -1923 4034 0.37 091
W Dy + H SP + STANDY 31 10 -186.2 4035 0.33 095
W Dy 31 3 -193.7 3943 037 09
Wy Dy + C 31 4 -1903 3902 0.34 0.94
W Dy + H SP 31 7 -1834 3858 029 09
W g eDy 31 3 -193.1 3932 0.37 092
W g eDg + C 31 4 -192.2 394 0.36 0.94
W eDg + H SP 31 7 -182.7 3844 0.28 092
Wy Dy SP + STANDY + STANDM 31 9 -192.6 411.8 0.24 0.97
Wy Dy + C SP + STANDY 31 10 -189 409 0.31 091
Wy Dy + H SP + STANDY 31 10 -186.7 4044 031 0.96
Wy Dy SP 31 5 -182.8 378.1 0.23 0.95
Wy Dy + C SP 31 7 -180.2 3793 0.22 0.96
Wy Dy + H SP 31 8 -176.9 3763 0.11 0.96
/8% eDy SP 31 5 -185.1 3826 0.25 0.96
Wy eDg + C SP 31 7 -181.9 3827 0.23 0.96
Wy eDy + H SP 31 8 -177.3 3772 0.24 097
W g Dy, 8 3 -42.8 97.6 0.04 0.93
Wk D; 6 3 429 979 3804 095

Results showing minimum c-AIC within all fitted models with different combinations of parameters for each
combination of explanatory variables tested. W, Wy, Wy and Wy represent the mass of stem, branch,

foliage and root respectively, D, ; and D,,: stem diameter at 1.3m and 0.1m heights, Ds: diameter at

specific height, D, in the stand Y samples, D, ; in others, D;: stem diameter at crown base, eDj:

estimated values of Dy, H: tree height, C: length of crown, R* explained variation, STANDY, STANDM:
dummy stand variables, SP: dummy species variables (Abies mariesii and A. veitchii). See Appendix for

details.
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for every models with different combinations of variables
D and H. In the regression on stem mass W, the minimum
c-AIC are shown in the model with D and H as variables and
with group effects SP and STANDY (c-AIC=410.3, RSE=0.10,
R?*=0.99). In the regressions on both branch mass W, and
needle mass Wy, the minimum c-AICs were detected in the
model with D, and H as variables and with group effects SP
(Wy: c-AIC=385.8, RSE=0.29, R’=0.90, W,: c-AIC=376.3,
RSE=0.11, R’=0.96). Similar results were found between the
models using eD; and D;. The minimum c-AIC was detected
in the model with eD; and H as variables and with group
effects of SP (W c-AIC=384.4, RSE=0.28, R*=0.92, W,
c-AIC=377.2, RSE=0.24, R2=0.97). In the regression on root

IWAMOTO, K. et al.

mass Wy, the minimum c-AIC was detected in the model with
D, as a variable (c-AIC=97.6, RSE=0.04, R’=0.93).

The final models that we used as biomass estimators are
shown in Table A2. The coefficients of the selected models that
we used were different between the two tree species. Yearly
changes in the biomass of each sample component within the
six study plots were reconstructed using these nonlinear model
equations. The biomass of undamaged Abies trees and those
that were affected by shoot damage were estimated using the
same prediction formula. The biomass of Betula trees which
grew only in the high-density, intermediate aged stand (I,),

was ignored due to its relatively minor overall contribution.

Table A2. The Equations used for biomass estimation.

Equation: W = et D:HY
Predictors: D, ;, D, :diameters at specific heights, 1.3m or 0.1m
H: tree heights
Hpg: heights to the crown base
C: length of crown, H-H
estimation of diameter at crown base from D ;;,D,,;, C
eDp. D5 (C/H-13)"* H>13m
Do (CHH-0.1)"*" 03m<H <1.3m
Parameters:
Objective  group D H 01 62 03
Stem Wy H>13m A. mariesii D3 H 4.10 1.85 0.59
A. veitchii D 3 H 4.04 1.93 0.46
H<1.3m A. mariesii D, H 3.77 1.23 1.22
A. veitchii Doy H 3.71 1.31 1.09
Branch W A. mariesiieDy  H 2.71 2.74  -0.36
A. veitchii eDg  H 245 215 042
Needle Wy A. mariesiieDy  H 324 256 -041
A. veitchii eDg  H 3.01 211 0.03
Root Wy, H>13m D3 - 2.77 2.53
H<1.3m Dy - 2,66  2.40
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DOtz RL, TDSBED 3N Azure B OWitaZz /R Uiz, BET T, v h—+ (Lac), U H
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R UTzo Poly R-478 13, Lac TEHEE T, MnP & LiP IC XK B HE% /R L7z, Poly S-119 & Azure B
&, Lac & MnP I KB A MEDME L, LiPIC KB HBEDNEN>Tze T H DR RIE. RBBR it
3. Lac DA ZEFET ZHV J = U BEREEO R WK Z RT3 [ gEEDH % T &, Poly
S-119 B &L U Azure B DR, LiP ZEFERRDOMHICIE T 5 T & 2R LTz. — /7. Poly R-478 D i {11,
RBBR. Poly S-119, Azure B Dfiiith & [blig L T, MnP ‘EFERROBINMZEIKICHT % & E X 5N,
MnP &, KIHL 757 bV TOEHICE VI RZRT T ENMEINTED., 7OV T EHE DE
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F—U—F  HEOEME.

1. #i5

MOV T OEHEGEETRTE. AMboy 7=
D REREICHERKIZ T RV F — AL ZEBNEE T N
THO., REAMOENT MR, L Z-> T
%o 1990 FERICIE. B TIGOBERN DX AL F
MR ENTZ LA ERME L &L BEREAED
FIFEDNEH & S Njc (#1991, Bk 1994),
HEEHEE, KMfilasEho) 7= 255 %
RENODENT EMHIENTED, RBRICAMZNT
FICH I RIED Y 7 = V3 fRICFIH T & 2 Al REED &
%o TORY, WIFERFHEO-HELT, HOE
Vil DV 7 =V fRte 1%, KWL 257 kS)u7
DIEAIEAT 2 NNAF TV —F 2 TOWENTTHON
7z (Archibald et al. 1997, Kirk and Yang 1979, Tran and
Chambers 1987, Paice et al. 1993, Kondo et al. 1996), /\
AATVV—=F T OMFETIE. 7V TIEEARE IO EW
R TV CEKED AT ) — = F0
b, HEEHEOREN LA CH-Tch T 5
R 7 X2 Phanerochaete chrysosporium X D . 73)U 7 0D
FRENI Y 7= Vo fae I O @O bRV EIR E N
(Hirai et al. 1994, Timori et al. 1994, Nishida et al. 1988),

JERASZAT P29 4 12 A 8 H AR - P30 4E2 15 H
1) BT IAZE T BRI LA S eI

2) BRMFREWIZLIT E DT - RIS LRI

3) MR BF5eT « L7 X —

VIV, BERE, XA TV—F T, A7V —=T

U7V REOREE E LT, N— U E LR
RTTYA-INVECKRERGAREE. T/ — VR
BOBLESICX3E0HERRBRIAHNENTE
7z (Hirai et al. 1994, Nishida et al. 1988, Kirk and Kelman
1964) ,

—7i. ABEHEY 7= o (LPO) I X
POZDONERTMAME TN TS, Glenn 5 I,
B TOEORODN, P chrysosporium DY) 7 = 2 73 fiR
WHMICHFET %5 T &R L7z (Glenn and Gold 1983),
ZO%, VI )NWAFOE—E (LiP) ILXBT7 Y
BRPVEZRRZOIZOR G - NP HEIN TS
(Ollikka et al. 1993), Azure B 12513, LiP G MEHIE D
ETFNVRETHZRNT NI ILT L a—)LoRBFRE L
7B HEME DR R E N TV S (Archibald 1992a), F 7z,
L=YV—=)L7 V77— (RBBR) &, £ T &7
OMEBILKBIREED ) F = U i tkic & o> Thit
T 5% EMRENT (Vyas and Molitoris 1995), M
Bk, AGEHEOY J = Uiy = Vi
BRI R RN T 2728, VTV fRE /L T
HEOEIKICHHTE 2 RN D 5, ORI GIET
X, FERPEZARZBUROMED DI K B0
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Fig. 1. (AR OfL*AhEiE

ERHT 2LV EHT, N R YR LER T 7Y a—
WECTHEREZED, 7o /—)VEREOEAICK
EGEMHTIORE LT, KLY TT b
IOV T OGBS DRI K DTV L RS
REMEDD B

HEBEFESY 7= fREERIC K 2 ENHE S
NIEORZERS DD, W I 2rEko) 7=
R 2 WV 723k B TlE. Poly R-478, Poly S. Azure
BEORMBMICK > T, MO S T &HH
HEIN TV S (Archibald 1992a)

AREFZEE. 7OV TEAE O EGRERIC VW S R
BET DD, HEEMENY TV ERIc XS
i Ak BR MV 5 & 717z RBBR. Poly R-478, Poly S-119,
Azure B D 4 1R 2 WV T, HEEFEIC K 2 M6
7k SR W

DURTREG L ARMIEME O R 7Y —= v Z I T %
M. AW R A S 1T, Poly R-478 & W T,
IV TEEABEDAZ ) —= v T w7578 DTH %
(Takano et al. 2001),

2. 5k
2.1 Ek
HEEME . R ESREM R EMIRE R
KUBMBAMAMEOMAELIOATFT LR, P
chrysosporium VKM F-1767 &, M7 ATBGE NG G2
WA AT 7 /nd—k o 2—K D AF LT,

22017
JREERERIE L 72 7 h 7L (Kappa fffi @ 12.7) (HA
B (B SR THED ZH VT,

238B%

LY —)b 7YY 7Y hk7)b—R (RBBR, Aldrich
), BEX . Poly R-478, Poly S-119, Azure B (%4
F L& Sigma W) BZNFN 1% DIKIAERICH L.
T4V —JE LT U7,

24BRBEETL— FEE

WHE Y vy —L (%290 mm) 1T, WE L 7IzkHER
(Sigma #) D 2.5% A 10 ml Z AN, WHLTRE
BER UTze ROT, JAE U7z B RS CRIg L 7
F7 FIIVT 1.0% EAERFEK 2.5% DIKIEWIC. 7«
VR —HE LTz %5 B % 0.03% BRI U 72781
10 ml 2 R Bk &, mA U T e el i
DT L—bZiR#L Tz,
REHKERT FTE A b — AR (PDA) I
FEEE U, 26°C TR L7z, PDA LICHRE LIEAR D
Gz 6 mm DIV T R—F—TBIkE, —FE,
EMRORBRHO T L — hOhgichiE Lz, EiRT
8 HRiEE# L. R OBtz i L 7z,

25 U0 D REEER

Z v 51—+ (Lac) & Laccase from Agaricus bisporus
(sigma #8) ZfAL/ze <V HY XA F o X—¥
(MnP) &, P crassa WD1694 #k X O, BEHICHE > T
fEpE . BREXL LU 72 (Takano et al. 2004), V) 7 =X)L A
F X —¥ (LiP) B HE X, P chrysosporium VKM
F-1767 7% Kirk ORI TR U, Ji# U 72 B8l 1
F RN A . RN ST THIRLEZED
% 7z (Tien and Kirk 1988)

26 VT ZUnRBRICKLZBREDOHERER
BTy nERIC X S aEORARERIZ, VT
NE 500 pl DOFEZRIGHEHO B 3RO i LR D X
N7 MIVZEAL . AT RL LR UV-2400PC (5
HEERT) TRddk L7ze Lac JGIZ. BOZEE S THE
W fE®E W (10mM, pH3.5) IC, Ivh—E¥EINAZ, &
HTRIGE iz, LiP KIS, #OERL2 G CHBRES
# (10mM., pH3.5) I LiP MIEERZ N A 7212, et
IKERIA, BIR TSI BTz, LiP MEEEIE MoP &
BUAHEMDH > 72H, Mn JEFEIE R, FEREHEE ik 72
AW & T MnP OFFHZHIE Lz MnP KIS,
3R & MnSO, (500, M) Z FE~ 1 EFZE R (50mM,
pH3.5) I, MnP ZfNA 7%, @EEKEZMA, iR
TGS H7z, Az2EE X, RBBR 3B X U Poly R-478
& 0.01%. Azure B 1& 0.001%. Poly S-119 & 0.0015%
IC72 % X 9 RISTARICTRIN LTz #5107 = Vo i 2%
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NCEHi Ly Table 142, A (H+4). o (++). /b
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Table 1 D+ X RDAI& LT, RBBR FLEHRDOGEHZ
Fig. 3 l</R LTz,

OERTL— P ETREKZ 8 HMERLOHRD
JBi € &5 5 7% Table 117397 RBBR Z it 4 U 72 #k 1,
P. chrysorhiza WD544. P. sordida. Trametes versicolor
WD1670. Loweporus tephroporus WD1602, Irpex
lacteus WD760. Inonotus mikadoi WDI1700, P. crassa
WD1694. Coriolus brevis F148, Pleurotus pulmonarius
PSCT. P pulmonarius PSCH. Cerrena unicolor WD668.
T. hirsute WD1674. Cryptoporus volvatus WD647,
Erythromyus crocicreas WD1753, P. pulmonarius PSCM,
Lentinus edodes WD662., Rigidoporus lineatus WD702,
Perenniporia fraxinea WD1518, T. gibbosa WD1677,
Hydnochaete tabacinoides WD1687, @ 20 % T & - 7z,
Poly R-478 % i 1 L 7z ¥k l&. P chrysorhiza WD544,
P. sordida. T. versicolor WD1670. L. tephroporus
WD1602. I. lacteus WD760. I. mikadoi WD1700.
P. crassa WD1694, C. brevis F148. P. pulmonarius

Fig. 2. 7OV T RRE Iz IO Tz R OB ik
B Rk P chrysorhiza WD544 PR RS 2%
10 [ [, a, RBBR; b, Poly R-478; c, Poly
S-119; d, Azure B
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PSCH. C. unicolor WD668. T. hirsute WD1674, C.
volvatus WD647, E. crocicreas WD1753, P. pulmonarius
PSCM. H. tabacinoides WD1687, @D 16 ¥ T H - 7z,
Poly S-119 7% i & U 7z #k i&. P chrysorhiza WD544,
P. sordida. T. versicolor WD1670. L. tephroporus
WD1602. I lacteus WD760. I mikadoi WD1700, @ 6
¥eT®H > 7o Azure B Z it U7z ¥k lX. P chrysorhiza
WD544. P. sordida. T. versicolor WD1670, D 3 ¥k72 5 7z,

Table 1 12,3 L7z & 912, RBBR [fiafkd —HIiC Poly
R-478 DI tANFE 5Nz, F . Poly R-478 B tak
D —HRIC Poly S-119 DR EAFED 511, Poly S-119 it
ERED—EBIC Azure B D ANEED 5Nz,

INHLDOHRED, BEBVEEOY 7= )i
RKEMEIC X HOMORE S VERIEIRBBR TH D,
R T Poly R-478 T &H D, Poly S$-119 & Azure B &,
RBBR *° Poly R-478 X O iAW &EZ 5N,

HEBEMEOY 7=y fkiEk (LPO) & L TR,
BI{E LiP. MnP. Lac. VP ® 4 FHOBEENH SN T
% (H452002), TDS5 B, Lacid 7 =/ — )VEZ
td24F2—ETHb, o3 MORERIT, B
WkFEZREETEZNVAFOX—LHTH S, MnP
OHEEIFE Mn(ID THOH, TN MnPIC K-> THEILE
A Mn(ID &72 0 Mn(IID A7 =/ —)VEZ LT %,
LiP l&, Lac*® MnP KX O &WVWEBILAE I ZHb, 72/
—JVEEICIAZ, X MU LTV aA—VEDIET x /) —
IWWIET &R EYI DML RE T 2 Do VP &, Mn (1D
ZWgitd % MnP ORREE . JET =/ — IV R
Gzt 5 LiP ORRED W /5 2D T & MG &
N3 (Elf 2002), TO K S I fill R OE NN S|
% LPO I3, BILTEZHHITEVDDH S EHAISN
T3 (#l42002),

Fig. 3. HMOEMHEIC X % RBBR (£ O it (i 5 5]
a, WD1694 ¥k, + + -+ (Table 1). b, WD647
k. ++ (Table 1. ¢, WD760 k. + (Table 1),
d, WD1637, — (Table 1).



136

IR A

Table 1. 7L 7 FEREGHIZ I 72 1A 1F O (A5 Rl

Strains Dyes
RBBR Poly R-478 Poly S-119 Azure B
Phanerochaete chrysorhiza WD544 ++ + +
Phanerochaete sordida 60999 ++ + + +
Trametes versicolor WD1670 ﬁ + +
Loweporus tephroporus WD1602 ++ + —
Irpex lacteus WD760 + + e —_
Inonotus mikadoi WD1700 + + + —
Phanerochaete crassa WD1694 — —
Coriolus brevis F148 i — —
Pleurotus pulmonarius PSCT ++ — —
Pleurotus pulmonarius PSCH ++ — —
Cerrena unicolor WD668 Gistd — —
Trametes hirsuta WD1674 ++ + — —
Cryptoporus volvatus WD647 s it — —
Erythromyus crocicreas WD1753 + + — —
Pleurotus pulmonarius PSCM + + — —
Lentinus edodes WD662 + - — —
Rigidoporus lineatus WD702 + — — —
Perenniporia fraxinea WD1518 + — —_ —_
Trametes gibbosa WD1677 + — — —
Hydnochaete tabacinoides ~ WD1687 + — — —
Ischnoderma resinosum WD1637 — + — —
Heterobasidion Iinsulare WD651 — — — —
Fomes fomentarius WD725 — — — —
Lentinellus ursinus WD727 — — — —
Auricularia mesentrica WD750 — — — —
Pycnoporus cinnabarinus ~ WD1563 — — — —
Abortiporus biennis WD1564 — — — —
Xylobolus annosus WD1534 — — — —
Ganoderma australe WD1614 — - — —
Schizophyllum commune WD1638 — — — —

BitanR++—+. Wi+ Bitgs+. Bl — (ErREOR7Z Fig. 31TRU.)

HOaBEMEOZ X INED 4D LPO D S B,
13z ET BT ENHSENT S (Hatakka 1994),
Table 1 D AREPIEFEFIE. SHEHENEET 5 LPO D
L RISGEVWDH D . ZHUCHD W TR A %S
WNESNTERRBL TV,

ZT T, RCHV TV nfRBRIC X3 0EDA
EONT B0, BRNICEBEEKISHTOBEDONK
S 2 3 YO EERE THIE Uz,

Fig. 4 &, Lac. MnP. LiP ORMEMISIC K B, 1
RBBR DOfii 17, AIDETHE D AR 7 LA {LE LT
HELZEDTH S, RBBR &, Lac, MnP, LiP D%
FIC K > THRISKERM 150 7 DL I B I AT B fE B o
AT MIVOWRSEIE DA /R Uz (Fig. 4 A, B, C)o

Fig. 5 1%, Lac, MnP, LiP D& BEREKISIC XS, &
% Poly R-478 D i (Al £ 5 AIHDETHIEK D A X7 k)b
ZAb 7% BREFICHIE L7z D TH B, Poly R-478 1F.
Lac (3225 mAbs/min) %2 W T 24 R IGE B THIK
ICZELRED SN > 1z (Fig. 5A)s — /5. MnP
(3240 mAbs/min) 7z W72 E&1E, KIS 120 73 [ T
FEACZE D E TR, 19 BF 3 K U 24 BB
. BRI 2 2R g AT )V RS B 75 D DY AR
U7 (Fig. 5 B)o LiP (966 mAbs/min) % W 72351

. KISH% 30 9 T, BHESBOCEOMAD DR SN
7z (Fig5C)o TNHDHER KD Poly R-478 &, it
P/, Lac. MnP, LiP D&M EMIC X O BRFENICEHE
5T MR E NI,

AT, Poly S-119 7% Lac. MnP. LiP T, M 3 K b
T YR % Fig. 6 I8 L jzo Poly S-119 1%, Lac T
24 RIS E R TEIREWRICELNECED > T2
(Fig.6 A)o £72. MnPIC XKD KIGET BTG H S, 24
AL BR 2 DI 2 k&, BRI EEIR I, D3 ik
WD RS Nzl EE o7z (Fig. 6 B)o —
Jiv LiP Z VTG E G KIS 1R 5, MKk
N REIER D W FE IR DVRERE S L. RO 20 IR I &
W Tite 7 W 6 E DIk D WV RE & 7z (Fig. 6 C)o

ik DFER & [FIFLIC, Azure B % Lac, MnP. LiP T.
i £ )0 X B T2 55 7% Fig. 712" L Fo Azure B 1.
Lac T24 RIS TR TEHEWBIC BN E Uk
Mo 7z (Fig. 7A)s Azure B 7Z MnP IC & D )& E B 7z
B, MKW A E I 0 WO B D D D o T I I i RR
&7z (Fig. 7B)o Lac *® MnP D& & IE wFHMIC,
Azure BZ LiP IC XK O KIGE VBB IE. KIS 2 RER
BT, BHEREIE O L T EDRADHE U T
(Fig. 7O
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400 500 600 700 400 500 600 700 400 500 600 700
Wavelength  (nm) Wavelength  (nm) Wavelength ~ (nm)

Fig. 4. V 7' = U/ fRi#4RIC X % RBBR (E DO HIHHIKA XY MLOZ(L
A, Lac 7iPE 3225 mAbs/min, [ZIGIER] 0, 30, 60, 90, 120, 150 47 ;
B, MnP {57 3240 mAbs/min, SSKFE 0,15,30,45,60,105,120 57 ; 1mM H,0, 50 p 1 7 2 [B1FAN
C, LiP 151 966 mAbs/min, ISR 0, 3, 10, 20, 30, 60 43 ; ImM H,0, 10 1 7% 2 [AIERAN

A
1.0
1%
3 2
<
0.5
0 0 : : :
400 500 600 700 400 500 600 700 400 500 600 700
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Fig. 5. V 7= V) RS K % Poly R-478 (A D A YIAK AR 7 R )L DOZHE
A, Lac ¥ 3225 mAbs/min, SZJSEFR 0, 24 BFE ;
B, MnP {514 3240 mAbs/min, JIGHFR 0, 30, 60, 90, 120 43, 19, 24 FFR ; 1mM H,0, 10 w1 7% 2 [AIERAN
C, LiP 1 966 mAbs/min, JIGRERT 0,5, 9, 14, 18,30 77 ; ImM H,0, 10 1 7 2 [A1FAN

2.0 2.0
1.5 1.5
B0t 8 -
£ 10 210
057 0.5
or 0
300 400 500 600 300 400 500 600 300 400 500 600
Wavelength (nm) Wavelength (nm)

Wavelength (nm)

Fig. 6. V 7 = V3Rl & 5 Poly S-119 (A DA RAE AR Y R LD 2k
A, Lac {iiPE 3126 mAbs/min, [ZIGHERM 0,2, 5, 22, 24 FFH ;
B, MnP {57 4900 mAbs/min, SISHKFR 0, 1,3, 20, 24 FERT ; 1mM H,0, 10 p 1 7% 2 [A14%40
C, LiP 151 1360 mAbs/min, SIGRFRH 0, 1, 3, 20, 24 RFf#] ; 1mM H,0, 10 w1 7% 2 [B17RA0

1.5 =
15/ B c
4 PARE
0 1.0 \
1. %) / ‘\
g <
o - _/;,/f\
e 7 \—/ ‘L\
0F 1 0 0
400 500 600 700 400 500 600 700 400 500 600 700
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Fig. 7. UV 7 =V fRI%ZIC K % Azure B (A ED N[ LA X7 ML DZ{b
A, Lac i 3126 mAbs/min, SGHERE 0,2, 5,22, 24 W] ;
B, MnP {57 3240 mAbs/min, SSKFH 0, 0.5, 1, 1.5, 2, 22 K] ; 1TmM H,0, 50 p1 % 1 [0
C, LiP i&M 680 mAbs/min, SZIGIFH 0,2, 5 KfR ; 1mM H,0, 10 p 1 7% 2 [RI7s40
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RBBR (&, Lac, MnP., LiP DL T DO EICHT 3 i
R EhoTcc e, VT REN RS S
NTOMEEHTZOICE LTV, LML, VF/=
VO RIETE DR OHRE B IS 72 2 AT REMEDN B B 72 8
IV EHEOBEFICITE S R EEZ BN,

Poly R-478 I&. Lac ICIEREDOK RZ/R L. /2.
MnP & LiP & T, BialEIcHENRD bz, RiFSE
Tl&. P crassa 2RO MnP Z ] L 7z/H%, Poly R-478
&, P chrysosporium ¥ X U Bjerkandera sp. F13€ 0D MnP
WX B EHER TN TV S (Moreira et al. 2001)

Poly S-119 & Azure B l&. Lac & MnP I i it (A
Kw—77. LiPliZid@muWliatEzZRrlzZ e b, LiP
EFEEOBIRICHET 5 L EZ 5Nz, Azure BIX, ¥
I MU IVa—)V & FARREIC LiP Z LRI 9
BT MM EN TV S (Archibald 1992a),

JIVTENCERT %) 7 = U fREEERD o &
NTHO., 7OV TEABES L MoP iR EICHBEDH
5T EHRENTz (Hirai et al. 1994), £z, HEEL &
MnP IZ X278V EE S R E N T W5 (Kondo et al.
1994, Paice et al. 1993), — /5, AT T X T DT v Ij—
Y&, ABTS 1#1E R TR/ OV TIEEAICHER § % H5, %
FHH TRV TEACREFS LAV ERES N
7z (Bourbonnais et al. 1995, Archibald et al. 1997), LiP
KB U Cid. P chrysosporium HRD LiP ¥, 73)L 7%
FICH G595 Eh/RENTH (Katagiri et al. 1995)
AT TR DLIPE. NIVTEAIEHLENT &
W& X N7z (Archibald 1992b), TNHDHRE D, /8
VT EAE RO @O ZEE T B IICiE. MaP G2 TR
LT HTENMFENTHSEEZDNT,

AW DR TIE. RBBR Tld. Lac DA ZEPET
B0, VT VR DR O AR S B E N B T2,
POV EHE OB KICIEE S RN EEZ 5N Tz, Poly
S-119 B X U Azure B 1, LiP L FEMROEIRICITIET %
WL 2V TER E OBEEDE S TH B MnP H A
PEBE OBIKICITE S RV & 2 57z, Poly R-478 1,
HEEL 72 MnP 1 K % [ D R 5D B HH K O MnP T i
RENTWVS (Moreira et al. 2001), X7z, Poly R-478
ZHHALGEE. BREBEMTE OV TEAEEZ R
TRV E ENTz Lac IEMHEIEBREIC/E 5728, RBBR Z
L a & el U, MnP 25 FERR O IV 75 38 4K
T BEEZ BN,

DLEORRE D 7OV TEAREOZERICIE. MnP G
D I U 72 Poly R-478 WM T % & ffiam L 72,
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Decolorization of 4 dyes, Remazol Brilliant Blue R, Poly R-478, Poly S-119,
and Azure B by 30 wood-rotting fungi.

Mariko TAKANO"", Tsutomu HATTORI” and Hitoshi NEDA”

Abstract

Decolorization of RBBR, Poly R-478, Poly S-119, and Azure B by 30 wood-rotting fungi was evaluated for
screening of wood-rotting fungi for bleaching of unbleached kraft pulp. Decolorization of RBBR was observed for
20 strains, in which 15 strains also showed decolorization of Poly R-478. Among the 15 strains that showed Poly
R-478 decolorization, 6 strains decolorized Poly S-119, and in the 6 strains, 3 strains decolorized Azure B.

Decolorization of each dye in vitro by laccase (Lac), manganese peroxidase (MnP), and lignin peroxidase
(LiP) were studied. RBBR was decolorized extensively by all of the enzymes. Poly R-478 was decolorized by
MnP and LiP, but was not decolorized by Lac. Poly S-119 and Azure B were decolorized effectively by LiP;
however, MnP and Lac were not efficient for decolorization of Poly S-119 and Azure B. The results suggested that
decolorization of RBBR detected strains that produced only laccase, or strains that showed low ligninolytic activity,
and decolorization of Poly S-119 or Azure B was suitable for detection of strains that produce lignin peroxidase.
Compared with these 3 dyes, decolorization of Poly R-478 was more appropriate for selection of strains that produce
MnP. These results showed that Poly R-478 was most suitable dye for screening of biobleaching fungi of unbleached
kraft pulp because MnP was reported to be effective enzyme for bleaching of unbleached kraft pulp.

Key words : white-rot fungi, lignin degradation, decolorization of dyes, biobleaching, screening
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A X DEGHY IR D T8 D SNP /XX IVDFF EFIA

P FEORER V" FaAS R

P =

AFFHADORGBETTHEBETHO., ZTORMBREBIHADANT KD 44% 1R 5N, ThE
TOBIGIENT DS AFICIT 4 DORKEHIFFEWN R TNV —TDEFETZ T EMFALNICER> TWVS,
— RIS, EMEFICIZ FNF N OIS ER B @ S L T W B s M R O R T DVEAS 15 S OB s
SEHERENG, LHLAENS, AFREMMOBRNEED D THE L, ko B s 7 )L —
TRHELMCT B0, 7/ LAND T VR LCBERARLEBZICEET O DNA X —H—HARET
Holco TTTAWMETIE., TOAFD 4 DOOBEMN T IV—TZ#BI RNy FO—HES
BO(SNP) NIV EERT B2 HWNET S, AFDT /L ETOMEDHS M 2500 D SNP
DH>H, 7 LR 5 HIC 288SNP &k L, SNP /SR IV ZMEEE Uz, fERR LT8RV E W
TRIRMK 234 (1K 18 LM & BT LI2AE R ZD S5 B D 257 BEICB W OB TMARETE R, £z
AFD 4 DOBIEN T IV— T HBICERN TE, @IEIETOSNP X—h—FH W6 &k
RNV ENRENT, BFELISNP S RIVIC K D BABICHBRE NT-HRERHO A THOY >~
TR LR, BABLEUEENIIIV—TICEBT A ERHALNCTE R, T bDHEE
M5, SEBFE LSNP /S IVIE, AFOMBNZE RO, kAN e E {4 o st B ok 72

141

g2 LicHHTOB EEZDENT,

F—T—K 5 LT A R SNPSRIL, BB FIES

1. ZC®IC

BEMETHHMEMIE. ROEAZEBLT, e
NOEBRENEEENICHEIGL TR I ENZN
(Hufford and Mazer 2003, Leimu and Fischer 2008), A
KHEWTE, HABHKRARZEL T, LEREANDH
JIEDE T TV B BINZEEE TN TS (Alberto et al.
2013), AF T4 E B T O FEHEER D B 13 72V HY,
< OHIEROFAENERHENTE ., TNET
I, HEEDFEE (Murai 1947), VT IV XV (Yasue
et al. 1987). DNA Z ¥ (Takahashi et al. 2005, Tsumura
et al. 2007, 2012, 2014, Kimura et al. 2014) 7% 1D T
DZENM TN, AFIEHARWEE & REPHA TR REIC
HEEEMICEMEL TR T EAMEINT NS,
To B OO A F RIRFRDFEMN 72 DNA AT T AR,
HARMEH OMIC, Mt DEHE Bz 28N 7 5 X
A= EIND T ENREN, AFIKE 4 DOELEN
BIN—ThHHBTENHEN LR >TSS (Kimura
et al. 2014, Tsumura et al. 2014), T DX 5 IR BEH 7L
— 7. BEODMLERREZOBLEIFIICE ST
L L2 EEZLNBEH, HIEERE D 5 O B IRBEIN O %%
EZFT TS, FRICAF TR SNz 4 DOBEIRI T IV
— T TREBEENMAE B E>TEBH, AFOEEMND
{LICHISER BN D IE N G L C WA ATREED e T

JERRSZA < SR 29 4F 8 14 H JEURSZEE L R 30 43 6 H
1) BRI B WZERT B 1B (BRI s

EAE, EEmRe

%o AFTRMEMBTEIC KO EEEAXNEDSNT
B0, EAERSRER EORESEMICIS U T, MEOBE)
MHIREN TS, Thid, REOKE < B> 7
WKCHMABHE NS C LI &K 2 MERB DA IER I
DENLZ SDICENL>TEREEZLNS, L LK
N, HEOBIIC K 5B FERZNE, HisicEL
TefnzZ R % 2o, Mo Uz 8 inrzs me
FHSRANIA 7 AR O MU 1 72 FEf 9~ 2 LA D B, LD
L5, oS RS & Mikic, JR RS HE 72 D
2 AFE, BHMOBLEAREIMNERTHO . EHM
DB EDREEDME N 2D, ZDOFHHIEEE L, i
EDOWHEBTIE. AFD 4 DB ZIV— T E R
TE7DIC, TrIEBZ2ZHDDNA X ——ZENTT
ZRENHD, ZRERHEIANDRETH B, TD
72, RN D LA B AR s 72 FE A A T e 7
T N T A —LDOERPRETH S,

WEDY— 7 Ty AFiom EE, 7F—2DERIC K
0. 12 (Single nucleotide polymorphism : SNP)
DIERPLZHFIHTES XSz oTz, SNP X, 1D
720 OMEREITDIRND, ZEOREE — I RN T HE
BRI TSy N7+ —LDFIHAARETH % (Chen and
Sullivan 2003), fil 2. #OEEAR TEEEE Nz SNP K
FNE 7 a—7 & PCR ZflH 51 T SNP Z # M
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9 %751 (McGuigan and Ralston 2002) ., /NA 71U &
AX¥—2 a3 v ZHMHT 5/ (Akhunov et al. 2009),
B OB OEWZ BT % 7514 (Gabriel et al. 2009)
HEMENZEDTH S,

AFEHAOBMARDHTRE T/ LIEWNAEL T
WAHRBIRETHD, TNEXTICHZ S DDNAY—H—H
BRI N TV 5 (Iwata et al. 2001, Moriguchi et al. 2003,
Tani et al. 2004, Uchiyama et al. 2012, Ueno et al. 2012),
Ko, FEBUEAR FROYING H & BB AT IC K 2 M Ok
HOEF X O MR ENTE D, BIEX TIC 2,500 ZifE X
ZEIETFICDVT, 7/ L ETOMEDHSMTE> T
% (Moriguchi et al. 2012, 2016), AT NS
DIEHZIEH U, AT OBRH 72 s M 72 I S 2
ICT&EDSNP IRV DORFEZHNE U, 7z,
L7z SNP /83 )L 2 -V T BRSO HRAI 78 N T
DB HIEEZ IS M U, Z OB HEZEEm L
Teo AF DD TH 2 ENEE T DERRRORE
DS 1993 FICIF ISR AIREPEICFIRENTH D, o
EWGZRORENHEELZFEDOV LDTH %, EBA
BOAFE, EWEDOWILHIN B fth o s & BRI
5B EDNHSEMICE > THEH (Takahashi et al. 2005,
Kimura et al. 2014), fiiitls»» 5 O OF B IAH DV
ColGa., BEEMNEELZE 5T AREDNEVWEE X
5N%.

2. MR E T

2.1 SNP /XX JLDBEZ

A D HE AR EH S I BB U fz SNP X — - — D1
# (Moriguchi et al. 2012, 2016) ZF[H L. AFDY /
LR Z T 22, 11 ADYtak ik,
5 300 PED SNP ¥ —h—Zz#ik Uiz, BRMICiE, 3
AP R O B CRER) OMIRKIEREREEIC S U T,
300 FEO S — A — 2 HFICE O IR . EEENTO Y —
S — R DREEE % BA% 0.5cM DL EBEST K 52 Lz, Fiz.
N B~ — A —F A8 S O HEE R ICIE H
IR DB 2 TV BB TN E R 5728,
WD AFRKIRMDIAAT (Tsumura et al. 2012, 2014) 1<
BOWTHREIROEHARD &5 N /B8R T IR L
Too ZTORER, FHEHBENTO Y — I — RO FEHK
Bt 5.48cM & x0Tz AF DT/ LY A X 10.8Gb
(Hizume et al. 2001) & F % 58 B8 1 [x) o i 1 ) 1 e
1266.2cM (Moriguchi et al. 2016) DS EHT 2 &, K
(XX B & U CERE L7z 0.5eM 1& 44 4.3Mbp (430 /7
RS IS T %, A OB 1358 {5 7~ [ i
T3 100Kbp ZHZ 2 FIMNERE SN TSN (Moritsuka
etal. 2012), SRIO~—H—[HiE#E. PEEEZNh
£ 405 FEL, = —ROXFNIFIFMTLLT
W3 EEZ5N%, SNP DX A YV ZICIE Fluidigm
D EP1 genotyping system 2z, TS A 7 TES
EEHELIZF Y TEHVZSNP RA VT FETHD .

TLMED DNA BERUMEKIC KD, —FEIc 47927
IZDWWT 48SNP DB TR ZIRET 5 T EHHHETH
%o L3BdD 300SNP D ffimn 5., 48SNP, 62y M3 dD
288SNPICHL T oA~ —%&RaI L. Tl Lz,

2.2 SNP /N VDB RE DFERR

IR S WIZEAT CHAE LTV 5 2EO X F KB 18
#H, FF 234 A& D DNA I DWW T, fERL L 72 SNP /8
FIVIC X 0 EERGE 2 GG L, s s stk o5 BE
R LTz, TNHOENIEAFORRD MmO L 7%
% E RIS 7 IR B RIC B 72 2 R B IR R A B E M &
TEEFH, HARICHEIT S ZAFKIRNO BN Rz
g 5 72D DREMNGZEB DY M Bk N
TE% (Fig. Do 9. i L7z SNP O Z TR 7 fife
R BTD, KIEMOBLEFMN 5K SNP DX A F—
7 U )V (minor allele frequency: MAF) ZHH L7z,
Fiz. ENBOBEMNTEDORREIC DWW T, Fst (Weir
and Cockerham 1984) 7% FSTAT v2.9.4 (Goudet 2005) 7%
HWTEH Uz, Fil TRIVER O BRI 7 Hiss( 1t 72
S % 7zdic, AHEA TOBEN T T R 2 —0H
EF1LT&H % STRUCTURE fi##7 (Pritchard et al. 2000)
Y 7 b =7 STRUCTURE v2.3.4 % /I THi - 7z,
STRUCTURE f# 4T 1% 82 [ D 38 (53 O FEAM . kD

} Ishinomaki

Yakushima

Fig. 1. fRATICHIOTZ A F RN 18 £ DT X
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HNOEOHRD . MR IO, BB, M
RN TOEEEM ORGSO A EICSHEEE TN D
(Pritchard et al. 2000), STRUCTURE f##T T & Hadi fH 5%
ZROMEBN I S A2 —ZREL T, %7 T AX—NT
DIN=T 4 =T A > N)V T AN 75 5 GIS AP Y
BNCIRZ K518 T AR VT RITO. [FRHC S A
MENFND T T A2 —ICHOIRONZHERDFE I
%o 7T AX—H10 X TOMVHAITZE 10 HITL,
1 #17H 72D 5 J7Al7% burn-in period (FIHAMEICIKTET %
WD & LUTBRE. 10 HRIO~X)Va 7#EEEE Y T A
0 (MCMC) 217> 7z, fEMTSEME. SO EREUhE
% & 87z Hubisz et al. (2009) 1ZHE> 7z, 135 N7HER
M5 AK (Evanno et al. 2005) ZHH L. FilfTrDOH%
2 (LnP (D)) & & BICHRIE T T A X —# 7z i i Lz,
BoNTRAMEROBLEMEICDWT, EHTE
BFEBODLIRNE DD 148 JED CAPS ¥ — /1 —
(Tsumura et al. 2007) T#EFT S N7zfl, 51T, 1026 J#
(Tsumura et al. 2012) ¥ X T, 3930 D SNP ¥ — /71—
(Tsumura et al. 2014) TS N7z & LR L 7z,

2.3 FHRABHD X F1E £ D #33 t DREER

SEIBFE LTz SNP 7SV & WV, HSRARBHO A F D
TSR U GRS ORI 217w, RIME DL
M B AFD 4 DB T IV—TDEICET 2 HhD
A2 AT MFENCIE, RIS IRAEEREABIT O/
FAIT 1980 AU IR & N7z HRABHD A F N THD
PV ER O, B ZEINO FG. 2R
EIRWCH D, RENGEA L LTHARMXXKZET
1.5km OFEEICH 7z %, Fig. 2 I EHN & X Z /R T,
ANTIHR 10 D 5 ZNZFN 5-14 i, BFF 94 k7%
PROY UM G & U Tz

FREL U Jo A F OARBE G ImBE U, BRER S 02T
I C DNA O %2177 > 7z, & CTAB {7 W T

B ss0om
10km = 1000 — 1500m

500~ 1000m
0 - 500

DNA fiH{Z 17> (Tsumura et al. 1995), AHWFZE THIFE
L7z SNP SRV EHWTCHEE PR T — 2 2 E LTz,
MR D Tz 8, REDAFREMOT—X & G5b8
C STRUCTURE f##t 217 > 7z fRFTSRAFIE K IAMK L [F
& Ulzo /e, HEMOBRNZEGRZHSMNCT %
febic, BHIEDOKRY 7= D TOBENHRE (Nei's standard
genetic distance: D; (Nei 1972)) ZHH L, 717 Z L
Splitstree (Huson and Bryant 2006) Z W\ Txwy U —
T RZER L Tz,

LR BXUBE

3.1 SNP /XX JVDBEF

KNI F DWW THERATE 300 FED SNP D5 B, 290
JEIC 35T Fluidigm £ SNP 2 A ¥ TV X5 LD
TIAR—FERATEHTENTER, FKHD 10 ETIE
MG L % SNP DI FFIC B 7% SNP DIFIEL TV % P
BXUSNP DD GC FRBPVEWEHIC TSI A
X—DRFIDRETH oz, IHICASEERINET S
Fluidigm #ED 7" Z v s 7 4+ — LI HbE 3728, 290
Mo —H—B O 2N EFICHR D K S I 288
ZEG, SNP XA Y T 1oz, 288 EDY — 1 —I
2T DDBJ (777t w3 No. AB874696-AB889383)
¥ K U TreeGenes database (http://dendrome.ucdavis.edu/
cmap/, accession: 1438-1448) ICEEHIN TV B, KK
Pk 234 (B K7 RO T2 AT Tld, 288 AR 257 JEICHWNT
BIETHZRETE o, HEHTD SNP % Table 1
WCRT, RAKEY TN TEIRh -7 31 ETIE., KRB
BT OEGERONBINARHETH 120 DED
ERDFFED 7 V)V THEHNDMRH P T E R o R e
MEIE LTz ThHEDOBEEL T, T4 —HBIcE
B A DEE L CO AT REE, e LT
UIVDIADHE 3 D7 ) )V 72§ - T BRI FAE L 72 Al RElE
HEZ BN,

[ BEHROATH |
500m @ soTLanEn |

Bt EROBFEEECRERSTEER

Fig. 2. RAEYMZR O RD N T K TH > 7V ERIULE
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Table 1. 5 HSIREHCER LTV S SNP I—h—DH

PR JERK
LGO1 23
LGO02 20
LGO03 35
LGO04 25
LGOS 27
LGO06 16
LGO07 23
LGO08 22
LGO09 15
LG10 27
LGI11 24

3.2 SNP /XX LD BIRE D REER

B 2 A © 2 T HMT A 257 IR T DFETE RN
BMHE N, MAF O 028 TH o e, —kDEGMH
MTHEREENZIE T UILIEMAF 28 0.05 5 L< Ik
0.10 L & &N 3H (Altshuler et al. 2005), 4 A {F K
L7z257 FED S B 231 B (90%) T MAF = 0.1 £75D
ZHRIMENE L BEHEDZ WV SNP ISV IMERTE - L
EZboNT, EMEBETOD Fst130.027 750, i
SNP TOWFZEHIC 1T % 0.039 (Tsumura et al. 2012)
0.050 (Tsumura et al. 2014). 0.062 (Tsumura et al. 2007)
KO BNME & T Tz, MDEHTIC BN TIE HIREIRE
R TFRENEEW Fst (50.2) #R9 &5 REIE
TEEEL EBEENTWVE D, 2D Fst hE < 7x->

(a)

A, mE, AMER

TWbeEZLNS, FE, kAo T7I 14
X — 1 — 11 JE T DT TIEAKS R & R Fst
PRE SN TS (Fst=0.028: Takahashi et al. 2005),
257 &7 FH WO T2 KIRFR O Structure fEAT D55 H., i
IREAEIN T 5 X Z—8F AK DEAETIZ 2, LoP (D)
Tld a4 ol 87T AX—HTORERZ Fig. 311
To BB, BRONMAROY VTV EMZ GG THIHE
ORRTH > Tetesd, INERT VTNV E G AR R Z
IRT o VIAR—HE 2 L LIGG, BAEEZOMD
BB T A R—=Igh Nz, —Ti. 725 AZ—KE 4
L LiEGHIF. TnEndtRItE Ao 3 F£H. BHA
WD 9 M, AEFEIO 5 M, BARD 1 EHMS
55 4DDBIENT T AZ=II Nz, TORRIT
3930SNP O/ IN\TJ A K SNP TOHER (Tsumura et al.
2014) LIFIF—HT B, Bixofzfild, 79X 2—#2
DA, FElD SNP /)L TIRENE & ZDftic sy
PN FDITH L, 3930SNP O H TIdAEFEM, HA M
fIMNET NIz & THs, 3930SNP DFI T, BR
BEOKE B2 KN & ORI TEWMEEZR
TSNP HELEFENTVETLEEELTCNDE EEZ
bEN%, —J7. VI AZ—H3 BXU 4 DFERITTERIC
—H LTz AFDHED 4 DDBEN Y 5 AR —2FHIT
T3 EH HIBMEOFHE TIIFICEETH %, 1026 .
3096 JED SNP X — 71— T DRI ARHT & FIREIC AR
HTERMBICINSE4DD I T AR—TF#HNT S L
MTET NS, SHEEAFE LT SNP 2SIV OFEAHE
1% 3930SNP Z WV /e R & Bz D L EZ BN,
140 JE D fRAT TLEFERIDRAE TH > Tz DI L. 5[l
257SNP X — /1 — CAFDEIEN T T A2 —727Hili T & 7z

BAE IMNEBHALH

| ]

LELBFRiEBH

BaiEf
(b) | \

KEEE EAR

MEBHEALH
| ]

Fig.3. XA T VI F AR VTN X D Bl S hiz@iii s 5 2 2 —

al I I AR 2 DA,

b VI AR—EH 4 DS
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HEHELT, 7/ LekicaFicy—h—Z2iKE LTz C
LT HJ LOREA GREBICERE LTHE-> TWAHEM
DIz, XOEWVEETHRIITE D EEZ SN,

3.3 HSRARBED R F1{E R D 35 14 D FEER

FIFE Uo7 S )bz O T/IMER D 94 flil ik 7% figg it U 7z
LT A, R EFRRIC, 257 s 7O E TR ZHH
BECIRIE T E T RIMT— 42 & &H+¥ T STRUCTURE
RN AT o T AE R, R 5 A Z—BUIKIRMD R TD
Rt LEREIC 2 & 4 Lro T, WITND T T AZ—HD
HBETE, MEAD 94 HEIG Y F A 2 —H 0.9
UETRTRAEZ I AZ—cnEE N (Fig. 3). T
DT E KO, HZRIONMEARDNTHIZEAEHNOE AL
SERENETE LG LBICH RTS8 DEE X
SNTze JUNTIIF UARMENEAIITDN TV 2D,
SEIO/NEARY > TS LTI 7 a— Ek DR &
Nighotll b, FMTHROEOAREENENEE
AbNl,

HEFMOBEEEED S * v b T — 7 RZER LIS
7% Fig. 4 1Z/7 9, STRUCTURE f@##ft & Rk IS/ M
EMIEHABICREABERMEF U7 V—TICniEn, 5
E D/ NMEAHRAHZY T IVIZEABBENICHKT %
EEZ BNz,
BAEDZAEDMhD oD 2 F L EIC BN TV
2T LICBL T, mfOKIARE DO Rkkk T & > 72 W] RE
PR, WIS KD REEE N THEAZR TR, EIETF
ICKOERNER LA ENER SN TV
(Takahashi et al. 2005), —/7C. AEOMEGICH /=%
BAEDOZ N Tl AREIC K % H RN TR 7258

BAE

Kosugi55-60

Kosugi2e-35
Kosugids-54
Kosugi15-25

Kosug
Kosugidg-100

KosugiT2-T6

*  BABREM

B4

EINZEENER Ul EEE S5 2 5 (Tsumura 2011,
Kimura et al. 2014), BARD A F OBAERIE, X
FOHEBETHELEEREEZEZ NS, SRIOFMEM,TIZ
BN D A F DR 7348 O WL L T & % 136 800 ~
900m FifRICH D . EORFHIRALIMICIHEET N TV
BENESAFIFEMRICEBEEL TV 5, JBFADKIAMD
ke BEERIGBETFRINEC > TW0d & TH-EN,
MR DOREE EAEBOZEINE, & LEAEUNOH
HOZAFHRHBEAEFN TV IREEICIE, B EROK
FAIRIRERIR L I > TNz 8B BN 5, SEIOfRKTIC
BT, #AERRE LI/MRDONTHOY > TVide
TRAEDRKIROY > 7))V L&D 5 In BB IR &2
Rl e s, BABATERIENIZFTICK > T
HWENTMD TH % LHERET N, AMDIC K BEETE
ROTREMEIBETE S L EZ DN,

4. %L

SEBAFE LTz SNP /S Vi, AF O HREDED
4 DDBIEI T IV — T ZHBICHENTE. 2D/ H )%
W23 T & T AR D IR & i 2 RIS 22 I 5
MICTEBR XD ITIE> T HERTNIHTH - 72 ZAE D/
EADNT RO OFR. 2 TOMAD BN IR
MR8 L 7 2 A2 =@ L, YREOEMD B AR K
DEHICE>TITbNTWiT EhRENTEEZ SN
%, S HIFAFE U SNP SRV, 7/ LK% /8N —
LTWBZ 5, AFOHBIHRZE RO ORI 5
I QTL fRATOIEE Tl 7 £ DFk 4 B BT N DL
B TERLEEZ LN,

KA

0.01

Fig. 4. SEMBORUZEE (Nei's Ds (Nei 1972)) ZHWizxy FT—7 K
DU =IE STRUCTURE fi#fi D 4 DD 5 X Z—I X G
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o

AR DOKTICHIZD . BAEO/NMZARE LD EHRD
ERITIE MR B N LT DB —RIC TR
Wzl2Wiz, BB RZ ORI EMAERIRICIE A F O
IRz IR T2 20Tz, Tz, AFKRBMERDE
FEICH 2 INES K CEBICIE, FIREOEA 2524
NI Y NN A e TN Y s Nl NEL R T EE)
R TRIWzi2 Wiz, TTIKELBILEL LIPS,
AFREERIT TIUNRME IR TR 27 fF R A S i
FUEPEHIEIC B 2 M ERRRICBT 2 B2V > )
PEHFICH D B O—RTITDbNI,
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Development and utilization of a SNP panel for identification of the geographic
origin of Cryptomeria japonica

Kentaro UCHIYAMA " and Asako MATSUMOTO"

Abstract

Sugi, C. japonica D. Don, is the most important commercial forestry species in Japan; it has been widely
planted across the whole of the country and constitutes 44% of all plantation forests. Previous large-scale genome
wide analysis have detected four phylogeographic groups in this species. These genetic groups have considerable
relevance to C. japonica silviculture, for example, in ensuring the use of local seed sources, that are considered
to be best adapted to local environments, in afforestation and to reduce the risk of any deleterious gene flow from
planted forests into remnant natural stands. In C. japonica, however, thousands of DNA markers are required to
reliably detect these phylogeographic genetic groups because of its low range-wide genetic differentiation. The
aim of this study was to develop a small set of SNPs, more evenly spread across the genome, which could more
efficiently distinguish between the four phylogeographic groups of C. japonica. From the 2500 mapped markers
of C. japonica, we selected 288SNP, which were roughly evenly spaced across the C. japonica genetic map.
Conversion of these SNPs to a cost-effective and flexible throughput SNP typing system generated successful assays
for 257SNPs. In order to test the utility of the resulting SNP set, genotyping was performed to determine levels of
polymorphism within 234 trees representing 18 natural populations of C. japonica. The results indicate samples
were clustered into the four genetic groups consistent with their geographic origin, and that SNP set developed
in this study can successfully identify population structure. Furthermore, we successfully identified the origin of
samples of unknown geographic origin from artificial forests in Yakushima islands. We anticipate that the genome-
wide SNP set reported here will be useful for evaluating the species range-wide genetic structure and identification
of the geographic origin of unknown samples.

Key words : genome-wide SNP panel, genetic structure, genetic pollution, genetic conservation
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HIRTFEMEBICE I BTV HADARY A bAIVF

HE

NTEIT Ve

E5

AL CIOEFETEAD Y A OHERMDMEE > TWw5, dLimEEENEE Y Z—DOBNICE
WTEYAHOHBBEMLTEY, HEHICHRTZ O hDLERMICE > TWAAaREERH %, £
TTC, B2 —iBIAH0ERIRNZIEET A2 ZHNELTARY VS A MAT Y MR
HZFM LTz, FHEIE 2010 0 5 2016 4F1C 40 BTV, 1,675 BHD ¥ A 2R U Tz, BIZZUARUIL 1Y
MM T, AEREBEHIEEET 29 ~ 28/ ARETH > 7M., 2016 FIiTE 6858/ HERD, X
T RTINS B AL DR S Nz, it ADO RSN T 20 EL SIS T, YL Z—T
BRINDZVHOBEHEM LT, BXMC KB BREARA+T0TH D, S YD > I HARED TH
TR T 2 oMt AR n& 5. BYAEMAROENS,

F—I—F ARy b IA M AT b, diE R, ERERE, KU

1. ZT®HIC

AR WA O T AN O A 2 E I R &
o TV B NDTEBIE D H 5 2 50 Sl 51 B
TXEEG R ITIEN. ANEDOREBIC XKD NT#HE
FEAEDV AT BT %, #9196 J7 AW EET 2 ALIR
MW TE, TV H (Cervus nippon yesoensis, L
TohEd3) T (U arctos) &\ -o Jz KA
O HERNMRE SN TWS (LiEE 2012, LR
2017), FLIRT Z FBAFHRBFENTIE. A 0Th
HEHISFE A D I DE R 150 fRmifge s S . Sl HIK
& 100 HFREEREL TWS (LiEiE 2012), 2078
JeigE Tk, g S AR LEBRORILE F &
Oz 17 =NV F ¢ 7RG~ =27V (JLiEiE 2012) |
ZUER Utz #LIRT (2010) 1€ &% &, Aok
ANOHEREE (7H) £ o H) 2L, £kt
ZDOHRFEEENZ WV, FIEIEZF A RIS X B HRITH),
RAF AL RINCHE S A ADITEA LN ER L HEME N T
W3, EXIZREOA 2 EMAaEEOIREICKS C
Eh S, ZOMORHAIC EANEBIC X > TASHED
HETHIVATERKEWV, 5, mifiEnwE T
ATYHEENEL 55T &id, NBR L EEYYE O K
PRI RZG R TAREEND S, & I, EFEFIE
NMEENTVD XN MERR (TBE) > HIEEAME
/NI A REETE (SFTS) DR A )V A 2O X
=T A e FAE L, JbifgiE Tl 2016 41 TBE I K
ZIECHIMFEEL TV D (ELERAEFLAT 2017),
SFTS IFHED & TAHIERDME TN TS DIEIHH
RICELNTEVWEEDOD, JLHETE Y A IV AW

JRFRSZAS 2R 29 4F 8 A 16 H JikRSZEE L SRk 304E3 H 15 H
1) BRAFR B IZERT AbiEE 2 FT

HENTWD (ERLEGEVZLAT 2016) T &h 53K
TEFETR,

AR EAIC BTS2 ZDX 7RV A7 =2/ ML, &
WOLE, ZOEMWRET 2 -OIIEEY R OB
RETHY, ZTOHMEEL LT HOERIRNZEL,
AR FLHTCERICHETIRERDH S5 9,

2010 LEITHLIRTE VT - T2 TlE. T ORI CHIN
S E BB Z W (FLIRT 2010), [6 T B RIS (7 9
At EEM S 2 — (LUF. e %) T
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Counting urban sika deer using spotlight in Hokkaido, Japan.

Yukiko MATSUURA""

Abstract

Urban deer issues are critical in Sapporo, Japan. Deer occurrence is increasing in the Hokkaido Agricultural
Research Center located in the tip of a forest shaped like a cape. It may be an important habitat of urban deer in
Sapporo. I conducted spotlight count in the Center to monitor the deer population in forty times between 2010 and
2016, and observed a total of 1,675 deer. The observed number increased from 29-32 deer / month to 68.5 deer /
month during study periods, resulting locally high density. The number also seasonally increased between early
summer and autumn, corresponding to the occurrence to the downtown. The current countermeasure by electric
fences is incompetent. It is necessary to control the deer population to prevent this area from being a source of
urban deer in Sapporo.

Key words : Spotlight-count, urban deer, density, sika deer
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D | B8R [ GFJ00373 (7151038 1234
BER | BER | GFJ00374 | 151045 (222) 3233
BEp | BER | GFJ00375 | 151058 A2 @) (443) 5533
BIER | BER | GFJ00376 |$#715106% B2 (443) 4324
BE | R | GFJ00379 |#7151098 (435) 2224
BER | 3R | GFJ00380 (151105 (442) 4424
BER | BER | GFJ00381 [FHBITIE (241) 3433
B #p | 3ER | GFU00382 |$181128 Al @) ME (232) 3344
BIER | BER | GFJ00383 | 151138 222 2343
BER | R | GFJ00384 |#151148 (441) 2334
BER | B8R | GFJ00385 |#151158 (333) 3411
BER | BER | GFJ00386 |$i151165 (444) 3233
BER | BER | GFJ0038T [HB117S Al [@) BE 443 5334
BER | BER | GFJ00388 |#i151185 B2 (342) 3443
B8 | BER | GFJ00389 |#r151198 (442) 4333
B8 | BER | GFJ00391 |15 121 8 (552) 4524
BER | BER | GFJ00394 |3151245 (224) 3133
BEB | BER [ GFJ00398 [iFK2E (332) 2331
BE | BEF [ GFJ00399 [iFK101E (112) 3231
BER | B ER | GFJ00400 [3E7K1025 (333) 2243
BER | BR[| GFJ00403 | EHiR104E (222) 3244
BER | BEER | GFJ00407 |AFI1015 A2 @) (434) 4244
R | BR[| GFJ00408 [ARI106E (332) 2221
BER | BER | GFJ00409 |AFI108% (111) 2333
BER | EER | GFJ00410 |ARI109E (332) 4533
BER | BER | GFJ00411 | ARFI110S 233 2412
BER | BER | GFJ00412 | ARBII11E (224) 3243
BER | BER | GFJ00413 |AKRI1128 212 3231
BER | &R | GFJ00414 |AKRAI113E (224) 1133
BER | BER | GFJ00415 | ARAI1158 (222) 4233
BER | BER | GFJ00417 | ARFI1175 334 2253
B8 | B8R | GFJ00418 |ARI118E 3343
SER | SR | GFJ00419 |AKRAI1198 (222) 1233
BEL | BER [ GFJ00420 [ R F 1038 B1 (433) 3333
BEB | BER | GFJ00421 | REF1042 (112) 3243
HER | 3SR | GFJ00422 | RE 1058 (333) 3342
B | B8R | GFJ00423 | R E 1068 B1 (333) 3433
B8 | [ GFJ00424 [REF 1075 Al (@) HME (333) 3444
&R | BR[| GFJ00425 [ R 1085 (343) 2233
BER | 3ER [ GFJ00426 (R Z1108 332 2243
BER | BHER | GFJ00427 |[BREF111E (334) 2314
BER | BER | GFJ00428 | BE1128 2312
BER | BEER | GFJ00429 | REF1138 (333) 2434
BED | BRER | GFJ00430 |BREF 1145 (332) 3331
BED | B8R [ GFJ00431 [BRHF1165 122 2314
BER | B8R [ GFJ00432 [RF117E A2 [e) (343) 4343
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b RGBSR O EE K
Table 5. SRS T OME RS Yokt O —%, (2/3)
H St | R#fo—K BEEE |[JL—F| &k BAF Mg YR EEE
BiEX| &k HHEREEE | HHEREER| MEERS
it #He ER-ERF #HE - ER-ERF e EE-EO-df
BER | BER | GFJ00433 |RE 1188 (334) 2233
BER | BER | GFJ00434 [ B F1198 A2 @) (444) 4344
BER | &R [ GFJ00436 R EF 1218 Al [e) (444)
BER | BEER | GFJ00437 | BE 1225 (225) 2232
BEp | 38 [ GFJ00438 |BERI101E Al (@) &% 332 5514
BER | BER [ GFJ00439 [BERI103E (324) 3341
BED | B8R [ GFJ00440 [BERI1042 (334) 2253
BER | BER [ GFJ00441 [BERI1055 222 3334
BUER | BEER | GFJ00442 |FERI1065 (444) 2334
BEp | BER [ GFJ00443 [BERI107E Al [¢) =l (555) 5434
BER | BER [ GFJ00444 [BER108E (222) 3223
B0 | B8R [ GFJ00445 [BERI109E Al @) =l (555) 5434
BRER | BEER [ GFU00446 [[ERIT105 B2 (545) 4223
BER | BRER | GFJ00447 |BERI11S (335) 4322
BEp | B [ GFJ00448 |BERI12E (334) 4323
B | B8R [ GFJ00449 [BERI113E (122) 2332
BEP | BER [ GFJ00450 |fERI114E 432 3333
BRER | AR | GFJ00451 |BERI1155 (343) 4332
BER | BEER | GFJ00452 |[ERI116S 224 1254
BER | BEER | GFJ00453 |BERI17S B2 (553) 5423
B8 [ B8R | GFJ00455 |BERIT198 (234) 2233
B8 [ B8R | GFJ00457 |RERI121 8 (442) 4521
BER | 3R [ GFJ00458 [BERI 1225 (434) 2142
BB | 3R [ GFJ00459 [BERI123E (342) 4523
BEp | BE [ GFJ00460 |BERI124E Al (@) ME (223) 4444
BER | BER [ GFJ00461 [BER1255 Al [e) HME (332) 3434
BER | BER [ GFJ00462 [BER126E (444) 3323
BER | BER [ GFJ00463 |BER127E (221) 3313
BN | B8R [ GFJ00464 [BERI128E (334) 2142
BE | 3R [ GFJ00465 |BERI129E (334) 2323
BER | BEER | GFJ00466 |ERI1305 (333) 2233
BEp | B [ GFJ00467 |EjE101E A2 [@) 443 4533
BER | BER [ GFJ00468 | FE103E Al [@) HME (333) 3444
R | B8R [ GFJ00469 | #1058 223 3524
BER | BER [ GFJ00470 | 41108 A2 @) (444) 4453
BER | BEER | GFJ00471 | %5113 (434) 2133
BEp | BR[| GFJ00472 | 41158 (223) 3333
BED | BRER | GFJ00473 | 41165 (342) 4534
BER | B8R [ GFJ00474 [B4%1175 (544) 4313
BER | B [ GFJ00475 [EFIfH1198 (432) 2323
BER | BER | GFJ00476 | E§R 1208 (212) 1144
B [ BER | GFJ00477 | B 1218 (114) 1211
B8 [ BER | GFJ00478 | g 1228 (342) 4533
BER | BER | GFJ00479 | B4R 1238 (224) 2233
BER | BER [ GFJ00480 | FAfk1245 (233) 2255
SR | BER [ GFJ00481 |F¥E1255 Al @) ME (232) 3354
BEp | BEER | GFJ00498 |FIE1E 332 2233
BER | BER [ GFJ00499 |fEE2E (332) 3432
&0 | B8R [ GFJ00500 [RZE3E (114) 1242
BEp | BER | GFJ00501 | 4= (112) 3333
BER | BER [ GFJ00502 |fEEsE (333) 3332
BER | BEER | GFJ00503 |fEE6= (332) 4333
BER | BER | GFJ00504 |[IETE 3234
BER | BER | GFJ00505 |fIEEsE 3333
BER | 3R [ GFJ00506 [FTE1015 A2 @) 333 4434
BER | BER [ GFJ00507 |BFEIS (223) 3223
BEp | B [ GFJ00508 | B FE2E 224 1154
BIER | BER [ GFJ00509 |3 FE3E Al [@) ME (333) 4445
BE8 | BR[| GFJ00510 | BB F/E101 8 (332) 3222
B | B8R [ GFJ00511 [ FIE1025 (222) 3455
BER | BER [ GFJ00512 (3B FE103E (331) 3333
BER | B [ GFJ00513 [ FE1055 B2 (333) 3433
BER | BUER | GFJ00514 |2 FIE106E (343) 4325
BEp | & [ GFJ00515 |BFE107E (333) 2332
BEp | B [ GFJ00517 |BBFE1108 A2 [e) 3444
BER | BER [ GFJ00518 (B FRITIE 224 2242
&R | 3R [ GFJ02013 [BERIIE 2133
B | 3 [ GFJ00712 [dL R 1EGHEK) 213
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Table 5. TR TOBEHIR SR ORI —F. (3/3)

HE s [Riffo—K BERsE  |JL—FK| &k RS miE YRR AT

BiEX| #ik BHREER | FHERRER | MEERS
i He ER-£F He ER-£F #HE - ER-EO-df

B8 | 3E8 [ GFJ00716 |dk R 58 (k) A2 @) 434
BEp | BER [ GFJ00717 |3k R6F(#k) 423
P | BER [ GFJ00718 |4k B 7B (k) 313
e | B | GFJ00719 [db R8E(#K) 3-3

& | B & [ GFJ00721 |dk B 101E(#kK) A2 @) 443
R | BER [ GFJ00722 |4k B 1028 (#%) 332
B | 3Ep | GFJ00725 |4k R 1058 (#K) B3 334
| BHE8 | BER | GFJ00726 [4k B 1062 (#K) 333
&L | 3ER | GFJ00727 [dk B 1072 (HK) 333
BEB | BER | GFJ00729 [dt B 1098 (#%) B3 335
| 228p | &R | GFJ00730 [dL R 1105 (k) 333
BER | BEER | GFJ00731 [HER 12 (HK) 223
=& | EER | GFJ00732 [ F 2B (#K) 333
BER | &R | GFJ00736 |HfEE6E(HE) 324
BER | BER| GFJ00737 | R 1015 (#k) 223
BER | &R | GFJ00741 | EIER1E(FK) 423
BRER | 30 | GFJ00743 |HER3 S (#h) 233
B0 | BER | GFJ00744 [ ERAE (#5) 211
BR[| BER | GFJ00745 [EER101E2(HK) A2 O 434
D | BER | GFJ00746 [ERER1028 (k) 2-4
B | &R | GFJ00777 [thEH2E(#K) 333
BEB | BE8 | GFJ00778 |ith 3B (%) B3 334
HER | &R | GFJ00780 [t FA5E(£) 442
B | BER | GFJ00781 [th 6 (#K) 333
HER | BEF | GFJ00783 [t FHSE(#4) 333
BER | BER | GFJ00785 |t 102 (4K) B3 343
BER | BER | GFJ00786 |3t FH 112 (4k) Al | XRE 444
B8 | B | GFJ00787 [th FH12-8 (4k) 222
HEL | B | GFJ00790 [th FH 158 (4k) B3 343
BER | BEER | GFJ00795 |3t FH 202 (4k) 333
BE} | 5TEB | GFJ00802 [t 272 (Hk) 333

B | BEER [ GFU00804 | it FH 298 (k) A2 [@) 344
&R | BEER | GFJ00808 |th F 335 (%) A2 [@) 453
SE[ | BTEB | GFJ00809 |3t F34 = (HA) 333
| BER | BER | GFJ00813 [ith FH38E(#£) 214
B 2B | ZE8 [ GFJ00815 it FH40E(#K) 332
B | BE | GFJ00824 [E101E(#K) 333
BEL | &R | GFJ00825 [t 1028 (k) A2 @) 344
&R | BEER | GFJ00826 [th FH 1032 (4k) B3 343
B | BER | GFJ00827 [ 1042 (#K) B3 343
D | BER | GFJ00828 | th A 1052 (4k) 333
&0 | BER | GFJ00830 |3th 1072 (#K) 342
R | BER | GFJ00834 [tE 1112 (#K) 124
B8 | &R | GFJ00837 [thA114E(HK) A2 @) 443
B0 | B8 | GFJ00838 |t FH 1152 (k) B3 343
B8R | BER | GFJ00839 [t F 1162 (#K) 234
B | BER | GFJ00840 |3th 1172 (Hk) 551
ECAES ;th B 1698 (k) IYEES 534
BER | BER | GFJ00846 |SEIR 1012 (#4) 351
&P | BER [ GFJ00851 |i#MR 1065 (#4) 332
| AR [ AR [ GFJ00852 |1 1075 (F6) A2 @) 553
=20 | 4848 [ GFJ00492 [£IER 1065 B’ (543) 5534
= | 1R8I | GFJ00493 [$IFR1075 (554) 4431
&R | 4R8I | GFJ00766 |[EE 1175 A 444
e | 188 | GFJ00775 |[E A 126 (k) A 454

Table 5| (X ERE IR M H & OREPBRIRME THREFOLO(SMNA  BEFMERE GRIE TR B S HFEH TREFERILEE RN
RAOBF[EHFMERICE T HORMEETEDE GWMENINE D) THD
RHDHFFBFHERICE T HORMEEHEDE CHENINE D) THY . REMBOFEDIEIRFHEDFEEZE-LDTHD
RAD-(F2EZ (FLRBERODHEREERTOFHBIE-3INEED/NITY) FZTOREITOVWTKRFHETHEEERT

FHEBLEIREL: 360
BREFBEBE 18T (BEHTIEVEDIZED)
BEEHDERL-ER R M5 33

JL—KEE

Al 15% . R GERVOVT AL DFH R CITMEEIL LDOLD

A2:20%{f. LT O DR TEHEBEIU LN DZLDIGEFHEMEILL L THDED

B1:3%#i. EAEMBIRBEM THEROBEERTHIREL. IXTOFHEEIIULDOED

B2: 6%, EAMERBEERB TERDEFMRTHIRL, TRTOFHMEEN2LU L TOT A DEFENEMIEIU L THEIED
B3: 8%, EAMBIRFEES T, SHMEBEILU LA DVT A DIEEICIZETED

A 2%, BOMGERE SR EA TRELERE SV TEHEEILL L THE L0

B': 1%, B AL BEEATERER RhEICEVTEHEESL L THDETEEE Z<ETHD
HMANSEIEATL—RTHIN., RREFETHH=HEKRLAL

ME169F#)EA2S L—FTHAD, BEBTIIECRREFTHS-DH:ERLEL
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Table 6. FEIETRIELTORS TR OREM—E, (1/2)

| HBihig | RéEa—F | BEEER  |JL—F | #ik AR SR

B g X| #iR HHRER | $FERERY | MEERY | HEEEE |
il B EE- T YU S s W | B EE-EO-df

& | B8I| GFJ00483 |$IEE1E 2913

& | 1R8] GFU00484 |FIfE2E

D | 1B 4| GFJ00485 |§IE&3E 3231

& | 1B8I| GFJ00486 |§IER4= 3313

=& | 1R8] GFJ00487 |#IE&101E 3323

D | 1R 41| GFJ00488 |8I#%1025 3322

BER | RS $IEZ1032 4422

BER | B8] GFJ00490 |£IF%1042

BER | B8] GFJ00491 |§IER1055 4441

& | 1R8I GFJ00492 |§IE& 1065 5534

BER | B8] GFJ00493 |£IF%1075 4431

BER | B8] GFJ00494 |§)I#X1085

BER | 4B48)l] GFJ00495 |£IF&109E A @) 555 3323

EER | B8] GFJ00496 |£IFR110E 3223

BB | 4RE)l| GFJ00497 [SIE&1115 443 2912

& | 1R8I GFJ00519 [4ZE1 5 (312)

BER | B8] GFJ00520 |1ZiE2E B @) (333)

& | B8] GFJ00521 [4Zi23 5 334 3312

& | 1R8I GFJ00522 [1ZEiE4E B O (535)

BER | B8] GFJ00523 |1Z:£101 5 (224)

EER | R4 GFJ00524 |BR=E1015 A [e) 554

R | 4B48)l| GFJ00525 |1RE 1028 B [e) (334)

B EB | B8] GFJ00526 |1E=1035

iR (4RI GFJ00527 [R=1045 (423)

&R | 4848)l| GFJ00528 1R 1058 (252)

BER | 4B8)l| GFJ00529 |1EE 1068 A (@) (454)

B ER | B4I| GFJ00530 |R =107
B 8B | #B8| GFJ00748 [E 15 (#K)
B8 [ 4R4)l| GFJ00749 |EE2E(#K)
5B [ 488)l] GFJ00750 [E 1015 #E) B @) 553
BER | 4B48)l| GFJ00751 |EE1028($K)
&8 [4B8)]] GFJ00752 | EE103E(#4)
5B [ 488)l] GFJ00753 |E 21045 (#K)
BER | 4B48)l| GFJ00754 |EE 1058 (FK)
= | 4R8I GFJ00755 [[EE 1065 (#4) B
5 2B [ 488l GFJ00756 [E 21075 (#K) A
B8 [ 4848l GFJ00757 |EE108E(#4)
= | B8] GFJ00758 [[EE 1095 (#4)
528 [ 488)l] GFJ00759 |[EZ 1105 (3#k)
B8 [ 4R8Il GFJ00760 |EE111EGA)
& | 1R8] GFJ00761 |B R 1128 (HK) 434 2921
B&R [1B4I| GFJ00762 [|E 2113 E(#H) 434 3252
B | R 4)| GFJ00763 | B 1145 (HK) 444 4424
0 | 14| GFJ00764 | B 1155 (k) 444 3342
HER | 4B48)l| GFJ00765 | B 1162 (34) 444
B | R 4)| GFJ00766 | B 1175 (HK) 444 3331
= | 1R8I GFJ00767 [[EE 1185 (HK)
B8 | 4B48)l| GFJ00768 |EE119E(#K)
BER | B8] GFJ00769 [E /51208 (#%)
=28 [4B8)]] GFJ00770 |EE121E#K) B
5B [ 488l] GFJ00771 [EE 1225 (#K)
BER | 4B48)l| GFJ00772 |EE123E(#K) A
B8 | 4R48)l| GFJ00773 |EE 1242 (3K)
R | 1B 4| GFJ00774 | B E 1255 (FK) B
58 | B8] GFJ00775 |E 21262 (%)

BER | BER| GFJ00498 |FIEIE 323 2233
I | #ER| GFJ00499 [[3E2E 3432
BED | BER| GFJ00500 |[3E3E 1242
BER | 3ER| GFJ00501 [[3E4E 3333
BRI | BR[| GFJ00502 [FA3ESE 3332
BER | BER| GFJ00503 [[A3E65 4333
B [ HER| GFJ00504 |BIETE 3234
& | #EB| GFJ00505 |f3E8E 3333
BED | BAR| GFJ00506 [FA3E1015 223 4434
& | #ER| GFJ00507 [BFRI1E 3223
BER | BER| GFJ00508 [BFE2E B' 433 1154
BER | EER| GFJ00509 | FE3S c mE 4445

443
445

eJe

>
O

555

> > |>|w

>

444

333

454

O] O 0] [Of 10001010

334

eJe
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Table 6. HRFIEHHEETORS IR DNl —Fi, (2/2)

| e [REEa—F | BEREE |JL—F | ER|FERLT kb alk o a i
BREX| ik BHUERERY [ SR ERY | MEEEY | HMEEEE |
iz S EAR T i EE T Yoy kS se BE | BB ER-EO-df
BER | BER| GFJ00510 |BFE101E 3222
BEB | &R GFJ00511 | F/E1028 c @) 3455
BIER | BER| GFJ00512 | FE1038 3333
BEB | &R GFJ00513 | F/E1058 3433
B [ BER| GFJ00514 | B FIE1065 4325
BEB | &R GFJ00515 | FE1075 2332
BER [ BER| GFJ00516 | BB FE109%
BEB | &R GFJ00517 |EFE1108 c @) 3444
B [ BER| GFJ00518 |BBFEITE B’ [@) 334 2242
BEB | &R GFJ00467 [EH4E1015 212 4533
R [ ZER| GFJ00468 | E3R1035 C O | &8 3444
BER [ BER| GFJ00469 | E4E1058 B’ @) 333 3524
B [ ZER| GFJ00470 |E3R1105 4453
BER [ BEER| GFJ00471 |E4E1138 2133
BED | BRER| GFU00472 |E %1155 3333
BER [ BEER| GFJ00473 |E4E1165 4534
BED | BRER| GFU00474 |E 1175 4313
BER [ BEER| GFJ00475 |E4E1198 2323
BED | BRER| GFU00476 | F 381205 1144
BER [ BEER| GFJ00477 |E4E121 8 1211
BED | BRER| GFU00478 | F %1228 4533
BER [ BEER| GFJ00479 | 41238 2233
B#D | BRER| GFU00480 | F%%1245 C [e) 2255
BER | EHER| GFJ00481 [EHjE1258 c O | & 3354
BER | BRER| GFJ00482 |E9#1265

Table 6IZ[IRREZE & HE TORYLESR I H S HFEH R CRIER MBI DR GRIEHRDFZIREIBRSRERBERN) HERBRE/EI RN
RO THMEEHEED 0 TEERLTLS LD REMROER THMESN TLLRK
KPDBFEBFERICH T OSRMETMDE CHEN1AE D) THY . RLABDFFEDIRIZ B EOTMEZ LD THS

TR R 54

TRIEF RS 26

RIS BIELI-B R R 19
ENREEALERL-ERRILO

JL—F s

AR FERERIF IR ERERI O T R TOFMEA4UALTHEHLD

B:8%iff. it RERIEIFERERIN DT N TOEHEEHIU LT MEDFEBICIZEFTLHLELD
B: 3%, BMAMH S E B THERERIO T R TOFHEEAL L THDHED

C:6%Mf. BEFMABE B REHMTHEERATHERE (E0RV) AM4UETHLZLO

BRI TOREO BN RMZEATE L
& UTc @ THERE Hiot s ing 1 25 TUERFE R 2 38 E 9 %
TEMNTES, AT a U T Table 4 D Al B&
UCA2ZL—FR REHSZVIEZFNICIBZL—FREM
AT 152 MTOMRERZHKT 2 LMNEZ LN
200, PEGEEEE,. £FORGHBOREVE
wn. ZHRZEOHY. EOERELDMED LIIKRT
22 (eEoH) OF (FE) IRERHEIFHZ & A, BRbE
DEICFEATVS T LN DAEIKTEATR 29 27K
WK B 25 IRMERIC K D ZHEZR > T4z
Higd &AWy THEEEEZENS,

3.2 HED

W B X O, JtEO A R — Y 7 E iR
. TSR EIREE. SIRESIREE. BEREEO
HENTH S, HEBEREX D 5 b RIS KRR
T5FRIVIERLO MRV ELTH R YOLFH
FlEEEEINE L H B, BOHEHIIOWVWTIEA
WETEERLEVDY, ZOXIHRLBNRIYD
349 % M DX B 0D R SR U3 1 oD HitIEK T oD E B

OB OO LT, ARSI T O pfE &t g &
ORHEBIE O EENSZ EONZ VL, E/MEZEL KR
iR EZFE VO b E B EAX O H T & Rk
RNk D EREE I 06F U AREI sk B 4 Skt A3 s 72
BRIFTWBENETHIEERDTENTEDS, Tz A
W RAL (1989) DE KT — & 7% K S48 D 328 i it 5k 7]
I HTAER I KL, W Z RIS T & DR
FHD TREV, Ko TARMEICE T 238K TIEAES
BREXD SR Z @K e UTHI X TELT S
Tle Ui, Wl OEE E U TAMRE T Fig. 1
BERU Table 3D & BH ., HHRZHEEE & L, S
MERBRE N O S BT, ST, JEENT, b
MY & AR = R B 45 N 72 AR BIE St ). 2 UL D B
BREX 2 s & U Tz

TR T, 378 MR BRI NTE D,
ZD5 BREED 18T WREBRTH %, BIEEBRE
HRE TN TOEFHMHOFTE 82 o7, K
PERANO I BRIBUE ., WE T & EE MR 8 0 1%
EAETRIEREE R & MBEERE O 2 [, HUE R &
A MOGE RS SR R R EE R DA D 1 B TH %,
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Table 7. P4 SRS TORGE RS SO O, (1/3)

HE M |RiFa—~ N ESE] JL—F| #ik |FARRKE
BER| &k ] HMEEFE 4 8B 7 A BB A
Hhish ‘EfE- W EE-EO-d v g B
P g S| B4 | GFJ00532 [4LiR1015 A2 O [#. BE 454 553 4522
7o & B A | GFJ00533 |4LiE1025 & 543 443 4421
FaET | B A | GFJ00537 | R3S B @) 3333
PRI B A8 | GFJ00538 | R4S 443 242 4313
765 2| B A4 | GFJ00551 | LLE1015 Al [e) HE 444 433 4344
Farn&f| B4 | GFJ00590 | F3R1E 332 332 3223
FaRg S| B A | GFJ00597 | K & 3R1015 A2 [@) BE 554 442 5523
Fa R af| B 4m{a | GFJ00600 | X 43R 1045 Al @) BE 443 333 4434
FaRn & B4 | GFJ00605 | X & 3R 1098 322 434 5532
FHRT | B A48 | GFJ00606 [ K H3E1105 B @) ME 443 231 3244
TR | B Am | GFJ00614 [ERI1018 433 323 3244
Fapn &f| B A | GFJ00615 |E 31025 Al [e) HE 544 334 4344
PRI | B A | GFJ00618 | EERI2E 221 342 3323
TR B A | GFJ00622 [fHR3S 332 222 3443
7539 2| B A4 | GFJ00629 | 1035 333 432 4321
78 B Elzs,ﬁmu GFJ00630 |ff 511045 A2 @) HME (323) 4444
Fa R &f| B A | GFJ00632 | {H iR 1065 (213) 3334
] B A | GFJ00635 R 1098 A2 O |%. HE 553 554 5522
FaEg&p| 548 | GFJ00640 [H81LI9E Al O _[#. BE 443 553 3334
Fa R | B A | GFJ00649 | £ 1055 B [@) 333 342 3323
FE R & B A8 | GFJ00650 |5 R1065 A2 @) & 334 434 2233
Farn af| B 4m{ | GFJ00654 [{E51% 1028 334 131 3424
Farn & B4 | GFJ00656 |{B41%2 1045 Al @) & 554 334 5433
FarA & B Asm (| GFJ00861 | 2 &R 15 (hk) 442 2242 1131
7R af| 54w | GFJ00862 | & B iR 2.5 (hk) 453 442 1222 3343
PR & B4 | GFJ00863 | & RR 1018 (#) 324 222 2232 3323
TR &0 B A:m{E | GFJ00864 | £ BiR 1025 (44) B [¢) 544 445 2222 2234
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Selection of superior genotypes from the population of plus trees in
Abies sachalinensis by the results from progeny trials in Hokkaido

Ryogo NAKADA"", Shoki SAKAMOTO", Naoki NISHIOKA", So HANAOKA",
Kazuhito KITA?, Hirokazu KON”, Wataru ISHIZUK A® and Makoto KUROMARU”

Abstract

Abies sachalinensis (F.Schmidt) Mast. is a leading species for plantation forestry in Hokkaido, Japan, and one of
main target species in the forest tree breeding. We selected superior genotypes among the population of plus trees,
which were selected and tested as the achievement of 60 years of the forest tree breeding program in Japan. The
selection was done with the data of growth traits and wood properties obtained from progeny trials, concerning
four selection areas dividing the Hokkaido Breeding Region. In each selection area, approximately 30 genotypes
have been selected to establish new seed orchards for the selection area. The selected genotypes will be used for
the improvement of current seed orchards, the establishment of new seed orchards, and as parents to construct new
breeding populations.

Keywords: Abies sachalinensis, plus trees, selection, progeny trial, 1.5th generation
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Dataset of soil carbon stock in Cambodian forests

Jumpei TORIYAMA"", Akihiro IMAYA® and Keizo HIRAT”

Abstract

Knowledge of the spatial distribution of the soil carbon stock is essential for assessing the productivity,

sustainability, and carbon sequestration capacity of agricultural and forested land. To contribute to the development

and improvement of soil carbon models of tropical forest regions, we have collected soil carbon data in Cambodian

forests since 2002 to facilitate several research projects conducted by the Forestry and Forest Products Research
Institute. Our dataset contains meta-data for 66 sites (site data) and data for 309 soil horizons (soil profile data). The
data for 36 sites are newly described herein, while the data for the other 30 sites are derived from the synthesis of

published documents.

Keywords: Cambodia, forest soil, soil carbon stock

1. Introduction

The spatial distribution of the soil carbon stock is
essential for assessing the productivity, sustainability, and
carbon sequestration capacity of agricultural and forested land.
Recently, the Food and Agriculture Organization of the United
Nations released a high-resolution global map of the soil
carbon stock (FAO 2017). However, the soil carbon model used
for mapping has not been validated sufficiently, especially in
tropical forests, due to a lack of validation data. Since 2002, a
research group at the Forestry and Forest Products Research
Institute (FFPRI) has studied Cambodian forest soil to
facilitate several research projects. Here, we release these soil
carbon data for enhancing public access, and to contribute to

the development and improvement of soil carbon models.

2. Materials and method
The dataset contains meta-data for 66 sites (site data;
Table 1) and data for 309 soil horizons (soil profile data;
Table 2). The data for 36 sites are newly described herein,
while the data for the other 30 sites were derived from the
synthesis of published data (see Remarks in Table 1), with
the addition of new information such as the location and time

period of the soil survey.

Received 29 January 2018, Accepted 27 February 2018

2.1 Study site

All of the published soil samples for the dataset were
collected at less disturbed forest sites, except for sites in rubber
plantations and shrubland. The 66 sites cover evergreen forests
(n = 33), deciduous forests (n = 25), rubber plantations (n = 6),
a shrubland (» = 1), and an inland swamp forest (n = 1) (see
Forest in Table 1). The study sites where deciduous tree species
are exclusively distributed are classified as deciduous forest,
and those containing evergreen tree species as evergreen
forest. The soil surveys were conducted from March 2003 to
November 2011 (Period in Table 1). The positions of the study
sites were recorded by GPS devices (e.g. 60CSx, Garmin,
USA) and are denoted in the dataset using hddd.ddd” and the
‘WGS84 coordination system (Lat and Lon in Table 1).

2.2 Soil sampling

Soil was sampled using two approaches: Category I
and Category II (Category in Table 1). Category I obtained
one replicate of a representative soil profile to a soil depth
exceeding 30 cm. The location of the representative soil
profile was determined after considering the typical
topography and composition of tree species in the study area.
The data in Category II are based on four replicates in the
study plot, and for soil depths up to 30 cm (0-5, 515, and

15-30 cm). In both categories, two types of soil samples were

1) Kyushu Research Center, Forestry and Forest Products Research Institute (FFPRI)
2) Forestry Division, Japan International Research Center for Agricultural Sciences (JIRCAS)

3) Department of Forest Soils, FFPRI

* Kyushu Research Center, FFPRI, 4-11-16 Kurokami, Chuo, Kumamoto, Kumamoto, 860-0862 JAPAN; e-mail: jtori@ffpri.affrc.go.jp
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Fig. 1. Locations of the soil sampling sites in Cambodia.
A: Location of Cambodia. B and C: Locations of the soil survey, denoted by crosses. The number is the
plot number (Plot_N), which is either newly described in this report (map B) or has been previously
published (map C). Some numbers are not shown on the map because of the high concentration of points.

The gray lines are provincial borders.

collected for measuring the carbon concentration and bulk
density, respectively. The soil sample for measuring carbon
concentration was collected in a plastic bag, air-dried, and
sieved to pass a 2-mm mesh. The soil sample used to determine
bulk density was collected using three 100 cm® metal cylinders
in each soil horizon. For the two deciduous forest sites in
Ratanakiri (plots 6 and 7 in Table 1) where gravel larger than
the cylinder was observed, the soil bulk density was measured

using cuboid-space sampling approach (Ugawa et al. 2012).

2.3 Chemical analysis

The air-dried fine soil (< 2 mm) used for measuring the
carbon concentration was oven-dried (105°C for 24 h) and
weighed to determine the soil moisture content. The carbon
concentration of fine soil was determined using the dry
combustion method (e.g. Sumigraph NC analyzer NC-22F;
Sumika Chemical Analysis Service, Osaka, Japan). The fine
soil in the metal cylinders was also dried at 105°C for 24 h

and weighed to measure the bulk density. The average carbon

concentrations and bulk densities for four replicates are shown

in the dataset for Category II.

2.4 Calculating the soil carbon stock
The soil carbon stock per cm thickness (SoilC _cm, MgC
ha” cm™) in each soil horizon was calculated using variables in

the soil profile data (Table 2) as follows,
SoilC_cm = C _conc X BD_fine X 0.1,

where C_conc is the carbon concentration of fine soil (gC kg™
(=kgC Mg"), BD_fine is the bulk density of fine soil (Mg m’),
and the coefficient 0.1 is the product of 100 (m® ha” ¢cm™) and
0.001 (Mg kg"). The soil carbon stock at a depth of 0-30 cm
(SoilC_30 in Table 1) is calculated as the sum of SoilC _cm at
that same depth. The soil carbon stocks of two sites (plots 4
and 11 in Table 1) were not calculated due to a lack of bulk

density data.

BKR BB 5517 % 2 5, 2018]
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Table 1. Site data

Plot_N Region*l Lat Lon Forest 2 Category Period SoilC_30 N_horizon Max_depth Remarks >
hddd.ddd° MgC ha cm
1 KKN N11.558 E103.178 E I 2011.2 48.2 8 150 Refl
2 KKN N11.536 E103.163 E I 2011.2 46.6 5 105 Refl
3 KKN N11.522 E103.160 E I 2011.2 47.7 6 140 Refl
4 KKN N11.633 E103.394 E I 2011.2 n.d. 4 50 Refl
5 RTK N13.574 E106.926 E I 2011.11 44.0 4 50 Refl
6 RTK N13.588 E106.962 D I 2011.11 24.6 6 140 Refl
7 RTK N13.588 E106.963 D I 2011.11 15.9 5 70 Refl
8 RTK N13.835 E107.000 E I 2011.11 55.0 5 115 Refl
9 RTK N13.719 E106.977 R I 2011.11 54.6 5 115 Rubber age over 50 and Refl
10 KRC N12.320 E106.275 E I 2004.2 19.2 5 170 Refl
11 KRC N12.794 E106.156 D I 2009.2 n.d. 5 100 Refl
12 KRC N12.728 E106.101 D I 2009.11 39.3 4 130 Refl
13 KRC N12.230 E105.303 D I 2009.11 30.6 3 60 Refl
14 KPT N12.931 E105.374 D I 2006.2 58.7 7 170 Refl
15 KPT N12.918 E105.366 D I 2006.2 27.3 6 140 Refl
16 KPS N11.312 E104.133 D 11 2009.12 28.8 3 30 Refl
17 SMR N13.355 E103.994 E 11 2010.1 26.4 3 30 Refl
18 PRV N13.919 E104.856 D 11 2009.12 39.5 3 30 Refl
19 KRC N12.133 E106.535 E 11 2010.1 77.8 3 30 Refl
20 KRC N12.912 E106.195 D 11 2010.1 24.5 3 30 Refl
21 KMP N10.628 E104.096 E 11 2009.12 89.1 3 30 Refl
22 KKN N11.186 E103.386 E 11 2011.3 49.3 3 30 Refl
23 PST N12.424 E103.144 D 11 2011.2 43.2 3 30 Refl
24 KPS N12.112 E104.297 D 11 2011.2 241 3 30 Refl
25 KPS N12.109 E104.294 D 11 2011.2 20.6 3 30 Refl
26 KPT N12.762 E105.477 E 11 2011.11 25.4 3 30 Refl
27 KPT N12.726 E105.500 E 11 2011.11 37.1 3 30 Refl
28 KPT N12.670 E105.494 E 11 2011.11 29.6 3 30 Refl
29 KPT N12.744 E105.425 SH 11 2011.11 34.0 3 30 Refl
30 KPT N12.746 E105.427 D 11 2011.11 51.0 3 30 Refl
31 KPT N12.742 E105.482 E 11 2011.11 321 3 30 Refl
32 KPT N12.773 E105.445 E 11 2011.11 25.1 3 30 Refl
33 KPT N12.737 E105.484 E 11 2011.11 25.8 3 30 Refl
34 KPT N12.761 E105.478 E 11 2011.11 315 3 30 Refl
35 KPT N12.670 E105.494 E 11 2011.11 34.8 3 30 Refl
36 KPT N12.613 E105.489 R 11 2010.12 33.5 3 30 Rubber age 2 and Refl
37 KPT N12.747 E105.419 D I 2003.2 149 8 200 DDF1 in Ref2
38 KPT N12.759 E105.474 E I 2003.5 22.9 10 200 DEF1 in Ref2
39 KPT N12.750 E105.414 SW I 2003.2 220.9 4 45 SWF in Ref2
40 KPT N12.749 E105.415 E I 2003.2 54.9 11 200 MF1 in Ref2
41 KPT N12.749 E105.415 E I 2003.2 49.3 10 220 MF2 in Ref2
42 KPT N12.748 E105.416 D I 2003.2 18.5 8 210 DDF2 in Ref2
43 KPT N12.735 E105.411 E I 2003.5 29.9 9 200 DEF2 in Ref2
44 KPT N12.931 E105.390 E I 2006.2 61.7 6 200 E5 in Ref3
3. Data format and citation remarks Acknowledgment

Dataset is also distributed as a text file (Table S1) and two
csv files (Tables S2 and S3). Table S1 contains a readme file to
help users of dataset (Tables S2 and S3) including descriptions
of variables and methodology. Tables S2 and S3 are site data
(same as Table 1 in this report) and soil profile data (same as
Table 2), respectively. The users of data can download Table
S2 and import it directly into geographic information system
(GIS) software as a delimited text file. When using the dataset,

please cite this report as the format indicated in the Table SI.
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Table 1. Site data (continued)

Plot. N  Region™ Lat Lon Forest? Category Period SoilC_30 N_horizon Max_depth Remarks
hddd.ddd® MgC ha™ cm
45 MDK N12.374 E107.312 E I 2004.5 128.6 8 200 E1in Ref3
46 MDK N12.319 E107.132 E I 2004.5 52.1 7 200 E2 in Ref3
47 MDK N12.280 E107.064 E I 2004.5 63.0 7 200 E3in Ref3
48 MDK N12.574 E107.258 D I 2004.5 86.9 5 90 D1 in Ref3
49 MDK N12.163 E106.953 E I 2004.5 50.0 4 110 E4 in Ref3
50 KRC N12.729 E106.101 D I 2004.2 35.6 7 150 NT-1in Ref4
51 KRC N12.792 E106.163 D I 2004.2 30.4 6 150 NT-2 in Ref4
52 KRC N12.336 E106.279 D I 2004.2 22.7 6 115 SE-1in Ref4
53 KRC N12.314 E106.298 D I 2004.2 19.4 6 150 SE-2in Ref4
54 KPT N12.760 E105.474 E I 2006.02 38.1 10 800 LSP in Ref5
55 KPS N11.313 E104.134 D Il 2009.12 31.1 3 30 D3 in Ref6
56 PRV N13.918 E104.856 D 1l 2009.12 61.2 3 30 D1in Ref6
57 KRC N12.912 E106.196 D Il 2010.1 26.2 3 30 D4 in Ref6
58 PST N12.421 E103.142 D Il 2011.2 384 3 30 D2 in Ref6
59 SMR N13.356 E103.993 E 1l 2010.1 20.1 3 30 E4 in Ref6
60 KRC N12.111 E106.542 E 1l 2010.1 37.0 3 30 E3in Ref6
61 KMP N10.633 E104.095 E 11 2009.12 80.5 3 30 E1in Ref6
62 KKN N11.186 E103.387 E 11 2011.3 36.7 3 30 E2 in Ref6
63 KPT N12.895 E105.429 R 11 2009.12 46.0 3 30 Rubber age 1 and R1 in Ref7
64 KPT N12.895 E105.430 R 11 2009.12 47.8 3 30 Rubber age 2 and R2 in Ref7
65 KPT N12.921 E105.422 R 1l 2009.12 34.4 3 30 Rubber age 6 and R6 in Ref7
66 KPT N12.903 E105.418 R 11 2009.12 40.7 3 30 Rubber age 9 and R9a in Ref

n.d.: no data available. Plot N, number of the survey plot; Region, name of the region in Cambodia; Lat and Lon, latitude and
longitude, respectively; Forest, forest type at the time of the soil survey; Category, soil sampling category; Period, period of the
soil survey; SoilC_30, soil carbon stock (MgC ha™) at 0—30 cm depth; N_horizon, number of horizons in each soil survey plot;
Max_depth, maximum depth of the soil profile (cm); Remarks, other remarks and references for each soil survey plot.

*1 KKN, Koh Kong; KMP, Kampot; KPT, Kampong Thom; KPS, Kampong Speu; KRC, Krati¢; MDK, Mondulkiri; PRV, Preah

Vihear; PST, Pursat; RTK, Ratanakiri; SMR, Siem Reap

*2 E, evergreen forest; D, deciduous forest; R, rubber plantation; SH, shrubland; SW, inland swamp forest.
*3 Refl, this report; Ref2, Toriyama et al. (2007); Ref3, Toriyama et al. (2013b); Ref4, Toriyama et al. (2010); Ref5, Toriyama et
al. (2013a); Ref6, Toriyama et al. (2015); Ref7, Toriyama et al. (2011).

and Haruo Sawada at FFPRI. The soil samples were collected
to facilitate research projects supported by the Forestry
Agency (Emergency Project to Develop the Structure of
Promoting REDD Action), the Ministry of Education, Culture,
Sports, Science and Technology [Research Revolution 2002
(RR2002), a Grant-in-aid for JSPS Fellows (no. JP08J02971),
Grants-in-Aid for Young Scientists (no. JP23710028 and no.
JP26740011)], and the Ministry of the Environment (Global
Environment Research Fund A-0802). The transport of
soil samples from Cambodia to Japan was approved by the
Cambodian Government and the Plant Protection Station of
the Ministry of Agriculture, Forestry and Fisheries of Japan
(Yokoshoku 22-832, 23-742, 26-870).

References
FAO (2017) Global Soil Organic Carbon Map — Leaflet, Food
and Agriculture Organization of the United Nations, 5 pp,
http:/www.fao.org/3/i8195en/I18195SEN.pdf
Toriyama, J., Ohta, S., Araki, M., Kanzaki, M., Khorn, S., Pith,
P., Lim, S. and Pol S. (2007) Acrisols and adjacent soils

under four different forest types in central Cambodia.
Pedologist, 51(1), 35-49.

Toriyama, J., Ohta, S., Ohnuki, Y., Araki, M., Kanzaki,
M., Det, S., Lim, S., Pol, S. and Pith, P. (2010)
Physicochemical characteristics of plinthic and non-
plinthic soils in dry deciduous forests on the east bank of
Mekong, Cambodia. Pedologist, 54(1), 2-10.

Toriyama, J., Hirai, K., Kiyono, Y., Chann, S., Kanzaki, M.,
Saito, H. and Takahashi, M. (2011) Carbon storage in
rubber plantation of various stand ages in Cambodia.
Kanto Shinrin Kenkyu, 62, 203-206.

Toriyama, J., Ohnuki, Y., Ohta, S., Kosugi, K., Kabeya, N.,
Nobuhiro, T., Shimizu, A., Tamai, K., Araki, M., Keth,
N. and Chann, S. (2013a) Soil physicochemical properties
and moisture dynamics of a large soil profile in a tropical
monsoon forest. Geoderma, 197, 205-211.

Toriyama, J., Ohta, S., Ohnuki, Y., Imaya, A., Ito, E., Kanzaki,
M., Hirai, K., Araki, M., Kiyono, Y. and Chann, S.
(2013b) Physicochemical properties and carbon storage

of forest soils on Cambodian basalt: A preliminary study

TR BTG 5517 % 2 5, 2018]



Table 2. Soil profile data

Dataset of soil carbon stock in Cambodian forests

Serial_N Plot. N Horizon Depth_top Depth_bot Thick C_conc BD_fine
cm cm cm g kg'1 Mg m>

1 1 Al 0 2 2 43.37 0.935

2 1 A2 2 6 4 29.24 0.935

3 1 E 6 14 8 12.54 1.083

4 1 Bh 14 27 13 10.89 1.152

5 1 Bw1 27 48 21 5.12 1.266

6 1 Bw2 48 77 29 2.99 1.299

7 1 Bw3 77 116 39 2.04 1.324

8 1 Bw4 116 150 34 1.56 1.326

9 2 A 0 4 4 42.79 0.924
10 2 E1l 4 15 11 12.02 1.250
11 2 E2 15 27 12 7.96 1.322
12 2 Bw 27 60 33 3.87 1.415
13 2 Bs 60 105 45 2.35 1.431
14 3 Al 0 3 3 28.77 1.072
15 3 A2 3 20 17 15.85 1.231
16 3 E 20 38 18 3.59 1471
17 3 Bw 38 70 32 2.47 1.410
18 3 Bs 70 107 37 1.36 1.468
19 3 CB 107 140 33 1.19 n.d.
20 4 A 0 3 3 74.91 n.d.
21 4 B1 3 17 14 33.02 n.d.
22 4 B2 17 38 21 8.71 n.d.
23 4 B3 38 50 12 5.11 n.d.
24 5 A 0 5 5 27.09 1.280
25 5 B1 5 15 10 n.d. 1.308
26 5 B2 15 30 15 7.82 1.404
27 5 B3 30 50 20 6.51 1.357
28 6 Ah 0 3 3 19.12 1.331
29 6 Bw 3 22 19 6.63 1.312
30 6 Bc 22 44 22 2.94 0.202
31 6 Bs1 44 75 31 n.d. 0.868
32 6 Bs2 75 115 40 n.d. 1.391
33 6 BC 115 140 25 0.88 1.352
34 7 Al 0 5 5 13.59 0.771
35 7 A2 5 13 8 8.47 0.812
36 7 Bcl 13 30 17 3.41 0.888
37 7 Bc2 30 47 17 3.85 0.650
38 7 Bc3 47 70 23 3.15 0.586
39 8 A 0 5 5 35.12 0.865
40 8 AB 5 15 10 19.97 1.031
41 8 Bw1 15 35 20 12.20 1.051
42 8 Bw2 35 75 40 8.46 1.081
43 8 Bw3 75 115 40 6.25 1.111
44 9 A 0 6 6 33.94 0.978
45 9 Bw1 6 27 21 17.14 0.883
46 9 Bw2 27 50 23 9.98 0.968
47 9 Bw3 50 87 37 7.06 1.001
48 9 Bw4 87 115 28 5.80 1.024
49 10 Ah 0 5 5 14.06 1.240
50 10 BA 5 30 25 6.46 0.649
51 10 B1 30 63 33 442 1.035
52 10 B2 63 117 54 2.80 0.831

Bulletin of FFPRI, Vol.17, No.2, 2018

179



180 TORIYAMA, J. et al.

Table 2. Soil profile data (continued)

Serial_N Plot N Horizon Depth_top Depth_bot Thick C_conc BD_fine
cm cm cm g kg'1 Mg m?
53 10 C 117 170 53 0.45 1.602
54 11 Ah 0 14 14 14.04 n.d.
55 11 AE 14 27 13 7.11 n.d.
56 11 B1 27 45 18 3.06 n.d.
57 11 B2 45 76 31 2.43 n.d.
58 11 Bv 76 100 24 2.70 n.d.
59 12 Ah 0 6 6 58.96 0.713
60 12 BA 6 28 22 14.59 0.421
61 12 B1 28 69 41 7.21 0.406
62 12 BC 69 130 61 2.93 0.565
63 13 Ah 0 7 7 15.66 1.185
64 13 E 7 25 18 7.81 1.076
65 13 Bv 25 60 35 3.73 1.324
66 14 Al 0 15 15 25.79 1.264
67 14 A2 15 52 37 455 1.440
68 14 B1 52 75 23 0.85 1.263
69 14 B2 75 91 16 0.95 n.d.
70 14 Bx 91 96 5 1.24 n.d.
71 14 B3 96 138 42 n.d. 1.373
72 14 C 138 170 32 0.39 1.530
73 15 Al 0 13 13 15.09 1.165
74 15 A2 13 35 22 4.03 0.652
75 15 B1 35 59 24 3.04 0.437
76 15 B2 59 70 11 3.31 1.033
77 15 BC 70 120 50 0.60 1.441
78 15 C 120 140 20 1.66 1.556
79 16 0.5 0 5 5 17.65 1.101
80 16 5_15 5 15 10 9.26 1.042
81 16 15_30 15 30 15 8.46 0.745
82 17 0.5 0 5 5 9.76 1.332
83 17 5_15 5 15 10 6.17 1.551
84 17 15_30 15 30 15 4.30 1.604
85 18 0.5 0 5 5 23.27 1.034
86 18 5_15 5 15 10 15.34 1.068
87 18 15_30 15 30 15 8.81 0.836
88 19 0.5 0 5 5 22.11 1.496
89 19 5_15 5 15 10 15.58 1.576
90 19 15_30 15 30 15 12.07 2.025
91 20 0.5 0 5 5 12.10 1.103
92 20 5.15 5 15 10 8.64 0.890
93 20 15_30 15 30 15 7.31 0.925
94 21 0.5 0 5 5 47.51 0.781
95 21 5_15 5 15 10 35.98 1.068
96 21 15_30 15 30 15 16.64 1.289
97 22 0.5 0 5 5 26.79 1.069
98 22 5_15 5 15 10 13.41 1.184
99 22 15_30 15 30 15 10.41 1.223
100 23 0.5 0 5 5 30.41 0.940
101 23 5.15 5 15 10 12.23 1.133
102 23 15_30 15 30 15 9.04 1.108
103 24 0.5 0 5 5 13.52 1.135
104 24 5.15 5 15 10 7.73 1.116
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Table 2. Soil profile data (continued)

Serial_N Plot. N Horizon Depth_top Depth_bot Thick C_conc BD_fine
cm cm cm g kg'1 Mg m?>
105 24 15_30 15 30 15 4.79 1.085
106 25 0.5 0 5 5 9.96 1.173
107 25 5_15 5 15 10 7.50 1.148
108 25 15_30 15 30 15 3.67 1.112
109 26 0.5 0 5 5 12.67 1.386
110 26 5_15 5 15 10 5.44 1.551
111 26 15_30 15 30 15 3.28 1.666
112 27 0.5 0 5 5 14.20 1.375
113 27 5_15 5 15 10 8.93 1.567
114 27 15_30 15 30 15 5.43 1.642
115 28 0.5 0 5 5 13.65 1.263
116 28 5_15 5 15 10 7.41 1.578
117 28 15_30 15 30 15 3.95 1.572
118 29 0.5 0 5 5 10.63 1.582
119 29 5_15 5 15 10 7.58 1.632
120 29 15_30 15 30 15 5.62 1.568
121 30 0.5 0 5 5 30.01 0.876
122 30 5_15 5 15 10 13.09 1.311
123 30 15_30 15 30 15 9.21 1.495
124 31 0_5 0 5 5 13.30 1.314
125 31 5_15 5 15 10 7.21 1.599
126 31 15_30 15 30 15 4.81 1.638
127 32 0.5 0 5 5 8.48 1.432
128 32 5_15 5 15 10 5.93 1.605
129 32 15_30 15 30 15 3.94 1.613
130 33 0.5 0 5 5 9.80 1.352
131 33 5_15 5 15 10 6.13 1.633
132 33 15_30 15 30 15 3.94 1.561
133 34 0_5 0 5 5 11.57 1.430
134 34 5_15 5 15 10 7.28 1.573
135 34 15_30 15 30 15 4.84 1.621
136 35 0.5 0 5 5 13.98 1.363
137 35 5_15 5 15 10 8.12 1.604
138 35 15_30 15 30 15 5.04 1.622
139 36 0.5 0 5 5 8.56 1.472
140 36 5_15 5 15 10 9.07 1.570
141 36 15_30 15 30 15 5.20 1.658
142 37 Al 0 6 6 5.66 1.565
143 37 A2 6 18 12 3.96 1.590
144 37 E1l 18 45 27 1.04 1.620
145 37 E2 45 70 25 0.61 1.576
146 37 B1 70 100 30 0.90 1.627
147 37 B2 100 130 30 0.50 1.804
148 37 B3 130 160 30 1.63 1.812
149 37 BC 160 200 40 1.15 1.791
150 38 Al 0 6 6 8.78 1.409
151 38 A2 6 16 10 4.92 1.620
152 38 AB 16 30 14 3.44 1.566
153 38 B1 30 55 25 2.05 1.546
154 38 B2 55 86 31 1.58 1.585
155 38 B3 86 110 24 1.17 1.564
156 38 B4 110 136 26 1.24 1.521
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Table 2. Soil profile data (continued)

TORIYAMA, J. et al.

Serial_ N Plot. N Horizon Depth_top Depth_bot Thick C_conc BD_fine
cm cm cm gkg" Mg m*
157 38 B5 136 162 26 0.98 1.591
158 38 BC 162 190 28 1.92 1.551
159 38 CB 190 200 10 0.88 1.582
160 39 Ah1l 0 5 5 249.21 0.378
161 39 Ah2 5 13 8 111.41 0.673
162 39 Ah3 13 25 12 105.17 0.797
163 39 C 25 45 20 19.40 1.363
164 40 Ah 0 5 5 31.78 1.049
165 40 E1l 5 14 9 13.58 1.270
166 40 E2 14 30 16 10.64 1.336
167 40 Bs1 30 41 11 11.15 1.487
168 40 Bhs 41 55 14 7.43 1.452
169 40 Bhs 55 77 22 4.61 1.519
170 40 Bw1l 77 101 24 2.14 1.561
171 40 Bw2 101 131 30 1.42 1.609
172 40 Bs2 131 149 18 0.82 1.710
173 40 Bs3 149 179 30 0.79 1.782
174 40 C 179 200 21 0.97 1.794
175 41 Ah1 0 5 5 16.62 1.205
176 41 Ah2 5 24 19 10.05 1.568
177 41 Ah3 24 42 18 9.60 1.612
178 41 AB 42 67 25 6.17 1.581
179 41 B1 67 98 31 3.36 1.593
180 41 B2 98 130 32 2.72 1.661
181 41 B3 130 159 29 1.57 1.732
182 41 B4 159 187 28 2.14 1.768
183 41 C1 187 205 18 1.15 1.801
184 41 Cc2 205 220 15 0.96 1.861
185 42 Ah 0 5 5 13.70 1.343
186 42 AE 5 23 18 2.64 1.588
187 42 E1l 23 39 16 1.50 1.601
188 42 E2 39 67 28 0.32 1.616
189 42 Bh 67 93 26 0.69 1.879
190 42 Bhs 93 137 44 0.44 1.902
191 42 BS 137 169 32 0.50 1.917
192 42 C 169 210 41 0.64 1.921
193 43 Ah1l 0 7 7 9.65 1.386
194 43 Ah2 7 17.5 10.5 6.97 1.578
195 43 AB 17.5 33.5 16 4.58 1.560
196 43 Bl 33.5 60 26.5 3.20 1.484
197 43 B2 60 91 31 2.54 1.504
198 43 B3 91 118 27 3.35 1.480
199 43 B4 118 153 35 2.32 1.493
200 43 BC 153 190 37 1.62 1.467
201 43 C 190 200 10 1.69 1.497
202 44 Al 0 10 10 32.85 1.080
203 44 A2 10 29 19 12.25 1.093
204 44 B1 29 60 31 6.53 1.149
205 44 B2 60 94 34 4.21 n.d.
206 44 B3 94 159 65 457 1.227
207 44 B4 159 200 41 4.60 1.084
208 45 Ah1l 0 8 8 80.94 0.719
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Table 2. Soil profile data (continued)

Serial_N Plot_ N Horizon Depth_top Depth_bot Thick C_conc BD_fine
cm cm cm g kg'1 Mg m?
209 45 Ah2 8 25 17 50.75 0.832
210 45 B1 25 53 28 22.83 0.900
211 45 B2 53 82 29 12.99 0.946
212 45 B3 82 126 44 10.71 0.882
213 45 B4 126 149 23 8.98 0.998
214 45 B5 149 185 36 7.24 0.973
215 45 BC 185 200 15 6.46 1.018
216 46 Ah1l 0 10 10 36.02 0.646
217 46 Ah2 10 35 25 20.68 0.698
218 46 BA 35 62 27 19.48 0.797
219 46 B1 62 92 30 11.57 0.834
220 46 B2 92 126 34 7.49 0.923
221 46 B3 126 160 34 5.45 0.945
222 46 B4 160 200 40 5.36 0.954
223 47 Ah1l 0 9 9 58.74 0.729
224 47 Ah2 9 23 14 22.65 0.628
225 47 BA 23 52 29 11.53 0.559
226 47 B1 52 82 30 7.54 0.716
227 47 B2 82 111 29 3.54 0.794
228 47 BC 111 145 34 3.98 1.127
229 47 CB 145 200 55 5.36 1.083
230 48 Ah 0 11 11 42.26 1.073
231 48 Ahc 11 26 15 25.10 0.889
232 48 Bc 26 39 13 11.13 0.793
233 48 B 39 71 32 5.33 1.307
234 48 CB 71 90 19 1.37 1.235
235 49 Ah 0 7 7 26.65 1.058
236 49 B1 7 24 17 13.35 1.126
237 49 B2 24 43 19 12.95 0.606
238 49 RB 43 110 67 9.90 0.482
239 50 Ah 0 10 10 14.08 1.430
240 50 E1l 10 23 13 6.53 1.409
241 50 E2 23 35 12 3.50 1416
242 50 BEt 35 50 15 5.03 1.432
243 50 Bvl 50 84 34 2.64 0.703
244 50 Bv2 84 117.5 33.5 2.14 0.703
245 50 C 117.5 150 32.5 1.82 1.559
246 51 Ah 0 13 13 10.20 1.455
247 51 E 13 34 21 441 1.484
248 51 BEt 34 68 34 3.05 1.513
249 51 Bvl 68 95 27 2.03 0.715
250 51 Bv2 95 141.5 46.5 1.39 0.899
251 51 C 141.5 150 8.5 0.99 1.035
252 52 Ah 0 6 6 10.85 1.269
253 52 E 6 14.5 8.5 4.54 1.340
254 52 BEt 14.5 32 17.5 4.61 1.299
255 52 CB 32 70 38 4.52 0.779
256 52 C1 70 90 20 2.22 1.744
257 52 Cc2 90 115 25 0.64 1.793
258 53 Ah 0 8 8 8.87 1.428
259 53 AE 8 18.5 10.5 3.52 1.574
260 53 Btl 18.5 47 28.5 1.81 1.673
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Table 2. Soil profile data (continued)

TORIYAMA, J. et al.

Serial_N Plot_ N Horizon Depth_top Depth_bot Thick C_conc BD_fine
cm cm cm g kg'1 Mg m?>
261 53 Bt2 47 70 23 1.53 1.686
262 53 C1 70 118 48 0.77 1.674
263 53 Cc2 118 150 32 0.52 1.746
264 54 2.5 0 10 10 20.65 1.415
265 54 50 10 75 65 2.86 1.541
266 54 100 75 150 75 1.25 1.483
267 54 200 150 250 100 0.86 1.528
268 54 300 250 350 100 0.67 1.634
269 54 400 350 450 100 0.51 1.688
270 54 500 450 550 100 0.48 1.756
271 54 600 550 650 100 0.36 1.789
272 54 700 650 750 100 0.42 1.783
273 54 800 750 800 50 0.43 1.748
274 55 0.5 0 5 5 15.60 1.257
275 55 515 5 15 10 8.07 1.271
276 55 15_30 15 30 15 5.45 1.356
277 56 0.5 0 5 5 39.54 0.980
278 56 5.15 5 15 10 22.50 0.986
279 56 15_30 15 30 15 16.36 0.800
280 57 0.5 0 5 5 11.44 1.308
281 57 5.15 5 15 10 6.95 1.369
282 57 15_30 15 30 15 4.57 1.346
283 58 0.5 0 5 5 24.53 0.998
284 58 515 5 15 10 12.84 0.980
285 58 15_30 15 30 15 10.81 0.841
286 59 0.5 0 5 5 6.63 1.401
287 59 5.15 5 15 10 4.75 1.438
288 59 15_30 15 30 15 412 1.403
289 60 0.5 0 5 5 16.53 1.145
290 60 5.15 5 15 10 8.69 1.287
291 60 15_30 15 30 15 7.07 1.540
292 61 0.5 0 5 5 75.88 0.662
293 61 5_15 5 15 10 30.99 0.910
294 61 15_30 15 30 15 16.72 1.086
295 62 0.5 0 5 5 31.55 0.770
296 62 5.15 5 15 10 12.85 0.960
297 62 15_30 15 30 15 8.09 1.034
298 63 0.5 0 5 5 21.14 0.805
299 63 5.15 5 15 10 18.54 0.946
300 63 15_30 15 30 15 15.09 0.880
301 64 0.5 0 5 5 19.17 0.926
302 64 5_15 5 15 10 17.79 1.025
303 64 15_30 15 30 15 12.63 1.091
304 65 0.5 0 5 5 13.93 1.037
305 65 5.15 5 15 10 11.67 1.072
306 65 15_30 15 30 15 991 0.988
307 66 0.5 0 5 5 19.56 1.052
308 66 5.15 5 15 10 14.49 1.136
309 66 15_30 15 30 15 8.82 1.053

n.d., no data available; Serial N, serial number of soil horizons; Plot N, serial number of the survey plot,
consistent with Plot N in Table 1; Horizon, type of soil horizon, i.e., A, E, B, and C, which are described in
situ; if no horizon is defined, the sampling depth is described; Depth top and Depth bot, top and bottom
depths of the soil horizon (cm), respectively; Thick, thickness of the soil horizon (cm); C_conc, carbon
concentration of fine soil (gC kg™); BD_ fine, bulk density of fine soil (Mg m”)
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Table S1
This is a readme file for Tables S2 and S3. The file can be

updated in future as necessary.

Table S2
Site data (Table 1) is compiled in csv format.
The first line contains the names of the variables. The file can

be updated in future as necessary.

Table S3
Soil profile data (Table 2) is compiled in csv format.
The first line contains the names of the variables. The file can

be updated in future as necessary.
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7 E&E# (Research record)

1YV FRIT7HMERAII V2 VHORREESTIC
ZODEREICET X B &

HEUSEC ANIDZE S0 20 NN - 3 155 TN o = S 9) 220 NN /P NI 1 ST
Wik O, B BIR T, A

wE

1990 FERBEMNSFEZ S NHf LA ZTOIS, WAV VY Z MO R RS X CAREICE T
DG RAERIMEICBB U WS E DI TR U, FREELICKZ —HOMEICK DI HKE
NRERFE 2 IR 4O —EE, OAHAXLIVB 6 MBRIUAIFY LV MEOmGBEZGDYE

TRY,

F—TI—F:TFYINVFITA, TEFYy PRIV, AIFVLY, OHKLY AVHATAY

L.IETHIC

A YRRV HMERA Y < Z MO B HEHEEA
HER G, 1990 FRELETEWANEHELE D,
FEAETARENT A olz, THITH LT, JICA
A YRR TN T Y s 7 M3 T
x— X (1995 £ 5 1999 4F) ICHEJFE VR 78 D &
PRELTIREBEINZ EZEonTIc, FAMNT 2 A
KM BN T H A Wi E O FEE D /1ic X % R B
WEFE DRI ITO NS K S Ik - Tz, AR, @2
20 EMNCRERL & R F 77V MM HFAFZEE D FEE L 7z
TOREOREZHROIC, WAV Y Z N R E
BROERBICHTIMEZERIFCEMLIZEDTH
%, ARCWRET. HEiE oMY B X O3 Rk
BRI R AEARIE IS B E U 72 25 Sk BV BB 72 D
FTHRNT 2, GBREDNEZNIEICRL TS X
KD —ERICEEHIHA S D Iah otz E AR XKD
g Fakdic, XMERTHIF 51 H
XNz, SEEHARGEICR Uz, ABETHRMNT S
WAV Y ZVINTO—HOFHBTIC LD REINLE
HHHO S B il ENIZ 2 H3 45 TH 5,
RBECINOHEO—EXZRL, aHXLVF 6
ENZIFVLIE 3 FITOWVWTRIRT %,

JERISZAT @ SR 29 4 10 A 25 H ERSZEE - PR 3043 A 7 H
1) LA TSR

2) 7 R A R

3) AR WIZEAT RN ERTZE i

4) A > B 7 R EBe A A5

5) EEREBITZE 2

6) TR AR AR AT

7) AR EZERT SN ST ‘

8) AR ETWIZEHT ARAA EER TS eI

* TG Aifi

2. /WA 2 MO T 237 F b & T T s R

ARICED R LEDIEMEDHZEL L TVBEDIE, A
YRRV THMER A X IND T 2 A MO
B TH 5, TOHBDIEE A LD LHIZ 20 [
WETEI Y ZNHEHICEDN TV, [Hit o
K7 ZoNAHEMIE, BERE/NA A< A (Yamakura
et al. 1986). &= WEHFEZ Bk PE (Kartawinata et al. 2008,
Sukarjo et al. 1990) . FE&iE U 7z BSfE kIS (Yamakura et al.
1986) & D, 1990 FAATHICIE, [ HIE O R ARFEIC
B4 5F vy 7Y AL (KeBler et al. 1992) BX T
# (KeBler and Sidiyasa 1994) MFEITE Nz, T HIC
PRV A BRIAD T 2N FRNCEIT % X8 (Newman
etal. 1996, 1998), RIS VX UMDIET XN/
RHE AT 9 % X8 (Argent et al. 1997) 7% £, [Flh
DR R FE AL D WL 72 TR d BRI R SCH AV B il S L T
Wiz,

WA 22 INOEI T 2875 F 001 1960 4FEAX
MHIFCE oI MERE. FAENND D DOB(EHIC
KB BEMIBEE. 1982-83 4F 35 K U 1997-98 fFIC B E Je
SRR & RIRBIASE . Z DO O BIFERY TR KK E
K&, HBkidudicHb, WA Lz (Mori 2000, %
M 1999) . B H{HICHE DV LRI X 5 &
KRN D R B 7 2 ) To i, T 0 40 £ D,
ULhE ROVRHHICIZIE R TO/RMO LD Nz (Gaveau
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etal. 2016), MEF S ZHOE T % EHM - EREFHER
Boic, 7Fv ANV E, TFy NNV FITA, X
VHATA DI DDREMREB XT R T IVEEMER E
THEMEINTEE (Fig. Do

TF v P AV b (Bukit Soeharto) MAZEE AR D H
RABMAENIC, BENLLT IV Y RENEHS 20
TWHEMDH %, JICA BRI IO Yoy o
JRYARELT. W, EEBIXUMHEBRZ T —
(1 E& 60 my 30 m) HEHARE SN, T F v b AN
VR TiE. 1978 FICERHFMOFE & UTHREDO NG &
HHETIE. BAOFEROMEICKISZEHABEOREY]
DM T Tz,

7F v bNVF T4 (Bukit Bangkirai) 1 2 R %X
7 ML (Inhutani-1) DVE T 5 Bk, 2RO HFE
3% 1,500ha T, HOERICIRER & KK DL 2T T
WERWRKAMD D %, KIMOJEFAIZ. k& I L
P DS WL T Acacia mangium, Paraserinthes falcataria

DREMIE H B,

AV HAT A (Sungai Wain) 73U 7708 DK
FEME LTIREIN TV, RO RIS, (K
RENKDOBEEZ T TORVRIMDEIZEL T3,

A7)V (Sebulu) 1 >~ R 32 ¥ 7 MEE D FER,
1992 fE0 5 2004 FFITT, EAMEE MV R2RT T
MEET <)V ZMERBT O IC X 0. FpEoO
BB 9 % A B D T2/ & 7z,

3.AY KRR TIRAIEB A Y <> 2 Mo B
BXCEREICEIY % Sk H &

1982 4F

LEAKR #— - FHHE 7 (1982) HAhUTYHY (R
JVERA) O HIFIHIC X BEREEA(L & Y
1980 = 12 AA 5 1981 4 1 Hichir, NU 7708

BT HRMD S BENC W25 £ TO NS R E X
F X IMg T, LEEMHOMKNRZE (L E

B LN)VDREIC X 0Tz, A 13 )8, &k

Y 695 @M E SN, HIEIHYOGED TREEDZ VT

Sarawak, Malaysia

Central Kalimantan

North Kalimantan

//r/g/,/f Ballkpapan
]

South Kalimantaq?\/

Bukit Soeharto

Bukit Bangkirai
Sungai Wain

[ .
0 50 100
km

Fig. 1. AV <22 U MB X B AMEOMEM,
1982-83 I KT 1998 TN D72 320 T HEPRIE BRI (1999) % rTic iV 7z,
Map of East Kalimantan and location of main study sites of the authors.
The fire affected area in 1982-83 and 1998 are modified from Toma (1999).
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P EE G220 E) 2= Gl 1soJ8). 7 €8 Gt

81E). 7V GI55/8) BRETHoT. NADHE

I KB A DEN & LEEHYIHO R & DRRIEEH X

DT R > 72,

1983 4

2. Adisoemarto, S., Suhardjono, Y. R. and Noerdjito, W. A.
(1983) Changes in the composition of insect communities
of Landang in Tanah Merah, East Kalimantan.

PV 2 AXHEA D Tana Merah O [ fig Bt & M it T
1978 43 HARM S 4 HB K UTRF 7 ARRXICAY 1+ —
E &0 irbnc BREFEOH A, 9 H 196 A
REkE N, MADOKEZR KLU T 2 [ HOH A THE
M A T MEERBIEHEDMMTIm LN, FAEH
PHBEFOMBITENT I EHRENT VS,

1988 4

3. Yajima, T. (1988) Change in the terrestrial invertebrate
community structure in relation to large fires at the Kutai
National Park, East Kalimantan (Borneo), Indonesia.

7 2 A EAL N T 1982-83 I B X o KK D, B
SR & JE M FEFR T 50em P9 75 A 10em P D K & 2mm
DEDoLBEEH WM, €y b7+ =)L Ty THRE
DR NE . AT 0 — ¥V TRED/NE Y
ZRILN)VTRIELBR Lz, BREELTHREL
¥ H (Collembola), < X H (Thysanura), /N % H
(Orthoptera), I F 7' U H (Dictypoptera), 77 A L H
(Hemiptera), 1 HUH (Coleoptera) MB M > TV %, #
SEMR & JEW SR TN IR IC BEE R A RO B hiah
> 7,

1994 4

4. Yamane, S. (1994) Ant fauna of fire-damaged areas in the
Kutai National Park, East Kalimantan, Indonesia.

1982 — 83 FEDKFUHA KD 5 10 B DK AV < >~
ZUING ZAFENLRETT VO ZHE LTz, N
FIVICEKBHELN F Ty TICX O LD T ) HH 28
B2z RE L, COFHETEB LMD ) HZ
BT R s, VUVHFMHO—ELMEETZ
TRV, TO—7, XL—y7, 5T 7MDK
D872 2T TOIRWRM T 237 F TRk D Tk
KHRESNEZTVEHITEIOELDE, 20
BE5NT,

1996 4

5. Yahiro, K. (1996) Beetles fauna in Bukit Soeharto
Education Forest. JICA Expt. Report 1995-No.3.

1995 T LN T T IV Y RET Fw b ANV M IFSEH
BMOGRE THRE L 7o U,

6. Makihara, H. and Kinuura, H. (1996) Vertical distribution
of insect fauna on the tower and Cerambycid and
Scolytid beetles.

1996 FEIC LT T IV Y R¥ET Fw b ANV S IFSEH
BHO60mRAT—ZMMPL T, HELELAIFY L

|Bulletin of FFPRI, Vol.17, No.2, 2018

VEBXUCFIALYDOEES . HIFY LTIE 129

FOVAMEF I A LVHEITAEMTHMS LICEE

BRiERE LIz, EHICRERFEICODVTER, BH

ZEV, FAL., AETRICOVWTEFAZIMNA /2,

1997 ¢

7R e KW BEE (1997) 2U—Z=FIH LR
RO FEE DL & 7 Fy B AL Bk
DHIFVLY - F ALV
1996 10 H S H» B 11 H2 HE T, LIYILX Y

K2ETFw ANV FRFEEE PR T RIRR. KL

T T—varyBRURAKICREE N 60 m X

J—ZRMALTITo7chIF LY, F7 4 LTHH

BEOMR, HIFVLVECODWVWTE, I FT v T,

SRL—X+Tv 7 MEMBICK SMENEZ LB L

T.XL—=—X Iy TRRLMENRBNT 2R LT

FIALVEIKEI LTz T7 280 FF 9 f, 2 DM

PR3 RIEICER 2 MZRL T,

8. Irianto, R.S.B., Matsumoto, K. and Mulyadi, K. (1997)
The yellow butterfly species of the genus Eurema Hiibner
causing severe defoliation in the forestry plantations of
albizzia, Paraserianthes falcataria (L.) Nielsen, in the
western part of Indonesia.

TIIVETT (I A% L, Paraserianthes falcataria)
OEMH TR FF avE (Eurema) D UIE UIEKF
U, RYUHIEFF a7 (E hecabe). £ ENTWVIe,
WAV VAN IF U H UV BRUTAR T, Iy Y
DIEMHIFS 5 ¥ i TNz TA, ZATYFFa T
(E. blanda) . E. hecabe, 7V X FF a7 (E. alitha) .
PJVFF a7 (E sari) D4ENAEN, KFEETD
DEFEATFF a7 (E blanda) TH% T & MHER
X NFzo E. hecabe & E. alitha DFAENE L2 E L
TBY, E sari 3 TH - Iz,

1998 4

9. RS FE(1998) AV VX KD A I F Y LB
1996 FEICf T e AV Y AV TOHIF U LV

PEOME L A IFY LY OERERA LT,

10. Kinuura, H. (1998) Scolytid beetles fauna and their

vertical distribution in Bukit Soeharto Education Forest,
East Kalimantan. JICA Expt. Report, 1997-No.4.

TFw F ANV D 60 mA T —ICE S HICRE LTz
MmO I Ty T THEENF 7 4 L EHO R
1999 4
11. Niisato, T. and Makihara, H. (1999) Two new

Paramimistena (Coleoptera, Cerambycidae) from

Western Kalimantan.

WAV Y E M TF Yy FANVEDBED
Paramimistena immaculicollis & P. brevis D 2 Fif Dl ik,
2 A )V IZ Western Kalimantan & 7% > T > % 5 East
Kalimantan D}V TdH %,

12. Makihara, H. (1999) Atlas of Longicorn Beetles in Bukit
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Socharto Education Forest, Mulawarman University,
East Kalimantan, Indonesia.

TEy R ANV BT, 1998 4 (1 4ERD ICREL
71XF Y LY sss FOmGE,

13. Kinuura, H. (1999) Scolytid beetles fauna of Bukit
Soeharto Education Experimental Forest and Bukit
Bangkirai in East Kalimantan.

1999 FEICTHE L2 7+ B ANV ETFy BV
FIOATHRELIF I ALY
14. Makihara, H., Kinuura, H., Yahiro, K. and Soeyamto,

Ch. (1999) Effects of forest fires on various
coleopterous insects in a tropical rain forest of East
Kalimantan.

1998 1 A5 11 HIZMIF T, 7F v FANVE
KRELEYL—X NIy T 1HEMBEICHRESN
Te OB ZE . 1 A DS 4 AYIAIICH»ITTT F
v R ANV TIREDKEST. 2 H26,27HE 4 H 1,
2 HIZWE by TREH S & AR b Nz,

15. Hirowatari, T. (1999a) Butterfly fauna of Bukit Soeharto
Education Forest and its adjacent areas.

TEFy P ANV B R UEIHIE TERE T Nz 157
DT 3 v —%,

16. Hirowatari, T. (1999b) Observation on the occurrence of
teak bee hole borer (Xyleutes ceramicus) at Sebulu.
PARRELFEORVEHAY Y Y ZVINATIVD T

— R TIE, F— I DEFERTHEZ R MU N

Bl (Cossidae) D F— 7 ¥ — K — )V K — T — (Xyleutes

ceramicus) h. MRFEANICFEE, ML TWb Z &2

5Mic Uz,

17.\5&  JUBB - M ¥ - Ky B4 - DU A
(1999) AV < > 2 VEEE R ARIC BT 2 Bk
KNI LVBICE R T

18. MR % (1999) B 2ERE .

1997 £ 12 H2 5 1999 4 12 H £ THL 2 FF. 7 F
v b ANV S ISREE MR TIT o 7e B A OB
19. Soda, R., Nakamura, K., Mastune, K., Nakama, E.,

Harada, Y. and Sasaki, S. (1999) Insect damage on
mahogany and teak trees in East Kalimantan, Indonesia.

ATV OREAL BT 1998 FE D NSRS HAE L T
FHROWHEMEZITV, FHZECTF - E—K—
WA—F—DRERTFFOTr — AW TER &
Uiz
2000 4
20. Yahiro, K., Ito, N. and Makihara, H. (2000) Record of

Ground Beetles (Coleoptera: Carabodae) Collected by a
Malaise Trap from Bukit Soeharto, East Kalimantan.

TEy B ANV FRBEE KT 1998 Flc v L—X
FoYw TTRELEIILVEHITHEOY X b,

21. Soeyamto, Ch., Makihara, H., Sugiarto and Budi,
F. (2000) Atlas of Stag Beetles in Bukit Soeharto

Education Forest of Mulawarman University and Bukit
Bangkirai Forest of Inhutani-1 in East Kalimantan,
Indonesia.

1998, 99 FEICH IV Y XD LT TV VKRN
KRB LEIXL—X Ty STHELZAIFY LY
55 0D Gt
22 REB ¥ - AH WEAE - J\&E SRR (2000a) EATT IR

I 3513 2 BRI D2 FEHT RIS 5 2 72508 (D).
23 RRJEL B - KW WEAE -\ BLEE (2000b) FAGHRERR

RIS 31T % FRAK KD 3 FlEHT RIS 5 2 T2 g2 ().

WAV Y2 Y DOBRMAKEN B XTI ERDO A
FULUHOZE, HEEOMNTZET,

24 R 5 (2000a) ZAHRERNAAO 7 I F U Lo DAERE

WAV Y2 OHRERMAD A I F U Ly ORf 5
TAEREDIR T
25. Makihara, H., Kinuuram H., Yahiro, K. and Soeyamto,

Ch. (2000) The effect of Droughts and Fires on

Coleopteran Insects in lowland Dipterocarp Forests in

Bukit Soeharto, East Kalimantan.

LTIV VRET Fw B ANV FSREAEKICE
WT, ARG ERT, EROANIFY LY, dILY
BE. XL—A Ty T THIEEINIEREOBED
FHIicOWT, —fOAIFVLIRPIILIMN K
KIFICZHBREINT T LR E 2N,

26. L T (2000b) #A [ AR B HUERER S . Wik R
HigReEy (Y &KES - Pl L)

WAV YR DT Fy ANV, TFy bRy
FIADHRMTORESEZ X LT,

27. KBk EVE - Bl EEYE (2000) RV A A Z T
AILY , 7TV IRYREAILY .

MIEDNERA 22 TFy B ANV R THREL
feRVxAhrEea 2 Ly (Adsemochrysus rugulosus
H. Deyrolle) & 7 T v 2 5KV 2 < L ¥ (Exagistus
ignicepus H. Deyrolle) @ 2 fiDK/REN TV 5,

2001 4

28 R B (2001a) HXFV LVIFFHFAS .

WAV YA DRFHRKEDN I F Y LUHICE
A TR B DO F,

29. Komiya, Z. and Makihara, H. (2001) Two new species
of the genus Megopis (Coleoptera, Cerambycidaae)
from Indonesia and Malaysia.

HAVIVAYDLTTIVI VY KRFEDT F v kAN
JU SR TER SR U 728 i Megopis kalimantana HYRC#K
ENTV3,

30. HJSL % (2001b) R D EMZRRIEO @ E &\
Z BT BHEMNEN A IFUMICE R T
31 RAEL % (2001c) AR MO EMZ R DR E &
Z 2ICBI BZHEMAKEDN R RBIC G X T

2002 4

32. k& % - Sugiarto + Woro A. Noerdjito (2002) - >/
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RRT TN 4 F%DHIF UM .

33. Makihara H., Simbolon, H., Sugiarto, Budi, F. &
Iskandar, B. R. E. (2002) Atlas of Longicorn Beetles in
Bukit Bankirai Forest, PT. Inhutani I, East Kalimantan,
Indonesia.

THFY bNVETAOBRMTHHELIZAIFY LY
469 Fl 0D {555
34. Matsumoto, K. (2002) Papilio demoleus (Papilionidae)

in Borneo and Bali.

FF 27 7N (Papilio demoleus) (X H w7 27 D
BEEBICIE T2 0 m L TWaEh >z, RV A ‘I
1980 FERICHBHHEMMRA L ENFILN TV
M. 1996-1999 FFIC T F v b AL b E YIS TERES
NleEAZRE LIz T A, v L—dRNAHEE. &
VA HRAE ) 73 WA w5 oD RN 23 A DNRAE L T 7z,
NI TRERDEN >N B S &AM Z IRk L Tz,
35. Cleary, D. F. R. (2002) ENSO-induced temporal change

in the species richness of three butterfly functional
groups.

AYHATA D= (RFEM) & 1978-79 H D
KTz W o Tej bk, T F U 2w b D 1982-83 4 & 1978-
79 FED KK W o Te R E TTF 3 Y HIOD 3 DORKRERE
(EAR, VR Rl O kKL 7z,
E DRERERF T & AR MR N L 72 AY, FEEU B
Ao T,

36. Komiya, Z. (2002) A synopsis of the prionine cerambycid
of the genus Megobaralipton, new status (Coleoptera,
Cerambycidae, Prioninae): Revisional studies of the
Genus Megopis sensu LAMEERE, 1909-1.

Megopis kalimantana (Komiya et Makihara 2001)
KDOWVWT, BHDOLBICALDEREM/INHE L X
Megobaralipton kalimantanum (Komiya et Makihara
2001) & L7z,

2003 4

37. Noerdjito, W. A., Makihara, H. and Sugiarto (2003)
How to find out indicated cerambycid species for forest
condition status in case of Gunung Halimun National
Park, West Java and Bukit Bangkirai Forest, East
Kalimantan.

RO ZFNRD TeDIT, Vv TBEDT XN
VLAVENIAREEAIR A OTFy bV FT
ADHEMRTIA T+ Ty T XL—XFIv 7 mb
TPy T . XA T v T GEODVTEARDEL
ZHO FFED) Z#FELT, Iy T THRLNE
AIFYLYOMEEMEROLEZ LTz, XAk
oY TTIERD N 388 7% Artocarpus sp., Acacia
mangium, Albizia falcataria (=Paraserinthes falcataria),
Shorea smithiana, S. laevis, Dipterocarpus cornutus LBz
Tz Uiz, TDH B, Artocarpus sp. ZfEH L1z &
DWFFICEWNWT EAREN T,
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38. Makihara, H., Noerdjito, W. A. and Budi, F. (2003)
Actuality of Sebulu Experimental Forest in East
Kalimantan —On cerambycid beetles profile in burnt
forest from January to February in 2003—.

2003 4E 1, 2 HICHAV Y Z UM AT IV D, 1998
FORMNK 2K LIHTICBNT, L= T
w L DDz Artocarpus sp. DR DD RFTH
SFVLVEFEITEZTIVEAIVT ATy TRV
THIFVLYHOWEZIT>Te, 89MDAIFY L
YIMEHEN, KRB ENTWS
39. Cleary, D. F. R. (2003) An examination of scale of

assessment, logging and ENSO-induced fires on

butterfly diversity in Borneo.

NUﬁﬁﬂyﬂ%&ﬁ%B;6¢%ﬁU7y&y®
JESHEDH T AR & (R H, AR 70 H U 72 N
EIEREMTT a v HZRAE L, BEZRE L, X
RIIHEBZ B INE BT, KRz D & 87,
2004 4
40. Makihara, H. and Sugiarto (2004) Are the beetles alive

or dead in burnt snags just after forest fire? In case of

East Kalimantan.

1998 £FIC I8 E T RN ERR. ST EMNARDH T
O TOWIEHROEFRZI 2 LB TEL 7
T 70%) RNT Y T H 2 LR (E1FHEK 40%) T
AIFYV LIV o Tz CEERK15%).

41. Noerdjito, W. A., Makihara, H. and Sugiarto (2004)
Differences and features of cerambycid fauna with
fragment of primary, secondary and degraded forests
in landscape affected by human impacts and fire
disturbance, East Kalimantan, Indonesia.

WAV RAYDTFYy bNVFFTA4, TFvFA
NV, ATWTOAIFY LUz LT, RIE
INHEE. TFEY PANVFT—BEZ Mo, £
D—TFi. TF v bRV FT A TERRKICRA OFED
Zl@RHHNT,

42. Makihara, H., Noerdjito, W. A. and Matsune, K.
(2004) Profile of cerambycid beetles fauna in Sebulu
Experimental Forest of East Kalimantan.

2003 £ 8 HICHA U X 2 Y DAT VBT 77 )b
l~ ANVT ATy TeAV, SHEKRTHEZITVL.

KIKED ENFRMICZ K 5N D Gnoma g 2 FED &
Witz Lt Uiz, T OREIR, REBMDBDITHNICI > T
WAHMTXSHi¥ENS LR LT,

43 FRJE E (2004a) A I F ) BHEOZERMN .
WAV VA2 YDAIFY LYOMBOZENSE

MZRRIED & & ZHE T,

44 RRJE #E (2004c) 1V KRR T AV VR DH
STV LY AFOAREIHIA .

Acalolepta unicolor, Olenecamptus opatus, O. borneensis,
0. bilobus DHEBEDFE e T T TIX borneensis, bilobus
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DFEHEIDEZTWVD,
45 KEJR B (2004b) A Y R 7 - AU VR VI

BIBA< LY 2 fOLHE .

RV A A 2T R LY (Adsemochrysus rugulosus
H. Deyrolle) DED S MM E 7 SV IRV ZX LY
(Exagistus ignicepus H. Deyrolle) WA KICTRK T % T &
2RI
46. REJE 55 (2004d) VIV N ANV TS RAORERET BN

IFVLY.

7Vt IV T X (Artocarpus spp.) DFEEHZREBT B 7
2 &Y & LT Gnoma longicollis, FZ D& D72 B LM
B3 Pterolophia melanura D\ % & 5T,

4708 H - vAtu— A TNV v b AFTIV
k (2004) AV V2 ARMMKICA R T2 3 F
VLY —7 IRV T ATy T & RMEEER
BAIFY L—.

WAV <2 RO KK % 42 < 2T Tain o Te R
R CEBEN, RBEMRTT IV R ALV T ATy TIcEE
BAIFVYLTOMENE BAE T 2N
48. Makihara, H. and Noerdjito, W. A. (2004) Longicorn
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by Dr. E. F. Gilmour, 1963 (Coleoptera: Disteniidae and
Cerambycidae).

A=)V Y BN RE £ TV % Dr. Gilmour
DFAEEADHN WAV VR UFEDNIFY LY
N—HEENTV S,

49. Sugiarto (2004) Population Dynamics and Changes in
Biodiversity of Cerambycid Beetles Before and After
the Forest Fires in Bukit Soeharto Education Forest,
East Kalimantan, Indonesia.

1998 4 1 AM 5 2000 4 10 I, 7F v kAN
WETHRELLEAIFVU LD S BAKENZ N T2
12 IS DWW TR KT O AR E 2 el U, ATz
ICEBITEARED I L Z DBIR LD U, X
KE IR EITE U Z D% —F R 72 ke 7z
B, KSR —EREE TR RIE U 7Rl REERTI
il AR S D 7 RS — B B 8 AR BN BE i U 7 7
KEEERIT AR DA DD B 7mn > T, X
MLz,
50.Cleary, D. (2004) Effects of logging, forest

fragmentation and fire on butterfly species richness
in Kalimantan. (Pengaruh-pengaruh pembalakan
fragmentasi hutan dan kebakaran terhadap kekayaan
jenis kupu-kupu di Kalimantan.)

A YRR 7EE FEIN) LRGEPFRLO MY, 7
3 v OB T 2 KR, ARMRDISZW b, KSEED
OB N JSY ) VAT A L. i
M 75 AR T i & R 2 0 LG o
51. Cleary, D. F. R. and Mooers, A. @. (2004) Butterfly

species richness and community composition in forests

affected by ENSO-induced burning and habitat isolation

in Borneo.

AVHATA Y, TFVU ey FETH UHRMKRD A
i & KK BB DI AR ISEFNTZ D IR & IEK
KMTFavHzREL. KKOTEZBRG Lz, M
B U, A2 U,

52. Cleary, D. F. R., Mooers A. @., Eichhorn, K. A. O., Tol,
J. V., Jong, R. D. and Menken, B. J. (2004) Diversity
and community composition of butterflies and odonates
in an ENSO-induced fire affected mosaic: a case study
from East Kalimantan, Indonesia.

INY TR LER & PEER O [ ELPE T 1998 4RI ARk
KK WS UTe R EW K L TR WHEMRTT 3 T
EhYARHEMEL, BB MG L, KKEFa v
Moz &, BEMGZZLE 8, FUR
FCIIRHEMEN 2 LT,

53. Cleary, D. F. R. (2004) Assessing the use of butterflies
as indicator of logging in Borneo at three taxonomic
levels.

N T2V K UHR A U < v 2 Y THRINER
ek TF a v EHZRME L, B8 2 L, X
RIIHEBZ B IE 87z,

54. Cleary, D. F. R. and Genner, N. J. (2004) Changes in
rain forest butterfly diversity following major ENSO-
induced fires in Borneo.

AVHATA Y, UF Uty FETHUHEMRD A
BT & KK D B WDIG K KBBIT T U 7o KSR & JE AR
HCTFavEHzZRE L, KEOREEZMRG Lic, KK
THEMENZL L T,

2005 4

55. Hefferen, D. J. (2005) Catalog and bibliography
of longhorned beetles of Borneo (Coleoptera:
Cerambycidae).

FXFY LT 1425 DY A R IRZEF 5N, Makihara
(1999) W #HST E 1. Niisato and Makihara (1999), Komiya
and Makihara (2001) CRt# SNz EFTEN TV 5,
56. Makihara, H. and Okabe, H. (2005) Fauna of

coleopteran borer, especially cerambyci beetles in four

years after eruption of Mt. Oyama in Miyake Islands,

Tokyo Pref., Japan.

RO SO =5 E1LE 2000 FICHA LTz, FEH
S AR D 2003 05 4 EICD 2D RKMEEAL
HTHBAIFYLYORERZITo T, TORME, H
KDGEE T 32 F Te I TCORFBEZHER LIz, TNk
WAV YRV DBRMNKEHED A IFY LY DRFEL

ERITWVWB EHE LTz,
2006 4F
57. KA E - AR IS (2006) X L—T7 A AT

FUNRE, WAV VUV EZ Y TidskENd L1
o f-Hh .
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SL—=7FAPHIFVEE, KAV ZVT
FRCERDED o T, MED AT IV DEdER LTz, T
NUX Paraserianthes falcataria WEMAHIDIEN DI X B &
FHE R o
58. A FISG (2000) w7 V7 BIBIC BT B A T

T T INDIAGIEK .

FF T 7N (Papilio demoleus) (& H M & < L —
DAY 7 OBBIC i ZIER L TVWd, Th
XTIHPIL T B Mk KO L, RKHE &
Bt (XA 28D ORI G EARBO DML KRZBEL T
WA ERIZ DWW TRz,
59.0chi, T. and Kon, M. (2006a) Notes on the

coprophagous scarab-beetles (Coleoptera, Scarabaeidae)
from Southeast Asia (XII). Six new species of
Onthophagus (Indachorius) from Borneo.

INU ZISNVIERBD A Y AT A 2 DN TERE
S N7z # O H FE Onthophagus (Indachorius) woroae
DELdl. T ORI DR TERE S N3 RO HE
Onthophagus (Indachorius) uedai DFC#L & RIV % A BT
RIS N7 [R A E O 4 Frkd DRl
60. Ochi, T. and Kon, M. (2006b) Notes on the

coprophagous scarab-beetles (Coleoptera, Scarabaeidae)
from Southeast Asia (XIII). Seven new species of
Onthophagus (Onthophagus) from Borneo.

INY D 7S VEEBD A Y AT A Y OMNTEREE
N1z BH O Onthophagus (Onthophagus) simboroni 0D
U & RV A A B TRES NIHTED 6 FiEDFIK,
61. Ochi, T., Ueda, A. and Kon, M. (2006) Ochicanthon

(Coleoptera, Scarabaecidae) from Borneo, with
descriptions of four new species and a key to the
Bornean species.

INUZISNVIERRD AV AT A Y DMRNTERES
NTFHR D 2 ¥ Ochicanthon simboroni & Ochicanthon
woroae DFLHI & NIV A B TEREET N Z[A)ED 2 Hrid
DFCHG
62. Cleary, D. F. R. and Genner, A. J. (2006) Diversity

patterns of Bornean butterfly assemblages.

AVHAATA Y, TFVUEy FETH UHRKD A
il & KB D B DI ACRIBIT B L To AOERR & ISR
WTFavEHzHAEL, KEOREZMRF LIZE DX
KT —2Z8BMMLTE D, MEERAD L. FEED
ZAk LTz,

63. Fauvelot, C., Cleary, D. F. R. and Menken, B. J. (2006a)
Short-term impact of disturbance on genetic diversity
and structure in Indonesian populations of the butterfly
Drupadia theda in East Kalimantan.

INY 208 ACER & TR O JAHE PR T AR IR & R
i MCERBRIT B L e NCRPR & JER M TEREE L 72 /R
WMDY 2 F a v D 1 M Drupadia theda DB Z
FetEZ i U, o872 MEt Ulc, KB 2 kR
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TS, A UT—%7% Cleary et al. (2006b) I ]

WTWa,

64. Cleary, D. F. R., Priadjati, A., Suryokusumo, B. K. and
Maenken, S. B. J. (2006a) Butterfly, seedling, sapling
and tree diversity and composition in a fire-affected
Bornean rainforest.
AVAATA Y DRKEIEKDEITHR T T2 b T

Y7 b SEAIC 200 m Ao T2 TOME, Fa v

OB ELELREC,

65. Charrette, N. A., Cleary, D. F. R. and Mooers, A. O.
(2006) Range-restricted, specialist Bornean butterflies
are less likely to recover from ENSO-induced
disturbance.

TFHVU vy FTH UKD N G & KRB TFaw
FzdE L, KKOE MG Ul, DD 2 FfE
U TEHIEDMEIERE > TWiah o Tz,

66. Cleary, D. F. R., Fauvelot, C., Genner, M. J., Menken,
B. J. and Moors, A. (2006b) Parallel responses of
species and genetic diversity to El Nifio Southern
Oscillation-induced environmental destruction.

ARG E DN OB ML HEORZ
FEEEICIEHBI DA R 5N 5 & v 5 B G (species-genetic
diversity correlation) DWHISNTHKTND, HAUI VX
VDIV Z—= 3 fTIRE) (ENSO) IC K % F 3 VEH DL
BSFOHE GRMASK) iIc2hhAETE X 20 2M
B L7ce T A, RIS ZE /IS & aR W HHEE (B
HZERIME L MZERIEE HELIC K DR ) AR 5Nz,

67. Fauvelot, C., Cleary, D. F. R. and Menken, B. J.
(2006b) Short-term impact of 1997/1998 ENSO-induced
disturbance on abundance and genetic variation in a
tropical butterfly.

INY T 28 AR & PR EB O JA I PH T AR R ERM & AR ER
i, AR IR D IR & IEN KM TERIE L 7R
WHETTFRBDF a v D 1 Arhopara epimuta &
B2 R ZRE L, o8z et Ulc, AEIZEIRW
RPN E Bz,

2007 4

68. Hirowatari, T., Makihara, H. and Sugiarto (2007)
Effects of fires on butterfly assemblages in lowland
dipterocarp forest in East Kalimantan.

TFY FANVITEELTIY L= T S TH
EEnlFavHICEDE, F 3 VHDOZEL & HA
KOG 2ER LT,

69. L% P2l (2007) A H B R 2RI U 7e SRR ERES
DRI B9 2 BT

FavHEBRMEEORIEL L THWS Z EDOAHH
T EFHEAFEDRERITDOWT DG, Hirowatari et al.
(2007) Z5IH L. XL—X+Tv T ZHWITF 3 VH
DOREHER E LT, AU 2 MCBF ST 3
THRHEN O BRMNK DB 2T
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70. MR #E (2007) BATAMODO A T FV LY (1) I F
U Ly OREEE & D Z KR
AXIF) LVHOERERME, RBOGHEIHEAY

RYRVEDE D ZHIEH,

71. Ochi, T. (2007) Notes on the coprophagous scarab-
beetles (Coleoptera, Scarabaeidae) from Southeast
Asia (XIV). A new subgenus and four new species of
Onthophagus from Borneo.

INU G ISV D A HA T A 2 DN TREE
N7z#EHRD 2 Fifd Onthophagus (Pseudophanaeomorphus)
chandrai 3 X U Onthophagus (Pseudophanaeomorphus)
sugihartoi DFLH & RV 2 A B THRET N ED 2
AL AOKTRE
72. Cleary, D. F. R. and Grill, A. (2007) Butterfly response

to severe ENSO-induced forest fires in Borneo.

TFUty FTAKETEAKRKBETT a v HZHE
L. KD B2BET L Tc, MBI L. KEEHTIE
BRI o T RHERGEN & T & [A URBHERSE & 72  Bifd
L7z,

2008 4

73, REJE L (20082) B I F U LY 2) HIF
U Ly OFREE .

WAV YR TDHIF) LY OMEED %
o
74, REJF B (2008b) BTMD NI F U LY @) TVT

DAHAIFILY QT FTHAAIFVE.

FA 7 M IFY (Celosterna pollinosa sulphrea)
KDV, 7F Y B ANV MW TG IS 7 72
EL72T A MR LT S0 5 1 SRR LR
molel b, FRAVFERITEZALADEDTIIERE
MEIZRBZTENE AR T AV RYTF (XA,
T X AX) D C. pollinosa sulphrea X AIFED A FEMENH 5
O it
75. #E&J5 £ - Sugiarto *+ Woro A. Noerdjito (2008) ZA %Y

FENR ORI REESICERTEZHNIFVULYDNT Y
A LAY E R

TEFy ANV FABMKD 60 mA T —Icv L —X
FIv T BO NIRRT T TIVEAVTALS
VT BB LTELONTEAIFY LVHOE EHIDE
W,

76. Ochi, T., Kon, M. and Hartini, S. (2008) Three new
species of the genus Ochicanthon (Coleoptera:
Scarabaeidae) from Java and Borneo.

INU T 7OSVERBD A Y AT A Y DRI THRE
N OHHE Ochicanthon uedai DFLHEL E V¥ T H
TRESNTFEIED 2 i O G
77. Kon, M., Ochi, T., Ohara, M., Ueda, A. and Hartini, S.

(2008) A new record of Oniticellus cinctus (Coleoptera,
Scarabaeidae) from Borneo.
INV T 7ORVERD A Y HA T A VLY VR v,

HNYRYT 4 L—I)VORPTERES h - ho 1

Oniticellus cinctus ORIV A BHIFLER DT H#o

2009 4

78 MR T (2009) BAHMD A I F U LY (6) TIVT
DHAIFVLY @), VEHAVAHIF VIR, A
AVHIFVE.

WAV YA TOYRAYAHIF ) E 2 MEHEN,
79. Maeto, K., Noerdjito, W.A., Belokobylskij, S.A. and

Fukuyama, K. (2009) Recovery of species diversity
and composition of braconid parasitic wasps after
reforestation of degraded grasslands in lowland East
Kalimantan.

WAV Y2 OBMICHET S dE0 K K
KB IER B O F AV B & W0 MK, 3B KT 4cacia
mangium FMHIC B NT, xy P AT s —E 2 JIC K
% AR ANFREFLEBOMEZITV., TOMEKE L
B MK MR 2 A TITTER U Te KRB
EoTH UL HILULIHFEBMIEZEY 12 7 HKIC K -
THES ZMICH > Tzo AMEIC K > T 15 HF} 181

CRERED O~ INF Zildk LTV 5,

80. Ochi, T., Kon, M. and Barclay, M. V. L. (2009) Notes
on the coprophagous scarab-beetles (Coleoptera,
Scarabaeidae) from Southeast Asia (XXII). A new
species of Haroldius and four new species of Panelus
from Borneo.

N T IOSVIERDA Y AT A VHMNB X T Z D
A THRE I NE RO | ¥ Panelus kalimatanicus
Dt e RNV A A G THRIESNIZABO 2 HifH XU
Haroldius J& D 1 FifE DR,

2010 4F

81. Noerdjito W. A., Makihara, H. and Sugiarto (2010)
Evaluation of various forest conditions based on
longicorn beetles (Coleoptera; Cerambycidae) as bio-
indicators in East Kalimantan.

WAV VR VDAYHAT A VHIKDF AV
(Imperata cylindrica) ¥ Ji. R E O 8 72 % Acacia
mangium FEMRHL & 1998 I BEVT T2 bR & BEL 72
STEHEVERRICBWT, MERONREXTHZ 7 3
FULYZEREREE LT, FM#AEZET L, T
DGR, FEIC U TR & EDHRMKDORMIC & L
KRB SNE N> Te, T UT, EEEIE R,
BE | Acacia mangium 5 MR, 7 FEEM, 9 FEEMKD
e D7mmo7z, L L, BEGEHRKRICHENS A
STV LYOMEEBILRZ RS L ETHARND, FE,
Acacia mangium 5 SFERK, 9 M, MK, T AT
TRYFTLTEEMDIAICE < o Tz, HFETIEO
TH -7,

82. Wil B (2010a) BEHD A I F VU L (10). BB
B LTDOAIFY LY.

TEFy FANVE, THFY FNXVEFTADHEMRTO
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AR S EEH LA OFEENE A I+

L DT,

83. MR B (2010b) HEWEND FD42. HIFV L
AR O HREZIEN %S .
BMERBEREANIFV LI ELT, AU 2V

DEHAMCZ VA IF ) ERNEHFHRICZOAIFY

g GRS

84. BEH 72 (2010) YU VX =tk /v au kY
7 H R Novonigidius sp.

WAV 2O Y RTRIES K=Y/
La R IHZEODAPRPKRENT NS,

85. Matsumoto, K. and Noerdjito, W. A. (2010) Species
richness and species composition of butterflies in
Imperata grassland, Acacia mangium plantation and
burnt and unburnt forests in East Kalimantan.

WAV VR YDAV AT AV DEELD IR WK
M. Acacia mangium N TW & RBEER CTF a T FHDH
BT, EEZIKR Uz, AT TRRERERXD
N Z <. TN EWIE EREN L <o b,
RKIME D Z DT,

86. Maeto, K. (2010) Parasitoid diversity in changing forest
landscape after fires in East Kalimantan, Indonesia.
WAV YR YDAYHATA VHEMRHERI BV

T\ 1997-98 4 DK BUBARMASFIC K B W H 21 & A

EZF TRV D B L WHEZ 2 7o o

JCHBEMERE L, 32T RS EHEO %R

22 E Utco R D ZF A A O 583 K

FIEREMD SEEN 21X E5R < 5R> TWI2AS, /Nt

TH> TERAIRS TIEAKIXK N D % & T DREIX

mIEh Tz,

87. Ueda, A., Dwibadra, D., Kon, M. and Fukuyama, K.
(2010) Preliminary study of changes in dung and carrion
scarabaeid beetle diversity associated with planting of
Acacia mangium in grasslands.
INUZISISVERSD AV H AT A 2 ARERKE L D

Acacia mangium KM & F 7Y (Imperata cylindrica) B

B X URBROMEKICE DT, AEEARNENA

MCHWIE Ny T THE LB OREZ KL

WH5%e 7 A2 7= 2 F T Lk & T 77 v SR TR

B 2REHEBUCER B S Te NA A< X (2

H), RENE OB L. REEM & DFALIE I3 R

HTHBEICKED > Te, Tz, MM & REEM D @

ORI, RIEM L DR DA, RIEMKD S DR

. REFRH & Z 0 JE SRR O THIRE ., KA 0D g v I i A

ZHRICBBFRT S LR LT,

2011 4

88. Dolny, A., Barta, D., Lhota, S., Rusdianto and Drozd, P.
(2011) Dragonflies (Odonata) in the Bornean rain forest
as indicators of changes in biodiversity resulting from

forest modification and destruction.
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AUHATA VLT Y RBFEDRHEZTT > T
2V—AVOHFET B ENRDENT, MEREIZ—
IMTIREE <, TTTRIAD 60% OREARLERE N,
2% M T TOHidkE Nz, EX F—TART v
A+ OEFEEREARICH > T, —Xk, oAl
T RR K. FH LS AL e bk, JERM D
ECHA UTeo BRAEXEIHTIC K 2 AR DA R,
81 ENCIH > THRMOHIE DRI IS U T2 R DB
FIMNRENTZ, EDX D BARMDHL Bz D> &
. MO ZRMEDIR T Z2E 7259 T LMK
SNz,

89. Nuguroho, H., Kojima, J. and Carpenter, J. M. (2011)
Checklist of vespid species (Insecta: Hymenoptera:
Vespidae) occurring in Indonesian Archipelago.

AV RXTTD63EIBHEDAXANFRDOY A
k % Museum Zoologicum Bogoriens IC ik & T %
2 A THEADEHRE & BITR L, DMHICET % Sk
BERUTc, XA THEARNEHRE CHERICEE A Y <
VRV DRLEE BT,

2012 4F

90. FxA  FIE (2012) BAAFICE T 5 F 3 VO S HL
KRENBOEDY .

W7 V7 OBBIC Mz KL TWEF 3 v
4FEZE BT, AAMRBRERE O R, BEOK
BERRA. NBINTERS 2 0 M ROEK & LT
W UTzo AF 277N (Papilio demoleus) 03K ) A
NDEHICDNWTHNTZIED, e X P AYYaFay
(dppias olferna) DRIV A GRAV U ZV) NOD
EHICHOTEM U, HRERICHAI I ZVD
BRI Z RS,

91. Dolny, A., Harabis, F., Barta, D., Lhota, S. and
Drozd, P. (2012) Aquatic insects indicate terrestrial
habitat degradation: changes in taxonomical structure and
functional diversity of dragonflies in tropical rainforest of
East Kalimantan.

AV ITAT A 2 ARTEK I I 0D B R ) 22 Rl (9 45 5L 1t
5 b ARERHEOZ(L S X — =BT LT, (1) FE
B Q) R OR G 3) MR v ) A FOEIG,
@) RV R A FEEROEGITHRT ZHELO (1) 58 E. (2)
B, (3) I DOELD D DREE I [ D 528 2 Tz,
FERARIC I8 5 NARTELIE b 2 R ORASRRIC K E &
OB RIE L TV,

2013 4

92. Hefferen, D. J. (2013) A catalog and bibliography
of longhorned beetles of Borneo (Coleoptera:
Cerambycidae, Disteniidae and Vesperidae).

Hefferen (2005) T (& i Bl % \» 72 o 7z Disteniinae,
Vesperinae WEHT 72 0 . IERFRELE 1600 FELL LI X
/2o Makihara (1999) HH7T & Y1, Niisato and Makihara
(1999). Komiya and Makihara (2001) CTid#i & N izf &
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TENTVAD, AU XD OB EV,

93. Barta, D. and Dolny, A. (2013) Dragonflies of Sungai
Wain.

PR, F OB, A YRRV TEETEMNICEAY
RYBVDAYHATA YD VR, SiOBEA
BRI M, FREREEORE & —HOMOERTHD
HTWa, FX¥ I ¥RIVTA U EEREME LT
RELLLD,

94. KRJEL T (2013) EAMFREMMOD A I F U L

FEEDNHIF) LSRG T BN S B RN
D7 IF ) LUWRICE S X TORIE,

95. Kikuta, S., Fujiyama, N., Kahono, S., Kobayashi, N.,
Hartini, S. and Katakura, H. (2013) Potential ability of
the solanum-feeding ladybird beetle Henosepilachna
diffinis (Coleopterq; Coccinellidae) to use the
introduced fabaceous plant Centrosema molle in East
Kalimantan, Indonesia.

WAV ZYDF ARZHELTWVWERZ T T
¥ b Y @D 1 ¥ Henosepilachna diffinis 1<, F A F D
Solanum torbum & %] 200 - HIICAZ A L 7o < A R4 &
T®H % Centrosema molle 7z [FHIFIC 5 A THEICHT %
BIEN G EER I ZIRANTZE T A, BIENICDH 51
& C. molle ZH BT 2881 2Ff> T2 T EWHEND
BNz TOT L, W7 27 HHT C molle &
BAETZL3 A=Y ayvY Ry T U hY (H
vigintioctopunctata) & [AERICTEIERIIC C. molle Z 1B E
T BHEEN 2R > TV etk Z R %,

2014 4

96. HRE T (2014a) BB B ARME BB 3) ALHKD
BEImMc K 0 iRz Lic 2 O R R .

Xystrocerra festiva DAV < > 2 2 TORLERZ2
97. #UE  FE (2014b) BT B HEMERI 4) Y X HA

ANVHEHAE TR TER, LYART ORI

FU .

WHUS V2D R A2 FY (Olenecamptus
taiwanus) DX % {H
2015 4F
98. Makihara, H., Sugiarto and Toma, T. (2015) Stag beetles

in Bukit Soeharto and Bikit Bankirai Forests, East

Kalimantan, Indonesia.

TEy ANV, TEFY BNV ET A OHRKRTER
LLIE36HD I THZ LY DN, ALY Fx
VTR N T T WS,

99. Matsumoto, K, Noerdjito, A. W., Fukuyama, K. (2015)
Restoration of butterflies in Acacia mangium plantations
established on degraded grasslands in East Kalimantan.
AVHATA Y REMIB XTI D Acacia mangiu

NLHERBERFETT a VHOMEZTT> 72 ALK

TRFEREEFEIDLENET a VHEEFENR SN

M. HELDZOWKAMO F g TEEFERIEATHAEL D &

HZMICEN T, ALHICE RS NR WAL A [

RAVES Y FEHENZ D - T,

100. Sugiarto (2015) Studies on species diversity of
Cerambycidae (Longicorn beetles) on some habitat
types in East Kalimantan.

WAV 2 INO NEEB Do BN % 6 DD
MR TAHIF Y LI ZREL. AIFY LUHD
KM (R HAT A2, Wehea) EFifEMR (7 F
N ANV b AR R AL IE R, T A T v F
U LM, 7 TSV RE) TRELHEL LR
Rz Uz,

101. Ueda, A., Dwibadra, D., Noerdjito, W. A., Kon, M.
and Fukuyama, K. (2015a) Comparison of baits and
types of pitfall traps for capturing dung and carrion
scarabaeid beetles in East Kalimantan.

INU T 7OSVERBD A Y AT A VEATIT - 13
RERIET 2O DOHNEITIEORFEZ B E LTt
RO A, NA M TIE AT L AR DG [Zh R
MmN e, FIyTORIKRTIE, HERZHVIZE Y
FTF—IERALTDE Ty TOMBNENEN L
~UTz,

102. Ueda, A., Dwibadra, D., Noerdjito, W. A., Sugiarto,
Kon, M., Ochi, T., Takahashi, M. and Fukuyama,
K. (2015b) Effect of habitat transformation from
grassland to Acacia mangium plantation on dung beetle
assemblage in East Kalimantan, Indonesia.

INU ZISISVERD AV AT A VREMRB LT T
Fv MNVEFTAREMEILTIT o 20 BR, Acacia
mangium R, KA TANEEHANEZ XA MTHW
e b oy TR UICER ORISR L U ifg, &
JRICT ST UYFY L2 T 2 LT HEHE
AMYEDOR DAL ATRE L 72 5 Y. RAMOREE L1
RECHZRBTENHEMNE IR ST,

103. Ueda, A., Dwibadra, D., Noerdjito, W. A., Sugiarto,
Kon, M., Ochi, T., Takahashi, M., Igarashi, T. and
Fukuyama, K. (2015c) Buffer zones for placing baited
traps in grasslands bordering forests and availability of
riparian reserves of trees in grasslands: A preliminary
study for dung beetle assemblages in East Kalimantan,
Indonesia.

INU G ISINVERRD A Y HA T A Vi < DR &
D Acacia mangium KM, Z DM & F -V EFH
IZ 100, 200, 300 m A - 7cHig, BRUTHEFEANZRN
B/NNDOHFRICH B ARIICBNT, ANHEEARNZ XA
MCHWIE My TR LR ORERZ KL
WHoE. BN ORI HERD S OEREE DR BN T -
o eh b, g5 100 mg ThIE, BEEREOR
B2 F RN ENALN LR ST, i, NITDOKR
VCERMIEOEDN S 2GRS Nz e 5, I
JNDOARSWHEMREDOREDO Y F—L LTHEELTWVS
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TR ENT,

104. Ueda, A., Dwibadra, D., Noerdjito, W. A., Sugiarto,
Kon, M., Ochi, T., Takahashi, M., Igarashi, T. and
Fukuyama, K. (2015d) Effects of distance from
devastated forests and topography on dung beetle
assemblages in burned forests of East Kalimantan,
Indonesia.

INU G IOSVERED A2 HA T A MRFERRD M
JRIN % KT, (RFEM D BESME D S REERNIC [
FEMONT v b EICHBIT % %200 7 RIR
EXKBENTRICBOT, AEEARNZNAL MH
Wie b T T CHIE L T RO BEHE 2 LR U T2 I
BE5 S IRFEMIC A B ItV FEE E HiEEN 2 < &k
D, REMT RO S K ZZ T TRV EREE
DRI E G < 7moTeo W, KO HMD K Tri B
LIEEBRMTHON SRR L OBUEIIKLS A>T, £
To. MR CRIERIZ. MEOREL 2T, BIRTZL
HAEAD DT, DT D, WHROBEIT X
KOFHEREIRZIITIBZIEDNHLEN LR ST,

105 RS %2 (2015) BB B IFV LML

WAV VR DR L—T AT 5 IF (Xystrocer
festiva), LYV RT 0l 23 (Olenecamptus taiwanus)
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Appendix
WAV Y ZVOFHERCRESNCERBAT
Holotype (BEzUFEAS) 72\ Ul paratype (I UREA)
ELTHRESINMEE. 2H3R45HET, 2D b,
IHFLVR 6 EAIFV LR34 FERZRRL Tz,

Order Coleoptera IV F 27 H

aAHRLTHE
Subfamily Scarabaeinae Z ¥4 3 I 4 ik}

1. Ochicanton simboroni Ochi et Kon, 2006, type locality:

Family Scarabaeidae

Sungai Wain.

2. Ochicanton uedai Ochi, Kon et Hartini, 2007, type
locality: Sungai Wain.

3. Ochicanthon woroae Ochi, Ueda et Kon, 2006, type
locality: Sungai Wain. (Fig. 1)
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Appendix images

1. Ochicanton woroae

4. Onthophagus (Indachorius)
woroae

sugihartoi

4. Panelus kalimantanicus Ochi, Kon et Barclay, 2009,
type locality: Sungai Wain. (Fig. 2)

5. Onthophagus (Indachorius) uedai Ochi et Kon, 2006,
type locality: Sungai Wain. (Fig. 3)

6. Onthophagus (Indachorius) woroae Ochi et Kon, 2006,
type locality: Sungai Wain. (Fig. 4)

7. Onthophagus (Pseudophanaeomophus) chandrai Ochi,
2006, type locality: Sungai Wain. (Fig. 5)

8. Onthophagus (Pseudophanaeomophus) sugihartoi Ochi,
2006, type locality: Sungai Wain.

9. Onthophagus (Hikidaeus) simboroni Ochi et Kon, 2006,
type locality: Sungai Wain. (Fig. 6)

AIFULUE

JaFyAIFVER

10. Megobaralipton kalimantanum (Komiya et Makihara,
2001), type locality: Bukit Soeharto.(Fig. 7)

Family Cerambycidae

Subfamily Prioninae

71X F Y R
11. Demonax aberratus Dauber, 2016, type locality: Bukit
Socharto. (Fig. 8)

Subfamily Cerambycinae

5. Onthophagus

2. Panelus kalimantanicus

(Pseudophanaeomorphus)

12.

13.

14.

20.

21.

22.

3. Onthophagus (Indachorius) uedai

6. Onthophagus (Hikidaeus)

simboroni

Demonax acutatus Dauber, 2016, type locality: Bukit
Bangkirai. (Fig. 9)

Demonax acutus Dauber, 2016, type locality: Bukit
Bangkirai. (Fig. 10)

Demonax alcelloides Dauber, 2016, type locality: Bukit
Bangkirai. (Fig. 11)

. Demonax algebraicoides Dauber, 2016, type locality:

Bukit Bangkirai. (Fig. 12)

. Demonax antennarius Dauber, 2016, type locality: Bukit

Bangkirai. (Fig. 13)

. Demonax deceptus Dauber, 2016, type locality: Bukit

Soeharto. (Fig. 14)

. Demonax despectus Dauber, 2016, type locality: Bukit
Bangkirai.
.Demonax favens Dauber, 2016, type locality: Bukit

Bangkirai. (Fig. 15)
Demonax globicollis Dauber, 2016, type locality: Bukit
Bangkirai. (Fig. 16)
Demonax henrici Dauber, 2016, type locality: Bukit
Soeharto. (Fig. 17)
Demonax hiroshii Dauber, 2016, type locality: Bukit

TR BTG 5517 % 2 5, 2018]
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24.

25.

26.

27.

28.
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7. Megobaralipton kalimantanum 8. Demonax aberratus

9. D. acutatus 10. D. acutus

11. D. alcelloides 12. D. algebraicoides

16. D. globicollis 17. D. hendrici

Soeharto. (Fig. 18)
Demonax maculifer Dauber, 2016, type locality: Bukit
Bangkirai. (Fig. 19)
Demonax parallinus Dauber, 2016, type locality: Bukit
Soeharto. (Fig. 20)
Demonax promptus Dauber, 2016, type locality: Bukit
Bangkirai. (Fig. 21)
Demonax punctatus Dauber, 2016, type locality: Bukit
Bangkirai. (Fig. 22)
Demonax rubricus Dauber, 2016, type locality: Bukit
Bangkirai. (Fig. 23)

Demonax spadiceus nov. Dauber, 2016, type locality:

|Bulletin of FFPRI, Vol.17, No.2, 2018

13. D. antennarius

18. D. hiroshii

14. D. deceptus 15. D. faveris

19. D. maculifer 20. D. parallinus

Bukit Bangkirai. (Fig. 24)

.Demonax triangularis Dauber, 2016, type locality:

Bukit Bangkirai. (Fig. 25)

. Demonax vulbus Dauber, 2016, type locality: Lempake.

(Fig. 26)

.Examnes curticornis Yokoi, Makihara et Woro A.

Noerdjito, 2016, type locality: Bukit Socharto. (Fig. 27)

. Examnes kawakamii Yokoi, Makihara et Woro A.

Noerdjito, 2016, type locality: Bukit Soeharto. (Fig. 28)

.Merionoeda hendrai Yokoi et Niisato, 2012,

paratype:Bukit Soeharto. (Fig. 29)

.Merionoeda makiharai Yokoi et Niisato, 2012,
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35.

36.

37.
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21. Demonax promptus 22. D. punctatus

25. D. triangularis 26. D. vulbis

23. D. rubricus

27. Examnes curticornis

24. D. spadiceus

28. E. kawakamii

29. Merionoeda (Merionoeda) hendrai 30. M. (M) makiharai

paratype:Bukit Soeharto. (Fig. 30)

Oligoenoplus simulatrix Dauber, 2016, type locality:
Bukit Soeharto. (Fig. 31)

Paramimistena immaculicollis Niisato et Makihara,
1999, type locality: Bukit Soeharto. (Fig. 32) (Niisato
and Makihara, 1999)

Paramimistena brevis Niisato et Makihara, 1999,
type locality: Bukit Soeharto. (Fig. 33) (Niisato and
Makihara, 1999)

38.

39.

40.

41.

42.

31. Oligoenoplus simulatrix

Pelossus kalimantanus Yokoi, Makihara et Woro A.
Noerdjito, 2016, type locality: Bukit Soeharto. (Fig. 34)
Pelossus wakabayashii Yokoi, Makihara et Woro A.
Noerdjito, 2016, type locality: Bukit Socharto. (Fig. 35)
Perissus flavus Dauber, 2016, type locality: Bukit
Bangkirai. (Fig. 36)

Psilomerus rugosus Dauber, 2016, type locality: Bukit
Bangkirai. (Fig. 37)

Psilomerus simulator Dauber, 2016, type locality: Bukit

BKR BB 5517 % 2 5, 2018]
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32. Paramimistena brevis 33. P. immaculicollis

34. Pelossus kalimantanus  35. P. wakabayashii 36. Perissus flavus 37. Psilomerus rugosus

38. P. simulator 39. Anipocregys kawakamii 40. A. wakabayashii

Socharto. (Fig. 38) Order Hymenoptera /N7 H
FamilyBraconidae < /NFF}
Subfamily Lamiinae 7 b7 X F VU dif} Subfamily Braconinae 1< ZL/\F-Hif}
43. Anipocregyes kawakamii Yamasako et Makihara, 2017, 45. Trigastrotheca maetoi Quicke & Butcher 2017, type
type locality: Bukit Soeharto. (Fig. 39) locality: Sungai Wain.

44. Anipocregyes wakabayashii Yamasako et Makihara,
2017. type locality: Bukit Soeharto. (Fig. 40)
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Bibliography of fauna and ecology of insects
in East Kalimantan, Indonesia

Hiroshi MAKIHARA"", SUGIARTO?, Takeshi TOMA®, Woro A. NOERDJITO?,
Kazuma MATSUMOTO”, Kaoru MAETO®, Akira UEDA” and Hisatomo TAKI®

Abstract

This research record chronologically organizes reports on insect species and ecology in East Kalimantan,
Indonesia. The reports are mainly based on fieldworks conducted by the authors since the late 1990s. Brief
annotation are added to each report. A list of 45 newly described insect species collected by the authors is shown
with images of the 6 new species of Scarabaeidae and the 34 new species of Cerambycidae.
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EERERTZEORLELTEKIHVWENS (i - |k
FH 2013), L* (ZEDIHE, a* dfkEAROMOME (—
MEZFD, +HKRF0), pr i HFEHEOMOME (—
MEXTO, +DWEHFD) ZZNEFNELTVS,

LR BIUEY

Table | DHIT, WEHFHDOHNROEBICEHDZ &HE X
5NBiEE LT ATl Twood) (R#F) . Photograph
numbers, P1-P20] (HE#&S). [lpillar) (FE). [ceiling]
(KH) . Tdesk ] (WD) . Fchair) (k1) Mfurniture ] (RED) |
Ipicture] (KD, Tplant) (Wi¥) . JEAF T, Twarm)
(BT ) [comfortable | (PRiE7) . Tcalm] (FEH) .,
lriendly)] (K BFH9). Tbright)] (B % W), Tdark) (i

Result of morphological analysis.

£ HIRSARE jZ3 HIRARE EIE] HIRSARE
Noun Frequency Adjective  Frequency Verb Frequency
e 276 Hizt=hr 25 5 52
worker warm use
=4t 272 Dz 24 RZ% 33
company less look
RES 77 HR#E () 21 < 33
interior comfortable work
ZEH 52 EZR) 20 D 30
space many have
A 32 N 18 5%2% 18
wood calm give
BEEES B3 13 E< 17
photograph 28 bright put
numbers. AL 12 Bi< 10
cold open
EE 27 KEW 12 Tt% 10
room large separate
#* 24 =) 12
pillar tall
xE 22 EELL 8
furniture stiff
FET 21 &L 8
atmosphere dark
EvET 20
office
BT 18
chair
XH 15
ceiling
#a 13
picture
M 1
material
#l 9
desk
1B 9
plant
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Fig. 1. NN H—E

Photographs of workplace interiors.

1) BEES 2,7,10,11,12,14,15,17 RGN, BEES 1,3,4,5,6,8,9,13,16,18,19,20 IFIEARE N,

FIHE SR CR - #&J112015),

Note: Photographs 2, 7, 10, 11, 12, 14, 15 and 17 show wood workplace interiors. Photographs 1, 3, 4, 5, 6, 8, 9, 13, 16, 18,
19 and 20 show non-wood workplace interiors. This figure appeared in reference (Sueyoshi and Morikawa 2015).

W), Teold) (720, Tstiff) (BEELWVY) BZZNEN
HHUZes 2TNEDBITDWNTHISTH Z1T - it B
% Fig. 2 IZ"d . KOG EFES DU < I FHEATNE
HEz2MMN Uz, ¥, AL TIE. /5 Ol o =ik
DIEITS T ENHEL WD, WIS THRLNEE
1 %53 (Scorel) &2 k57 (Score2) ZFDF F X il
E Yl & oz,

HISAHT T, FHELSEN TV AEEEZD AN
WKBWTRBMTHS xRS (WL 2014), £ L
B, Twarm) DM@ SN TVWE T D, K
FOBEEZEDH I VHIRE S Z 5, FIICIZ, K
BNME E (P07, P11, P12, P14, P15, P17), 7% 5 U I
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f'wood], [comfortable], [calm], [friendly|. [bright]
M2 TOLZERICMEMN T ENTVS, TDT &id, #
BENCND DORNENEGHE R T, KM O Z R
MU, FELVHISZR >l & ZRLTW5,

Fe FNC R, REWNETE (P02, P10). JEAREN
5 H (P09, P16, P18), [desk]. [chair], [furniture].
Ipicture ], B KT plant] HFE T LETIF 5N TS,
CNHOHEEF, HE. il X THYOHENE
W&o T, BUOHRZWEREFICHGZ T LEZ BN,

A&, IERBENESE (POL, P03, P04, POS, P0G,
P08, P13, P19, P20), A HERIC [dark), A% Tcoldl,
Rl Tstiff] 2, ZRZNMEMN T SN TV S,
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Table 2. HFHINEEG HOGRREE

Color characteristics of workplace interior photographs.

IUEILRER CIE L*a*b* &R %R
EHEES I
Photograph Munsell color system CIE L*a*b* standard colorimetric system
®EH) BHEV)  EEC)
Hue Brightness Chroma o @ b ¢
1 4.2GY 7.0 1.3 74.6 -4.9 12.0 12.9
2 7.5YR 6.8 12.8 53.2 7.2 16.5 18.0
3 4.0PB 5.0 2.0 57.5 0.6 -7.8 7.8
4 0.8Y 6.0 2.0 55.3 55 23.1 23.8
5 2.5YR 7.4 8.0 443 13.7 16.0 211
6 5.7R 53 1.0 54.2 1.0 1.0 1.4
7 8.6YR 5.0 16.0 58.1 13.0 33.6 36.1
8 5.0B 57 1.0 54.7 1.4 -0.1 1.4
9 5.0YR 5.0 2.0 69.6 3.1 10.4 10.9
10 0.4YR 6.2 3.5 51.6 11.1 13.1 17.2
11 0.7YR 59 7.7 43.6 31.0 36.0 47.4
12 8.1YR 6.2 171 53.4 7.6 254 26.5
13 1.4BG 54 1.0 57.9 -6.0 0.4 6.0
14 10.0R 5.0 6.0 49.5 17.9 27.8 33.0
15 3.3YR 6.7 11.7 451 17.2 254 30.7
16 10.0YR 6.8 13.7 52.4 5.6 17.8 18.7
17 9.7R 5.4 11.8 47.9 24.6 385 457
18 10.0R 55 1.0 59.2 34 3.7 5.0
19 5.0RP 5.6 3.6 58.0 15.3 -0.3 15.3
20 8.5R 5.6 2.6 56.6 10.4 8.9 13.7

TOTEF, HHENINS DIERENEGHE R T,
Witz T, B, BELVWHRZEDHENNADH S T &
ZZRLTW5,

WER R - &)1 2016) Tl ZRICRERRIEIC
KBMATIC K > T, RENEG L IERENEG EN
2 RyCZERNC A RSB S Niz, REFFEICIBWVT
&, T FPENELZZICEED 5T, M & HAEOHE
Mz R HRNME S N,

DFIC, YNV EOEROEHEEEICHE DT,
Fig. 2 DHBENEGEEOOE ZHA 5 &, LLTOMED
TH 5, Fig. 2 Dt < D Twood | DITICAHLED
5N ARENEG A (P07, P11, P12, P14, P15, P17)
DEHIE R ZHZ VI YRART HEN6~17 L &L,
PR O R REAICE > T, BlckhVEILE
Fiole T e HEREI NS, —J5, Fig. 2 OAHHRIC
NiET % lcoldl DfMTICTIE,. FERBENEGE (Po6,
P08, P13) MiE DI 5N T35, TNHDEHEDE
FIER%A. BR,. HBZ2WVIEBGCHRTHIH, BENI1
IR, BEVHISEE R REEZ BN,

COEDIEMISITHOMER & HHEHNETEEDH

R EOMBRZMEET S LD D Th 5, Fig.2
D FEMNIC Twarm], A RNC Teold) HYZ N ZF NALE (T
FonTwaZ e, BllD scorel & DRRIC
#HHU. scorel & CIE L *a*b* REORD AL EIE a* H
BV b* L OBIRE Fig. 3 IR Lz, WINEADM
MZ/RLUTED., scorel WHhELHBI1FE. GHEITH
LI REDE BB T ehbh b, £z, L@,
BEDEEDNH TN 0D B VI WHIRICE 8%
KMiEFLTW3EeHFEZLNZ D, IVELVEESR
D¥JE L Fig. 2 ORI D scorel & DR % Fig. 4 IR
L7z, Fig. 3 &AM, BOMHEZ/RLTHED, scorel
WNEL %213, BEEOFEMNE L 7K 5 @i H3
HoNiz, 2O, HHETAEEEO RO HK
MEEICDOWT, Bl CRE - &Il 2016) ZHied %
R SRS Nz,

B, Fbo@mEb, RENESGEOEMIER 2D 5
WIE YRFREZDZD, JIEREANEKEEETE, KAz
Utf%@% P IVEZ WE L P06, P18, P20 D fHIE R F

I o tze DTz, scorel & tH & ORI HHBEBE %

RS ENEh Tz, iz, score2 ICDWTIE, %y
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Fig. 2. XHOOHNC & > THERE NG IS ERITGEO/E M,

Configuration of photograph numbers and frequently used words generated by correspondence analysis.

) FHBNEE EZ NG % 5 HEE SO RO IS Uiz,

Note: The photographs of workplace interiors are pasted near the corresponding plots.

MrigtE & OMHEABIRIEFED BN o Tz,

BN ERICOVTHASB L, Fig. 2 DAMICHIBE
5N TV Ipillar] (&, BELSFDOOHENHILD
JERENZEGE (P03, P04) DL ICHENMNT SENT
BO HENEENKRENVEEZ SN S, X7z, [ ceiling
. LEEEPGE IS EM I BN TV R IERE NG E
(P06, P08, P19) ICARENZ K5I, RADLEDZEE
MKEL, ZOTFYA VICEENNL XS BEETE,
HHEENREL RS eHRINS,

DD XS, #aE. FBMNETEDOE KSR
DOEB XU E 22T DD, A, -k
Yy, RS EZEREICTEHLENS, EEEZ )L
=ML TWVB T EN, FEAHIC K> THE MR

?f:o
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4. L

AP OHEEFEICBIT 2O ABETEONTZT
FRANTF—RZFENCONT 5 51EE LT, dinn
WMiZzitolzb A, DEDZ LALLM STz, T
bbb, WEREE. FHEITNESHOERROMES
KXUREICHE 22T T, RENEEE L IERE N
HREZXHT S L LI, AE - fam - s Lo
Bk, 5K « KA EOBREMBERCERL
EHS, BEESHELTWVS, TOMEZ. KAMOH
HEFEICBE T 2SO FAEICOWT, FFENTF X
M a#TZ TV, F OMMEE THGHNIENT & U TR AT
ZIIO T OFEHMZERBTH2EDTH S,

AWrZE ik, BER CRE - &)1 2016) & it Fikhd
HIRHICEHD5T. WRENARENEETE L IERE
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a* y =-6.4219x + 10.058
R2=0.4103
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Fig. 3. XD score 1 & a* (Lf)) HBW0iE b* CFD ORI .
Relationship between score 1 of the correspondence analysis and a* (upper) or b*(lower).
1) a* & b* I L*a*b* 22 Ot M,

Note: a*and b*are the chromaticity coordinates of the L*a*b* color space.

C =-4.1589x + 7.0278
R?=0.4829
18
°
[ ) 16
14
.l"f
. 19
v\ ® 2
10
Q Py
® ~8_ L4
o 6
° 4 ®
e o oo
e ® o 0o
-1.5 -1 -0.5 0 0.5 1 1.5 2
Score1

Fig. 4. SHR0HID score 1 &3 2V IVRBRDOENE C DB,

Relationship between score 1 of the correspondence analysis and the Chroma of Munsell

color system C.
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TdHs ({2017), ]

KH Coder Tid. #EHIC K> THIF5NTZTIV—
TTEOBEEBESBLC S OOEMICH T S HMES
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Availability of correspondence analysis for interviews using
photographs of workplace interiors

Shuzo SUEYOSHI "

Abstract

This study aimed to investigate the availability of correspondence analysis for use on text data obtained
through interviews using photographs of workplace interiors. The text data, which have already been published,
were obtained in the following manner. Twenty photographs of workplace interiors were presented to each
participant, and each participant was requested to divide the photographs into groups based on similar impressions.
Subsequently, the participants were asked about their impression of the companies and the people working there
as well as the reason behind their impression. Morphological analysis of the obtained text data revealed that the
nouns “wood,” “pillar,” “ceiling,” “furniture,” “desk,” “chair,” “picture,” and “plant” were frequently used. These
objects determined the impression obtained by looking at the photographs of workplace interiors. The adjectives
“‘warm,” “calm,” “comfortable,” “friendly,” “bright,” “dark,” “cold,” and “stiff” were frequently used and expressed
the impression of the photographs on the participants. For these frequently used words and photograph numbers,
correspondence analysis was conducted, and the color characteristics of the photographs used in the interview
were analyzed. Correspondence analysis distinguished the impressions of the photographs of workplace interiors.
Moreover, combining correspondence analysis and color analysis clarified that the participants classified the
photographs of workplace interiors based on the bright yellow and red of the wood. This result suggested that
correspondence analysis could be used to evaluate the visual effect of wood interiors based on text data.

Keywords: wood interior, workplace, interviews, correspondence analysis, color analysis
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