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Tree composition and stand structure in the habitats of a rare tree
species, Acer pycnanthum, with special reference to the human impact

Wajiro SUZUKI " and Ayako KANAZASHI »"

Abstract

Twenty-nine stands covering almost all Acer pycnanthum habitats in Gifu, Nagano and Aichi
prefectures in central Japan were investigated to clarify their tree composition and stand structure. Stands
including A. pycnanthum were classified into five major types according to tree composition; each type
was characterized by the dominance of Quercus serrata (Type A), Cryptomeria japonica (Type B), A.
pycnanthum (Type C), Chamaecyparis pisifera (Type D) and Alnus japonica (Type E), respectively. Types
A and E were composed of post-harvest secondary-growth broadleaf stands and Type B was composed of
coniferous plantations. Type C included both old-growth without any records of loggings and post-harvest
secondary-growth broadleaf stands. Type D was both old-growth and secondary-growth of C. pisifera
stand. A. pycnanthum showed the various types of dbh distribution, affected by the land-use history. The
tree composition of old-growth stands was supposed to have retained the features of natural A. pycnanthum
habitats. As well as strict conservation of existing natural habitats, new habitats must also be created to
maintain the population of this species. The expansion and linking of existing habitats is also necessary in
order to maintain the local population.

Key words : Acer pycnanthum, rare tree species, tree composition, stand structure, human impact, conservation

Introduction

Rare plant species that are geographically and
ecologically restricted to local distribution tend to
grow at specific sites such as wetlands and areas of
serpentine or limestone soil (Synge, 1981). There
are two possible explanations for these distributional
patterns; firstly, the fact that the plant species have
adapted to oligotrophic wet sites and are strongly
dependent on specific habitats. Secondly, the plant
species concerned barely maintained its population in
an unfertile site, evading competition with the other
species during the period of geological environment
changes despite its wider distribution before the period
(Hotta, 1974). Struggling to survive within limited
and vulnerable sites, both species now face extinction
due to human activity in the form of land-use change
and development, and many have been designated
as red-data species (Environment Agency of Japan,
2000). To conserve them, we should clarify not
only their life-history features such as reproduction,
regeneration, and growth processes, both ecologically

BRRESZAST A 22 422 H 10 H Received 10 February 2010

and physiologically, but also the formation process and
maintenance mechanism of their population, especially
in relation to the human impact (Washitani and Yahara,
1996).

Acer pycnanthum K. Koch (the Japanese red
maple) is an endemic species distributed within a
radius of approx. 50 km from Mt. Ena (alt. 2191
m), located on the boundary between Nagano and
Gifu prefectures, and at the Iyari Marsh in Ohmachi,
Nagano prefecture, central Japan (Hirabayashi and
Takahashi, 1969; Barnes ef al., 2004; Sacki, 2005b).
This species grows at the bottom of small stream
valleys, wetlands around springs and ponds, and high
moors (Barnes ef al., 2004; Saeki, 2005a and b).
In recent years, however, these habitats have been
destroyed or reduced by land development and land-
use changes. Consequently, the population of 4.
pycnanthum has plummeted and become fragmented
(Japanese Red Maple Conservation Group, 2003).
At present, this species is designated as a Class
IT (vulnerable) species in need of conservation
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(Environment Agency of Japan, 2000).

Section Rubra Pax of genus Acer, under which
A. pycnanthum is classified, was widely distributed
in the cool temperate climate zone at the Northern
Hemisphere during the Tertiary Period (Tanai, 1983;
Wolfe and Tanai, 1987), but there are now only
three species under this section: 4. rubrum and A.
saccharinum in North America and 4. pycnanthum
in Japan. Ecologically and morphologically, 4.
pycnanthum and A. rubrum are quite similar to each
another (Ogata, 1965; Walters and Yawney, 1990;
Shimizu, 1989). In terms of ecological distribution,
both species were considered to originate in wetlands
or poorly drained areas and were formerly minor
components of the forest landscape (Abrams, 1998;
Barnes ef al., 2004; Saeki, 2005b). However, the
number of 4. rubrum rocketed, with its distribution
area expanding in the twentieth century following
European settlement, and now predominating in
upland forests (Abrams, 1998). In contrast, numbers of
A. pycnanthum fell and its distribution area diminished
with increasing human impact (Hiroki, 2002).
Clarifying the ecological behavior of 4. pycnanthum in
relation to human disturbances will help facilitate the
conservation management of this species.

In this study, we investigated the tree composition
and stand structure in almost all habitats of 4.
pycnanthum in Japan. Based on the results, we
described the present status of 4. pycnanthum habitats
and local populations and inferred details of the impact
sustained from past human activities. In addition, we
compared this species with a corresponding maple in
North America having undergone remarkable changes
in its distribution over the last century. Based on these
findings, we discussed management strategies for the
conservation of this species.

Study sites and methods
Study sites

The study sites were chosen from all of the
growing habitats of 4. pycnanthum in the Nakatsugawa
and Tajimi districts in Gifu prefecture and the Kiso,
Ina, and Ohmachi districts in Nagano prefecture.
These habitats are located at altitudes ranging from
180 m (Tajimi) to 880 m (Kaure Shrine), which
correspond to the upper part of a warm temperate
region and the lower part of a cool temperate zone
respectively. Some populations of this species are
protected as a National Monument and/or Prefectural
Natural Heritage (Numata, 1984). Among these

habitats, 29 stands were investigated, including natural
stands (old-growth) with no explicit records of human
disturbances for more than 100 years (Oppara Marsh
for example), secondary-growth stands that developed
after harvesting for fuelwood, and coniferous
plantations (Table 1). Some of the habitats were
affected by conservation activities, such as weeding
for natural regeneration. Consequently, the populations
at Kamado (Mizunami City, Gifu prefecture), which
are also a National Monument, were excluded from
this study.

Methods

Study plots of 130-616 m* were set at each of
the 29 stands (Table 2), at each of which the altitude,
slope direction and inclination angle were recorded.
All stems > 5 cm in diameter at breast height (dbh)
were identified and their dbh was recorded. In 15 of
the 29 plots, smaller trees and saplings (h > 1 m and
dbh < 5 c¢cm) were also identified and the tree height
was recorded. The cores of stems (around five stems
per plot) composing the canopy layer were extracted
at a height of 0.3m by an increment borer, and the
annual rings were counted in order to estimate the
stand age. We also investigated the total population
structure (stem size structure) of 4. pycnanthum in
selected habitats at Oppara (about 2.0 ha), Hananoko
(about 1.5 ha), Iwayado (about 2.0 ha), and Matsunoko
(about 0.3 ha), by measuring the stem size (dbh) of
the overall populations. In Oppara and Iwayado, the
population of this species extended over different
forest types, although the other populations remained
within a specific forest type. Acer pycnanthum usually
sprouts multiple stems from the stump after logging
operations and/or from stems broken by natural
disturbances (Saeki, 2005b). In this field survey, all
individuals including stumps with single or multiple
stems were checked, and the stem total was noted.
Land-use histories in these study sites were studied
using local historical documents, and discussion with
local residents and landowners. Oppara and Hananoko
proved to be natural habitats of A. pycnanthum with
few previous anthropogenic disturbances, while
Iwayado and Matsunoko were habitats that had been
strongly influenced by human impact. The field survey
was carried out from 2002 to 2006.

Data analysis
To categorize the species composition of the
stands, cluster analysis (group average method) was
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Table 1. Forest and management type of the studied stands.

The stands are ordered by latitude from north to south, with the plot locations shown below the table.

Stand name Stand abbreviation  Forest type Management type

Iyari-1 IR-1 Old-growth Prefectural natural heritage, mire
Iyari-2 IR-2 Secondary growth Prefectural natural heritage, mire
Iyari-3 IR-3 Secondary growth Abandoned paddy field
Tsuchihashi- 1 TC-1 Secondary growth Abandoned fuel wood
Tsuchihashi-2 TC-2 Secondary growth Failed coniferous plantation
Tsuchihashi-3 TC-3 Secondary growth Abandoned fuel wood
Tsuchihashi-4 TC-4 Coniferous plantation Commercial wood

Bicchubara BC Coniferous plantation Commercial wood

Kamigo KMG Coniferous plantation Commercial wood

Ohkuwa OK Coniferous plantation Commercial wood

Magome MG Secondary growth Private Botanical Garden
Iwayado-1 IW-1 Coniferous plantation Commercial wood, water reservoir
Iwayado-2 Iw-2 Secondary growth Forested wetland, water reservoir
Iwayado-3 IwW-3 Secondary growth Abandoned fuel wood
Iwayado-4 IwW-4 Secondary growth Abandoned fuel wood

Hananoko HN Old-growth National monument

Sakamoto SK Old-growth National monument

Hirukawa HR Secondary growth Abandoned fuel wood, water reservoir
Kamegasawal KM-1 Old-growth Prefectural natural heritage
Kamegasawa2 KM-2 Secondary growth Abandoned fuel wood
Yudachiyama YD Secondary growth Abandoned fuel wood

Yamaoka YM Coniferous plantation Shrine forest

Matsunoko- 1 MT-1 Secondary growth Abandoned fuel wood
Matsunoko-2 MT-2 Secondary growth Abandoned fuel wood

Tajimi- 1 TIJ-1 Secondary growth Abandoned fuel wood

Tajimi-2 TJ-2 Secondary growth Abandoned fuel wood

Oppara-1 OP-1 Old-growth National monument, marsh
Oppara-2 OP-2 Coniferous plantation Commercial wood

Kaure KU Coniferous plantation National monument, Shrine forest

Iyari:Ohmachi City, Nagano Prefecture; Tsuchihashi: lida City, Nagano Prefecture; Bicchubara: Achi Village,
Nagano Prefecture; Kamigo: Achi Village, Nagano Prefecture; Ohkuwa, Ohkuwa Village, Nagano Prefecture:
Magome: Nakatsugawa City, Gifu Prefecture; Iwayado: Nakatsugawa City, Gifu Prefecture; Hananoko:
Nakatsugawa City, Gifu Prefecture; Sakamoto: Nakatsugawa City, Gifu Prefecture; Kamegasawa: Ena City,
Gifu Prefecture; Yudachiyama: Ena City, Gifu Prefecture; Yamaoka: Ena City, Gifu Prefecture; Matsunoko:
Mizunami City, Gifu Prefecture; Tajimi: Tajimi City, Gifu Prefecture; Oppara: Higashi-Shirakawa Village, Gifu

Prefecture; Kaure: Toyone Village, Aichi Prefecture.

applied to a matrix of compositional dissimilarity of
tree layers among the stands. The relative dominance
values in each species based on the basal area of
tree layer were calculated for each stand and used
to determine the Euclidean distances among the
stands. Using these distances, a dissimilarity matrix
was prepared as an input for the cluster analysis
(STATISTICA: StatSoft, Inc.).

Results

Classification of stands based on the tree composition
Studied stands were classified into five major

types (A, B, C, D and E) using cluster analysis at a 0.55

level of dissimilarity (Euclidean distance), and three

|Bulletin of FFPRI, Vol.10, No.2, 2011

minor types (A', B' and C') were bound into Types
A, B and C at a 0.45-0.55 level of dissimilarity (Fig.
1). Type C comprised the largest group (12 stands),
followed by Type B (7 stands).

Types A and E were all secondary-growth
broadleaf stands, Type B was all coniferous
plantations, Types C was composed of both old-growth
and secondary-growth broadleaf stands, while Type
D stands were old-growth and secondary growth of
Chamaecyparis pisifera (Table 1 and Fig. 1).

According to the tree composition of each
stand type (Table 3), Type A was characterized
by the dominance of both A. pycnanthum and
Quercus serrata, and Type B by the dominance of
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Table 2. Stand characteristics of study plots.

Stand name  Plotsize  Altitude Dileoc]z?on Inclination Stand age Stem density Ster;jf:zghzf:cer Mean dbh  Min. dbh  Max. dbh BA
(m?) (m) ©) (yrs) (No. ha™) (No. ha™) (cm) (cm) (cm) (m*ha™)
IR-1 616 830 B 0 >100 877 130 25.9 9.3 37.9 4717
IR-2 200 830 - 0 =80 2200 500 17.7 6.8 24.9 36.5
IR-3 130 830 - 0 =20 1692 154 10.8 10.7 11.0 14.1
TC-1 616 600 S75°W 10 =40 1202 406 13.8 53 24.3 26.2
TC-2 429 600 S20°E 13 27 2053 490 8.0 5.6 12.6 33.1
TC-3 241 590 N80°E 17 =60 1411 456 15.4 6.0 32.1 31.5
TC-4 400 580 S80°E 3 =60 1050 200 21.9 6.8 39.9 26.3
BC 595 550 NI15°E 7 =50 858 101 52.5 34.6 87.4 50.2
KMG 352 530 N50°W 20 41 965 57 55.1 322 77.9 42.7
OK 261 630 S20°W 15 =50 1304 77 54.4 49.1 59.7 69.5
MG 493 600 S20°W S =50 1460 101 29.1 12.3 48.0 36.5
IW-1 500 330 - 0 50 2660 440 15.4 59 50.8 39.5
IwW-2 400 330 S0°S 1 35 2800 1575 12.5 5.1 24.4 29.3
Ww-3 406 320 S20°E 15 =55 838 123 37.0 5.6 68.5 30.7
w-4 394 320 S60°W 10 =60 1396 203 26.9 8.2 35.4 28.5
HN 400 550 N50°E 2 >60 575 400 22.1 10.4 42.1 29.8
SK 288 310 - 0 >100 1284 347 27.4 7.6 53.9 46.1
HR 360 320 NO°N 2 =50 1306 500 23.8 5.8 37.6 383
KM-1 371 380 S30°E 7 >100 539 135 52.9 40.5 62.9 34.8
KM-2 448 430 S30°E 5 =80 1070 156 31.4 9.7 524 26.1
YD 299 620 N50°W 5 =50 1374 402 27.4 8.9 40.7 36.3
YM 315 470 S15°W 1 =60 984 286 35.4 17.3 51.6 63.4
MT-1 330 320 - 0 =50 1333 697 15.4 53 40.0 26.0
MT-2 264 320 S10°E 1 =50 909 379 23.0 6.1 39.0 28.0
TI-1 240 180 NI10°E 3 =30 2042 500 21.5 7.0 31.0 38.1
TI-2 232 180 N50°E 15 =40 1294 216 19.7 52 39.2 324
OP-1 405 800 N20°E 3 >100 889 198 22.5 52 55.9 20.4
OP-2 420 800 N70°E 3 45 1333 143 31.6 21.1 43.7 49.9
KU 416 880 N30°W 8 481 96 59.1 36.2 72.5 58.6

Euclid distance

Al 1e-1(s0)

TC-3(SG)

IW-4(SG) }44#7
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Fig.1 Dendrogram obtained by the Group Average Method, based on data on tree community dissimilarity among the plots.
SG: secondary-growth, CP: coniferous plantation, OG: old -growth.
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Table 3. Tree composition of each forest type (Relative abundance based on basel area).

Forest type A B C D A' B' c' E  Frequency*
No. of plots 4 7 12 2 1 1 1 1 29
Acer pycnanthum 33.1 38.4 68.9 27.2 26.5 7.8 36.2 10.0 1.00
Quercus serrata 39.6 0.3 2.9 8.5 10.0 0.52
Chamaecyparis obtusa 1.4 15.2 1.1 0.8 5.4 0.45
Cryptomeria japonica 0.1 30.2 1.7 60.7 0.41
Alnus japonica 0.6 1.6 1.5 8.8 22.4 60.0 0.38
llex pedunculosa 1.1 0.1 1.6 0.38
Styrax japonicus 1.6 0.3 0.2 0.2 0.5 0.38
Pinus densiflora 6.4 5.0 6.3 14.5 443 19.9 0.34
Magnolia tomentosa 0.4 0.2 4.0 0.34
Acanthopanax sciadophylloides 0.5 1.3 2.5 0.2 6.7 0.31
Prunus jamasakura 1.9 0.4 0.7 2.5 0.5 0.31
Prunus grayana 0.5 0.6 0.2 15.8 0.2 2.7 0.28
Evodiopanax innovans 1.6 0.0 0.3 0.2 0.28
Acer crataegifolium 0.5 0.0 0.1 0.9 0.2 0.28
Magnolia hypoleuca 0.4 0.2 0.1 0.2 2.7 0.24
Castanea crenata 0.8 0.4 0.3 4.4 0.21
Carpinus laxiflora 2.5 3.1 0.17
Clethra barbinervis 0.0 1.4 0.17
Sorbus alnifolia 0.3 0.1 0.0 0.17
Chamaecyparis pisifera 1.2 54.2 0.14
Abies firma 2.5 1.8 0.0 0.14
Lyonia ovalifolia var. elliptica 0.1 0.0 0.1 0.14
Prunus verecunda 6.7 0.5 0.7 0.10
Hydrangea paniculata 0.6 0.4 1.1 0.10
llex crenata 0.4 0.10
Malus toringo 0.2 0.1 0.1 0.10
Pieris japonica 0.4 0.10
Others 6.0 1.2 4.0 33 19.8 0.0 0.0 9.0

No. of species 29 28 37 14 12 9 5 56

* Number of plots the species emerged/total number of plots

A. pycnanthum and planted coniferous tree species
(Cryptomeria japonica and Chamaecyparis obtusa)
respectively. Type C was a mono-dominant stand in
which A. pycnanthum peaked (68.9%) compared to the
other types of stands (27.2-38.4%) (Table 3). At Types
D and E, C. pisifera and Alnus japonica respectively
dominated.

Stand structure

Figure 2 shows representative examples of the dbh
size class structure within each type of stand. IW-4
belonging to Type A (secondary-growth stand) showed
an inverse J-shaped dbh size distribution as a whole.
However, A. pycnanthum trees were distributed in
classes with dbh relatively larger in size, although not
exceeding 40 cm. YM representing Type B (coniferous
plantation of C. japonica and C. obtusa, including
A. pycnanthum), had a distribution pattern with
decreasing stem number in larger size. However, 4.
pyenanthum stems showed irregular distribution in dbh
size with peaks in the 40-45 cm size class.

Old-growth KM-1 belonging to Type C (both
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old-growth and secondary-growth stands; Fig. 1)
had a larger number of planted coniferous trees in
the smallest size class with a small number of A4.
pycnanthum in the larger size-classes. The maximum
size of A. pycnanthum was 62.9 cm in dbh, the largest
in all plots. In contrast, secondary-growth MT-2, also
belonging to Type C, showed bimodal distribution
of all trees, and 4. pycnanthum showed two peaks,
namely 5-10 and 30-35 cm.

Types D and E were both observed in Iyari in
Nagano prefecture, in old-growth and secondary-
growth stands, respectively (Table 1). The dbh
distribution of all trees in IR-1 of Type D, however,
was unimodal, peaking at the 20-25 cm dbh class.
Conversely, the only secondary-growth Type E stand,
IR-3, was composed of trees < 20 cm dbh. The stand
age was young (Table 2) and the tree density of 4.
pycnanthum was very low.

Population structure of A. pycnanthum
Acer pycnanthum populations in the four habitats
(Oppara, Hananoko, Iwayado and Matsunoko) showed
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different patterns of dbh distribution (Fig. 3). The
populations in Oppara and Hananoko had unimodal
dbh distributions, peaking at 25-30 and 20-25 cm,
respectively. Conversely, the populations in Iwayado
showed an almost inverse J-shaped pattern of dbh
distribution, the mode of which was in the minimum
size class (5-10 cm). The population in Matsunoko
showed bi-modal distribution with two peaks at 10-15
and 35-40cm. The maximum size of 4. pycnanthum in
the Iwayado population was 65.1 cm in dbh, making it
the largest stem among the four populations (Fig. 3).
Acer pycnanthum individuals with multiple stems
sprouting from the stump were observed in these
populations, while the percentage of individuals with a
single stem in the A. pycnanthum population exceeded
80% at Oppara, Hananoko and Iwayado. In contrast,
individuals with multiple stems comprised 65% of
the total Matsunoko population (Fig. 4). Although the
mean number of stems per stump was 2.7 (ranging
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from 1 to 7) in the Matsunoko population, the mean
number for the other three populations was 1.2-1.3
(ranging from 1 to 6), less than half that of Matsunoko.

Regeneration

The density of regenerated trees (dbh < 5.0 ¢cm
and h > 1.0 m) was less than 2,000 trees ha” in 15
plots, and the main components of the regenerated
tree species were Acanthopanax sciadophylloides,
Evodiopanax innovans and Camellia japonica (Table
4). Regenerated trees of 4. pycnanthum were found
in only four plots, and the tree density was very low,
fewer than 200 trees ha™.

Discussion
Characteristics of A. pycnanthum stands

Five major types of stands that included 4.
pycnanthum were observed in the study plots
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Fig.2 Dbh size distribution of trees in each stand type.
The abbreviations are same in Fig.1.
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throughout all habitats of this species with tree
composition in mind (Fig. 1 and Table 3). Type A
was secondary-growth stands, characterized by the
dominance of Q. serrata and A. pycnanthum (Table 3).
Quercus serrata is a main component of the typical
secondary-growth stands that had developed after
repeated short-rotation clear cutting for fuelwood
and/or charcoal production (Hoshino, 1996) and are
widely distributed in Japan (Yokoi, 2009). While
the ecological habitat of Q. serrata is in slightly dry
habitats (Masaki et al., 1992), that of 4. pycnanthum
is in wet sites. The secondary-growth stands of Type A
had developed on the lower part of a hilly slope near
a spring or small stream. 4. pycnanthum maintained
its population, even under repeated human impacts, in
such clear cutting, but could not establish itself outside
these wet sites near the valley bottom. In contrast, Q.
serrata was able to invade and dominate the valley
bottom (Saito, 1977).

Type B included coniferous plantations of
C. japonica and/or C. obtusa accompanied by 4.
pycnanthum (Table 3). These stands were established
after the clear cutting of broadleaf stands and planting
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coniferous trees at wetlands, which are natural habitats
for A. pycnanthum. Individual A. pycnanthum trees
in this type of stand were considered to establish
themselves after clear cutting took place. The unimodal
dbh class distribution pattern of A. pycnanthum
suggests that individual trees of A. pycnanthum in
these stands were established simultaneously by
sprouting from the stamps after the clear cutting (Fig.
2).

Type C, characterized by the dominance of 4.
pyenanthum, includes both old-growth and secondary-
growth stands. They differed in terms of the size-class
structure of 4. pycnanthum in the stands; old-growth
stands had A. pycnanthum trees of larger-size stems
with low density, and the secondary-growth stands
had many smaller-sized 4. pycnanthum tree stems due
to sprouting after clear cutting (Figs. 2 and 4). The
tree composition of this stand type may be typical
for the natural stands, including A. pycnanthum, and
also resembled the phyto-sociological vegetation
category ‘Ilici-Alnetum japonicae Minamikawa’
(Yatoh et Kobayashi, 1974) represented by the widely
distributed Alnus japonica in the wetlands of the Tokai

Iwayado
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Fig.3 Dbh size distribution of 4. pycnanthum population in four representative habitats.
S: tree with single stem (black bar), M: tree with multiple stems (black-spotted bar).
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Fig.4 Number of individuals with different stem number sprouting from a stump in four representative habitats.

Table 4. Density of regenerated sampling of tall tree species in each plot (ha™).

Forest type A A A B B B B' C C C C C C' D E
Species name TC-3 IW-4 Tajimi-2 OK YM KU TC-2 IW-3 HR KM-1 TIJ-1 YD TC4 IR-2 IR-3
Acanthopanax sciadophylloides 290.5  660.1 153.4 24.0 55.6 53.9 501.9  175.0

Evodiopanax innovans 431.6 98.6  1166.8 458.0

Acer pycnanthum 186.6 98.6 75.0 76.9
Carpinus laxiflora 333.4 267.7 250

Quercus serrata 27.8 200.8  25.0

Quercus glauca 43.1 80.8 41.7

Sorbus alnifolia 41.5 53.9 25.0

Cleyera japonica 215.7 125.0

Styrax japonicus 41.5 167.3

Castanea crenata 138.9 335

Quercus sessilifolia 25.4 138.9

Acer sieboldianum 55.6 41.7

Chamaecyparis obtusa 335 50.0

Fraxinus lanuginosa var. serrata 26.9 335

Camellia japonica 1125.1

Chamaecyparis pisifera 900.0
Cryptomeria japonica 83.0

Benthamidia japonica 335

Mllicium anisatum 26.9

Magnolia hypoleuca 25.0

Ilex macropoda 25.0

Kalopanax pictus 24.0

No. of Species 4 3 2 1 0 2 1 2 7 6 4 8 8 1 1
Total number of saplings 456.5 1117.2 258.8 1534 0.0 48.1  186.6 1972 1916.8 7004 1333.4 1271.5 425.0 900.0  76.9
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region of central Japan (Miyawaki, 1985; Hirabayashi
and Takahashi, 1969).

Type D, characterized by the dominance of C.
pisifera, was distributed only in the Iyari Marsh and
isolated from the other habitats (Barnes et al., 2004),
with its original habitat considered to be wetland in
which old-growth C. pisifera stand had developed.
Type E was a secondary-growth stand that had
developed on abandoned paddy fields near the Iyari
Marsh.

Few saplings of 4. pycnanthum were observed in
most stands of every type, although there were many
saplings of tree species with shade torelance, such as
Acanthopanax sciadophylloides and/or Evodiopanax
innovans (Table 4). One of the reasons for the low
density of this Acer species may be due to its lower
shade tolerance (Suzuki, unpublished data).

Effect of human activity on 4. pycnanthum stands

Acer pycnanthum habitats have been strongly
influenced by human activity, such as clear cutting for
fuelwood production, selective cutting and previous
conversion to coniferous plantations for lumber
production (Table 1). Therefore, tree composition and
stand structure, in the old-growth stands as well as
those of secondary-growth and coniferous plantations,
including A. pycnanthum, may differ to a greater or
lesser extent from the original ones (Table 3 and Fig.
2). Even in old-growth stands protected as National
Monuments or Prefectural Natural Heritage, there
was evidence of previous human activities, with many
underplanted trees of C. japonica in KM-1, and many
C. pisifera stumps observed in IR-1 (unpublished
data). Larger-sized stems of 4. pycnanthum were rare,
even in the old-growth stands, although this species
can grow larger than 70 cm (Table 2 and Fig. 3). This
is strongly suggestive of previous human impact in the
old-growth stands.

The natural habitat of this Acer species, except
for the marsh, has long been recognized as unsuitable
for agriculture and plantation forestry, and has thus
been used only for fuelwood and charcoal production
as secondary-growth stands, managed by short-
rotation clear cutting (approx. every 20-30 years).
Consequently, the natural vegetation in these habitats
was completely destroyed and replaced by secondary
growth stands mainly composed of tree species with
light-demanding characteristics and sprouting ability
(Miyawaki, 1985). Only in the wetland marshes
did the features of the original vegetation remain in
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fragmented form.

However, there is considerable variation in the
tree composition of secondary-growth stands among
the stand types (Fig. 1 and Table 4), affected by
differences in the land-use history as well as the
site conditions (Saito, 1977). These differences are
also reflected in the size-class distribution of A4.
pyenanthum populations in habitats where stands used
for fuelwood production were managed by short-
rotation clear cutting operations (Figs. 3 and 4).

A. pycnanthum populations in Oppara and
Hananoko had unimodal dbh distribution, suggesting
simultaneous regeneration following a large scale
disturbance or desiccation of a marsh and riparian
area. The 4. pycnanthum population in Matsunoko
included many individual trees with multiple stems
through sprouting after repeated clear cuttings, and
this management system formed a dbh distribution
pattern with a few larger-sized stems. Conversely,
the inversely J-shape distribution of the Iwayado
population suggests the continuous regeneration of this
Acer species in unsuccessful areas of this coniferous
plantation, especially those flooded around reservoirs
(Kanazashi, unpublished data).

Forestry operations conducted to create coniferous
plantations for timber production generally strove to
eliminate the other tree species. However, some A.
pycnanthum trees remained in these plantations (Fig.
1). In some cases, this may be due to intentionally
avoiding their removal during silvicultural processes,
especially in and around National Monuments or
Natural Heritage Sites, and the other cases may be
the results of successful natural regeneration from
seedlings which occurred when afforestation was
implemented.

Acer rubrum, closely related to 4. pycnanthum,
is now widely distributed in North America (Walters
and Yawney, 1990). However, this species was a
relatively minor component in most forests in eastern
North America before European settlement (Nowacki
et al., 1990; Palik and Pregitzer, 1992; Whitney,
1994; Abrams, 1998). This species migrated to the
adjacent uplands after old-growth stands were clearcut
during European settlement, and predominated as a
main component of secondary-growth stands in the
area (Abrams, 1998). This may have involved the
accelerated succession from early or mid-successional
tree species to late successional trees as a result of
human disturbances (Abrams, 1998). The expansion of
the red maple may also be a result of fire suppression
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during the twentieth century (Lorimer 1984, Abrams
1992). From these results, A. rubrum is regarded
as an opportunistic tree species that was originally
distributed in sites of unfavorable growth such as non-
pyrogenic, wetlands, avoiding fire and competition
with other tree species, such as Quercus (Abrams,
1993).

In contrast, Acer pycnanthum is strongly
associated with wetlands; no expansion of its
ecological distribution into the disturbed area around
its original habitat has been observed (Barnes et al.,
2004; Saeki, 2005b). The Japanese species takes
refuge in wetlands or riparian areas that are scarcely
fertile, to avoid competition with other tree species.
However, this species cannot invade and expand to the
uplands and/or drier sites, because of its geographical
dependence on wetlands and lower shade tolerance
(Suzuki, unpublished data). This species could only
survive after clear cutting in the old-growth and
secondary-growth stands, including 4. pycnathum
trees through adaptation to open wetland sites with the
physiological traits of light-demand and/or sprouting
ability, although large-scale land development and
drastic land-use changes in the original habitats may
facilitate the reduction, isolation and fragmentation of
its population (Kanazashi, 2008). These differences
between the two Acer species belonging to the same
taxonomic section appear to be attributable to their
own ecological and ecophysiological characteristics;

Conservation of A. pycnanthum

The Acer pycnanthum is facing a crisis of
extinction and was recently designated as a Class 11
vulnerable species (Environment Agency of Japan,
2000). The natural habitats of A. pycnanthum are now
too small to maintain the local populations (Table 2
and Fig. 3), and are isolated from other habitats and
populations for pollination and gene flow (Young
et al., 1996). In addition, urbanization and land
development around these habitats have reduced the
number of potential new habitats. To maintain the local
populations of 4. pycnanthum, efforts must be made
to extend the potential habitats around the original
habitats and connect them to neighboring habitats and
populations.

Conversely, few regenerated seedlings and saplings
exist in the stands, even in and around National
Monuments and other Forest Reserves (Table 4 and
Fig. 3). Therefore, disturbances to create canopy gaps
for regeneration by thinning and/or selective cutting

should be introduced to these stands, and periodic
weeding is also necessary at sites where dwarf bamboo
predominates.
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Seasonal prevalence of occurrence and behavior of Oomorphoides cupreatus
(Baly) adults (Coleoptera: Chrysomelidae) occurring on Japanese Angelica trees

Takenari INOUE V"

Abstract

The Japanese angelica tree, Aralia elata (Miq.) Seemann is a deciduous shrub whose buds are eaten as
wild vegetables. In recent years, it has been cultivated in fields or greenhouses. It is known that adult beetles
of Oomorphoides cupreatus (Baly) injure the leaves of this shrub; however, the bionomics (life history) of this
species has not been clarified in detail. Research was therefore conducted to investigate the seasonal prevalence of
occurrence and behavior of O. cupreatus adults in Kochi, southwestern Japan. Overwintered adults appeared on
host shrubs from late March or early April. Mating and oviposition occurred in the daytime, and were observed
from April to August. Females fastened their eggs to plants (leaves, thorns or other parts of the host tree or other
plants growing near the host tree) with a thread of secretion, and each egg was enveloped in an egg-case. Males
were sometimes fighting over the female. Adults fed on both new sprouts and mature leaves, and stayed on host
shrubs until November. Because larvae might not eat living leaves, we must pay attention to the attacking new
sprouts by adults in the spring in plantations.

Key words : oviposition, mating, diurnal activity, egg case, overwintering, life history
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W BRERATIRLTHRFEES (50 LEE (52 LR

2 /) F Aralia elata (Miq.) Seemann (., HAZE
DIFFICEH AT 57 AFROEERATH S (LA -
KH, 1971), TOFMHIFILIHE L TEEINSD, &
ERRICIUN I TIEELE S N THN S EAE RE5N 5
XL T&E, HRBIT KRNV H>TET
W3 ERENS, M=V ZAEZFHL T,
i FoPRnEEO N THREZ1TTI BREL 7%
STETVD, T, XhLHEICHITTYIDH - ok
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REMADZEET, FFLLBHLNITENTVERL,
AR DS UM E TR AMLTVE D, 5%
25/ FRHERTS LT 2 OMENHEELS B ATRE
MHETnEZLGNS, T TARBEOEBEN IR EREZA
EMICT B, FTHEDRT ) FTHEDFAEN
BERRE - IMTH A EZ2BIR LD T, ARTIEZ
DHGRZHRET %o

A & U 1k

R R VRS v R T R R PR T OD R MRS 15 T 9 T L ) S T
N ALk 33 FE 32 70, AR 133 = 29 70, &K 50
m; DUR, $IEHFHEH ) 5 X O EME L e LA S
N CBIE, @i tfeli@)l ) o TaHLPE (JiE 33
239 73, AR 133 2 31 7. EEERY 700-800 m; AR,
TELGAER ) OX 5 FHEMT, 1992 ~ 1994 4
WCHREZITo Tz, WIEHFEH T, 7HVEMKANOD
25 ) EIHI 25 REZTOBHIFE (K10 m MUy ) T
TEEHAEET ST MAKRRBAILIRRKAIEF K
EREHEL, B/ FRERIN TV, BEITIH
CCHESZAENORIDOBAICEZ TWEZT /F 8
BmICH Wz, BELGAGIE, 7HHCRERTLET
% HEARILEERI AR, A TR, ¥ F IR0V FORE
HISEANESE L2 2N 5 ORICHE S Nz ER
WICHTELTHERZTWERS ) FRFHEWNS E L,

F9. B LB ZREBORENER, REOED
SME T &H2~5EIREFE LTz, HIRHAH T,
THEHIPHICEZ TWeRT /) F72 20 oEEEZ L T
BEINTo R R U, HELGRAE TR, T8
BATEWE S ADFRBEARE, 54 57RBIZRL Tk
REINToR R Glsk Uiz, HEILGRA M TIX, #AE
FARTAHIC 1 ARDMIE L T2z 8D, IELICHEZTWIEHID
RzPHERE Uz, ZREREINDBISE NIZLEEIE.
FTNEOTEIZ & > Tk E b idik L7z,

REDMNIEE, FEOENMSHHKET, KA1 ~4
EFHE Uiz, TEILGRE TP OEA TN 10K
DFEROKTER 1 ARKICDE 10 HE—F ¢ 7 LT,
B 42 cm O EMANCTE T LR ZRE LTz,
BIARI I 2 ADMIE L Tz, I EZ TWizh
DARZHFHERNE Uleo IEI NI RZ BB S DI
T ESZ AT O REIC R B IR D . FERBEMEE F THigt
U C Witk 72 53 0 7z

AR & BRSO A D C % B 7 B
HMCT B, HAREH TI992F1~4H, 9
~12H, 1993F 1~ 12 H, 1994 F 1 ~4 Hic, %
H2~4EOMRERIT-> 2, 5030 7R, FEHT
MEDEBEZZHDENOGRAEHEL, BRI
VA Y T = A O el

HARA T, KRB X UEINEHOHEMEEFEHNR
Teo 1992 4 4 ~ 11 HIC 17 A, 1993 £ 4 ~ 10 H I
16 RIOFHERIT> 1o 416 K30 900 5HRE % LA

L. BHOFHI4K30 0 F T, FAIE L T2 HME
X 4R LT, BRNE 20 R, R 30 SR,
PAEHFICEZTVWE RS / FEERLUT, BRI
e e, REXEEINL T @k dz it L
Teo REBHDHADERICHIDDET, XTUVT 14V
JUTREERZR AR Uz, WEOPFHEICIZEPE
KM H Uz, LRI T EINTTE DB 1T
blah otz

A X O HELERE THRES NI 46 [AD
PO RZE (BT moOET, E#AmMOoES (H
B BXULHDOFHWEEDOEX ) ZFRBMEE T T
AT ARA—=REFAWTHIE L.

FEIVEDOZEHZ{LZHEMNCT 578, HERHEH
BXUOLELFAEMT, RFEOENSME T, &A1
~ 4@, WY (FES~30AKEE)DXT /FOD
Va—ba, MOREZETO TOERVWARNSEHEL 2,
NS ZMARBICFELBRD, FLADYa—FIENT
W e, BEEN TRz Lz, LD
P2 LT, NEMDOBERZKWIETKAI Lz, NE
M > I &2 7., G- aztTine L
Tk Lic, £/, BB TTOEATHE V6
KDORZ/FILONWT, I LEE 170 cm £ TO® (&
FREREE) ICEENTOVIINERE, SEOEND
MET, BA2~4nBEEFAEL, COMRMETIEE
HOAZHRE L, HEERXX G-, KB, M5
DOHETEN: L EDONZITEIA Th o Tz,

199245 A~ 1994 4£ 7 AL T, % H 2 ~ 3 AR,
HAERAEMAEO XS ) FEEM2 AT T, KEE
50 ~ 100 g 2 (WE ) RELTHBIFO ., WHIEEN
TNYRY =TT LT, HORERICEDZ, T
DBICEDTEIEICIE, 2T/ FUNOBES TN
72o Flo 2DFFDS BED 1 AT, 1993 43 A~
1994 F7THETOEHIL, BE2~3 cmBEXTD
FKELEZ 500 ~ 1000 g FBEHFE L T, HERICH R
A LT

INHDEMT, ZICHBEREMBXUTHAEND
WRTNICBOT, BEICG U THEINLRZEROITEN A
EBIRL TRtk Lic, BENEBZICE, mMBFAEHOWN
TN SEE LR Z VT,

(RES

1B OFENE L TE

BHEE. 3 A N ERIZ4H EGED SR BB
Uzo FRICHIRWIHNCIE., 25/ FOHFICRS T,
BOLIEHZRELICEZ L OMEEDPERLTNEDMNAE
bNte, Tl HiE, HELLRAEX T, EOXT
—VICBfRE<EHAR L,

BREEE, WA EH T4 ~5 A, LIELHERT
5~6HIZHEmICE > (Figs. 1, 2), Fig. 1 8X U 2
T, MCHEK 2\ EOFEZT-> GEEICIE. %
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adults (Coleoptera: Chrysomelidae) occurring on Japanese Angelica trees
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Fig. 1. Seasonal changes in the number of O. cupreatus adults
observed on Aralia elata trees in the Asakura research
site, Kochi Prefecture, southwestern Japan (33°32' N,
133°29" E, 50 m a.s.l.). Lines on the upper part of the
figure represent mating and oviposition; cross, white
diamond and black diamond symbols mean that mating,
oviposition and both mating and oviposition were
observed during the period, respectively.

OHICFEER I Nizi@EiE Ty kUi, HEHEH
Tk, BB S5 AS 7THATFAHRIE 8 AhAEE
THAYL TV, ZOBBUHEMCEKE, 8 AT
AN G 9 A FAI TN — 2 BN (Fig. 1), 2
BHOYE—7 OEEEIZ1IBIEHD 12 ~1/418E7Z>
e, TONME—=ZIZ3FERELRED SN, LD
FEMTRBED DRI E— 7 DBN B EHAIZHT L
LT R > Te, maERE &, 9 ALIBFICIE AL
BB L. 10 A TR 11 A Bz Rk
FleBiER5NR kot

=7 ¢ Y7 & o> TRES NI R, FHOG
FICREABLEIEMELHEDHTBRORE o b,
HHE LIS HERECE IR TN T (2 RE.
p>0.05), FLFHCL->TELELNDOERZNE
I EA & FRD S Nx o Tz (Table 1)o

25 1 —©—1992
N S L I = P
xxxx ................ x A 1994

20 1

No. of adults observed / 5 min. / tree

10 A

5 4

0 1ok 3
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Fig. 2. Seasonal changes in the number of O. cupreatus adults
observed on Aralia elata trees in the Tosayama research
site, Kochi Prefecture, southwestern Japan (33°39' N,
133°31' E, 700-800 m a.s.l.). Lines on the upper part
of the figure represent mating; cross symbols mean that
mating was observed during the period.

2. KD A

10 A3 ErEro. 3 ABYEERE 4 b0
FET, EHFENICHERTHREDHEE S N, HlEN
TR BT KB 1 ~ 58725 7o, &R ORHIE, ©
HBRIICHAHMOBRHICE o TWBHEENEZ M5
7zs

3. RJE - PESHIG Y]

MEHA T, KR 19924133 ~7 A,
1993 4EICid 4 ~ 8 H. 1994 FEIC ik 4 ~ 7 HIc Bl x
Niz, FFREIIE. 1992 4F1CiE 4 ~8 A, 1993 4FIc
X 4~9HF CHBNICERE N, 1994 4FI1CiF
4L TRICBERENEREFE > (Fig. ). H1E1L
FEH TR, TRIE 1992 4EICid 4 ~ 8 H. 1993 4EIC
X5 ~8 . 1994 4E1Cid 4 ~7 AlcBZE iz (Fig.
2).

Table 1. Sex retio of O. cupreatus adults caputured in Tosayama research site.

1992 1993 1994
No. of adults Male % No. of No. of adults Male % No. of No. of adults Male % No. of
captured censuses captured censuses captured censuses
Apr 85 51.8 4 22 50.0 3 35 40.0 3
May 78 47.4 2 88 54.5 3 76 63.2 3
Jun 130 50.0 3 53 58.5 3 33 63.6 2
Jul 31 64.5 2 17 47.1 2 27 59.3 2
Aug 21 61.9 2 24 54.2 3 23 69.6 2
Sep 19 68.4 2 64 438 2 41 39.0 1
Oct-Nov 24 45.8 4 21 52.4 5 10 40.0 3
Year 388 52.3 19 289 51.9 21 245 55.1 16
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4. )8 - FESMITEh E Z NS D HFTE

REBICEINEEHOHEAMICDWT, Fig. 3B X
G4k iz, 1992, 1993 FEL &, 9 HLUBEROHAE
HHETIRELENEED NG o TTed, 4~
8 HIZDW T OFHERRDOAZKIRL T2,

ARFZRIERHICE, REZEMICTTDbN., K
WK EALEEI NG - T, RERIZ, FHiEF
BICE <722 W DG E M Z > 7o (Figs. 3, 4).
THIERIETHOEBE D —HICE—TDBH 25— 1L
DEEE VEGIFRD 5Nz (Fig. 3 D B, E, H; Fig. 4
DTy ZIWETHFHDOE—=T D NEN > DX 1 [
T (Fig. 3D A), FEAEDEEICITFHRDOE—
JOIMNEN o Tz Fle— LB TaihicE— 2 A
ENF0E 1 E7ZFT (Fig. 3 O E). 200851
TRICE—T Lixot, §hbbE, REETRICZL
ThnaEmEMDmMN -7, WMAHIKIIREIFIZEAL
HoNnizh - iz (Fig. 4 D P, Q)

LA OMEICIE., miTHEOTHEE U < & E AT
ZEE LTI ETENR N, TOTHEIE~YY
TAYILERETJOGAICE, RESFZIHALRRIC
t, EBELDEHICEHHBICEE I NG, MM il
LThEXY YT« YT DRERE NS T TOREREH
k. 1993 464 1 19 0 (B THIZTD, - 7= ) 1B
SNF—BFITIE. 2305 A1KE6 75505 11
B30 0 0BET) o e,

RRELTVARRTICHIMDENIEET 5L, L &I
BMLOCEFTEN R OGN, EFEALDEE, HIEO
WTRABH>THM>Tee XTVT 4 Y THOEEN, B
BLTEHMHEDORDO—EZ 188 TR AT, ML <
SOEDLULTERTBZGENE Mo To, HMIEZ VS
TeABWTE, BUEMZAAZLELH >, 1993
4 H27H (EZY FREBENTEIZSN - 7)) I8
RUTHITIE, BN 148531 oh 5 148535 0 F
TOMICH1I0[E, RELTWAXRTICHEAE L, T
DOHITE, T T 4T LTWBHOM (RKEZRD
ARG oT) & MO ETL B3 LAmzNA
T, WL T 2HMEER > Tz, HEIIRERZHA
LICREETHS>HBEEH O, TOX D GHAIKIE, M
N (REEFBAREDOEET)BHLTLES AL
RoNnl, WETIZHMN1ILTHZ EIFR59 . 1993
ESHTH (BTRIEHEL>7z) IiE4E (B25<
HEMN ) DML EDNH - TWVBRIHEED 2 FIEHE
ENTe (14K 55 77~ 15 K 15 0t ). B3, B0
THRTIZEENE, 30 7L EHCHEEETH - T,
1992 5 1993 FICFHARE M THIZ L2 10 41
TlE. WEAIOMENEE & 75> Tl ah > Tz,

FEIRIZ B BICIT DN, REIRE-ICIEIE E A BB
ENixno Tz (Figs. 3, 4) 6 AHE TIEENTTHNIE
EAEDTFRICBSE I NN, BHEICKR S LRI
LEIREINBE XD E> T,

JHEHEE & BN 20w Tc 23 DEbN, R TH
UMEDNSHED RIFSN TV, JlZ. X5/ FDEC
R53, #0, FAICEZ TOB MO EEN
TWie 25/ FOHELNTIE, BICBICEZTZ T
KHEENTVBHNEZN >, ROESIXIERMICIEH
TELEM->E00, 10 mm L FAZL, &FICiFC
NEBZ25ELH o7, 7WYTIEDNTZINE X,
HisEE RO LT, BEAEDRE, Kl (H5
ENGEITE N ICHVWEERHZ Tz, N
DERIE T 1.00 £ 0.08 (Y +HFEHERF ) mm, K
BRI EDE XA 0.14 = 0.07 mm, EEFEIZ 0.49 £
0.02 mm 7257z,

FEONDBICIE, M T HSEMICERZ DI TZC
MEREMIE L. TORMICINEERDIT 2, TDHE,
ROFBEVTWVB IO S22 & b DU 7z,
M BICIEED LENS, X=ZA MROD Y%
Bigh 5 H LU TINCD LT DB Dz, Thidyy
VAT INIY Chlamisus laticollis (Chujo) D FEUNTTE)
(AT - IR, 1994) LAKGZEDTH B EEHbNS,
Mk, SUEEIEDIRZ 2 L2 DFET ST DL %
N T=hS, BoMRRE, BRI EER AL H -,
1992 4 & 1993 Fic, WAFHEHICB W T, JIEIFR
DY VD SHETEZ 66 (WINne 4~
6 HOWRERIZERHOFRICEL) TIX. UIEIE
N H U7z RERTIE 5 20 ~ 60 77 CTH - Tz,

5. 00 DRAEWE

HAEMEMTIX, 25 /FD>2— L4 Hiik
ERZBELSIENRDLNDE KD E>T, 1 ¥
2 — rH7 D DI DO FHZITIFHERZR E— 71
%<, 45 Anb 7 AEDO EMBICH 7z o TINEEED
LV W72 (Fig. 5). 8 AICIFINFHEUE 2k L.
9 ABFLIRITITEFINERED 5 NEL GEo T, Tk
AR T, 4 ABEDN S Y 2 — b LTI R
TN, 5~8 AEIC DO > TZVHAN F WV 72 (Fig.
6). HAFHAEME D BLEW 10 A8 F TEFIINER
HoNdGEELH o, MFAEHE B, NEYN
WEIES & DI SRR SN Tz, WY I INE 2 1Y
BoRFxIEFHT S (Rih). TNS5RIRLET
L, INERT 2% L, oM OEETHELTC L
EDTH BN E WV & b Nz (Figs. 5, 6)0

2T FOMICEINTINEEOHEEE. ELiA IR
BRE—UZE > IUBIT, 4~5 AEICRKE L
o fe I3k L 7z (Fig. 7).

6. WHLZh i D178 35 & TEFAHL T D By i A o &5 1

BEHNOHER T TEHZELEZE T A, L Ydide
HORDENTWVWAEWVWTOMEILL B THREH L,
A S B - TEEEBF Lz, DFEOMMEEZROLS R
DFBIFIFEZDEDTH O, VY YaATNLY DR
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adults (Coleoptera: Chrysomelidae) occurring on Japanese Angelica trees
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Fig. 3. Daily activities in mating and oviposition behaviors observed in 1992. Bars and lines represent the number of adults observed
within 20 (daytime) or 30 (nighttime) minutes (left axis) and the percentage of mating adults (right axis), respectively. White,
yellow and red bars mean fair, cloudy and rainy weather, respectively. Numerals in rectangles are the numbers of egg-laying
females. The times (horizontal axis) mean the start of observation.
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Fig. 4. Daily activities in mating and oviposition behaviors observed in 1993. Explanatory notes are the same as described in Fig. 3.
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Fig. 5. Seasonal changes in the number of O. cupreatus egg cases
attached to Aralia elata shoots in the Asakura research
site. Bars and lines represent the number of egg cases and
leaves, respectively. White and red bars mean alive and
dead eggs, respectively.
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Fig. 6. Seasonal changes in the number of O. cupreatus egg cases
attached to Aralia elata shoots in the Tosayama research
site. Explanatory notes are the same as described in Fig. 5.
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adults (Coleoptera: Chrysomelidae) occurring on Japanese Angelica trees

No. of egg cases on six stems

Fig. 7. Seasonal changes in the number of O. cupreatus egg cases
attached to Aralia elata stems up to 170 cm in height in
the Asakura research site.

&, Inoue (1996) IZ. T 7/ INL Y Argopistes
biplagiatus Motschulsky &Y Z 07> bW/ INL
¥ A. coccinelliformis Csiki O FEYN « 22X B IHE) O H
EENFTRETNTED, RELFAKIC, RIFICK> TR
EOHEEHIOENDNE LGN T EMHSNT VS,

CNETAEOINEZZT /FORERICERDIT LN
LLINTERED (KB, 1959; Takizawa, 1994), 4
H DI K o TINE X T/ FOEDNDHELRE D
WKEPFERADTBEND T ENHAL MRSz, SHDE
TR, FNCEEDP TR TEDN TWIRWIIDN R
BN, THREMELDT 7T M K> THNEY
PRI E N TR TH > e (K, 1959). F
TN O — N EN TG ETH 2 L b7, Lee
and Morimoto (1991) &, INEH ( “egg” &ENTWV3
M, EEEICIZINEEICRE T 350 TH % ) DFEICDV
THHLTHEH, EFF0.9-1.1 mm, £ 0.4-0.5
mm TH5L LTS, SEOHEME N iiE—
H L 7=H, Lee and Morimoto (1991) T i Il & {8 £
S5MEEDEL, FRAEMDEERIEIKRENTNSED
DZNICHET %FHE L 7E M > 7o Lee and Morimoto
(1991) & 1 EEh H D% (case) &, £ & 1.0-1.3 mm,
B 0.5-0.6 mm T, ZDOWIFEEDBEETE(LT S
ELTV3, THIEFIMEEDERRRENT LMD,
GHEMEE. SIEEICA S OB 2T INA TKE
CLTWL D, ElldWichr—AEEdLEZ LN
%o BB, KH (1959) WG R ARV VY NLY DFE
IIITE) & SR DZEE DIFEZ S INEEERRICEE T %
AN H D, TN ESROBEEREEE., F
F—E L7,

AR O RIS DWW T, #hR)IR T3 ~6 A
&8~ 10 AWA (AJjc - IR, 1994) £7zik. 3 A
fil~6 H& 9 A~ 10 A (Takizawa, 1994) & TN T\
%o ERBEINHHIZONWTIWE, ThE T4 HATNE~S
HHETREEEIN TV (KT - IR, 1994),

BT/ FHLETRAONZHENMELIZEDT
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HEHESIHRITHTH -2, SHOFHEFERN S,
DI —MITBEBORRTH B T ENALMIC
Tofe, ElSRENE 4 ~9 HICHEIAR SN, (ERA
bNTWVEEDEEVHBICOE> THEINTS LS
oM ko, XRLTWVABRTHIZ 4 ALS 6 H
RPPEICZ L, EEIML TV AIEE 6 ABEICEZ R
5Nz, BT /F0Oya— b EICEENINERZ. &
NoEFZFTOEHMIChE> T2V E Wz, L
ML, FICHORHD Y 2a—FTld, 27/ FDHED
HEREMILEBEND > O &R, BUE TIEE
YT REZR A D& (HI A XEDOE ) A2 Tk
(Figs. 5, 6). FHIMWIC—ELTWVWE LIS A ED o7,
FEURIGATO B (AR & T 0% ) NEFHIMICKEL X
EOLENVWEEZLNSZHOMAETIE., INHBICIEE
LA R = AR 6Nz, ThbDT e D
FEONTEENIE, BALYEHEHICE > L EAIKLKR D & FE
AbN5,

BREH, SaRath iz ~5 A, LiELFEAR
TiES5~6 AlCkRmEICE>Tz, LML, 8~9 HIT/h
TRE—INEENZTLEHD, FICHETIEIF
et CoMEnND -7z (Figs. 1, 2)s T AUIIZS)IIR
JEARTIC B> % Takizawa (1994) DFHEFER & — L
oo HIEMBHTRONEMOREKEDOE— 71X, &
DE—ZICHXRTHED RN Telcd, KFENKE~
MICZ5> T2 1{LETHZ VS T LiFER
12 <\, Takizawa (1994) &, FKIC BT % ok i
HICHELZE D LR CHEHAIRIRZRICHELZED
ThHhah., TREHHENELIZEDTHBENDE
LM THAD & LTz, Takizawa (1994) D HiE D X
I IERE VLTl D, BEICKENESNELES
RN D T TeDIEA S o ERICNL IR TIE, el
TERETZEIIONTHS (L, 1992), LHL
SEOFHETIE, BEICHRADILEEDD, HHEE
DI DR RE THERE L T LI 5N, &
HIMME X TRENENLHR I N, LEA>T, &
B (EREKRED) OBRED, BERIRLTVWS LWV
ATREMEIZ R ),

Takizawa (1994) (&, AFONHEMNEEZBERL T
W3 EHEE LT, SRIOME TREEERE»D LR
WHRNGFENGE > Tfcdh, THROBUZHSMCT
523 TERDoM, LAhL, HEEEDHEE
LTWiceEh b L THIRN RS ) FOEEREE
LTWaEZARBEREINGEN>Tz, LIz TERT
JEFREICBOTIE., FHCBICREN TS 2EAT S
CEIEEZILOIREND B LEZONS,

ELSRBEINTZYENAREOH R TH DK
5, DLl L ENLRETHEHELTWVR T &
IC75 %, DFD,. BN (BZ5<4H) D
TODAT—YVTHATELIIEBN, TOEEN
I DWTIEATE « IR (1994) 12 & - T HIEME T
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W5, EENEWIELFAE# TR, FHioHERE
HICHEART, BOREOHBEFBR., KENR SN
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WTEaholz, TNEDT NS, AEDOEEERIE
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Comparison of noninvasive samples as a source of DNA for genetic
identification of bark-stripping bears

Fumi KITAMURA", Naoki OHNISHI?* and Atsushi TAKAYANAGI"

Abstract

Bark stripping by Asian black bears (Ursus thibetanus) is a management issue in some parts of Japan.
To effectively decrease bark stripping, one must identify the individuals causing the damage. We compared
the success rates of polymerase chain reaction (PCR) amplification of DNA extracted from two types of
noninvasively collected samples left on damaged trees. Specifically, DNA was extracted from saliva and
hair samples collected from damaged patches, and five microsatellite loci were examined using PCR.
The success rate for fresh hair samples was highest (0.429), while that for old saliva samples was lowest
(0.063). No significant difference was detected between the success rates for fresh saliva (0.270) and old
hair (0.218) samples. From these results, we recommend the use of hair samples to identify individual

bears causing bark-stripping damage.

Key words : hair, microsatellite, saliva, Ursus thibetanus

Introduction

Bark stripping of conifer trees by Asian black
bears (Ursus thibetanus) is a major management is-
sue in some parts of Japan. The price of timber from
trees damaged by black bears is dramatically reduced,
creating a problem for forest managers as these finan-
cial losses lead to a reduction in the number of forest
managers employed, ultimately increasing the areas of
poorly managed forest. Wrapping plastic tape around
trees decreases damage from bark stripping (Yamanaka
et al., 1991), but this must be repeated every few years
in accordance with the growth of the tree. Some lo-
cal governments cull bears to decrease the damage,
but since the individuals causing the damage are not
identified, this may result in the killing of bears not
involved in bark stripping. To effectively decrease the
damage caused by bark stripping, one must identify
the individuals causing the damage and understand the
reasons behind this behavior.

Two previous studies have attempted to identify in-
dividual bears that participated in bark stripping. Col-
lins et al. (2002) used radio collars on American black
bears (Ursus americanus) to identify individuals that
damaged trees within the bears’ home ranges. Another
study investigated bark stripping among Asian black

JRZ A © K 22 4E 5 H 22 H Received 22 May 2010
1) Graduate School of Agriculture, Kyoto University, Kyoto

bears (Neo Village, 2000) by examining the presence
of tissues of conifer trees in the feces of captured
bears, which was assumed to indicate that the bears
had damaged trees. However, this method was not able
to identify with certainty which bears had stripped
which trees. Nor could it clarify how many trees had
been stripped by any given bear. Given the problems
with these methods, we hypothesized that the use of
DNA to identify individual bears could shed light on
their bark-stripping behavior. Thus, we compared the
efficiency of polymerase chain reaction (PCR) ampli-
fication of DNA extracted from two types of noninva-
sively obtained samples, namely, saliva and hairs, left
on damaged trees and evaluated the usefulness of these
samples for identifying individual bears.

Materials and methods

Field surveys were conducted from late May to
early August 2004 at the Ashiu Forest Research Sta-
tion of Kyoto University (35°16'51"t021'20"N, 135°42' 04"
to 47'53"E) because bark-stripping damage is usually
observed in the spring. When a damaged tree was en-
countered, we assessed the freshness of the damage as
follows: fresh—the surface of the damaged patch ap-
pears light-yellow ocher and has a high moisture con-

JERAZEE R 22 45 11 H 2 H Accepted 2 November 2010

2) Tohoku Research Center, Forestry and Forest Products Research Institute
* Tohoku Research Center, Forestry and Forest Products Research Institute, Morioka 020-0123, Japan; e-mail: bigwest@affrc.go.jp
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tent (Photo 1a); old—fungus is present on the damaged

surface or the surface is brown or dark brown and dry
(Photo 1b). Only the patches that were determined to
have been damaged in the current year were used for

5

Photo 1. Patches of (a) fresh and (b) old bark-stripping damage.

the analyses. Following the visual assessments, we col-
lected saliva by wiping approximately 100 cm’ of the
damaged area with three sterilized cotton swabs. Each
swab was then placed into a microtube containing 1 ml
of PBS buffer; the tube was rotated for approximately
10 s and the swab was then discarded. When bear hairs
were left around the damaged patches, we used ster-
ilized tweezers to place the hairs into a plastic bag.
When obviously separate patches of damage were ob-
served on a single tree, we collected samples from ev-
ery damaged patch, as these trees were likely to have
been stripped at different times or by different bears.
Saliva and hair samples were stored at -20°C prior to
DNA extraction.

DNA was extracted with a QIAamp DNA mini kit
(QIAGEN). Specifically, 200pul of the saliva-laden
PBS was transferred to another tube, and 15ul of pro-
teinase K and 300ul of buffer AL from the kit were
added. The tube was then incubated at 55°C for 15
min. To extract DNA from the hairs, four to six hairs
were cut into a buffer (192ul of 100 mM Tris-HCI, 10
mM EDTA, 100 mM NaCl, and 2% SDS), and 8ul of
1 M DTT and 20 pl of proteinase K were added to the
buffer, which was then incubated at 55°C for 1 h. Fol-
lowing the incubation, we followed the kit’s standard
protocol for both types of sample.

Five microsatellite loci (G1A, G10B, G10L, G10M,
and MSUT-7; Paetkau et al., 1995; Kitahara et al.,
2000) were amplified by PCR. Amplification was
performed in a total volume of 10pl containing 50
mM KCl, 2 mM MgCl,, 10 mM Tris-HCI (pH8.0), 0.2
mM dNTP, 0.5pM of each primer, 0.3 units of Ex Taq
(TaKaRa), and 0.1-0.5 ng of DNA. PCR amplification
was performed with a GeneAmp PCR9700 thermal cy-
cler (Applied Biosystems). After denaturation at 94°C
for 5 min, cycling was performed for 20 cycles of 10 s
at 94°C, 30 s at 53°C, and 15 s at 72°C, then 20 more
cycles of 10 s at 94°C, 30 s at 48°C, and 15 s at 72°C,
with a final extension at 72°C for 5 min. Genotypes
were determined with an ABI Prism 3100-Avant Ge-
netic Analyzer (Applied Biosystems) and scored with
GeneMapper version 3.7 (Applied Biosystems). We
performed PCR three times for each locus, and deter-
mined the PCR to be successful when at least three
loci showed amplification.

Results and discussion
Even though the observed number of damaged trees
was highest in early July, all of the damage observed
then was old (Fig. 1). Fresh damage was observed
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Fig. 1. Number of damaged patches. Shaded bars represent
fresh damage; white bars indicate old damage.

most frequently in late May, and continued up to late
June. Bear hairs were found significantly more fre-
quently on patches of fresh damage (0.71, 15 of 21
trees) than on patches of old damage (0.40, 60 of 149
trees, P < 0.01; Fisher’s exact test). The success rate
of PCR for saliva samples was significantly higher
in saliva from patches of fresh damage than in that
from patches of old damage (P < 0.005; Fisher’s exact
test; Table 1). Although the success rate for fresh hair
samples was higher than that for old hair and fresh
saliva samples, the differences were not significant (P
> 0.05), which may have been due to the small sample
size in the case of fresh hairs (z = 14). Significantly
higher success rates were achieved for old hair sam-
ples than for old saliva samples (P < 0.01).

Table 1. Success rates of PCR for each (tiype of sample. Numbers
of successfully amplified and analyzed samples are
shown in parentheses.

Saliva Hair
Fresh 0.270 (10 /37)*" 0.429 (6 /14)*
old 0.063 (6 /95) 0.218 (12 /55)"

Total 0.121 (16 /132) 0.261 (18 /69)

Shared letters indicate the lack of a significant difference (P <
0.05; Fisher’s exact test).

In consideration of sampling efficiency, we recom-
mend collecting bear hairs from damaged trees in May
and June for DNA analysis of bark-stripping bears.
Fresh hair samples showed the best results, while old
hair samples gave results similar to those from fresh
saliva samples. Saito et al. (2008) conducted genetic
identification using samples from the surface of corn
bitten by the Asian black bear, and successfully ampli-
fied at least four of six loci in 86.9% of samples (86
of 99 samples)—a much higher success rate than in
the present analyses. They used samples that had been
bitten within the preceding 3 days, and suggested that
freshness was an important factor for PCR success.

|Bulletin of FFPRI, Vol.10, No.2, 2011

Freshness has also been suggested to be a key factor in
the analysis of fecal samples of the brown bear, Ursus
arctos (Bellemain et al., 2007). In deep forests, how-
ever, finding trees that had been stripped within the
past few days would be almost impossible. Moreover,
the freshness, which we based on a visual assessment
of damage, is affected by estimator bias. In contrast,
finding hairs around bark-stripping damage is not par-
ticularly difficult and the bias in sampling is not likely
to be adverse. Although it is not always possible to
find fresh hairs around bark damage, the success rate
of PCR for old hair samples is similar to that for fresh
saliva samples.

Noninvasive samples (e.g., hairs, saliva, and fe-
ces) from bears have recently been used for genetic
analysis. When using noninvasive samples for genetic
investigation, one must pay attention to misgenotyping
caused by factors such as allelic dropout and the pres-
ence of false alleles (Taberlet et al., 1996; Gagneux et
al., 1997; Paetkau, 2003). Given that our present focus
was on the comparison of sampling methods, we did
not investigate this issue. However, these previous
reports discuss the issue of misgenotyping, and their
recommendations should be taken into account when
examining samples collected from patches of bark-
stripping damage.

Although we investigated five microsatellite DNA
loci from samples left on damaged patches in the pres-
ent study, we successfully amplified 10 microsatellite
loci as well as a part of the amelogenin gene for sex
identification, and determined the sequence of about
700 bp of a mitochondrial DNA control region from
hairs left on damaged patches (Kitamura and Ohnishi,
2011). These molecular techniques enable us to inves-
tigate the identification, sex, and genetic relationships
of bark-stripping bears, which will provide insight into
the reasons behind bark-stripping behavior.
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TWVWb, MEMAERZREET S D, BEHNEHRBFOBILICHT THENTD %, FLIIHEIRBRIC
BRENTWIEMER E(AENS DNA ZHiHH L, 127049554 b DNA I 5 #1570 PCR %
Rz Uiz, PCRIEINRIEH LW EEMD SRE L ZREERH VLS THRE < (0.429),
WO IR O MER TIERKE 2 72 (0.063), Hi L WHHEIEHFOMER (0.270) & H W E RO KL
0218) DMICHEELZA IR ONAEL >, ThHOFMEID, BEHMEMEMEEIFTCT 220
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BERZA 2 TRIBEEERTRELEYIM U XD
Asioditomyia japonica Sasakawa (B4 Y A H#})

=V N A

2

Asioditomyia japonica Sasakawa (Diptera: Ditomyiidae), feeding on artificial
medium of cultivated shiitake mushroom, Lentinula edodes

Masahiro SUEYOSHI " and Hiroshi KITAJIMA?

Abstract

A new insect pest of artificial medium of Lentinula edodes, Asioditomyia japonica Sasakawa (Diptera,
Ditomyiidae), is recorded from Japan. It is distinguished from other pests of Mycetophilidae in Japan as follows:
crossvein bM-Cu shorter than vein M; peculiar V-shaped dark marking on mesotnotum. The larvae inhabited in
the artificial medium for cultivation of mushroom of L. edodes. No larvae were found in the sporophore in this
case. This is the first record of ditomyiid flies as a pest of economically important products and is the first record

reared from artificial medium.

Key words : fungi, host, Japan, new record, Pleurotaceae

Broic

A Rr Lentinula edodes 1 END & 0D TAE A =
D37% a2 5D2810 TtdhEOMNEREINDS (M
7, 2009), FHEHEBHZOZIDOUVEDTH B, £
A ZTTEERBIEDNTERERD, A 2T eEERED
FDEEREED D (KT, 2009), EHRDEEIC
AT, Kb, TAX, =TT VIEDREAR
EWHWEND (KF&, 2001), HIKY A ZTrDERE
LTNTSE - A - AU F 2V EIAISNTWS (MHES,
2006; HAGHEYR RS, 2006), X7z, HIRZBH
TEHHENTHE - TETHIONTWS (A - 478,
2005) HWIRICHET 2 EERE LT, 2009 FICH
BROEEMR TR > AHE ONTHE) BTy A
AELD 1§ Asioditomyia japonica (Sasakawa) & [AE &
Nz THWET %,

T ORHY
Y= MY A (HiFR) Asioditomyia japonica (Sasakawa,
1963)
A HA (AR, M) (Saigusa, 1973), 13 77 iR HEM
[E#% & (Krivosheina & Zaitzev, 1980)
PEEARA © B (4 5 % ) 2009 5 A 15 HICEES
VEHRAE T TILE DRI LU 7R D SRR BB L. FE 6

RS2 @ PR 22 4212 A 27 H Received 27 December 2010

HIZPME LA TH B, ThHIZEZEEAE LTH
MERETFERT MR (FEAT ) ICREEN TV 5,

RS O3 X A X = Histiostoma humidiatus
(Vitzthum, 1927) ( X = HEAX M # H & 7 % =&} Acari,
Astigmata, Histiostomatidae),

B DJBHE & flREA 5 0 X A

B (Fig. 1a) DRE (BEED S EH KM E T) O¥Y
3 3.0mm THO, pilE (AGHANREE D 5 aiTdse
IET) OFE 3.0 mm THolz, filify & ETIIHS
BETH 5, M BEaic, SmdEEEao VIH
72 &5 (Fig. 1b). Ai#EES & O FEICET 5 H 0L
MO RICE DN S, B, BT OREE & BRET
EEZRN T, SEICEEMTH 5, BEEE, 55 1-5 Hi
HE O REE T, 0 1-5 HISEHO% R LS 6 &
KOKRIGE CREBEOTH %, #i#ll (Fig. 1c) ZHEND 5
T BHATC. 28 OH|ZE macrotrichia ICEH N, BFEEEAL
F RV, HED SR 28 0 A B T gonostylus (& J¢ 5 I 7]
Mo TIRAICIEE S & D, JEimid s> THRANCHEH N %
(Saigusa, 1973),

AfEIF A 2T OERE LTHONSMOF /7 aN
T8 (VA 27 b VRF J 3/)NT Exechia shiitakevora
Okada, 1938, 7 & &> ks V3 KRF/ I/ E. insularis
Sasakawa, 1992, F 4~ F & / O /NI Neoempheria
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1. Asioditomyia japonica (Sasakawa). a, ¢ /R . b, Ff
; Ry, 55 4 2% 5 Rs, 55 5 B8R 5 V, V 2 BERQ). d, IR D
Histiostoma humidiatus DM\475 LTV %,

— OR

T . ¢, AETATTH (bM-Cu, JEAIR ; CuA,, 55 1 HIIR ; M, Fllk
SEGERD I UTifiiE . B (a) ORHIORICIIZA LS 2=

Fig. 1. Asioditomyia japonica (Sasakawa). a, adult female in left lateral view; b, thorax in dorsal view; c, right wing in dorsal view (bM-
Cu, basal crossvein between medial and cubital veins; CuA,, first anterior cubital vein; M, medial vein; R,, 4th radial vein; Rs,
5th radial vein; V, V-shaped dark marking); d, exuviae escaped from the medium.

ferruginea Brunetti, 1912) &1k, FTICLLFOEREAVRL
FTADHNT) 1<K > TKEHIENS @ JAH IR M 3R
bM-Cu Z /T U T 1 Hi IR CuA, ICEHEDENS ;5
47k R, DETREDECLEE S FRR, DEETD 1/3
EHUD. ZNLLEDEE Z2HFD (Seli et al, 2000),
W{ATXD) 53

TSR T OBIK S 1 2 7 A FEMRRIN T, BERAHE
ZERORBENRIAL TVD LWV g 22 T, Bitth
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Photographic evidence of probable mouse
predation on a red-billed leiothrix nest

Hitoshi TOJO"" and Syuya NAKAMURA?

Abstract

In order to identify nest predators, we monitored active nests of the introduced red-billed leiothrix Leiothrix
lutea using camera traps on Mt. Tsukuba, in central Japan. In two of the three monitored nests that were built in
bamboo thickets, the cameras recorded that mice had visited them. In one case, a leiothrix carried an eggshell out
of the nest the next morning, strongly suggesting that the egg had been destroyed at night by the mouse. In another
case, however, the mouse did not destroy the eggs during its visit to the nest, implying that small mice may have
difficulty in destroying leiothrix eggs. In both cases, the small Japanese wood mouse Apodemus argenteus was
assigned as the most probable species. These results indicate that mice can easily access leiothrix nests built in

bamboo thickets and may be important nest predators.

Key words : camera trap, mouse, nest predation, red-billed leiothrix

Introduction

Exotic red-billed leiothrix Leiothrix lutea has in-
creased in population and has expanded its range in
Japan over recent decades (Eguchi and Amano, 2004).
Despite its success in invasion, leiothrix seems to
suffer a relatively high nest predation rate in Japan
(Amano and Eguchi, 2002; Tojo and Nakamura, 2004).
Although the nest predators of leiothrix have not yet
been explored, occasional field observations showed
that jays Garrulus glandarius and snakes prey on leio-
thrix nests (Amano and Eguchi, 2002; Tojo and Naka-
mura, personal observation). For rodents, such direct
observation is absent, but circumstantial evidence
suggests they are also responsible for nest predation.
For instance, eggshells with serrated edges that seem
to have been bitten by rodents are sometimes left in
the depredated nests of leiothrix or sympatric native
passerines (Eguchi and Amano, 2008), and nestling
victims have also been found bitten or partly eaten in a
way hardly expected from reptilian or avian predators
(Tojo and Nakamura, personal observation). Although
recent studies have suggested that rodents are impor-
tant nest predators of forest birds (e.g., Schmidt and
Ostfeld, 2003a, b), little is known about this aspect
in Japan. Additional evidence of rodent predation on
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leiothrix nests would be important for exploring inter-
actions between forest birds and their nest predators in
Japanese forest areas.

The camera-trap system is effective for identifying
avian nest predators, including nocturnal rodents (Ma-
jor, 1991; Pietz and Granfors, 2000; Schaefer, 2004).
Using a simple camera-trap system, we monitored
leiothrix nests and took pictures of mice visiting them.
Here, we document this as evidence of mouse preda-
tion on leiothrix nests.

Study site and methods

The study was performed in a deciduous forest on
Mt. Tsukuba (877 ma.s.1.,36°13'N,140° 06’ E), a major
breeding area of leiothrix in central Japan (Tojo and
Nakamura, 2004). In the breeding season of 2002, we
searched and monitored leiothrix nests in our study
plot (400m X 200m, about 700 - 800 m a.s.l.). Active
nests were generally visited at intervals of a few days
to determine their status. Most leiothrix nests were
built in dwarf bamboo Sasamorpha borealis thickets
that cover the bulk of the undergrowth of the study
plot.

We made camera traps by combining commercially
available infrared censor units (Kyohritsu Electronic
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Industry, Wonder Kit SY-85) and compact 35-mm film
cameras with a built-in flash and a time-stamp func-
tion (Ricoh MZ-320PS) (Photo 1). The censor consists
of two components, the transmitter and receiver, and
both are connected to a circuit board with electric
cords. The circuit board and batteries were set in a wa-
ter-resistant plastic box. The camera takes photographs
when an object blocks the infrared light between the
two components. When set in the field, the transmitter
and receiver were attached to green plastic poles (1200
X 9 mm) planted in the ground, so that the infrared
light passed through just above the leiothrix nest. The
cameras on tripods were covered with clear plastic
bags to avoid humidity and were camouflaged with
green mosquito nets.

Results

On April 30, 2002, we set the first camera-trap
system at a leiothrix nest that contained four eggs. The
nest had only two eggs on April 27, and the increase
of two eggs during the last three days indicated that
the nest was active and the clutch had been completed.
On May 2, we found that the film in the camera had
finished and we set a new film. Thirty-seven photo-
graphs were taken on the film, however, it did not
record any parent birds or nest predators, indicating
that it had been mis-triggered by wind or rain, through
bamboo leaves blocking the infrared light between the
censor components. As the four eggs remained in the
nest, we suggested that the nest had been abandoned
just after the camera setting. After all, the first camera
system was removed on May 21 from the nest that still
retained the four abandoned eggs, and by then, an ad-
ditional four films had taken 105 photographs without
recording any predators or leiothrix.

The second camera was also set on April 30 at
a nest containing an egg, which had been empty on
April 27. On May 2, the nest had again become empty
and the camera was removed. Fourteen photographs
were taken on the film, including two shots of a mouse
visiting the nest in the middle of the night following
the camera setting (May 1, 02:58 and 03:02, Photo
2a, 2b). It also included eight shots of leiothrix visit-
ing the nest the next morning (May 1, 06:02 - 06:07).
Seven shots recorded a leiothrix sitting on the ridge
of the nest, which was continually probing the bottom
from 06:02 to 06:03. In the last two shots of the seven
photographs, another leiothrix appeared below the nest
(06:03), then perched on the ridge of the nest (06:03,
Photo 2c¢), followed by a shot where both birds had

disappeared (06:03). The last shot showed a leiothrix
leaving the nest with an eggshell between its bills at
06:07 (Photo 2d). We did not monitor the nest with
camera traps afterwards. When we revisited the site on
May 28, the nest had fallen to the ground.

The third camera was set on May 15 at a nest that
contained four eggs. As the parent birds were making
alarm calls during the camera setting, it was clear that
the nest was active. On May 21, we found that the nest
had been abandoned with the four eggs getting wet.
Thirty-six photographs had been taken on the film
in the removed camera, including 6 shots of a mouse
visiting the nest. Five of the six shots showed a mouse
on the nest (Photo 3) and the remaining shot showed
the mouse leaving the nest through a bamboo stem.
Unfortunately, as the date and time were not recorded,
the time and duration of the visit were unknown,
though the darkness showed that the mouse visited at
night. No leiothrix were recorded in the photographs,
indicating that the nest had been abandoned just after
the camera setting. As the camera was set in the morn-
ing, it seems unlikely that the mouse’ s visit at night
caused the abandonment of the nest. On May 31, a
juvenile Japanese rat snake Elaphe climacophora was
sitting on the nest and all the eggs had disappeared,
suggesting that the snake had eaten the abandoned
eggs. As two of the camera-monitored nests out of the
three had been abandoned, we stopped using this cam-
era system.

Discussion

Two wood mouse species were recorded at our
study site on Mt. Tsukuba: the large Japanese field
mouse Apodemus speciosus and the small Japanese
field mouse A. argenteus (Ibaraki Animal Study
Group, 1998). Though the harvest mouse Micromys
minus and the house mouse Mus musculus are also re-
corded along the riverbed and residential areas in the
surrounding lowlands, respectively, they had not been
captured in the forest areas of Mt. Tsukuba (Ibaraki
Animal Study Group, 1998). Although discriminating
juvenile A. speciosus from A. argenteus depending
solely on photographs is difficult, the ability to ac-
cess the leiothrix nests that were built in the bamboo
thickets suggests that the mice in the photographs
were most likely 4. argenteus, as arboreal activity is
common in this species but negligible for A. speciosus
(Sekijima, 1997, 2004). Apodemus mouse is known to
prey on shrub-nesting blackcap Sylvia atricapilla nests
in Germany (Schaefer, 2004).
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Photo 1. A compact film camera with an infrared censo unit.
The circuit board and batteries are in the plastic indicates the tail (02:58, May 1, 2002).
box.

' : i .-‘-.“” Y ' ,‘\ s :
Photo 2b. A mouse on the same nest as 2a. Photo 2c.Leothrix visiting the nest the next morning after the
(03:02, May 1, 2002) mouse-visit (06:03, May 1, 2002). The left bird
continued probing the nest from 06:02 and the
right one joined at 06:03.

Photo 3. A mouse visiting an abandoned leiothrix nest (May,
(06:07, May 1, 2002). 2002). The date and time were not recorded. The

mouse did not destroy the leiothrix eggs in the nest.
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As the second nest contained only one egg, the
parents had not yet started incubation, and had no
chance to meet the intruding mouse at night. Instead,
the female would have found the first egg destroyed
when she came to the nest to lay the second egg the
next morning. The leiothrix probing the nest (Photo
2¢) may have been eating the contents of the remain-
ing egg, as parental eating or disposal of damaged eggs
has been reported in some bird species (e.g., Ratcliffe,
1970; Trail et al., 1981). Unfortunately, there was no
direct evidence that the mouse destroyed the egg when
it visited the nest and, therefore, egg predation by leio-
thrix itself could be an alternative explanation for the
photographic records. Although filial cannibalism of
undamaged eggs never appears to be common in birds,
the eating of eggs or young by unrelated adults is
widespread and sometimes common, especially among
colonially nesting seabirds (Stanback and Koenig,
1992). However, these alternatives do not seem to fit
this situation. If the leiothrix probing the nest were an
unrelated cannibal, the parent birds should have de-
fended their nest. Another leiothrix which appeared in
the two photographs (Photo 2¢) did not seem to show
any sign of parental defending behavior (e.g., Trail et
al., 1981), nor did it join in feeding on the egg as an
accomplice. Furthermore, recorded duration time of
probing by the leiothrix at the nest seemed too short
(06:02 - 06:03) to destroy and consume the egg, while
the mouse spent at least 3 minutes on the nest (02:58
- 03:02). We, therefore, suggest that egg predation by
the mouse at night would be a more adequate inter-
pretation of the photographic records from the second
nest.

The case of the third nest showed that the mice
visiting the leiothrix nests did not always destroy
the eggs. This may depend on their ability to destroy
eggs in relation to their body size. DeGraaf and Maier
(1996) experimentally showed that white-footed mice
Peromyscus leucopus (11.7 - 27.4 g in body weight)
did not prey on Japanese quail Coturnix coturnix eggs
(33 X 23 mm in size) but destroyed most zebra finch
Poephila guttata eggs (16 X 12 mm) when both eggs
were served at the same time. As leoiothrix eggs are
between these two species in size (21 X 16 mm, Tojo
& Nakamura unpublished data), 4. argenteus (10 - 20
g in adult body weight, Ohdachi et al., 2009) could
have difficulty in breaking them, especially for small
individuals. The ability to destroy eggs, however,
could change with different levels of experience to
the egg. Haskell (1995) suggested a local variation

among chipmunk Tamias striatus populations in the
ability to break quail eggs. Furthermore, at the seabird
colony on Triangle Island, British Colombia, Keen’' s
mouse Peromyscus keeni (43.8 = 5.1 g) commonly
eat rhinoceros auklet Cerorhinca monocerata eggs of
nearly twice their mass (69 X 47 mm, 79 + 5.4g), by
spending approximately 17 minutes to chew through
the eggshell (Blight et al., 1999). Therefore, the abil-
ity of the mice on Mt. Tsukuba to break bird eggs
might have, more or less, improved with increasing
“leiothrix-egg experience” during the decades since
leiothrix invasion.

These results showed that the camera-trap system
we used here was effective for detecting nest-predators
at night. However, since two out of the three camera-
monitored nests were abandoned, the camera system
might have harmful effects on breeding. We suggest
that putting sensor components with plastic poles just
beside the nests might possibly have a negative psy-
chological effect on breeding pairs. However, putting
sensors away from the leiothrix nests is difficult, as
dense bamboo thickets are easily deformed by wind
or by rain and cause mis-triggering. A video motion
detection (VMD) system (Bolton et al., 2007) does not
have external censor components and would be advan-
tageous over the infrared sensor system, though the
VMD system still seems too heavy to use in steep for-
est areas, such as our study plot.

Recent camera-trap studies have shown that cir-
cumstantial evidence based on field signs remaining in
the nest may not be reliable for identifying predators
(Major, 1991; Pietz and Granfors, 2000; Bolton et al.,
2007). Our results proved that mice visit active leio-
thrix nests that are built in bamboo thickets and further
strengthen existing evidence of mouse predation on
leiothrix nests. In most areas of the Japanese islands,
Apodemus mice are distributed as common wild mice
in various types of forests (Ohdachi et al., 2009). Mice
would also prey on native shrub-nesting songbirds and,
given their ubiquity and abundance, they may play an
important role as a bird nest predator in Japanese for-
ests.
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Report of hydrological observations at the Jozankei
Experimental Watershed (January 2002 to December 2007)
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Satoru SUZUKI?, Tomoki SAKAMOTO? and Masayoshi TAKAHASHI"

Abstract

At the Jozankei Experimental Watershed (JEW) in the national forest near Sapporo, the stream runoffs for
two small adjacent basins and the precipitation have been surveyed since 1987 as research on forest hydrology
in a snowy cold region. The observation data from 1991 to 2001 were published recently, and full-year data were
available for each of these years. This report describes the daily data of runoff and precipitation for the 6 years from
2002 through 2007 and the results of a forest resources survey conducted in 1998. Major events from 2002 to 2007
were as follows. The water level gauge was equipped with a potentiometer in May 2002, so that water level data
could be recorded with a digital logger. The steel plates to which the V-notch blades were attached and the wire
screens to prevent detritus from clogging the notch were replaced with new ones, and the pools of the gauging weirs
were dredged from January to March 2003. The new screens clogged frequently during flooding, so the upper parts
of screens were cut out and replaced with larger-mesh screens in September 2006. The stand for the rain and snow
gauge was replaced with a new one in November 2005, because the previous stand was ramshackle and seemed to
cause the precipitation to often not be measured.

Key words : Jozankei Experimental Watershed, snowy cold region, mixed forest of coniferous and broadleaf
trees, precipitation, runoff
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BOEMEDEIR & BN B REKEORRDHFE L2728, 2005 4 11 HICHHE S G2 EH Lk,

F—U—F DERGAEKGUR M, RS, SHAEAH, BokE, FHiE
1. 3C®IC

IR ARMEUKEER I, JbE ORIEIs Il B
\J 2 BRMOKSCIRTE D T2 8, 1987 AFICHREF T MR SERA B
JeiigiE sc b (BIRALAT BOA ANBRMAER & W FE P AL i 2
AT ) 1 & o THLIR AR O3 LR EAA RN IS fOE & e
(Fig. 1)o Aatfitthid, Bl 1 OIRBX TR 2 DR E
WD 2 DD/ TR EN TV S (Fig. 2)o AL
ICH B imEENERM, 7 & ZER. F)I BllEwvoTe
ARARBEK R B R A FH AR Tl 38 RIS RO R
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Location of Jozankei Experimental Watershed (JEW) and neighboring weather stations
*LBIT T AR ZBLFT, AMeDAS (Automated Meteorological Data Acquisition System) stations of Japan Meteorological Agency.
e [5] F- 22 | R O BT, Precipitation stations of River Bureau, Ministry of Land, Infrastructure, Transport and Tourism.
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A= L O R — B B AR S TR o T2,

2. sk o> B2

TE 1R AR AR B K AR (DA%, (L i e R & g
G095 ) &, dtygE LR T KOS RO A HA (A
FFAR MR B 5 2441 MKIEWV/NBE) I D AFFIITZIR
BENIKRICELTWS (Fig. 1), MEREZ., bk
42°58'34" | Bt 141°9'44" ThH 3 (KN 1 ORELE
DALE )o MBFICIEE IR X L0E LR O T EH N H
%o AR ZHERK T 2N 1 DN, FERN 2 DIRDE
TRz Table 1 ICRd L7z, HIEEZRICDOWTIE, FA
LS 1993 4RICERK L 7z 1/500 HifZ X (2 ki ik
UBHIEIC K DR ) ITRED VT3, T OHIfEXIC
DT, DGPS (Trimble AgGPS 124) I & % Bl &5
X OHIEE R > X 7 L (ERDAS Imagine Ver. 9.2 58X U
ESRI ArcGIS Ver. 9.3) ZHWCHi A5 L, &5
WCIRIBAZRNT 2 — (b3 2 L L BICHFGMNS 5m A
W aDT Y RIVEETET IV (DEM) Z1ER L7z, Table
1 OB &S TP RICEI E Nz iE. FEER
FAORY Z2—F =2 EHHULIETH D | EFiE.
P, FIAER, A6 A DEM SR L 72
HTH %,

iR 1 OIRO IR 2 DIRDOK 1/3 TH D
TSRO E T FRETH 20D, FWIHDKEWVEE
W2ORTRIVEFOEVWKIEE TCEATHS (Fig.
3), WEIXARBAEDSRD (1, 1953), Wi &
& MU LRy 2 CERE 30 ~ 40° ORI A2 (Fig.
3), ARMRE E IFIFREEZE TS (Fig. 2). HF
W1 ORTEILRAEREDZ VDI LT, KN 2
DIRTIE A E RN Z W (Fig. 3), KR 1 OIRTIEF
BEEEE D maik e e, Blm LR hE
MEW (IR - ZH, 1990), SIfEKESE. B0 DS
JEIC AJE:10° ms"; WEEE L : 10° ~ 10° m s™; kb
TELE10°~10ms"; WE L 10°ms' THh
% (Terajima, 2001), WFR§ 2 DRI DWW T E, T HiFF
PICBE L TR 1 OIR & IZIEEEEBEDN S, HHK
DWW, k K<Y (dbies sachalinensis). I XF 5
(Quercus crispula). > F /3 (Tilia japonica). 1 2V 71
7 (Acer mono), 71V F (Cercidiphyllum japonicum).
N FY (Kalopanax pictus) 7% & THERK & N7z KINED
SHARZ M E IR > TED ., 1998 ER I TOHRMEE =
(200 m’ ha! Wit L HHEINT WS, TOHRMKFED
I DOV TIERETRIBT %, 1991 £~ 2001 FD
TR KR 1299 mm (FTEB S , 2010) TH O, 11
AW SRE4AOHMIIHEBICEZOH 5 D2,
SURBLHNE 2006 42 12 A S TH 2 M. KERIWIRZ
FLIRD 7 A 2 A H PR (<G TRAEER) S HE
E L, 2002 ~ 2007 FOXMmZHH Lz T A,
PSR 5.9 °C. IwBE A AR 19.3 °C. EEH X
i -6.7 °C LRIE NIz, FLIRD 7 X 2 ZEAFTIE. &

|Bulletin of FFPRI, Vol.10, No.2, 2011

B B IE AR 16 km BT H D (Fig. 1), dtid
43°3'36", WX 141°19'42" , BEE 17T mIhiiES %,
SUROHEE I, A 3 45 (2007 ~ 2009 4 ) DT —
% & b Passing-Bablok 7% (Passing and Bablok, 1983) T
K& Tzl Z vz (ARG O H PR = 1.026
X FLIRD HF5UE — 3.524, RMSE = 1.197), %8,
Passing-Bablok {£ED [AIF 77 #1id. & (2010) DYV — R
a— K% MW T R version 2.12.0 (R Development Core
Team, 2010) TEIHAE L 7z,

3. B ERTF O M A
3.1 AN
BERN 1 DI, IR 2 DIRIC DUV T 1995 RGO 71 5
—ZPERZ O THHR D ZB TRV, SHHZ 1T
DHBRZRD Tz, MR A T2RETZLEZ BN

25 BEFRE 1 DIR Shigure-Ichinosawa | |
OBRE20 iR Shigure-Ninosawa

N
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Fig. 3. fe. RHAGRL RN OSE A
Frequency distributions of elevation, slope angle and
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Table 1. JE IR EI DT

ABE.T. et al.

Physiographic characteristics of JEW

IR 1 DIR IRERR 2 DR
Shigure-Ichinosawa Shigure-Ninosawa
I i A
DRIETRR (4) 1.998 ha 6.071 ha
Drainage area
Perimeter length 600 m 993 m
FiE L)
Length of main stream 262m 381 m
IR IR /r\;k 2
it J.(ﬁ/rljﬂ"f*yy (4/L%) 0201 0418
basin shape factor
i
Elovati 311 ~ 441 m 319 ~477m
evation
AL
Mean elevation 371m 398 m
PR . .
Mean slope angle 347 36.0
RS YR Az! . .
Mean slope azimuth 84.3 108.7
e B (HTE =R gt )
Geology Quartz porphyry (Neogene, Miocene)
Pt I m ™ AHE
Mean soil depth m No data
TRk = . JeilE
Water holding capacity 324.3 mm No data
A (A horlzon)
10°ms”
RO 1 (sandy gravel layer) :
FIAMZE K ARER 10*~10"ms" ARME
Coefficient of permeability it éi@ (clay rich layer) No data
10°~10°ms
et )= (sandy layer) :
10°ms
Ak SHEIRASH
Vegetation mixed forest of conifer and broadleaf trees
AMRERI 3y s 3y s
Growing stock of forest 181 m"ha 208 m"ha
AR aes s
Stem density 611 ha 712 ha

*1 1+ (1953) X5, Cited from Doi (1953).

*2 MR« B (1990) & D EiH, Calculated from Shiozaki and Sanada (1990).
*3 IS (1992) X D51, Cited from Shiozaki et al. (1992).

*4  Terajima (2001) X D 51f, Cited from Terajima (2001).

*5 1998 DT 1y MRS, Results of plot survey in 1998.

ZICiE, HET Ty b (420 ~30 m DAEX) Z
DT T, 1998 FICHAABEZB I H> T3, #
AR EIERE 6 cm DL EDOISIARZ RS E U, FeE
BeMEEN U, BMBOHETIE., FRIYIZD
WTIIALIRE MR R EE DM R (MREF)IT, 1960) 72, T4
HERHC DV TII MR BR G R O MR (MR
Wi SZ 3« MEERBRIG IR B, 1969) & Wz, e
ROBMEHE T, EhEE Tl UBEER e
Ty MO EERE OMBREHVS HELH S
M (KD, 2008), A THAKIC EEAHEE o 1 4E 7 B TR
ERIRMISTE T % DI LW &I U AR BRI TR,

#70y FOERE EABEE 2 ME 2 A T OHEET
HHIC BT T U Tl % B iR OB E B X UARS
wmge Lz,

3.2 AR

2SI BT O MRFHIX 7 ORGSR 8 LR SR AR AL
MHB, MHC D3 2L IR T BT ENTET, #
HARFFYY XD ELE[MDZ < M B IEIC)A
EREOE N R YNZW, MM C i, WA & IR
WKINEBNZ VD, KBRS 2 -0EERTH S, K
X% Fig. 4 1<, S 2 A TOmERE 7oy bR
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=y r
450m \';\.

FAHA Foresttype A N\
=\

#4HB Forest type B

#MHEC Forest type C

SAEFOvk Survey plots

Fig. 4. @ LR BRI DR 71X
Forest type map of JEW

G2 Table 2 1ICF2 T o MOAHX 73 XIE FE A 24 RE IS VE R
L& DMK LTE Y. Fig 4 1357 T 2GR & 2415
DRFREDREZTICEIT LK TH 5, 3B, HIEB
DT T Ty MITREAV ORI 72 25T 5 ATV 2 D A
EH—TH B, KR 1 DR, K2 DIRE &, RFPE
M A TH D, I B OmERIZED > 7z MM C 1
N2 DIROATIRD ENTH, K2 OIR Tl
R 1475 % LB E M > T2, Tow F#ETRD
SERERIE 170 ~ 392 m® ha!'. AEEHEEEZ 596 ~ 1337
ha! THH., WINEMIADRE - & E/NE L, MM
CHEoLEREDNS T, BFBOBME & AR L IE
Table 1 1277 L 7=,

4. KB D T3k

4.1 FR/K R OB & R i o LpE

PRk EIE, Bl 1 ORERD 55 50 m FAICH B %
S@ (Fig. 2) KHWT, b— & —fF i< AXHE
BEZHOWTEI UL 11 ~4 Hide—2—{fi[H), &
HIZFEAE LT10 R TE Ry, 105 &DTF
—ZZEA L TCHBKkEZ RO (AU 24K ),
ERaHE. D S L Tzl B-012-20
(—#EH0 0.5 mm) %, 2004 4 5 H 18 HIC ki & ?%
#r WB0013-05-S1-HT ( —#zf] 0.5 mm) ICHEHT L7z, 7

|Bulletin of FFPRI, Vol.10, No.2, 2011

—EWR0RAE
~_ Shigure-
Ninosawa Basin

EFFR1DIR T
Shigure-
Ichinosawa Basin

VAT H =DV T, a—F > X7 L KADEC-UP %=
fEH L7zh, 2006 4 6 H 29 HIC Onset #1: HOBO event
WCHEH Uiz, Fiz, alBRHIBHER NG & LU T o 8k
DOREFRFIBEDENALIC KD, WERFIOIKEHERDA
i IREE L x5 fefz, 2005 4E 11 H 16 Hic 7 )b I 4
ISA T TCHAEBSH 2mDED FICHE R 2BR
Lz TORB. E—Z—FHOERT—7TIVEEH Lz,
2003 ~ 2004 £ T AICREIKED RPN ZFE L TV 2 D,
WE R OMEMDERK Lo RN H 5, K. W
B EFZKERD I I IFIHMIANTT > T2 BRI Z OB D BR
Wiz,

Ferk E D RPN DN T, wiERk (FTEES | 2010) Tl
oL BIFNT AXARIKEBNATTH /05 (I
FEA42°57'54" . KX 141°13'6" . HEE 240 m) DT —
2 (RSTREER) 25 RIGERR T HBKEZ #EE
UTzo ARt & /NG5 0O H 7K & O #H B8 13 FE AR I
BUfcH2H, EMREHT 45 km EORHEN TS

& (Fig. 1), L EWCE2MEATHRKENMKRESEES
r—ALEDSENTE, FT T, KRTE. MBI
Ao KO ARG E WV E L2 EE )R FTE O 2 #
AT CGEWLR A LB X CEILETE ) ORKkET— 2 (
E 12257, 2010) & FJH U TR L 7z HEEKEOHEE
EBTEoTz, BHNRA L& ILRiEIE, Akt &
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Table 2. SHHHZ A TORBHRSL X T 1998 471w hIiERER

Area ratios and plot survey results in 1998 broken down by forest type

FHH 22 A 7 Forest types
A B C
{25 Description . I
Broadleaf trees Coniferous trees were dominant
were dominant were dominant high growing stock
if&% Area ratio
HFRE 1 DR (%)
Shigure-Ichinosawa (%) 92.75 7.25 0.00
RFRN 2 DR (%)
Shigure-Ninosawa (%) 81.79 3.46 14.75
7'ty R Plot survey
0y MEE (m?)
Plot area (m?) 537 849 725
ZRE (m’hat)
Growing stock (m® ha™)
JEIEAS
Broadleaf trees 150 145 349
a2
Coniferous trees ~ 20 177 43
it 170 322 392
Total
AEEE (ha™)
Stem density (ha™)
JLEEAS
Broadleaf trees 540 400 979
BHEER
Coniferous trees * 56 401 358
at 596 801 1337
Total

* N R 1 fDH, Only Sakhalin fir (4bies sachalinensis) was included.

DOEFEENR 1 km &3 <o i OIFIE A RIS AR A
fiiE LT3 (Fig. 1) BIATONIE X, EILEX LD
JbfE 42059 6", HFE 141°917", =& 393 m TH O,
E IR A AL AR 420577547 A% 141°97357, 4
276 m TH 3, B, BT —2DORNHE
NTVWB MMM S 25, /M 1991 ~ 2008 4,
TE A L 1E 1998 ~ 2008 4E, & i i 1991 ~
2007 FEDT— R B LTz,
RUMEDHHIIERE I L FO XS B FIETHB T x> 7z,
9. & ILEE R & ST O H Bk R & O Al
% Passing-Bablok 1£1C X D 3R 7z (Passing and Bablok,
1983; FHA , 2003), AatBritho Hig/kE% Y. BT
Higkmz X & LG a, BRd/hE&5T Y =1.100
X, EEALTY=0952 X, @ELEf#H T Y=1.000
X xRN, RUMLEHEKREIZ, TN 5EER
MHE LT 3 DOHEEMHEDO VT 72 VT iR L

e, ZOERMENZ/NEE. EILRA L, &g
e Lz (FHAlE LT/h&GZMH), i, [
XD 2 FFE R (RMSE) DVNE, EIRA
L, EILREAHEONEIC/INE L (ZNF N 2.860, 3.550,
3.962), HHEREE FE CIHIC K Z WV (ZNZ N 0.954,
0.906, 0.877) 7z TH 2, TLFEX L EFELRERTHEHD
MEEAHE, ZNZTNX LK (AR, CILoirts
ICREINTED AREY O EEZITRTINT &H,
NG R D HBEDEN—REEZ NS, 720, @l
AL & LT OHEEMN . NBEICEAR, HWnic
IEWVEZ R SIGE R, ANRERH T & E L% X2 L S0E L%
M Bz & 5 BN H > TR m VW E EZ . &
A L SHEE Uiz 80 Ule (8 it & o
FEMENIY DT ), RIC, il E NI HEF/KkE & HiR
HE L OHIEETRNR, IS MSABMEZ R L X S & Ef
(72213, MBIV, RHEMSEIMLTW3
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Photo. 1. IR 2 DIRDE/KHESE (2007 426 H 6 H )
The gauging weir in the Shigure-Ninosawa Basin
(June 6, 2007)

DICEMMZEAERZV, WK E Ko TBEMMADH 2D
KIHRHENE > 2L AW L) BT & ZidR
U, HIOBLIFR S OHEEED 7Y & & 2 5N B E
ATl BEEIEMICE R LD DD ANB A 2B TR > Tz,
FREINC BV TRKDE L x> 56, R EkE
IS LTe 2B bR R E I 20, MEHRNEAG B
O HPHERR (HEEEZEZT) ZHviz, BKIEEDH
W HE & 75 2 <E. NI - B B (1994) ISR E N
JeEE v EBIc B 2 A RIOH IR Z Wiz, 72720,
DTV S~ 10 HITDWTIX 11 H ORI &R % i
HUE(FICE>TSHRI0 ATEEENDH B7-0),

4.2 JRPIBIN & R RO

EE3mOERBICREI N 60°VEL v F (X
0.70 m) T/KN Z @A L (Photo. 1). FREAHIE L 72,
COMEERE. —ARIGILIEER IS/ w F R LD Tk
PHERANCIRA L7z & 0T, H85E BRI OBkt A LS i
HA, KELUSB(HImX EX1Im X EEX1m D
KM AR TV, Kl Lo B i 3 2 i o
7B, SEMEEHFEN TV, WK E ., BKER
OkEIFHED 28, KA — RS [ Tz vz
(BI85, 2010), W EE, FEZREERE TR L Tk
BTCELEHE, 1HTLICAELHGHRZRD -
(H 5 24 B )o KN ETNE HE B2 Tk sty o 8180
(N2 0.61 m) IC/KNEHERE L TH T R, & (11
~3 A) & (RIMRS VT ZRINT /v FR
IR E BRI N O 7K O #iRG Z2 B 1k L 7z,

KA EHE, FEAMIC 71— R KR (R
1 DR IE M EF 25 ADR-102, BN 2 O iR 1 it [ & 25
ADR-100SP) Z il L7zh%, 2002 45 H 17 Hn 5 7—
) —DEEHIC R T >y g A= —FWOHF, 7a—
Fo ETFE#EF—2ai— (a—F ¥ A5 L KADEC-
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Photo. 2. /KAiEHCE D I NIRRT g A—2E
T—Ru—
The potentiometer and digital data logger
installed on the water level gauge

US. HRN 2 DiRI3#%1C KADEC21-UHTV-C I &8 ) T
S TE B K S51C L7 (Photo. 2). HIEFER. F—4& 1
A= iz A LIS, 7—2ai—DBhTEE
N TR 70N T D TERR S NIz Tz, 2002 4 11 H 29
HiC HRoMRIC X Brdikz st U, LIREIE 7 — 2 1A —ic
KB OAHE Uz, HRtMOBIAHAE D &, K2tz
[ERRE AR LD 5 X OMEGDKN & KL 25T T & %
FRHIE L, 77— 10 0MRTEE L]z, —H., T—
20— K BlEkE 5 R THE E > Tz, Hdfo
RLERDYD B 2002 4F 11 H 29 HE Tl A& LTHR
MOTF—R2EER LT,
RUUTemHEOHEIZ, FAlE LTI xbiah
STz, T2 L. #uhd % 2007 4 1 H RAOHEH1EEIC
L& S KR 2 DIRORPNS DOWT DI, KHEIHEARIA 9
HRE & g < . a2t/ VI TH - /2
TEMH, ROGTETHRMEZHE Lz, §&kbb,
WKGERRICH -7 1 HTHMS 1 A3l HOHFEEZ
FBHBMAHTHZ1E2%) ONERRTEL (H
FiiE = 1.3688 X F@HE ", R*=0.973). DX
ZRHWTRAMEO HIRHMEDHEZ B T 75> 7

4.3 KR OMRY < FHL 5 TILE

KNI OREE 2R T 5720, Dixdtd 1 7 HIC
—[EFBHIATTE, /v FOR/KGEZ S0 U TR
DRtEMEZMIE LTz, 2O, /v FICII B0 TY
AR ERZE Ao lz. ZMHOBKERLIEHE LT
/oy FEE BUAHE A NICERE LT 2 BOEERIE 2004 4
11 A 22 HICEH Lz (BERIEYINTZEICRH ), Tz,
J oy FERICIE ORI BN Z HIN e LTARZY
DB 2R T, D IRATINE 7% & DIEE
BT HEVIC W0, 2005 46 H 22 HICTNLH DO
7 7V )UIRICZ 8 L 7z (Photo. 1),
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Photo. 3. MHIICHES X O U7HEm 2 DIRDE:HE
(20055 H9 H )
The screen of the gauging weir clogged with
detritus during the snow-melt season
(Shigure-Ninosawa basin, May 9, 2005)

AEPIHMHRTE > & KERTHIZ, 20034F 1 A
16 HA 5 3 A 24 HO BN R T3 C 7% - 7o &Kk
ROBETHETH S (T DWRIEKRH ) TDOTHTIE,
IIBRG SO E, HEEOHEL. /v FEREA D
ZIBTEoTz, YUK, HL WD IR oSN E
FHEL, 48 S HELEARAK L ORREAD S I IR AT % 1
ML LTV, @fZ2HtLICKVWAT LA
SNCHEH U ERE E ORICKRMENTE RV EK 9 3RiE L,
Fiz, BEIREKMPICHERE U7z Db EAZ <7a 0 Bl
SN B BN D - T, kot % BT &
olee EEHIT/ v FONEIO T TV EENL
LY EROEWVIREETH -T2z, ATV L ABIORIC
BEHLE (/v FORNBEELTVEY ), &k, KW
2DRIEDNTIE, 44FE%D2007H1H2H~1H
26 HICHIIROHE I E¥ R BT o Tz,

2003 DO RIE TH %, 2005 FEICHFRN 2 DR, 2006
T WRIEIC BN T, @l KRS KA T — 2 DR
WAL, Thiuk, BEFiLizeflodNemicbizo
T < (—34 3 mm), RENMEMLUZBICHREX O 2
fC Lz TH 3 (Photo. 3), A LHELEARA L DT
EfNELS Aol s, ®MOHE O ZIELR
ElbNnd, T T, 200649 H 8 Hic, /KNMHEBB
XZ 008 mlLEARZETOSMEYIFRL, DM
Ho®eM (—i425 mm) ZIND )7z, 5, HED
2007 % 3 H 29 Hic, A&, oMo Efilic—a
50 mm DOEH&EM LTz (Photo. 4)s TS DREIC K
> T, eMOHEE L ZRK & T 5 RINFIFIEELE->
Tzo ZTOMOKEZFHRRIE, T—&X O H—DEEIC X
5LDTH5 0054E2 16 H~4 A5 H. 2007 4 8
H29H~9H19H ),

Y .

Photo. 4. HifiE D LICK WK S HEE N7 T IFRIT DB

The screens were improved to prevent clogging
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Fig. 5. /@ Lyt H i &3 & U H KO FHE
(1991 ~ 2007 )
Mean monthly runoff and precipitation at JEW
(1991 - 2007)
MRS E R 22, L& BRI T N2 N, )
l72mR9, BAGFHEDPSBRNLIRIMAKTH %,
Vertical bars represent standard deviations. Closed and
open circles represent max. and min. values, respectively.
The numbers in the graphs indicate the number of months
that were not measured and which were thus excluded
from calculation.
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5. Bk htds X O R

HIHR (BIER S , 2010) 35 & UAHD /SRR % H b B
72 1991 ~ 2007 £ 17 FFIT DOV T, Rkt H iR
HE, HBKEOFEE% Fig. SI1Sm Lz, &I
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Report of hydrological observations at the Jozankei Experimental Watershed (January 2002 to December 2007)
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Report of hydrological observations at the Jozankei Experimental Watershed (January 2002 to December 2007)

‘Jgount jo eyep SuISSIN  °H i, (o1 HHUL X
‘PaZIDI[B)L SI9M BIBP SUISSIW JO SAN[BA PAIRWINST  °HIAF D & — LU MY, “PILWEOYRE X
&30
[4243%3 L61°ST 09¢1 789'68 S61'98 L'161 016’8 [{U%4 089 £8£°6C 111°0C 0°SCl 0LE'ES 0L9°8¢ S'6S1 S0T91 L86°01 SSIl g
LLY'0 €1€0 00 8150 L9T0 S0 €1€0 £81°0 00 LLEO wTo 00 e
(4340 1e0 00 PS0'v1 90LCl % 0€¥°0 861°0 06 €CT0 911°0 00 6LE0 1cco 00 108°0 9er’0 S0 0¢
96¥°0 weo 091 98L'ST Sv'9c S'es 0LT0 LETO 0'S LYT0 ero 00 6570 $9T°0 00 $06°0 0€r’0 Sl 6T
6160 SSE0 0L P0E'1 L8T'1 00 £61°0 wro 00 Y90 1710 S0 §ss0 61€°0 00 YLY'0 LSTO 01 8T
0¥$°0 L9€°0 (g gor'l 96Y'1 00 €00 SO1°0 00 L8T0 €51°0 00 9SL0 L1¥'0 01 S S98°0 0'1¢ LT
L9S°0 16€0 Sl 889°I 00LT I3 61T0 601°0 00 67¢°0 6L1°0 00 0S80 8910 ST 0s1°0 991°0 0's 9t
[430) €2E0 0's 8081 1181 0T 8ST0 6C1°0 00 18¢°0 01T0 00 6€0°[ LSO 00 or1o SS1°0 00 4
LYS0 £re0 0°€¢l 8¥0°C SI8'1 01 S8T°0 SY1°0 Sl LLY'0 1LT0 00 sl LL8O 00 wro 6v1°0 00 144
89¢°0 19¢€°0 01 °sel 191°1 09 86¢°0 110 00 €CL0 88¢€°0 0L SILT 691 00 8¥1°0 9CI'0 00 €T
LSO £€9¢°0 00 el (U S'L L10'T 08¥°0 061 8¥¥'0 08T°0 Sl 18€°CI ¥68'6 $'8¢ wro 14184 00 (44
§95°0 I7€0 00 19T°1 901 Sy or1'o 190°0 00 0$S°0 6LE0 S0 8ev'l LT9°0 0Ce 810 SY1°0 00 1T
LSO £rE0 0T 8LT'1 €€0’l 0T o 90°0 00 ¥89°0 Prs0 01 6£€°0 ¥91°0 Y 10T°0 ¥91°0 00 0T
909°0 06£°0 00 0Tl 990°1 oyl 8¥1°0 090°0 00 080°1 2060 S0 1§T0 6€1°0 9 920 8LI°0 'l 6l
LT9°0 €010 00 81¢'1 6601 Sl 191°0 990°0 00 089'C L9S°T S$91 S91°0 wro 00 Y20 6£T°0 vy 81
90 60%°0 08 [l 1€T1 01 IL10 CLO0 00 PLY'0 08C°0 08 10T°0 9€1'0 00 Y0 181°0 00 Ll
929°0 w0 0’1 891 6Lyl x4 w610 €800 00 0€Y’0 6LT0 00 LETO 651°0 00 1sT0 0T°0 00 91
999°0 sro 543 S10C SI8'1 00 °LTo Yro S0 109°0 °Leo 00 6ST0 SLT'0 00 68770 €€T0 00 SI
9€L°0 80S°0 Sl LOS'C ¥8T'C 99 £0T°0 060°0 0L Clo1 9150 scl °LTo L81°0 00 75€°0 20¢€°0 00 4!
66L°0 1LS°0 00 SLT'E cloe x4 £€91°0 SLO0 00 LSS0 86€°0 01 16T°0 861°0 00 99¥°0 80¥°0 00 €l
908°0 8LS0 Sl 1L6'Y P0e's 00 IL1°0 080°0 00 €890 L¥Y'0 00 LYE0 1€20 00 690 8650 00 cl
L98°0 999°0 §ce PLE9 809 L1 981°0 980°0 00 6L8°0 895°0 00 LI¥'0 €670 00 (4301 656°0 rer I
€L8°0 9€9°0 001 S06'1 L¥8'1 vy 661°0 ¥60°0 00 61T1 96L°0 00 CIso 86¢€°0 00 8S¥°0 Pre0 8t ol
¥88°0 §69°0 Sl Y0L'T L66'CT I'ec o LOT°0 00 cle'l oyl 00 9%9°0 8T¥'0 00 L1¥°0 0€€°0 00 6
§T6'0 689°0 S0 0r6'l LSO'T 0¢€l 062°0 8¥1°0 14 1css (UGS 0¢ 7680 (430 00 1850 IS0 00 8
60'1 L18°0 00 9Iv’e Se0'e [x43 01’0 Iro 00 08%'9 $96°¢ 0°€L STl 69L°0 S0 9160 0L9°0 6C L
el 0101 00 10’0 Y110 00 8CT0 9110 00 8S1°0 €600 00 €56°1 8¢T'1 00 99T S0S'1 rsl 9
w991 9¢e¢’l 00 91T0 9T1'0 00 ¥9T°0 LTI'0 S0 Lo ¥01°0 00 6Ly’ LT 00 ¥SL°0 0s¥°0 8€C S
LST'C 6691 00 €0 8€1°0 00 S0€0 10 S0 610 11ro 00 1599 09T’ S8 091°0 SSI'0 00 14
SEL'T 80CT'C 0L 1ST0 or1'o 00 L8E0 081°0 43 o STIo 00 YOS 11 80L6 0vy 691°0 891°0 00 €
§9¢°¢ 968'C 0'¢ 88C°0 ILT°0 00 S8¢°0 61°0 0T IvT0 LETO 00 €160 £9%°0 §0t 061°0 LLT'O 00 [
£€9°¢ 9ILY St 9Ire0 01T0 00 Lo 6€€°0 Syl LSTO Ir1o 00 8LT0 181°0 00 01T0 981°0 00 1
BMBSOUIN BMESOUIYO] uone)s BMESOUIN BMESOUTYO] uone)s BMESOUIN BMBSOUIYO] uone)s BMBSOUIN BMESOULYO] uonels BMBSOUIN BMBSOUIYO] uone)s BMEBSOUIN BMESOUIYO] uone)s
-om3ys -om3iys “10930U1 -am3ys -om3iyg “10930U -am3ys -om3iys “10930U1 -am3ys -om3ys “10930W -am3ys -om3iyg “109j0U -om3iys -om3iys “10930U Kep
M THE MO T Bh HEREY MO TR MO T By H B M THIG MO 1 Gy HEEEY M THIE MO | B HEEREYY MG THIE MO T B B MG THIG MO 1 Gy HEEEY H
Jjouns uonendoard Jjount uoneydioaid Jjouns uonendioard Jjouns uonendoard Jjouns uonendiaid Jjouns uonendioard
B NG B G g N B RG] B ] B ol
PR | TI PDQUDAON [ 1 1090190 H 01 quadds H 6 sndny (8 AN HL
(W pun 75y ) (500T “10quidod( - Anf) [ Z1 ~ [ L =y S00T
(ponunuo)) MH[ 1e gouns pue uonendoard Ajreq
(RCC) BHWHOQ P BN H O "¢ 1qeL

|Bulletin of FFPRI, Vol.10, No.2, 2011




ABE.T. et al.

126

Jounrjo viep BuIsSIN WY OTIL X
“PaZIOI[B)L S19M IR SUISSIW JO SN[BA PAIRWINST  °HYAGY D & — LAY, “RILWOYRE %
[e101
L90°¢1 SOv'11 S¥9 SEL'LST 86¢E°EIT 08 9ILT'¥0T 260°00T 0'S6 1€1°88 £06'68 Syl 6LTY1 4Ny $'86 689°¢l Pov'0l1 0cel g
£68°0 LSL'O S0 89L°S w0s's S91l €6£°0 0€°0 00 e
88C°0 1970 00 00l 8180 S'L 9L6'TE 968'LT 00 LS 0l SYITI S'L °6¢£°0 LOE0 S0 0¢
08¢0 8TE0 00 680°1 80 0T YSy'eT 0S€°€T 00 LS YT S48 0°LT $6£°0 60€°0 00 6¢
L19°0 Yor°0 00 LL80 w9L0 81 £€86'CC LEY'ET S0 19T 99¢C 091 9Tl Il 00 90¥°0 Pee0 Y4 8T
168°0 LSS0 091 0650 129'0 00 X X 00 §6S°C 90L'C 0¢ €87°1 €Il 01 61¥°0 6v€°0 0T LT
SLTO 8¥T°0 00 659°0 0L9°0 00 X X 00 ¥96°1 Ge8'l S'L 090 (US AU 0yl 0Ty'0 LSE0 SL 9t
0v€0 6LT0 00 TEL0 Lo 00 X X 00 [5250! oyl 00 £€85°0 [4:30) 00 91¥'0 £rE0 01 4
SS0 0S¢0 00 €160 8680 00 X X S8 779’1 SSSl 0¢ 0190 YLEO 0T Yro €560 Y ¥
§TS0 98¢0 oS 161 LOT'T 06 X X 00 €EL’] S69°1 01 1190 68¢°0 01 Iyo °LEo0 0°¢t €C
006°0 LLSO 001 €201 L66°0 00 X X 00 0¥0'C 9¢6°'1 Sl LSO 65€°0 Sl 0vy'0 09¢°0 S0 [44
L¥E0 €87°0 6 061l 9801 00 X X 00 ¥19'C 11S'C IS LSY'0 LOE0 00 PEv0 0re0 ST 1T
9€T0 o 00 €€9°1 SPEl 0T X X 008 Lye'e 1cce (a4 €0¥°0 LOE0 00 LEV'0 yTeo N4 0t
1sT0 €€T0 00 9¢8'1 YOyl 00 0808 I8 00 6v6'C 8€9°C 0¢ €0¥°0 CIeo 00 Iy0 LTE0 So1 61
LLTO IwTo 00 ¥8C'CT 0ze'l 00 w16 060701 SN 9IvL'T 9T 00 Y1v°0 §TE0 0y (gl LIE0 0y 81
SIE0 YLTO Sl 98T L'l 00 ¥€6'6 979'01 $9 896'1 9091 00 610 LEEO 0's wro SIE0 00 Ll
1S€°0 [1¢o 0C 66L°¢ 8L0°C 00 €16'11 09611 09 el 60T'1 00 66£°0 LIE0 00 9€v’0 LOE0 0’1 91
€620 ¥8C°0 3 69'v 9ILT 00 west €5E°¢l 00 ELY'] 90t 1 0T €0¥°0 6€€°0 00 PEr0 €0€°0 S0 SI
L8T0 S9T0 00 099°¢ §S9°¢ S'L 69T°L1 9r'81 00 SIL'T 199°1 0¢ w00 9€€°0 09 6CY°0 66T°0 S0 4!
81¢€°0 8T0 00 €699 9eSy 00 18°S1 °SSLL 01 880°C 6681 Sy 60%°0 62¢°0 0y w0 90¢°0 00 €l
LSE0 €1€°0 00 YIL'6 €L6'9 00 056’8 LOT'8 S0 ¥8¢'C ¥60'CT 0T 800 LEEO 00 £ 40) £VE0 0L 1t
8TH'0 9¢0 00 61661 (S a4t s'e 90¥°€ 819°C 00 440t 168°0 S'L (4840 6¥¢°0 Sl 8€Y°0 Pre0 Y I
8790 0s¥°0 (U4 17991 SLY'TT 0cT 9T8'1 el 00 $68°0 S08°0 00 (4840 £re0 Sl Sadl) £re0 N4 0l
LSS0 0sY'0 001 €6T'¢l 6886 00 £v0°C 8V9'l 00 $68°0 12870 0T Y1v'0 (4330 €9 9s¥°0 0S¢0 00 6
60%°0 66£°0 0¢ €681 L6611 00 €Inre €0L'1 00 1960 LL80O 001 86£°0 8€€°0 00 PLY'0 L9¢°0 0y 8
19€°0 PIv'0 00 S8L91 96¥°€l 00 €vee 9¢6'1 00 $06°0 €80 00 88¢€°0 61¢°0 00 1810 [LE0 St L
S8¢€°0 1s¥°0 00 866'1C 9CI'81 00 S8L'T €€ET $9 ¥68°0 9180 0¢ £6€°0 SIE0 00 L8Y'0 89¢°0 00 9
0I¥°0 980 00 8¢8°0C £79°81 00 st 16’1 00 9180 LTLO $'€ 10¥°0 (430 01 6v°0 °wLeo 0'¢ S
8¥1'0 €150 00 LyL'0T 60L°0T 00 Y0¢'T 7681 00 $98°0 €8L°0 00 Sor'0 6C¢°0 §9t €610 L8E0 00T 4
S6t'0 PrS0 00 POL'ET 6SLEl 00 SLL'T yIv'T Y 096°0 L68°0 Sl 910 0€€°0 08 6v'0 LLEO Sl €
$95°0 850 00 PESII (4S9 00 19T°¢ 106'C 0's 9¢0°L STo'l 14 0¥°0 2e0 0's 69%°0 PTeo 0'¢ 4
659°0 6¥9°0 00 696'C¢ STroe $6 1e6’e 109°¢ St LOT'T €€0°[ s's 6£°0 LOE0 00 €91°0 00 00 1
BMESOUIN BMBSOUIYI] uone)s BMBSOUIN BMEBSOUIYD] uone)s BMESOUIN BMBSOUIYI] uone)s BMBSOUIN BMESOUIYO] uonels BMBSOUIN BMBSOUIYO] uone)s BMEBSOUIN BMBSOUIYI] uone)s
-om3ys -om3ys “10910W -amsys -am3ys “109)0U -am3ys -om3iyg 10310W -am3ys -amsys 10930 -am3ys -am3ys “103)oW -om3ys -om3iys 1091w Kep
MO THIE MO | BRY EEReY MO THIE MO TS EEEE) M THIEN Mo T WGy g MG THIE MO | B HEEREYY MG TG MO T B RS MG TG MO 1 BIdy  HrEEEYY H
Jjouns uonendoard Jjount uonendoard Jjouns uonendioard Jjounx uonendoard Jjouns uonendioard Jjouns uonendioard
B NG B NG S Bl B NG B B B I
ounf [ 9 AN H S dy Hy PN [ € Areniqa [ ¢ Arenuer [ |
(Lt ypun 7 gy ) (900¢ ‘oung - Arenuer) ff 9 ~ [ [ 5 900T
(ponunuo)) MH[ 1e gouns pue uonendoard Ajreq
(RCC) BHYHQT SEE H QM "€ 9IqeL

BRSBTS 55 10 %2 5, 2011



127

Report of hydrological observations at the Jozankei Experimental Watershed (January 2002 to December 2007)
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Report of hydrological observations at the Jozankei Experimental Watershed (January 2002 to December 2007)
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Pollen diameter of Sasa cernua MAKINO and S. senanensis (FRANCH. &
SAVAT.) REHD. in small-scale flowering at Sapporo, central Hokkaido

Keiko KITAMURA Y

Abstract

A small-scale flowering of Sasa cernua and S. senanensis was observed at the Experimental Forest of
Hokkaido Research Center in May 2006. Pollen grains were collected and measured diameter. The average
diameter of S. cernua pollen was 43 p m, and that of S. senanensis was 37 p m. These results indicate that
the size of the pollen grains is within the range of the Poaceae. The diameter of S. cernua varied in size,
however, all pollen grains were sound. This evidence would not be a possible reason to support the hybrid

origin of S. cernua.

Key words : acetocarmine, Poaceae, pollen diameter, pollen fertility, Sasa

Introduction

Dwarf bamboo species are monocarpic and
take several decades to flower. However, the cause
of flowering is not yet known and the flowering
phenomenon cannot be predicted. Another issue
regarding the dwarf bamboo flowering is that they
often produce natural hybrids (Namikawa & Imakita,
1992; Watanabe et al., 1994; Ishii et al., 2003). For
example, Sasa cernua, one of the study species in
this report, is regarded to be a hybrid origin of any
species between Section Sasa, which includes S.
veitchii and Section Macrochlamys, which includes S.
kurilensis (Mikio Kobayashi personal communication).
Irregularity and size variation of pollen grains might
indicate a hybrid origin of the species (Kawahara et
al., 1989).

In May 2006, a small-scale flowering of S. cernua
and S. senanensis in the Experimental Forest of
Hokkaido Research Center was observed. I took
advantage of this flowering to measure the pollen
diameter of the pollen of these two species. This is the
first report on the pollen diameter of S. cernua and S.

Senanensis.

Materials and Methods
I observed small-scale flowering of S. cernua and
S. senanensis at the Experimental Forest of Hokkaido
Research Center, Forestry and Forest Products
Research Institute, Sapporo, in mid-May 2006.

JERES2AF © Rk 22 4E 8 H 23 H Received 23 August 2010

I collected fresh mature inflorescences with yellow
anthers from five individual culms of S. cernua and
four individual culms of S. senanensis. Pollens were
extracted from the anthers immediately after collection
and were stained with acetocarmine solution. The
diameter of 30 pollen grains from each culm was
measured under a microscope (Olympus Co. Ltd.).

Results and Discussion

Pollen fecundity was 100% for all culms. The
pollen for both species was in the form of round
ulcerate grains of 3A® type (Fig. 1), which is typical
for anemochore Poaceae plants (Shimakura, 1973;
Ikuse, 2001). The average diameter of S. cernua pollen
was 43 p m (ranging from 31 to 55 p m), and the
diameter of S. senanensis was 37 p m (ranging from
24 to 50 p m) (Fig. 2). These results indicate that the
size of S. cernua and S. senanensis pollen grains are
within the range of the Poaceae, 23-54 p m (Ito &
Shiotani, 2006). The result for S. cernua is larger than
that previously reported for S. kurilensis, which is 37—
42 p m, and the result for S. senanensis is the same as
previously reported for S. veitchii 30-40 p m (Ikuse,
2001). The pollen size difference between S. cernua
and S. senanensis (Fig. 2) was highly significant in
Student t-test (p< 0.01).

S. cernua, having culm sheaths and leaf sheaths
with minute hairs, is identified as a putative hybrid
origin group between any species from Section
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a)
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b)

Fig. 1. Pollen grains stained with acetocarmine for S.
cernua (a) and S. senanensis (b). 20x%.

Macrochlamys x Section Sasa (Mikio Kobayashi,
personal communication). If the studied plant has a
hybrid origin, its pollen might have a poor shape or
be empty (Kawahara et al. 1989). However, in the
present study of S. cernua, the shape of the pollen was
round and substantial. No empty pollen grains were
observed. In addition, the size range of S. cernua was
greater than that of S. senanensis.

Makita et al. (2004) reported that no fruits were
produced in the small-scale flowering of S. kurilensis.
In contrast, I collected sound seeds from the adjacent
culms of S. cernua and S. senanensis in July 2006.
These seeds germinated successfully in the laboratory
and naturally germinated seedlings were found in 2008
at these study sites (Kitamura personal observation
2006, 2008 and in preparation). This shows that even
a small-scale flowering can contribute to sexual
reproduction in these dwarf bamboo species.

R ; { {

ERE

T T T T T T T T
Scl Sc2 Sc3 Sc4 Scb Ss1 Ss2 Ss3 Ss4

Fig. 2. Average pollen diameter of each culm for S.
cernua and S. senanensis. Standard errors are
given by bars. Scl1-5: S. cernua, Ss1—-4: S.

senanensis.
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