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Current distribution and climatic range of the Japanese endemic conifer

Thuja standishii (Cupressaceae)

1)*

James R. P. Worth

Abstract

Thuja standishii (Gordon) Carr. (Cupressaceae) is an important endemic conifer of Japan but unlike other endemic
Cupressaceae species there is a general lack of information about the species including its current distribution, ecology
and conservation status. This study investigated the geographic range of the species and evaluated the number of recent
population extinctions using available published and online resources along with field based investigations. Additionally,
the species potential range was investigated using species distribution modelling. Thuja standishii was found to have
a wide range in Japan from 40.67° N in northern Honshu to 33.49° N in Shikoku occurring across a variety of habitats
from warm temperate evergreen forest to near the alpine zone. The core of its range is in central Japan including in both
high and low snow-fall mountain regions. On the other hand, the species is extremely rare in western Japan being
confirmed at only eight locations including five sites in Chugoku and three in Shikoku. These include the most extreme
warm-edge populations known in the species that were poorly predicted by the whole range species distribution model.
These populations are of great conservation significance and either represent long term persistence in refugia isolated
from the species core range in central Honshu or remnants of a formerly more widespread occurrence in the warm
temperate zone of western Japan lost over millennia to human activity. Overall, the species population trajectory
appears to be stable with evidence for three population losses only that occurred in the mid-20th century.

Key words: climate relicts, conservation, Japanese endemic conifer, range-losses, rear-edge population, species

distribution model, Thuja standishii

1. Introduction

The genus Thuja L. (Cupressaceae) contains five extant
species including three in East Asia and two in North America
(LePage 2003). The genus likely evolved around 60 million
years ago at high latitudes in North America with the oldest
unambiguous Thuja fossil from the Paleocene (66 to 55 million
years ago) of the Canadian Arctic (Cui et al. 2015). From its
Arctic origin, Thuja is thought to have expanded its geographic
range southwards reaching East Asia in the Miocene (Peng and
Wang 2008). The three extant species of Thuja in East Asia are
geographically restricted with Thuja koraiensis Nakai found
in mountainous areas of the Korean Peninsula and Changbai
Mountain, China, Thuja sutchuenensis Franchet is confined to
the Daba Mountains of southwest China and Thuja standishii
(Gordon) Carr. is endemic to Japan. All three Asian species
are of conservation concern due to past logging with Thuja
sutchuenensis classified as Endangered, Thuja koraiensis as
Vulnerable and Thuja standishii as Near Threatened (IUCN
Red List of Threatened Species; www.iucnredlist.org). The
distribution, ecology and genetic diversity of both Thuja

sutchuenensis and Thuja koraiensis have been relatively well
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studied (Yang et al. 2009, Liu et al. 2013, Tang et al. 2015,
Hou et al. 2018). By contrast, Thuja standishii has received
little research attention with basic information on the limits of
its geographical range, reproductive biology, impact of past
logging and phylogeography lacking. This general paucity of
knowledge of the species is exemplified by the fact unlike the
other two Asian species the overall population trend is classified
as unknown (Carter and Farjon 2013).

Thuja standishii (kurobe or nezuko in Japanese and Japanese
arbor-vitae in English) is distributed on the islands of Honshu
and Shikoku and across its range can grow as a multi-stemmed
shrub under 1m tall to a tree 35 m in height (Eckenwalder 2009)
(Fig. 1). The species can purportedly reach a great age with
trunks reaching up to 3 m in diameter (http://www.rinya.maff.
go.jp/tohoku/introduction/gaiyou_kyoku/annai/midokoro/
midokoro_sennenkurobe.html). It is most closely related to the
Chinese endemic Thuja sutchuenensis while the geographically
closestmember ofthe genus, Thuja koraiensis, is phylogenetically
closer to the North American Thuja plicata (Li and Xiang 2005).
Macrofossil evidence shows that Thuja standishii has occurred

continuously in Japan for at least the past four million years
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Fig. 1. Thuja standishii in its natural habitat.

(a) Single stemmed individual (centre) in warm temperate evegreen forest at Mt. Hanataka at 515 m a.s.1.,
Shimane Prefecture; (b) 7. standishii dominated forest on limestone at Monobe Valley (590 m a.s.l.),
Kouchi Prefecture; (c) A large multi-stemmed individual in rocky Tsuga diversifolia dominated subalpine
forest at 2050 m a.s.l. in the Yatsugatake Mountain Range; (d) Close up of the foliage and immature female
cones of 7. standishii at 520 m a.s.l. on Washigamine Peak, Dogo Island, Shimane Prefecture; (¢) Short
multi-stemmed thicket of 7. standishii with Pinus parviflora at Sanpouiwa Peak (1700 m a.s.l.), Gifu/
Ishikawa Prefecture border; (f) Tall single stemmed mixed forest of 7. standishii (centre and right) and
Chamaecyparis pisifera (left) at Atebi Daira (1200 m a.s.l.), Nagano Prefecture.

(Momohara 2016) and that it occurred near sea level during the
colder and drier Last Glacial Maximum in Tohoku (Suzuki
1991) and the Japan Sea side of Honshu (Kamoi et al. 1988) as
part of the subalpine conifer forests that dominated Honshu in
lowland areas at this time (Takahara et al. 2000).

In Japan, Thuja standishii is rarely used in cultivation and has
undergone little selection of cultivars (Eckenwalder 2009) unlike
the two North American species. The species is also not used in
plantations probably because of its slow growth (Debreczy et al.
2011) and its wood quality does not surpass that of the widely
planted Japanese cypress (Chamaecyparis obtusa) (Nakagawa
1994). However, the wood is resistant to decay (Hirose et al.
1968) and in the past has been prized for use in ceilings, fanlights
and furniture (Kurata 1971). Wood artefacts from the Edo Period
of Tokyo show that it was used for coffins (Suzuki and Noshiro
2006), stakes, furniture (Matsuba 1999) and sewer construction
(Suzuki and Noshiro 2008) but was always a very minor species
compared to other conifers (Matsuba 1999, Suzuki and Noshiro
2008). Overall, the rarity of forest dominated by Thuja standishii
and its insignificant role in forestry probably underlies the lack
of research into the species compared to other endemic

Cupressaceae conifers of Japan, especially the widely planted

plantation conifers Cryptomeria japonica and Ch. obtusa.

In central Honshu and Tohoku, Thuja standishii is known to
occur in mountainous areas where it grows in coniferous forest
with almost all conifer species that are found within its range
(Debreczy et al. 2011) including Ch. obtusa, Ch. pisifera, Cr.
Jjaponica, Pinus parviflora, Sciadopitys verticillata, Tsuga
diversifolia and Thujopsis dolabrata. At higher altitudes the
species forms part of the subalpine vegetation to 2400 m in
elevation around the edges of rocky summits, near lakes and on
highland moors (Kurata 1971) (Fig. 1e). The species is resilient
to snow and is common in the snowy mountains on the Japan
Sea side of Honshu forming an important part of upper subalpine
forests (Gansert 2004). However, the species is extremely rare
in western Japan with records from the Kii Peninsula, Chugoku
and Shikoku only (Hayashi 1960) but its distribution in these
areas is poorly understood. For example, in Shikoku, Hayashi
(1960) mapped the species as occurring in five areas but only
two of these (Mt. Higashiakaishi and Monobe Valley) are
confirmed by vegetation mapping (Biodiversity Center of
Japan, http://www.biodic.go.jp). Also, unlike Honshu, few
herbarium records of Thuja standishii from Shikoku are

available.

FMFR BT EiS 25 18 % 3 55,2019
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Understanding past range contractions of the species is
difficult because the species’ pollen is very difficult to distinguish
from other genera of the Cupressoideae subfamily which in
Japan also includes Chamaecyparis, Juniperus and Thujopsis
(Takahara and Kitagawa 2000). Also, macrofossils of Thuja
standishii are extremely rare, with the youngest known from the
Last Glacial Maximum of lowland eastern Honshu at only two
sites (Kamoi et al. 1988, Suzuki 1991). Nevertheless, there is
evidence of some range loss in the 20" century with the species
considered to have become extinct in at least two prefectures
(Japanese Red Data Database; http://jpnrdb.com/).

This paper aims to provide some fundamental information
about the present distribution and climatic range of Thuja
standishii which is vital for the future study of the ecology,
reproductive biology and genetic diversity of this important
Japanese endemic conifer. Specifically, this study aims to (1)
investigate the current distribution of the species, with a
particular focus on the limits of its range, especially in western
Japan; (2) examine the species’ climatic range in terms of
temperature (3) understand its potential climatic range using
species distribution modelling; and (4) summarise available
evidence for 20" century range losses due to logging or other

human disturbance.

2. Materials and Methods

2.1 Present range of Thuja standishii

The present range of Thuja standishii was investigated by
searching online resources, published literature, using personal
records and records obtained upon request from other researchers.
Online resources consisted of records from a database of
herbarium specimens from across Japan called Science Museum
Net (Snet) (http://science-net.kahaku.go.jp) and records from
flora descriptions of national forest reserves, scientific papers
and hiking blogs where the species location could be accurately
determined using mapped locations and/or georeferenced
photos. For records from hiking blogs, records were checked by
comparing to vegetation maps provided by the Biodiversity
Center of Japan (http://www.biodic.go.jp). Snet records were
deleted if they had two or less decimal places for either latitude
or longitude, sample location names did not match their actual
geographic position or the record was located within a water
body. In addition, the distribution of vegetation dominated or
co-dominated by Thuja standishii was examined by extracting
polygons of all vegetation types whose names included the
Japanese name of Thuja standishii from 1 to 50,000 vegetation
maps provided in shapefile format by the Biodiversity Center of
Japan using a script in R (R Core Team 2014).

2.2 Species distribution modelling

The spatial distribution model of Thuja standishii under

|Bulletin of FFPRI, Vol.18, No.3, 2019

current climate was modelled using Maxent version 3.4.1
(Phillips et al. 2006). This program produces a continuous output
of habitat suitability values ranging from 0 to 1 where 0 is least
suitable and 1 is most suitable (Gogol-Prokurat 2011). Default
settings were used except for using a random seed and
implementing 10 replicates. In order to investigate the most
informative climatic variables for Thuja standishii to use in
model testing, the permutation importance and percent
contribution of all 19 bioclim variables (Hijmans et al. 2005) at
a spatial resolution of approximately 30 seconds (0.93 x 0.93 km
at the equator) were evaluated in preliminary Maxent runs using
618 distribution data points (162 when duplicates within each
climate layer pixel were removed) using two approaches. The
first approach identified the most important bioclim variables by
retaining those variables that had both permutation importance
and percent contribution scores of 3% or above (from the
average of 10 replicates) (following the approach of Radinger
and Wolter 2015) which resulted in four best variables (bioclim
4 models) (isothermality (bio 3), maximum temperature of the
warmest month (bio 5), mean temperature of the warmest quarter
(bio 10) and annual precipitation (bio 12)). The second approach
comprised ranking the importance of each bioclim variable
separately for both permutation importance and percent
contribution (with a higher score meaning greater importance)
and then a sum of these values for each bioclim variable was
calculated (based on the approach by Acosta and Vergara 2013).
The best eight variables (bioclim 8 models) which had a sum of
23 or more were retained (mean diurnal range (bio 2), bio 3, bio
5, minimum temperature of the coldest month (bio 6), bio 10, bio
12, precipitation of the driest month (bio 14) and precipitation
seasonality (bio 15)). To address potential issues of sampling
intensity bias which could impact the accuracy of modelling
results (Boria et al. 2014), the 618 distribution records were
thinned using SpThin (Aiello-Lammens et al. 2015) implemented
in R (R Core Team 2014) with 10 repetitions and spatial thinning
(i.e. the distance by which samples are separated by) of 2, 5 and
10 km, respectively. Modelling runs to determine the best
overall model were then undertaken in Maxent using all 19
bioclim variables (bioclim 19 models), the bioclim 8 models and
the bioclim 4 models, and species records with and without
spatial thinning. The best models of the 12 tested were assessed
using the Akaike information criteria (AIC), sample size
corrected Akaike information criteria (AICc ) and the Bayesian
information criteria (BIC) approach implemented in ENM Tools
1.3 (Warren et al. 2010) of which the AICc criteria has been
shown to have the best average performance in model selection
(Warren and Seifert 2011).

In order to examine the habitat suitability modelled for Thuja
standishii by geographic region, habitat suitability values for

each of the four best models were extracted in QGIS 3.02 using
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the distribution records spatially thinned in SpThin (Aiello-
Lammens et al. 2015) to exclude records closer than 1 km apart
(resulting in 141 records). The 10th percentile of training
presence threshold was used as a threshold for predictions of
presence or absence of suitable habitat. This threshold sets as a
threshold the value that excludes 10 percent of localities that
have the lowest predicted values and should not be as sensitive
to particular extreme localities as using the lowest presence

threshold (Radosavljevic and Anderson 2014).

2.3 Analysis of the temperature range of Thuja standishii
In order to examine the temperature range of Thuja standishii
across its whole distribution, mean temperature of the warmest
quarter (bio 10) and mean temperature of the coldest quarter (bio
11) values were extracted in QGIS 3.02 using the 141 spatially
thinned records. The temperature range of Thuja standishii was
compared to the temperature range of alpine (represented by
Pinus pumila and high mountain short shrubland vegetation
types), subalpine forest (Abies vietchii, A. mariesii, Betula
ermanii and Tsuga diversifolia), cool temperate broadleaf forest
(Fagus crenata and Quercus crispula) and warm temperate
evergreen forest (Castanopsis sieboldii and Quercus salicina)
vegetation types extracted from the 1 to 50,000 vegetation maps

provided by the Biodiversity Center of Japan.

2.4 Documenting past distribution losses

In addition to present records, places where the species

James R. P. Worth

formerly occurred but have likely now become locally extinct or
are unconfirmed were investigated by examining the published
literature, herbarium records and the Japanese Red Data database
(http://jpnrdb.com/) with the latter source recording where
species have become either extinct or data deficient for each
prefecture. The most important sources of past distribution
information were the classic reference of tree distribution in
Japan by Hayashi (1960) and Kurata (1971).

literature searches, field work was undertaken to check all

In addition to

records of the species in western Japan recorded by Hayashi
(1960) except for those in the Kii Peninsula. For all unconfirmed
or potentially extinct records their present habitat suitability was
estimated using the four best Maxent models (see Results below)
with habitat suitability values extracted in QGIS 3.02 using a
random point layer made within a 4 km diameter buffer around

each point record.

3. Results

3.1 Present range

In central Honshu, Thuja standishii was most common in the
northern Alps, Mt. Ontake area and mountain ranges of northern
Yamanashi, western Saitama, Nagano, Gunma and Tochigi
Prefectures (Fig. 2). The species was found to have a scattered
distribution in Tohoku with a northern limit in the Hakkoda
(40.67° N) and Shirakami (40.51° N) mountain ranges. The
southwestern limit of the species range in central Honshu is in
northern Fukui (35.86° N) and far northern Aichi Prefectures
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Fig. 2. The known modern range of Thuja standishii indicated by the red points.

A digital elevation model is also shown.
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Fig. 3. Distribution of all vegetation types with a name that includes Thuja standishii.
Vegetation data was sourced from the Biodiversity Center of Japan (http://www.biodic.go.jp). The
blue circles encircle small and disjunct mapped patches.

(35.22° N). The lowest elevation site in Honshu was at 270 m
along the Nyuugawa River in a disjunct population on Sado
Island, Niigata Prefecture. The map of vegetation types
dominated or co-dominated by Thuja standishii (Fig. 3) is fairly
consistent with distribution records for the Japan Sea side of
Honshu but it under represents the species actual presence on the
Pacific side and over represents the species actual range in
Tohoku. In western Japan, the species presence was confirmed
by on the ground field work at eight locations including four
sites in Shimane Prefecture (three on Dogo Island in the Oki
Island group and one around 100 km to the southwest at Mt.
Hanataka, mainland Shimane Prefecture), Gokei Valley in
Okayama Prefecture and at three locations in Shikoku (Mt.
Higashiakaishi, Monobe Valley and Mt. Torigata). The latter site
is the most southerly population known at a latitude of 33.49° N.

3.2 Species distribution modelling

The best model as determined using the AICc criterion was
the bioclim 8 model using spatial thinning of 2 km (bioclim
8-2km) followed by all three other bioclim 8 models (Table 1).
All these four models had area under the curve (AUC) values
over 0.9 (Table 2) which is considered to represent ‘outstanding’
predictive ability (Hosmer et al. 2013). The four models had
similar predictions except for the bioclim 8-10 km model which
had stronger predictions for western Japan and Tohoku regions
(Fig. 4). Habitat suitability was highest for Kanto, Hokuriku and

|Bulletin of FFPRI, Vol.18, No.3, 2019

Chubu regions with average values above 0.72 and moderately
high values for Tohoku (above 0.48) but still well above the 10"
percentile presence/ absence threshold (Fig. 4 and 5). In contrast,
average habitat suitability values were low in Shikoku being
between 0.12 for the best model (bioclim 8-2 km) model and
0.31 for the fourth most accurate model (bioclim §8-10km).
Bioclim 8-2 km and bioclim 8-5 km model predictions were
below the 10" percentile presence/ absence threshold while
bioclim 8-no thinning and bioclim 8-10 km were marginally
above the threshold (Fig. 5). Chugoku had average suitability
values below the 10™ percentile habitat suitability threshold for
all four best models even when excluding the confirmed presence
record at Gokei Valley (result no shown). This population had
the lowest habitat suitability value of any presence record for all
models (average across all four models equals 0.0014). The
species is absent, or is represented by only one record, from
some areas of predicted suitable habitat including the Mt. Fuji

area, northwest Iwate Prefecture and the Southern Alps (Fig. 4).

3.3 Temperature range of Thuja standishii

The current distribution of Thuja standishii extends across a
wide range of temperature with an overall range of 13.5° C for
mean temperature of the warmest quarter and 14.3° C for the
mean temperature of the coldest quarter (Fig. 6). When compared
to the temperature range of major vegetation types of Japan

(excluding Hokkaido and the Ryukyu Islands) the species range
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Table 1. The results of model selection implemented in ENM tools ordered by the AICc score.

No. Model Log Likelihood Parameters AIC score AlCc score BIC score
1 Bioclim 8-2 km -1588.74 24 3225.49 3235.83 3296.26
2 Bioclim 8-5 km -1592.75 28 3241.50 3256.00 3324.06
3 Bioclim 8-no thinning -1586.56 35 3243.12 3267.12 3346.32
4 Bioclim 8-10 km -1611.60 21 3265.21 3272.97 3327.13
5 Bioclim 4-2 km -1621.51 15 3273.01 3276.85 3317.24
6 Bioclim 4-5 km -1622.16 16 3276.32 3280.71 3323.50
7 Bioclim 19-10 km -1612.19 25 3274.38 3285.68 3348.10
8 Bioclim 4-10 km -1637.69 14 3303.38 3306.71 3344.66
9 Bioclim 4-no thinning -1625.99 26 3303.98 3316.29 3380.65
10 Bioclim 19-no thinning -1582.88 58 3281.75 3365.22 3452.78
11 Bioclim 19-5 km -1587.62 61 3297.24 3392.98 3477.11
12 Bioclim 19-2 km -1584.24 65 3298.49 3412.89 3490.16

The four best models as evaluated by AICc values are shown in bold.

Table 2. Information on the four best models including the number of records used for
modelling after spatial thinning, the area under the curve (AUC) with standard
deviation and the 10" percentile presence threshold under each model.

Model SI;I;b(l)efs AUC prle(s)::ifeei}i::stlillzld
Bioclim 8-2 km 117 0.919 (0.026) 0.156
Bioclim 8-5 km 93 0.908 (0.04) 0.185

Bioclim 8-no thinning 162 0.927 (0.034) 0.169
Bioclim 8-10 km 74 0.906 (0.044) 0.206

{a) Bioclim 8-2 km

Habitat uitability
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(b} Bioclim 8-5 km
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Fig. 4. The modelled present habitat suitability of Thuja standishii within its range under the best four models.
Black dots indicate actual distribution records.
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occurs from near the alpine to the warm evergreen temperate
zones. All but two records from central Honshu and Tohoku
overlap the temperature range of cool temperate, subalpine or
alpine vegetation types while all records in Chugoku occur in the
warm temperate zone and the three Shikoku sites occur in
subalpine (Mt. Higashiakaishi), cool temperate (Mt. Torigata)
and warm temperate zones (Monobe Valley), respectively (Fig.
6).

3.4 Potential range losses and range uncertainty

Three locations where the species is no longer recorded were
evidenced by herbarium specimens collected in the 1950’s from
Mt. Ishizuchi (Ehime Prefecture), Tawara (Tottori Prefecture)
and the Tanzawa Mountains in Kanagawa Prefecture (Table 3
and Fig. 7). In addition, 10 records outside the species known
range were found based on published records and the Japan Red
Data online database (Table 3 and Fig. 7). Field searches in
western Japan at Tawara, Mt. Shiraga (Kouchi Prefecture) and
Mt. Ishizuchi were unsuccessful in relocating the species. Based
on the species distribution modelling, the most suitable
unconfirmed sites are in the high mountains of inland Shizuoka
Prefecture recorded by Hayashi (1960) while other unconfirmed
sites are lower in habitat suitability but all exceed the value of
the Gokei Valley population (Table 3 and Fig. 4).

4. Discussion

Thuja standishii is widespread across 7.2 degrees of latitude
with its core distribution area in the central Honshu mountain
ranges while it is rarer and has a scattered geographic range in
Tohoku and western Japan (Fig. 2). The species has a broad
climatic range occurring from the warm temperate to near the
alpine zone, forming an emergent tree above warm temperate
evergreen broad-leaved forest to a krummbholtz shrub co-
dominant with subalpine conifers such as Tsuga diversifolia and
P. parviflora. This wide ecological range is similar to other
Japanese Cupressaceae species that also have wide elevational
ranges (and therefore tolerances to temperature) including Ch.
obtusa, Ch. pisifera, Cr. japonica and Thujopsis dolabrata
(Hayashi 1960). The species occupies a diverse range of habitats
that are mostly characterized by harsh environments including
dry ridges or rocky mountain peaks, areas with heavy snow or
exposed highland moors. Thuja standishii also shows resilience
to waterlogging being found growing along the edge of lakes
with trunks almost completely submerged in water (e.g. at
Shirakoma Pond, Yatsugatake Mountain Range, Nagano
Prefecture (personal observation)) and can be favoured by low
nutrient geological substrates like limestone (e.g. Mt. Kurohime,
Niigata Prefecture) (Shimizu 1962). Species distribution

modelling of Thuja standishii indicates the species occupies

Table 3. Habitat suitability values from each of the four best models estimated for all 13 possibly extinct or unconfirmed

distribution records of Thuja standishii.

Bioclim 8-2 km | Bioclim 8-5 km Bi?gilrigif;o Bioclim 8-10 km
No. Site Prefecture Record type ?Svt?)rz%;: Max. (As\lgzgj Max. ?ggi%; Max. ?SVtT)rZ%‘)E Max.
1 Mt. Ishizuchi® Ehime Herbarium specimen | 0.26 (0.13) 0.54 | 0.38 (0.18) 0.71 | 0.39(0.17) 0.73 | 0.55(0.13) 0.73
2 Mt. Kanpu® Ehime/Kouchi Other 0.16 (0.1) 0.44 {0.22(0.15) 0.62 | 0.24(0.14) 0.62 | 0.4(0.17) 0.73
3 Mt. Shiraga® Kouchi Other 0.07 (0.04) 0.18 | 0.09 (0.06) 0.25 | 0.11 (0.07) 0.3 |0.22(0.12) 0.48
4 Odaigahara® Nara/Mie Other 0.07 (0.05) 0.17 | 0.13(0.08) 0.29 | 0.13(0.07) 0.28 | 0.25(0.12) 0.43
5 Tawarad Tottori Herbarium specimen | 0.27 (0.06) 0.42 | 0.24 (0.07) 0.42 | 0.24(0.07) 0.41 | 0.26 (0.09) 0.51
6  Southern Fukui® Fukui Other 0.08 (0.03) 0.12 | 0.1(0.04) 0.16 | 0.08 (0.03) 0.12 | 0.13(0.07) 0.25
7 Mt. Kurohoshi® Shizuoka Other 0.67 (0.19) 0.87 | 0.76 (0.19) 0.91 | 0.79(0.2) 0.96 | 0.81 (0.13) 0.92
8  Mt. Narayoyama® Shizuoka Other 0.3(0.26) 0.86 [ 0.36(0.29) 0.91 | 0.35(0.31) 0.95 | 0.45(0.28) 0.91
9 Mt. Senzusan® Shizuoka Other 0.74 (0.17) 0.89 | 0.8(0.15) 0.9 [0.83(0.18) 0.96 | 0.82(0.1) 0.91
10 Mt. Tenguishi Shizuoka Other 0.13(0.08) 0.31 | 0.15(0.1) 0.39 [ 0.15(0.11) 0.42 ] 0.25(0.15) 0.56
11 Mt Daimugen® Shizuoka Other 0.8(0.11) 091 | 0.85(0.1) 0.9 | 0.9(0.11) 0.98 | 0.85(0.06) 0.9
12 Tanzawa Mt.s.c Kanagawa Herbarium specimen | 0.29 (0.14) 0.63 | 0.34 (0.16) 0.73 | 0.28 (0.17) 0.73 | 0.44 (0.19) 0.82
13 Mt. Tsukuba' Ibaraki Other 0.08 (0.09) 0.27 | 0.1(0.11) 0.37 [ 0.12(0.12) 0.39 | 0.1(0.12) 0.42

For each record the average value habitat suitability value is given with the standard deviation in brackets plus the maximum value. The

source of each record are provided below the table.

¥ AO-01193, Mt. Ishizuchi, Ehime Prefecture, O. Tokui 1952/07; ® Yamazaki, S. Catalogue of tree herbarium records of Shikoku. Forestry and Forest
Products Research Institute, Shikoku Branch report, pg. 53 (in Japanese); ¢ Hayashi, Y. (1960) Taxonomical and phytogeographical study of Japanese
conifers. Norin-Shuppan, Tokyo, Japan (In Japanese); ¢ AO-01191 and AO-01192 Tawara, Mihashi-son, Tohaku- Gun, Tottori Prefecture, Y. Hayashi
1954/11/1; ¢ AO-01195 North face of Mt. Komotsuri, Tanzawa, Kanagawa Prefecture, Y. Hayashi 1955/08; " Ibaraki Prefecture Red Data Book (Plants)

(2012) pg 239 (in Japanese).
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the Red Data list in the prefecture.

most of its potential distribution but is over predicted in Tohoku
and parts of the Pacific side of Honshu and under-predicted in

western Japan (Fig. 4).

4.1 Thuja standishii in eastern Japan

Thuja standishii is common in the high snow-fall mountains
on the Japan Sea side of central Honshu. The species is resilient
to snow as is well demonstrated by its occurrence in high
moorland such as near the Tateyama Kurobe Alpine Route
(personal observation) where snow depth attains up to 3 m in
winter (Nakamura and Abe 1993). In such locations the species
forms large multi-stemmed patches that are possibly clonal. In
Tohoku, Thuja standishii was confirmed to have be relatively
rare and have a scattered distribution despite continuous areas of
modelled suitable habitat along the regions mountain ranges.
This is especially the case for the Pacific side of Tohoku with the
only confirmed record at Mt. Goyo (Okuda 1968) in the Kitakami
Mountain Range of northwest Iwate Prefecture. A similar
finding of ‘empty habitat’ in Tohoku has been found for other
subalpine conifers such as Tsuga diversifolia (Tsuyama et al.
2014) and Abies mariesii (Daimaru and Taoda 2004). In fact,
Tohoku is recognised for the rarity of subalpine coniferous
forests in the subalpine climatic zone which is instead often

vegetated by dwarf bamboo, meadows or deciduous broad-

|Bulletin of FFPRI, Vol.18, No.3, 2019

leaved stunted scrub with subalpine conifers absent small
patches or confined to rocky ridges (Kikuchi 1981). The factors
underlying the rarity of coniferous trees in the subalpine zone of
Tohoku remains unresolved but is likely to be a combination of
seed dispersal limitations, heavy snow and frequent avalanches
(at least on the Japan Sea side) and exposure to strong winds
(Kikuchi 1981, Makita and Ogawa 1978).

On the Pacific side of Honshu the species is common in the
Chichibu Mountains in Sataima and Yamanashi Prefectures.
However, it is otherwise rare on the Pacific side of Honshu
forming isolated populations (e.g. Mt. Yamizo and Mt. Otakine
in Fukushima Prefecture). In these locations snow depth is
markedly lower than the Japan Sea side at 0.1-0.5 m (Nakamura
and Abe 1993) that, along with other occurrences in low snowfall
areas of western Japan, demonstrates that Thuja standishii can
by no means be considered a ‘specialist’ of heavy snow fall
areas. Rather the species can be considered to display a high
level of plasticity of habit with, for example, some populations
in high snowfall areas comprised of-tall single-stemmed trees on
ridges and multi-stemmed twisted shrubs on slopes with high
snow accumulation (personal observation). On the Pacific side
large geographic areas with no confirmed records (e.g. Mt. Fuji)
or only one record (e.g. the entire Southern Alps including the

mountains of inland Shizuoka Prefecture) were observed despite



284 James R. P. Worth

predicted suitable habitat. A similar absence of the dwarf conifer
P. pumila from Mt. Fuji despite suitable modelled climate has
been noted by Horikawa et al. (2009) who considered that
volcanic eruptions or lack of time for dispersal from glacial
populations may explain its absence. However, this explanation
is hard to reconcile for Thuja standishii because most other
subalpine and temperate conifers of central Honshu are present
(Miyawaki et al. 1971).

Prefecture, the absence of Thuja standishii is likely to be a result

In the case of inland Shizuoka

of insufficient sampling due to difficulty of access. Unconfirmed
records from this area by Hayashi (1960) require targeted

searches for confirmation (Fig. 7).

4.2 Thuja standishii in western Japan

Thuja standishii was confirmed to occur in Chugoku and
Shikoku in western Japan with the most southern population
at Mt. Torigata (Yamanaka 1964) rather than Monobe Valley
(Hayashi 1960). The most likely area where the species occurs
but was not confirmed in this study is the Mt. Ishizuchi area.
Some of the records of Thuja standishii in western Japan are at
the edge of the species climatic range (Fig. 6) and were poorly
predicted by the whole range species distribution models. These
include all three of the known populations of Thuja standishii
growing within warm temperate evergreen forest at 500 m
a.s.l. at Mt. Hanataka (Shimane Prefecture), Gokei Valley, at
180 m a.s.l. (Okayama Prefecture) and Monobe Valley, at 590
m a.s.l. (Kouchi Prefecture). These stands were multi-aged and
had banks of juveniles in the understorey indicating continuous
regeneration. These rear-edge populations may be classic
examples of climate relict populations, that is, populations that
have occurred in situ over multiple glacial cycles accumulating
genetic variants adapted to the warmer climate (Woolbright
et al. 2014). Their persistence is unlikely to be explained by
buffering from the regional climate in cool microclimates
because individual trees are not restricted to specific topographic
positions or aspects. Even in the lowest altitude populations
at Gokei Valley (180 m) and the Kumi Valley (45 m) on
Dogo Island, where the species is mostly restricted to shaded,
northern facing steep slopes, a few individuals grow exposed
on ridge tops. Another hypothesis is that these populations
may represent remnants of a formerly wider distribution of the
species in western Japan. Agricultural history extends back at
least 6,600 years (Tsukada et al. 1986) in western Japan and
past logging and conversion to agriculture over millennia has
resulted in a drastic reduction in the area of primary forests of
this region (Biodiversity Center of Japan 2010). Around 1500
years ago, there was widespread human disturbance of natural
forests across Japan as evidenced by an increase of secondary
forest trees such as Pinus subgenus Diploxyon and Quercus in

the fossil pollen record (Kitagawa et al. 2014). Conifers such as

Cr. japonica decreased in abundance at this time due to human
exploitation (Tsukada 1982) while human disturbance resulted
in population extinctions shrinking the overall geographic range
of some conifers such as Sciadopitys verticillata (Tsukada
1963). Declines in Cupressaceae pollen concomitant with
increases of secondary forest trees are recorded from multiple
sites in western Japan (Miyake et al. 2000, Sasaki et al. 2011)
suggesting declines in Cupressaceae dominated primary forests
which could have included Thuja standishii. 1t is notable that
some of the Thuja standishii populations in western Japan are
found only on nutrient poor geological substrates that would
have been less attractive for clearing. For example, all three
known population in Shikoku occur on serpentine geology (Mt.
Higashiakaishi) or limestone (Mt. Torigata and Monobe Valley).
The latter location consists of an unstable limestone rocky
slope with almost no soil on which Thuja standishii is almost
the sole tree species (Fig. 1b). Examination of fossils, if they
can be found, and genetic studies (including potentially using
species specific markers to distinguish Thuja standishii pollen
using ancient DNA techniques) are required to better understand
the past distribution of Thuja standishii in western Japan.
Specifically, such studies are needed to determine whether rare
populations at the warm-edge of the species range are climate
relicts persisting since at least the Last Glacial Maximum or,
rather, are survivors of the widespread human impacts on forests

of western Japan over the last few millennia.

4.3 Possible extinctions

This study was unable to be confirm the species presence on
the Kii Peninsula which is recorded by Hayashi (1960) and
Kurata (1971) from the Odaigahara highland area. It is possible
that the species never occurred on the Kii Peninsula as it was not
described in Yatoh’s (1962) description of the Cupressaceae
conifers of the Kii Peninsula. Its absence is somewhat surprising
given suitable modelled habitat, albeit marginal, and the fact that
the Kii Peninsula’s isolated high mountain ranges share almost
the same suite of cool temperate and subalpine conifers as the
central Honshu mountain ranges (Yatoh 1955, 1956a, 1956b,
1957, 1962) where Thuja standishii is common. Alternatively,
the species may have become extinct due to destruction of
forests from bark stripping of deer which has been severe in the
Odaigahara area (Shibata 1984). The thin bark of Thuja
standishii makes it particularly vulnerable to bark stripping
(personal observation). If the species has gone extinct from the
Kii Peninsula it would entail a range-loss of 180 km from the
nearest populations in central Honshu.

Despite searches in this study and by others (Flora Kanagawa
2003, Tottori Prefecture 2012) it was not possible to relocate
the species at Mt. Ishizuchi in Ehime Prefecture, Tawara in

Tottori Prefecture and in the Tanzawa Mountains in Kanagawa
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Prefecture. Particularly in the case of Tawara and Tanzawa
Mountains, it is most likely that these past records represent
true losses. While the Tawara population is thought to have been
logged for house construction (Tottori Prefecture 2012) the cause
of the Tanzawa Mountains extinction is unknown. However the
potential for rediscovery cannot be discounted given that new
additions are still being made to the flora of places like the
Tanzawa Mountains (e.g. Tamura and Irino 2003) despite the

long history of botanical study in the area.

4.4 Conclusions

Overall, this study has found that Thuja standishii has a wide
geographic and climatic range distributed from northern Tohoku
to Shikoku and occurring in warm temperate forest to the edge of
the alpine zone. The species was found to occupy most of its
modelled range except for parts of Tohoku, Mt. Fuji and the
Southern Alps while isolated small populations in western Japan
were poorly predicted. Although the current population trend is
likely to be stable, ecological and genetic research is needed to
ascertain why Thuja standishii has been vulnerable to local
extinction after disturbances such as logging. The populations in
Chugoku and Shikoku at the species rear- edge are of particular
conservation importance as they may harbour unique genetic
diversity related to their warm climate habitats. Overall, this
study provides a basis for future research on the conservation
and genetic diversity for Thuja standishii, one of Japan’s most

important but least understood endemic conifers.
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TW3, AME TR 7 aNOBREO D HZHHE L, TEHE U IZEMOBE, NN TWSHHR]
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WY 7R RME L MERE 2T IR EICRT 2 Y R 7ERNLRET, WEROARE D -
BRI K 2EWERHBT 2 C L RBELETH S, THE. HERRBEILICEOZEED L ARORIEEIRIC &IE
WEOFNMMPHERICHEHEIN TV S, AIE TR THEICEH L. WEFITFNEEOREMKE M5
INET R ET — X (MR ERE) ZHWVT 1959-2014 FEFO T EEBREBOHEB ZIHS M L,
ESICEHNR B EE RN E BN 1978 FLLED 36 FERNCT DWW T A TH 1 i#k (1-5 F4E) ogiER
OFERFIR-DBFRIC K BE N2 HG Lz, ANTH 1 R RAEMRTEEBIRED 95.3% % 5., 70
BEERIX 1959-2014 DT 0.26% ., FEAELTNRKE S GHELEMN - BAERIERS Niah o7z,
FERFEAITLES T B & JbRE. HYE. k. hEHT R OER THERPLE L, JbEE. Jdt.
BEER., diifE, JUNTLEIRIINE oz, TEEMBETH 2 XA F b/ FORE AL 1 il sg
RT3 1THERETE /JFOFMEEICKREL, AXOHFMEEICKEVDIZ 2 HORT
Holee BEMHRITHITITELLENTH 572 1994 FED SN TIE M TE L E o ey EZENE U,
B TOMWEIIRFNICL ERERBIEL L LTLREDRREVT EPMHEINSE D, BRAEMEL DK
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W R B 72 A1 21 kR L TR E O R FH R 2 M IR T 2 080 H %,

F—U—FTE REMK HEFERL HER K

1. 3IT®IC

AR, SN, S, . KIRE DK G5B
RICEK - T, BEin, @, AR, Bk Sk 4 7%
ERROWEHEZZT S, HENIKZVEGITE KD —
HOBETINE 53, HFERBIAIIC X > THRMDIEL
TEEHAENH B, T LIRS F . BB EDLEY
ZREEOMRE, LR EN . KFEE, REKRED
BORME EDRNIEARREZIHG S 12T Th <. ME
KBV TIERFMNEEE & 725 LN E O g5
Lix %, WYL HBMER L MERE 21T 5 72DICiE X
REOFAIRRZLR LY A7 EMEITS T AL
THH. ZORDITIF BTG EDOFEER DR, K
e, BFICK3ENWEZEZTETE I ENEETH S,
RBRFIC X HZRBFNBRIIFICRAMREZICE > T
BRKERVRAITHY, ZDRDDMA E L THRME
FRHIENRR T DN TV DD, BEYJRIRRE R ZED %
T DHIC B BREFH DT RO - MifIC K 2802
RS % BN D B

HEREIFE T OB THNIC K B &, TESEY R T
LDREIE L TWVWD T EIdRES Rtz <. it
WHIBIC K> THBRREZZE DD, KPR, T
D75 £ O R B 5 0058 B ML IC IS A LA BIN T
WABAREMED D % L HiiE TN T3 (IPCC 2013), T

JERISZAT < SR 30 4 10 H 30 H - JERRZEE 1 SFA 3143 A s H
1) BRAAFREITZERT ARBALS ST ZE ek

ANz L, Mgk, FimH]

I LI SURZEIE B2 BB REDOFEICE B
NAF T HREMED D B HY, T & HZIRIC X BT ARDHGIE,
TR b TFENDGEOAM - K. EF R
FHEN TV ZHED—DTH S (Allen et al. 2010),
INETRBEEZHOEEOFRICIHND LT, HRHKOD
Ki3E « 2B SR M x Tz F ot RS
HTHUREUCE>TED., WMElICX>THEBRESI
TS ZATHEEDNEEZ TN TS (Allen et al. 2010),
HATIE 1970 FEN S BIH - JLREDO TR AT N
Hi CRAFOEBHEKLPME TN TWVD (LUZFK 1978),
ZOIKRE UTHIER Yo RKUER A X D2 G
FENTERD BIAX, BIR - &k 199D, RS
(1992a, b) (&, BAHFEFORAF RO T HRAE, #BM%
P R R&TERA AKX 0 iz LIS /KA R LA
THHAREENENEERL TS, 7. Shigenaga
et al. (2005) > Matsumoto et al. (2006) (&, EHFE{LD
HEITIC K > TAF ORI NIL KT 5 vl HEME 2 544
LTWb, [>T, ImBlLOEBENEZEINES. H
AREANTOTEWRZOHBE DM IEOKEZITET 2
TEiF, EHYIBRHRREREEMEREICE > THETH
%,

KRG F I RFRIAIC & 2RI & BORIC T AT
51z, #E#mEERICD > TRMENICHET S
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TERAEG TR ARV, HATRKREEMRTRE LSS
EIRHFE IR ORI E D < EAE MREF 7 R W
HeLTEedon, HAI23FE (1948 ) 5
E A R RTE (BT 35 458 70 DU I [ A5 PRI 35 36 4%
) IKINERENT WD, BRAEM - NEMK - HREF T AT
LN OEAGHRTRE LIZARFIC OV T, BRAKH
FEIE & UTHREFT IR L. AR 29 4 (1954 4F) 47
D BRI B R BR S SE AR TR IS, IR 35 4 (1960
) LURRIE ARAMRE B (R HEM AT T, TR TN
BENTWVWE, IhHREROIGFEZNG L LIH
AeEZ WS 2 HBNEBHORE T —2 LTHEE
THZH., TN Z VTSR FEOTE 2 FEH L 72 i
FRHNIBENT VD, EEOREMOAZGE L
Teifge e U Cid. ARILDS (2003) DYFRIKEE RS
¥MEIEDOT — 22T, 40 ER O Jal ok E - HE.
T - BE OISR B O #E Rz 2 E L)L THEE

LZDOHBZMEILTED., FRAHFLHEEHICOWVT
3R SRET T ORI F R 2 HE L THiEKIC & %&
WERLTWS, REMEICHRLEEMKREEDE T
HARDHBMEROKREDH M Z AN 2I1CiE. EE
FREF AT AR FH Y & M ERE DT — 2 2HET 5
BB B, TNENEFHIENRZ DO H &
TOEFEHETZHLEEFETERV, HlZE, Bk
WS TEEE - KE - FEMEATNICET SN TVWED
WO Uy A PRET 37 R R T RUE &k I EUK
ELTEeHTEIHETN, FHEIMOKEHFELGD
BTZEOMICEDENT VD, Ty Rs 0k
FHAMIEESE 1 AN DS 12 HTH S DI U, EAKE
VARPEREGITFEETEIFETN TV S, 8RS (2008,
2009) &, &5 LG TEOEWEZHMIEL Tli7T—
2fRE L, JBKE < HF - REFAKD 3 K3IicDO0
T2 50 FERID R B D HEEF Mt 2 E51 L, Hilic
Ko THEORELRNTVREFOMENIRAL &
ERLTWVWS, LALTHFICOWTIE, EAKREILA
ERECEZOMICTENTLE S 2, EAEMKE
EEMZ GDERANRBITEH#EL Y, REKTOD
FEHRFICODVTEARLS (2003) AV MRERBEHAIC
2ERG TOWEROHRBZ R L TWVBH, Hils DR
I KB EWIEMET TN TR,

AWML TIE. B EREZH O TREMKDEICA
TAk 1k (1-5 4) ZfRic, THEEFIEB LT
WEROHER & ABERFIRDBEIC X 2E W2 ME L
oo TEOWERIMIHICK>TRELHED (AR
15 2003). FRERHIOFMEAE S H ORKE & & &1
KELZEIL TV RS, WEHEHREMRGT 2ICIEAHR
PRI R D Z2 (b IR U 72 #8575 3 2 bRl NS #EE L TR
Wid2DMEED LV, HRKEERBEEEREEITIL
BEN TV B HEMPEER GO T — 2k, EERG T
RGBS OB DB T N TV 2 A, HSEFIRAIT
U GRS O BRFTHIE D T bR fie B e 1] =0 Rk e 7] D £ 4 U

HEINTVEVE Y, HAEEEFI I NEEN R
WENTVZ2DHTH S, RWZETIE. L 36 F0IC
DWCTHEHHTDILT—2Z AF L. FEEFEOKT Y
Z i B N TR 1 i 2 B U CHBE IR - R )
DRERICOW TR EIT> 2. Fio. 1994 FITHE
U 7z LR i R BUAR 7 H i bR T O GEEJF 1998, 2005)
ZHLD B, FAHUE R A SR Z I S I Uiz,

2. MR & )5

BB 57— 2 1E. WREFT TULER L TV 5 AR bk
PRS2 Uz MRS X, SRS
Wk HIEE - MREF RIS K B RIS DOV T, i
FEEY A (B, HETAD . #FEERE, BEA. FMIERE
CNTAR « MK - B - TR L e, AR IX 73 (1-5,
6-10, 11-15, 16-20, 21-40 FEB KT 41 FEL ED
6 X7 AT K (RA K« MREF T DAL O [H 4
MO W IAE, SR, SEEME SR B
., HBEEOBMENELZLDTH D, THEEH
A7 CTHRRER X 59 7 D 42 1) S2 F il 0 #1558 I U2 71 D 42 bk i 42
FHE 7R EATERFE U 7o B 2 AR K [ CRBR S 2R 5 I
INERENTVE DI TH 2D AKFETRER IO T —
2 (LR, 77— &) & 1982 4 (A1 57 4£) & Bk <
1978-2014 4 (FHAN 53 4F-THK 26 ) D 36 571DV
TAFL. Iz EEMTRlime Uk, THZH
HFERETH2REHBDS B, AR RAEMKRTSH
DANTHMEZIGRAKICKANENTNSE E DDAz
WU TSR e Uiz, Gd. RIEmBEE P HmE (b
FHZ I KB OmM) ICHER (WEEARRE 5K
DENAE) Zh B LiIcEk>TROENTEZEDT
B3 OHFILS 2003, F5AKS 2009),

¥, KO EMoEmzZME T 57D, HmMAK
B LR AT & RMEE R H R EDL S
1959-1977 4= (IFF 34-52 4F) B XU 1982 4F (A 57
) O e E R FEFRBmEZIE L.
7272 L. 1965-1966 4F (FHA 40-41 ) & S hkils D %5+
FHERDH T, MEIX D OBEIFINERE N TV
Moize 1960 (HAFN 35 4) LIAiiE TRA AN THRDH
ENGRET S| LORENDBHD. ZDO®KIEN T -
FKIRMRDKFNC DWW THRICREE D R, TeT—2 & D
g 5, SO EWIMIZ A TH E RBMOEGE T
H 5 EHIW LT, 1960 4F (HEFT 35 ) LUK 3 0% m
B EERBEBOMm DRI N TS M, 1959 F (7
134 4F) I3 HHEmMOLIRIEH 2 BV REmAE RS
NTWRW, TERFRSEE SRR R A 250 ) (R 34 4
10 A 26 B} 34 SREFFEE 7205 SRS TFEE@AD 1< T4
EMBEIBEEROGEHEE TS LHBD T, K
34 FOWHEMmMBITZNLEORIBHEICH YT 5 &5
Z. HEFmAZ AW (AR5 2009), 1958 £ (A0
33 4F) LARTIC DWW TiE, #FEmAED 1| Ht & 11T
H (BXF 1ha) UEDEDEEFHORNGE LTV T
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O, N E TR TR EL NG S T w
TeRlREMEDY D % DT, fRFTICIEFH WD 5 T,

THEEOREZLOHIIC X B E N T 51
. WHRETEIHEMOMBELZERL T, WHEEr
Lo THRHZITIDORSEETD LV, AIFETIE. BRE
NTHE 1R (1-5 #£28) ofmMmficbzE0e L
T. MEFITDMRE T 5 Mk - MERGIEERBHINT
WBRAEMDO N TEMmiEZ WS T & & Uk, k-
MERFTEE I, FE T L DORAMD A LR
DAL BERICINER SN TV S, ZTOME 5 FERG
iz, ZOEBEORA AT @HfkomEes LTHY
oo SAEOMNCIEY - WAL T HHBEEIMETEZZE0D
EGE UTzs 7535, MMM, MBI, HHK
A TRZEATIC X 5 N TidE M RS & KA MR N T8 M
HicEDTz,

FTEOREANTH I o FEHERIT, REAT
1A S m R 2 RE M TERmREO#EZE 5
HEEFHMETHRT % C LItk > TR Tz, B ERE
WAEHMOEFTHZ DI U, bk - MEFKRTEE
BEEHMOE EE->TEY, £t EE S,
B EREDOTT —Z CRBEXADERLESNT
WA5DT, HEHBEDOS BEXEAN1-3 HTho7E
DDEEGEFXRTzL TA, 36 EBDRFHT01%TH >
Teo BEo T, HHMBOBEOPHEEROEHICEZ %
WBIIMENTHZ EEZ. EFHIHOENIEHET S
Tkl i, ZREHGFTORENTH kT EkE
KA 19592014 FIS DNV T RS T2, 1961-1977 F &
1982 I MRER X 73 B D AR O R IE H 5 & DDA
THREREMDPRAENTE ST, B AT K
DHDRBMET — 2B EENIZD > Tz, RO
AR O E X EMMT 1R IEF I DRV izd)
(PREF T 2012), KIRFR 1 i O FEEBIIMETE 3
FEDRVEREL, REMK I IHROFBRmEZ KA
ANTH i oIFzEmEE e UTRA LUz, 1965-1966
MK 2RO RBEEEDEF SN RV TZDEIEN S
Ry U Tz,

Fh, T —ZEHWVT 1982 2R < 1978-2014 4
D36 FDRA. T, BRI DOBRERN (AF - v/
F o ZTOMEFTERS « IRIERD OREANLM 1 ik TF
WEREEIAE U, HERPMOME L LEXT TR
TREL100%ZHEZ BHEND > T2, 36 HFEH DT
W EREEETZICEZOT—2 22BN L, B
PREJICIE. 2009 FED TR O 2Rk (W54 182%).
AF (BEEHR 226%) . 1985 FEDRIF D Z Ot § kg
(HEL106%) TH 5.

TEWEEREROXGIRNZHIET 5725, JRT
T AR A K BRKEEKIRD 1 BT — 2 &2 vz,
R ZBR < 2 1929 ¥ Fid 5 B, 1978-2014 fFEIC KM
WD 1% U N TH o Tl T —2 DAzt L
THM U, FKEE 676 HiN, KiRIE 494 i TH -
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Teo Abipig - HAL, BESE - S - WIS, dbBE ek,
HE - POEL JUN O 6 I X U, Mg ic il L
e BB RO T — 272 P LT T Ok Pk Kk
BXUOFHANEE L,

3. AR

3.1 FEHREORRINZEL

EAEMOFERBEHBEIEZ, FICK->TIEFEITETSD
EMREV (Fig.la)e KIEMENTHZ G DEZ2HE
DODRAENRTOHEZHMEIZ, 1959 FEMN S 2014 FEF TD 56
ERT, BRI 1967 £ D 16204ha, /& 1998 £ D
18.6ha T > 7z, RAMTHFIHME DO KERTIE AT
M1k (-5 F4) Do TED, ZOEIEIE 1982
2R < 1978-2014 D 36 FERIDFEYI T 953% TH o
Teo RENTH IO TERHFREREIFLLH)
U 7z (Fig.1b)o 1959-2014 D T3 026 % TH D,
NI E KM D KR B2 ENTWVERL 1961-1977 4F
L1982 BRI T 2 LT 0.29% Th o7z b
VWDIE 1994 FD 1.69% ThH o oo PHEREF L OM
ThRIFEMRZF< & Z DM X1 0.0017% / F (p=0.57)
THH. 1978 FELUED N T & RBMDOR BN R E N
TW236FEMOAEZMNGLTEH L, HEIX-0.002% /
i (p=0.73) THolzo VI NEMAITH B DHFE
B - EAMEE AR S N o F, FEmAIRAE
CHELAZBUDDEEFERD L TWVSEH (Fig.la), A
TEMEREE R LTS (Figle), MERKEL
TR RERPR S NEhoTzeEZ BN 5,

32 FTEREOIMENR - HEICL5EN
RAMICE T 3 HEFHEBmAE, HEFRICK-ST
KELHEKE S (Fig2a), 1982 E%ZFR< 1978-2014 £ D
36 FEMDORFREEMEH S &, RAFEFERTAT
Moo RIRMAE & T8 2R O BEFT 3259.8ha, A THK 1
WA D F 0D B E T 2969.8ha TH > feo /NI HFH &
HERT, BESTOANLEKRZIITDN TS EDD
(PR GTERIZ 1990 4E LU 100ha LU R, 3 E UL 1& 1998 4F
DIRE 200ha LAF) . ZREFRBHMEITVTNE Oha TH -
726
REMFZHEmEO KB 2 52 N TH 1 EkicD
W, FEWPEEFERD 36 47 1115 H 72 &5 38 1 R
ied % L. Atk HE. E. PEMG B K UEFNR
TREL, JegE, #de, BIS. BOfE. SN T
BIN/NE Do 7z (Fig2b)e 7272 L. W3 N HEE
WEEHHEREN 0% DELND DIELEHHRKET VD,
BEfR A B KTV, JhEEEERHEmIEIKENE D
® (Fig.2a), N LSS MRICHNTREND
(Fig.2¢). #ERII/NET WV (Fig2b), EROHEE
A 1497.0ha & KE WA, Z D 8 E#3 < % 2009
FICHE SN AT 1R TOHE (1173.0ha) Dl
THD (Fig.2a, 3a), ZDFEDME 5 FRFH A TIEMIE
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Fig. 1. 1959-2014 4E0 (a) RATH T ImAL. (b) BATN T 1tk (1-5 4E2E) O,
(c) 1959-2014 4D RATHN T8k TIAT
Time series of (a) annual actual loss area by drought damage at private forests, (b) drought
damage ratio of age class 1 (1-5 years old) of private planted forests, and (c) annual
afforestation area at private forests from April 1959 to March 2015.

(b) DFFEHERDS B, 1961-1978 I LT 1982 FEF KIAMZ G 1 stk MR
WS FREFANTEMRIATRLUIZEDTRHL, OT/RU, AsRRE 1978 FELUR
D@DIMNK T B [IFEHR (p=0.73) 2. MFHIEOZ FL T — RITH T % [ IEHT
(p=0.57) =79

In (b), open circles from 1961 to 1978 and 1982 show the ratios of the annual total actual loss
area of age class 1 of both planted and natural private forests, as the substitution of that of only
planted private forests, to the 5-year total afforestation area from 4 years before to that year. Thin
and thick broken lines show the linear regression line for the whole data including both open and
closed circles and only the data shown with closed open circles since 1978, respectively. In (c),
the period of annual sum is from April in that year to March in the next year.

O 257> TWT, T—&IZM 5 h OHEED & HEIX TR E DT OMEHERIC I N, BRI -
BEEZBND, 2009 EERI L T EHERE T S K=Y, BT VEEDRVEHOEENRKEL, EiE
&, HAtofR & [EFREE TH - 7z (Fig.2b)s MICHE T2 5 LBEEKOENE, BT EoD

AN TR ko Ret B m Az B h I & % ANLEMRE RN EERIRICK > TRAES T EA KL
EL dbiFEZ RS RHARTHEBHIZAFOEGMNKE TWw3 (Fig.2e), BHFEERIORA AN T 1ot %
<O HHARTIEE / FOHEDKEV (Fig3a), b THELTE, #ENRICX> THIIESDEND S
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(a) Total actual loss area of drought damage at private forests, (b) mean drought damage
ratio of age class 1 (1-5 years old) of private planted forests, and (c) total afforestation area
of each tree species at private forests by prefecture.

(a) MU (b) 1 1982 #E 2 R < 1978-2014 4, (c) 1& 1978-2014 FEED T — R HD <, HL,
(b) T 2009 FEDUIEIRD T —21F 100% Z B L T 272Dt EN SR, (b) DFRIE
RRUSHE R 22 2R g 7272 Uy 1B, U, Jeild it Ofipl 2 B X 2 728, FHfE
+EHER A OEZ KR Uz, RG22 E O ER 2R T,

(a) and (b) were based on the data from 1978 to 2014 except 1982. (c) was based on the data
from April 1978 to March 2015. In (b), the ratio of Yamagata prefecture in 2009 was also
excluded because the ratio exceeded 100%. Vertical bars in (b) show standard variation (SD).
For Yamanashi, Kyoto and Hyogo, because the mean+SD exceed the range of vertical axis, their
values are written down. Horizontal line in (b) shows the mean ratio for the whole of Japan.
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(Fig.3b), ZC T, TEAANLEKBETHL. D
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L7z (Fig.3b)o #ERODAIZIER D4 TR EWVD T,
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R Z R ENMRESNTED (Fig.la), TDEL
BAMICER L TREL TV D (Figd), TOIAII
DWVTERT S0, 1994 FEDRGREMIC DOV TGS
UTzo 1994 £ ARk E & AR Z 1978-2014 4F
DL T % &, 1994 FE I EEMIC 6-8 H DRFIK
EMNIEHICDIR L (Figs). 7-8 ADKIRMIER I & <
(Fig.6). ®EMICHR TR LIEETH o7, JUNEL
MO TIZ. 9 HORKEIZIEFICZ WD 1978-2014
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Fig.

1200

(a) Total actual loss area and (b) the mean damage ratio by drought at age class 1 (1-5
years old) of private planted forests by tree species and prefecture from 1978 to 2014
except 1982

7 — 2RI 1982 FE72BR < 1978-2014 4F, 7272 L. (b) “THIHE I 100% %2 il L
T2 HLIB IR A 2009 £F & KRB 2 O g IR 1985 fﬁciﬁ%ﬂbfﬁ&)ko RN D AL,
t/FXODRAFOHD, @FAFXD b/ FOFH, #ERERNEREITEHWEERTIRZ
RY (VALY RFSAIENRE. p<0.05),

In (b), the ratio of Cryptomeria japonica at Yamagata in 2009 and conifer trees other than C.
Jjaponica and Chamaecyparis obtusa at Osaka in 1985 were excluded from the calculation
of mean ratio because their values exceeded 100%. Filled triangles and the filled circles
below the horizontal axis show the prefectures in which the damage ratio of C. japonica is
significantly larger than that of C. obtusa and the damage ratio of C. obtusa is significantly
larger than that of C. japonica, respectively (Wilcoxon signed rank test, p<0.05).
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Actual loss area of drought damage of private forests (6 age classes of planted forests
and all age classes of natural forests) by prefecture in 1994.
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Temporal and regional variations of drought damage at private
planted forests in Japan based on 36-year record of statistical data

Natsuko YOSHIFUJI"*, Satoru SUZUKI " and Koji TAMAI"

Abstract

Quantification of climatic damage to forests and its differences among regions and species is essential for forestry
and forest conservation. Drought risk of forests is one of the critical subject in recent years under the global warming.
Temporal, regional, and among-species variations in drought damage at private forests in Japan were investigated
based on statistical data from 1959 to 2014, especially concentrating on recent 36 years for which original detail
data were available. 1- to 5-years-old stands of private planted forests (PPF1-5) account for 95.3% of actual loss
area, which was calculated as the damaged area multiplied by the ratio of the number of damaged trees to that of
planted trees, caused by drought damage at whole private forests. The mean annual ratio of actual loss area caused
by drought damage to total forested area (r, .,) of PPF1-5 over Japan was 0.26% and showed large inter-annual
fluctuation without significant temporal trend. In variation among prefectures, the mean annual r, ., at PPF1-5 were
relatively large in Hokuriku, Koushin, Kinki, and Chugoku regions (the south western part of the main island of
Japan) and Kagawa prefecture, and were small in Tohoku, Kanto, and Tokai regions (the north eastern part of the
main island of Japan) and Hokkaido and Kyushu islands. Annual 1, ., of Chamaecyparis obtusa at PPF1-5 was larger
and smaller than those of Cryptomeria japonica in 17 and 2 prefectures, respectively. Considerable amount of actual
loss area was reported at mature stands in Kyushu in 1994, in which rainfall was quite small than usual from summer
to early autumn. As the drought damage at mature stands, which should cause greater economic loss and ecological
disturbance, occurred infrequently, comprehensive and long-term monitoring of forest damage needs to be continued
to evaluate the trend of drought damage at mature stands.

Key words: drought damage, private forests, statistical data, rate of damage, temporal variation, spatial variation, age
class

Received 30 October 2018, Accepted 5 March 2019

1) Department of Disaster Prevention, Meteorology and Hydrology, Forestry and Forest Products Research Institute (FFPRI)

* Department of Disaster Prevention, Meteorology and Hydrology, FFPRI, 1 Matsunosato, Tsukuba, Ibaraki, 305-8687 JAPAN;
e-mail: yoshifuji@ftpri.affrc.go.jp

|Bulletin of FFPRI, Vol.18, No.3, 2019



TR G FZEAT LS ) (Bulletin of FFPRI) Vol.18-No.3 (No.451) 301-310 September 2019

i X (Original article)

WHhEHVNEFMICEIFEREIIEOECFED SHIC
hHERELDIZREFINR

O TLRIT V7 KA Al D. AR NP 2L R BTV, Ak 3RV

s

1960 AR 5 1990 EARICHNT THE CIAK HE SN T E A E (hERT L) EHMKRD
Y KB CIRE ST 2 BHMEXTH S, BNTRFEXRIFZWZ 72z b RV ATHOKIT X B
HEMEE LT, DN ETENT B0 VI IWWMEFEMRENREENTVS, SBIIBEICKS VN
M 2 KER TREMT 2I1ICH > T, MO RKFEMEICET 2D AR/ RTHH ., HEOHMN
IC K% B L EEANOBELEE & Z ORIFIRNEHONCTZC EHNEETH S, T TAWMKT
131970 ~ 1990 FEARICFHIRMIMN E 217 5 7z 24 M 2GR, WD ER EFR LA DOEE 0-5 cm OILVE
THO T L ETAE Ll D FIC X 2R ETHEEEZEEANOREZEIIHDB E D5 15 ~ 41
ERBE LUz —F R—=YHiRittprEcE Mt SNz, A EH TR LRI L TEEIT/NE W
RRF  REAPELABICRKEVMIEABENRD SN, CN IOV TIRUHEIC X 2D h ik
WO ED SN, MOBIDIESDENEL L, HINEDOREBIMNEEZ SN, VHIER O H
TR JE A L i O3 WIS K B H ZAREDNED 5. JEAL s T i A L i 1
U THEBRICNE WERE « DHEEZRE L ARICKZI VI TABENED LN, & 5ICIENILIK
MO TIEHIAE R LR LT D AR IZT I D KEL, P EIT X B FERELAEE A 2 DR
mxNni,

F—U—F A E WAL, BEmBEIENE, NS FE

301
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TIEHE RS 7V K= & (FH1983).
N E WP TERES NS LHEIX 10~ 19 cm (H [
1984) BX T 25 em (EJH 1981) LEMN > T, 1973 4F
DI BE L2270 R—FIc b > TV F—=HIc
L—F7 2y FA b 2EFELEL—F F—HICELS
IS EN TR E RO (G5 1983), I ETREIH
B THEIE 10 ~ 12 om (EFG 1962, FHEH S 2008) &%
<z, MM T 2 RE THEE D Uk & #ER
TN, LA LAEMNDL, bl KA EE RN T S
ZERERULHE GEFE OB E LAY ERLEE
O BRE. i A — @ BRI AGE U T TR ZE DAL
JEL Tetkic, MUY Z i THICEZ RS & D) T
FHARDORENE L e N7t H O (Aoyama et
al. 2009, T 2011), A = ¢ LM E L
LUHEHi%OREICEEZEN 2 BRIMERE LTHES
(KgAK 2003) o JLHFE N O KRS THIA & A7 > 7 58 A
ENRBENZREMEDN B E ZBE, WA X I
Ko THHD HIBHIEAIEICE DX S BREENH D,
F D EEREB ORI NRE L 2 BIEIc BV
TEDHEORENERELTVEONEHSNT S
T Eid. MHOFFEOBSED SMEET RETH %,
AP T, MEICHIRM D W N T Nl v
INHEFIMZE G L U, SR O EH B KUK LFE
KB 2R E B A EOZ SHERIT > Tz, HID
XWX B LHEBILOEE N 2IREE LT, i
TEOmRERE 0-5em O HHEZERINL., KK - 2EHR
BERLCICABEZNE Lz, cnb LEabE
ICDWT, HIMEH LR UFEOERN, B ENED
el A% & & D K 5 RBIRICH 2 ZdiX, T L
PEAND I E B ORIEIRI 2 G LTz,

2. A& S5k

eiEE N OEE R, FEe o LIS - LA - &
WA« dL2Z2H - 220 - B BB AT 1971 ~ 1996
EICHEBKIC X BN E 21T o T2/ /N HAK 24 $h5
Ti##A %17 > 7z (Table 1, Fig. 1), Tz E & kD
RNA VINERM L MK (SI-13) TEBERHEET-
Teo SI-13 1k 1964 FFICEZ HMMFEMR A H Y =€ S
(Mercedes Benz, West Germany) % F UL CH Yl LD
RO HNEIT S RIS H VN EF LMD TH 5,

B D S BREMEN RS VL AKh-3 Tl 1971
8 HICHE L 2235 Uz D60 BT )L R—4 (12.5 ¢,
aARY) I XM ENENM TNz, 21973 ~
1996 FEAULILD 9 AT DN TIE L —F R—=Hic X Bl
MEMARTTO NI T & D ILEERMRE R/ ICRE X
NIRRT X D EREE N7z (Table 1o Ldd 9 4K
LU ORI & 14 FR53 1 1977 ~ 2002 FEULEE D
TR X TH D, 1973 FFEN S MDY E B D T3
L—F F—PIcBIT LIz OMRAICK D (FHH 1983).
L—F R—9Zfif Lzl Esd, L—F =%

N EMD ERET %o FPRHIAN SIS B N &
g (HhZEm 2 LB U 724 D08 O (LR IE F S A R 3R
NzE D& L7 (Table 1), JLHEENOEE I I
BRI & TE AR - BEENTSm, LI -
22 - ENT3Im THB T ENEL,

FEIZ2015F 6 HM 52017 F 10 HETOHIRIIC
ToTz. MHERICH T 2T ORI E D 5 DOR%
WERUT 15 ~ 44 4F (BFERAEHO SI-13 1A DHELH
W% 5 53 FERE) TH o7z (Table 1o dHEHT
BEICETHYNDEH L TR, TN U
BAHNEED SN (Table 1), A HD K TH
RICIZ SOV YL LTz (Table 1), A HIA
SNITHPRI DY E DF S TS L Z R Z B & 91 20 m X
20 m DSEREMEZREL (72720 5 AT 10m
X20 m 7V UIE 10 mX 10 m, Table 1), FEPN O M e
s em L EDENTKICOWT, BifEZEE L. W
ERZERERICED | mm B THIE L, OO
WHREE R R TIEEE LT, AV /N 72
AW EER, VREE, WEakmEasi 2Bl Lk
(Table 1),

PN DTG EREMR ORI Lo Bl R BT,
i EF O EAEFLER LTz, A EHNE, @E ORIz
BED LA EHERE Lz L THEEICE O TH m
Rl b D IR T 72 i U TR L 7208, #hps & 51 o
BEREAHBTH A 2o Tz, BB AH IV NHEIZ
HIDERICHEHT 2 &R 5T, FRUAICER Lzl
EZHRDENT: KEAS 2019, FHES 2019b), FN
DIF3~5m OB ETHEBEITIRLTICB T, 100
ml FF LB 2 U, MRICHERE U7 SR B XU
ZNHOBEFMD 5755 A8 GRIIHFE A ERER
H2:2010) U Y FERZRRE U TEH U80S 11
PRI, A UIIHEHRZMNTHRET S C
END, REFEERIRLINEOMBRRENVEEZ
BNBEEFD 0~ 5cm & L, &0 ORIGHREL
% Table 1 1< 9,

PR U 7o ARG R L MR & LI Fi e & b
AT o Teo JRFZHICHI . AR, BE ERIRM FiC
eIy BERRZIE Lz, MITO2RKRE - 2ERY
H#7% vario MAX CN (Elementar, Germany) 7\ T
ST L. bR L TRRE - RERTHE,
CNbZBH L7z (IR, TC, TN, C/N), THE¥sit:
OFEEE U Tl T ARE REMB{ORBE)N AR - -
JEFIARR Fr DR Z RO T2 il LB H H 72 O O fl L o
HE) ZEM UK (LIF, BD), 1R - fEED S AHE
ANOWENTELEZHEA L, ABOELLEE LT 265 %
iz GRIE - /NS 1979, RMOTHIFA A IERER A S
2010), fl-AREEMEHORENTEHM A EAT
BUERE I DT o 7B (n=2). BADED SN EE
. M ONELEIST T 4 )VINTL % ATEIREE
THWEZEI LTz, B, —EHOHFEMS (n=20) O

B OB 55 18 % 3 &, 2019]
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Fig. 1. Ao

BD X PfiT e LTRE LTS (BHES 2018a),

B DL EHEEMEIC DWW T, I EH LR LT
DM Ule, MW & &5 Uis o T b2t o
FET RS B HtAS Z WLFE A 5 0D 5568 I S D 5 288 7 W 5 7
g Bkolc, —RILFBEESET IV (GLMM) ZH
WTCRKT UTeo 0B A2 &85 MR O - # b
2% (TC, TN, C/N, BD) & U7z, W MZ EUL
INEAEE (LU, LD &L 5 ORGEFER (LR,
WREf) ichnz . HHE b2 L 5 2 n K &
U RS, SR, R RS, e (B
MICHB T 2 L EY oA 8, LUF. Al - JEk
K& 3 %) & U (Table 1). SEKNOLZHEME
EMAE L Ui, ABMD ZE BRI E Uiz, VI
KD > BEEE e ERNIB M TOREIC XD, FFEER
RERAKMEEHFIEST (2002) ZHWTHZRD =,
F e A E LR EE S (1982) ICK Bk
B A AR OHFIC KD HELIZEDTH D, R
BRI O TR RIS X B HE TlEEV, &I, #HEih
& LTzEAMIC I % HihS & VF 30 =t s R0
FKoTZELTHD Gl 1993, 1S 2018b) . HIHY
DI EF LRI 3% T 5 [HE LR E BN TH
fEE N, ZO%ICIEK LK & st T & R &
NTco T DTz HARWIZED AL MR8 L D
EViREHICER L TWiz (Table 1),

GLMM f@#rid L—F F—¥iikithin & & EZ2 50
% 23 M BRI RICIT O, TV R—HHIA & D Akh-3,
BIRUYHASEFHEH D SI-13 1XBRY L Tz. GLMM
AT U 72 by D i Y & I 5 O FEE A 5 0D i P 1%
15 ~ 41 472 5 7z, f#H7 T3 5/ Bayesian information
criterion (BIC, Schwarz 1978) &}t L U TR T
AR IS RO TV 78R Uiz (KIS 2015),

KEETHANTIT I IMP ver.10.0 (SAS Inst., Cary, NC) 7%
Az,

3. R

F AR IRy OIS = 45 LR LATIC B S LI b
FE N E D OFE 2 BT U T Fig. 2 IR 9,
iy E4HF, FRUAT & BICIEALIR DGR/ T TC & TN
MEAFEIT/NE L, F C/N & BD BEEEICKE VMY
NRH 5N,

FARE IR OIS = 45 LR LATIC B B LHE({E
DS N E R OMM B U O Z Jk Uz E)
D& 95% FFEIX R % Fig.3 IC/”9 . TC & TN Tl
I EH ERLF DA ITADMEIC, BD TIXEDME
KRB HEBADREEN, CON TIEHKZEADRD &
mHLNEh -7 (Fig.3),

e I T AHA & (L) s En S
DOREETEE (KR B KX OIS AT D2 72 fifght U 7z
GLMM D#f5 5% Table 2 IR, 2T D HHERLZ M
RIS U T O R NGRS S, N/ TR
Lk D TC. TN, C/NHAV/NEL, BDIEKEN - 2
(Table 2, WLPRIE), HE X C/N LIS H R L 221

B ENES SN, At TidIE kbt & D
TC. TN K E L. BD AWVhE W EAARE N7z (Table
2, M), & SIcHE &UBLDZHAEH & TC & BD
TR 5N, WH X HEEOFRE Eh o Idthn
EAD DAL B 2 HREZRT) DIEE UL
DR EROB TN ZHOFREERT) OFh
LTIz o7z (Table 2), T, EROZNEDIEAIL
P CHER UKL TR NG 2 2 e 2R L TED,
KILPRHINC 3513 % HithS & 415 & 5% U D 72 1k JE AL i
DFENID/PNEVEHE SN L ZEKT S (Table
2), MLPR L HWERE DIV T, TC THRIEA RS B
feDHTHO, WE X KFEIZ VT o LI E2EE
HLUTEERETENS T,

JUPR, HET, JULFR & M ORZ HEAER 2 TRIZE S L
7z GLMM I B 5. LEHEL 2D R/ 2 T
(T PO DR L ZERE LI EEME) 20 X
U I D FIIC Table 3 IR, BRI A E R T
R e N TC TN & FIIZRITnZ ., Wiz
32 IR L 7e iz /R 97 GLMM IC B 2 WLEL 0D
%EF TC T 10'. TN T10°. C/N T 10", BD C 10>
D7 /R L (Table 2). TNZEFLAHICIT % LEH(L
VDT ME (Table 3) & KT % &, TC, TN, BD
KBV TIFMIIC X B HEBEDE LA TIMED 10 ~
20%ICRZ S L, C/NIZBWTIFAEIC X % b B 5%
U FYED 1.5% FREICE%Y Uiz (Table 3), TC ICXE
T B OFRENE 10° T, WHOBRBEI O B 1 Hi/hE
Mo 7z (Table 2), FAEHDBNCKDHEDOKES %
RYEBHROTEE TC T/hEL, C/INTREDNS
7z (Table 2), C/NICHEF 27 HEKICHT 2 HPHRIE
79.5 T (Table 2), C/NDE5DEDH B 79.5 % M
B X2 EWTHIAET N,

FMFR BT EiS 25 18 % 3 55,2019
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Fig. 2. Hip & 5 OFGEER & T LA O B
(a) TC, &R FEIRE [gke']; (b) TN, REREE [gke]; (¢) ON, IRFEEZRLL [TC/ TN ;
(d) BD, flEARIE [g em™]. /S VI E i, AR LR OEE RS, JL
BIOFEREIF T DV Xl IEXILIR) RS, BEFAHD Akh-3 1377V R—
P E, A%V D SI-13 &Yl EERAID B D I K BN 2 b N
B TH 5,
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Fig. 3. JHAMMDICI B E 47 L5k LT LMY b
PED %55
(a) TC, R ZEFT [g kg']; (b) TN, REZEET (g
kg™]; (c) O/N, JRZEZEZL [TC/ TN |; (d) BD, fl £
FEE [g om™]. TP EZAMED 2 IZHIA E HH OMED
S LTDMEZKCIETH D, T T T LN—
L 95 % EHXMEZRY s Midthh & %o
FEOEEBOFNET LD S ATz, KiLpHio
FABHICIE T A 2D AT (%) B DT Tz, 44 R
D Akh-3 137 )V F—YHINETH %,

4. B

HiAS = X IHRE 7 AL 2 S RN T H B, H
MEIC K> CTHEH LRI E NS DD, ZDW
ZZEDLHSVWOMMKET52DM., T EHhNE
71 2N 2 LS N CIAFLIC R %I dh 7z -
TR D FHGEATREME Z MGt 2 L THEERERTH 5,
L —3F F—YIC X 2 AR A = 7z i A5 tth & 9 % ARt
2Tcid. BEO-Sem THEICBIHELZL2TO 1
BRI (TC, TN, C/N, BD) 12X L CTULF D%
BHRESH 5N T (Table 2, Fig. 3), B XX B EE
THEOEELIE, A% 15~ 41 EXFOE L TE D
EHEEUFOMO LEE LD EE U THRELT
W5 EMERET NIz, TC, TN, BD IZHBIT 2 U D
FREUT S IR Z DO IIED 10 ~20%ICEB L TH
D (Table 2, Table 3). ﬂﬁ Ic kB HHEEELIE TC &
TN 2% 1 ~ 2 /b &8, BD B2 1 ~ 2 #[ghnx &
5tm%éhtonﬁnwwomfdeM%ﬁf
BIRE NIz PIMERIIEMIL THBD (Table 2). THd
TC & INICHEWHHEAN D -7z & (P =0.89) &#¥H
LTWiz, HICTC & BD TR XHENEETH
D, ALEE X HE I & ALEIE OARELO LEigh 5 1FIE Al
PR TR D2 RA X D IERT S, TxbbBIEA
PRI T HIRBEELOREN R ZT N ENRBEN
7z (Table 2),

Clexf LTk, WMEDOE ORI Z TR DIED
?d]%b‘ IR T N7z (Table 2), KE Tl 5N 1IEDOR)
R, N ED 5 OREKEHNAEWNIZE TCHKRKEWD
A H ., ZOMEmFHINEH LR LD <
QLEE X R DR RN E E TIE RV, hWﬂ)iDé:

EERENT S, KU TR SNTZEDORRIT S
%Wﬁﬁ&&%kTCﬁ%MT%L&%ﬁ&?%%@
TRV, EARDOKEICHE S MRA B OHERE - 7
fRIC P> T, M2t T TC BEINT % mTHE: & Rk
LTW3%, 7272 L. GLMM E£5/)L® TC IZ %9 % K
DFBOA—H— (10 FWHOFRE LD & 1 H/hE
< (Table 2), THUFHINXIC K2 HEBELEE L T
BT, RIS REZEMNIEE I NIV L
ZEHKLTWVWS, T0ORMBIGEEF O E #EL OB
METERENT VD, TYSIVORARETRZRKL
72 AEHEWDWHENS 15 FEBOMND TIIEERIC
1 ~4cm EORIKEENRED SN, TOREZHRIT
30-40 g kg TH D . IEHEELW ORI T ORI
HH (50-60 g kg) XK DHSMITED > 7z (Nakagawa
etal. 1996), /o, UHBRETENFBELIZL—
F R—YRHEHADEMS TE. £ 0-10 cm HHEEOR
FREEBXOEE 0-30 cm HEORIZERBICE LT,
BRF R AR50 £ S B I B 5 N9, [/ CHNDIE
A EMT KD /NE o7z (Aoyama et al. 2011),

C/N I L T D FE LD ANED SN, HiH
EHTRELEXD CONDB/NES o7z (Table 2), TC
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Table 2. —fRALBIEEAET IV (GLMM) I & % HEBME AR 2 i E K

FRE R RO
R P [90% {5 FEX [H] [ EEIRIC R 2
HZE R (i, p i ZERNIRDE ]
yUsE R SULPHE R fi] e JULPHE X i
—16.7 1.77 25.6 434 0.643
TC 0.718 <.0001 [-20.3, —13.0] [0.10, 3.44] ns. [14.7,36.4] [0.68, 7.99] [39.1%]
—8.99, <.0001 2.21,0.0386 4.93,<.0001 2.34,0.0203
—1.06 2.33 1.309
N 0.812 <.0001 [-1.27,-0.86] n.s. n.s. [1.51,3.14] n.s. [56.7%]
—10.36, <.0001 5.94, <.0001
-0.23 3.869
C/N 0.806 <.0001 [-0.41,-0.05] n.s. n.s. n.s. n.s. [79.5%]
—2.46,0.0150
0.065 —0.121 —0.032 1.199
BD 0.767 <.0001 [0.051,0.080] ns. n.s. [-0.174, —0.067] [-0.046, —0.018] [54.5%]
9.02, <.0001 —4.70, 0.0001 —4.44,<.0001

TEFYEZAME (TC, TN, C/N, BD) 1T 2 HiIAY & JUFT (LEE) | IR 5 OFREFEEL (R, ALPE & BER O HAER GLEE X BERD |
BRUTVHIEEHN D% GLMM Tt U7z, MO DEWIZZERIR & Uz, YIRS A RS EMRIL & NI DV T D H
RO MLH & PO FRBUI A E 1 & NIRDE D271 FE LA K TIENILIR D FREUS R U T RE L Mo E U CIEA D
WO TH 2, I X HE DRI D ZH DK DE DZRT, FELHTDDIFKNIKE R CHETH %, LT DMK E
K UHIMN E A D DIENIIRIG KRR U T RIS & M HE D E U CIEEMNY OB TH B, LBACHREL [90% EHIXE 1, FRIC (i p
2T o

TC, R [gkgsoil'] ;) TN, REEZHILE [gkgsoil '] CO/N, RFEEHL[TC/TN]; BD, Ml1-AHEE [gem™)

Table 3. —ULAIEIRAET IV (GLMM) I & % HEEPY L2 AN T4 & WP h e
/N2 T AR E R /N2 IR R

[90% (S HE X [iH] [90%{ZHHX ]
i FE XLt
oty ogmLa GSHOUEDgseny g TLHOUES
TC 114.748.6°  139.3+8.6° 8.9% 54.846.5° 96.946.5" 21.7%
[96.8, 132.5] [121.5,157.2] [41.4,683] [83.4,110.3]
N 8.5+0.7° 10.1£0.7° 10.5% 3.5+0.5¢ 5.9+0.5° 18.0%
[7.2,9.9] [8.8,11.5] [2.5,4.4] [4.9,6.9]
C/N 13.9+0.9° 14.1+0.9° 1.6% 15.8+0.7° 16.4+0.7 1.4%
[12.0,15.8] [12.2,16.0] [14.4,172] [15.0,17.8]
BD 0.41+0.04"  0.34+0.04° 9.7% 0.71+0.03*  0.52+0.03" 18.7%
[0.32,0.50]  [0.25,0.43] [0.65,0.78]  [0.45,0.58]
QUFR X HIE 0D 4 KPS DWW T YL 22 1E (TC, TN, C/N, BD) DO EEE R, B K5 D fE & U UL,
HOET, JLEE X BT TR, M OB W ELBFIFICIEE Lz GLMM I35 % /) 2 Je i & it

B BET90% (EEXZEI Uz, TCICDWTCIERRS TRIZEE U, bRin 32 AR O I ke L
Uleo 875227 )07 7 Xy MISXIBTHEIENEE (p<0.05) ICH A% 2 L2mT, FELAICDNT,
FHIE K 5> D5 Ui FEMEIC S 5 GLMM THEE S NI O (Table 2) DE R EF T,

TC, REIEME [gkgsoil '] TN, EEHEIENT [g kg soil '] s O/N, REZEHEL [TC/TN]; BD, AR E
[gem™]

ETNICRBWHERH 2L DD, REICETHIKY
YEE - HERSE RS - RJE AN X K b —EBER
EIN, B LLERICCON D/ NENWEEINS MET
(] 213 Ujiie 1985) MM EIc & b XK@ HHICE
A/ HFRICFEH LT (H 1984, F5AR S 2016, FEARS
2017, PHEES 2019a), MU EAHTTIE O/N KR L7zn]
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BEMNH B, 7272 LB O R 2R3 %R EE—0.23 T
» D (Table 2), C/N DOFf (Table 3) sk (11.1~
24.8, Fig. 2¢) &tigd B L. TOREIT/NHE W,
¥ 72 C/N DfEIEFAEH OB X ZEENRKEL, E
DIEEDOFICHZZMHEMOBE (BFEME) 318
HALZME 4 THH O T C/N Db KE D o % (Table
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2)o EBHITCNIE GLMM IZBW I HIEENE - 72
CEEIREINED o7z, THIEFRABH T D C/NDIE
5O XA E Ule s MO B K T T
ol B RLTWVS, HEMICKEFET S35
DEMNCNTREVHBEZDMDAR/NTB D 2 H
KIZRHTH %, £z, CNISHT BRI ORI EE R
H 5T (Table 2), HINED S ORGEKERICES €/
N OZALIEME E N > Tz, C/NIEEY /iR
DLIYEMROEE LI TH D (Berg and Ekbohm
1983), MY EHIICHHT Lzl > SO KEICEE 53
B LHEREINZH, BN EICK B HEEELD CO/N DO
2578 U T IS 287 MU 3 al BEPEIC D W TR B
ICEERT 20 B I RVWEEZSNS,

BD T T4 TR E U4 T/HEWHEAEDEE
HHN, HAXIEBD ZEMEIER{EETHEHT LM
RENTe QLD EDRIE | Table 2), L—3F R —Hih
M EEEZITIT IR T DRI 72 > TR AT RN
mMLl/zeoWMEEH2H (HE 1984), M X% 14
ERRE Uit of Tk, L—F R—=YTA JEE
RE LMD DEE (AR) BDIZ0.73 gem™, A, B
FrEtgic Al tEZ L —FThEREC LI DERE
BDI%0.78 g em™ & KERWEDHG ENTWS (Ujiie
1985), BD OO IS OV TIFEMKIC KX ZEES
Rbnzan, TEETIEE TEEMzEHEL LTt
UM R TR L —FR T L— R K 2 EHOBTEL
R T TVWEWTEEMICE T 2R L2 IED LN
W (Ujiie 1985, FIED 2019a), HIAEIC K D mK)E
T3 (0-5cm) O BD BEEML T\ izDlk, E£E LD
RESNT FELENZEHZWV DI REEREICEL -
h RETEE VELENES U LB E RO
L IBEEERLEZHEEZ SN S, BDICHT S
RERICEE 9 2GRS ENEh o T, HINE T A, JE
EABEERELUZEH T, A EBRICIEHETBD
DINENABBIHER L TV D, ZOREEIX 14 £/
T2cem E/NEM ot (Ujiie 1985), X D EH DB
mICK b, KEESEICHES BD OZ b E N s
& LN7aVv, BD TIXALEE, HIEIC N A CHLEE X Hi B
DR L FESH SN (Table 2), BD IF ALK T/INE
<L IEARHITRENDORE ST (HIEIH, Table 2,
Fig.2). FEAILIKH T I3 A & HF & 5% U D 2Dk
T BMEMDRENT UL X M IH | Table 2), N
FENL PR T 1 2R e LA LR A < ﬂﬁ%u&b
TREENBHELOTVW EEKL TWVS & HERE

oﬁﬁ%ﬁ/nmﬁ%ﬁWVﬁk@%?%%uuﬂ
BUTHKTF T 2 MR D Rk 72 350 U 72 M50 h» 75 il 36 3 bR
R EOBEILEELEZ BN,

AWFIEIC X D i &I X B HEE b A O R T
140 FELLERFET B T ENHS IR o T2, HIWEIC
KB HSMIERRZ R ATRE A ME L L THEDH TS
LTl coc LIcEL, A VNEH &R 4 72

RV URSRRVA: i1 e
f;ﬁ"‘g?% ) o

HETHINE EOMTE - AR

o EE
AWEE (EWD SIS - Blnbsm SR ma S ot
ZffETuY 7 b GREES 201420) OMZERE T
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Residual disturbances in soil physicochemical properties following
scarification in regenerated birch forests in Hokkaido, northern Japan.

Eriko ITO ", Toru HASHIMOTO ", Shuhei AIZAWA?,
Naoyuki FURUYA" and Satoshi ISHIBASHI "

Abstract

Soil scarification is a natural regeneration practice that has been widely conducted during the late 1960s and 1990s
as a low-cost birch reforestation technique on Hokkaido, the northernmost island of Japan. It has recently received
renewed attention as a low-cost reforestation technique following a final cutting of fir plantation. Scarification
practices inevitably bring soil disturbance, therefore sustainable forest management should be weighed against the
loss of soil resources. To clarify the residual state of soil disturbance in scarified birch forest, we investigated the
physicochemical properties of surface soils (depth: 0—5 cm) at 24 strip-like scarification-regenerated birch forests (15-
41 years old) treated from the 1970s to the 1990s using a bulldozer with an attached rake. Soils from scarified belt
showed significant decreases C and N contents and increase soil bulk density, but slightly decreases the C/N ratio.
Lower C and N contents and higher bulk density were generally found in soils forming on non-volcanic materials.
Moreover, with regard to the C contents and bulk densities, those differences in non-volcanic soils between scarified
and non-scarified belts was significantly larger than those in volcanic soils. This study identified soil disturbance due
to scarification in the scarified stands examined in this study (< 41 years old), in particular in area with non-volcanic
materials. The findings can contribute to a better understanding of future scarification practices striking a balance
between retaining soil resources and birch regeneration.

Key words: soil scarification, disturbance, physicochemical soil properties, Betula sp.

Received 22 October 2018, Accepted 21 May 2019

1) Hokkaido Research Center, Forestry and Forest Products Research Institute (FFPRI)

2) Department of Forest Soils, FFPRI

* Hokkaido Research Center, FFPRI, 7 Hitsujigaoka, Toyohira, Sapporo, Hokkaido, 062-8516 JAPAN; e-mail: iter@ffpri.affrc.go.jp

FMFR BT EiS 25 18 % 3 55,2019



[RMFR GFZEAT S e S ) (Bulletin of FFPRI) Vol.18-No.3 (No.451) 311-317 September 2019 311

52 #R (Short communication)

ZRVIHOWMERNERICHES ATHEXEFhDREEZE L
WiH BT ORE WO, EA RIR Y. VRHE T Y. B Rk

w5

ZARYIANERT HERE T AR R 2T B T L THAED ED K 51 2RI %
eIt 2T o oo A2 FTTRIC 2 AT OB KB T 2 2 BiEM 2 R iE L. HikoD NS & A48T RN
D7Z2i7o e ETRIEIREZ @R U Tiro 7o B /i OB REM TG 14 BRO > A 2 il LTz, B RS
WMZRICHT AOREH RN TH B 27 = T BDELE LT, A EBEMATEMNAEDE Y
YA FIEODBEEMAR SN, MRS KE U, &A%z i U7 B T e s
WTCHF A F IR OEARDOHMBEBAEIN U Iz — 77, i L& E R Tl 2803 LRy
BRMIED T, FAF RIS A OFIHBEZ R HEMM & LTHHTZ 2 RN D 5.

F—U—F DRV, HKE, BGREM . TAID REE. FoF O

1. 3TBIC

HRIBIEREMRIC K > TR E N2 A THDZ <Y
MM 2 Tnd, RELEHRMERZAA L, B
DWTDE N LD Z FHEILT 272D, AL
MEEERDHEE S N, ZOHROFEEMRN 2B L E> TV
% (BKEF T 2016) s — AT, =R IA (ThLREIEY
S & KR OMEAREEIN & 54 DI RN R EINIC K &
GRTEE > TEO (REE 2015, Bh#EM & & Dxf
Rz CTEINICKBBEZZT M RIAD TN
R - FGEMIRAET 2% 8, AR REN ST
LT TWS (B 2018),
BERBHIEIHDN XS Y0 AENEEICHZ DY
Ak > THIIFDEEIZIC R D (EM 2015, ¥ HDE
BB RE D WO E R B T U > 1 O AR RE U PR ) Y 85
TEHREMEICKREBEHEND S EHEHEINTY
% (Horsley et al. 2003), > A3 WS EE S CTAIE T 5 Hilg
IR 2 3 iE L T O N THEAE D 2 b 2 Erilig L
N K BHEBERNDZMREIEESHTITbNTWS
(Tamura and Nakajima 2017, 38 « @& 2015), LA L.
ZFOZ IR ZERSRE LT, HIKERHIC FHREM
B RE U T AR MR U 7z BOE M TR D2k 7% i
AN 72451 Tijima and Otsu (2018) 2 ERENTWV B, F
To. MEWERBRRT 272D TY HOH¥EEIT>
TWVWBM, ¥ OFIEIC X 2 A OHIRD RIS 5 2
B NI FENE, BN TIEH 5 E DD (Royo et
al. 2010, Miller et al. 2010), HARTRIFLA LA LN
Vo FREMHITIIAEAE 2 1 IS K o T RN OFRNE

JRRESZAT P31 4E3 A 14 H JEREZEE L SEEk 31 4E 4 H 26 H
D) FRMFR S BFZERT PUESZFT

2) FRMRFR T IFZERIT AR A2 Akl

3) ARRER A WA BEVE S AT

4) RSN MK PERR S B i > 2 —

* KRS IZEAR PUESZFr T 780-8077 M I /A PEHT 2-915

DHTEMNALGNTHEY LEDS 2013), MK L HE
T BB ZF O b ziET 52 LiE. FAbD
b zXND L TEETH B, R TIES H DB R
i < 2T T KB THERR S 5 & & ZRiHRIC, DM T
SAEERICHR LI &, FREHEBICE T AD
HHUEIE 2 5 LTz & &1 SRR A DR 1% 0 FEAEL R A
EDXS BT ZNEEL, vHORAEEDOZE L
IR AT RRT A ZHNE LTHRE R
1To7z0

2. @i

T ITTEE R D % TN O RAE MO B 2 h AT
Tolze B9 (20 5) MBS 820m 5 940m
Wi U, ERIAEIE 3.9 hale o7z By (B 5 7210)
FRER I S 650m ~ 760m I H D E{RIE R 4.3 ha
2o tee BT LKA IGIRDZ B A THEAREEBE T 4km
MNTWV3, HRINERIZEBESE 60 FEDAF
ANTHT, BT 2 N THOMKMEN S, BIFTIE
YAEY, hFIF /) FiREDOEARDN, KATEIX
RV AVEYV IR EDERD Y XN DT DI
JRICKIL L TV e BEZ B NG, fi 7GR 7 B bR By
(2014 £ 8 H) ICH B3 FRERB L TBOHAD
AR IZ TN TWiah oz, FIEMKRTIE FAIDE L
DIzDFET HMHEDFRERN DRV S BICHIRT S
TENLEFE LV, BIRBERERERSHLTH S
HENZHEMEDELRVWIZD, T T TRERBEE
R U 7o AR I B TIHEZ 1T 5 Too 2014 FEFKIC
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AR HLE A DN TI7 - T BRRA IC K B > h O
EAE R, 85T 28.8 BHkm?, AT 33.8 ¥4 km?
2ot (RS 2016),

SRR & LT, 2015 4 9 HICHES HE L
OURH S 2013) IC XD IMEY A AEK 1 867%2 . [H4E 10 A
M5 2016 4 6 HICHF T3y b IFHEMBE M 72 il o 7= 1
DBINT FTEF13 50 (MERCHR 2 8. MERKER 5 BH. ML
BRSEA. WELHER 180D ZHiE L7z (BEHS 2016). HK
IR e UTHigZ I Lk > fee R, HioT
WMEENOBEID NS, i /7 O 5k E 4 T i3 a5k
HEME X ITbNTWiEh >z,

WMARDOWEREZT S/, 20154F 5 Hi, BFT
8 WT. AT 4 M 20m X 20m DJTIEX Z#RiE LUz,
TNZNOHERKONGBZ FAO Lk, AFBXT
b/ FOWARZEMLUE CRRS 2016), —#H DB
X (BF2 2 DA, B 1A Tk, YOz
b9 2728y MYz G Ui, B o ko
BmEX18m T, 2 PEAT VL AEMOIAAL R
YIF LT, MHOMMEE Sem 72572, 2016 45
HICE Y BRI LW AR THEREZ T 5720,
2015 FE L [HARDR D 7T, PO BIARDHARZTT-
Teo B AREBRHIC I 5 v AR E T DB
NRBEMERAT Y 2 — )VOMAFRZ Fig. 11K &,

HEE R7Pa— BT

BSF Kiri % Narutani
Year  Schedule B3 Kiriu LA Narutani

n=4 n=4 n=2 n=3

8H HARE
2014 Aug. Vegetation
survey

5A TXY BREEM
May Weeding, exclosure
fence
9A WE&ERAE In Ex In Ex
Sep. Vegetation
survey

2015

2015.9~ 2016.6

UhiEE

Culling of sika deer

58 TAY
May Weeding
8H HARE
Aug. Vegetation
survey

2016

In Ex In Ex

Fig. 1. {5 AF—LOWEZK.
A schematic diagram of the study.
FERRDO VU M2 RRIE LTI E X 2, RO
P B REM DR VI E X 2R n IEFEX O
Bemd . In: BiREMOMNES, Ex: FiREHo Sl
Solid quadrate shows an ideological study plot enclosed
by fences, while dashed quadrate shows an open study
plot. n shows the number of study plots. In: Interior of
the exclosure fence, Ex: Exterior of the fence.

3. AT
B L RIS BN T, 2014 4 8 HICHIEMRE T &
e ZOMMTRAERBGEHI RS —F QmX2m) %2
~ 4 BT OKE LTz, SIFIEERMA 20°~ 35° DPH~

PR P = ORI IS, A 28°~ 40° DILPE A E D
FAICHEI R — M 2@E Ui, 20144 8 A T4,
2015429 H EA), 2016 45 8 H FAJIC, M KT —
K (2m X 2m) I Z TV B HEE AV OFE C & Dl
HmAiBs KU a F I — b ekofeimAiz 0.01 m? H
MR L7z (Fig. 1o MEMEMIMEIE N RO EREDR
ol e Uy MOThVPERNIC b X ZEN TSR
BAHAHL TV TEREmMEICED R, 2720, D5l
WINEARTTAVEIR] LIS < W 7z 8D FEEE M O Rk 1 RS 72 5
L 7o BRBAMTIEREA - BEAR (2014) BRUBEAR
(2017) DEHRICHEN, 2T =T, AT ATITE,
VALY UEE, VHOREEZFIC L WAL
R E Utz

FHRENNC & O > A Z R LI R I K B 2h
OF AR Rz, WgmiE, M 2HRERE
BOZB X CIEFEZ RT R EE (NMS, nonmetric
multidimensional scaling) < K % ffi2E Ok D Z 1k
T L7ze ZNEFNDOI RS — b TRAKD R HRE,
HEE SR OFE S 3K, Shannon-Wiener O % KEE {5
BH (g 1977) ZEIE LTz, 2RO HBEED 5%
KGO RNz 81 FEICDWT, 392 R5—F (13
IRI— X 34E) POWET—2ZH T NMS IC X
BN T o Teo MirHENTY 7 R IE PC-ORD ver.4 (MjM
Software Design) =\ 7z,

4. HER

BT 2014 4 8 H R CREEMERIE FEX TH.
ZONMOPFERXTE > HDORELF R TH B X
FZTYHBEE LTV (Table 1o KAIKHBWVTE
2014 S 2T = 7L LT EF X0 Dk
RN FRaF s X7 VF/Fo, I AFd,
RO ZI, VBV UMD Z 5 7z (Table 2).
BE KA L BICHARBEMAENZ L. BAERIEZ
ERERM o Te, REWHRLX 2014 FERFICE T L KB T
KEZEBONIZ (Fig. 2) —J7. FHEEEFEX D &K
BOFWFEET 10 FFEEZ h - 72 (Fig. 3).

BT TIERAID % 4 Hh ADEEE L 72 2015 45 9 Hicid
TRTCOREXTH T = 7Y OREBE AL 2014 F X
DERELIAD LTV (Table 1,2), BIFTRIHD
WERR LU EMNT YA Fa, AT VA
7. ARFOR2MERBEMA RSN, M TIEES
L7zZMbid RS N7ah o7z (Table 1), BAFEMEAN O R #H
MifEIE 2014 £ X D 2015 FENVKEL R D, 2015 FIE
FEHIAN D AE A B ML & O K¥ {72 > 7 (Fig. 2
o HEUZ 2014 S 2015 FEITHIT TEIED E >
7z (Fig. 3 L) D, ZEERE T 1 2015 FIc@m <%0,
FHEMAO B BEho e (Fig. 4)e —75. BT
ETFAOBRETF =T ORDHARLGN, MATIEZ Y
AFIARA T AT S DR TEMA R 5 NIz,
L TIEBIE DRI B FEEE7Z - 7z (Table 2),
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Table 1. ZEEULD 2 ZHIH5 ARt (3 A I 131 % EAL 20MiD ki HaaRT (m®) O P01

Changes in mean vegetation cover (m?) of the top 20 species at the Kiriu Experimental Plot (culling) in Tsurugi,

Tokushima

e =4 A yER ¥ Exterior of the fence it Interior of the fence
Species name Scientific name Life foom 2014 2015 2016 2014 2015 2016
BRIy = Macleaya cordata* Ph 3.00 1.58 1.25 2.13 0.98 0.48
IYAFd Rubus hirsutus S 0.06 0.05 0.33 0.03 0.78 0.58
*o VAT Carex foliosissima Ph 0.01 0.05 0.30 0.04 0.33 0.56
ARF Miscanthus sinensis Ph - 0.02 0.11 0.03 0.21 0.50
2FVRAIL Viola grypoceras Ph 0.16 0.28 0.19 0.03 0.08 0.04
vaey Lindera triloba S 0.06 0.02 0.02 0.03 0.13 0.13
FAIYFE Panicum dichotomiflorum Ah - 0.00 0.01 - 0.31 0.01
IAFd Rubus crataegifolius S 0.00 0.02 0.14 0.00 0.13 0.16
R RROFs* Erechtites hieracifolia* Ah - 0.02 0.14 0.01 0.11 0.13
FATVFFT Erigeron sumatrensis Bh - 0.06 0.35 - 0.01 0.17
YV /RN NER Tricyrtis affinis Ph 0.05 0.01 0.02 0.01 0.07 0.08
27/ F Aralia elata S 0.03 0.03 0.03 0.01 0.05 0.10
FFIPY Oplismenus undulatifolius Ah 0.01 0.01 0.00 0.00 0.05 0.13
INY AT Hedyotis lindleyana var. hirsuta Ah 0.00 0.00 - 0.01 0.08 0.10
A7 sp Carex sp. Ph 0.03 0.05 0.09 0.01 0.01 0.08
XAFE Panicum bisulcatum Ah 0.00 - - 0.13 - 0.00
ENE DAY Hypericum erectum Ph 0.00 0.01 0.01 0.01 0.03 0.11
AT AT FL* Hypolepis punctata* - - - 0.00 0.08 0.05
S SrAVES Deutzia gracilis - 0.01 0.01 - 0.01 0.10
Fhraxry Patrinia villosa Ph 0.00 0.00 0.01 0.00 0.03 0.08
WD MEWET) Ah D 5, Bh SRS Ph: ZAER SR, L DAY, F > XA,
Note 1 [Life form] Ah: annual herb, Bh: biennial herb, Ph: perennial herb, S: shrub, L: liana, F: fern.

2 KA - AR (2014) BERUBER (2017) I K B ANELFEAEY) 2719
Note 2 Unpalatable plants after Hashimoto and Fujiki (2014) and Fujiki (2017) are shown.

Table 2. TEISUED 2 MR B (S A HiFEZL L) 1B % AL 20RED Rl ki (m*) O F-Efiid 2t
Changes in mean vegetation cover (m?) of the top 20 species at the Narutani Experimental Plot (no culling) in
Tsurugi, Tokushima

&4 24, Heygr filt#}% Exterior of the fence HitA Interior of the fence
Species name Scientific name Life form 2014 2015 2016 2014 2015 2016
BRIy = Macleaya cordata* Ph 1.33 0.30 0.33 1.75 0.40 0.20
9453 Rubus hirsutus S 0.53 0.63 127 0.02 0.25 0.65
NZNFRaF s Crassocephalum crepidioides Ah 0.80 0.62 0.02 1.05 0.40 0.03
AT AT ZL* Hypolepis punctata™ F 0.11 0.37 1.13 0.08 0.40 0.50
K7 &2 Houttuynia cordata Ph 0.21 0.27 0.20 0.30 0.65 0.90
FATVLFFY Erigeron sumatrensis Bh 0.42 0.73 0.02 0.30 0.60 0.02
79F Clerodendrum trichotomum S 0.03 0.10 0.10 0.18 0.65 0.45
VY AhEYU* Boenninghausenia albiflora* Ph 0.27 0.20 0.50 - 0.11 0.06
INVH T Hedyotis lindleyana var. hirsuta Ah 0.01 0.00 0.01 - 0.11 0.28
A X b F Clinopodium micranthum var. micranthum Ph - 0.17 0.17 - - -

2y RRpFo* Erechtites hieracifolia* Ah 0.08 0.04 0.08 0.11 0.03 0.02
IAFd Rubus crataegifolius S 0.02 0.04 0.13 - 0.03 0.10
27/ F Aralia elata S 0.04 0.10 0.10 - 0.03 0.01
ho LY Boehmeria nipononivea Ph 0.01 0.00 0.01 0.03 0.06 0.17
Fhraxzy Patrinia villosa Ph 0.01 - 0.00 0.01 0.05 0.20
LoTFTFT Callicarpa japonica S 0.03 0.01 0.01 0.03 0.03 0.10
XTI Thelypteris torresiana var. calvata 0.07 - - 0.02 0.10 0.02
R Pueraria lobata L 0.00 - - 0.01 0.01 0.16
X Pilea hamaoi Ah 0.1 0.04 0.01 0.02 0.01 -

HF LY Glechoma hederacea subsp. grandis Ph - - - 0.01 0.05 0.10

1¥id Fig.1 £[A . Notes are the same as Fig. 1.
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Changes in total vegetation cover at clearcut sites.
HEIRT— b 4m* H7 O O EHEZ R,
HEFE 3 EHER 722 2 /R 9. KIR: 309 (FiH D).
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Vegetation cover per 4 m* quadrat is shown. KIR: Kiriu
(culling), NAR: Narutani (no culling). Ex: exterior of
the exclosure fence, In: interior of the fence.

R T R L [ R P & Sl 5 TREBIC IS L, 2016 4F
WX RN 100% 1T < %2> 72 (Fig. 2 B)o 7z,
FEEUEFHEHM P —E L TP Emcd v (Fig. 3 F).
ZREEARECH (ZMN T 2014 ED 5 2015 IS T
B U7z fid ka2 kidiah - % (Fig. 4 F)o
4T —Z D NMS ric & b 3 inEsnik, F5
R 1A 0.609, 25 2 HiliAY 0.226. £ 3 #liAY 0.064
ThHO., H1EE 2ME LY EF 5H R X 0.835
Fole #ARS— DA ZH 1l & 5E 2 o
KIS T Ty 92 e BT LR 2014 R THRE
NIEGBANC AT oA L TEL, KN RES T
EMWRBENT (Fig. 5). 39T 2014 FIIEMN T
EX M T EXD AT T HMFIFEE CHATC 94 LT
WA, 2015 FEICHIN D R a7 kELBE L (Fig.
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DM T T B A a7 OZFNIMMAN & [ CH I HER
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BTCOT—R—HFRE LN, BRI LT5k
B 4D T TRRL TS, HALE 2014
L REHIE 2015 4E, HBALIE 2016 EOFHE T R
Z— b OfEZRT. BRENL 2014 £ 5 2015 4F
ANDHE DR T — O PFEEOZ Lz, IRERHNIE
AT < 2015 4ED 5 2016 HEDZHLZ/RT. KIR Ex:
SIEHESY. KIR In: 394N, NAR Ex: B
NAR In: BN
To aid visualization, scores are shown in four separate
diagrams. White circle: scores in 2014, grey circle:
2015 scores, solid circle: 2016 scores. Solid arrows
show the change in the average value of scores from
2014 to 2015, while gray arrows show the change from
2015 to 2016. KIR Ex: exterior of the exclosure in
Kiriu, KIR In: interior of the exclosure in Kieiu. NAR
Ex: exterior in Narutani, NAR In: interior in Narutani

5. B4
FEHIT T LA & IR D S 3 EFERHEL
THED. 2014 FEOWF A TEIAARFEN DR L > 1 DARE
BFERITH 2 2 r = 79 MELE L Tz, — IS
BRI @A ZD TEREMPED SRR E N
% (Sakai et al. 2010) A, >4 D REE D& WG
T ORREUFPEREYI D85 2 R R MR I 5 2
TEMNHISENTWVS (Horsley et al. 2003), 7E> T, A
BRI B B R LU & ¥ AT K B B R kRIS 2
TWEeEZOND, BRI TF XD &Y OREED
B (Fig. 3) T. NMS O 5 SRR 72 %
TENIMM ATz (Fig. 5)o EADORAFR T L LY
BHAICHMIEL RV X JTF v hEVY Ik EiE-o
FeNT I Z I SR 2 0 o 72 (Table 2) T &5, B
FICHANBHZRETH> NN S, R &Y
N L VRE e LT, B RmEe T A 0ER
BEMNE U XS RIGATZ A TZ., B0 L HEK
53, ARERAT O FEALRL D W 7x £ DR % O FEAHL AR 5%
WILKMENTZEEZ SN,
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B stz 3 iE U C o A 2 HEBR U 72 5 R . 805 T
FZICHONT, HETIRELS LW Z 790
MO b, 2014 4 8 F O FH A K TREM: R A - 70 72
JEIC 7% > 7z (Table 1), BhFEMAER Tld 22 7o 22 &
DB X2 = JHLUNORYDFEEL., 2kD
REAE A 2 RREER D N U (Figs. 2, 4). FHEAHRAD
KELZE LTz (Fig. 5) &FEZ 6N, — /. Bhitt
TR HDREERS L T2 T0, RO
AR S EERBEDMA I 0 /NE <A, FEHROZ
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THEMERNZEDD, MESERIET ST &AM (L
LR ORI TE BTN TS (Tijima and Otsu
2018), —/. AKAIGREME AL ZREREO
ZE)N D7 FHROZENN 2 —2 87 L Rk 5
TWzo ERD X ST IEHRE L H D SN Z <
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WE OB RN ETH S,

IR % 14 A USRI 2 RS R RGO
D SEHB Tl o e, 7Y AF IR AF
d. Xy RRaFxFs, X0 /) ho X7, A4 T7LVF/
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7z (Table Do HIZIX., 7Y A F WX 2015 405 2016
I TR MO S TREME A D 6.5 fFIC x> e DI
R UL BREMA T 0.7 5725 72 (Table 1), BTl
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T X% ORI HBEDKEAE., 5D bREIE
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2015 M DB 2016 SFITHMITTOY A F O, /v AFd
DM DB IMHIE T F & LR T/ hEW—75, 1Tk R
TIE, XY AYY Uik EOREFERYIA N L T
BY (Table 2). Y AHDFEEZMKIRE UTH< 21T
TWVWABAREHEDN S DA B, FHKDOZ L (Fig. 5) %
H B e, fMERIEML T (KIR) T, Misd (KIR
Ex) IZ BV THiIERT (2014 £~ 2015 ) X D HliE%
(2015 F£— 2016 ) DR DZEIL (N7 MIVDKEX)
MWRELESTVS, THNEFRIEFICBWTHIEICK -
TYHORBEDNTFHD, TNETIYHICEXRLNT
WEHE DR EIE LR EMIRTE 20 E LN
W, 72720, BRICHBNRT=X S0, iR 9L U 7z 550
E LRV (BIF ) TZLZEMEN L >
TWAREED S B Tosd, ARWFFEDORE R 5 Az O fd
HROZALHHEIC X 2D LRI 5T LIXNEE L
EZHbN5,

lEocens, B - BRI B0 TR EM T
CHEPERL FAD ZITS . HHWVIEHEIC K> T
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Vegetation dynamics in clearcut sites with deer fencing
and culling of sika deer

Atsushi SAKAI ", Tatsuya OTANI ", Kazuki MIYAMOTO?,
Chizuru YAYOTA? and Sakae FUJII ¥

Abstract

We investigated vegetation dynamics at clearcut sites to examine the effect of exclosures and/or culling of sika
deer. After weeding at two clearcut sites, exclosure fences were built and vegetation was assessed inside and outside
of the exclosures at both sites. A total of 14 sika deer were culled at one of the sites and no culling was carried out at
the other site. An unpalatable plant, Macleaya cordata, dominated the vegetation community at both sites initially.
Species composition changed and cover of some plants, such as Rubus hirsutus increased rapidly inside the exclosure
fence after weeding but did not increase outside the exclosure fence. Rubus and some other plants developed after
culling of sika deer, but this change was muted at the site where no culling was conducted. Thus, Rubus can be an
indicator plant reflecting browsing pressure by sika deer.

Key words: sika deer, clearcut site, exclosure fence, culling, weeding, vegetation, Rubus
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52 #R (Short communication)

BERVA 2 T7HIERERTRELEY9N\XF /NI
Allactoneura akasakana Sasakawa, 2005 B+ / J/\TH)

A BRI e, dus Y0 B s

HE

ENBXUOCTMEOEKY A X SR CRREINEY INXF ) AN ERET 5, AFEORKR
R R TI AN S 11 HETORA OGN, FEEOAEIE RS NG >Tz, 2017 F
6 AMS 2019 4E 3 X TOIRM, IR & BEBIIRMA 5 EAT ORISR E & NTZIEAN 1320 DK
rSwTD5 b, THRICTIARDOREDNFIE SN, Fo, REEMROER FCHRELSh A2 RiE
CEHRIREBI 20.4 ) TRBE LS. 13 HRICKEAPHE L, 51, BABEBL L RS
RCREINTRBEEARICHE D E, RAEINE AL, PEICEMT BT b olz, L
DT M5, RETENEHEOBE MR TEZE - MBICEBIRIEET S, BENEFERTHZ &

EZZ 1,

F—U—F CHnck. BHF /a3, FE AA HAR

1. 3L®»IC

A R Lentinula edodes (Beck.) 1ZEHND E D T4
BIERERD 22% L 25595 T by (A&
TRITH N, oA 2 CEHEME) M25 5 FY)
PWEFEEND KT 2018) . FTEAEBHEOIDOD
EDTH B, BIE., LA 27 D4 FEIXE IR 3
WMCTHO, LA 2T 2EERD % 2 D25 (MY
JT 2018,

VARG TR A EERMHSNTVS (LS
2019), TNHIKEFHR FF/ ANTHOX S ITH
PRAREE HiE% THREIC KA LT P HENDBEDEY)
BACE>THEZE O THEEERN VS (JLES
2011, ZD—J)7T. BARMNEREFNEENTZD 5Nk
WEHEE CRIE - AR 2017) &tk TE L RET S
TEMNHIENT VWD, BEFIHRERD 2 NIXBTEN
BRERTHZEEZALND,

T IINRE J AN Allactoneura akasakana 1% B
B X DRI T TR S N7 AEA 2 TTIC 2005 I
L UCidd & 7z (Sasakawa 2005), —A£% (2008)
AR (¥ TB) oSN A. cincta de
Meijere ¥ TN F / ANTZE LTAMNE MDA S
FoEk L7eh, 1RIC, T OFRLERIE 4. akasakana DFRFIE
ThsELTBIEENT: (8, fME)., AMZED)E
Allactoneura X HEH, AN DOBEFIGE) & FrER OB RMN
monTWhWikhol, LhL, EELIKKXBEHEDY
A 2 BEROMBRIFZEIC K D, BRSO B XU HIE

JRRRSZAT © AR 31AE 3 14 H JES2EE - yResE s H 10 H
D) ARMFESTIZEAT V2 BRIEE LR

2) ARMFESDIZEAT ARAA R 7 a ik i

3) WL MR MRSEBL W E il e ARMAORE AL

* BRMAR ST B2 RS T 305-8687 D L IETIMDH 1

DEIKRY A Z 7 RIEH T TN F S NI REL
TWaZ ehbholz, £z, HNEOE I THRE
ENTAER D PERIZTERFT S T 2 B 73 A HH
MATE, & TTARICK S HEFREAE O REN 2 #i A\
BEENT & UTAROIE IR & FEAIRVL, il
ZWET B,

2. WL MR
SRYRIR (BT ELAT) & BEFS IR CHATi. Bk, &R,
BT DBRKRS A 27 JMEFHiFE T 2017 F 6 A B,
2019 3 HE TOM. FBESNICHE T v T EHRE
LToA R EROREREZIT> Tee 2FHID 1
IZ 10 KD EIREFE > — b (10em * 43cm) 72 F53 1A
O, MEEANINCE S XS IR D PP TRiE L (Fig.
la). AT 1 EEIY &Lz iTo 7z, BIRLZzS— I
I LI IR AR Uie, TN DS DR T,
9AMNS 11 HORMICY A 27 FRKODFENR S NI,
Ko (HH™) T, 2018 10 H4HE 11 ATH
I 2 DDRERZFHM L, HEFNOREK LICAERT S
Yt (Fig. 1b) Z¥ vty b TREL., HBMHBRETR
AT LM SZ AT (BEATH) WO RIRSEM F TR ZE P X
iz A UTZRHHIEE RO AN ZRICH 20,
VA RT FRIEDREZ Va0 Tz, HETIE 2016 F
10 20 HIC 1 fiigk (Fig. 1c) Z#FEBE L. BEFIIWE
B 2 W RS CERE LT, & LIRRIC Y 17 27 7
HEOREZVEM o> (Fig. 1d), ZOfh, 1995 4
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Fig. 1. U\ 3F /) NI Allactoneura akasakana Sasakawa, 2005 O’F: E ik,
Habitats of Allactoneura akasakana Sasakawa, 2005.
a, BIIKE & — M OREIRIN FEESEETD . b, TR F/ il CRED I
J: 5t CKROEHET)., o T HABLBOEIRY A 27 #AEE, d, Il EBELR

DE KRR EIRDL

a, A transparent adhesive sheet installed in an indoor facility of the shiitake mushroom,
Lantinula edodes, in Shibukawa City, Gunma Prefecture. b, nest of Allactoneura akasakana
larvae on commercial sawdust-based mycelial block, in Hita City, Oita Prefecture. ¢, an indoor
facility of the shiitake mushroom, in Pan’an, Zhejiang, China. d, commercial sawdust-based

mycelial blocks in Pan’an, Zhejiang, China.

M5 2016 FFETORM, EANSH (AN, JUM. x5,
REPHRE ) O I BERS PRI & 72 13 b C i R I

EBWOMD LT, BNICHD A 5N ik
HTRE LT,
AREORD, 07 BADRBEE Ly LT

ARSI EEL . 10% KEEL AV T LIS A THIA
HHRK 2 VA U, 3% BRRBTA TR & ZKARK U Uic, R
K DAL DN HER 70% T2/ — JVIATRT T,
£721E99% 7'V Y UIEWR THAEBEMEE (Olympus
Sz61) & EWIEEMEE (Nikon E600) Ik D, B L
W Z21T o Tz —H 0D pl AR A O A5 Jij 3 7z PR ME VA1 72 in
Z TR CURE L. 99% T & J — LR Clsk
LizDB, =TI TATA RHITAEHNN—=TF
ZDOMICEHAUTRAT A FHEARZER L, EYEmMBE
(MMn%%)kib BEMREEITo 2. HAOBNR
REAR DI HGEZ =8 (2008) ICHE> Tz,
@ﬁ@r 2 UT, OB & AN E =
(Aa.0001-Aa.0062), pEM, AFORENR SN A
2 DREEE T, B ZRE LT, TR EDTHE
L7cHA. BRERE. RESZRIR LT, FRdDRE
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REZEDSI B, EESZROXSIKHEF L - HM (7
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AR & U TR SR (D ) K RE
ENTN53

3. FEAE
I N3 F J AINT Allactoneura akasakana Sasakawa,
2005
oA A CRIN. M e
HE HTE) (Fig. 2),
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Aa.0005), & Bk U BT RUET. B 7 AE. x.2017. ST
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Fig. 2. N2 F /) NI Allactoneura akasakana Sasakawa, 2005 D55 11 [Xl,
Geographic distribution of Allactoneura akasakana Sasakawa, 2005.
O 27 Jlifiiag, HEBIR &AM IEEETTOREMZ 1 DICX Lz, @FF
SLiEdh, Fed ke (20, 30,40) & BR% (120, 130, 140, 150),
Circle, indoor facility of shiitake mushrooms. Filled circle, outdoor locality. Numbers are
showing north latitudes (20, 30, and 40 degrees) and east longitudes (120, 130, 140, and

150 degrees).

? (A2.0049-Aa.0065), M il & A 22 WL M, 421 5 4
19.x.2016, L, MS,

(B CHEREE LT MER] 1 € (Aa.001D). (LR IEEER i 7ot
JII, 17.ix.2010, SW, MS, 1 & 1 % (Aa.0012, Aa.0013).,
EREAREESET AT, 3.ix.1996, SW, MS,1 £ (Aa.0014),
AR RS T P gL, 12.viii. 1998, SW, MS, 2" 1 £
(Aa.0015- Aa.0017), FASIF A T R A A, 12.x.2016,
SW. MS, 1 % (Aa.0018), AR AKILETHIA, 18.viii.2011,
L. MSo 151 % (Aa.0019, Aa.0020). & it U A& e T f1 5.
16.vii.1996, SW. MS, 1 ¢ (Aa.0021), & U 4E R 75 A%
KA, ix.1997, SW, MS, 1 ¢ (Aa.0022)., #&ERAEAER T R,
26.x.1995. SW, MS, 11 ¥ (Aa.0023. Aa.0024). [Al I,
30.ix.1995. SW. MS, 1 ¢ (Aa.0025). #EFEAERI T,
23.x.1996, SW., MS, 3 1 ¢ (Aa.0026-Aa.0029), IR
ERITI RN, 10x.1995, SW. MS, 1 " (Aa.0030), F&kd
LR =5, 16x.1996, SW, MS, 1 £ (Aa.0031), [k,
14.xi.1996, SW, MS, 11 % (Aa.0032, Aa.0033), fa il
R, 29.x.1995, SW. MS. 4 &' 1 & (Aa.0034-
Aa.0038), [A . 28.x.1995, SW., MS, 2 ¢ (Aa.0039,
Aa.0040), & [ U2 48 B T HE 5. 27.x.1995, SW. MS,
1 2 (Aa.0041), [FlE, 22x2000, SW, MS, 1 % (Aa.0042),
HEAIEAEATHZ I, 16.vii.2008, SW, MS, 1 & (Aa.0043),
FER SR EARHT, 9.vii1995, SW. #EEA], 1 ¢ (Aa.0044),
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EIREE TS LI T2, 30.x.1996, SW, MS, 1 %
(Aa.0045), IR EIEAAF 58, 21.x.1997, LT, MS, 1
? (Aa.0046). [ F. 23.x.1997. SW.MS, 1 ¢ (Aa.0047).
A U S 0 TR iR U IR, 20.x.1997, SW. MS, 1 &
(A2.0048)., TH#EIRACHE iR & B, 26.iii.2000, SW.
HL Ao

KOWAMTOMR T, EmEicfHL w3
BERZE W & KD BT (L THIRNEAREMIRAT
HeEo TV AT IBIZE NIz (Fig. 1b). TNHD
WHIZ RO BICHRATZEROWMANTILEL, #END
13 HENWCH WAL U, HEOERR TlE. BHIRZ i
MCEWFES (Fig. le, d) DAY NCH L 72EH
75 REH ISR BDEEN > TO R TFHBRE N,

4. PR OIEREMFH &R 5 D P EL

B (Fig. 3a) DYV RE I Sasakawa (2005) & =
K (2008) ICFEEL S BARSNTHY, SEM L ZEA
BZNoDERE X<EHT 5, miBOBNRE =8,
(2008) DFIRITEED VT Fig. 3b IR LTz, 851 &k
(R) DHEN S HITICHIET 2 BV RERIK O @R
IR KE (Rs) TH O, Rs DI Helih S M A1 T
U2 HERDE 5 2R (Ry) ThH Do AREDpKHIE
IEREIC, Ry DR L 2 ik (M) D%/ THEET %
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d

Fig. 3. U\ F / JINI Allactoneura akasakana Sasakawa, 2005 Ji&H DAL

JEE,

Allactoneura akasakana Sasakawa, 2005.

a, ¥ BN (Aa.0009), b, HHTATTH (Aa.0008), c, o2& e
(Aa.0008), d, " 5XEdRTTIH (Aa.0008),

W @ ad, $ARS 5 ¢, Bf 5 CuA, IIRATEL ; ep, ERENR 5 hp, AL AR 5 ge,
AEFEALER ; gs, ZEFHERET 5 My, 851, 2, 4 IR S pm, 78T AT Ry, B L,
518 Rs, FRAR A% R-M, PEHRER S Sc, HiRT# AR, A7 —)Vic,d = 0.5mm.
a, Adult female (Aa.0009) in left lateral view. b, right wing on dorsal view
(Aa.0008). ¢, Male genitalia in left lateral view (Aa.0008). d, Male genitalia
in dorsal view (Aa. 0008). Abbreviations: ad, aedeagus; ¢, cercus; CuA,
anterior branch of cubital vein; ep, epandrium; hp, hypoproct;gc, gonocoxite;
gs, gonostylus; M, ,,, first, second, and forth medial vein; R, s, first and fifth
radial vein; Rs, radial sector; R-M, radial-medial crossvein; pm, paramere; Sc,
subcostal vein. Scale: ¢, d = 0.5mm.

IWITNER LS 1 iR (M) &4k (M) DI
BB NRCHITHBEHBRIRNCEREDIH %, AR
WK A 27 DERELTHONAMEDOF /28T
T B EICLU N OIEREMNRHIC X > TRAIE NS (Seli
et al. 2000) : BFBEIRE FOTEICH . B ITHRD
BREZFED ; MEEm & IEH SR G EIKOREBICE
DPRBAGEET S WL RSO @z 2kicBiE
T. JIEHES 3, 4 HillHk & 2 IEHES 4 WilgH XA < %
Ffaz 2923 §ilsei 1/3 B gtz 29 2% (Fig.
3b)o X BT, AR BTG (gs) DIEHRIC 2 ADHk
Rz % €D (Fig. 3¢, d) T & CHEDMED 5 X
N,

5. Bt
TN F S DANTIERER. AN & SUNTHAH
ENTWie (58 2008) A8, Sl WS & s,
(L&) K& I 5 ehbhoiz, BHEE

BBHRT ITICHBNT, & Allactoneura \EAFEDAHIZ
RGN I 5 A. ussuriensis Zaitsev, 1981, BB 5 A.
formosana (Enderlein, 1910) AT N TV 5, Th
53O TE, ARIEARMORA AL T 5 m PaRE
K EZ ALV, D, KED—ETH % HiE
ERIRTH 2 HARICHMEL THMmT 288N H 5.
FAEZENTEIH. 10 H. 11 HICEIR LU 728554 B
Ty TIAEOREPHRIN TV, £z, BT
W&, PHRIR GIRFT) T3 HICERE I Nk, A,
JUN, S TT AL S 11 HETOMICREINTL
Tzo FRIRMEIFT T OARFEDFLERIE 2002 55 2003 X
TO 1 FEMRBEENEL—X NSy TR iHE
THRLNZEARCE DIV TWVS (K 2005), T D
BTAHMREINTZDE 2002FE 10 HE 11 A, B&
U 200346 H., 8 H. 9 HT&® > 7z (Sasakawa 2005),
=8 (2008) WA OFEERIAICOW T HARN A A B
EHET, HFERZZVLELTWVS, KOBRHHTTY

B OB 55 18 % 3 &, 2019]
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MZHRELTZ 2018 10 H4 HM S, TOLHRDPHL
ZHER LU 2018 4E 10 H 17 H £ TOR OBEA T D I
AR, TSGR, RmxURlEThZNEK 107 &
204 %, 255 ETH o T (KRRIT 2019, ARIE TN
5 D RIS I T 13 HFREE TR S L 5 PRI
LTWd, INHDT ENE, ARIEEENFEET 2
6 A S 11 HX TOBICERIOMAZEED KT RERT
brLEZIBNS,

DA S FHIE RN THE UTBR D . AFOY) RIS H
REM IR L TWIER, A 27 739k Ricid i S
Nixhofe, LmFEE L 2MPBELEDNTNTEARFED
REDEONITzD, A 2T BEEORAERAUCK S
AEOFREDHIITENIT RV, 5 DO (KK
W BB AToRE 21 » AICESRiZEY— b G
1320 BO 7 fifi o To 2 AR A TR S N7z i fkid 7
KTHoTzo RICLREEFTEIA 2T ERTHETH~
R/ ST 3 7 AP RTEAR IS BT PRl R &
ncwie (aH - b, KRR ety e, 5
EHNOARMOMEAZEZINEZ DR EHEREI NS,
Dicd, BIRFHTIEIARICKZ 2 A 2T EEANDBERET
BHWEIHoTLELTEEHTEIHETHA S, £
RIS > T MY EICHE T % (Z802008), F7z. 4.
ussuriensis DYHE J1T Z 21 Coriolus versicolor, 7 A
J1J R Laetiporus sulphureus, =27 2’7 $H Phellinus
EWVS TEARMBFEO T7RE ETHET % (Zaitsev
1981), A 2 FEFNTIE. AEOLIIZ> 1 277
ZOUMZERBEORAGREZBHE L THET S L%
A BN, A ussuriensis DX I, KMBEFE TH 5 A
Ry FEKZRLIZD ., FIEK RICAE L TRAKEEZ
T LT3R H 5, Lich> T, AMNLED
Mg E TR E TN ST TARRIC K B V1 X
THEHENOWE 2 5B ERT 208N D 5,

B

FEEAEIC CUNKA) . Al N (RRRAIR) 12 I3 AS
AKORME N W, SHEEFR R 1
HRFH DFRFR & 4. cinta & A. akasakana O 73 IS DWW T
fREZ W0 Te, B (HHLEMRA) L aRiRm X
(WL A B2 R ERE R ER) 13 TORAEIC
v izi i, TR, BERER, ROE, #ilsd
DEFEZEDTTRICHEND 7 Wizizniz, A
HO—HERIE TFIMNICHER LIEEKS A 277
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Allactoneura akasakana Sasakawa, 2005 (Diptera, Mycetophilidae),
occurred in cultivation facilities of shiitake mushroom

Masahiro SUEYOSHI "*, Hiromi MUKAI”, Hiroshi KITAJIMA® and Junhao HUANG*

Abstract

We report here a fungus gnat, Allactoneura akasakana Sasakawa, 2005, as found in indoor facilities of the shiitake
mushroom, Lentinula edodes, from Japan and China. Adults and larvae were found in indoor facilities between
September and November in Japan, without any infestations to fruit bodies of the mushrooms. Seven adults were
trapped on seven of 1320 adhesive sheets installed in five facilities of Ibaraki and Gunma Prefectures, Honshu, Japan,
from June 2017 until March 2019. Larvae collected on sawdust mycerial blocks in indoor facilities emerged as adults
within two weeks after pupation at room temperature (around 20 degree of centigrade). Allactoneura akasakana was
recorded from Tsushima, Okinawa Island, and China for the first time, based on adults collected in indoor and outdoor
environments. We suggested that this fungus gnat is a potential pest of the shiitake mushroom, occurring with several
generations during summer and autumn seasons in Japan and China.

Key words: edible fungi, host, Japan, new record, pest
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&Rl (Research record)

ItBELIRTE s ETHESNCOVEVICEITS
Y1 D= & FHES

P s

H

At E AL T pE BRIV S B ARAKIC BV T 7 4R (2004 45 - 2010 ) ICbz>TCav TV Mg E
Ao Tz, 194 MOEEEORER, I727aF), b ARATFavE) e 6 EHADN 285
Wit SNz, a7 72U B VICRAE L g RICHERIEHENRD SN, AZANL XKD KE
Molze B ARA T T T VIIKREICDOAAMRMEENED SN, WITAABAZRLD KED S
oo AT VT ATEYDRAZDKREIFELLFMHEZFH 2R L., BB T 7 AICHE - 785 THT
b, 8 HHIDIT YR DML U CIRFIZE RO % LR E N, £, PN FBETIckKEL(KE

2SI ARt AR E Nz,

F-U—F:raveV, eFavEeVR. a7rravey., FHEH. KU XOMREAE, B

1. ZL®»IC

[ —FEN T & A A M - (REER) - 2%
FIRAE « BIHELRE - HiZ EIC K> TEWVWDADH D, 1K
HICDOWVWTRESICHA—EATEREDKREZEDH
JETEFNCHE S HINZB PRI H S FNLHDNH 2.
TS ULTEY - ZEOEREZH S C LIZEMOEEE
DIFIC R IR, TR, HEHYREICE O
THIEEKOY A AMERLHEHA L E> T3S, L
ML, BITLFHL R ZHETHONT—2DH
S HE LW,

AVEVHICEZRSSFIHICETZMED IO,
Jeitg EALIR g BRI AL 9 B BRI BV Tl Z 7 4
. BSOS T TiTo T, TV EY ORfEHAL
B TITDONTWVED, WMDY EY ZFRN T,
AT D K S5 IR U T RIBIC D 72 O fliE E ko
TR EELLARHRNICETED T
(Rughetti and Toffoli 2014, Dalhoumi et al. 2016), AHF
RERTR, TOERMERED T —228H L, C
NS MDFEAEN D DD DM 21T > Tz BB MIC
Eo TEiHAEDORMBR E FH TLUMEM LIz,

2. fiik
aUEY OffEIE. LB TR ICAIE T 2 HRMERE
WEZE T AL HEE ST O 3 4 FrFZBRbR AN (b HE 42.985 B,
BA% 141.390 B, [fF4 145 ha, #25 115-261 m) T. 6 H
M5 10 AT T 740 (2004-2010 45) 1 194 [T
7z (Fig.1)o fiICIE A A3 (IH 5m, &E 4m, B
AP, We) EN=TrIFv T OS82, Wi

JERISZA SR 3045 5 H 23 H JEASZEE C SER 31 £ 4 H 1 H
1) B EITZEAT ALimE <

f5 2.4 m x 1.8 m, Faunatech and Austbat £, Australia)
Dl f5 72 Tz, Hifild Hi% 2 KD 5 4 BEETT -
Too WEICRIREA O 2157 GrAl &5 : 2004;
21-0051, 2005; 02-0038, 2006; 21-0036, 2007; 02-0072,
2008; 02-0021, 2009; 02-0084, 2010; 21-22-0001)

EMAKICDOWTEMOEE, HHE. KEBXT
AR ORIE 217> Too RERAEICIZT Y 2VAHR
A K + 0.1 @) HIERMIEICIE TV 2V FA (OF
FE £ 0.01 mm) ZHAWz, X TOMEKICIE AR
HOT7IVI =9 LY ¥ J 72, B %E D I Hl
EH TR 21T > Tz —EBOMEIRICIE T L X B U
AHERFEEERZ S LT,

6 AMS 7 T TIHEICE S HMEB 5N X
AMEARIC 2T & D IEARBIEZIT > 7 THMS 8
HIZTH T TO A ZARIC DN TIEELE DO &R H 2 il #.
FIFDEDIKETHRILBOERDHEZIT> 2 7TH
KB 9 HHIDIT T TOREMAD—EIC DN T
TREEEHMOBIOREIC X2 EHE (Racey 1974)
11072,

fREE - i o I BE 22 12 D W T Wilcoxon D JIEANT
MIRRE 217 > 7o MEREED RS 5 NI &1 D
WEMELE 2RI R U 7. 720 3 ROFHAME T H % K HFIC
FEBIg 2R HICDWTIE, HiiE & DD 28I 3
FeAR 72 R TR L7z (Ralls 1976), AFEICDOWTIE
FHiAB 2 757 Tt Lz, FEEZ#HHOREVaT
Y7 ayE) OKREICDWTIEEAZHEICT 5720
Cubic Spline IEIC X D 7T —XICR AT 5 HHFRD Y
TRH=ZIToT, Tie. KREDHENZEL TV 5]

* ARG IIZYAR JLiEESZ AR T 062-8516 FLIRHT S X o 7 Tl
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FICRRZE U7z Ml 22 OME £ 1778 > Teo HliEDZ >
feflic DWW TR - MR 75 7 Uiz, ZDfh
DOV TWREEDHTI T 7Lz, 7T 7{icik
IV AW, IERIRIBEICIE R 3.4.4 (R Core Team
2018) & ZF DXy r—Y T 5 exactRankTests (Hothorn
and Hornik 2017) 72\ 7z, Cubic Spline {£IC & % HiFRD
MTIEHITIE R 3.4.4 RUEHEOBREZ -V e,

3. FER
UITAH T, CTEROREEERIT CHART LT
Bz, MEAHBYED (avE) ] FEE, WEd 3

TGS

YR« 4« Bl KEHTHV 2 BEFRE Table 11
w7z,

3.1 MEGEROEE

194 [FIOIEEFX D S BF 2/3 14725 130 [B THli
H¥FEENDHO (Fig. D, 28 6 DI T EY HNDX 285
TS Nz (Table 2), TDH B, AT VT HEED
#170%, B ARF T DK 20% T, 4FETEA TV
W 60% & 57 (Fig. 2a). —EIiEEXDH 2D D
W7 7P 11 B, 2EFD TR 1.5 825
7z (Table 2),

Table 1. Species of bats captured in the Hitsujigaoka Experimental Forest during 2004-2010 (in the order of #captures).

Vernacular name Scientific name Family Mame in Japanese Acronym
I Ussurian tube—nosed bat Murina ussuriensis Vespertilionidae aFAasEl) Mu
2 lkonnikov's whiskered bat Myotis ikonnikovi Vespertilionidae EARAESIE) M
3 Long-legged whiskered bat Myotis frater Vespertilionidae Hha e anE Mf
4 LitHe Japanese horseshoe bat Rhinolophus cormutus  Rhinolephidae % 5H539%F) Rc
5 Tube-nosed bat Murina hilgendorf; Vespertilionidae T aTE Mh
6 Japanese large—footed bat Myotis macrodactylus  Vespertilionidae EELO09FEY Mm

2004 - .
2005 certes e + mee .
2006 . .
2007 ssmess s s s ws S ro+s»
2008 wiweri e m oss 8 o® o owme e w . —
2009 -+ B L T T T T e s
2010 4 e st set e s sss se s . .o

Jun. Jul. Aug. Sep. Oct.
Fig. 1. JLHHEALBETE 7 ISR 3513 % a7 BV RIEMSEN (5 LHifEIZRET (o)

Days of survey (+) and days with captures (®) in the Hitsujigaoka Experimental

Forest, Sapporo, Hokkaido.

Table 2. Capture efforts and the number of captures of each species in each year.

#chcys #\Biatlzs #Captures
Year efforts captures Mu Mi Mf Rc Mh  Mm Total
2004 4 4 9 12
2005 14 8 22 2 1 30
2006 2 2 1 1 2
2007 29 25 34 15 3 2 3 57
2008 42 28 46 10 4 60
2009 77 45 73 12 3 2 90
2010 26 18 22 7 4 1 34
Total 194 130 207 52 16 5 4 1 285
Percentage in total captures  73% 18% 6% 2% 1% 0% 100%
#Captures per day of efforts 1.1 03 01 00 00 00 15

FMFR BT EiS 25 18 % 3 55,2019
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Table 3. Bats captured during 2004-2010 in the Hitsujigaoka Experimental Forest, Sapporo, Hokkaido, Japan.
#Individuals with different number Number of
of captures Total Number of Number of Number of Measurements
1 2 3 4 5 number of captures recaptures individuals Body Forearm

No. Species time times times times times individuals recaptured  mass length

1 Mu 120 19 6 4 3 152 207 55 32 199 182

2 M 41 4 1 46 52 6 5 50 50

3 Mf 14 1 15 16 1 1 16 16

4 Rc 3 1 4 5 1 1 5 5

5 Mh 1 1 4 3 1 3 2

6 Mm 1 1 1 0 0 1 1

Total 179 25 7 5 3 219 285 66 40 274 256

Sex
F Mu 69 12 5 4 2 92 134 42 23 129 117
M Mu 51 7 1 1 60 73 13 9 70 65
F M 24 2 1 27 31 4 3 30 30
M Mi 17 2 19 21 2 2 20 20
F Mf 12 1 13 14 1 1 14 14
M Mf 2 2 2 0 0 2 2
F  Rc 2 1 3 4 1 1 4 4
M  Re 1 1 1 0 0 1 1
F  Mh
M Mh 1 1 4 3 1 3 2
F Mm
M Mm 1 1 1 0 0 1 1
F Al 107 16 6 4 2 135 183 48 28 177 165
M  species 72 9 1 1 1 84 102 18 12 97 91

WEMN LB LU Eh>EEYOERL 5 MTH—
EAEO BN D > 12, T > 7R HT 3 ERIC 4 1]
SN, IXTHEHUCMEKZ > 7T TR
K D) 20% IS HHIENH O, ORI DK 30%
DNHEEE 5 7z, & ARA eI ERDOK 10% 1 il
B, O TERN 10% DEHE, 1 7Y T
& 6-7% NFHi¥TZ > 7z (Fig. 2b), Wi OEI A
AZNEWEIANCH - 72 (Fig. 2b), 6] — AR
KT S [l (Pl 4 [B]) 72572 (Table 3), i
DG, KE - piEEDOFHZAK LI B> T
(Table 3,

TEARDHNRTE DRI TEAIEIC HD S E AT AR
HEl, 72T ARL T TH6HE, TV T
1357 90% 725 7z (Fig. 2¢)

3.2 A& - BIBIRDUEIEZE

a7 Y IIARE & i i i 5 TG S MR A (TR
ARt 6.4 g A AT 5.5 g; p<0.0001; AifEE : A
AT 31.7 mm, A A 30.3 mm; p < 0.0001) HER
HHNT (Fig. 3)e EBICARDERA AL D KEL,
PIED A X /A A LLIEHIE T 105%. AREIE 117%
(B : 105%) 72> Tz, REICDWTIE, L &I
NP olz8 HISHMS 9 H 30 HE TOMM
ICPRE LT & IR MERER: (X A 6.2 g0 n=42; &
AW 5.5 g0 n=27; p <0.0001) A O, FHMD XA
/A ALE 113% (3 |l : 104%) 72 7z,
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t AR ¢ 7 TR E I R M2 D R ST
(RAR¥Y) 52 g0 ARV 6.0 g; p<0.0001), a7
TEFWICAADEMNARXL D KEL, FHHEOL R/
A ALIE 116% (3 et - 105%) o Tz, iR MLk
EERDLENEh -T2 (p>09), ATV - AFTHY
FeTUT BT IADABICONVTRE T — ZHPAR
T lE - OMEZITD RN 5 7 (Table 3).

33 HREDEHEE)

331 a7 37%V

AR KR ERFWHATHNBRE Nz (Fig. 4a). 6 A
HIEEIMEmICH > T 7 AWIDICERKERD, 8 AT
DICE K Em >z, s HFAMNS 9 ARICHIF TIE
WHELGZEHIEDOLNT, 10 Al T—20 G560
Bhholee AATIE6 ADNG 9 HITHhIF TREXZEH
W ofzh, 10 AliiZ0R0inoEm A itsd 5 ni
(Fig. 4b), MEMEZEIZ A X DREICE BIAADNH o728
HEAIZFRNTEDORHTEBEI NI,

332XARA T OATEY

M7 N ZNHE R FTHLTIEDSNEh - Tz
(Fig. 5). KEOMEME R, FHlCHNDE T, BERE
Nz,

3.3.3 ZDfhdD 47&
FHIAF O 2 FH A BIIE T — 2B D 7% L
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4  @muy BMi OMf BRc EMh OMm
100%
80%
60%
40%
20% -
0% -
#Captures #Individuals
b ne oO&
40% -
30%
20% -
H:lﬂ
‘ Mi Mf Mu MIIMf
‘ #Captures #Individuals
o oO@
100%
80%
60%
40%
20% | || | |
0%
Mu | Mi Mf‘ Mu‘ Mi | Mf
#Captures #individuals

Fig. 2. JLiBE Lt IZBHIc BT % a v € Y Hik
Al A AR DO L2
Summary of the results of bat-capture surveys in
the Hitsujigaoka Experimental Forest, Sapporo,
Hokkaido.
a) DNFHIER & I AL BT B FRIEI 5. b)
FH 3 FEMEMER D, DONFHEEBUC KT B DN
HEROEIG, B X CHEMRERBICS 2 FiE (R
REBDE G, ¢) DNERIS 56 5 MEREDE .
B R UERIERAIC 5D 2 OB,
a) The proportion of each species in the numbers of total
captures and in the numbers of captured individuals.
b) The proportion of recaptures in the number of total
captures and in the number of captured individuals for
the males and females of the three dominant species. ¢)
The proportion of males and females in the number of
total captures and in the number of captured individuals
for three dominant species.

Flo, HEORHAMIEE N Tz (Fig. 6)o 7Y
X9 AU OHEN . A RKKBhiE 6 H NE 7
HUIDIcHE I N 2 kDA TZ>T, aFT7IE9H
THUBICOAE SN, T2 71200547 HE

TGS

11

n=129 n=70 n=30 n=20 n=14 n=2 n=4 n=1
Mug Mud MiE M@ MIE Mf@?* Rc® Red

i
. $

36

g

32

30

28
n=117 n=65 n=30 n=20 n=14 n=2 n=4 n=1

_ MU® Mud MiE M@ M M Re®  Red
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Body mass and forearm length for males and females
in the four dominant species.
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a) K (g) ; b) BB (mm).

The horizontal bars in the box-and-whisker plots
indicate the quartiles of measurements.

a) Body mass in gram; b) Forearm length in mm.
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Fig. 4. fifificniza5> 5 a2 €Y OREDFEHLH
Seasonal changes in the body mass of Murina ussuriensis captured.
a) A A ;b) A A. Trace of Lactation [¥RFUENEDH SN, WAHTH VIR ZIT-o TV
&I E NTEA, Incomplete ossification (& FEHE BAETIDEALAR T T M 7 & HIMr & N7 qA,
a) Females; b) Males.
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Fig. 5. fifiE izt XA RA r7av £ Y ORROFRZLE)
Seasonal changes in the body mass of Myotis ikonnikovi captured.
a) A A ;b) A A. Trace of Lactation [FRFVUENED SN, WA D Z WA ZIT-o TV
&I E N7 AF{A, Incomplete ossification (& F5H BAFIDEILAR T THiK 1 & FIMr & N7z qE1A,
a) Females; b) Males.
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Body mass of four species of bats captured (Myofis frater, Rhinolophus cornutus, Murina hilgendorfi, and

Mpyotis macrodactylus).
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Sexual size dimorphism and seasonal changes in the body size of
bats captured in Hitsujigaoka, Sapporo, Hokkaido, Japan.

Hirofumi HIRAKAWA "*

Abstract

I conducted bat-capture surveys for seven consecutive years (2004 - 2010) in a forest located in the south of
Sapporo, Hokkaido. A total of 285 bats of six species, including Murina ussuriensis and Myotis ikonnikovi, were
captured in 194 capture nights. Distinct sexual size dimorphism was observed in the body mass and forearm length of
M. ussuriensis; females were larger than males. Distinct sexual size dimorphism was also observed in the body mass
of M. ikonnikovi; however, the direction was opposite: males were larger than females. The body mass of female M.
ussuriensis showed noticeable seasonal changes. It indicated that at the study site the parturition and nursing young
occurred during July and that the young of the year began flying at the beginning of August. It also suggested the
possibility that mother bats remarkably reduce body mass during the latter part of nursing period.

Key words: bats, Myotis ikonnikovi, Murina ussuriensis, reproductive stages, seasonal changes, sexual size
dimorphisms, Vespertilionidae

Received 23 May 2018, Accepted 1 April 2019
1) Hokkaido Research Center, Forestry and Forest Products Research Institute (FFPRI)
* Hokkaido Research Center, FFPRI, 7 Hitsujigaoka, Toyohira, Sapporo, Hokkaido, 062-8516 JAPAN; e-mail: hiroh@affrc.go.jp

FMFR BT EiS 25 18 % 3 55,2019



TR G FZEAT LS ) (Bulletin of FFPRI) Vol.18-No.3 (No.451) 333-343 September 2019 333

&Rl (Research record)

HHESHMAPMOEESZFAIIBROFEHEY B 2 — 2019 FHEThR
W B

w5

W it DR 1L Fr B M IS Vi 3 2 RS S W2 AT DU [E ST F 4B 2 HEE MY 0 7 1 5 Z i X,
2006 FFEICTERR U 7z fii¥) H &k 72 APG NI 77 FAARRICIHE DOV TWET Uiz, Z DR, 110 £ 277 )& 360
(X kW) 38 fi, #RThEY) 6 FE. Wi 7AEY) 316 FH) DEdE S Nz, miRIOMEY HEICNZ 39 (&
FEY) 10 fE. BTFREY) 3 FE. MR 26 FE) ANTTCICREEE Nz, WOV X (Y TV TFVE) R
HWRMEDOARA RV b/ F5) 72 EMREMED S0P, I BELICEIL Lz EAE (A= /7 V%)
TSR S Nz EERRD R ARE DM S D FGESD, EERARO RIS X 2 TN O BB 2L

KT 7aos &bkl TtwnieEZS5N%,

F—U—F I HEERMEY. 705 APG SFKRR. BREZ(L

1. BLHIC

FEoMBOMEYE (7uo) Z#E Lkl TE
T &id. WYOMMImZH 5 EEER e LT, £
TeREE DMK D N 257550 X 2R3 iR & LT
HETH 5, FEHEIHREEEVIZLHIYE kN O B
LRI Z A L. 2006 FICHEPI H B E L U Gl
F2006), Z D% EVIE LN THEY ZHREL. K
FEMOMND 2 Ll L TE /e, £HOEFETIE. o
TR DO TP D 9 FitASR (The Angiosperm
Phylogeny Group 2009) M i & 7% D, fCICElikd
SRR ELE EHORZIMEICET 2 080D %,
ZTC. Ml ZEINT 5 L & BICH LD BRRIC
HEOWTHYH& 2 NET Lz,

2. A X OHE A

MRS U E ST (BUF TPESr) &9 %)
VA T P 0D R RS T E L (JB#E 33°327 097,
HAE133°28" 547 #EE 50m) . BOEALIZ 7.4 ha TH B,
PUE LTSN O RSB T — ZIic X % &, i 10 £
(2007 4~ 2016 4F) DOFFHILGRIE 16.5°C. F Pk
KEIE 2,741mm TH O KUERIFIERTICH 5,

VY [ S T D il £ T & % MRE SR U [ S 35 0% e A ol
OHLED S BEE L T & 1964 42485, Ao #ih
BT ER L MWNEN > TWieh, TTIKAF, v/
FaRIF T, SEEBEZZEZ < OB S N,
FEER KRR AR B AV & Tz ORI 1998), if [5] 0D Al
P E ERDMERR E N7z 2006 45 LUK, w4 2 HODIC K9 1.5
ha DEERMD IR N, SR (XRF. v/ F) RIA
ERIDRERL S Nz 2014 FIWEEREDHEE L. HZEMK

JERISZAT  SFR3 I 4E3 H T A R EL A3 4E4 H 2 H
D) ARAFE S WIZEHT PUIE ST N
* ARMES ST YRS T 780-8077 muITHEHAVENT 2-915

IR SR A U e GBS 2015), PUESZ AR
O FEY 0D & 32 50 4558 ) 30 U AR 3 I FERE HON) © 3T
bNTWVS, BUETIEEBM, BIAREZ E OMKRKDMK
f. iR, EAREEO SO OHM, BYIEI O E M
A 7e & B AEREYIC & o TREA 72N E 2y N DMELE

LTWa, &3, PUESHTO & TIELaE KRS+
IR HZ b 720 & OO MO EHEA R ZICHEA T
W,

2011 4E 3 A5 2019 4E 2 Al W, BRmHEZ IR
W72HY 7.2 ha OPUESCATHE N Z B0 THZE L, diflElfE
U TR H i GEHE 2006) 1CRCEED 2 W B OHEE
REEEZE RO 5 CIcids Uiz, &, ML
BRSSP E R E Rt e U, M U h S
UTHEEBNIEZ TS EDRFENRE Uiz, il
ORYIHE LB L WYz 8. APG 111 7354
A% (The Angiosperm Phylogeny Group 2009) IZ ¢ >
TeRYIH S 2 ERR U T (S 3R) o &R oD AH f A 7 H B A
JEx 3 XL, MERMDONE Xy b (Mg, Bitg L)
ZHRITNE 1 AUNTBRTE S K5 5% [THHH
E L. TNETOME THESDBURMA X 72 S EUE A
BELABIRLCOERWEE [Hd) Eidllz (),

3. W BLUER
VUESZFTOMAN S 110 £ 277 J&8 360 i (A5, difd,
MRS ) OMEE RIS Nz, TDH B, V&
FPE 17 # 30 Jm 38 fdi, BAREYIE 4 B S e 6 T #k
THEYIE 89 Kl 242 |8 316 f7Z oz FET-HEY) 2 4215 HY
K-> TR T % & HRkEAR (HEARZEZT) 1387,
BHEEA (HEEAZET) & 31 f, HREAE 15 f,



334 B

EEERORE 20 . W RRBRMEORE 5 R, S EERR MR
SR, ERRIEARAD Z MY 4 L EEMEALRDD
FEYE 158, ZHEEEAZ 1148 (55 12 FIZD5H
Y., —FEAEEAR (BESEZEE) 758 (55 6 Ml
DB 1o Tze mEIT LI ED N MNRD BH
T, HRAPEHIZEM D SMRE LIz EZ SN HY
26 M H D, ILREYIE 36 FD > Tz, WEH (2006) I
RSN TV F T A&, 2009 FICHRE Nz
HEREYIRE (AR - SRR S 2009) TldmE
IR TONENEWES, H57S TEAZFRL T
METUTefs R, M E 2P & Lk, £, @HIE
MIFED RICHE N, A/ aa)E2Fa)ic, &4
Iy Ry IcHpEEE Lz,
SETHTORY SR A > AR 1058 (F o728,
CHT I HRT, RUNT Y, ATHREIRA, Vv
T, IR VE, ONYAVE, IAARTFIVE, Y
TITY, ZVA) MR 3 (T A<y AT
DAY, A AT, WY 26 A FTZICRIIRE N
Teo WEPRIIOS B (M) @AM 11FE CFA2< /F,
NFTFI)F ARXF, XL F VVRT, IIN
AT, RV F, vabfxE®F, EF/F, X253
. TANZ) GEMN) BRI HE (B Vay, o«
VX AvalF vyyy VR, AN HIAI),
ZAEERARZ 7R (T~ T, FT aAF NP
NFIaUH, ZFARXA /T, ANNF/JTLEIAY,
TEARFY), A BES) BRI IE (vva/
DURTAL NV ay A=Y Ho. e
EZONON 1 RV L/ F), IREryh 4 (&
FARAA e L —EEBXOCBEEERATXRT) Ho
720
BlCiEE N 39 FMICEMEIOMETHE L L
EDEEFENDEEALNDD, WEHITIET T 10
ERTEBROSHEDITONTHRMDA LN D, LI
o L2 b EDNEE T DIV A TS, Z
Dizyr~xa /)X TR0\ )vay, A=/
VI E ORI IS A L REMER H 2, &
Too HEIZFIMNTERBIILTWASE /FATHT
EHRRICHE B (1 X<F VVRT, 7axEF,
R AY) RVEAMEY (T, TIVRTE, O
AV r L. HH (2006) ICEHEM RH o T AEYI A
WiZICHD M > T3 GBH - FidE 2018) . FEERMRS®
BIARRE TR ORGBIC P VM BENHIET D & &
i, MR HERIC X B/ ABEE GEH S 2015)
BT T —HRMICHS {k>722 & T, HRICTH®
WHAEBDMEA LR T VWEREICA>TWVWEEEZD
N3, MEXZFHHNOERREIZHZ TEZLTEL, M
WHEZNIISCTELL TS EEZ SN, 5%
AR T TN T EDRETH B,

A B
FRMAR B WL AT U E S el B ORI X AL Tt
JEHE EEk G O NEEE L, HARBENE AICI3HE
MOBRE Fioo TlHW, £z, FHERBE LI
RV HEOIERR & IEZ Fin> THWZ, TTIcadl
TR L B ET,

5 SR

The Angiosperm Phylogeny Group (2009) An update of the
Angiosperm Phylogeny Group classification for the orders
and families of flowering plants: APG III. Botanical
Journal of the Linnean Society, 161(2), 105-121.

AL« SRR RS (2009) mRAEYIRE. @Al
UL 844pp.

RHEIE (1998) PUESATRIARR Y A b R EHEZERT
VURESZAT 50 JSEALRS, ARPARE ST RIFFLAa = S,
D). 41-44.

WH 2 (2006) AR A HITFEATIUIE SRS N OB A Fi)
Hix. BRMFREBIZEATIIZEIRE, 5(4), 299-310.

WH - fiE #z (2018) PUIESFrOH: i N TAKIC
VF % PRRAA D ZE L. ARPAKE B WTFEHT Y [ ST 4
59, 24-25.

W e EmA RS - shH ST - ARA K (2015)
2014 4 8 HOBJAIC & 2 PUIESIFTSERIAD Il F4
ARIAHR S WFFLATIY E ST, 56, 39-40.

5 Xk

M 2 (2016) HAFE S XREYIAHE X 1. 220F
475 pp.-

WEE 5 (2017) HAFE S X FEYIFAEHE X 8 2. 20
508 pp.

KK& ILEF - MHE #— - 8H (- Kk8 AR
JH W () (2015) SGETHTh HADTFEREY) 55 1
&, LA, 391 pp.

K& LfF - MHE #—-8H (C-Kk8 AR
JH 3 (B (2016a) ETHTR HADBF AR 5
2 % P PLAE, 381 pp.

K& LfF-ME #—- 81 Z-Kk8 AR
J& ¥ (FR) (2016b) KETHTh HARDE AR 5
3 &, L, 338 pp.

K& L - Ml #H—- 81 Z-Kk8 A - K
JE 3 (B (20172) KETHThR HADE LMY &6
4 % S JLAL, 348 pp.

KK& LR - ME #— - 80 (- KkE WA K
JE 3 (Fe) (2017b) KETHTAR HARDIFAERY) &5
5%, T L, 474 pp.

KA ¥El - HeH 8 (2003) BG Plants H1%4— %1
> 7w 7 A (YList), http://ylist.info. (2019 4 2
28 HICZ )

FMFR BT EiS 25 18 % 3 55,2019



(RFS

CRET Rl Y [ SZ ik N O B A A H £ 335

AR OTIEZE TP L SRS OB E A H 8 — 2019 4EERGETIR

Appendix. Flora list of wild plants in Shikoku Research Center, Forestry and Forest Products Research Institute - 2019

revised edition

JLB5| Explanatory note

1.

TERYIONA - B XUFR - BORYNIE [THAE
o ZREVIERAEIXE ) GlEEIR 2016, 2017) ICHE> 720
Nomenclature, Japanese name of the ferns and arrangement
of the family follows Ebihara (2016, 2017).

. FEFREY ORI - AR BRI OR - BOBRINS TUGETH

IREADEF AP | CRKE S 2015, 2016a, 2016b, 20174,
2017b) 1> 720

Nomenclature, Japanese name of the seed plants and
arrangement of the family follows “Wild flowers of Japan”
(Ohashi et al., 2015, 2016a, 2016b, 2017a, 2017b).

- _ERCSCHERIC RE IR D R W IR LAY 5 AREY) DA 1

K -+ HEH (2003) IC4E > e

Scientific name of the naturalized plants or the introduced
plants which are not found in the above encyclopedias
follows Yonekura and Kajita (2003).

. SO TR R Z RN (FF: forest floor), #fx (FE:

forest edge) . EMl (RS: roadside). FHll (GL: grassland) .
i (A& Es) (BL: bare land) 12570 TRdik L7z,

Main habitats of the species are shown as follows: forest
floor as “FF”, forest edge as “FE”, roadside as “RS”,

grassland as “GL”, and bare land including nursery as “BL”.

BV 3 X0 U, R B S0 & D TR

(BEH frequent), HEBEEDRRHICENE DI R) (v
Drare) LEIL. TNLAMNIMGEIEE Ui,
Frequently founded species are noted as “F”, and rare species

as “R”. Common species are no remarks.

S MICE AR SR LIz Il E NG & DX

[EJ GRH escaped) &Fd U7z, iz, lfbhdinid ek
FTHTHR A AR DI AR | 36 X U EHIR - SFIRBETRD
S (2009) DOFCHEICHEW TNI (L naturalized) &
Fel7ze iz, WEHS (2006) hSHizicidifiE Nz
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RICIE T+ ERdUTz,

Species that obviously escaped from introduced trees or
herbs are noted as “E”. Naturalized plants are noted as “N”
following “Wild flowers of Japan” and Kochi Prefecture and
Kochi Prefectural Makino Memorial Foundation (2009).
Newly recorded species since Sakai et al. (2006) are marked

as [T n.

. RV OETERIIEER (2016, 2017) BX T TAGETHThR

HARDOEARY) ] ORHEICHEN. RO K S ICEE Tid
L7z

Life forms of the species follow “Wild flowers of Japan” and
Ebihara (2016, 2017) as follows.

A KEY)  For ferns ;

EG : evergreen k!t

EG (EP) : evergreen epiphytic FfrIEDEE T X
SG : summer green & g/t

SG (V) : summer green (vine) Zi#MED %

WG : winter green 2&fx4:

FH7HE%) For seed plants ;

ET : evergreen tree kAN

ES : evergreen shrub FiR{EA

EDS : evergreen dwarf shrub FftE LA
DT : deciduous tree V&5

DS : deciduous shrub ¥&ZE(EA

DDS : deciduous dwarf shrub & HE BT
EL : evergreen liana FHRMEARAD S

DL : deciduous liana ¥&ZEEARARD %

PH : perennial herb Z4FEL

WA : winter annual herb 45

AH : annual herb —4FH

PH (V) : perennial herb (vine) 244D % HA
AH (V) : annual herb (vine) —4F4ED 2 HIA
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HER
Life form

EG
EG
EG

SG

WG

EG (EP)
SG

EG
EG

SG (V)
EG

EG
SG

EG
EG
EG (EP)

EG

EG
EG
EG

EG

EG (EP)
EG

EG
EG
EG
EG
EG
EG
EG
EG
EG
EG

EG (EP)
EG (EP)
EG (EP)

EG (EP)
EG (EP)

ET
ET

ET

I

R4 -04 Family name and scientific name

INEREY) LYCOPHYTES
E#% /HhX 5% Lycopodiaceae

£ B e
Habitat Remarks

>R N Lycopodium clavatum L. FF R, *
IARF Lycopodiella cernua (L.) Pic. Serm. FF R
N2 Huperzia serrata (Thunb.) Trevis. FF R, *
HEiEY EUPHYLLOPHYTES
4% MONILIFORMOPSES
r Y% Equisetaceae
AXF Equisetum arvense L. GL F
NF¥RF Ophioglossaceae
FANFUTE Botrychium japonicum (Prant) Underw. FF
TYINSUE Psilotaceae
EOZavs Psilotum nudum (L.) P. Beauv. FE R, *
¥ 7 4% Osmundaceae
Yo~A Osmunda japonica Thunb. RS, GL F
52 0% Gleicheniaceae
v7vn Diplopterygium glaucum (Houtt.) Nakai FE, RS
=024 Dicranopteris linearis (Burm. f.) Underw. FE, RS F
h=94%% Lygodiaceae
H= Lygodium japonicum (Thunb.) Sw. FE
R4 Lindsaeaceae
"IV I)T Odontosoria chinensis (L.) J. Sm. FF
/)4 Hh%5<F Dennstaedtiaceae
TERNA Microlepia marginata (Panzer ex Houtt.) C. Chr. FF
UIe Pteridium aquilinum (L) Kuhn subsp. japonicum (Nakai) A. Léve et D. Love RS, GL
A /ER/ %L Pteridaceae
AUH R ~A Coniogramme intermedia Hieron. FF N
TP Pteris semipinnata L. FF
T Haplopteris flexuosa (Fée) E. H. Crane FF R, *
Fyt# % Aspleniaceae
I Asplenium wrightii D. C. Eaton ex Hook. FF R, *
EAS 4% Thelypteridaceae
N AVH Thelypteris glanduligera (Kunze) Ching FF
anyavy Thelypteris angustifrons (Miq.) Ching FF R, *
RUA Thelypteris acuminata (Houtt.) C. V. Morton RS, GL F
LU HY 5% Blechnaceae
IV Blechnum niponicum (Kunze) Makino FF R
AL A% Athyriaceae
NTUH Deparia lancea (Thunb.) Fraser-Jenk. FF
F=ehFUTE Diplazium nipponicum Tagawa FF
43 %%l Dryopteridaceae
Ve Dryopteris lacera (Thunb.) Kuntze FF
FI=UTE Dryopteris uniformis (Makino) Makino FF
CAS BT Dryopteris sacrosancta Koidz. FF
YA GTF UL Dryopteris bissetiana (Baker) C. Chr. FF
R=y 4 Dryopteris erythrosora (D. C. Eaton) Kuntze FF F
AL T Dryopteris ggmnosora (Makino) C. Chr. FF R, *
) AFUIE Arachniodes sporadosora (Kunze) Nakaike FF
VELSIS2 ) Arachniodes standishii (T. Moore) Ohwi FF
TAT AAA)T Polystichum longifrons Sa. Kurata FF, FE
Y7V Crytomium fortunei J. Sm. FF R, *
2<% % Nephrolepidaceae
e Nephrolepis cordifolia (L.) C. Presl FE E, *
7571RL % Polypodiaceae
VT UTRY Selliguea hastata (Thunb.) Fraser-Jenk. FE
[ D2 Pyrrosia lingua (Thunb.) Farw. FE
~AYH Lemmaphyllum microphyllum C. Presl FF, FE
)XY )T Lepisorus thunbergianus (Kaulf.) Ching FE F
fEF1EY SPERMATOPHYTA
BFHEYW GYMNOSPERMAE
<VEl Pinaceae
T Pinus densiflora Siebold et Zucc. FE E,R, *
ATy 2 Pinus elliotti Engelm. FE, RS E, *
<% # Podocarpaceae
A RX=F Podocarpus macrophyllus (Thunb.) Sweet FF *
E/% % Cupressaceae
AFR OIS 25 18 % 3 %5, 2019



ET
ET

ES

ET
EL

EDS
PH

DT
DT
ET

ET
ET
DT
ET
ET
ES

PH (V)
PH (V)
PH (V)
PH (V)

DL

PH
PH
PH

PH
PH
PH
PH

PH

PH
PH
PH

PH
PH
PH

PH
PH

ET

PH
AH

PH

PH
PH

PH
PH
PH
PH
PH
AH

B/%
AK

CETIR VY LS P O B A ) H

Chamaecyparis obtusa (Siebold et Zucc.) Endl.
Cryptomeria japonica (L. f.) D. Don

AF A%} Taxaceae

ARIT¥

Cephalotaxus harringtonia (Knight ex Forbes) K. Koch

#WFiEY ANGIOSPERMAE
<Y7HF Schisandraceae

2%
ST

Ilicium anisatum L.
Kadsura japonica (L.) Dunal

t21)3% Chloranthaceae

2 Vav

Sarcandra glabra (Thunb.) Nakai

K94 3% Saururaceae

28

Houttuynia cordata Thunb.

EYL 2% Magnoliaceae

2y %
a7y
FHE~ ¥

Liriodendron tulipifera L.
Magnolia kobus DC.
Magnolia compressa Maxim.

YR/ *% Lauraceae

JA) ¥

YT = A
NFIx¥ )%
27 7%
RYINGT
vagE

Cinnamomum camphore (L.) J. Presl
Cinnamomum yabunikkei H. Ohba

Lindera erythrocarpa Makino

Machilus thunbergii Siebold et Zucc.
Machilus japonica Siebold et Zucc. ex Blume
Neolitsea sericea (Blume) Koidz. var. sericea

< /4E# Dioscoreaceae

=Ny
Y~/1%
F=RKan
A7 Ran

Dioscorea bulbifera L.
Dioscorea japonica Thunb.
Dioscorea tokoro Makino
Dioscorea quinquelobata Thunb.

HILRJA/\F5% Smilacaceae

PN AT

PEEY)
ST YRy Al
T

D
B
sy
V8T

Smilax china L.

2% Liliaceae

Lilium speciosum Thunb. var. clivorum S. Abe et T. Tamura
Lilium x formolongo Hort.
Tulipa edulis (Miq.) Baker

%l Orchidaceae

Bletilla striata (Thunb.) Rchb.

Cephalanthera falcata (Thunb.) Blume

Liparis nervosa (Thunb.) Lindl.

Spiranthes sinensis (Pers.) Ames var. amoena (M. Bieb.) H. Hara

FonA/HHE Hypoxidaceae

LA

Hypoxis aurea Lour.

T A%l Iridaceae

EAEA XA

pe e
—UEFxTay

Crocosmia X crocosmiiflora (Lemoine) N. E. Br.
Iris japonica Thunb.
Sisyrinchium rosulatum E. P. Bicknell

EA2/\F# Amaryllidaceae

JEN
| 2a
B AR

Allium macrostemon Bunge
Lycoris radiata ('Hér.) Herb.
Zephyranthes candida (Lindl.) Herb.

Y RXHhXS% Asparagaceae

YILIR
Uy e

Barnardia japonica (Thunb.) Schult. et Schult. f.
Ophiopogon japonicus (Thunb.) Ker Gawl.

L% Arecaceae

van

Trachycarpus fortunei (Hook.) H. Wendl.

Va9 4F Commelinaceae

IINIBIIZTY

YAy

Tradescantia flumiensis Vell.
Commelina communis L.

2aH# Zingiberaceae

NFREv A

Alpinia japonica (Thunb.) Miq.

1574 % Juncaceae

94
AR ¥V

Juncus tenuis Willd.
Luzula capitata (Miq. ex Franch. et Sav.) Kom.

H¥ )5 45% Cyperaceae

~ A7
FXYRT
:/:L7\X/7‘
=524
AT
ST AG VY

Carex gibba Wahlenb.

Carex lenta D. Don

Carex ischnostachya Steud. var. ischnostachya

Cyperus brevifolius (Rottb.) Hassk. var. leiolepis (Franch. et Sav.) T. Koyama
Cyperus cyperoides (L.) Kuntze

Cyperus iria L.
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FF, FE
FF, FE

FF

FF, FE
FF, FE

FF
RS, BL

FE
FE
FF

FE
FF, FE
FE
FF, FE
FF,
FF, FE

FE

FF, FE, RS
FF, FE, RS
FF, FE

FF, FE, RS

RS, GL
RS, GL
GL

RS
FF
FF
GL

GL

GL
FF, RS
GL

GL
RS
BL

GL
FF

FF

GL
RS, GL

FF

GL, BL
RS, GL

RS, GL
FF, RS
FF, RS
RS, GL
RS, GL
RS, GL
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AH

EDS
PH
PH
AH, WA
AH
PH
PH
PH
AH, WA
AH
PH
AH
PH
PH
PH
AH
PH
AH
PH
AH
PH
AH
PH
PH
AH
AH
PH
PH
PH
PH
AH
AH
AH

WA

DL
DL
EL

DL
ES

DL
PH
PH

ET
DT
DT

ET
ET

WA

DL
PH (V)
DL
DL

DT
AH
AH (V)
WA
PH

TIVFx

I

Fimbristylis dichotoma (L.) Vahl

1 +% Poaceae (Gramineae)

V- svaca
Y~XHR

E N
ARXRA)T IR
Exz YT
TAIED T Y
BT
MR HZ
ARXRA) EET
AT VX
H=VV T
FeN

RAI A
VA
AV TV I
a7
N2
AeR

T T TARK
(X

v iad

VAU e
AARK
FFIY Y
XA FE
FATIFE
VNARA b
BFAXAex
ARXRA/ BT

F 178
INA XA T
T /ang Y
X /an

Pleioblastus fortunei (Van Houtte) Nakai f. pubescens (Makino) Muroi
Agrostis clavata Trin. var. clavata

Agrostis clavata var. nukabo Ohwi

Alopecurus aequalis Sobol.

Briza minor L.

Elymus racemifer (Steud.) Tzvelev var. racemifer

Elymus tsukushiensis Honda var. transiens (Hack.) Osada
Festuca parvigluma Steud. var. parvigluma

Poa annua L.

Poa acroleuca Steud. var. acroleuca

Trisetum bifidum (Thunb.) Ohwi

Eleusine indica (L.) Gaertn.

Sporobolus fertilis (Steud.) Clayton var. fertilis
Lophatherum gracile Brongn.

Andropogon virginicus L.

Arthraxon hispidus (Thunb.) Makino

Arundinella hirta (Thunb.) Tanaka

Digitaria ciliaris (Retz.) Koeler

Eccoilopus cotulifer (Thunb.) A. Camus var. cotulifer
Echinochloa crus-galli (L.) P. Beauv. var. crus-galli
Imperata cylindrica (I.) Raeusch. var. koenigii (Retz.) Pilg.
Leptatherum japonicum Franch. et Sav. var. japonicum
Miscanthus sinensis Andersson

Oplismenus undulatifolius (Ard.) Roem. et Schult. var. undulatifolius
Panicum bisulcatum Thunb.

Panicum dichotomiflorum Michx.

Paspalum dilatatum Poir.

Paspalum urvillei Steud.

Paspalum thunbergii Kunth ex Steud.

Pennisetum alopecuroides (L.) Spreng.

Sacciolepis spicata (L.) Honda ex Masam. var. spicata
Setaria viridis (L.) P. Beauv. var. minor (Thunb.) Ohwi
Setaria pumila (Poir.) Roem. et Schult.

7% Papaveraceae

LYy

Corydalis incisa (Thunb.) Pers.

74 EF Lardizabalaceae

YA
RTHE
VAN

Akebia quinata (Houtt.) Decne.
Akebia trifoliata (Thunb.) Koidz. subsp. Trifoliata
Stauntonia hexaphylla (Thunb.) Decne.

WYS5I7U% Menispermaceae

THYIGTY

Cocculus orbiculatus (1) DC.

AX%| Berberidaceae

FrFy

Nandina domestica Thunb.

F R4 % Ranunculaceae

=V
I )T
EXT X

Clematis terniflora DC.
Ranunculus japonicus Thunb.
Semiaquilegia adoxoides (DC.) Makino

< %% Hamamelidaceae

AR X
77
EIVNRTY

Distylium racemosum Siebold et Zuce.
Liquidambar formosana Hance
Liquidambar styraciflua L.

2 X1/ Daphniphyllaceae

=574 AN
EAZRY N

Daphniphyllum macropodum Miq. var. macropodum
Daphniphyllum teijjsmannii Zoll. ex Kurz

R4 9% Crassulaceae

L A AN

Sedum bulbiferum Makino

TRH% Vitaceae

JTRY
YT HhT
VH
YL

Ampelopsis glandulosa (Wall.) Momiy. var. heterophylla (Thunb.) Momiy.

Cayratia japonica (Thunb.) Gagnep.
Parthenocissus tricuspidata (Siebold et Zucc.) Planch.
Vitis ficifolia Bunge var. ficifolia

<Y *%l Leguminosae (Fabaceae)

ESES
HI 7 A A
Y7<A
v

HAE AN

Albizia julibrissin Durazz. var. julibrissin
Chamaecrista nomame (Makino) H. Ohashi
Amphicarpaea edgeworthii Benth.
Astragalus sinicus L.

Hylodesmum podocarpum (DC) H. Ohashi & R. R. Mill var. japonicum (Miq.)

H. Ohashi

RS, GL

FF

RS, GL
RS, GL
GL
GL, BL
RS, GL
RS, GL
RS

RS, BL
FE, FE
RS, GL
RS, BL
RS, GL
FF

GL, BL
FF, FE
RS, GL
RS, GL, BL
RS, GL
RS, GL
GL

FF, RS
RS, GL
FF

FE, RS
RS, GL
GL

GL
RS, GL
RS, GL
RS

RS, GL
RS, GL

EE, RS

FE
FE
FE

FE, RS
FF, FE

FE, RS, GL
RS, GL
RS, GL

FE
FE, RS
FE

FF, FE
FF, FE

RS, BL

FE
RS, GL
FF, FE
FE

FE
GL
RS
RS
FF, FE

N

R, *
EF
E, R

= B> Bes B
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DDS aY) ¥ Indigofera bungeana Walp. RS
AH YR Kummerowia striata (Thunb.) Schindl. RS, GL
DDS WV IUNF Lespedeza homoloba Nakai FE
PH FANF Lespedeza pilosa (Thunb.) Siebold et Zucc. var. pilosa RS, GL
PH ARNF Lespedeza cuneata (Dum. Cours.) G. Don var. cuneata RS, GL
DDS IVF AT Ohwia caudata (Thunb.) H. Ohashi FE, RS R
DL IR Pueraria lobata (Willd.) Ohwi subsp. lobata FE, RS, GL F
PH TR AT Trifolium repens L. RS, GL N
PH REAY = Vicia sativa L. subsp. nigra Ehrh. RS, GL F
AH T A~ Vicia tetrasperma (L.) Schreb. RS, GL F
AH (V)  F¥7YALTXF Vigna angularis (Willd.) Ohwi et H. Ohashi var. nipponensis (Ohwi) Ohwiet RS
H. Ohashi
DL 7Y Wisteria floribunda (Willd.) DC. FE
4~'3%| Elaeagnaceae
DS TXI Elaeagnus umbellata Thunb. var. umbellata FE
ES FUvars Elaeagnus pungens Thunb. FE F
£ 07 +ER+% Rhamnaceae
DL Vaawas Berchemia racemosa Siebold et Zucc. var. racemosa FE R
DS A% Frangula crenata (Siebold et Zucc.) Miq. var. crenata FE R, *
DT ez iwad Hovenia trichocarpa Chun et Tsiang var. robusta (Nakaiet Y. Kimura) Y. L. FE
Chen et P. K. Chou
—L# Ulmaceae
DT Vs Zelkova serrata (Thunb.) Makino FE E,R
7% Cannabaceae
DT PN VES Aphananthe aspera (Thunb.) Planch. FE F
DT /)% Celtis sinensis Pers. FE
2 7% Moraceae
DS e Broussonetia papyrifera (L.) L'Hér. ex Vent. FE R
DS bAzY Broussonetia monoica Hance RS, FE
AH Vakas Fatoua villosa (Thunb.) Nakai RS, GL
DS AXET Ficus erecta Thunb. ver. erecta FF, FE F
DT Y~7v Morus australis Poir. FE, RS
1454949 % Urticaceae
PH BTy Boehmeria nivea (L.) Gaudich. var. concolor Makino f. nipononivea (Koidz.) RS, GL F
Kitam. ex H. Ohba
DS a7hy Boehmeria spicata (Thunb.) Thunb. FE
/35% Rosaceae
PH FLIREN Agrimonia pilosa Ledeb. var. viscidula (Bunge) Kom. RS
PH ~EAF T Potentilla hebiichigo Yonek. et H. Ohashi RS, GL
PH A AF T Potentilla anemonifolia Lehm. RS, GL
DL AT Rosa multiflora Thunb. var. multiflora FE,RS,GL F
DL TUNI AT Rosa luciae Rochebr. et Franch. ex Crép. FE, RS, GL
EDS JaAFT Rubus buergeri Miq. FF, FE F
DDS I AT Rubus hirsutus Thunb. FF,FE,RS F
PH a3F )ULEay Sanguisorba tenuifolia Fisch. ex Link var. parviflora Maxim. RS R, *
DT Y~irs7 Cerasus jamasakura (Siebold ex Koidz.) H. Ohba var. jamasakura FE
ET v Eriobotrya japonica (Thunb.) Lindl. FE
ET D24 Laurocerasus spinulosa (Siebold et Zucc.) C. K. Schneid. FF R, *
ET RIF )X Laurocerasus zippeliana (Miq.) Browicz FF, FE
ES B AT Photinia glabra (Thunb.) Maxim. FE
DS T 7 Pourthiaea villosa (Thunb.) Decne. var. villosa FE
DS A Prunus mume Siebold et Zucc. FE E,R
ES Pa U Rhaphiolepis indica (L.) Lindl. var. umbellata (Thunb.) H. Ohashi FF, FE F
7J+% Fagaceae
DT 7Y Castanea crenata Siebold et Zucc. FE
ET AH A Castanopsis sieboldii (Makino) Hatus. ex T. Yamaz. et Mashiba subsp. sieboldii FF, FE
DT =g Quercus serrata Murray subsp. serrata var. serrata FE
ET VY INKI Quercus sessilifolia Blume FF, FE E,R,*
ET T Quercus glauca Thunb. FF, FE
ET vovaiy Quercus salicina Blume FF E,R
Y YEEFR Myricaceae
ET Y~EE Morella rubra Lour. FF, FE E
7')%l Cucurbitaceae
PH(V) 7~FxYL Gynostemma pentaphyllum (Thunb.) Makino var. pentaphyllum FF
PH(V) A727Y Trichosanthes cucumeroides (Ser.) Maxim. ex Franch. et Sav. FE
=% X% Celastraceae
DL YL AR Celastrus orbiculatus Thunb. var. orbiculatus FE
ET ~ 3 FEuonymus sieboldianus Blume var. sieboldianus FE R
$H%/32%} Oxalidaceae
PH TIH NI Oxalis corniculata L. RS, GL
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PH ISUE DA Oxalis corymbosa DC. RS, BL N, F
7RIL/ %% Elaeocarpaceae
ET RV VS Elaeocarpus zollingeri K. Kocho var. zollingeri FF, FE E,*
k95 154 # Euphorbiaceae
AH By A Acalypha australis L. RS, GL
AH a=FVy Euphorbia maculata L. RS, BL N
DT THATT Mallotus japonicus (L. f.) Miill. Arg. FE
DT AV AN o Triadica sebifera (L.) Small FE E
DT TTIXY Vernicia cordata (Thunb.) Airy Shaw FE E
a3H2Y % Phyllanthaceae
AH aIhvy Phyllanthus lepidocarpus Siebold et Zucc. RS, BL N
DS INE=VES Phyllanthus sieboldianus T. Kuros. FE R, *
%% Salicaceae
DT AAFY Idesia polycarpa Maxim. FE E
ZZL# Violaceae
PH AIV Viola mandshurica W. Becker var. mandsurica RS, GL
PH AV Viola japonica Langsd. ex DC. RS, GL
PH VIRAIL Viola verecunda A. Gray var. verecunda RS, GL
PH 2T VRAIL Viola grypoceras A. Gray var. grypoceras FF, RS, GL
FrF¥1Vo% Hypericaceae
PH TEAREY Hypericum oliganthum Franch. et Sav. GL R, *
778V % Geraniaceae
PH TAYTI 7w Geranium carolinianum L. RS, GL N
PH v )vaya Geranium thunbergii Siebold ex Lindl. et Paxton RS, GL
Y\ YXF Staphyleaceae
DT RA Euscaphis japonica (Thunb.) Kanitz FE
L% Anacardiaceae
DT VT Rhus javanica L. var. chinensis (Mill.) T. Yamaz. FE
DT Y Toxicodendron trichocarpum (Miq.) Kuntze FF, FE
DT NEF Toxicodendron succedaneum (L.) Kuntze FF, FE F
DT Yot Toxicodendron sylvestre (Siebold et Zuce.) Kuntze FE
L1902 % Sapindaceae
DT AENEIY Acer palmatum Thunb. FE E
S/ Rutaceae
DT XE Phellodendron amurense Rupr. var. amurense FE E
DT HIAY v ay Zanthoxylum ailanthoides Siebold et Zucc. var. ailanthoides FE
DS AXYrvay Zanthoxylum schinifolium Siebold et Zucc. var. schinifolium FF, FE
—/ %% Simaroubaceae
DT =Ty Ailanthus altissima (Mill.) Swingle FE
w24 % Meliaceae
DT s Melia azedarach L. FE, RS
T A 4%l Malvaceae
AH a2 Triumfetta japonica Makino RS
7757% Brassicaceae (Cruciferae)
WA F=J Capsella bursa-pastoris (L.) Medik. RS
WA P ESLavn Cardamine occulta Hornem. RS, GL
PH F AR X8 ) Cardamine regeliana Miq. RS R
PH ARXTTY Rorippa indica (L.) Hiern RS
4T %l Polygonaceae
PH AZRY Fallopia japonica (Houtt.) Ronse Decr. var. japonica RS
AH (V)  Av3hv Persicaria perfoliata (L.) H. Gross RS, BL
AH (V)  ~w~a33UxrA Persicaria senticosa (Meisn.) H. Gross RS, BL R, *
AH YN Persicaria thunbergii (Siebold et Zucc.) H. Gross var. thunbergii RS
AH K= Persicaria nepalensis (Meisn.) H. Gross FE
PH RS Persicaria filiformis (Thunb.) Nakaiex W. T. Lee FF, FE
AH ARXLT Persicaria longiseta (Bruijn) Kitag. RS
PH AAN Rumex acetosa L. RS, GL F
+7 3% Caryophyllaceae
WA ST Cerastium fontanum Baumg. subsp. vulgare (Hartm.) Greuter et Burdet var. RS, GL N
angustifolium (M. Mizush.) H. Hara
WA I IRIF T Cerastium glomeratum Thuill. RS,GL,BL N, F
AH, WA YA Sagina japonica (Sw.) Ohwi RS R
WA PZAS N Stellaria aquatica (L.) Scop. RS
WA IRY /Nm Stellaria neglecta Weihe RS N
Ea % Amaranthaceae
PH A/ F Achyranthes bidentata Blume var. japonica Miq. FF, FE
7Y 4% Hydrangeaceae
DS SOV ES Deutzia scabra Thunb. var. scabra FE
DS e Deutzia crenata Siebold et Zucc. var. crenata FE
DS OV eSS Heteromalla paniculata (Siebold) H. Ohba et S. Akiyama FE

FMFR BT EiS 25 18 % 3 55,2019
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ET
ET
ET
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PH
DS
ES
ES
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ES
AH, WA
PH
ES
AH
PH (V)
PH (V)

PH
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PH (V)

PH (V)
AH (V)
AH (V)

AH

AH, WA
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ET
ET
DS
ES

AH
PH

AH
AH
WA

AH

DS
PH
DS
PH
WA
AH
PH

AH

CETIR VY LS P O B A ) H

#5h* % Pentaphylacaceae

Y1 Cleyera japonica Thunb.
=ik Eurya japonica Thunb.
5% /%% Ebenaceae
e Diospyros kaki Thunb. var. kaki
%439% Primulaceae
Y7ayy Ardisia japonica (Thunb.) Blume var. japonica
~Vay Ardisia crenata Sims
oA Lysimachia japonica Thunb. var. japonica
UNF %l Theaceae
R Zats Camellia japonica L. var. japonica
Fx /¥ Camellia sinensis (L.) Kuntze var. sinensis
NA/% % Symplocaceae
IIANA Symplocos glauca (Thunb.) Koidz.
Pa=2av Symplocos lancifolia Siebold et Zucc.
=2avt Symplocos prunifolia Siebold et Zucc. var.prunifolia
II/%% Styracaceae
/% Styrax japonicus Siebold et Zucc.
YT F Ericaceae
AFX I Pyrola japonica Klenze ex Alef. var. japonica
ALY Rhododendron weyrichii Maxim. var. weyrichii
V4= Pieris japonica (Thunb.) D. Don ex G. Don subsp. japonica var. japonica
DA N Vaccinium bracteatum Thunb.
TAX % Garryaceae
T A Aucuba japonica Thunb. var. japonica
7Hh+% Rubiaceae
TIRAY Damnacanthus indicus C. F. Gaertn. var. indicus
R e Galium spurium L. var. echinospermon (Wallr.) Desp.
EAIYRDT T Galium gracilens (A. Gray) Makino var. gracilens
IFF Gardenia jasminoides Ellis var. jasminoides
NI T Neanotis hirsuta (L. f.) W. H. Lewis var. hirsuta
ANTIIIAT Paederia foetida L.
VRS Rubia argyi (H. Lév. et Vaniot) H. Hara ex Lauener et D. K. Ferguson
)UK Gentianaceae
NN Gentiana scabra Bunge var. buergeri (Miq.) Maxim. ex Franch. et Sav.
F3UFUbo% Apocynaceae
TAH AT Trachelospermum asiaticum (Siebold et Zucc.) Nakai var. asiaticum
FHHEAS )L Vincetoxicum aristolochioides (Miq.) Franch. et Sav.
EILAAH Convolvulaceae
=i bn Calystegia hederacea Wall.
S 0287.2=V Ipomoea coccinea L.
RS T I Ipomoea triloba L.
+X%l Solanaceae
A XIRARX Solanum nigrum L.
LY+ 7 Boraginaceae
INT AT Bothriospermum zeylanicum (J. Jacq.) Druce
Xy Trigonotis peduncularis (Trevir.) Benth. ex F. B. Forbes et Hemsl.
EYt4% Oleaceae
PRl VE! Fraxinus griffithii C. B. Clarke
h XA EF Ligustrum lucidum Aiton
ARE % Ligustrum obtusifolium Siebold et Zucc. subsp. obtusifolium
EA 5% Osmanthus heterophyllus (G. Don) P. S. Green
#7/33%l Plantaginaceae
IR T Nuttallanthus canadensis (L.) D. A. Sutton
FA /A Plantago asiatica L. var. asiatica
PNV Veronica peregrina L.
BFARX)TTY Veronica arvensis L.
FAARXI 77 Veronica persica Poir.
7+tE 7% Linderniaceae
AV Torenia crustacea (L.) Cham. et Schltdl
2 Y% Lamiaceae (Labiatae)
Y7 LT0% Callicarpa mollis Siebold et Zucc.
By Ajuga decumbens Thunb.
Vaas Clerodendrum trichotomum Thunb. var. trichotomum
2FIIY Scutellaria indica L. var. indica
RN Y Lamium amplexicaule L.
=5 8% Mosla dianthera (Buch.-Ham. ex Roxb.) Maxim.
[N2ava Clinopodium gracile (Benth.) Kuntze
YX T4 % Mazaceae
reUAE Mazus pumilus (Burm. f.) Steenis
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V=7 Mazus miquelii Makino
/\Yr2VikEl Orobanchaceae
PANZAVE % Aeginetia indica L.
FYR/YT7 Acanthaceae
*xr /)~ Justicia procumbens L. var. procumbens
EF/FF Aquifoliaceae
A XV Ilex crenata Thunb. var. crenata
=V E S Ilex rotunda Thunb.
EF /¥ Ilex integra Thunb.
27490 Ilex latifolia Thunb.
TANL Ilex macropoda Miq.
FF¥37% Campanulaceae
=T Codonopsis lanceolata (Siebold et Zucc.) Trautv. var. lanceolata
F* 4% Asteraceae (Compositae)
avyRyX Pertya scandens (Thunb.) Sch. Bip.
JTHR Cirsium japonicum (Thunb.) Fisch. ex DC. var. japonicum
EN VSN Cirsium yoshinoi Nakai
Y RT YR Hemisteptia lyrata (Bunge) Fisch. et C. A. Mey.
Yoy Crepidiastrum denticulatum (Houtt.) Pak et Kawano
=4 Ixeridium dentatum (Thunb.) Tzvelev subsp. dentatum
FAT Y Ixeris japonica (Burm. f.) Nakai
AT =75 (V)  Ixeris stolonifera A. Gray
TXI I Lactuca indica L. var. indica
EUMUbE Picris hieracioides L. subsp. japonica (Thunb.) Krylov var. japonica (Thunb.)
Herder
Vs Sonchus oleraceus L.
=) Sonchus asper (L.) Hill
AT L RKR Taraxacum officinale Weber ex F. H. Wigg.
RN F LR Taraxacum albidum Dahlst.
F=HrTa Youngia japonica (L.) DC. subsp. japonica
NR=NFRueE s Crassocephalum crepidioides (Benth.) S. Moore
ZURRaX s Erechtites hieraciifolius (L.) Raf. ex DC. var. hieraciifolius
YT Farfugium japonicum (L.) Kitam. var. japonicum
7% Petasites japonicus (Siebold et Zucc.) Maxim. var. japonicus
VEn=Ed Senecio vulgaris L.
Javxy Aster microcephalus (Miq.) Franch. et Sav. var. ovatus (Franch. et Sav.)
Soejima et Mot. Ito
INVIA Erigeron philadelphicus L.
FATVF )XY Erigeron sumatrensis Retz.
EALT VHEF Erigeron canadensis L.
EA gAY Erigeron annuus (L.) Pers.
®AXHTUEF VY Solidago altissima L.
EE=s Artemisia indica Willd. var. maximowiczii (Nakai) H. Hara
FFasPERF Gamochaeta pensylvanica (Willd.) Cabrera
FFas Gnaphalium japonicum Thunb.
NS Pseudognaphalium affine (D. Don) Anderb.
HoreIy Carpesium divaricatum Siebold et Zucc. var. divaricatum
BT Bidens pilosa L. var. pilosa
2HHTay Eclipta thermalis Bunge
ea Ry N Eupatorium makinoi T. Kawahara et Yahara
rZ %} Pittosporaceae
hZ Pittosporum tobira (Thunb.) W. T. Aiton
X% Araliaceae
27 )% Aralia elata (Miq.) Seem.
BV Dendropanax trifidus (Thunb.) H. Hara
Y7 Fatsia japonica (Thunb.) Decne. et Planch. var. japonica
E Hedera rhombea (Miq.) Bean
JFRA Hydrocotyle maritima Honda
+1)% Apiaceae (Umbelliferae)
YR Centella asiatica (L.) Urb.
BT Angelica decursiva (Miq.) Franch. et Sav.
IUN Cryptotaenia japonica Hassk.
FY 7 VT Torilis scabra (Thunb.) DC.
#< X 3% Viburnaceae
IR ) HAI Viburnum erosum Thunb. var. erosum
H<AI Viburnum dilatatum Thunb.
XA HhRX 5% Caprifoliaceae
AL TIARZ Lonicera japonica Thunb. var. japonica
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Flora list of wild plants in Shikoku Research Center, Forestry and
Forest Products Research Institute — 2019 revised edition

Atsushi SAKAT""

Abstract

I surveyed the flora of wild vascular plants in Shikoku Research Center, Forestry and Forest Products Research
Institute, which is located on a lowland hill in a warm-temperate zone, and revised the previous flora list published
in 2006, following APG III system. As a result, 360 species, 277 genera, 110 families of vascular plants (38 of ferns,
6 of gymnosperm and 316 of angiosperm) are recorded. Thirty-nine species (10 of ferns, 3 of gymnosperm and 26 of
angiosperm) are newly added. Shade-tolerant plants such as evergreen ferns (e.g. Crytomium fortune) and evergreen
trees (e. g. Elaeocarpus zollingeri) and disturbance-adapted weeds (e.g. Sonchus asper) are newly recorded. It
seems that the flora changes as the environment of the Shikoku Research Center changes with transplanting of the
experimental forests and with the growth of the forests and the arboretum.

Key words: Vascular plants, Flora, APG system, environmental change
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