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Comparative study on Potential Evapotranspiration (PET) estimation for
catchment hydrological simulation: a case of Fuji River Basin

OMa Wenchao (University of Tsukuba, Graduate School of Life & Environmental Sciences),
Yamanaka Tsutomu(University of Tsukuba, Terrestrial Environment Research Center (TERC))

Understanding the impact of climate variability on hydrological cycles is critical for
water resources management acknowledging the hydrologic process in specific catchment.
Within hydrologic process, potential evapotranspiration (PET) through land surface-
atmosphere feedback mechanisms, offer an alternative way to investigate the impact of
climate variability on hydrological cycles (Horton, 1933; Bouchet, 1963; Budyko, 1974).
For attribute the influence caused environmental conditions varied in daily—scale, three
classical methods for estimating PET have been combined with SWAT model. SWAT is a
complex quasi—physically based water quality model relying on numerous input files and
parameters to represent hydrologic, climatic, water quality, management, plant, and soil
processes within a watershed. The catchment is divided into sub-catchments in SWAT model,
which gives the model the strength to better represent the properties of land uses
and/or soils of each sub—catchment that have a significant effect on its hydrology
Three PET calculating models combined with SWAT are the temperature—-based Hargreaves
method (Hargreaves and Samani, 1985), radiation-based Priestley-Taylor method (Priestley
and Taylor, 1972), and combination Penman—Monteith method (Penman, 1956; Monteith, 1965),
which is helpful to compare the sub—catchment PET behavior under different methods and
the sub—catchment landuse and soil characters

The model have been calibrated by comparing the simulated reach discharge and observed
discharge in different sub—catchments. Within the acceptable simulated result, PET
calculated in daily step showed remarkable change among each day and regular change
inter—annual. The result of Priestley-Taylor method show relatively lower among the
three method results, and most of the result got by the result of Penman-Monteith method
looks kind of higher than the others, meanwhile, the result of Hargreaves method among
these two method referred above. The results of the PET by three methods have kind of
relationship with the landuse and soil distribution, which have been concluded by SWAT
as the statistical information.

- Papman-Monteith method - Priestley-Taylor method - Hargreaves method
100
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E &0
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Figure. 1 PET compare by using different methods
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KO EF AL (6180, 8D)ix, KIERZIEET 5 DIZH
HTHB. FlZIE Dutton et al. (2006) 1%, 7T AV HEKRESE
T2 D REAK L) K OZ E ALK D Z2 [ 53470 X & AERL L 72
X T, MEDEENS, WIITOSMIKOFERY, KIKO
PRI OFMEZ L7z, BARIZBW TS S ESERFRFEHR 7 —
NTEBHINE Z b T B8, LG HIR 2 & T KR 0iB4E T
BRI ZITbA BT D20,

Z ZCARFZRIY, I LEHS A PR & LT K O R E RN
D228 43 A7 DR & EEYFEE AV TR L 0 2 A b &
FHT 22 (AR~ 7OER) ZERE Lz, $i-,
ReK RN~ » 7% VTR O ZHNE & i3 2 Z & T, ¥
R O FEAR & B 7.

[77£]

Be7kid 13 #1238\ T 2010 4E 7 A » 5 A BAL TERKE4T o 72, WIKIT Tl 3k T 24 #
A, BR)IVRECT 21 #8, # 46 HRIZRB W TERKZITY, BOKREITEHi 2+ Z E L T 2010 4F
8H, 10 A, 201142 H, BLW5 AitfTo7 (Figure 1). B SN7=FNET — & X KE
THMEFH LT, #8Z S ICEMEESEEZRD .

(#5231

BEROKEFR - MBS NRT A — 2 ZFHEK L L, §180MEE AHES L T 5 BRI &
BIlolz, ELIZEMAOMERET DEREZERT 27200, BEREEHOWCRER, BK
O, 8180MEIX, EEEOBEA L - &bV (R®=0.53) ZB3bhrofz (Tablel). vy
TEACTEAROTRNE L TAKOFEAE & OHEBEZ B Z 2ot AT RE D
=i, TRIBEFEE B L TV D ATREED R S 7.

Table 1. Partial regression coefficients of multiple regression lines for & '®0, :2010. 07~2011. 06

Figure 1. Study area

n | Gr | BE EREMeXENE £E BAR A% V0 pas mim o wB 0P gp | R Ry
(mde) 5 OER
13 -1 -0.013 -0.007 152 19.144 0.009 -0.031 0.329 0.751 -0.005 -1.852 -0.475 -51.904) 1
13 -8 -0.004 -0.01 2442 1.404 0.002 -0.093 0.276 -0.72 0 0.023 0 0.99 0.882
13 -18 -0.004 -0.011 2512 1.412 0.002 -0.092 0.276 -0.714 0 0.027 0.99 0.941
13 -233 -0.004 -0.01 2422 1.371 0.002 -0.094 0.282 -0.732 0 0.99 0.96
13 -240 -0.004 -0.009 2.231 1.067 0.004 -0.132 0.33 -1.124 0.983 0.948
13 -200 -0.005 -0.011 3.109 1.304 0.002 -0.043 0.18 0.934 0.842
13 -209 -0.004 -0.01 2.795 1.253 0.002 -0.037 0.906 0.812
13 -168 -0.005 -0.012 3.379 1.521 1] 0.88 0.795]
13 211 -0.005 -0.013 3.382 1475 0.876 0.814
13 -218 -0.003 -0.005 1.378 0.723 0.631
13 -216 -0.001 -0.001 0.593 0.511
13 -704 -0.001 0.526 0.483
R*EHME
[m] [h] ML/ [ [m] [mm] [’C] [km] [ TEEH
RERY
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ERABRONTZZ b FEOGRIBRERIIC L > TALLET U E= T RRERN HRICHHS
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L. MERRERRBENMIMN U, Ee, FHERE L2V A KB TIXIN S OBEBERBED -
& FIREHIC  HE A A~ ZADOBIMMTD Hivl, EFRO X 5 Ae#akEIC X 5 HERRE
HRER LOHWPE AL A~ 20F LOEL, R (FERER 12 »ARE) BLUZE
M) (FEND 1ISem BE) IZRONTZbDThotz, 2O LiX, T NEFRIZBWTHE
DRETHEPREN R L EZBR L TWDHR, ZOHAICBW T HECHEM RIS U THER
WREREBERETED, HRERBRORE - EFRBROBERERTH S L FIRIC, HFEA
HERICE T B0 - LEOFRE—MHO—RER>TNEZ ENRRBRINTE,
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FERPLETEN, TE THWTE 2B IR EDN 1 A I’ O LiDAR 77— TR L7272k
FEDMEWS, ABFFETIE, 2003 FITIFRIE, 2005 4E & 2011 IR B AR EHAI L 72 LiDAR 57— # %%
AL, REEZMLEIELZLIChY, HBRSLEETE2ONEMA L, MEHuL, &K
HORNEIFE (59 61. 4kn®) D 55, 2011 4 LiDAR FHUEFH DK 43km® Th 5, 1= 570~
1600m, [LHIERIE 30~40 EEDORE NS < BIBT, SHEERA TR & BIELIER RSB 5615,

JFiEiE. 1) Terra ScaniZ XV, 7y 7 Z & Zis B 2003, I E.K 2005, 2011 @ 3 -2 LiDAR /R
BT — 2 BfA LTtk (ABHERE X RV S EHIBRT S low points AHR L, EREOOAE LB
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e (B LR 1307, RlmE, BIRTRRLD, So@ia B lasmat L CRELE, 2) &
EEW LR EBFT 5720, Ty 7 EIZ, Arc Map (ESRLUSA) 12XV, THUEE 2003 )

(I B.YRAS LiDAR JSBET — F AR L7z 2n A v ¥a T —%) NOHER A #ZLBIWWe A vy ia
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FLHELT, HBRAFEEOM LIZIIMREMT LIZE 25, LHIBERL T TR, AD
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Mapping of canopy area of deciduous broad-leaved forest
using aerial orthophotos and LiDAR data

Alatannabugqi, Yoshio Awaya (Gifu University)

The study site was selected at an old growth beech forest in Oshirakawa, Gifu
Prefecture. The high resolution aerial orthophotos provide us forest canopy images in a
large area. The airborne LiDAR (Light Detection and Ranging), also provides fast,
accurate and 3 dimensional canopy height information. Resolution of aerial orthophotos
2003 (summer) and 2008 (autumn) was 50cm pixel and point density of LiDAR data
(2003) was 1 point per square meter. We aimed at understanding of usefulness of aerial
orthophotos by canopy area interpretation and LiDAR data through level slicing. We
used software ERDAS ver.2010 and ArcMap ver.10 for data processing, and conducted
ground measurements to validate the accuracy of canopy area interpretation of the aerial
orthophotos. The canopy area increased 418.4 m? from 2003 to 2008 in interpretation of
aerial orthophotos with accuracy around 80%. The canopy area within shadow and the
number of trees were not identifiable on aerial orthophotos, and the individual canopy
area by interpretation was smaller than that of ground measurements. However, the
individual canopy area appeared larger in the DCHM than corresponding canopy area of
ground measurements. The DCHM projected the bottom branches and small trees well
which were shaded by higher trees on the aerial orthophotos. We feel that the aerial

photos are a better choice than LiDAR data, if we consider accuracy, time and cost.
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Forest type classification of Gifu Prefecture using
ETM+ data of different seasons

Pengfei Zhang, Yoshio Awaya (Gifu University)

Forest type classification is a basis of the research of forest phenology. Satellite data
record the earth surface information in large areas at the same time. The color and leaf
status of deciduous forest are different in different seasons, which is beneficial to the
forest type classification.

Landsat Enhanced Thematic Mapper Plus (ETM+) images in early summer
(2001/6/18) and late autumn (2001/11/25) were used for forest type classification over
Gifu Prefecture. Forest and non-forest areas were classified by the maximum likelihood
method using the summer image, which recorded the leaf-on stage of deciduous species.
Then deciduous forests and evergreen forests were separated by thresholding of the
normalized difference vegetation index using the late autumn image which recorded the
leaf-off stage of deciduous forests showing difference from evergreen forests. The
classification accuracy was validated using aerial ortho photos. Non-forest area which
was classified using the summer image showed low classification accuracy. Crop lands
where crops grow in June were miss-classified to forest. The autumn image, which
showed evergreen forest clearly, was useful to improve forest type classification. The

overall accuracy was 82.2% in Gifu Prefecture.
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Short-term response of soil respiration to experimental soil warming
in a cool-temperate deciduous broad-leaved forest in Takayama
ONam]Jin Noh (EZEBK - ifiigi# ¥ > % —), Tomoharu Inoue (FfFHIKZE - JEiEs T22RFZEH),
Taku M. Saitoh, Masatoshi Kuribayashi, Hiroyuki Muraoka (B X - {iiskE¥® . % —)

Global warming has the potential to increase soil respiration as one of the major fluxes in the global
carbon cycle. However, more experimental studies are required in various forest ecosystems in order to
quantify and understand the global warming effect on belowground carbon cycles. Therefore, this study
was conducted to investigate the response of soil respiration to experimental soil warming in a
cool-temperate deciduous broadleaved forest dominated by Quercus crispula in Takayama (TKY,
36°08'N, 137°25E, 1,420 m a.s.l.). To investigate warming the effect on soil respiration, we established
experimental soil warming system in November 2011 with heating cables at the 5 cm soil depth and
started warming up soil temperature by 3°C from May 7, 2012. In both control and warmed plots,
monthly measurements of soil respiration were made by portable IRGA CO, sensors (GMP343, Vaisala
CARBOCAP, Finland) during growing season, and simultaneously, continuous measurements of soil
respiration were conducted by two automatic CO, measurement systems (Li-8100, Licor Inc., USA).

The soil warming treatment enhanced average daily mean soil temperatures by 2.8°C (Fig. la) and
decreased average daily mean soil moisture contents by 6.4%. Soil warming tended to increase or
decrease soil respiration partially (Fig. 1b). Soil warming increased the soil respiration by 11.5% over the
growing season (from May 7 to November 9) and by 0.8 t C ha” yr' considering annual mean soil
respiration rate (7.3 t C ha” yr™') reported by previous study. The Q,, values as temperature sensitivity of
soil respiration were 3.21 in control plot and 2.23 in warmed plot. This preliminary study demonstrated
that experimental warming significantly increased soil respiration in a cool-temperate forest ecosystem.
Differently derived Qo values will be used to model and predict future carbon budget in cool-temperate
forest in Japan. Long-term responses of soil warming on soil respiration as well as autotrophic and
heterotrophic respiration will be revealed by further monitoring.
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Figure 1. (a) Seasonal patterns of daily mean air and soil temperature (°C) and precipitation (mm) and (b)
soil respiration (umol CO, m™ s') measured using portable CO, sensors and automatic measurement
systems in control and warmed plot of a cool-temperate deciduous broadleaved forest (TKY). Circles and
squares in figure b indicate the daily mean values of soil respiration rates. Vertical bars indicate the errors

of means (n=3). Soil warming-up started on May 7, 2012.
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Seasonal Variation of Soil Respiration in Old-Growth Forest at Oshirakawa

Vilanee Suchewaboripont, Yasuo limura, Ma Qian, Shinpei Yoshitake, Toshiyuki Ohtsuka (River basin
research center, Gifu university), Seigo Kato, Akira Komiyama (Applied biology, Gifu university)

Introduction

Soil respiration is a major component of carbon efflux from the forest to the atmosphere. Some studies of

soil respiration in old-growth forest reported that varied and seasonal soil respiration mainly depends

upon the environmental factors, such as soil temperature and soil water content. Due to no information of

soil respiration in old-growth forest at Oshirakawa, this work aims to study the seasonal soil respiration

using soda-lime method in old-growth forest at Oshirakawa. Total soil CO, efflux during growing season

was calculated and evaluated.

Study Site and Methodology

The study plot was located in more than 300-year-old beech forest at Oshirakawa, Gifu. A plot of sized

100x100 m* was dominated by Fagus crenata and Quercus mongolica var. crispula. The understory was

crowned by dwarf bamboo (Sasa kurilensis).

The soil respiration was observed using soda lime technique every month during the growing season

(June 2012 to November 2012). Soil temperature was measured at a 1-cm and 5-cm soil depth near the

chamber. Soil respiration rate was calculated from the gain
weight and duration of exposure with the equation
proposed by Keith and Wong (2006). The regression
model of the soil CO, efflux was fitted to the soil
temperature to estimate total soil CO, efflux from soil

respiration in growing season. Qo was also calculated.

Result and discussion

The highest rate of soil respiration was found in August
(2.5576+0.9158 g C m? d%). Although the daily soil
temperature in September was the highest, the soil CO,
efflux was lower than that in August due to the limiting
activity by daily soil water content (Figure 1). Soil CO,
efflux from soil respiration was significantly fitted to the
daily soil temperate at 1-cm soil depth in the exponential
regression (y=0.5566e""T, R?=0.2569, p<0.01; figure 2).
Total soil CO, efflux during growing season was 201.95 g
C m? and Qo was 1.67 which was lower than that in
temperate deciduous broad-leaved forest at Takayama,
Gifu.
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Figure 1 Daily soil temperature and daily soil water
content during the experiment.
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Leaching of DOC from different cover in old-growth forest at Oshirakawa

BfE (X - 7Bt 42—) - RFEEX - Vilanee Suchewaboripont * FEF - KIFEEZ (X -
KB S—) - MEBEE - /NRLE (X - [EREY)

Introduction

Coarse woody debris (CWD) is a significant component of forest ecosystems, often accounting for 7% to
20% of the total forest carbon(C) in mature forests (Harmon et al., 1990; Delaney et al., 1998; Alberti et
al., 2008). It affects soil cycling through the dissolution of organic C (Spears et al., 2003; Hafner and
Groffiman, 2005). Accurate estimates of CWD quantity and quality is crucial for the assessment of the
multiple functions of CWD in forest ecosystems. DOC’s crucial function in the belowground carbon
cycle is also being recognized ( Jandl and Sollins, 1997 ; Moore, 1997). Numerous studies have shown
that the largest increase in the flux of DOM occurs when percolating water passes through the forest floor
( McDowell and Likens, 1988; Qualls et al., 1991;Currie et al., 1996;Michalzik et al., 2001).This research
is to estimate CWD quantity and quality and explore whether leaching DOC from CWD may strongly

effect the soil carbon sequestration.

Meterials and Methods

Experiments were carried out in old-growth deciduous broad-leaved forest at Oshirakawa, Gifu, Japan
(36°9'N,136°49°E1,330m a.s.1.). It was more 300 years old forest and the vegetation was dominated by
Fagus crenata and Quercus mongolica var.crispula. We measured the length plus two diameters of each
piece of CWD in lha plot, distributed it for different decay classes from I to IV under visible conditions,
and mapped them. Soil solution was collected using a tension-free lysimeter in three replicates under the
several CWD and litter floors, respectively, beneath 0 and 25 cm depths. Throughfall was collected using
a precipitation collector in twelve replicates. Samples were collected once per month. The concentrations
of DOC were determined using a TOC analyzer.

Results

CWD was estimated for 30.3 Mg C ha™, distributed in 355 pieces with a total volume of 75.8 m®ha™ . The
area covered of CWD was 602.5 m” ha™. CWD decay class is almost in classIll and classIV (Fig.1). The
leaching DOC concentration which under CWD decay classIV layer is higher than under litters and

CWD decay classIl layers (Table 1). So the DOC concentration is not only depend on the forest floor
but also depend on the CWD decay class.

=cay class [ 1%

Tablel The concentration of DOC in different soil depths from different forest floor

L : o

- Soil CWD decay class 1l »¢ LitterC CWD decay classly ; LitterC,
depth«% G concentration concentration C concentrations concentration
(cm)e - (ppm)e {ppm)s {ppm)> (ppm)e ‘
Ocmié 283+« 402« 281105« 45611+ ¢

Fig.1 The ratio of different decay class
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D REEX M LA TICKIT DED AR FREIC > TEOLOND LW o BERH D,
Ll ZRHETOMRDOE ITENTOERBERICESNTEY | BFAMREE THREE L 72 #1131
LA R, EEOBAREEICEIT BN 04T RIE T REIRE O RERITIE, B8 L
WARBRIZEBW TSP ERE & AL CWAIEAZEMET A OICEHETHDH, £ 2 THRME
T, REEOBKLWEREX ML AR 2@ ILEFHER L L, EEOBABRE CHERENE L
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root) \ZJRGLT % AR & & LeARPI LA B DJRGLRITE R L Y T,
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X0 BB LHEMROFTBRREVEAICH S (Wirth et al. 2009), AR L 72 FHARTIL, FHOFRK
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Tole HT=VEFEERETDIATIHNE 0% % ED 5, R 1350~1790m, FFEIXIR 6. 9°C,
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201147 A 6 B CGEEEH) & 2011 4 11 A 30 A (KZEM) TR E SN RapidEye FTE T —ZIZD
WC, ANV EFEAOEREEE AW TR EZTT o7, RIZ LIDAR 7 —#XW{ER LT
DSM ZHWTHITE - KA EETT o712, ERBLUOZDEITRDEIITOWTIL, BT HBERA LT,
FEATRIALEE 36 K OMIRAT 1213 Brdas Imagine & ATCOR3(ERDAS, Inc. USA)% iV /=, Rededge %5
TRV 4 NURTERLEBE B EYREAERL, VT A0 5 NURTRCEEDEBEYINOZ
NENIZDOUWT ISODATA {EIZ LA 72 L B L Il BB LD BET D& ATV W ERGEY
1ToTre WEITAIE/F ARBIOT AV e FHEEERELZIREER (A) LMo KIE/FEN
2 HDAIRER BICHELU, MBI OIEEAERIZONWTITBD TRHRIA LU, o b
L—= T )T DAY NS B % 5 LR B ICRE A F5 B((ND VI, NDRE, ND-RER)% 3K 77,
BREARRBICOWTHBEICHWIBIEEZHEEL . $tERLZOMOIEAED 2 IV TRITHEEITV,
ZOREEIT DOV THRIEEFT 272,

3. ERBIUOBLE

20114E7 H 6 BIREEEE D 4 SUREBL 5 NUREBRFNFNOSERR ROREIZONTH
BE, RO Kappa 251X ZFNF1 0.5360 & 0.6417 THY, 5 NUREBRO T NET DEEENS
MoTeiB, ARRT A< INIEHLOEBR Y NCO SR EITIEF IR, RERBOLSERED 0.6
At CTh-oTe, RAIBICLDHEE X5 E TiE, 2D Kappa 2L Z £ 0.4830 & 0.4931 &
B U B IVED» o703, RER A IXEWVRBETHRINTEY, 7A=Y 0o B ELEEA
RUSHEIOE EL T\ e, BHEAEREO 7T AL 11 A DEOES T HE IRERET <V
DWW LA T ADEZ LD AF L /F ML 7T ADEE R Uz, ZORAEREEZR W
TR RORBEZ T LE, WTFNOMBARK THORERED 0.8 LL L, Kappa fREbH 0.75
25 0.81 DIETHoTZEND, MVIEE TH RS IERS (AX | /%) &0 ETHTENTE,

LU, WO TFEEZRANWTET A MRBR G EDO RERBER o> T, 5%, DERBE
Z LI ALRIFC, 08 E B oL QO DI, Mo o B BB O A< DEM 28D
IR E WA O L BT EERFTT 20 ERHD,

HEE

AR E DM FAELITIICH VTSN 272 W I8 BB ZRARBT 22 7 )1 FREARE & AT s Apbk
A OW HBE ZRIEH WU ET, o, RFSLIXEMKEE O ER AR EXOBRE &
BEEFRERETER LN EFNE R EXIB U AT AOBELRFE O—REL TiThb
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LiDAR £F WY ERZRW =Y S RERKRIEED TR
OFH {CURRX-J71—LFErg—), FEREAGER, IIOKRTEGREH)

[XC&Ic

L, LIELIEEEECTHRREZE S o, BHREHEZITO L CTRICBRESRZHIT 5 2 &5
RIBEIC 72 o TV B, TEEIRBHEHEAIT 5 720121, V0040 & BREER O BRIC-HOW TR
THZLENEETH D, VHOSMCETHINE TCOREILNEBTOFNREL, BizbEHMH
YA THRIET B & D RKEE CTORFEHITD R, 2 CRIFRIL, SERRHIHEEY 1 7RI
T HAILEEEA (553ha) Zxtg s LTV ORERELIT, VYV ORMICEEELEXTND
BREER Iz W TRET L=,

y I~

PLLEE RS E AL, BRICL D I OHEEE 0-10%, 10-50%, 50-90%, 90-100%D 4 Bt
BACHEE LTz, VY OSHICEEL 52X CWARERT & LT, MHIBRE (R, #E5r,
Topographic Index) & M@ DKTE FOEOBEE, MEDOHME) 2OV TR L, HED
BREE (MRERDO 2 S OMIE) 121X DSM OE#ERZEY, WEORE (FES O FRE» O
) OFREELLTAVYEEORE (RIGH) 2#HLE, 8mX8m A v =2 FHiL L LT, ¥
T OER LORERFOER 2 ER LT,

HREER

BRERTZHRAEE, THoOWERKE BRERE LT, AT v 7 UA B DHBH0 %
1Tote, HBISHORER, T XTOTALEPEETHY, DSM OEERZEN R O EERER
ELCEIRENZ, DSM OEERZE T IIRG NP REL 25 LV OWEIFEIEM L,
XTI OBEPHREEORBICREKFELTNDZ & ERLTWD, —JF, Topographic
Index & VY OWEIITAOHBERR LN, TROOREREDL LIZXVERTIHRIET L E
ER LT & 2 A, ZOIEMRIT 6 % LE>7-, AFROFERN D, ML —F—HEIZXLET
—Z ANV EERBNE, BVWHERTHYOSMATFRIBFEETHS Z LB ghoT,

Bk th
A%
0-10%
10-50%
50-90%
90-100%

soam O
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ATIHIZEITERESRIETRARME Y ELH?
OMEIEM (JUKK - £MBH - BHEH L5 )

[IZL®IZ]

AT TITEMZREIMEN &V ) O3ETFBIEL TS, L, HEILFEIIRTEI R
BB AT IMIE, ATHE LTEDIBNENRBAX - b SHEE S THEETHY
EMH a0 THRNIEEH S <, BEASLTEMAZERE Lo\, BURREFH BB AR 18
50 SEDAF - &/ X AL, H T~V ALK R (RZER ZRHK) BEAH-TVWD, £2
T, DED2O0RMIEZDZEEZEMELT, ZNH 3 XA TOHFKEEOLRE A 2&
JCREME R LT,

1) BT~V ANIHRERF - &K, R TRREESFEENE 1?2
2) RO II BELRIEICEET Z 0

[AEHE L UAHE]

AR I EE AR & B O LR TH B, F) B AARITAZ R 950~2,406m, MR FE 1,760ha T,
1960 LERITKER I AMEER SH, 17%MS A TEH, 77% 08 KIREH L2 Rk E 2o T 5,
BN K 50 FEATIZIER U 4 ZFTOREL— b (+HEL— ) ZFITDHEEDIC
KR OB IZ L 2 BEHOBENERERT 2720, Bkicd -7 100 F4ELL EO KKK 2
AENZHRENL— FERE LT, EmIET R TOFELV— N TEAZT, AENL— FOR I
2km T, EATRIOFKRS A 7L 2 OERIEEL H A UHBE L THIRIEL LTz,

EREOBAMOFESMZ 12 A, LHEHOREHEEZ S A%Erb6 A AL L, 3FMT
FHEN— MR — XN LV BEITOWE Ui, O HIL, WA - 58 - (88 - 178) - Ml
E B LEOEEORD) « — OO - 155 - FRI A 7L Lz,

[(BRBLUER]

34ER] 7 L— b EAH L I 21 FT oD v MEE TR 44 1 1,292 P BAED G
ATz, BAH 26 I CTERMBICIL 8L 2SN, ARKIIZLZTN 624 P&
668 PITIEL A LEDLL o, BAMOBEAEEIIFEREGNRE o7, BEEFIIY TH
6 T, BAHICII2BEEED 75.6%, BRI 40.0%% H DTz,

TARART OFRER TIE, EARREEITBRAY - BHEHE b0 T <Y AT TREKRLY <,
AF b/ FALIHRTH- & biEMo Tz, FBEIZ OV TR, BAHIZIIRAKR, BT <V R
¥ o v/ RO 2L o fedd, BN N T <=V, REK, ¥ - b FHROIELE 72
277,

KRB COMEEEEE & BT, 8 - B & b, W B 50 F) OXZKRTH

ZEEHRANLY b, RBEMIOREZILAK (i 100 F£LLE) TRV (W) ERRdH o7,

U EORRN® G, BEZEEOBA»OIX, ICAIKREIINZ, AT YKRIEAF -/ *
HETFEoELS BRY, RANKELANZENULEOHEZR-LTWEEELLNS, FE L. A
TV ZDLDDOED, KNOER - TREAEDOHENISHORETH L, VolE)H, —F
BT U 72 RARAR CLLstin S0 AERRE CHOARMEE N EM T, BEZBEEIIE RN 1D, &
HIZRHIMER 2L THREZRD ZEREE LV,
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WEERT—F RA—A0#MN LSROFRICONT
OTFH#T (MK - BETEREVS—)

R T 5 & UL, FEOROIBREOEEN S HOTWARRRD 1 D72 ST\ 5, ERE

IR A TR DO E (L H 5 WITEEY O HtEE O ERERHEIND L3k olz, BAR
DESCEWZREEL, Z<BonmUEaEBTE T ML, LTFHEIELS, ZOFEEN
faSENTNA,

B2, TRA FETRAA Y OEBEBIEN Y HOEPEE T 5 BB L, M
TVTATIHBEILUHFICETES> TL LR EORETHAERENLL TN D, KELAR
FIRTIRF T OSMARILR L TE Y (B R O BRI LICFE S b n—REZ & EnTn
Do

INHOELITRECRER HANLZZRETELZOTHY 2L ORFILHIKRTIXELOH
KW DR ZMRRENRREL TS, TOREEMZ DI —H 0 . ZhikiBEICHK
EINERETHD, FEHIEIAERSRICROIFHNREHR L 2 2, BEICR-TZFRE L KT
BoTBEEORBN TE L, MAEDEIERFTT 2 Z LRAMMEL 725, MILEITE» LR IL%E
BLDAX L > TEEMEONTE B TH L, ILEFEDEL IR L SNDEKRA VT
BESNR TV L BoTWBUNT Y Re—2 220 252 05, EOBETY AR
EEFMBMERELRLTV, DFEVREIERAV MO BRHEEZ BT T ENAETH S,

ZZ T, ARUESBRRELZES L OBE T, BIUROHFBRE SNZBEDOILETEZ I
E£L, VML, T—F_X—Z2%&/ER L7 (http://mountain-photo.org/) , HDFLFKE LTHE
ATE5LH. BEFEARONDIEEZHE#H L TW5, BEZ UEALCHIK ETHRETE 51
2 BEENEELRECXIMELD D, ZOF—F_N—R L WEEBLOFELRIFT D
APz N EEZTND,

NESNEZBEED Y b, FRT VT AE) 7 ECRE SNEEER2HICRN T 5, BEHEIZZO
AREE » T 2008 £ X WAEAFRE 21T - TE A, ITEREEROREARRZHE 2 T HER[ A
Rz T&, ZOBIAREHNRLORONEHNR G DRONERFTT H720IZ, 39 FFi1l

EANEEELRILLOZRVELEK L TREZ (BEL, 2), HOENBREROBEAER
D HR ERUEN, HEFEABIIEL TOBBEABRTEND,

BEO MK HABNRRREER ST 2 Z L xHR2VE, BREAROEME & b2 5 FE
ELTHERALEWEEZ TV,

A%, BBROELFRYERSEREE (A V1) Lo TEEDERM B ERAS,
AN TV YV E— 2 T —2D 1 DL LTHIATERLDIZLTWERWNWEE X
TWb, $EvAAT 47 (UEHED 10) LEEL, SELCRERIVHECEELEET
LZTPET, L TROBHEGLRBLIIEREZE=F ) 7 LTV FREBRFI LTS,
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JIUDRLGIBREEHTCEETTSTH/ VHATFISD
BREBEEOSHRIELE

OLEX(BX - %), THRFEHREKX - EaFRBELVS—-), SRRH (KX - £aRE)

VY UREY (KXY Y VHER, Y7 YUY UHER, A F3 XEAEZERL) 1X, hair
root & IFIENBIEFITHNVREZREIY, ZORBIZARTIEEOTY a1 FERECR
AR GRNABRERE) & AEBBREZENTWD . AFITITY Y DR DEE EE b~
REBREICELSEBT LTSN, INE TEBFREOE WV L RNAERFEEHO SN L O BIf%
X FREHAONICENTIRD o, £ THRIMITBIT 52 URHEY O NAE B EHE O LM
WZHBNDBNRE =V EALDITHZ L 2R ENE LEMREZED TWD. AT 1Y
=7 MZBWTIE, RIUEIICEE T2V Y UREM Z XIS L LSRR E D T 5. R
ELSTIE, ER2BEERMTCTETTDHT A YAV Y T (Phyllodoce aleutica) ZHErE LT-HF
REWET 5.

2011 4E 9 HIZE RS LD EAT (B 2540-2590m) D74/ Y Y7 T B A THROER
BEfTolz. BEESRGNRLZ 2 G0 CElH & SRBH) ©F S EEROMIREZK 10 cm £E
L, ERBICFELR o, FbiRo oML, RimiEHERIC L 23505, BALKRIC X 2R ERHE %
Tofe. ZNHORIZAERT I2EEORIIL, SBETRELREDNAKIZL VT, Bk
BIETH, CMA BHIAY O~A 77—k (24 %) EICHOELEERETE LR, B0 5
B ECRE L CEEERAZH O LV BT 5 2 & THERRZH L. S b=k
IZOWT, TEREAMI4SE & tDNA O ITS fHIK & 28S rDNA D1-D2 fEIR O EEF ) & FEFE & 217
72, BRIE DNA {BIZRBW T, REREEZITo 72485 5 DNA fiH %17\, 1DNA ® ITS1 8
3% & 1TS2 fHI%. 28S IDNAD1-D2 fHIKD A5 3 fHIE A xI4 & L7z PCR %, &R —r ¥
— (B2 GSIr) ZRAWEST&EIT-o72. £, Wk L-BRO—ERT, ik, e, RezfT
o th, RFHWET T a4 NEREHEBNEROEEDAREHERL, TLENOHE DK
PeREEM L.

SEERIERIRIZ LV, BAN O AR 1SR SBES . Al SR oM CoBEEICE
BEREZIAONR Do, FEHROZ I TEBEO Y a vy HIZBTHHE Th o 7. BRI DNA
ETHE, WTFROFERIZEBWTHERETCIIRH SN o HTE BRI NS, BEET
RIHENTEEOZIIRERELFERICE s vE FBICBTAE Th o 1. HlH & SHBTO
TSR % bl U7 k5 R,  Oidiodendron maius <° Phialocephala fortinii O X 5 \ZW V4 N CEsEE
BT AN NS — 7, B CEEEICHBLT 5 Helotiales 13 R°F HBM € SH LI B S
% Helotiales 1 28\ 5 Z EBBHFIEIZ L O THONI 272, BHOBRERFPEHMLUZHR, B
WARE ORIFIIT YA N CTHERBRERXARONRD o7, =V oA FERE ORGSR
THEBICRP . ZNHOFRENS | BERMFIZ LY B 2BANEEEBRHENKILLTVWD
ATREMEAS R STz,
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RBREREF IS4t DEREBNAREVATLOBE
OIBRETF (EMXRFZLUEHMFRLETMER) - HAEKX (EMXFR AFC) -
hHESh (BAF aVERKREHSR) - PREET (EMKRZFER AFC)

Fry <& T VIIAAE 25~30mm O/NE RV Fa vROBTHLE P AR L
IVYRYF TV EERBELE LTS, o TEdbEED b WMEZ 2T TIAL 548 L3,
BHEXIZEAEOHIBETHBRL CLE-7, BHICEHREMCKBUH R &0 AL ICHER S
NTEREREFUCAER L TR, ALNREROBESCERRREOE L, AR
REZI-TABIEBY LELEZLRTWS, LoTREADOL Y RF—Z 7 v 7 Tl
MBAE IBREICEBESRLTWS, £ 2 b 0oRA/EBAER [FHEELTBY, —Ab
B IRETOIVLEOHDTFavD—RBThHd, EHERNTIIARSITHESRIZLMEEL
TELT EREREBEL TS Z b BEFREEAMBABEY ICEESIN TV D,

MRAEEEEZRET 2L L TRREAET LZBEREEN KT FERSH D, 207k
DITEDBROLWERABFHEEHLTILNERDH S, LL, Fx~F 7k ) oFEICHE
THHMRITIFEAER, I T, KFETEF ¥ ~F 7t ) ORRNREE HikEwk
ST BEDIZI oD FEERRT-,

(EZAS:ER=D |

2011 E 5 H 1T HICHHBERKR CTRRENETF ¥y~ T O 36 HIKIZEK >y M &S
T, WA —VNTHE L, 2O/KER, 6 A1 HIZ 15 BEO LR INZN, TH
MBHIZATE LTHRINEZDITLTN2HAEKTHY, EORITHARRA LR, Ty~
AR VIZRETERLE LTABTLIZERNAONTWE D, BRI b L,
MOBRE~BEL, BEERLTOOLIELEERZIILD D, Xy bENT I & THEZHN
<Y BEILEBOOBELRICRENRRS  ECLTLE-LEEZLND, Lo T,
Fr< X7V ITEBAFABTEIRMNE THDLZ B30T,

(75 v 7 —fE]

2011 F 8 H 1T HICRHROFAIZHE T, Fxr~& 78V OXAXkEE | EIEMHEL
Tro FDH, AAFRBRNS ATEINCLY 110 P2 MELE, B LighhE I YAy F
TVDTT U —~BEEIETHEETom, BEARIBRNFAELITV, 4 FIZRoz
17785 ERIZEEANT, WA THEEZTok. ZTO/KE, shhixr7 v
Z—HNOIYANYFZ7Y LTI RY | 45 [EERINEA LT, 84 U7oEEIE 201244 H 2
B T EERPE Lz DI, B0 O 44 [E RO i % B H &R~ U7z, A1FR1T 40.9%
Thotlz, 1AKD A XRS5 BEOHEB/ LI, BAOERE~DF X —
URbinEBz NS, UL, BAEEN4A 2 BICPME LR, BEESETIX4A
FRNOIUESIEE D 7-DIC, BARELZBET D2 R4 B ORETH 5,
[fERIEF]

201245 H 13+ 14 BICHFA CRER S 7= IP 32 A2 RRICHELIRY | BEHIFEE 21T
ST, TORR 26 EENPI L L, STRITERT 2201, EFEC Yy —LITI YAV F
TV Rz C, BB Lz, il zolkt, HILLIYRYF IV AT Yy — LV %
¥ERHFLT, B2V, HHILVWIYARXRYFSTIVOEIEW:Z, 4F5ETTRELEEAEDIZ
EAEBREARETH -T2,
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BREZFE-RIREH Z T A EOERE
PRES (SMKZFE AFC)

[ B B %0 - 7o ST ]
BAETIAMORED RELGZRET 5 FET, WEIFERREE L AT, WANAST
HEZIH - C, ¥kx AP RBCEBEZFIA L TEB I TV, BBUIHIER EICFEEST 2490
HCRBFEENS W B2, R ENBERMER EOABRRRRER T 2RERE 2o TWD
O, ZOHEIZART 2R BREE, £Z 0 BRERE LY BRI KBET 5 HE1EFE (indicator species)
ELTCHIATE .

(2 > DFHHFIE]

B OBERE ) OREMMA1T 2 FiEE, RELSTIT 2 255, 1 2XRHORER
VAR LC, fiA Bak, A, EOBEIMEZ SR L ERICREETMET 5 HIETH
5. b5 1 SOFHEE, fEke EkeEIc UTREOBME S 2R+ SRR e R 0 FE
WROEREZRBETIHEMERER CE2E S HIETHD. 2 20O ERELE T &, %EIX
HEREL BT T 2BEOBVYEL THLD, AIEOL O RBERENEFAT 2 L3 T
V. BETIRI D 2 20FEE I v/ A LZFMEFER BRI TN,

(7 = VA X 2 REHFIEOFRET]

Fa VEITABRECRER PARNMANEE THHD, TOREORET —4&2bLi, B
iﬁ‘vﬁg E %E %—f?qzﬁﬁj—é é ji é‘i iii Tl FanBERTTANKRLLIIRETRTAOLRE

BB S, UL AN R i F——
ShTEr. = = 2

HEITTF a U HEBE OIS & R
L, BRI %17 5 2 2OFEE R
L. 120, BEHIZEHZIZW
F— A ERE L CERELERT
5729H® RLIEEKT, Zhid@EELs
— X FNEALICEBR L CHET 224
BT, AERIRHE L — P X
VRIERE, REDIELDER~Y RS
TEHNAkOEmNERTHS. 20
HIXF a v OREHREEZEZ7AA
I N—TRIRIFBEETH S.

TORELESETRRINTE
%< ORBEFE S IEICONT, FH1E
WRLELD RETNABELME ST
ZI BRI O Y M L F I G
L= THETS.

& S0 i=i-SER. 7P~ IDER

HE
CEERSRAET—FEEMMERESECRRLTHE

FalE ]
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YIROBAKESMREFLRE L ORE
OBHHE KK - £MER), PIBEL GURKA - \7 EEBH), HERBRGERA - \7E
EBH)

1. TRELHEW
YRIIEANRIBZTEZERHONTNEN, ZOHMITIEE 72 b D TR, ARIZEX
TWAHEBEZ LN TS, ANKRIROEFNICIIEFEBFIHENTHDE Z ERHEINLTND D,
WBEOHAGAIICLIEL2ERN AL, £ 2 CAMECIXRARAUORBEAZ L E LAY
RECEREZY T, P~xORALZEFHLFHAL T RWEAOBEIRE L T2 Z & T,
YX BN HEANRIRICEBIRT 2B L OBEZHONICTHZ LEZEN LTS,

2. RAEHB I VOFHIE

FEIL 6 AN D 9 BT TiTo 7z, PHEHTH 2 P RFZEKEN & & =) LEB AT,
Eim 1,350~1,790m, HEFEAKY 190 ha D UAKHL T, K9 70% 50 T~V &2FEE LEZALKT, YO
BRIXIXF T, B NEOA T EEE LT IRBHRTHERLIN TN D, BRBIIKRESCSHER
WOBARDH B G 1.2m 58 9 124 20m R TR T 6T 5,

FAESSRE 2D HEBIL. Y~ BT ¥ (ERK REE, BE RER) 2AVT, BEiC2
BILA BRI AR S BA 25 Bx [RIHEFE] &L, [RIHS T ARnEAE] L LT 1
BIHFIAINEZZ EDORWEBENS T U LI 25 FIRE LT,

BN OBERIZOWTIE, BREORBINEMAZHLE LEEEIm OB 2y FRIC
H5HEE 60cm LA EDERICF U ANY 7L ®E, V10 53 EREZ TR LT, BE»D 30m
PNIZRA S HFNTRECOEBE LR LT,

3. MEREBE
FIRBFHTIZ 272 8K, A I TN F1 BENLRETOER

FTIX 857 RDIEANTBEF S NALITIT KX BEZNo. |BAOFBRECOHE (m)
RENROLN, EADOE SR 1/10 & S B g:; 8 ?gf
BLrhTh 3, 225 @) 8
F7-H 1 L0 AARSIIRIGEN b OBS 226 ©) 2.97
227 (@) 0.273
WIZ EBbhnd, Lo TIRECOEMY B 230 @) 1.04
B HBLTO B2 b LI, 232 Q 1008
233 O 17.83
344 O 12.68
346 O 512
387 (@] 11.79
389 @] 3.95
391 O 14.02
414 O 22.27
415 O 17.72
427 O 6.72
437 (@] 8.4
439 @) 3.3
371 X 29.93
374 X 23.53
423 X 2.73
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YIYXrDRFBBERICETE2E T —HASOME
OFNIB/R AKX - £MEFEFH, FBEL GURAE - \7rERTH), BLESR FURKA
% - N\ EREH)

<Ex - HHY>

=AR ¥R Glirulus japonicus (LLF. ¥~<=x) ZEWE Y~ BO/NUIHAHTSH 5,

—B—ROAAEAE CEORARDEMTIEES N TWVS,
Y R ECH LAEEE T HIRITHEORIETH 2, BHFIEHIRZ ETHRELTVWD, 207D
Y ROTBE BERTHBET LI LIIHEFCRHETH L. ZZ CATORBEFAL TYrvx %
HWEL, ZOROBMFHER EEIToTE i, LHL, BAEOFIZEMEOEBO 2R H 2 BAAE
EYvAREOLITHALEZONE N IWRITHED 2SN TRV, PR ED L 9 72k
B, BEHICEFAZFAL TV E N W) F— 2 XERNAMREZES Z LomEDEROM L, 72
ELBOY~ X OREFHEZ LTS ETEERERE 25,

AFRTIEE Y —HRATEYXOERBORNIRE L., ¥~ X OEM & £ OLEBAOF R
WERE LTc, EIDDOVY RO L ZORBAROF FAME LR B, Wi, ReE 28182
L. REOEDDOEBEREBELZLEZBNET D,
<FHiE>

FEITFE R BN & —)I| EEBEARTIT o7, 5 1360~1790m ., F/HEH KR
6. 9°C. WFEITH 190ha O IUMKHLTH B, RFED T0%IEH T~V D ATHRTI XF T I3,
AETEEFEETDHREBRP BRI D, BT 2009 40 6 HRERLIRIBVF DO BIARIZ 448 fH
REINLTND,

Bt —H A TR HyperfireHC600 (Reconyx) & A k1 AR, FieldNoteDUO (R FTRG
) AL, EX (RER) L¥E CRER) OWET—#»6 (1) v~XMRALEZ L
BHDHEF6OL QBEMOABERINTEEFIOL Q) VY ANBRENTLZ EBARVELE TH
EOBRBOFFRZNEDE, WMEDEBITIZINEZ EBHLRZEDOREBOFBIL R -7
Lok 4 O>TORE IBERAE, (D~@WOIT IV —DRBIIXLT, 244 TDOIRAT%
FOENI, 2, 2, 2T ORE Lz, REHMEIX 201267 A D 20124 10 AT, I ATITR
DB 40~100 cmffft L CHIOBIARIZERE LTz,
<#EiE >

RO A T OFRE A (CEBRIC T A T HBE L T2 BE0 1X.89~118 W AT HIE -T2,
Yo RITEF T 863 HIRE Shic, FEZNICRE Shic b D% 1 M s LI IREAEIE 297 # 72>
Tzo BRE L7ZBAR THRE SNTEBEICIIRERBE A HE (0~121 ), FAMTLERH-
7z (49~107 #), A FEARRAL X 7 TIX P~ R NEET 230 BiRE Shie, FRZICBRESh
bk 1 #KE LEREMEIT 122 K FE o7, BIESOIZT— 2 2t Th s,
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REILEMRICE TS 0FHA Y L EROBENSE
—RUSERREHICERT 5 2 MO L& —
O/NBIESL (RRALERER) , TRE, BFRA X - ELERERLV 2 —)

HAIREROEMERRIESR Yy P ARy b TH D, BmWERESHER S 2 EERO—>
(MR MR TR OB B ZT b D & U T, BB OEY T L < OBFAREN A b,

ST BB A R ST & 7, LnL, TR BB ooromrsreis
JEiL. FREEHLER O RREIRC, SAERHEET S L §, s g
CEED . ILEHTESRERSLIC 5% B B i I y T @
B HANE LTV, Ei, SEMREROBERE G, o
FEMERRIEE B RS D L TRV EERDFRO—DTH D Pyl
BAEIZREWT, BIL#HTONTREEOIRITIEE A Y e :
TN TV, %2 TABIE TR, HEORRIE L

WHESILE#R I B W T, AREESRORRE It H UL FIRIT A B B B A O
A AVHEE 2 AT, WS EOBEONE T aasae s et
~E. 2 B EEENICH LTS,

L EHIRIC B W T, AV AVE S ot AV AT HJE (Carabus: Leptocarabus) 2 F& :
XH vtV (C (L) arboreus), 7 AW AL (C. (L) procerulus) % XHEZ,
M NEMN - BOBELEHIEE~G 2 HEBICEBLE (K 1), 2 BIISFREFIE
BN, ARESENRERY, XZ 7 u T4V aviigiEEss. 7 et Ay AUk
TEEC AT D, R TARESEPRRAGE. REREOIZI MEESEL Y b
FEOREL T, ERIFEOBEHRTMN /NS, BEHISMMERRES R ZENTHEIN
%, 2FEIZOWNT, HREIZBIT 2 BEHMMEORE S i L, 5 (LEF TR bESD
EWIGET) DR & OBBREEFRRS Z & T, ULEMEPERHNSLICEX 2EE*ER
MR TZENTE D, Fho, FHIILEMIRICBWC, ¥ 7 vt H233 AT RESEN
AN 7THEGLHINTVEN, ZOBEBENRMEEILL TR,

AW CIE EFRO 7 aF AV AR 2 L2 AWT, (1) SEREOFH LR CEENIC
FELTWS, (2) WEME L U TRICERMOEBIES BB TNS, LW H{E
ENERERIE L, 72, Q) BEEEOBEBHORFRF 2827,

s L ERIR AL - Rk - TV RR, Ny EILRZR EEE 8 IR T 2 HRLl k. F
8 HACRE L =X F 7 0 A AV L2 7THRME - 37H KL 7 v F T2 A 36 @) DNA
FH L, Y L2 ORI L AV SN 5 EGES 28s tDNA BB T, Wingless BAn 1 DELF
ZRTE L CRGR 2 1ERL LT, RIFEREARRIRYS 72 O/KIERE (RE R OERE) &k

(KT R L PR & ORE S EOMMEORN) 23, B (EERFOBEELE R 25
25 R BEF ST TR,

ZORER, (1) ZeFAAF L bi b¥arn KR a+b=WEER
FHAAY B OF PSR AT a o4 TRBRBE | ] I o A

M35 Y KFHREEC X 58RO 3 <

(Mantel P < 0.001) . S &SN, B LA 1 A
Ao (M2). () BEEECO,. BEEESIE |2 . P
né Li Eiﬁ{f\‘mk‘:/\’ﬂﬁ LTB D ( 2, Mantel P < 005) N 2 A BEBIT 2 ADHEE
PHTEDERE Y 1000m B F OB AITITZNAEE T, | ol Manel P00 o Maniel P 0030
IS & B SR o A REER) 3 2 E BRI KRB (km) EBER(m)

ALNICT D 2 EBTE T, (3) KPEO MmN R 2RI (B VA U0 2570 00 2 Bl 1 B
EEOAT B S A FICd > TSN TR Jptil LSRRI SRR, A SRS, B
ROBIEERIC IR Shiz,
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FEHUERIZETEY I a o0 IERBOBEEHME ~4% ITS B &
AFLP BBt Z AL T~
WEMTE (EMARE - T - &%), hWEHEE (ENK- B, EMX - LEKT)

BTF v a U Cinicifuga simplex(3 2 R 7R IR R B (5040, 16#], {EDOFD
72 E) 225 Typel, Typell, TypellID3-D>DFEMIUIZ/31T H4L5 (Pellmyr 1986). TypellI iR
BHUZAEBT T 2RO A T T, S ANFTAFEEEREREHE L LTV D, Typel Lid PAEE M
LIFOMBRICEBTT 2RO A 7T, IXBNFELZKRLT a3 VEEZERE L LTV 5.
TypeIILIHE~ IR DB VHIRICEET T H/NMNIDZ A 7T, v ANFAFEEEREZE L LT
W5, AR 5T RO R I L OBEICET 2 ERIIF A 7T L OBIRISMLERE
T5. LML, ZRETEEHDEOEREBIZ OV TIEHALMNIIRTWaNoT. £ZTHKY
AR Y — LADNADITSFIRDERIZE SV TR 21T 72 L 25, TypelLIFMSL L7 RfE & 72
D, BEHIZSEL TV Z ERbhrolz. —H T, Typel & TypelIIOB DS LIZ DWW TiXi
S2& Y & Lol

A, XV GUERBEHFIETH DAFLPIEZ AW TY 73 v a v~ m34 4 7 OB
WCOWTHREEL 72, £72, NEOEBROEOHEIIONTHY A FHTHIR L. REIXEFA
T ORI L BEBRIZRB N TIT o, ZOMR, UTOZ LRHLNTRo7. (1) AFLPAEHT
6, 35 A TOMICEIBHER BT, (2) Typel IIVINED EZDEDFITEZTWDH D,
Typel & TypeITTTIERITIE & A EEhro Tz (K1), (3) 3% A TORAEBIZK VT, FEHE L AFLP
fEHT > B Typel & Typelll, X UTypell & TypelIIDZHEMIA & & 2 b B KA HER STz
INHORERNS, V5 Vv a v OREABEREITBREN R MLERT WD 00, o
BAT LT D LM LIEDZ EBRR SN

X1 VI3 FvauveD3ERio/NEORBGROBOFRE. EHHTypel, Typell, Typelll.
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2T Y ORER - JHKRERIPDEA S TIZDNT
ORI - THEEF (EMXFILEMNFREWRN) - PHEE (EMKZFER AFC)

I ¥~V 3 Lycaeides argyrognomon ¥, REAZAD Ly KT —& 7 v 7 TidHapifais 1 B3,
REFRR CIIEERERICEE SN TV D, BRI 2.7~3cm ODREFEWHOL VIFa v THD.
BEI~ AR D3~V F ¥ Indigofera pseudo-tinctoria DI & ShTW5. E&{MET, EH
WROHIRT CIEp AR 3 [543 5. 1{kH & 2/ B ORI EIN L80E, ZTOFED S Hizsh
RO UGEIRIREE), 3 b H OB EIN U2 INEE O F &5 2 URIRIN). FEIRERIN & 4K
HRINDINESTEREDEN BRI L, S DIZINEFEL T DA N = AL B HINTT D DITERNE
BEATST-OTHRET 5.

(3282 1] Bl & B RS

BB RE y RHEKEG)IT LLEDO A XERE 6 EEHE L. WELEZAARREERS
A(20°C12L:12D) DA VU F a2 RX—F TEH L7, MELZZTANGE4E, Vry—/WECLY
SERHIFEIN X W7o, BEIN S UTZ SR ASMARHR IR D> IEARIR IR B U=, PEIR S 7= 90— AR R0 b
RO, 1A LI LI BRAIHE Lz 7w, FERIRIE S KB L7, RAREZEE ST
HL7-BIT10~16 A Tho7d, IKIRIIZ ESI§ 2 EEITN 2o Te.

(328 2] Sh - @il e B RSMH

EBR 1 EFRRICREFREN - RTTREEIT 2 MED A RRBEE L. TORAREBE Y
VX —/VEIZ LY, EIRESHE, ML LTS AR LICR L ERK 1~8 D HRAMTHE L.
FABRETTRTOERX T 22CE —EIC Lz, RBIZR-TEOREE SE, U vy —ikic
L VPEINSHE, IDORE I LWE L. £ OFER, Sl 2 & B &M TEE U ERIZFERIRIR,
SR EEE SR CER U EEIMRIRINZFEII L. DFE Y, ShR#o BREEHFSEZEL TV
HEND ZEBHALNNIRT.

[IRDBE] YA XDiE
IOREFEFIZE Y, FEARIRIP X W RERIF D 55340 0.1lmm K& <, JIH A X THRIRIP - FERIR
JIAVHIBICE D2 L3S h otz
K1 FRRDBEINL IR OFEE L IO KR E Z(mm)=SD

EBR  HEM B8 REW  XERIH ROWE  (onas

1 KA &AB KA 0

2 &H £H =8 0

3 &H =R &H 1 JE{RERBR  0.65 + 0.02
4 KB &=H %&=H 1 JE{RERBR  0.64 + 0.02
5 y =] KA A 2 {REEBR  0.78 = 0.02
6 =R &H y =] 1 {KERER  0.78 + 0.03
7 =He =He KB 2 REEBR  0.79 + 0.02
8 &R EH R 2 {RERBR  0.73 + 0.05

#&H :16L8D %H :8L16D
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DRETFT —FZOMER LTz, R L-HET — 1% 2011 4£ 10 A 27 BRI Shi-EnfiEten
GeoBye-1 5T —Z ThH D, v /VFARY bVT —F OGMEREIL 2. 0mTH Y, R ru<r 4 v 7
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MultiSpecWin32 T& 5,
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ARFFETIE, HMFAET 2 D OBAROMBEL2EH L, £, BHFEET 228 HL, &
B DBH, fhEEZ LD BHOEUFFHEITY, BIRXZ2RD7-, —F, ITC THEDRKFESHE,
B L ofEmH EBMEEEOEHEITo 7, B L EmE & HHRE» S & Sz ER
RV, BERODBHEMEZ2HE L, HELZEARODBHEMEEZHV, A 4~ A¥K
KFFEEERHL, MEE AL F~AE2HE L, F/, MultispecWind2 Thl—=r 7z
7 DEFRE AW AT & AT o T2, BROBTESTH & BT & OBEBESFHOMITRBE, N
AFvADWEREELEZR LT,

m FR- B

1. EROEYT

ITC ZAWT, FMEEROHIER%Z 52 Al L, #HE% 282 @M Uz, BTER & B
BRIG U o 72 BRITE B E OB TIIBIEN 'R » T, BEOBEIZTO L S#EE 2 & LTHE
HHUIERREB X TS, HEifH X OBEOBESEORRETIX, V77, b /NERIERITS
Lz, e/ XOSEREIZIoEHRLEL, VYITORERBREN 72. 7% & R HIEVFBERT
Hotr, HEftE OBEBSEORETIE, FICE /%, 3T, e NELESISELE, &
J ROSEREIL 8. 1% R bE<, VU TONEREEN 713.3% & K bIK-7-, YUT L
JEMNECE XBRHZBL, FEROXMNFEE2RTZe00, VYU T2 ) XIZEDELELESE
2D,

2. NA F = A DOHEERE R F

RHFAET — & 9 LB LSRN E R, ZAfA & ERSEE R EBEMEO S ERREZ AV,
BARDREIE&EIT o7z, ERHFE 5 ROSEAREZMIE L, A A~ AREEOLEEE 2 it LTz, H#E
EREORR, /) FOWERBEIL95.02% tRbE<, REMOSERBEN 79. 2% & K HEN
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BHEITZOREZ - SZATVREBFTERTH &V FED b HBAFRAE TS . AE
FEBHLINTWDLZ b, BEREEAY L L TOIRERKRE, £ 2 TAPFETIX
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I #H-A&
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FTHERINTR Y, RKEEZICS BFHOEBHBIAN 2 TS, 20X 5 I2kA REBENE
PHIZFEET 2720, 2L OBBEOEENBIETEEEILNS,
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*-1 HAEHR

i PR | HEE | 1 P | HRE | & B | HBE | & P | HRE
rE 14 14% | B XA 91 2% | I HALUA 7 3% | 7 64 5%
JRY 34 2% | Hiavsa 1 1% | FEEF 25 25% | Ho5ET 632 95%
B ZAY 2 3% | E3RY 999 99% | AANY 8 % | weD 27 3%
NYI7Y 1 1% | €X 62 48% | oW AERE 9 8% | R=wia 2 1%
EZAN 190 84% | ELVSwY 14 1% | xFH 293 62% | v 1 1%
b AN 38 18% | WUESRF 13 18% | aHZ 5 % | 41h)L 64 37%
Aryasy 27 25% | UaEsy 17 1% | EXS 20 158% | &2 22 8%
FHYS 220 86% | yOvys 17 56% | YRHS 215 82% | RXA 419 90%
55 169 86% | ZHnS 21 15% | &Savns 1814 100% | 2LYKEY 76 33%
=AY} 4 5% | 2OnS 21 1% | I2a9h5 7 8% | LUKY 214 32%
DAY 80 29% | vz 85 23% | Aon 194 67% | h7rR 144 73%
RV IAY 7 3% | ITAR 26 29% | Ao 233 86% | AHH 30 8%
*tFLA 67 45% | AAILFY 2 3% | HLSHA 178 2% | NORYFFR 115 41%
NotxLA 63 48% | ARYLIYA 4 4% | svwhAdn 27 8% | NYTRHSR 95 55%
tyoe¥LA 10 8% | TVLLHA 10 | FAY 7 8%
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FERHITIX 2010 4F & 2012 SRR, HBRER, MEER, EEEE T EBEGLE, #rEs
HIE LTz, $£72, 72y MAD ImBO 7 ) v RERIZEWT, HER 1 m CEETHRBEZHIE L,
[FIRHIHAN OB T BT CERDOAETHRBEFRE L, HPEETHREEZ RO, KETHBED
BB 72 > b &b 2012 4E 8 ARIAT- T,

TRRBRHM O VA B TR EENY, RS BRts 2.1%, )1 ERBRMAS 14% L, )1 ERBRMIA R
Bt L Y B 5 o 72, 1818 5 em LAL, MIFEIERR 5 em ARIHOSAMEHEREIE, FIZRABRMICTlX 4,560
Aha, JI| FEERHICIEL 5,513 Aha THoTo, TDOW, BIESRABRHICIE 99%D 4,516 AYha AMREAEART
H Y, FROHE B EERRBR M IR L > THEHT LTz, — 7, )| ERBRH Tl 8.1%0 447
Aha MREEETH Y, RO BB CIIRIZEZEIC L > TEH LWV, 20X, M\
RO FE IR IR E < BR - TV, T D OB SHEROE VIS HEBHEERREO YA IO/ bHFE
U, FIEERERERHNCI IS 20cm~30cm OFSRIZ ©— 2 B o— 1%, 1| FERBRHITIE 10em ML FIC Y
— 2 RO ] FIIO AR A TR UTe(—1), TR O TEIRESERIT, R RMAS 1.8% /year T, I
3B 22%/year & TR o 72, iR & BEENE < e BT O TRERME T L2,
Flip B ORI 20em DLEOPER CIIAETERIT 4 %LAT & (8D - 7o (X —2), IEADAE X 75 D 25 REE ok
VBB TIZBWT, IRFIZE o TRE R A X CTEETH T L1L, MR E Iz, HBikso%
FERB L OEGFREZEDDLZEICRELSFEL TS EEZBNE, VU T, HARVNBRETICRBWT
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T ANFTARFEITAEROBEF IR ML, ARTEIANTAFESHERE 14 & ¥
RUSANTAFREIERERLTREY, FHHF TEbbOE T I0ERIERT D, /AN TF A
FEIXT R THRELIENEEL U, AERAPER TEUL TV, o2 enb, tHERY
B BHBER, THDTIZOWTASHREINTE L, FlxiE, 2y F—URTIE AT
FEAERTT DI TR, BF, 7F, EHFLLTRED 4 A P o 5 —ERR—ES
oM EMB R L, EEREZD CHHEFPEL TS Z LIRR ST (Pyke, 1982),
—7 . BREZBW TG AT AFHOER A PER TRRZERBIMON TS, Linl
IWHEEE 23 & @ ILFFIC 2T TOIRWVEERE L HERE L. FHLE L TTbh 2 RIZH 32720,
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NNFNFIDH LRI AR DN G — o PR D T el - LRI O FE R 700m > 5 2500m
2N TOHIIZIW T, 201248 6 A TRIAD 9 A THE TOR., < ANFTAFEHOSM LG
B L=t % fodk LT,

FEOHER, ~ANFTAFRTELY NI ANTATFRIENBE SN, o
BEOERIIMTLMABBO LN, MESITITE AT AF (UTeAwL) &F
R U =T 23F (1400m~2500m) . o> b RARRITIET A< AT F (BT A=) (700m
~2200m) RS AA L. EHLHEEICIE I ANFATF (UTFTawil), IvewAF AT,
T RY = )NFRF R TFwnFAF (LT R T=) (700m~1700m) 234345 LTV iz,
FARNANFAF (UTAA<) 1EES» L ERES £ T (700m~2500m) 7377 L7z,

RANTANFRIIBEI L IR R BT 2EmBA Aoz, M7 MERPY Y 77X
VUBR EREREVICIIAMORENF I AR NI ARBLIZHIE LT, —F T, AY
BORWE AN, A<, avVid olyEELh, BAROEM»HIIREL, R
RO DITREST 2En B A LT,

FHZ L o THAI NV OERMAITEN LT, 6 A5 7 I 700m~1700m {25346 L T\ iz
M. 8 HD b 9 BIThiT T IZamiiEm % LiF. 9 A121% 1500m~2200m 122 < R b7,
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THMAMBITET ST TEFOEEEORMELRTFE
oHEFE (EMA - ILERTH  SHERKEH - MUKRL (RERHBL)

(ARDOEZLBEM]

BAINZIAL 94T % 7 ) Fagus crenata i¥, AWM & KPR CREBEMERAEZRY, AKX
WA CIIMARZ R U, KRIEER TR & R 5 5B B L0 AN TEICALE T 5 RH R T,
AAMEANC 72 B ALIBTIRFIC T T BEF L, FREEH CIRISIAS B Z 0,

7 OFEFEAAEREL 12m & &<, FEHBAAER S 79m 72 (Oddou-Muratorio et al. 2010)
LR WD, NI TR B FZH B2, Bl FAEREEEL 2> TV
HREMEAEVY, UL, ZOERBIIANHTH D, AU TIE, 7 ISRy ORI T 72 2548
EELE T A, BEEICBIT DINIAS OFEFORRME & REROERIBE 1T 72,

[FAEH]

2011 FIXEHFEROFHLUILER T FOBESBN S -, AEMIXZ 0 RBF RS ILHE T,
A km OFPHICE & E o7 F RO Tha L FO/NERED 3 %53 UNFA b BRILKIE,
|, 44R5F), 100ha L EOKEETTFREST D 2555 (K34 b #gL, TYoF),
B OFERED 2 5 (FHA b RIUMAWL, KiF) ©OF 794 hTHY, HOyOREIIC
L ofEFOEER - fatk - BEFEROBWEFHR L,

[HiE]

BH A ST, TTFHEKEOBETICEOEE 0L, O+ T v 7% 4~9 &K (IYD¥EIT 27
£) REL, Y (4 ~5 A) »ofEFETH (10~11 ) £T1~2 5 A ZLiIc7F D%
BEZEN L, MMERICELFoLEFIX “RE”, “BEFE”, “RE”, KRR, “BHE, ‘v
AF” D6DITHBL, A DL ICHEMERE (of) Y70 o¥cHE L,

DI BREETFTOAZRANWETFTORFRRIL, Uy —VIQBLELEREEE, 20 LI
T2, 5COBREBENTITo 7=, RBRIT 2011 4£ 11 A 11 B2 624 3 A 30 H £ T 140
AMFEM L7 (72721 3 A 12~30 BiX 20°C&MH T THEM) . RIAFITIX, SR E ML
RLEFLV LEL RoRigE “BIE” L LT,

[(BRELER]

FRE T, YA P TORWHER ARSI (4.8~164 /i), FESR (RETEICH
TEHLREMTFOEE) b/ A FT3ERME, H5~6FDF « RK¥-A FI v HELS Z2oTW
Too RIAEEEFTIX, @A N THREL VA FTRZORYE:EZ EDZNFRFOHERIIN 4
ERIZEL, VATERTEF RV A FB 128 THo7=0IZxtL, /Ao b3S 4~7 B &
LCEL o T,

FEEF OFFRIE, /I A FOBRILERSF (BFEF 42%) LHRF (FA51%) 2R VA
FTWTILD 60%% REY, BIEFEO—ERRIER (B{L, 1999) LRREL o7,

Ul BTEEFETH-TH, 7FHIMIHRD TIHREBERTICHS, VA FTRREEHZET
FHEEMET L, SIHIBHERLORMML RAMERMNRBEINT, DI L LINIARSG T,
DI REBN N IR RCHEZ M E LV ZL BRESE QWA WREENRE X b,

(EAE2]

ARFRO LRI D70, FHFIT S A &R EE— S AITITIHET, il T S A3
REBICBWTERRIH A2V EREEE L, ZoB2RMEY LCORSH L EiFEd,
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O HAHMEA - EAKH - E¢Etwﬁka¥mﬁiﬁt/9—)
MR ERTITRET 4 —L FRZEERR 2 )
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INETIZELIL, & 2m0>1&7ki1%a&>6;k0)f% ARIBAH (-T2 by T Fyr
ﬂ-)ﬁﬁ*;éﬁ%ﬁﬁ%%%%b B TR ER A F2M L T\ 5, ARE TIIEREZ

LB LI LN TEEAREBEORBASR L IIEHIRICBWCRET —# 2 ZENIC
@%ﬁét@@ﬁ& BXOEEOHEREETREHRET D,

FEERHX, P RT T RGEE  BHE T ORMNKERELMB T VT AE 7 0 — v R IR
VAT — a3 VEERNO LERARBREICSH Y | BT 2600m Th 5, EEHET
XA Z T T EVHEENAYHOMT, B&E O F 7 h O TIEREREZLTND,
SEHIRLEE 35 EEDARIE TH B,

20109 A, ZOERMORAEXD S H 10  FriCiRBE(MEELRE Lz, 1EPEIRTED
WEEREBRX S 5 WA, MEIICERZRMVALTLE ) EFEBRAS #ATTh 5, 2011 ED 7
AL 9 AICERMZITE BRI EEOMEREE - RO (17 - B Ui EOEEEIT-
770 20124 6 A OEETRBEFTICE > T 2n L EOEERH D H, FROBY (17LREE LR
BB DOFRR EE2{T o7, 20124 9 B OVEZE TITBRE L2 RO R - RV FOREHEL -
FROBO N Ui EEATo T2,

R LEEERED D 2 AR LR R ik, BERRE X & B ZRR R X o0 QUB ] C IR
WRERZEIR OGNS0, FEBHINCEVERD o, BHEOZIBLEDOHEEZICLS D
DT, FEHOMBRITITE A EHER SN2 o7z, 2010-2011 EEDKZFE LY 2011-2012 FEDA T
DFPEENIIRE Do, THIIESREOBEBVWCL S D EELZBND, F7-. 2010-2011
FEDAFIIIERMICRE L2 OKRIBHAe A —08¥E L CLE o728, 2011-2012 FOXZFE
Wi e A EBERTICT—F ZEINT A N TE T, :m =07 — F‘%ﬁ’”&jﬂf%
WRLEZERBHLELEEZLND, FIRLEET—4000, BEIZX DEBLRZHEFREL
HKEKTDH, BFRmEAERE ¥ — W@Hﬂmﬂﬁf%ﬁ%mﬂ%m%wéhfw

HE LB PEENGHBA L2 EIXESENOE U NTERITERKRIEE NI Z L THD,
BB OMMBIERE LM OB ROF LB %22 25 LMRERIAE IRV, LA £F%
BCHENREWEBICE L CRIFEREL, BMEO/NSREBIIMEORZRREITY L) X )T,
BB ECHICHEY R LB L T 2 & T i IR LALHE 2k S8 < 2 & B3%hER
IRERFEREA D, ZOLD iEREEFIE TS % BIRBEEROMGEIZR I LIZ W,

DEERE D 2012 4E 9 B OEET

107



IKITE(I000 BB RS VRV U T h—LELTOO Y ) DES
—NHER—Y LI L— FOBHEE-
BEEE— 0 GARAS¥ETERERES—)

BHEBIIHIR ECROBERLEZBWHETH D, LOLAREEL, ZORICL 2 1b LT, BHR
BFOBERBEICBE L TTBROEE D I LBV TESDAITON TV S ST RMMEITICE
WTHRKIIEEDEDVTH D, NTF A7 VT b— MENTIIAEY 2 ERT 5 5 L TIHEWICH
HTHDLID, FHEEBMICHEREREO b T 27 )7 b —A@ETIEED~AL BB TN S, Z
DEHREFNS, BSTHTIC LY BREOBKREREZWASLICTHZ L2 BT, 8 VEHR
22 BRFERRRE (A 8B8BH, 7 A U 4888, A —X b U7 288, AR B, A —A T
U7 1B, HE 2B, A v a 1B, =2 — Y —F U N 1B WX 2ERT Y =2 b,
1KITE T1K BRFFURX27 V7 h—aifk7 2P =2 I IKITE - 1K Insect Transcriptome
Evolution] (http:/1kite.wikispaces.com/) 23A#— b L7z, B RFELERERE L #— (BR
PEBRREAEAAFAEE) 1. RA Y 4B, A —X MU T LHEBA, 7 A U 1 #EBI. IE 1 AERE L b
biT, TaV=s bOa—F 43— eI 8 aTIHRMLRO—DTh D, FUEKFEFEFE
BREF—ILI T RZ YT N — LD OGN RS & LA F DL 0 HIREET D
& & 12, Basal Hexapods (JR4AE HU3H) . TransOdonata (I b > 7R%H) |, Polyneoptera (Z¥#774H)
Dictyoptera (#8#¥R) Y77y =7 FHFTL TN D,

A7uVz7 NCHETAEE, 1K (1000 ) Z2HRE LIEXRBER T A7 V7 h—
DIRHT, 72 HNT, B NI RHM 2 LIS DT 2 280 bHLHIT 5 Z LI XV EHEDOE WA
RERHLE S ETHLIA51CH%,

BEE TIZ 700 ROV IARERES I, JHR, BB EATHD, ZhE3d, KE8
A198 ~258 ., #&[E CHif# S 724 EER R M FaEIZHV T, Basal Hexapods 7 72 =
7 N TORRERFET B KRV A “Origin and Early Splits in Hexapoda” 3B, K7 X
7 )7 b= NET D DR GHEEORmWAME (REORIE) OmRAHKE LT IREBE (=
=T AVH+ RELAVE) + [25VEHASE (=4 S+ REHEH (= I8+
FBEDE) } ]| LOBHERERSRES Nz, ZOERRIE, AEE—V L 7 L— FOF
WEZ B TAL O OBEAEFHIMEICL > T, MKXFEINL DO THoT (EEELT
“A Multidisciplinary Approach within the International Initiative 1 KITE Subproject: Basal Hexapods”) .
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BERAEENS VINGFAORBELERETF : FSM2—LEAREHK

OFEE (HRK - BF ) - FERE (B - AKE#) BEF21—VEX - BLBERT
R) - BKEREB(Fa—JEX) - BPRK (FEKX - EFR)

A XFRAFRBEFAENEY TH D I v~ /¥ YA (4rabidopsis kamchatica ssp. kamchatica) 1%,
5 30-3000m & CTHR O TIRAVEEFIZA BT 5. RIFRETIE, BIAVERE~OMISA =X
LADOBEEHERLZHDLDICT D120, BRBIROFELZ T - MO & 2 BEEE R T O
RIS A NEBRBE LT, S~ AFFHE, NIV oNEFF A halleri) ¢4V~
NEYFFE (4. lyrata) ORHETHRT D RELBETH D20, 2 DOZEBMIC KT 548
BET (RAAaHABET) & 1LEEOHIZRT « &y & LTRD. Liznd> TEMN - [
DEBEEREFET H-0121%, PBTRERDEAF T ABLGFOST ZHBTEHENDD.
T, ETE MR~ —F AWCEFIRI G LRSI ) — RE AW TR A4 e
HABIGAEHBIT B3 T T A U ERBEL, RO THEESBUENT 2T,

HER L ik D 24 BRAMER & RFEIC, BB L OREIHICBE T 5 8 2O RET (G
HEN2, DFL2, GL1, MAMI, TTGI, CRYI, PHYB) %Y v 77 v 7 LT, &&rT D 400bp Rtk D
HEF 2 fFE L, RNAT e TRAEGFEHERI L BT, £HN - AAoEESRZBRE L. 20
FER, R BEOEMBT CRYI, PHYB \ZRBWTC, £MECE LEEEHENERHER) A b
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WERTRS, toNEETRE e B FELESEO e YLSA RIS
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1) L OMICIIAEERMEENEL TV, H AIREFRELRENEET S,

L L7ed s, HE LGl oM 54
Mo bT A a—2HEBIW) GLI DXL
BIEFHEECESOBIITHERILERD &
niolz, A ZD T a—hiZ
DVWTIE, —RRIUIZ, FRVEIZRES B B
R, KA DI & TN ST TR A B S&E,
R R BRIk 2 MR 2R B 7e £ 03 e e
FWENTWA. ZOLIRMAENDO BRI s [lnsnion  [Toekerion

IS, S EEARL &I ERfR 22285 % GLI B2, SHLBERDE v SRS 5
g - - = . ] A B
BRFIHEI LIERR, BEFO P 713 50 0 L i sk BB R E T PHYBOH TR L
—ARRBHBNEYA 7 OLS AL x : REMTHIRETFHEN K E RIS,
T FTREMEAVRIR S N7z B HIRETHEE S REAHET 3,

F2000L
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WE7 ) OBEHNEEKE—LEEALS L UCRERMOBENS LORN
LESE (EX - WERH - THER (EX -2 EX - LUERH)

BB Do THD, AAROILEAEDITLERT &
ChREESh, ThENME OELE LS, T EITE
BRBIEAEEB X B L L bns. EB, F
D IE LWHEEEZRIT 7 DNA SBITOFREICE > T, #
BOTEROIEEDH» IR & I8 EHSMEEZ S & &
LTWaZ EAmESNLTND.

—7, RFEFEET Trdie < BEF HIZH - 2B 7R
REOCEY, IWEEMOLME L OESERICEEL
5z, EEETH TORGHMEEZSIEE AR EMR I TS, L, BT
KEFE OB CERER T bOBMEEALTHY, TBELSAOBERISE] 1T
DUV T DFEM & FRFE L 7o b 2813720,

1. Y0957 V0EBETY.

ZIZT, Bxld, THLEHEOBEVERICHM TSV U227 Y (Myrmica kotokui)
e LT (KD, IWEAHOILERL L CESHOBEHMEOERERLI Z L2 BEL
LT E A — b &® 7. Hxld, TEHLUEREO 6 (W% (TRT7AVTR, TV T X,
TNTA, WEER, EYER, s &) O 900-2200m IZBWT, YU T U ORE

BB > TR IRV (K 2), ]
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7Ly T ) OIS - EEmomE | A '
WHEORE, B, HKEA (I E ¥ o0
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BRAS RN 2 RTE LT o] ERRND .
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REEICETEIVIYRTYOREEBERETIRBHAERL LU
AMEDYA X FUIUNERMRIEX SR
OFBEET (BMARR - T -4%) , WEHEE (EMX- B EMX - LWELH)

ENIEAE ) O E B 1Y OIET B A 2 BINE 2 5- 2 WX Z OENE OFHEHEE 0%
MEEEDD LI ICHIST D, HOEHDOEREREEPBITCL>TERY  ThEZho
EREOERICBEOAE YA ABERBG6 WEWEOY A XICRRHIBERERNTONDZ
ERHB, FDXHRES. F—HEWENTH > THEHE N R HEWENE CIEEciEb
DAY A ABEIROFER, B2H ETHEND, ZOZ & 2T, AREOERSOENE %
ML T e AT HT-OOEERRAT v T LD,

KGR OMELTH B 7Y R 7Y Prunella vulgaris 13, {BIEED S EEBICHT TIAL SHT 5
WM ThHDH, -, FDOEHE Th D~/ F/3FJ& Bombus spp.id. fEEIZE > THMT 5
HMBERRR->TEBY, 72, BILICAWEREOBE YA ARER-TWD, ZOZ b,
WEIR CIIMER Z E BRI ATFREICHEHE L T U Y RIS A ARER LTS
TEMEZLND, bL, TOBEEERTIENTENR, TNFETHFEFVEEIINTI eho
7o HIFRBCBWEIFHN CORPTES S E Z V1S5 FTRetEE R L, “EE~ &V 9 EME 0N
ZHIRT 2 BERBITIET 2 ILEH TCOMBDDOLFID A =X LDO—HERTZENTES, Z
NETIATo R ETOFEL S, S 1150m~2050m DOE D 7 #EB T, 7Y R 7 DIE
RIERBNHD NP> TWND, T2, FOEREMIZONTYH, BEE L BEE TIELe<
BR2ERAMLCEY SiZet A COEANC Lo TRLZZFENMES L TWD Z EBHLM,N
2725 T35 (JALPS 2011 THE), ZORERRDOERENRR ZEHRE~DHEISOBRTHSHZ
EERTIEDIC, SEEIT 20 LIER L THRERZITo -,

(1) TEHA XOERHEERIIKT 5 EBEHNEROEE A THEIN Y A XOERHE
ENBLHERICE > TELTWEONE I DERIET D10 6V A4 X&f{ 7 TEHNS
FrEREL, Z2h o 2R T CREE Uk, BITE L 7B O 1 X LY A X% JIE
L. BEMOBEY A XL BB LT, A4 ABRBRENED> THHFENTWERE I el
~fz,

(2) BELEREDOIA X2y F U 7 LIENEOBRK : 3 O AT AT D H
BBV, 1 BRAEOREEMN BRI L #F0 L0 LE Y REF-, FFIZ, BHESh
TREDOTERE & HE LIz~ T A_FOEBICEL 2 O OV 4 XEREL, W& O A
A=y F v 7 EEMNBORERERIE L 72,

1. YRV o/NE, BT 2. EHETHDANTFTNFO—HE,
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111
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fERE2. 5em DA OB TH 5, Z DEEE AVT LT O 2fEEO HiEk THRItkARZEE LT,
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JE. BeBE 3 CIIgEE - BEmE, B 4 ClIBHEmRE & B OBEFENBME VE— MY
VUTEAIIHIET AL I BAEEELEBR L, T0®%, — 0 BOFEORREEME L, BE
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MER - EXW

R ORERER—1ITRT, R E L TREOEAERIT 30~40% L EVME & 72 o 72, FBEMME
{BpolZFRE LT HME VE— eV I TEHLEZBOMB Y B—F Lho/Z &M
EZxbhlz, 07D, SHREIBOMB Y OWMEFIEERFTTINERS D EEZ LN,
T DRERITHR LB 3 TRE LR T BROBHEEEO/NS WHEAZZRET S Z
LNTEERD, WEKRBNE N7z, 2O LG, B3 OBEIL, BB I3 REAR
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PEUEIRICETH 09 V77 ) ORER - (L2 - BEHaE
WWARISE (EMARE - BT - £%) , EBFF (EMX - IWEEH) |
WMAFEH (BMX-18) , mHER (EMX-E EMX - IWER

BRIZEVWTYDI V77 VLB EN S BARETLS 2H LTS ERETHD. VTV
VEFIRINETHEBEZRAVESEICLY —EEShTER, LML, PEHILEEIZSf
50927 F7)IZDOLWTE bar K1) 7 DNA (mtDNA) @ cytochrome oxidase subunit [

(COI) BEFEAVESFREBNET LI AH, B—LIhTW=VI035 7RIS
DOEGHIZRLGLIRMAFEEL TSI ENHALMIL-F (EHL  2011)

LA L mtDNA (ZERER TRERMSEZYOT VO BORKERBRLEWVGEENH S L
SHERBRNH S, LI=A>T, mDINAZRAVTHEAN SN 4 DD TY V77 ) DREAEER
ICIRBEL TLWBSENESHEEN DB -DICEFIOBELTARSIVESH S . T TSEMES
(&, mtONA DBIFAT TIfThh =Y > TWERNT, BBEFERVEIFRIEMHEN. hRE
BAEKE (CHC) ZRAWLLZESH. RUBEBHRAZET o1,

FY. BEGRTD 288 VARV —LBEGF 176 BERZRANTH FRABITE£1T o 7=, WIEE
BT EHINABRAEBAOEAMN GERFMMEESNSD, LI=A>T, mtDNA TRIETH - 1=
ERFEOXMICE > TEGFNRET IHEERITIIC WO KN XL YVEDRKEE RRYT
EEZOND, SHIT, CHC ZAVILERTEIT o=, CHC IXEIREMIZH LT, KPR
KOBEZH>TWND, FHIZ7 ) TREMERBEYMELSL LTRAVOh, XEEHEFEZEHTLHEE
ICLEETHY. £ CHOFERENTHIELEEOLN TS Mo P ERELLTHERTH
BEEZONTND, BRI, MROBEREZRAVNTY IV V77 UNBEMIZRG SN E S
NERRE, ChET, Y7795 7 VO EEEHENTHY . BEDOHEIZ DLW TEENL AR
WETHONTLGEYL, LER>T, BETYOH U TILISDOWNTHEOD 12 BEEREIZDOLTE
AEfTo1=,

SEOERTIE, MEBEFICK D7 FRIEMBAT. CHC IZKBILENH. RUBEFHRAIZE>T
BoNERREMDNAIZL D0 FRIFMIMEZLBEL T . mDNA ZAWVWTHEBILI=T9 977
DD 4 DDRGEAEFEM IR LI-ENESIHNERIEL., BET 5,
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BEENBICLSIELEYOE I/ OD—DEL
B BX (FEX - £YEH). EH £ (EFERERLWEMN. EE HE (RFRERER
MR, TH &F GREX - EcTFERtY). BEH & (REX - £H%RER)

ETEBLIUHEN

HERIBELITBEDEITHFOBRETH Y | bix RAED~OFEPBEIN TV 5, HICHE ILEY
BFOREBEHRIZITDEEVONTEY, EBRIZT7 =/ vo— (BMFE) Ot ERHERE
HTHRINTND, 7 =/ 2 o—EUidE I OBIECY B A EIC R E B r 52 5 L5
ZHNTRY, BIRIZED A=A LOBALED TEBRS BET LILNENHD, LI, &E
RHUCAET T 28 UiEm AR & LBE, BESSEEREIC K 22 b 0ice b 9w
EWVOERERZ S, BILEYITAEBTHRNEL | BRI CTHLEDPBINICERT D Z ERE
XD, TEHETER L THRT A2UNERND D, £ 2 TARPFETIX, BEhEERE AT
RN AT WA Z LT BB LA NN AEET 5 & Y 2 Ee o iy L, B
BB LB T7 =2/ a YV —DBbEHLNI T2 L2 BE L, BRI, 7=/ 0V —0D%
BTz TS OIERED L H B & 2N T 5 72 DI IRBRLAEE X N O ZE D FETIIEE I >\ T
bR~

T

ABE 7 LILEMTICRE SN TV AIRBEERK OWNMC A BN 5 Y Y URE LY 2 x5
WBEREToT, ZORBIERXKIZIIA—F - by 7« F% 23— (Open Top Chamber, LA
TOTC) ARBENTEY ., 0TC WA TK 2COREZENH 5, Z D 0TC 1L 1995 FEITHRBENT
DL, IR LA 3 L TIThh T\ 5, 0TC DRAMIERIRERDOESI AT TH—F v
v F AL (N sl | ZERVEDICEEL, 201246 A 21 A LY 4 FERIC 1 o
MREREL TRELBBLE (M), F—XI1X8A 20, 9A 28 HIZEX L7 (BELIRE
TR TH D), BE L-ERIT, ES#TY 7 b (Adobe Photoshop Elements 5.0) % Fiu>
THRE LRI T = /) a P— T 24T o 72, BEOMTREEIZE L TX, 0TC NS TR LN DY Y
CRMEAR3TE (v X7 u~ X ) ¥ Vacciniumuliginosum var. alpinum, 75 <Y Arctous
alpina, H> a5 Empetrumnigrum) ZiRON, FREFNOIEL 0TC NA L HEI LTz, BRI
L3R T SIEERICE L T D, RREBSE CHmEE 28R Lk,

X 2 IZEBICEBE SN-EBRO—F %73 (201246 A 23 BIRE), W HLOEMBENS, B X
sua<R ) XORESCHIEORFSN 0TC NAAVTRARD Z EBRBHLNI R o7, KRR TIL, JBE

5 2. 0TC NI (72) &5V (A5) OEET-
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HRILEEICEITEANAIVERET SN\ TFHEOERBREERED
HER - FHEEKX - PHEET (EMXFERFE AFC)

NWARFEHIZEDPBREBEINAYORBERO—2L LTETFOLN, REEREOREE
KELERCEBRLTND, "V ERETHIANFHICEAT 2 RITIEETEL AT
DIVTW I RN TIE 2001 EDOAREE) » I THA Y EIMETHANRFRRFEEL TW
B ENHERSIN, TOBRORET, ZONA Y EMETHEANRFLLTEA IR TH
INRF Cephalcia variegata & <V N )NF O —FE Gilpinia sp. THH I ERHL MR-
7o UML. Gilpinia sp. 1ZFEE TRIET BB > TWiRVW, ¥, Gilpinia sp. 1xdk
BBV TENAYERELTCWVWDZ ERMRINT, Lo, L&Y
NATVEBETHNANFICEHTHAIMRIZFEFICORZVOPTRTH S,

AT MLUER LTV T A, FRTFALTR, FTATR)IZBWT, FHIFRETH
INAXF L Gilpiniasp. DOHAREOHER L. WEZRHZREDSZ W 2FDO AN ANFHD AR
MR EHBI2EEAHNE LTITo 7,

FAEHIILET D SR L TV A RET AT ZOHEE, 7 AL7A0E~FER LI
Mz, TNV T RO SE~Er E2#HEE Lz, JAEEHE X, GPS(GARMIN GPSMAP 60CSx)
EFRWEZ X T HENAFL Gilpiniasp. BREALTWBEFiO~—7 ., BEEDO LT
VI, BEBRERLETHD, TOMRR, 2011 BT AT RAOESE LBy & THH TN
NFQBORAAPHBENT-, —F. FRTATFRLE TN TATEBELTWS Gilpinia
sp. DEMAEEIL 2006 FOFREL Y b Lz, FRT VTSR TCIX, Gilpinia sp. DRFEAE
B LTEEERD, —FH. MTINVT AT, Gilpinia sp. DROVITF X T H
NRFORBEENRLNTZ, 2006~2011 FEDRIZ, "NA vV ERETHNANNFOESHEN
Gilpinia sp. WH A B R FHENNFI BRI EBDholz, ZTHNXERERB T, (R
BaDDBERHoT-O, BHRDZBEFHOTNICLD bONISEROMEORET
H 5,

AEELRBEORELIT o TR, ~AF 2 B0 FlR & A BREL IS+ 563
MALLNT, RERIIERE LTRAOEETHENB, ~NAF 2 OB B LERE
BETERZI o, KEE LTRRIZLZEEAEZEZ: NS, MBICL2ERTHIBRE
DOBERPOND B0 E L, AEX 2005, 2011, 2012 FE0 3 EICH I FAEICL » T
HEH LN F 2 BOBEREESOFEME A=Y TOEMERRD, £, BLBIZLD
NAF2FEOERICETIHAHbETHET S,

Gilpinia sp. [RI DA R (2006 4E 7T H 3 H)  Gilpiniasp. DEMSH (201148 A 28 B)
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BFEEREREA—ICBITH3T7HITYHMIELD Co/eosporiumBE DB &

vk
Ofikigz, WHE#H—, WE K, HFES, [R REEX - £5RERPHRER)

Coleosporium BEII VX BIZB T AHEMHFEETHY . vV OBREREDO—DOTHIHES
WRESIEEZ T, Z<0FEIEEFEMEZAL TR, BT - SURFHERIZ~ Y BFESDIC.
BhaT - AP FHEARUIRRIC & - T4 25l (FRIfEE) ICREMICTHAT D, T HE
9% Coleosporium BHIIEZ K FIET 50, SR THAROBEIIER CEEL TRY ., #ik
DAHATECOREERIETHIEILTERY, ZOD, TNETT A~ V#HE LD Coleosporium
BEOBEBIXIZEAFHALIIZEN TN T2, £FZ CTAFETIE, FRHIBEEELET
Coleosporium BH 5 FOFIEDPHERIN TV IRAFERFELREERE L F—%2ET1E L. &
VHE—NIZBT BT I~V #HE LD Coleosporium JBHE DFEIERK & 75347 DI % A A7z,

2011 4R 6 AICB Y Z—NDT <Y GRS 9K, NN D 17T RKOT <Y O E EES
WWEIVERD, SUPTFHEORONIHELERIR LT, TD L&, ARG HIL 1 RKOT <2
51mARTELRSEHSE 25m~65m) OK%Z 1 ARKTOUINEL Uiz, Bo#EE 1P
1 D S URA-F-HEZ EAER IR, WA CTAB I & > T DNA Ll L 72 ® 512 PCR-RFLP 4
ERAWCHEEZRIE L, £/, 20114F7 A2 5 10 HIZhTCAIR1ET S, ¥ —&Hiliz
HR1E £ LD Coleosporium JBHE DIRGLIRREE FHE L=,

RFLP fHTIZ L » CE QM 74 334 o FPARERESH, INFEHEEEL TS C
phellodendri, ) Hx=2 Vv EHEEEL TS C copi, I~ EFRIEFEE TS C asterum

(LLF C.asteruml) . = U X7 2 FflfEEL T2 C asterum (LLT. C. asterum2) . ™% )V
EHEE L T 5 C clematidis-apiifoliae 137 1< #E Eh RSN, 3347 D 5 b5
290 YT IB C. phellodendri Th Y | MEEICHEXEFHNICHVVEE TREINATZ, C
phellodendri & C. lycopi IIAAFER LT D7 W~ Y MGEEN LREINZDIZRL, C
asterum 1, C. asterum 2. C. clematidis-apiifoliae iYW DOFEVERI S O BRI Sz, F M
BT, C. phellodendri X° C. lycopi (32T DE I M LRH &N DTt L, C. asterum1 . C. asterum
2. C. clematidis-apiifoliae 1% 3.5~4.5 m & [RiE S 7= i CHRH S L7 (Table 1),

FF IR S 72 Coleosporium BE DOHFEEEOH TH—DOREATHY , B ¥ —(HEILE
< DHEMERPFET D, BHRBICZEORFERERSEOLND I LR, B F—RNOT I < I
T C. phellodendri BIEEIHNCELE L TWAIERTHLLEEZXOND, VI HTRX=U P UIFERARF
BERICELS LT 20 HXIRORE Y Tk v & —N OB BRI R - TH4 LTz,
INOEPEIEEL TS Coleosporium BEPRHINTT I~V OALE L ENENOFHTEE
D3 AEIANT I3 BB R B LT,

U EDRERNS, TH<YE#E LTD Coleosporium BEIZENTNDOFETER DA/ —
YEAELTWD ZERARETHD THALA L2 Y (PR EDSMN Z D55 F — /25 <
HEL WD Z ERRB SN,

Table 1 MBRIZBITAT H~ Ut Eh bR S ColeosporiunBHE O & S HIHE R

. § Hjﬁ’—_"f—‘il)
R 3 () B () C.phellodendri  C. lycopi (. clematidis—apiifoliae (. asteruml C. asterum?
6.5 6 83 22 0 0 0
5.5 4 50 50 0 0 0
4.5 9 89 22 22 11 33
3.5 7 86 67 14 14 14
2.5 2 50 50 0 0 0

DHIR=ColeosporiumBE BB H Sh IR/ 0 % & LB X 100
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EFTRRENBRBREICESTSELFRBARAZER L -FHOEHAZX
DBE & FPRISh HERIMATRE/ N1 T XA RDHETE

oBHNT A (EMX) - HEFIT (BMX - LERH TEEALED

(AROERLBEM]

BLOREINEEEINTWE—AT,. BUDOFREEAIHELNH D, TLEHRELEN
WENTWBENTHEAREIRILF—ONSFTTRAIRILF—Z2FALESEVSEHELES
FOoTETWA . COLILGRREBFARESNZBUNSHFZNYELBUFALLS &L
SEMELH5.

HETEEDLSVDNA AT ALEIRATRENE N> T-IRFER B A (X ERZETRENMA <
ABAEBAEREE, 2008) XH 54, REOWLIE/ Ny FRIZHEARAYEL>TEY. R
MARBAEEE L E-HRERIELRL,

ZFIT, APRTIIEFHEMNICBILZFRT S LB E LI5S, #E - BORE - FA%
FERB LEBICBDEZENTEDNAATREEZHET D &IZLE,

(FAE )
EHETREEFRMRICEVTHERAA L > THAAREHEL., BERATERE A, BHE
400 MOEFE TEAREEIT o1,

[Aix)

WERATTEIZ2 AFFT D 20mx20m (400 M) DHEE TERAEZ1T S .M RBBITSAETE
1Y, aFr5, S XF35. 99U, VL3, AF, AS5IVELE, BohE=T—42%2&IZKE
NAAIRAFART OO LVEMET LV EERA L TCEHENS OF BRI T T RAEFHTE
T3,

(6:4:79
HIRREEH ; LRENARE/ A AT RAEAZRATHRESE, LREH, 2003
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FI3ATA0IIE T HEFREE L BENEE -R7 O7LEE L UL S
EihFE TIRL K RESH T SBESHEICEE L T-
Wk e (EMABR - THR) - ORE =& (EMX - ILERH)

Foasny (BEME, #7avB) ZARFISEZE0CHERT PTIRES L, S I
ARBRIZBNTSH LN S TIRE TIAS MBESAMAT 5. AFRTEXF I e v iz, K7
CTIRBRIC BT A EEOKRENRET D KESHA CEE) | BHRA, BIUKERNOREE
KL L TREJE (W) | ARAE»S, IARSHE (e, V=X T VU A ME) OfF

BEEE R & BRSBTS,

[AEHm CEEE) HATORE]

116 Hu R0 HEREE L 72 206 EfEDF T 4 7 e 7122\,
mtDNA COI $EIE L O 16S rRNA fEIR OB =T 21T
W, HERINCESS QERIZER LZEZ A, FIH5
o viE, GRS (NJ) ¥, &L (ML) EoWVWThick
WTHE 2 DERFMENRR XFFEIND 2 207 L— )
LERENDZERHELNE -T2 BARFIEZ L—F (7
L—FRJ), REEZL—K (Z1L—FC) . &HIZAARFS
2 1L—FRiL, 2290% 77 1L—F (ZL—FKJA, JB) »
LEREINDZ EWRENT. 7 Vb— K J-A 3dbifEE - A
Mo WE - SN SBRESINEZF I v R, 71—
R J-BiddtiEE 2 R<, AM - WE - TN BEEII
FIHra ERICE BRI

¥72, 7 b— K JATMIIOHHE - FitlcHRESINT=
R, 7 L— K J-B i) o _Efiik CHE Sz @ik &
VRSN AEMICH -T2, ZOBEMERIET L0, F
Fhr U RRESEHECRIT S, IR, BLO
LAKIBEOEMEEFR L, FIBREOHEMN M EIT 7.
B 7L—F JAIRER, 2L—FJIBEERTLIFIH
FaungRE XN, LEJIRERELS, »of
KIBOEBN/NEIVERIZH D Z EBNALNE 20T, &
Bz, EILROMEIIARTRESINZF T I a v OBR
FARMTOREL, )| BTk v— K J-B, )il F
W TIZ 7 U— RJAIMET AT e XA TRRE I,
M7 Vv—REERTDIF I 70 vix, 1 SORJIKEAN
ZREWTY, - Tl oM RERZTE LTS
T ERRBEENT.

[EEH1A (W) HATOmMmE]

Wiz, BRINAKRERRIZ, KENICBITHFITHFm
7 OEEEEEE - BEOEBEFER L. BRIIERINE E
X JINZH) 10km [EIFEOFRAHZ BT, RIS E D TR
ELCEEHE 5 SRIX3  #R) 21TV, HAROME

ZLV—F J-A

i

ZVv—F J-B

= v—F €

oo e

pr— § outgroup
BE1. #3577 070 mtDNA 165 rRNA 4
BoOMAMEEERS] (386-bp) ITET </
Fos 4 TRo N & TE/ — FEIE
LEBERT— bR 5y TE M E/N
i&).

B00km

® 2 FSHASOYORERSLIBH
EnfnTos4 IRET B L—
F(O:HL—KJdA B:HL—F
JB A SL—FOERLTWS

KL EAREER LOBREFERELHE, M Le. 612, FHATREINLZF IS 0 vEK
{ZDUWN T, mtDNA COI FEIKODBRFHENTIZE S BIERME LT L. ZO/RE, KEHIZ
BILF I 700, FHMAOBEREEIZL LT, WTFhOAERMAIZIW TS B EVIE
BRSERIEZE T2 Z &R0, BASI B RO IBUE T H 5 E#) KR IV TR 28

FIMEINAE LT TNDE Z ERRBINT.
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DFREBWICE BT =LY (BSEHYM: EI/TLVE D
REMSBENDDRH
REkBTE (EMAR - T¥FR), ORMER (EMX - LEKRH

7~ A VHE Tardigrada 1x, & 0.1- 1.2mm O/h SR %B A T, HEARCRIR (B L0k
K) Oix RBEICEG L TEELTWS, 205 LAY < AVENERT 2 2 7 MK
e L ORIREIBRIL, B 2R, 52 VT L Bl AR RO TREERER T
Hb, TOXIRNEZ Y MZTBWT, 72 VEIZED <] Z LIk v EBRBEHRIE (7 V
7R EA TR cryptobiosis) IZAY . AFICABERRNEERT S R TWS, 7 U
FEAVRBED 7 ~ AV, TOMBRERED THEEHLD S Tun REE (EIRE) &2 508,
THIEREN LB EWA~ABEDORWER T H D EELOND, 20X OIC, BEI=
AVEIZZ ) 7 AV ARBECTRERESND Z LICL DBV REBNARSBEIRD D LB
ZAHNTWDN, 7<= L VEORSBICET 2EEFELE 725 K5 RMAIIELhTHaL,

KR TIE. F =7 < L3 Milnesium cf. tardigradum % %48 & U THOFREMHT 21TV, Hibk
18 AT PN - ISR AR B ] C 0SB AB A D BB > B 7 DBABHRI ML ORRE 2R E LT, B ARSI,
B LU E — 1y R0 50 DHUSEIBEED GERE Le A =7 < 53 276 fAIKIZ OV T, 3
k@2 NV 7 DNA COI #8i & #% DNA ITS2 SIS A f#AT LTz & & A, fENTIEIE D 78%7 b [F—1&
BEFREPBRHINT, T OBREFRILEMRERE T 1,300km %8 2 5 Hillk & vk & 35 36 fE AR
THE SN TV, EWVICKEMET 5 5 DDOBEBHREIAHER S0, &R OB
SREHE L | BIERSEIZRT B HIBREAIIED b kb ol, ZhEA =2 < A VEED
REHESBICERT2b0EE2 0N, un RERIZBT2EBWZBNSBEENCELD HOTH
HEWERTED, I, WBEE ILBROF =7 < AUEEREEND & bICRH SN ZBE TR
ERAY - Fa— by UVEF=/vLVOREBTFEEINEZERI R LI &b, BDTHIC
IREEZE S LS R RIEBSBAAE L TV DA b R S s,

o, AL D REBEDBEOPE L TV DRVGEIIE LN b DD, NBRIEEPAE LT TV
D2 LI+ aEAOND, ERICBIZEAZGBBPELTHDLINENERLNIT L0, 1 7M
2 700 Uy MADEKRERBITERT —V 77— AV, BESHT S 7~ LMD
BIZ XV 3T 2WMAEME =T =Y T T —DT7 4 NV FEICER D Z &2 BTN D,
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WERRIZ & 5BRSBOFBA L 25 Lizad 1 LI EORIGHEE
OfiAREt (EMXR - &8I, &F & (FEKX-&&H), "EEL (EMX -2 - £)

W7 VT HIIZIX 2 A A A Appasus japonicus 3 KON A 2 A A L Appasus major LMD 2
BOatA LAVBEEAPAERLTWD, MAEIIBEIIZEEIL TV 5135, SOV THIR
TOT OIEFRETA == v 7 L T35, ZDT, BEZMEOFHEEIZ OV THRBRIN T
&7 (B)1,2001), LHLZRAL, MEIEEEAIIEIRE L MELTRY |, FEZHED rTEEME S
BNz e28, I by RY TEMGF (COL 16S rRNA #85%) 36 L OBSEETF (Histone 3 §81R) %
AW INETOHRLOHFETHLNE o TE Tz, KIFRETIL, a4/ 2V E2EMICEBIT D
BEREE R L ORFHIERR S & — o T 572, ALiEE» S I £ To B ARIRER, BER
e Tz Tat A LAy (67HUE, 143EE) BLOA A a4 A (51HUF, 98 EH) %
FEL, 2 bay N 7EGRF COLFER (658 bp). 3L TN 168 rRNA FHIE (435 bp) DEfsF#
WE1T o7,

R OFER, T A A DT OV TIIRERE OEES BRFEREZ R L, BARENIZEBNT
HbRELL2ODZHMEPOHERIND Z R LNE R oT, S BT, HERM & BHARDIUNH
FHip EEGHREP LR U CGHE S, BAEZ A AVITAIRKEORBERIZS D (e,
HORGERE) &Rl Sz,

—Ji, FAFat A AVICOWTIE, BAER LUEE - v v 7 EOHEERZNENERTHE
L., BRENOFFaFA LNL3 DOREHENOEREINIBRLE o7,

MIFEIZ331) 5 RMMMTRE R A L U7z & & A R HIBRA 72 AR E L 2 B TR & < B
LHZERHLNE RS, T2, RBEICBWTEAEINS I bay FU 7TEET COI BLIW
16S rRNA fHIk ZF5 A S V2B OB EEHRR (100 FTEDHTZY 239%) %4 TiTd, SIEAHEE
BB, TN ORENITBIT 55 RMBEM OSIERAEE L, ERBOSER L EX b
DR IUARDIEAR R L Vo 7o s LIRS B L TV D Z EBRRR SN, S HIT, Rf#ED
LI AR y F MM EIT o7 & 2 A, a4 A AVENIZRIT B555IE, WTh bR EHER
BChDEFMENIZDIZR L, A 24 A 2ATHON T, WL OPOFENBREICE TR b
Ny I BELTZZ EERBT HRREPFLNZ, 2O X HIZ, BESAERE, NE¥ v hORET
P (e, EREM=vF) ITENTELLTEY , O8I b RESA—1"—F v 7T LTS
BD2ETHLHDIT bbb T, £ DORRIEER L URHRHBIR R F — X ERR B LR
BT EM, AFRIZBONTHLNE o Te, ZLHORERIL, WRERICK T 2BEISHIEI0E
EOGBT R ERZERNHLZ L ERBETEHEDOTHDL EEZLND,
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PRILESZETDICSHT HEBBR A VYTTEFFOELTOEARH
OfiAEt (EMARE - BEI), BAEX (AFLFHEX - EE),
BTEEE—E (UK - EFEU4—), FEER (MK -2 - £)

AA (AW - WE - ) OWESRICAERT SV YV T XAV ERBO—FE, XAH Y THE
R Panorpodes paradoxus (V) 7 7F RXFD) 1L, AR A ZADBOERRIZ T2 WA~ LERTR R
F—URBBHTERMOENTVND, S HIT, TEILFERCHAL (FHRR) OEERTIL, &%
BIZRWT A ZRDOBREL 2% TEIBE ] OFEPMONTND, Zhb o TEIR] A
V77 RE, BHORSNENZ LMz T, TB#A) kb (1) FAOMARENT &,
(2) TAF#8 hypandrium ERO B LIH A BAALEHRRD Z L. 3) A RADKRARRBATHD
T L (BB TIIEAR R, (4) A ADIMTITBFER D Y . T OB S F — U BRRME L o
RERDZE (BRWEIO A A TIIER S A T L AFET D0, FOR TIILTHRR & D).
(5) AARADOBIZHLET OB 05 Z & (BIZBERD H 5 BB O A X 3B T 72 &, BF
BUMZ O L OFBRERER R D Z &b, TEIR) IXIEERBICHEIG LB Th 5 mHE
LRI TE = (FH, 1990), L EDZ &b AH v U 7 47E R OEH-EMEE (AR
WITBIBRIRZER B & D OGN £ L THORR. RIFE 2 A3 2 AR ICRBW T b BB R E
ERSD0ENEHNPDDTZD, I har R 7TEET COIHEEL (658 bp) + X 1Y 16S rRNA fH
B (855bp). B L UMLELE T EF1-a fHIK (658 bp) % AV CEBE 1T 21T o7,

IORER, 2 Far R TRBIVEEGEFOWTHLOFERICENTY, B3R ERARZN
FHHERFBH AR T 2 Z L3R 0T RRERBEREHEE T 2 2RI W TEF A 78
NLE ST SRBHERE Irodz, Fi2, BOSCHDOBERE I F — i3 X < U7 AR L 03 B R FiRt
EERT DI biahol, &I, FHEROBMA & EIRINENEnB 2 (I HERFEER T
B2 ExHDHOD, RHIRORA-EWE CHRKEZERT D Z L idkedotz,

U EDX T AN Y 7T7E RRIZRD b A BESANIEM L E 2 b o Z LS
MERoT, RREIZBWTITBRIZZABRBO G E08, U 75 AV HERIZBW TITRAE
DR TH D=, AREICRT 2EBPIRENFE TH 5 EHEINDIN, ZhbDy AT
DRREIZ BN TERENT ML - IREL TE b D LB X HN D, FRRC, EAREERITER
WRRE L D bIEANEL | BBAOHBNSE NI L, ZRODIREMLEEZ NI EHRLZ AT
EEEERRICBNTRD LN Z &0 b, BIRMA, RV, RWZEREGLR L2k LT
B Td 5 BT EE ORI T TIIER SN [ 3E/1 7 ecomorph | & F
Z BB,
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WERFAHICERORBHNEREZNR L LS FREIGEFHHIR
OmiE M (FMARE - BIHR), R £ (EMK - ILERH

Z14v v H Ephemeroptera @B HIRIL, # 4 BERTHI OALA D PEH S5 5 bIasHI 72 F A
BHREETHD L SN, 2284 3,000 B IND, Fo, 16 B 3,500 NG INT
WA A U455 H Plecoptera MEHRIEDG | it DLADHKI 3 BEROPEI NV AffEL LR E
. FNE VD UEHWAERAAEICERYT 2 E#HEI LTV,

AR TRRETHH 0 E AU TEIX IR EORARE b &2y N LT,
W72 £ O IEAKEREKIRIC S, & O IZITHIROMEIRE 72 £ | #hx REKERE T TOHAR 218
ZL., Pk, BREEEET D, AT UE AUVFTHEEBICEERBRTHY | RIATE DAL
HEIRH D LIS 2, B CEHRTH B, T, TOFTHRICRERBRORIK G 2 L
EWV o BRI NE X v MIER L TER LT AR, £ EZ y bOY A XHR/NELF
oo NEF v FOERE SIS, BEREESRET - BIER L 2 v | 6L LSS e EREEE 2
LB, DFY, BETFRENBAECAEGEELIN - BMEN L D2 bDLEXLND, ZOXHITH
1E - IS253 70 L, 22 B8 EE I OIRWERE 2 )P4 & LT EEEE L~V TOBEBRIEEGE X, H#
BRI 2 RE S KB LTV D FREMENE < (ARIFE TIEZ v b ORITE KA B @it %
KA, HIEEREE OBEIBEDEHICEF LT,

XAV TE () Fenhrsvy  (KH)

FRIBOMIEHICAERTI2ERE LT, 73X D57 2 U8 Heptageniidae DA EH
Bleptus . BLO, vt abhx W U558 Peltoperlidae ® /XU UFSHEH (/XA UFT
Cryptoperlal@. BXORIY~ /X I IS5 Yoraperia &) XM R L Lz, ZHhE T,
FEHT UL T, BOSMEREIZITHEET 2 BAFIE M - WE - Jul) 38 KO
2B GEE) OBEMHLBREL, T har FY 7EETO COI, 16S rRNA §HI% CEE T 21T
ol o, JXAUFTEHICELTUL, 48 12 BE2 RIS AARFIE (RIN - W - Jul -
B BXOowEs (BE), 88, PE. v L—IT7hbEEL, I har RY TEETFO COL,
16S rRNA fEf, ¥ L UMZBIRF D Histone 3 fEI % X5 T BIRHIEEZBIR O LR T 21T o 72,
ZORER, PREANTZ XD R HUSEARE L SV TORE RBHEHSERED RS E EbIZ, H
AENGORREE & bR B#T 5 L 5 RREBEVERBE LN,
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RERYX/ D EGKREICEITHEEMEEDTH
RISEH (BB - BIT¥R), #B0 (NPOIEAENY %/ U7 ~Hi%R), RTiE (RE
e - SRESRAAD, PHRER (BMK - BEH), FUREE (BIK - ILEREHD)

Y& ) U~ Ursus thibetanus X, 7 V7 IMBICERTA2HRO 7 <~ T, ARHIRI LIz 7
RIS IN TS, BAENIIE, AMNB I OCNE =K Y X ) U~ U t japonicus H
ARLTWS Ul TR . ZhbHilko > 5, PEILESILY ¥/ U 7~ OE RS EH T
WHE< . RERIZBITZ2Y X U7~ OHEABEITA 3,600 BH (2011 45, RERIC X 2H#EE
) CEERERBMO—DOEEXOND, —F T EREERECABE~OHE AFF 2 &,
ANETF U7 < L OEBEERE LTV D T, RERSESRIGESHEE (REFR) Tk, ¥
W& EAEEGRE X 2 AR EERRN 150 BHIZHIRL, MISLTWA 0D, YF /) U S <D
REHEFEIZIT 1502 K& < EEIZEEIEZE I TWD (B 21X, 2006 421218 558 5, 2010
FEIZIT LD Y X U 7w BHZENTNS) , AFE T, RERLE» LERENZY ¥
J U 7= 170 fEE 2 512, mtDNA fIHESEH 626-bp OHEIEE S| T L. RERY %/
U 7= BRI BT D EBERHIBEIC OWTEZE LT,

ARG, REFRY X 7 U 7 < BRI, BITHE LY bHBNEWBEBHZHEEEL o2
EWREN, RERIGE CRICEENZHERE W Z L3RS, REROMSE BERREEH
FHEICRWT 8 K SNHHIBBEEEED 5 B, 7 AT R, THRT AT R LT VT 2w
W Tk, B LR ER CAT e Z A 70, [REILE), (8% - ZF) ik, &5 -
BB - AROER LR U T v & A THRRE ST, 5370858 (AMOVA) TIiXEH IR,
HrER | B AL F AL 0 HUIBRAE (R BE ] CHEAB TIRBI S & T2 Z & B3R &, BRIz TR B
& TRt - ZFH) L oMTI, BT TREBREENTZZ EnD, T sl E AR
X, BENTEESNED b b A X EERBBESHER SN TS EEX N, — 5T RHRE
W (TR AT R, TRRT7 AT R 7 V7 2E8E®) ) & EFRIbmHg ( [RER
i, TE% - ZE] ) BTk, BHARZERICOMT 2M5EMR 1 oDOATad 4 TERL &
BHERIAT a2 L THEBRRKRELS B2 210, 2hb oM coBRTHE (F72b
LY XU~ OBE) 3B TORNEDEEZ HND,

i

=RV X )T (RED
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WEFRRERR - H A/ a4 FESSEOAFRIFHEFKITHR
OHABEMN (BMNK-B) , FEET GLEEKELNHRA |
REER (EMA - ILERHH

(&%

J A ae A NES T Palaeagapetus & (FNES7ZH, B A N7 TR 1B ACHFNNIRTR O
APRICAERT A/ e T, JERKEERIC 2, K7 U7 I TEBER I TS, BARE
WL, =TV AA ) abes T P flexus (M) r~JbEERE), A A/ a2 A RS S P
ovatus £ 7 I A A 2t XA N7 T P fukuiensis (ALHBEFREFEH~AMPE), a2 A/ ak
A MESZ P parvus (ARINTF~FEPEE), 27 B A 3k 2 NE T P shikokuensis (TUIE)

XaUlavUh A at A N T P kyushuensis (FUM) PIFFEMETAIZ A/ L T0D (K1),

e T BT ShRENCER Z R U CREESFER LV, AL S SRz 5 LEET
bprzvynadly (vrnadisl, yeadsf) OEZAWCERT S, 7Vvmadsid
AHEROBHFITIAL 2L, KFIZRERBEEEZ O BETH D, ZOKREOEROH CIHICERE
L. ML LEBRB® 7 Ve adrZElT 5, ZOXIICH A a2 MES FHIE,
—HEEZBLTT7VURadyiRKELTZAEER b0, AL, FFBRRNE S v MBI K-
TEOGAIRBENE 2D BEOMLHIRINS B2 N5, DARFIBIIIEES T2
DD, Fhd B VITEEREE L~ TOBBHME S 2 XKLL T D ATREEN & < | SRt
PrRORHBE FAFSEICHE L MR Th 5 LB 2 DI AR Tl T RITHEFZH 2 RE

R,
[J7 - fER)

EN - ENEIA ) a A NETTRBOE IOV TCEB BT EZITo T,
EPN 40 HiS - A 3 AL LEL NS 12490 L EHWTI F v N 7 DNACOI I,
¥ X UM DNA Histone 3 fEI 28T L. 15 O - BERFH) B ML 512 X 0 Ik 2 1B LTz,

S T
. I
ORI A /AL A MY £ P. flexus THUFIAS A BESS N |
FSEIIREL 2 ODRE X P, ovatus A S AN S by % T
B (AR o7 AR p A, | O P Paus IHTHA/IEANESS [~
O £ ) 75 R 5 L% L | % P fukuiensis T4 DA/ TEARESS [/ Y
! H - * P, shikokuensis $717HA ST ARG S } {
EBADNLIRoT T LT | o p kgushuensis a3 ammx Jaextess [
D 2 RRFROERD TEB — / f%\
- . 2 P. finisorientis / Y
RIS H 2 Z &G S v B
o v B 3, B
75) (l: f £ D 7”:0 ,(21::‘ /// &R\ ‘a\‘%\% é)é':r/
South Primorye )/ oA \“‘“Mf"/“/f/'”
A 7 Al !\“J.? @
- A By
{ o
P {_;"t%f
r L ow Y
7 4 N/ jﬁ > xié
A ix J
e \‘\ ) / {
*éww \'\,‘ 4 4 ¢
% \ o K xx) A
% i -
{% J’ o Ve Eﬁ@( % f}
S AR
. o ~
) e .%&MX ,/f T ,/,3& f’gfgj
. ?4@?2 > I v ﬁ;yf,’f‘;%;;g? D,} Y
3 -3 Al PP . *’{ i @
K7 V7B o G [}fg’" &7
HRA AR NET T BON Sy g A
‘g WM 500km
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FEEORIEELE - iR ER<EDD
AIIRFRE b 77 o REO S FRIGEFMRR
O#tB#Eth, TIFEAR (FMK - EEE)

N7A b RE Rhipidolestes 1X., ¥~A b bR F Megapodagrionidae (235 bR
T, BXREY~AL P bUARRUINFA P oRBLE (TH 1#E) oA ESEIhL WD, b
A bR, ME - U - BAE - 815 S - BEKRE - B2 - iRE Q) - EREE -
NEILGEEOM, BER—F VT REZHER L TWD, IIFEFRTERCHTEORIKEOMm Y &
W o Te BRI AN E Z » MORAE - 805 L. AR TIREM Th 5, AT, RAIIT M
REOHFTIIBRDCHL . BEISBESECHNERETHL-D, BT - BESGE2T 5, —H.
B L~V TIRTER A ARD D KERIZT TRIRIZ M T 27280, 2B IRV HBR O AR E % 58 < K
B35 K5 RFEEE - ARG, BREBEER T EEAbND,

TOXDBRERND, AREBEOS T REHBENMEN 21T o 2 A, (D) ME-JUN-EEE O
BN 1207 L—FREERL, (2 FE-ER-BBOEHEN 1207 L— REBR L, 7.
s () -Q O L—RBEWICHSREEE 2B Z ERHALNE o, T, HEMIZIZZ
NOOMITAIET S, FHEkHE ERRE- M2 ) oS (1D - Q) »oERaIhs
7 L— ROINLE ST O DER L0 FEERMIEO N4 M RNEORERE R T LS A
MR IoT,

1) - Qo7 v— KL PERRHIEOFERE L OMIZIE, "I TRy T ETrI~Fr o7 nd
2ODRKERFAETRZL TR THERL TS, #iz, (V-2 o7 v— KX, BEOKEI T
T 2V REM 2 B B3 X, AKAMET Lok Elics W Tidie L AERGR & 7220 | Bl
TEOHPBRABERECIX 2 < | HISE (RICEHHEHAE~HE) 23R INLY) —XFTARERTH
HeEZLND,

ERMIZIX 1 BIZ 1LETORSM2T5 NP4 b REOHR T, EDA, 1 Bz 2 (£
*F+U NS F bR R okinawanus & ¥ NV WG R AR R shozoi) BAEBLTWS, T
UH 2 X mtDNA 38 XX nDNA OFEHFREROWVTICBWN TS, EWZEBIIZREL 4
B2 L, o, HERLEDZRRENT O RIX, Zhd 2 EAERKEZ L—FE2ERL
RUVFERNRE LN R TS X L RVWEEEREV) . Thbb, MREN TIHEREZ B
T5200 A N URREEES IR —DOD BN TEML TL00OTH (eg., BHTH) %
PEN B BTN MR LTV D b0 EEZ bND,

A% FU MFEE PR EX LV N F B URORBAERTH BHIREI T, BRI oL
NFA R RRE LTI A XU N A R APERT D EWS EBESMELTEY
I HOMOHRHRICB W TIImESRAT A IMENRBD N, £, TR ET—< &)l
BWTEbTHRR 5 Tiid 52, mtDNA & nDNA OFERIZEVIENVRIRD 55 EE b
RTETEY, bTPREETIED 2 A HAEMICINRELZENECTND Z ERRB I,

ST, TSR S HITHR L, X 0REE OB ORI & RITR: B2 b OSIERHEE 21T
IFECTHD, £z, ML XA TOREREICLEE L, 5T REMTORBR LB LR 5 X
NELSEZEE LTV FETH D,
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REBILEIUTAIC & 1T 2 HEY S HRIE D [LIE LB
ORKBA, M= (EMA - BEH)

SUEEENC L 2AEDOE B L LHILTEBTE=4 U /3% GLORIA 712 = 7 b (Global
Observation Research Initiatives In Alpine Environments) 235 H CRE$ 2 H, 2009 4 L v Flk
EHIRICKIT53EAZ B L T& e, UL, TOFEZXBERDILERME - B 1Lk & o%E
26 b IA< BT 2 OIIARTRBISEVWE L RE T b,

HER LR 1 B AW O R NT Tl e o TV 5 72 2 E RSO LRI #2188 U 7 Bl 72
&L RBEITILE - HIRIC Ko TR D, o T, [UELHOZE IR HILEHIRN T R 2%
BFRS . FEHILEICR T 2 R/EEB OB LR - BT 2ITERNRRGE L LETH D
EEZbND, LU, IHEMEADRIERR R - ZILORIEET 5 1213, HEAREOR—X
TRAEHS OREPRE L 72> TL B, ZTORT NUTE] 1X2FMEE . HERFED T DIZHME
EMZBHMNES WD BERFHE CAERM L EZ R T 28D hFEEMA L EZOND,
T, IERICB T 2 RN REAZ(CORB B ATEER T —F RO WELEETH D, AR

TIXILTEOEMHIZER U T, IEIZRIT DDA O JLRBI 2 2 ER T 25 L | BRE
FREZEI T — 2 OERE ML L TITo TV 5, $72, EHEFECTRYMA TS, GISIZ
X B HEILEHD SRR~ Yy B SOV RA v T =& L LTERTEIENTH B,

2010,2011 EETIAET VTR - N4 E BTN T R & ETe 24 &0 | ITEREMMR 2 FTE LT,
TAEHIL, B AV B3RS CHREEREFT 2RV ILTEE T 10m 025 & Uiz, 24 IETHRR
EN-FEIX 138 BT, EHREKIX 277 B Th o, BIEEILHOHRE - SAHE. M0
Hedim, Ny EBOBETIIRWESEENE (40 FELLL)
AR Lo L, AEME, & - FEE O
X200 U T CTHoT, HEBHEDRWEDOEE
LREEME L CITHFIL TS, LacL, HEM, &
AR T A WEESUT ) LT, IR B % b
BHZ B W RHRER LD, $i2, AEHE Y,
FIIEEREEZFLEVIREbLH T, —FF T,
FRRIEIIERIC (HY X0 ) RETHERINLTWY
77

NrfETI4EZFHELTCBY, F0ETH
30 U EERFER L, ZEREIEEVWILETH T,
FIRFIIC TR S T2 KL T 2 |l & 135 FRMY
IRAERIZ oo, N BIXFEITEE THR S L ILE
T ARVBEERELH - TEANTR SRV, &
BLUERETLH Y ZERMEORE SIS e fER T
bot, £, N\ r EOLTEIZITHEIR G AR b
HZL EENDIEDERTARE/HFETH D,
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ASTYBRICEBTAEERI VO 7L LTHMKE

MEAWMA EMNKXZIZRAREBIREDERFER)
KER (EMXKFEPEL)
{ERAE (EMRPIEFEE)

HRBRRI VDT EER, WNERY FEREFEBAHTIEMD L THS (Jones et al.,
1994) . EBRI V=7 OHlELT. FMROARREOLE—N—LERBETFLN S, BKRIL.
BRICE->THEZRESEIBET. BOEIRLALTEMOEETIGERELED, CDKSIC.
BRIV _T7HBESBEEEESEIBRBITHFE-ERA%F Autogenic T P71 &
SR, E—nN—IX, FEOBARZNYELTHELEZRKT HBET, MEKPALTHRORE%
MEBRICKELEILSIE, HRLALEEONEAY FERET S, COKSIC, BRI VD
THEABEQREICH L THEMBEILLESEZ5EAEAllogenic T =7 Y VT LA,

WREIL, BELORFICKYMKREL KIENIEMERETRRTIBEO—HTHD, HhK
AKRIZEWNT, HEEHIREHICH L TAEREDZESA. BEEHAERIIHLTRELE
EESMERET L EV--MHAXLEDRERIZH S (Ahmadjian, 1993) , MKERANIZE T HEEE
CEFOHEFITEIZI—FKIELTHY., MRKEEIENMNTLEE—-DEYDLSIZ5DFS (M
75,2009, HRFEIZOHEHEIZEY ., ARMLDERBEDZFIFEAERLELET, BEORE®
BLAREFEHZE, MOEYAEE LI VWREBICEWTEEAMIZBATEZ S &G, ILEE
DELEEPOENTEELRSERE A ->TULVS (vittoz et al., 2010),

EEHEYOMEIL. SERIEIC, KOG EICHTIEEMAGEREFEEIZLT, WD
MOEFEHICHEINATINS, HWKRBOEFRIZIX, G8F. #LE. BER, BEXBOETE
A3 THHDESHh, B4 TEILITHMEIN T, 2FE LTI B BREODEFTHENARS
nTLb, (Nakanishi, 1962) ,

BREEMKRBEZORICE I EECLNTE, BERHEGLEOMEFEEMNLCRON S,
ChoDHREYIIHKRFELHBREDEEBLZEOEMIZEBR L TWLWAHRFIAERTES, O
CElE, HREADIAMGEENS., CAoDBWITE > TOEEGACERGEHREGY ., ik
A Autogenic TP T ELTOBELEREZLTWAAREMEERLTLS, L LES5THN
£, thRKELICER T 52HWOEEOCEARBLS., MKADEFHRICLE > TERLDINI—2FTR
FTEEZOND, CALPBHIANEERIZBST2EMEARAY FT—H 2BEd 55 2 TR
DEHFSIND,

MARBEENICERT AW DOLNTOAZEIL, Someren(1924) . Asahina(1938) . Baba(1954)
FIZCEKBDDRNALFOGHERIZTOWNTOE RS, Asama(2012) Tk B a4 A =4 E Araneus
seminiger ICEAT 5L DONHBEN. ChLIETRATELOEMICHER > -EREREHTH
TTHY. WRBEEZDPOEPHENEDLSIZHE- TSI E WS BIBIZH T HEREEHLEHME
£ < fThh TR,

ARARTIE., BBREEMKBEICEIIERRI V=TIV TRRAEFHLNIZT H1-0IC
&, WRBEZNOEMHOFAEZTL. MXRBIZBITAEDL S BHEMNFENERRTI VD
ZTFELTHEELS ANEWLNS T EIZDONT, MREOEFER S, BERNSBO/NEGHESHDD
BRI EARKOREFRICER LTHRIEL -,

ZTOHR. HEE (VEHLLHATEH OEFHKIT. SLECRERGCEDIANGEES
BOMKEOHMELEOHBANRR LNz, CO55, A5V I/ MKRE (8K LUK
BERMKRE LR (XLHTEE, YA HTEEMKRESSUN) HRF/ ) BKRE (RE
ENFVEEEEDOHBAZR L, -, NF IS5 EMKRE (EIR) X, BENOBEEHRED
BnHEEATRE N,

ChSDFERIT, KRBIZEIT2BLAL24 TOIAGMEEN, BEDSA TOHBEDAE
RBIZIEHRLEEOEEZON,
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BEWFISHE T HHBBE R MAREZOBERENT

MEHRA EMNXEIPRAREREYMERFER)
FKAFRSEE (RE)
EmRAE (BMKPEFER)

EEEYE X, BEVCEHEORA. L LAEZNRRCEAIBE-HEYLRELLEETS
FreT3EMDBRHTTHS, BEEDE LT, hkiE, BEEOE,, SUHOIFELED
HEREMIAHMON TS, BESICLHBIZONT., XRESHEHOSHIE IO SRIEY
[CHARTHAMIZE S BREIENTENREIEH L, MKRBFILEBESICBITA2TELBAHE
MBETHLILEEZAONTVS, Thid. BZEVEERICH LT, Tho0EYPHAEVTESE
L O2TWBEHTHZEEZLND (vittoz et al., 2010) .

EEEYOEERICEESETIETLEDOAH Y., Nakanishi (1981) (%, thKIE, BEHE, #HEX
YD I DDEMEIZDOVT., KOG EDERMBERERERBBOREESZ L &Iz,
WO DEBHIZHTELT-, ChizkdE, REBEFKLZBHELEBEREZLOEMETHD
EEht-,

HARFIEZARIZ T, 500 NS LTHY (AL 2009) . REAXBKREMRE (FH 1974)
DIBHED S5 B Sb%HIEBREELNER2 Y FELTWS,

HMKREFIZONT, B—OBKRKAD XS BRT—ILhD, FHROHEBE WXy —ILET
BRARGHARSMTHOATVSD, BRMEHMKRBOEBTRLEREZER L OBRIZOWLTIE,
Nakanishi (1981) DR LI=& S GHMLSn-4£BTHR L BREZEREOBHLY EHRRL-HlIIXES
EBITDIE,

ZIT. AMARTEPBILUEHICHET 2HEEEERICS VT, PHEABDIZKVRRESL
EBHREL EIT, KEMKODPMIZOVWTHEET o1z AMEIZE T, XEHEXOHF
PESEVIAVRT—I)ILTOFEEYHWREER®, HIHLOES - WEER (OBH) - Ak
ENTAVORT— L TOEEPMNBRBEERE EDOLSICARLTWSROMEHART=, Zhi=
KU, ERZICETH2EMONTRADBELZEMTLILET, JUYZBCDRT—NLIZHBITRE
MHER EFEYVHERE DS ERT CEFBME LT,

SEOMETIE. EMNRKZEFRIBOBEBEERICEVTHEMSZRIT. 1 DDAl
DEITROEARICEE L TOWAEMKZEFEEL., UTORICEBLTHAEZTo .

() 1BE L EE KD & ER O i

(2) #FE L FE RO TS

P R—BHLTHEEEBOBSIZLIEETROEL

FEOCHER. AEESMATEHMKBOREETROHET 5/84 — U ([FESIZH LT, 1830m
THSHOHIHE - KEFERNK - HILA AR - #ERBEA, 0% 1900mTI7o 0345
BeEN)ARF/ )VEMNELLEY ., 2300 miTiE TEEERBANZ BRI ERNR SN, F
. A—HBLELOWETCREETROWEIZEFLEVLO0, ERTREC avII5BAES
Lt=e b, BLMKREOBEAZSH--DIEX1730mTHY ., BEMKROBRIZESNALET
BIZE-LTHEAL LT,
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