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T4 3,914 fE K /m®, Z L T 2001 4 6 H &
48 7E ;T 3,646 Mk /m”* &, HIEDHED 4
EZ T TREICHEAD Uie (K55 #iEH
2018, 1k « B 2019).
HIHERER T, 1997 4F 6 A% 2001 4F 6 A
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TR DR LicZ e b, ik
DRICHFET 2 KD Ik T BEENFHKN & &
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Z D%, 2002 4 4-5 HICHLHAR 72 £t L C,
SESDICHHEBEMNICHIKZEAT S L, ZD
B2 2002 4 6 H OERIEHIA Tld 32 ETD
KEVEE B O P54 R 13 20,387 fE A /m’
ICIHIE L, T OEIEHTAE 2001 4 6 H D 5.6 %
TH-ot (K5). Zomo ks iz, 33
IO R X LVFE, ZKRAFOED—
R HAMNEDTED, MM X D —
REIC RN L, S 5 B JEKHE
M o722 & T, ThETREFEMD HHE
AP AR LT\ e 3 Ox U A I B
ik bELizeEZ NS (i - 2016,
2019, HUEAH 2018, 1LHuEH HIRIH).

UL, BB 7igld, FHEE v
rhENIBAM 2 £ iie 9, BIEE THREBHAAD
HKE A X fTbhTwixwy. ZORNIS, 2003
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ZD%E, 2017 £ F TREEAESHY O T
ERBEOERNE, 34FEOFHcIax
OB Z R DR Lah S, 2AIIcIE AR
AT O ERHEEERL TS (K55
BIE/M 2018). 2015 FF 4 FERDICT AT LS
MLz & T, —RANCE AT OFESE
R DY 50 5 55T 3,580 A /m” £ THIhO L
To R, 2016 AEICIEFH T 50 E s DD 1,779
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Annual Report of Pro Natura Foundation Japan vol. 28 (2019)
28th Pro Natura Fund Domestic Research

Analyses of faunal changes of macrobenthos in Ariake Bay
after the construction of dike for the Isahaya Reclamation Project

AZUMA Mikio, FUKASAWA Minami, YAMANO Saki,
SATO Shin'ichi, ICHIKAWA Toshihiro,
SATO Masanori and MATSUO Masatoshi

Since April 1997, the inner part of Isahaya Bay has been isolated from Ariake Sea by a dike for reclamation. We
periodically monitored water quality, grain-size of bottom sediments and benthic animals using the sediment
samples collected from (1) 50 fixed stations around inner part of Ariake Sea on 9 and 10 June 2018 and (2) 16 fixed
stations inside of the dike on 11 June 2018. According to our results, in the both inner and outer parts of Isahaya
Bay, number of species and mean individual density of benthic animals have been still smaller than the past. After
the shut-off, benthic animals rapidly decreased from 1998 to 2001, and then only few species increased from 2002 to
2003. However, from 2004 to 2018, most of them have disappeared or decreased rapidly in the both inner and outer
parts of Isahaya Bay. The results of this research will be used as the theoretical ground in order to require the
investigation of opening the gate against the Japanese Government, and these will be possible to supply basic data
before opening the gate for future studies after opening the gate of Isahaya Bay.

Keywords: sediment sampling, gammaridean amphipods, bottom environment, bivalves, reservoir, polychaetes

Research Group for Conservation Ecology on the Ariake Bay
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FHTO-F bo—F - 77 NBIRL ENEFZEEIR

EWIRIEE= R T IcEM NS tE 7 2T > D
R HUIRER &R AT TR DML

JtifEE 7 17 R ETERE T — L
ARTFZER " FNIESC? « EfhE - A EALR®

A ¢

- KR

15

JLEE T ENNKFETDH 5 =K 2T >~ (Martes melampus) D532 IR L TH O (ERFET 07 > (M.
zibellina) OFEIRERD TN S, AWIZETE, BUERFEO DR & 7% > T 2 FHE S Z2 i il
FOAERHERTTS L L BIT, H/a DNA Y —H—IC X B EMBSRIT 2T > 7o, ZORE, GiHkit
HWITOIET % 2 DO R (FIREER) Trur Y OLERERRL, BTRTIXMED 2 km LA THERE
N, BWHRHNRIFHETE 2. RIFETER LIS A 7Y 754 Mz HOWTIEE LB CUE L7z #Y
27 IVD DNA RHTICHIN LTz, A 708754 < —74—& MIG-seq I & D13 517z SNP & 7z

fENT T, 7 a7 v & =Ry T GBI AR

FI5NB L, JLEED 7 0T IO T

BIENZRO DS S  EVRENT. SHRBMEO MBI TOERRHEZ1TS L L bic, BEENE
MIRGEZ I F A e RN MZALDE=Z Y VTR ETHS.
F—T—F I BRI, MIG-seq, ¥ 70Y T T b, i DNA kT, BAVEHINGE, M5

. 1EC&IC

JeigE I I BTE, fEkTHh s 7uT v
Martes zibellina £, ENWEETHDH KR T
> M. melampus HMER U THED, A& (G
FHED B ARSI THERICE T 2 FEFED)
DPEHNC =R T >, s AR IS TR S 7R
Micrm7rensHRIcE->T0s (K1,
FINEA 2015). a7 idduiEE, Eig, R
i, YD vea—o o7 KBEILERIC T L,
BRI O RO BEM & U TEIR
ME AR < (Kinoshita et al. 2015), JbifEiE
DT REMMHZREX T 2HO—DTHB. 7
07 N FPERER 2RO D, HEPED
WG 7m->TE e, JLEE TS AL DB
5 1920 LRGN IEE N TE D,

WERMBICHEESNTWS. LiL, ZO%D
fEAARECER A BRI ORI Z L L, BURICES
PHRETIZEAERNATH . —HT, =RV T
AN - PUE - JUN - HRICERT B HARE
GRETH SN, KPR OEICER ZitHhd
HHMNTAMND SRFBIAE N, JLEERMIEHSO
WEM TEH I N TVl eI g (PR
1996, 2000). =R 7 X E 70 FiF L DR
WCAUHRE PR Tt R U, BRI
WOFEBKMBE CEHEL TWVWD CEINE D
2015). Fiz, HEICBWTEENNRMEE L
TEELTWVS.

2015 FIC7x 0, JuilFE L EED =Ry TV
WFEREARICK > T [BAYEOERRRFICHHZ
MIEFTBZNDOHZ50ME) A (EEREH

L FEBROE ARG AR 2: R B WFZET
2018.11.30 3ZfF  2020. 1. 10 23Bd

3: BB RE R 4: JGHEE RS E R R AR



BilEstkfEY 2 b)) ICiEE S N (BREEA
2015). CTHUE, VB RRIESAIE 10 BIFEHIE
2 (2010 ZHD I2BWVT 12020 FEE TSR
ISR ZDESZRFEL, BREORE,
2 - Mg 2 &) BHEE UTHRIRE
N eZzEie LTwa. JtEEo 7 —1)
AM A2 TUTICEEEENTWAD (LifE
2010), BRI RIESHE TED SN
TVWAEWV. TNET, ColtimElcBirsT Y
2FORBICDNTHREE L RN E SN
o TR ERE LT, BIMLAEOERMNAE L
T3 L, MO E ARBEENH LN
&, LEEDOTIV—DVZANAL SV IDT A
0227 I EEVY B OASKERIC T H AME
X0, TBEWHEDO TN mh a7
ENEZBEND.

Bt CAREEIC B 2 O DRI &
2o TV A LFHEE L, et U
TILS FIHZ TV 20, a0 2 D B EURK,
(BT DR TR T 2 BT FGIE Febg ) 72 04 -
T, ZhRyTFUckB a7 v OPRRMETTS
2D OMETH L, BIRZ7 a7 R
BICE > TS THEELRHICHD. £z, A
FHEHAF QPRI S BRICZeE U7 THF
Frfg) Tl 2004 FLAEIC 7 17 > D4 B0
HENTHBD, GFREO LM TE 2011
FLra7T Y OEEMHERENTVS CHINE
M2015). B 2O X 51T, AFHEHIH
MICfic & 7 a7 > OFFERMNEET % 1] hHE
MWDo, KBz SO AIHEHIR O
ik CRRICAEEREZ LT 20BN D S .

—hT, TVEDESIATEENREL, K
T CEHLOL OO FE T EEEISRIC X 5 A
NESGTREV. £, ZKkyFrerary
EDORTRHIC K B BIEFIHERLEREND
W, SUEINRRSI2 0 Tl Z O BRI %
OWFHELNETFHINDG. ZOD, HEED

12

JEWRY > TV MR & U7 DNA RHTIC X %50
RINEHEDLETH 5. H0D DNA T
oM EREIC KD, KR —F P —
(NGS) ZFWT, 7/ L7 A Rix SNP 7—X
ICEED < SRR BT DI A AV T & AT RE

o T3, TOFETIE—EICKEDMHEAD
5, WD THUSE DN T — R 2R 5N % K,
B NS <, RERICY TNV EEBINT %
KT A RDREV. 2070, Mzt =
2 T RITOWENG, BT s a0y
TIWVEBERENT L T EHIE, /7 ay
T4 b—H—75 LI K BHERDHTDIZ S
MANTWET—2AEH 5.

Z T CAMZE T, MRRHSRY > Ve &
I LY/ ST A Rz SNP Of#fic & % i 1is
RS Z YR LT25 2T, #Y >INk e
ICEBIEHAIRETH D, HD SNP fifhT & [AlkkD
IREMMSOENE A 70T T I A4 < —Hh—
OFMBAFEITS T i Uiz, Fiz, AWIZED
TisE & LT, 2017 4 3—6 AlC HE#RIC
X357 VHOEEREZITo T T A, BiBR
o 1 HSh s r7ar WM ERLTWE T b
P TRLERT B T LTI LTz, T HiC, #HH
O O THET B~ —F V FITENRE
N, WEEIICHE DNAY Y S )ILE LTI
TEB0EEMEE R Lz, Z T TAMZETI,
EHICET TN EIEL, Filbis~ L 7o
YT7IA4 == 5CIKIbayRUTD
Nd2 TS DT 2 Fhid 5 T &ic Lz

. MRERZE

1B

20172018 A& A FHEHIA N & Z DR
PRI CF FEBROHRR L BB /1 X 5 D%
Bk, TY2EOERERHE LR, Rk
BIZX 16 DHIX A-D N O K E R T 72 5
fiti U=y, A OIS O R 1 4%



X1 gt > VOt o JbREICET S =RV T
veruT O EGEE CEIINED 2015). =MOHINIE=
Ko7, Mot rar . HKNOFRHE b Otz
JRT. b AR TOFE . MO A XIS R R,
B HIXIZ G e, C MK AR O ph IS, D HiX
EHMIHE 2 RS o EHRMEHT T L7zt > TV O iR
AR

13

Z%. 20174 12 H27 HA 5 201841 H 8 H
O 1EHOFETIE A K OHERI LU B il
KOILHER « HEE - FEES, 2018 422 H 15—24 H
D 2 [ HOHE TIE A K OHFERE K U,
2018 43 A 13—15 HD 3 [BIH DA TiZ A Ht
XHEBICBNT, ZhZNOHIKANO 3 HigiLL
FTE 2\ EDOE M OREZ L .
JEERD R E NS TR EBIRE H A FIC X
HEE HM L. HE#RE I X Fieldnote
Duo+ (MHEARRGH) 4 15, PC900C (RECONYX)
2 & XP9 (RECONYX) 2 & 7% ffi il L 7z
XP9 X, ZNLNDH AT i
HICHWe, AASZRE LU, AAZO
JEPR 3 m ANIC S AERDY I FEHRZ R
e UCTHERE Lz, 1 X el HIcEs
REFDOFFNE L TR, A AT RIIERCT >~
DFEZFE UGS, @I EICRE L T =
FTO CLLFTHRBIRD, ZD1%IE DNA Hlith
FT—20 CTHRIFEL .

2. DNA fii s > 7))L O Hefjii

AT TlE, Sato et al. (2011) & Kinoshita et
al. (2015) Cffiffl L7z DNA Y > 7Lz,
THEMIC K BRI E FIOEAR DI, 1Y)
EAFICE O EON a7y (e, P
U, 1D LRy T Yy (b, AN
DOFAREEN DNA > )V Uiz, il
FEHDOEFOY » TIVEIE 7 a7 Vi 168 ik
GRYEMN 20 K, 7NN 7 Z 27 19 fffk, BN
U 46 A, At 62 fE ik, IREE 21 fH4)
=R T VR 36 MR (i 16 ik, AN
Dl 20 fliltAk) TH2 GhgicDOWTIEX 1 2
SIR). FHEEY > 7 Vi QlAamp DNA Mimi Kit
(Qiagen) X7zld7 =/ —)V - k)L Lk
(Sambrook and Russell 2001) 1 X © DNA i
U7z, 2017 %3 HD Pliad& ik, HiEB X
UCHRTHELNTET Y OHEBKIC OV T
QIAamp Fast DNA Stool Mimi Kit (Qiagen) 7 {#



FIL T DNA i U 7z.
3. MIG-seq IZ X % SNP fiihi

7T S DWW TR 20 ik, NN
AT 19 ffAk, YND > 46 ffA, ALiEE 58 {1k,
R 21 flfk, BT KRV T DN TILE
B 14 A, AINLLEE 14 E{KD DNA > 7))L
72 W T MIG-seq {4 (Suyama and Matsuki 2015)
&35/ LA R SNP 77— X OW{F217>
7z. Suyama and Matsuki (2015) Tial & N7z
multiplexed intersimple sequence repeats (ISSRs)
HIEHO S A< —+tv b EMHL, Multiplex
PCR Assay Kit Ver.2 (TaKaRa Bio) T Ist PCR JX
J&7%24T > 72. 1st PCR EEY)IE MultiNA (Shimadzu)
IC KB BIROMERLZ 1T\, Suyama & Matsuki
(2015) IZHEW> 2nd PCR Z1TL, MIG-tag 7 A
7o) —=ffLic. 475V —d1 70—
L7 #iH U MiSeq (Illumina) 1IZ X D ¥ —7r
YAENTz.

BoNnizy—2 > A 75— &3 Suyama and
Matsuki (2015) IZHEWV, Z7A U 7 4 — DKW
U — RDBRE 217 5 72 #%, STACKS ver. 2.2
(Catchen et al. 2011) @ gstacks fi##Tic X »,
VT4 U OERLE SNP O ZfTo T2, 2D
%, STACKS @ Population fERT TIELL F DY
Tty b EERET SNP 77— X D #2175
fe.Du7Fr =Ry T VORERICBNT
WINOEFTE 8 HILLLOfEkTHIES % 0
VT TR L, NTOEEED 0.5 2L,
5% LUTRDYAF—7 LIV72RRZE L, SNP Zj3#
L. 2) dugEo a7 icx L, 8L
Lotk citEd cay T 0 JEEEL, 1)
EIRIBRIC SNP 238tk LTz, 2 DDF—X2+tw b
IZ%F L TASSEL ver. 5 (http://www.maizegenetics.
net) IC KD 8 FILL LD SNP ZHi 7z /m A%z
FRE L7z

2RO T — 2ty MK LT GenAlEx
ver. 6.5 (Peakall and Smouse 2006) 1Z X% Genetic

14

distance D FLH & PCoA 1T K % fi# it 217 - Tz.
iz, ya7rOtERFOT— 2w M
L C Discriminant Analysis of Principal
Components (DAPC fi# AT ; Jombart et al. 2010)
%175 7z. DAPC IC X % fi# # T &, Bayesian
information criterion (BIC) IC K% 7 5 A X —#K
DOHEEZTTV, BEKT 50 % LLEDOEIG TEHI
DU THENTET T AZ—DHERITS L.
4. 3470754 bx—h—p3 LTS5 R
> MMk

WO~ A 7aY 754 hx—h—ZHFET
5728, JLHRESHDITD 7 1T > OFFKHR
DNA ¥ > 7))L 72 W T IonPGM & — 7 LV
H— (Life Technologies) ZHW/z> g w bA
VY= Y A @R 21T o 2. DNA Y2 Tk
Prapid Library Prep Kit (Roche) 3 X U Rapid
Library Adapter (Roche) ZHW\ /2514751 —
AL B, E-gel Size Select 2 % agarose gel (Life
Techmologies) K575 7 A b4 ADjk
R, AMPure XP beads (Agilent) 7 Ff\> 7= f 4l
%47 7z. GS Junior Titanium emPCR kit (Roche)
ZHWiL<)VY 3~ PCR 21TV, ¥—XIC
KB L T 21T > /2%, GS Junior
Bench top system (Roche) IC K5 —4o 2 A%
To7z. 186N 7z4) — /5, MsatCommander
(Faircloth 2008) 72 FWC 2 B & 7213 3 M Bk
OREHEZZL)—RE, U—FHNDTIA
X RAATEISOER 21T T2

ufED 7 a7 > 12 itk e, JtifED =K
T A ERDRREHIK DNA Y > 7 )L 72 Rk
LT, BCOR—A—Bai7TI4~—tv b
2 L PCR B4 W& O fifg 38 72 17 > 7z. Multiplex
PCR Assay Kit Ver.2 (TaKaRa Bio) 7% i \» C,
BT T4 —+tw MK L 5 ul D PCR KIHT
Y7 L— B L, V>R 55—
60 “CC 35—45 %1 7 )LD PCR KJGZEAT- 2.

PCR FEYNE 3 % 7 Ha— A4 )Vic & % EXIK

1

)=



#))C PCR iR Z2HEsg L7z,

PCR HIED RSNz T T A< —t v bD
56, 5EIA 7Y TS A b —h—k
UGBk L7z, dufmEo 7 a7 > 62 ik, dt
HHED =R T > 16 flilfk, AMLLH D =R
7 > 20 fEA DKL HI R O DNA > 7 )i hn
Z, BB L BRI TS S N 21 RO Y

#RA-1

HRA-2

VTS DW TN 217> 72, PCR BRI |
SLOEERY IV TORE L IF CHETITY,
T+ T — R TS A4 <=3 5 R HO R O

Ry (M13 sequence tails; Boutin-Ganache et
al. 2001) Z i hi U 7z & O % i L 7z. PCR W)
& ABI3130 Genetic Analizer (Applied Biosystems)
TITTAV M Ulz. 86N T75 A

#h=B-1

#RA-5

D1 #h =R D-2

K2 AW CHE SN /aTF =Ry Ty, i ADIZK b ICHsS. 785 ViE A-1, 2, B-1, 2, D-1, 2. =KVF

IF A3, 4, 5.



b 7 — & & Peak Scanner (Applied Biosystems)
ZRWTT I 7 A FREOWMERZITV, BIET
Bz Ay T Uiz, ffHORY > 7 )LicD
DT 2 [ E DRI TSR N —EL
Tia, #HkY 2 TN DOV T 3—9 [ElD
[RIEFRERT 75 % DL EOEIG TRAIN—E L 7z
Gia e o T -2y FELUTERAL
7.

M RAD T — 21w MK LT GenAlEx
ver. 6.5 (Peakall and Smouse 2006) 1Z X% Genetic
distance D E H} & PCoA fRNT 217> Tz, F 1z,
a7 v OJtEEREN O T — 2ty M LT
DAPC I & 2 fififfi 217> 72. DAPC I & 2 fif#ff
T3, BICICE B 7 TAR—HOAEL, &M
KT 50 % LLEOEIGTEHO Y TENZY T A
2—DHERITo T,

5.2 My FY 7 ND2 SO

Kinoshita et al. (2015) T & Nz IigEED
a7 22 kD Nd2 S OBES AN A, Hi
FicdbiEED 7 17 36 ROk K DNA

YTV E, BB RO 10 Bk D DNA
Y2 TIVIC DT Nd2 TEI O B3 it 2 17 -
7z. PCR il Kinoshita et al. (2015) €L,
ABI3130 Genetic Analizer (Applied Biosystems)
T —7 VALK 185N 7 Nd2 I 976 bp
DhdH 7%z & & 1T, Network ver. 4.6.1.6 (Bandelt
etal. 1999) T X % Median-Joining haplotype
network (MJ v b7 —72) DfEizlT- 7.

. FRZE & MRTORER

1R

A MK TIEHRERD 4 1S (A-1, A-2, A-3,
A-4), FEERD 1 HisS (A-5) TRMZHERT S
TENTE, Al EA2TRERITTUN, Zh
DS otifi Tk =Ry rMREEniz (K
2). A-1 T332 2 Mk, A-2 Tld 3 MARILE
THTEMTER (R, BHIKX T, 2017
£ 3—6 HIC P T 7 a7 > ORI
LTW5B-1chA, &Kot B2TE a7
VERET ST ENTE. B-1 TR TPiHE

£ 1 #Hk DNA B> 7 )L DNA RIS T, Nd2 fEIE DN 7 1 % 4 741 Kinoshita et al. (2015) IC}EEDL. A7 ay55
A NI 15 HEDS B 1 ETEH PCR BMRIC I U7z BE E BIn 7O 2 A ¥ 2 JIT I LTz iz R LTz,

No. R 23 =] Nd2 XAV TI4b
1 e (BE) SAE T (EE)

1 BIEB-1 2017.3.19 13 7
2 HiEB-1 2017.3.19 9 3
3 BIEB-1 2017.3.19  hap21 4 0
4 BEB-1 2017.3.19 6 1
5 HIEB-1 2017.3.19 1 0
6 HIEB-1 2017.3.19 15 13
7 HIEB-1 2017.3.19 6 0
8 FBIEB-1 2017.3.19 9 2
9 BEB-1 2017.6.13 hap9 10 4
10 BIEB-1 2018.1.4 9 1
11 BIEB-1 2018.1.4 hap9 7 3
12 BEB-1 2018.1.6 hap21 15 15
13 BEB-1 2018.1.5 hap21 15 15
14 BiEB-1 2018.1.5 hap9 3 0
15 FiRA-1 20171229  hap9 3 0
16 I A-1 2018.1.6 hap9 6 2
17 PR A-2 2018.1.8 hap9 5 0
18 FiRA-2  2018.2.20 hap9 14 14
19 FFiEA-2  2018.2.23 hap9 6 0
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THELNEFE YT Iz, #Hizic 6>
TR LTz, — /T, BHIKOHFEHD 1 i
M (B-3) TTVEDRHZF R L, 200 m LA
L ORERBE T o 7, HERE LY
IVOWRICIEES T, MZAET S LIETE
o, BHIKEEERE CHIK T T VED
EMEORMZR R TS LI TER - 1.
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2. MIG-seq 11 & % SNP fitht
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fEAD 5 19,782,560 DEY — RVE 5Nz, Z
D5 B, £V — FEH 30,000 L FTHo78
fEkzBR< &, BEkD4 ) — FEud 33,954—
238,072 TH-oTz. KT A VT 475U — FZR
Wz 185 iR D7 — &2 72 & &1 STACKS D
gstacks fEMT 1T o 1= & T A, 27387 FED 5
18,392 SNP MR E Nz, &H > FicHL
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JEM 5 257 SNP iR E Nz, T O CH
MENTBIENZEE (P ENTOESE
(He), EXRfGH (Fy) ZHEHLIZET A £
DR THIEDE MM R E @ OB 2R
ENTOESERRL, ERREE EEO =
KT NERDTIRWAEZ R U, GEED Z
07 G L U 7z R TR 2 hRE &
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X3t raryOeENPEEE Y
FGAR—=b, ZRVTUVORERNE LT
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DIABZ—=DNENTNEREN, 7T A%—
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WHRY TV SEbNET—2ZHW T
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RIS, /a7 oML EE->Kk I TR
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A2 —ICHBRICKAE Nz (K3b). FTz,
Na2 FEIC BT 7 a7 > O ERY > 7 )L
EHHCRY VT IUh B RSN B W T
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HANTaRA TG 4 DDIRENT AR AT
M EEGE BT 2 X 2 —F 1 T REEDE
WRENFz. AT T Z A T ORI
THEREI NN, IRENTBZALTDS5E52D
W HOEHNCRD, 550 2 DIFHEMICR > T
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R T UMNES TV EDERE N
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Z DRI AT DILD > T B W, i A (B
KR BRIIEZ ) ICX D RMiEh T 5.
BED & T 5, TOEEZMA TOMEDEL
BHEGERENTWRWY. LI L, ZOMAILHS
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Z R L Te DIZARWZENYITH O, BUEDWE
DIREENNDEIE K E N2 & DOMEAHT
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T T, BECr7a7 N EZRyT U
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(2015) Tl&, FHBRFEOREENIEAFHEME O
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Distribution survey and the development of genetic analysis methods
for the indigenous sable in Hokkaido, threatened

by the introduced Japanese marten

KINOSHITA Gohta, HIRAKAWA Hirofumi, SATO Takuma,
MURAKAMI Shota, NARUSE Miho and YONEZAWA Satoru

The distribution of the sable (Mates zibellina) in Hokkaido is being shrunk by the expansion of the Japanese
marten (M. melampus), introduced from the southern part of Japan. In this study, we conducted a distribution survey
in and around “the Ishikari Lowland,” the current boundary area of the two species, and investigated their population
structures using newly developed DNA markers. We confirmed the presence of the sable in the Maoi and Nopporo
hills located in the lowland, and found the two species within 2 km in the Nopporo hill. We successfully developed
and applied new microsatellite markers to fecal samples collected from Maoi and Nopporo hills. Both analyses of
the microsatellite makers and SNP data obtained by MIG-seq showed that the two species are clearly distinguishable,
and also that the eastern and western populations of the Hokkaido sable have different genetic features. These results
indicate the necessity of further surveys in the boundary area of the two species and a long-term monitoring based
on the genetic population structure.

Keywords: camera trap survey, MIG-seq, microsatellite, fecal DNA analysis, genetic population structure,
interspecific competition

The Study Team on the Conservation Methods of the Sable in Hokkaido
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28th Pro Natura Fund Domestic Research

Survey on the actual damage by the invasive red-necked longhorn beetle
(Aromia bungii) harmful to trees such as the Japanese flowering cherries

YAMAMOTO Yuichi, UEHARA Kazuhiko, YOSHIMURA Tsuyoshi
and ISHIKAWA Yosuke

In 2015 the red-necked longhorn beetle (4romia bungii), known as an invasive species damaging Rosaceae trees,
was found in Osaka Prefecture. After that, there have been concerned about the expansion of the damaged area by
the species in ornamental cherry trees. So, we investigated the basic information such as the damaged area and the
damaged rate of cherry trees in this area to establish the effective future management strategies.

In the fixed-point survey between 2015 and 2018, the damaged rates in cherry trees were increased over years.
From 2015 to 2018, the total rates of damaged cherry trees were increased from 11.2 % to 61.2 %, and those of dead
cherry trees were from 0 % to 13.1 %.

In the extensive survey of the damage on cherries at 140 spots in the Minamikawachi area in Osaka Prefecture
between 2017 and 2018, most damage was accumulated in a specific area. The damage was spread concentrically
from the initial spot of invasion, and a few of enclosed damaged spots were also occurred. The migration distance of
the adult beetle was estimated about 2 km on average and maximum 3 km in a year.

Keywords: invasive alien species, tree borer beetle, initial stage of invasion, spatial autocorrelation, kriging,

migration distance

Survey Group on Alien Woody Insects
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Annual Report of Pro Natura Foundation Japan vol. 28 (2019)
28th Pro Natura Fund Domestic Research

A monitoring of vegetation and water condition changes
by management for the last 30 years

FUKUSHIMA Tsukasa, YOSHIKAWA Masato, OHSUMI Shoma
and INOUE Kayoko

Monitoring survey was conducted to evaluate the effects of the management to control the water condition on the
moor vegetation of Tambara Moor, Gunma prefecture. The actual vegetation map was drawn and compared with the
past vegetation maps to clarify the vegetation change for last 30 years. In addition, impact of Sika deer grazing was
surveyed. In 1990s, installation of weirs across the artificial drainage channel, removal of the boardwalk, and
mowing of Ilex crenata var. paludosa shrub were conducted to improve the water condition of the moor. As the
results of the management, growth of /. crenata var. paludosa was restricted, and moor vegetation dominated by
Molinia japonica was recovered in the central part of the moor. Furthermore, species richness of the M. japonica
community was recovered in the southwest part of the moor. On the other hand, Lysichiton camtschatcense
community along the natural stream was severely damaged by deer grazing.

Keywords: actual vegetation map, ground water level, sloping fen, vegetation management, plant community, Sika

deer grazing

Tambara Moor Conservation Project

49



H ARG BN AL BB AR R T 2 vol. 28 (2019)

FBETO - F o= - TFVFBIAL EXNBAZREIA

I DT 27 e DAV FEER iR DFERRIC K D
2 BB LT DTE)

=

HAR SOSY aXVERF 2 7 e if5E 7 )V—7
I A oy O = N U £ o R TR [ Y M= R - AR N1 26T=

AR, BN LTS, HiERE TENGEVETH ST 27 L OENRAROES N TH %
Y ORNVIEER & ZOFDOMIKIC BT, B2 KRN FE MR OBRGE NS 5. &
HOMRIC X ZHEIEBFTEZL AENE LN D, AR TRIOXRVERTY 7 TORMEDHZE
MF 2T RICEDK S B BR G H0EEMENH DD, 6«7+ 8 HDDN 62 BIDOITEHRIROFE RN 5
HERN U7z, Z OOfSER, BRI, BERS, ST & ZOBRBICED 5T 27 L O 5 444% 1.25 km OHIPAN
TIN—=RANTATHEDOREY RTWAHEL, £z, HOHMN S 4 BERIBLES X OEHEE (6 A1) 12\—
RANSAVEOREDVZAINEEBZ D olz. FaveDREEEZDE, FaTeNEEL
TR T ERER LGS, WEAH S LS N BN 57 < & &4 1.25 km OFIFHIC DOV TH
FITARITDRENT &, F, FavbMEITTEIL T3 T DRI NIZERBEIC DWW T E RIS

T B ENEER R RIEE L 5B,

F—T—F I AGHTE), RHHEE, TEEY AL, N=FA NS4, BREMGE, Fo—r

. 1FC&IT

F 2.7 & Circus spilonotus (X 1) (&8> 7 fit
B HPEBLES, YNY VR ETEIEL, R
77 &S S, HARTIRIUEE, AN
JUNTIRATINC DB EGEL, —IRSTH
3. £z, ENTRZLDEDEILETHY,
FITAIMNDIFGICHENR S 2, T2 AL
(K2) &I 2lMtOMBEHTHE KRS
1995). EREEE 3 BIRMEALL D D75 & REHED
ERERBI OS2 BHIC, 2006 £ Ly R
T—21) XN TF 2y HEil B I
EL, AMTEGE, BE925F 27 eDERER
B ERRICBT B IEMZROICE LT TFa
T ORFEDHED T | (Bl 2016) ZFEITL
fe. o, FavblEESERAAKRBOBA %

HEIC 2017 FFICIEE N DB A B YRGB
IMEEEINBHE, EFIXREDORZMENIEH
IKEES>TVWBEHATHS.

FHARAB O F D ER E UT, (i
FEOREBRIC K 2 I VROEBRHIC X B4R

K1 AFHLCTOAF 27 L OREKE. i @ PR

(R BAREFEDZS 22NPOEATANY « T« 2wy hT—2 3 fiatBili KA BB A

2018. 12. 1 %2fF  2020. 1. 10 23BH

50



\sakt

BIALEL L

B2 F v b oMk BT
s

BB CRRCBS R U RC ) DD,
X, WATVEOEIAADIGE I HETIC
KB EREIEOBE R ENBIT5NS (BREEA
2016). BITE, [EPNEGEAEABIIHEE T 110 ~
HHODHWWIRETHL (HABEOAR=HE
2017), ZO¥ELL B IEEICER LTS
LEZONSG. TOWTE, BIEY, G5
R, RSN, JREEAES - SR OM
HSO RS 75 &P AR Bl T 5 T & I3
HHINZ DB BEOS 1999, HAFROE
2006, TT 2LV AT 4—)VR-Taxr g
> 2011, Senzaki et al. 2015). RFlCEILERD P
ORI T 2016 FiC (B HAESO
BT REREICE D, 15 DDVRED
BHAEANER SN TED, ENRAR DG
Thdehbho>TNn%. —J5T, ax
DA BUNQE WL VAN WA BT 2 AT/
BAFAELTEBO, 5% 10 LIS 400 FELLE
DOEJFESERE (LUF, mE#H) MERENS T
ETH%., MEIZHEICKEREER 52 517
HETHO (ili2015), FRCHERERD LNFETH
HIEEFICHT 2 EENEZIN TS (AR
2012). FCICEA T TNE TIC, JtifEEz
HDCBIET 2 m D MBH THEIA YO TV
Haliaeetus albicilla T'V75 & & 43 PN — KR

51

AT TMREENTVS (i 2015). X7z,
F 2 U e D TH D RO I —a
INF 2 & Circus aeruginosus Tl&, FA YD
JEUS 1 FE R AR I 5\ THZRIC K 2 FE A
NENTWNH % (Hotker et al. 2006). & 5,
FavlETd O HMGEHMDNA 11
F 2. & Circus cyaneus & X7z, 7AWV F VR
DJRSJFEE MR B TEZEIT K BIECAEAD
MR E N7 % (Wilson et al. 2015). Bk
A (2016) ICX 2 &F 27 v FRTIFEE R
EHEFICK DI RBREOE(LFICKD, ZD
RIS ZZ T BARENEDNH 2 L ENTVS
TS, S, TaXVREE T O E i
RN —=F AT A 7 EEMBERICK D F 2
7 & ORI O Jk A 72 5 | Eifd 29 ATREMEAVRE
EN%. T TAKTE, F2 U DENR
K DB T H 2 P NV JEH & Z D JE 01
HIZHWT, MEERDFT 2T IcEDKS 7%
W5 Z 5, F1-Z OWRMICE T % KM
EHIRZIES 2 HINTH&EZ1T> 72,

. A&

1. M esHh

AT I HEE LR D SRR IR IS AT S B
YoXwigEEfuL & Uil RN, B
My, WRAEWT, KIEHT) THS. T Ok
2016 FFIC (W) HAB RO 2N T - 2B
FEREICE D ZLDF 2 e MER LTS T
EWERENTzT b, ¥z, £ OBHEERG
EDMFET 720, e gt UTEE L.
BB, FauDREOB M SAREFICEN
THEERPRONMES Z/RT T &id LA
2. ik

P IZALREIC B 5 F 27 L OB O H
THEBIHITEINEALEZDND 6 H, TH,
8 HIC, GRS H O THIHB KU H MO
AREMED D B & EZ BTz, DX 32 BExs



IKfTo Tz SRERERIE EIAMIC, 6 HIC 3 HIE
HEAX 16 IR, 7 HIC 6 HIAE 32 e, 8 A
133 HEAEN 14 R CHME L 72, AL EICRRE
LT E s 26 hAFICB W THHICK D Fa vk
OB 2BIE LTz, SEMICIERIL2 ALLE
OB Bz E L, NOHGEITH Ui E %
F a2 e OfTEIZRAE LRV &K 5 HAD SR
BERAWTEBISR T, BIRNAE LTIdE
SRIEAI, BARRZEATEN R, AR 2
SRR K O AlER L 7.

/e, RPIEGRIC K MBI 0—RE LT,
ZHEIIC ANMDF 2 T L OBRICEEAA S T &%
CHRONBEZRET 2 HiEOMEELT, R
bo—> (DI £1%! Phantom 4.0) 2T _EZEh
5OFEARHIC K D BAEOHRFHEE T
7o, 8 HOE RBISENiR, 6 58X T 7 HOM
FIRNME ZD Y — A L TF oo e
HEL TV LHENE NS 5BV,
ICF 2T EDPEDP VRN T &L R
L, 1 774 bK20 77 OFEZ 6 Higi T >
fe. ZO%, BHS T INTVED, H
BOMERZIT- Iz
3. 7—=250h

ERBISOMRN S, RENTEIS XU
JEDT—2 2T, Kefnl, e G S
& YR, HHEW, BAEHLD, 178N, 5
FTANCF 29 e BEEOEFIC KD /N—F A+
TA D EOXERZ I LEEENDE M E L
», KERZIER L.

BRI NIATEN Z T O E |, AN TENE
RN, BREH, fEml, AREL, fhEC, ZoftiT
KAl U7z, 7xds, [HRGH) BEREORER AL D
FICHH D7D ORI TE), T2 T4
07 27T A5 L R ER & Ol ERE T
DIfFHE LTz,

721G S NI ARHTER D 5 QGIS2.18 Z2
T, WHHROITEIEY A A2 X &bz, 1TH)E

52

YA X, GIS - CHAEXEOMMNZ 1 km X v
T2l KYID, WFEHR &5 Te DM ODTE)
L7z 2 EAVREN T BRI 2 Z DX
R L, AR EE LT X » & 2 O#ZED
MNT EICHA, ZTDRA Y 2B 1) km
ZR Ut DZTEIEmEE Lic. £z, 0
HRZMEIC LTz & ZICER I NS L322 178)
Y1 L& LTz,

l. BwREKLUER

1. A1 78

BN RE -T2 8 D5 B, AR
WP CHESFLICBIAL TWA T VR I N
17 BIZDWT, RATEN B K GREH#ps Z B
BL, T—=2znhLik.

D) BEIAT—V T L DITHNE

BEGERA T — T CIRA, B, BLEC, g
L, ZOMOITEINA S NN, gkl F o0
FHESRENEA T AEHH (7 A) icLhnrd
bNkahotz (K3). Fa 7 DT O
OfER] FFZEIN E TITHFET B iEL ETH
WS 7=DIciT 2178 & T4 (A, McCluskie FA
2), /NEEOHEMNEBIT S 7 Hlc, /NS
DY) 7 5 DFENA 7 5 BB 2 B3 1TH) 72
EEZABNS. Tk, EEITENIRK 4 DX DI
Z L DEGITTHALNZITEIE VS T Lo

BER L rcATB O TR D I BV E B

S 58
npe
el

# EED

= fPEL

E

. Z0ih
T/ TAII(6H)

§$J!H(7H)
M3 BHAT—Y T LIS NI AT OMET £ 0
B (%)

BEAFRD(BH)



160

140 @ F 5 m e
120
100
80
60

40

E/m

D I
X4 BIEGATEBTHOEN TR EE (771, KhO7)VT 7Ny MIERATR.

AT 57, BRELOEIGHEIL T3
DIF, T DORISICENERERRED NG 5 T
Enn, B THET 2T EMWIHZ, INE
BEHTHHETE S &9 CICHNE 72 Id B0
D FICEHZHEATL HK2ICE5M5 TlER
WheEZS, coc el dil - (2010)
ICH %I EFHRE TF 27 e O 1 P
GPS {517 S B I FEAE B 2 2575 U T s o
HHLRETES.

ftfEfE A DBV 2 BEIES % Z Ofthod
FENEE AN B K UHENEHERICZ &
LNZMZENE, FFETERBOILOHRTH
24207 E 6 A NGz 2 fECRE D
WZ 21 DICHEH OB TEI NG FIC R 5 C
L, SHRRRZ K2 I > T=EM A 57z
HEEZB.

2) BERIBNC AT 27 b DTG s

6~ 8 AICMF TOF 27 b DITEHBIZIRFIC
slix L7l s g 2 i o B O H O
HEER M S OFGEIFIN C LI E iz, ZFORE
B, BRESREL TN EBICTI~10m &
WO RV EE TOREINIA T 52—, HOH
4 BEEEAD S 10 ~20 m, FOH 5 EREEZ, S
330~ 120m &WVS EHEOA—Z—L[H U

O fEE
@EEr BeEL @ 2ok

53

ol g

L

H

(3 Cc R E

S TOREANEmML (K5). Thid, Fi
EHRGRD EA LT3 HFBELICED L
F a2 CXEREYE I T 4 T DS
BEEZBHTE, Tz, HZELIEBD TH UK
DM - T EICHRIC A Z AT 5 K 91755
TEZREMRLTWAREEZDNS. £z, HHY
WEIT 5% EIRFUEE 30 ~ 120 m AVRdERE N
%X 9155 DiF, R 7 HichEm EE$ 21
AT L EBEL TS EEZENS.
T O XS ICHREHREE TR I D 57V TH)
RRCRFEE D m < A2 REMD B B T L1,
Wilson et al. (2015) DNA A T F 27 b DFER
MHEERMTELEDTHS.
3) FEMITEI DN & RF

F a2 OHFITHOL IEHEE 1~ 10m
TN TV, FHOBIITTONZEHETE
KUEBHELICOWTIE, EE1~10m&D &
10 ~20 m DFFMHEL, AFHEENDL BN S
ZEeWphhote (Ke). MEOO—X—@EE
H 73 % RN L 30 ~ 120 m (X EREHTTEIDFRIC
LAHENTD, FEEATEIOFEIC S OB TR
Uiz, F7z, MREEAOBOIANE &Rk
% ZOMOITEHNC OV T HIRAEED E L D
RFTNT Mg oTe. TOXK D ICHEDEE



100%

90% %////% % >/j >/\ y %

s [ . // // .

BB % Z

50% . %

40% .

30%

20%

o E=
2~3h 3~4h 4~5h 5~6h 6~Th 7~8h
(n=25) 0=27) (n=21) (n=16) (n=10) (n=12)
B1~10m ®=10~20m  #20~30m #30~120m  120mEL F

X5 HOHDSOFGER S LIS TzF 27  OIREHE RIS E S (6 ~8 A)

70

60

50

40

30

20

b

W B b wmn ull.  wll.

& M PEeH Hé [|] BT BEL O
(n=37) (n=84) (n=9) {(n=12) (n=12) (n=20)

RHITEORE

B]1~10m 310~20m 220~30m ®30~120m S120mLl L
Mo FRAMTEIONE T LICHIAH @ L ZDEE (6~ 8 1)

Gz EICBD SRV TEIRRICARS S D < 7
BHEEMENH B T & 1d, Wilson et al. (2015) D
NAABF 2T EDFERNEERETEEED
TH5.

2. f7 BB A X

65, 7H, 8 HOMR&EINMH DK R TT 2
JEWNBIHB R UHEBE LTV AN D S &
FEZADNTEOXNRRYEDS B, 1TH#EY A X%
HEE S B DI i 2 adik g 5 C &M
TEREEZS BE (FE, DHBW) D

54

W, 1km A w3 aD<y ISR 7= 74
L, BT END Xy > a8 1
FOA— MV 2R TIEEY A B X THE
DINY T 77— — 3T % DICREIR 2 e
B LTz

ZORR, TEIEY A XOmEBEB X TNy
77— = VDRI OV TG X % E W
FENFE AL, MBSk, &K
k', f/h3km’, THBT L, PRIV 125
km, A 1.49 km, /098 km TH% T &M



ahote (1.
3. B0 F 2 e IR O BRI &
D2 %5 Z D1TH)

LBXRU 2 ORNS, JLEEIETTF 2
v b O BN R ) e A iR 2 e S B U
7, EORHITEITS THEH] » TZofth] o
TENCRAESE 30 ~ 120 m B ZENB 720,
B, BERE, A& T OBRBICED S TN S
FE 1.25 km OHEIPANT/N—F A T 14 7ED
FEDNFELRTVT ENFHIENS. FHIR
FEE 30 ~ 120 m DXL X5 HOWMN S 4 B
LIRS, BRUBER EHOTENE < A5E
B (6 H) WN—RA T A47FDOFREY X
7 him & B, RHEWR 5.

SRl OFEORMEHAR IS, BRI
POKBK O E T3 X % 5 Bt iE B O e 7
%, BROEHMOT i< I THEGREOH
DA D BB 51T & TF 2w b hvE s
ELIEHEHIN4DH oz, cOTehDE, Fa
7 CAS N OB O BAFEA T4 R LIER I

F1 AR A E LICHEHLZ 178 (O S ofrBE
YA RDWERE BNy 77— — > D2

iTEIE
Hg )

HpE
HIZ (kn)
0.98
1.13
1.26
1.49
1.49
1.49
1.49
1.13
1.13
0.9%
1.13
1.13
1.38
1.13
1.26
1.49
1.13
1.5
1.49
0.9%
0.18

=
=)

it
T

v e T~ T T T = = I B B 5 B e B B = .

02 1 T O e L

fanl

¥

o
#+

2
BHERE

Fwﬂm%ﬂm%o}%%w%%ﬂﬂﬂﬂm%w

1

55

REZSTHO, LA ABITT2TEE RN
F2d BAREMENE L, FaveDRERZEA
% LD & B BHEIICIZ RO I AL S
ABEIBRTENH>TREELHTRNT EWVgh
%. £z, FaUelZZOFEOEGIRNN KT
UL, BEEFRICHAITHERTE T EAHILN
THD, F27 b DRED DI Bt ZHfEy
TBHLVIBIRTIE, FHCBHEZEMO K WER
MBXUZOREZZOEEHFFL TN &
WEETHS.

INLEMAELTERADSE, FaUbPEH
LTWBZ EEERLISGA, WS 5 LHE
INBHEN S DR &R 1.25 km OFiFH
K OWCRHOER 2 FBHREITAZITDT,
X ANDVLADEFERITDIRNT ET, N—FX
F oA TRERNEREZ BT ZTENTES
AMREMED K B, 272 L, BT a vk
IKEEIROS T S EDORER N D 2 e &
BRIEOT Y VRF v S CHETEIZ ST &
MEZWze (BBiE 2016), ¥ 5125
kmICEFENTWERLTE, F 27 B BT
LTV EMERSNIZERBICOWTE
FATAZET 275 EOREHENRE LTS,
4. FO— TOZEHIC X % B YT iR

Fu—TozRZFIH U BilgdRe & Z D
MERRIC K 5 F 27 L OB RATEMEGRHA L, TR
A ZHS L7z ISBD S5 B, T Z LT
E TR H O < ISHRSR U 72 BROMEH O TRT
HLUEOHEMERETHOMNEE X HETE
EEZBEND CHICDNWTIHE LTz, TD S5,
FaUeDRTH2 T EHHRTEIZDIE,
RO RENHEOTHED R SR TE 2 1 B
DR THoTz. ZTOMD 5 FUT DOV TITHE NG
MMFELGEh o2 D, ZTHETHSH
EohzEsd, HONMETHRET S LIET
Tiah otz

ZEO Fa—VEEOHENS, TDXIK



PEDENCRMETE 2D EZENEHRB EH
FEITHEROTHIL D F DR TE S HA
BHHORTH D, TGO TIXE AL
OWERT LINHETH S T eV o Tz, FHER
ROF 17 L DREBI T OB HEANEBEIC
HHHE I EMB IO, BT EROT
BBISRA 21T O BN DS, FEIIHICAS &
EBNIERENC (172 <720, HRlOHR LTS, T
DX TR > THhSMARDD,, Fz,
HER OB AL 725, BETOHEN LN
%75 EOITEIBISHE R E A DE CTHRNEHE
WcH 2 E S 7 tilird 20805 %.

Eif2

ARG I BIcHlz> T, HAFED
B ORVIBREF 2 TSIV —T DX
N—=DHct, HARFESOZEIL O A >
N— (FLxK EHEK AHEK HPK,
HARE SO =R IR IR O TPH LK, NPO
EANTBERY « T3« Xy NT—TDAZ YT
DR, BIRETRYO EHHMNEK, (W)
HAFSOZOME (AR, BIHIK, s,
BAQ &8, KEL L DFICBMFRC R Tz,
T T L THBILEBRNS.

5| FAsZik

ITFaLYAT4—)VR-Taxrva.
Raptor Profile vol.2 (DVD).

BB« JR) IS« S 98 1999, dbiEE A% R

2011.

56

WIS B 2 F 2 OBGHIRDL. (LB S 0F R
31 1 103-107.

Haotker, H.,Thomsen, K.-M. and Jeromin, H. 2006. Impacts on
biodiversity of exploitation of renewable energy sources:
the example of birds and bats-facts, gaps in knowledge,
demands for further research, and ornithological
guidelines for the development of renewable energy
exploitation. Michael-Otto-Institut im NABU,
Bergenhusen.

EBEH 2016. F 2V L OREDOHED TS, BUEA, Hul
(https://www.env.go.jp/press/files/jp/103125.pdf) (2018
11 A 15 HBE

RREANEHT « HPIERSE - )1 B - (LBRUSE 1995, (X3
HADT > 2 A%, C—FE iR, A

Hlszf= - ol EW 2010, HRBHNCE ST 2y LD
TTENE NS & 2 D R DR, HAL B R
5 57 I RERE M E 1109,

() BAREFRDZ 2006, 7~ Al - BILEEFLRS
ARG, (W) AAE SO, HEl

HARBSOR=E2017. Fav ey Iy 2017 HEE.

Senzaki, M., Yamaura, Y. and Nakamura, F. 2015. The
usefulness of top predators as biodiversity surrogates
indicated by the relationship between the reproductive
outputs of raptors and other bird species. Biological
Conservation 191: 460-468.

FIARFE 1 2012. JL¥BEIC I 54 2 0T ¥ Haliaeetus

albicilla D) J1FEE R EFBENDOEHIEFHDOBLR. &

EAREZANTTE 17(1) 1 97.

W 2015, WA FEEDSIICEG X BB OEN S

f. Strix 31 : 3-30.

Wilson, M., Fernandez-Bellon, D., Irwin, S. and O'Halloran, J.

i

2015. The interactions between Hen Harriers and wind

turbines. WINDHARRIER FINAL PROJECT REPORT.



Annual Report of Pro Natura Foundation Japan vol. 28 (2019)
28th Pro Natura Fund Domestic Research

Flight behavior of Eastern marsh harrier Circus spilonotus
during breeding season potentially impacted from the development
of wind power generation facilities

URA Tatsuya, HASEBE Makoto, HIRAI Chiaki, KITAMURA Wataru
and HAYAMA Seiji

In recent years there are plans to construct several large-scale wind farms in the Sarobetsu marsh and its
surroundings. And that place is one of the largest breeding site of eastern marsh harrier in Japan. Eastern marsh
harrier is the bird listed on the Red List and National Rare Bird by Ministry of the Environment because population
size is rapidly decreasing. Now we are recognizing that causing effect like a collision death by construction of the
wind farm is becoming a common practice in the birds of raptor species. We therefore examine possibility in this
study that the construction of the wind farm in the Sarobetsu marsh area causes effects like a collision death to the
harrier from our results of observation in June, July and August. As a result, there was a risk occurrence of bird
colision within a radius of 1.25 km from the nest site of harriers regardless of the time, season, place and its
environment. And the risk of causing bird collision further increased after 4 hours from sunrise and during June as a
middle breeding season. Developer should not construct wind farms in the range of 1.25 km radius from the harrier’s
nest site and in the habitat where feeding behavior was confirmed for conservation measure of eastern marsh harrier
in the Sarobetsu marsh.

Keywords: flight behavior, flight altitude, home range size, bird collision, habitat abandonment, drone

Study Group of Wild Bird Society of Japan for Eastern Marsh Harrier in Sarobetsu Wetland
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Distribution investigation and screening of monitoring sites of
endangered species Pseudorasbora pumila inhabiting the small

irrigation ponds in Nagano City

NAKANO K. Mayu, KOBAYASHI Kazuko,
NAKAIJIMA Noriko and KOGA Kazuto

The irrigation ponds in the Satoyama area in the southwestern part of Nagano City are large-scale habitats of
endangered species Pseudorasbora pumila. In this study, we investigated their habitat of P. pumila and exotic
species and the management condition of 36 irrigation ponds. As a result, out of 33 ponds where P. pumila was
captured in the past investigation (1997-2010), there were 27 ponds where inhabitation was confirmed this time. One
of the irrigation ponds that was not confirmed had been prosperously wetlanded due to abandonment. On the other
hand, P. pumila were newly found in two ponds, and its habitable ponds totaled 29 places (2018). The urgency and
importance of conservation of the pond where the survey was subsequently carried out was scored and the
conservation priority was sought. The top priority monitoring site was narrowed down to 2 places. In the future, we
also want to accumulate information that contributes to the record, management and regeneration of conventional
ecosystems, while also paying attention to the number of native species and alien species and the number of
individuals.

Keywords: satoyama, local ecosystem, freshwater fish, biodiversity, conservation priority, abandoned farmland
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Field survey toward island ecosystem recovery after the extermination
of goats on Hachijo-kojima island

HIGUCHI Hiroyoshi, HASEGAWA Masami, KAMIJO Takashi,
IWASAKI Yumi, KIKUCHI Takeshi and MORI Yuka

Hachijo-kojima is an island where no weasels and cats were introduced and the original food webs of the Izu
Islands remain. However, after all the islanders left in 1969, goats drastically increased in number and damaged on
the natural vegetation. Our association proposed the extermination of the goats, and the Tokyo Metropolitan and
Hachijo-jima local governments exterminated a total of 1137 goats from 2001 to 2007. Since then, the vegetation
seemed to recover, but the ecological survey was not conducted. We have started to make the current survey in order
to contribute to the conservation and management of the island ecosystems. It was shown that rare plant species such
as Platanthera okuboi, Epipactis thunbergii, and Goodyera hachijoensis f. izuohsimensis were found for the first
time since the goat extermination. The Okada’s five-lined skink, nearly endemic to the Izu Islands, has occurred in
higher density than on the other islands of the Izu Islands. In birds, the near threatened black-footed albatross landed
on the island in 2013, and succeeded in rearing 2 young in 2016/17 and 7 young in 2017/18, which means that this
island became the northernmost breeding site of the albatross species in the world. It was also found that Ijima’s
willow warblers, Seven islands thrushes, Styan’s grasshopper warblers, and Japanese wood pigeons, which are the
representative bird species of the Izu Islands, were quite common on this island. These results suggest that Hachijo-
kojima island has really valuable original ecosystems of the Izu Islands.

Keywords: Izu Islands, original ecosystem, uninhabited island, introduced species, black-footed albatross,

conservation and management
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Interference competition between invasive alien ants and native ants:
an approach using feeding habit analysis

UEDA Shouhei, WATANABE Takuto, IKEDA Kenichi
and HYODO Fujio

Argentine ant Linepithema humile is one of the most widespread invasive alien species, and was artificially
introduced to 12 prefectures in Japan. The species can directly disrupt native ant-community and ecosystem
throughout its introduced area. Here we analyzed a feeding habit of L. humile based on stable isotope analysis to
show the mechanism of interference competition between invasive and native ant species. L. humile was introduced
to Sakai city, Japan on 2015. In the invasive site in Sakai city, we continuously monitoring and controlling L. humile
together with the local administration and the Ministry of Environment of Japan. From October 2017 to June 2018,
we conducted stable isotope analysis using the invasive and native ant specimens and inferred feeding habits of them
by comparing nitrogen stable isotope ratios (§ °N). The value of & "°N of L. humile was the secondary highest
among sympatric eight ant species and similar to that of native predatory ants, such as Brachyponera and
Strumigenys species. The overlap of § "N value between L. humile and native predatory ants suggested that L.
humile should occupy a high trophic position and feed on animal-based resources.

Keywords: Argentine ants, invasive alien species, ecosystem disturbance, stable isotope analysis, competition

between alien and native species

Research Group of Alien Ants
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Migratory route of brent goose with GPS transmitter

SAWA Yusuke, IKEUCHI Toshio, TAMURA Chieko,
SHIMADA Tetsuo, WARD David and LEI Cao

The brent goose Branta bernicla breeds widely throughout the Arctic in Russia and Alaska and approximately
10,000 birds usually winter in East Asia. However, migratory and wintering ecology including migratory route and
important habitat in east Asia is still poorly known. In this study, we conduct the tracking survey with GPS devices
in Notsuke peninsula where over 8,000 birds stage in autumn migration to reveal the migratory route.

In November 2017 and March 2018, we attempted the capture of brent goose in Notsuke Peninsula. In 2017, 4
birds were captured and attached the transmitters. The effective data was provided for one month by 2 birds out of 4.
While the long distance migration was not observed during this period, brent goose moved among the habitats in
east Hokkaido. Additionally, we found the effective capturing method for brent goose at staging sites and it would
contribute to further achievements in near future.

Keywords: staging site, capturing method, Notsuke peninsula, migration
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FBETO - F o= - TFVFBIAL EXNBAZREIA

T A DOEMME T2 5 TIRFERRRANDER - RIROMR &
SSBRRN D T2 & D J7 R OET
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REES L RARES A 2 I AT IS A7 18 S 2 IR I 1, 2 RBOMENB S LB & 75 5 18R S AE
LTWa. LAL, ITFEOZFRYIADIRA - BN, BHAERERICE(ENMECDDH S, A5
T, 1D D IC BB /1 X 2 288 U, > 7 OEREBERE & Z OE B2 IHS M B Rl 725 2 7z
e, UAHIBRMEREL, YANEMAERERICE D THERERINCTHI L. X512, MEOH
RS, FOYEED D DOITHREIT % T e kAT, HERE I XS DT =25, FHENk
BIEIIENE DD, WK EZAZHDNARLNE N> 6 AD D 7 AIcliikEsE e < %
ZOICHL, 8 AMD 10 IR >, &9 LEAENE, XOIAETOBIHNZ—ickbE
DEEZLND. W ERRRNDBEL O OEEAFIISLTED, FIEICIFEHO X T EANDR
BNL QTHETH-1W, BURBRIARELBEREN. ThoDENS, BT OHHED
febicld, T ANEEELT 2RI EIAN G PR 2 3RiE T 5 C LA ESRRIRE LTHEITHh S &

R 5Nz,

F—U—F AR, BRSO XD, AREBEE, ATE
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W, HAKM T=R T H Cervus nippon
OEAEIEM - EEMOILRINEL, TFE
KR EARRE LOMEN I ZFRIEN TV
(El 2006, HE-fil)E 2017). A DR A ER-
B, mAGEYZ B < GO ERSR
ICES>TEREEEMTH S (Takatsuki 2003,
EEFIE A 2007, 8F2015). SEER, HARDEHIRLR
FEGHEBI O AV I R— T TE H BRI TE,
90 FERLBED T DM KX > T, IVHY
775 EDF RO BEDILK, H#H 0K
LIC X B O ks E0ETT Uiz Cvas:
1998). /1 DB @ BE D DJAHPH THE T

5L, {EHERBRD AN ETNTLE

I TEEEREINS.

BES - FnRoILEEE, HARTEAEODSE
THTTH 5. T OHIKITIE, BRI/
H=O ITECP ], R EIC2HOTDHM
MEOTET, ZIEE U THEAFROREEICHE &
oo REENBIEL TV (L - i
2001). ORI NALE 9 2 5% F A i i
(55 1400 m—2100 m) IC &, FREAIBIEED K
EVHENREE (R 10 ha) ETEREEE (5 ha)
WINA, HREDEAE )T A — ML/
i (LUF, /NERSEHD DMRNICZERTEL T
W5, INSO/NHBIEHNCIE, X Ao D

1 HAR BRI 20 s ARt
2018.12. 1 %ZfF  2020. 1. 10 23
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Calla palustris X°> 2 )N A 75 A Y Y7 Veratrum
stamineum 7% £ OF/DIREEYIDEE T 57200
T <, FNUKRTY YT 37T Hynobius
lichenatus %> & V) 7 & # I JU Rhacophorus
arboreus 7% £ OWAFAOHE B & 755 T
%. LML, ToOMIcBNTE, Y HDRA
MHERENTED, WEMYINDRENHIEL
LDOD®HB T EMNfEiENTHD RBESRH
SR SRR B 2015, BF RS URAT B SR V)8
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RENZDITIEEL, ARBNFIICK>T
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HEDOZLDE 1o &5 IR RPN DR E DAL
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TR,

A, BB X hvH R OmgEIC
JEKAWENS KD/ > T % (Burton et al.
2015). HEHRE A A F1&, I A B D
MBEO0, EHIZ RSN L,
IR G TH D T b, BREREFE U
THENEMTE ST LR EDOMET, HAH)
MOE=2) T %175 5 A CLAERGHET
£ T&%% (Burton et al. 2015). & 4R
T Ta—F ORI KD, ERERD T E
ROCEINC BN TS, ARG OHEE VAT RE
& 7% o 7z (Rowcliffe et al. 2008, Howe et al.
2017, Nakashima et al. 2018). —/5, /1D
BIE - BIEICDOWTIE, ¥ AHRMORE &
S I ZE N EN TR T LN D 5 (al
2006). HEHRE A AT &> PRI Z A B
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MUC & 873 TR BRI ORFE O E SINHEED
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(1 (2158 m) DOALEBITA i 2 HEF A (B
1 1400 m—2100 m) TH 5 (K 1). FiHADIED,
C o, AR (A 10 ha) &AERK
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KEIRETH S (BESIRT A ARIEYIEE 2015,
BERSURAT R AR 2016). IR B O 3L
DORAICIE, 7K7z K D AR/ gt AV B E
LTHY, mEEMEWEETERLTVS.
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kurilensis & F< Y S. palmata | K> CTED
T3 (HA2018). [AHIEK T, 2014 45
CSERE 2 EMICDE - T, BEBEERL S
YifIc X o TEYHBAEM b T3 BEE
VAT RSB R 2015, BERBIRAT H R 1Y)
fiff 2016). T DFEDOHEFEDOH T A DOiwil
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WBD, TNETEEX->TVhDFERAL
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RIS B8R 71 X (Browning BTC-
7FHD) 19 7% 5 X 4 DA FEIRICERE Uiz (—
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AW SARAET ZRFICNA T, @S 3mD
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BT RTEHN, BN T SD 1— FORH
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DE ST FF Tz, A AZIE, 2018410 H 19
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TRHEHOKREIHI6mm DRY TF LV
(PE) Bz HWTER L (K4). £5—
o7y MEay ha—Lbe UT, PRz
REET, SHOHMAMAD ZEFA LK. O
Yra—)VIZIZHEEHRE AT TR TR LG
FTOREL, EOXSGHEYMREBICHNTH
%DM DT,

MO EX, HEORENEIKEZZAIYV
ZICEDLET, 6 HISHMS 17 HIZA T THT-



N N AN AT e

3 VHOBREEMNED V<25 XS Carex conifetiflora

4 A HERRIM O R

Te. Tmy PNOREAERER, MEEERICIA
T20184E8 H8 HE 10 H 19 H U 20 HICfr->
7z.
4. W EHOA VR MY =i

N T T 2 L B XA DN D MAERHD 1>
ANV M) —HEE TNz, HERE N AT E T
& A PERRMIERE I, A R R,
Rz ek Uiz, £V 7 A ATV
DYNBEN ED K 5 7EIGFTITIERE N TV 2 D
e JICHERLUTRIER L.
5. #ftn HigthT

2 h OEREBE L ZI BT B0, B
s EN BB N OB ORFREZIT> 7. D
25, VhDREILEROAZIOHL, AL
IAABEERE R HEE LTz, BIEHEEE, FE5

91

MBEFE U T AR 2 0 B & U720 REST €7
)L (Nakashima et al. 2018) Z i\ /z. T DFE,
R (—EEO S bicikE I nizgo
BED LHREZIHRER U H A S OR1TT OO
TEIFE, TEEHEAE] & DR ZE L2 /8T X — &
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%. KW TIE, T ATORIOE=MIE (2.67
m?) AT 7 EEEL, TOHRPANE
Wi UGS ORENT— 2 & UTEEHED
WHRE LUk, BT 285 A—XF, Nakashima
et al. (2018) I 1t V>, WinBUGS (Spiegelhalter
2003) ZHBEWVWTRIIVaTEEE YT AV A
(MCMC) FEIT X O ARA ZHEE L 2.

THMHEEICE TSI RBICBAL TR, v A
PERftoN S (a> ha—)L) o7ay ko
WERE 3 mORETNENTLHEBE LR
0y T EICHBIC K D FHE U 72RO
filiZz B L, Wilcoxon DFF S Z AL AIRE
ZHOTHGEIENEEEEDNRDENEZNE S
hERS U, 72720, 10 HOHER S Tc—
DOMMERIC X2 FERICK > THEEI ATV
jelz®, TORHOT— R 3@ 55 LTk,
RATHENTIE, R 3.4.3 (R Core Team 2017) 7 Jf]
Wl iTo 7z,

. R
1. & AR 1 D FHiZ b

HERE I A Ik -> T, ARt 166 KD A
OB 215372 (30 77 AN sz & N7z Bl
ATV EET). TOEMS, =RV TTF
Lepus brachyurus (151 K0, Y& /T 7' Ursus
thibetanus (3110, X X 3 Nyctereutes procyonoides
U780, =R 7F 27~ Meles anakuma (5 R,
A />3 Sus scrofa (4K, /N7 €Y Paguma
larvata (3B, J1FE 71 Capricornis crispus (2
B, Y 3 Vulpes vulpes (2 ¥), T >/ Martes
melampus (1 B0 7% £ OH KBS R E iz,
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2. P ERI N ORI E DR HIZA L
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TEHERRIMAY (404 228 %) THHEHRIC
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Density/square km

1 12 1 2

7ol (F=125, P=0.1392).
aviro—)b - Fay b HEERL ICEE
LTz HBGE 0 A S OGNS, “he /oY
FHEH O 2 BRX TV SREFIHER SN
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Effects of sika deer on mires in Hotaka-Tashiro area
in Gumma prefecture

NAKASHIMA Yoshihiro, HASHIZUME Akane, YAJIMA Gota,
TAKAHASHI Keigo, KUROSE Koki and TERADA Sacko

Mires in Hotaka-Tashiro area in Gumma prefecture harbor a high diversity of rare plants and also provide a
variety of organisms with important habitats. However, population of sika deer has been increasing in this area,
altering ecosystems of the mires. In this study, we estimated density of sika deer and the seasonal variation from
October 2017 to September 2018 around the Tashiro mire. We also constructed 10 small deer fences around
randomly-selected mires, which prevent sika’s foraging and trampling on vegetation within the fence. The results of
camera trappings showed that sika did not inhabit this area in the winter but invaded in the early summer. The
population density was maximized on June (5.9 km™). The intensity of sika deer’s impacts on mire vegetation was
concordant with the variation in the population density. The impact was strong in the summer but was negligible in
the autumn. These results suggest that temporal deer fence should be constructed from early summer to middle
summer when density of sika deer increases.

Keywords: deer fence, camera trap, population density, Carex

Deer Management Research Group in Minakami

97



ETIRERAE D) SR B RS 5 vol. 28 (2019)
FHTO-F bov—F - 77 RBIL ENFZEEIE

DR B ORE YooV A v av ey &
JawdFaysro7ayE)) OBmnEE

BaAvEVRHET =T
TLIN D24V Tt JVAF vy - KFEN

ARFEDOHMZ, MHABICAERT 2V /U RAerave) e avFaurr7avEey) On
ST BERZRIAT 22 & Tho Tz 2017 FERFTN S 2018 FERICE 6 M, ANTIICIERRL7zaw
BVDOY =Yy )La—)VESFELVT7— UTHHL, WiEREEZ T/ VavFawsrrFavEy
WK LT, S2V7 — 3Ry FIF D, TOAMREIFHICK - YooEstr e avEy
Oz, AR T, 22 FESDICHE Uiz, ISR TEBILT —ZHWIh, ZORRIEAR
Tha. b, avEVIKES>TRSSIEEEREIMTH S0, BEKEaTEVICHESEL, L
SOEMRLE. VavFawTry7ave ko, 28, BiiESOHLZEOR S EH)
MU, Y>r0uRAe s avE) ERICEHZRH L TWS. ASTIEY /ULt e av sy

BV ayFarrr7avE) XONMEBRONTOSARENNH 5.

NS ORGREDEREN 2

figgh, & SIRERIIZRIET 27DICE SR MENRETH 5.
F—U—FHMIEaTEY, MREAR, BERE, LT —, A5
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. B=

avEVH (GUEVYH) EHARTRLEH
MEZWIFLEH TdH % (Ohdachi et al. 2015).
e, ghtoaye) ZREBERDEE
ey TRy UHRIETHY, EYIROIVE
VIZEMELEFRMAELLEEDN TS
(Kunz et al. 2011). ZOHT, HAHBITIEH
B[SO I EYMERL, HADERERIC
U CEERREHZT>TVS EEZLNS.

HARICIGZHGRENMAEL, ThZh/EREn
ICEERRE > T0ED, £ < ORI
G TH 5. HARDK P ORIE, BREESL
IUCNDLw RUZAMIKD, Hggai kg
i, 1B BUMIEIE, &7zl 1A BUMT )
NT—AREDRETHS. HEavEU T

&, CORFREOmOVIAREEI Y'Y LiEo
T, HMET D £V I3RAR NEhY 242 5
ELTHIHL TS, HAFIEE MDY Sk
MWIEM>THD, HARICORERL TS HMK
MHaATEVEZAAHEL TV S.

TR, EAERETH 2 /MY €V,
Y N VKA v 3 Y Myotis yanbarensis
EVavFav sy aYEV Murina

ryukyuana, O 2 FEFH P KT % (Maeda and
Matsumura 1998). ERIZEZE & I[UCNIZ KD, 77

NS N TERERENEEL ThE 28, Z
NZENHIRKAER 1AL, IBETH 2 (Maeda
2008a, b). WiFERHIE 1997 FEHEEIC R E M
(Maeda and Matsumura 1998), 2 k& & AaFEK
BICHERT 2 ENERENTVS (HiH
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2000, HiH5 2002). VavFawyrrray
EVEEZRSLE LTHHLTWS Z & h#E
BENTVS (S 2013, H - fillk 2013).
VavwFaws 7 aye) RREEME 72
MY, BCERIE & ShER CHACERD(ER) I3EFND
BRI TRTENMZIEKT 5 (S
2016). VN )URA v aw ) ORI
S5MICTTE > TV, SERRREOAERED 5 R
HavEeVRZEEZLSNTNT, ®FEKE T,
BRAZR<HE UTHT 5 C EAMRINT

W3 (fHIE D 2019). T MBS A REIEHRAD
e THiE, HMEMEE AR+ TH 5.
DX BEARNHFRMEISENTOLIRWED,
WSR2 AR 2T % T2 D DR RRE 2K
iE » RITT B T EAWHIIRIHTH S.

A EAE OO CRAEE B IS AR BT R IE R ] R
THaM, WL exGge T 5HEEN
#THs. I, MNMITHRITHETHD, HE
FNEER TH S, AEOHICIFHI 2%
WZ S, avEYEHZNRE LN

12%°E 12é°E 12§°E
BEAE ‘ggaﬁ
-28°N o .
T’b\z% 6
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HTHs. TD, HEEITT TV IZBEB
M SBOTHEOMBAD RN S R ST Tl S
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BT, HMENBEAT UOBN G OENZ
WeBHICRSHDFREADNEH LW R, a5
DY HEEICATET 5728, RSOZHET
BDONNHETH%.

W5 72 7 U TR MUY 28 CTh %
BV T — IRk IS T O B Y OfiERER
EHIFBTENHEIDENTVS. BRI,
Sussex Autobat & 9 HEE)L 7 —ER D O
EVHEOHEELEEDHTZENAFU X
(Hill and Greenaway 2005), 2 — A ;5 U 7 (Hill
etal. 2015), MUHARTHREIN TV, HA
T, HELV7—13)avFayrryr7avE
Voo TH BT >0 3T Y Murina

2 FH#)L 7 — (Sussex Autobat) EFRELTHZN—Tk
Fw7

hilgendorfi & 2 7 > 7 32 v & Y Murina
ussuriensis DR LHEE S T EHHS
hEE->TW3 (Hilletal 2015).

Il. AEHIHS LU HE
1. A Ml b

AT (A R [ AR E A O R T I
oo (K1), FHEEuE, FEE AR (<500 A —
MViESR) 728 A X T A Castanopsis sieboldii
ML T2 BT EARILEBIMTH 2. A
HiskE T A B ) EPHEN B Hil DO —553 T,
AR D — R DR AL B ENL RIS > TH
. MHFELSNCHFEET Y'Y O 2 FEEE
NI ER S %, chudAFFrvass i
22 7€) Rhinolophus pumilus £ 1) 177 F 2.
UL FH AT Miniopterus fuscus TH 5.
IBI, MYIBOIETAA YY) &t
WIC 9 % (Ohdachi et al. 2015). RS 1E
HERERDOEHICH 5. EERENEZ FEL, &
SRR & DFERVIEOME & & EICPAIRS
[ 37 23 [ 1 UNESCO {H 57 H 7858 FE fi2 il 3t 1
72> T3 (UNESCO 2016).
2. hilEIR A & BV T — IR

TSFEOA DI RERR L, AR EaR 2%
& LR bR T 27HIc, 2017 410 H~
2018 4F 09 H DY 3 ~ 6 W OFHE % 6 [lf 75
. AUEVEEIN—T TV T (WTHIk
REt s K2) EHAIMERVCTHiEL.
TlAE TS NTHERICK D, WHREOH
R I TEN -1 & T, HEILT—%
HOWTHiEREO AN ZH T 5 T & ZilH
. BFLlzave) DY — v )ba—)Virkk
WK LI ANTHGRY — v )L a— )V 2REE A E—
1 —"TH49 % Sussex Autobat ZF|H L7z, T
DOERIC 8 DDV — v )b a—)LERE L.
TR CHEN TH > Tea—5 v 7ICERT %
ITEVDY =¥ )ba—)VERic Uiz —
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VX )a— )bz 4 DR L (Hill et al. 2014,
HIlfME ), a7 7avxE)eYavday
FUTATEYDY =Ty )b a— )b U

V=X )ba—)Vz 4 DFHL. VavFa
TTYTATEY DY = )L A=)V AL
2O/ TIRRE TN (1A - 7L 7L FAME).

=T+ Ty IcavEI B TWVED
30T EICHERL, ave ) BMRIF S £
BEREBEELEVKIICAHAIME 157 &I
MERE Utz i U 7oAtk S L ICHE, PRI, RHE,
HiE, ROEZELT—DFREEDY —T %
VA=)V ERE L TWieh 2l Lz,
3. Bk A

R L EMEND B 201, /NE VHF 7580
(Holohil LB-2X, Ontario, Canada) 7 %f5:fHE D
EMRICEES Uz, HOBOEZHI>Thb,
FAG 2 IR s HaE Al TR ICHAS LTz,
FEMOEE I RFEDERED 6 % LLFT
Hole. TEBHMOICHEROEAERE ETD,
T A7 1 HERILANICRRDY U Te.

JNKT 7 F B NLt2 > % —) & VHF
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TRAAL, & OREGE TN TIc TR
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Ecology and conservation of rare bats: tracking Myotis yanbarensis
and Murina ryukyuana

PREBLE Jason H., VINCENOT Christian and OHTE Nobuhito

The goal of this survey was to elucidate the conservation-related ecology of Myotis yanbarensis and Murina
ryukyuana on Okinawa Island. From fall 2017 to summer 2018 we conducted bat capture surveys using synthesized
social calls as an acoustic lure. Although the acoustic lure increased the catch rate of Murina ryukyuana, the strength
of this effect differed between seasons. Our capture of Myotis yanbarensis represents the first report of this species
on Okinawa Island in 22 years. Although the acoustic lure was used, its effectiveness concerning Myotis
yanbarenesis is unclear. Additionally, we attached VHF transmitters to captured bats in order to confirm roosts,
critical habitat for bats. Murina ryukyuana roosted in various roost types including leaves, ferns, and tree cavities.
Myotis yanbarensis used mainly tree cavities. On Okinawa Island, the distribution of Myotis yanbarensis may be
more restricted than that of Murina ryukyuana. Further research is needed in order to clarify the ecology of these
species and design conservation management plans.

Keywords: tree-dwelling bats, Okinawa island, radiotracking, acoustic lure, roosting behavior

Island Bat Conservation Group
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WHFLEE - 2 BICHLS &, FBRBRD A 774
BHCIE, NP2 X 2B Tokudaia (FRFEKE - 1
ZEMRBICIETD) - FF AR
Diplothrix legata « 7 X & ¥ 3% X X Crocidura
horsfieldii watasei ([EFHE) N0, WEKE-
M BRIOEGRICIE, T/ oaudE
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H5 (FES 2005 ; AR FHOZ 2009).

MPERERDEL 2, Mg & fEICED E kil
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P EOIFNLMERGEOHRTE - LB
EL, LHE, 600 m L EDILIZFDRTL=—
7 ToH% (HHY2018). AEREDREIELE
B (694 m), T2 BOREEEHFZIIE (645
m) THY, TAUIMMHIEDELZ A 600 m 1532
Uy (PR - A - RS DREIER,
ZNTH, SHBHIE 503 m, RSB 526 m,
HRE 470 m) O EXRINTSH %.

TSRS EY DO DB T H % LIRIFFIC A
HEOBHMTELH 5. BHhT DL B L,
IZUNCIRLTH e Rl W R Ul T el =1 | s
B e LT, &0 IL3BERA, s
THa ik 2013 ; KH 2016). BIEY > T
MRETZDE, FEEY Y THEHROARED
JLEIC i 508, FATHBETTHS.
LU, EEhdh 5 EXRMETT 5729,
BEREG LTEZ BOILUIIEDN & DTV R
EIERICIE S 5. TR E Pl B
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2 AR (1981 ~ 2010 4F) A S SUEIER 72
100m B0 0.6 C& LUTHET S L HigAi &
PR OBIR (B S OFEE180 °C) &, A%
KETIE280m, HZETIE305m &7%x%.
FRUR TR O XURAYE < LD E ARz
B, B ICE T ST TS Tl 440 m
DL EDOILTERORT, GiHE - REICIIIFE
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BN OZELNEZIC R o NS N TE 1= —
JTh5.

AW, WRBEE DR R 2488 O AR
IS I\ T, Z DRAR R 75 T RERTEE O FERK -
Wit & A HEEhY) (WiFLEE - RBD Ok z
BHEMCT BT e ZANE LI, 72720, ARl
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TN X CRERS CTHEYIt 2 AR 2%
BIHRbNTERD, HARRAEIC K BMHIEED
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AT K B & DIFAFRETEOBEE (100
m P75, 1 ha, f%& 330 m; AAFIED 2008 ; {5
JRIEA 2010) L2 BB =5 (200 m P4 77,
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Z T T, AFEREEAILM GEaPCa) o
A M TR R R D 7 W B 2 3 AT,
2 #EE R (400 m & 600 m) 1T LRI RS (1
ha, 100 m PU/5) DOFREX7ZHRT T, MEEE 4.8
cm (APE 15 cm) DA EDBIARIT DOWTHEAG
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BB lixole. WEHRICKS L, TNHOD
FEXIZBR E B2 EZTH, 400 m (HE) T
AR NLS BENZ OIS L, ILTEER
ICHIE S % 600 m (GBS TR FREMIRD I
FEREBL, ANEEED T LIEENKL
V. INSDOFERD S B, 0.25ha (50 m PY5)
DERTIEDNTIE, MIEERE 2 eom (AIPAE 6.2
cm) DLEOBADHAES N, ZOWHEICON
TS (2018) THWEEN TV, FEHoO
REAERZOINEHERE T, 400 m TIRIEART
Kitkcs (ma> 7Ly 7 AF8E), 600 m T
BFFv—hTH2 (TN 1993 ; FEREANFR G
et i AR At > 2 — 2018). RHEF O D
L[ETEHSETHZ R (BE 2 m) OHT
PSIRTEAEED S 100 m B2 D 0.6 CEWV S A
B R Z VTR X OfRE#HET 5 &,
400 m T 171 °C, 600 m T 157 C&7%&H, VI
NEEESE (85 CLLLE 180 CLLR) IKET S
T EILzB.

DLk 2 FHEX (400 m & 600 m) DT —R7x

=B E 600m
WI =157°C

658

738
[1=E 3= DA

IAURAUVE D2 |72
{/#-ﬂivliaj-ii

RN THhARLI), 3388

DEAr & R As
FNGF /X -~D-E
VL S=RVA\ WE B}
THIRRYc2- V>
NILTITHR-N\TE
UEARET Y
FhFRYULa)

FF¥ais)

1178

FonE IR AAFY)

#HE 400m
WI=171°C
26527K, 641&

38134, 53%&

(ZYeLA/Md- YT LT -F—7-
AHEa</%x-oadE-RORO/F)

(BAZVEF NS RY
SARIIFNF AR
IXHOTYVT-TT
D ANVEF AT

(RFavo-p2DH*c-
FIYNFARTH1)2)
FaAVEF-EILAV DN
V2N hRS-2IYYNT,

RIEEOE=Z 2V VTP A 1000 ICFEND
AERKESIER 330 m) @ 1 ha HEXDT—
2ol U (A HIED 2008, I H
2010). EEROHE L 400 m JHEX & [F U GF
¥R At ERER S Y X —
2018), EM X DIEEIZ 176 CTH S (D
AR A HHEE).
2. MR LB
1) FERHR

400 m T 2652 7K 64 ff, 600 m T 3813 A 53
HOBADFHAE SN, 330m D 3034 A 55F &
BbE B L 9499 A, 81 HDRIAMN LU (X
D. THUIRYIINREVEY (FHIINTE
v &) Euodia ailanthifolia & )N< & > 2
Euodia glauca Z AlIfii & U T - 72856 (JEH
2004, 2013) TH b, TO 2 FxFEME (HILHE;
KIN#R2016) & A5 LRI 80 FE & 7%
KBTI O ZETHE T 5 L, 400 m > 330
m>600m & WVWIHEICERD, AEXDZDHE
BEFUCIEIC R Tz,

L, TNF WIS/ X-RED A%
(100~450m) D1Z#4FE

2, FRETUF L aAY-RE A BE
(300~600m) DIZ#4FE

d, PIYSEASFEF-SVYIIONMEE
(IUTEER) DZHiE

7iE
(NTEHHFD- I
R R
UhFXFTARE-
AALRHATRSEA
\>F¥X17F)

418
(Y TFHF-vIED:
FUNRUTITE-

RYNNTEUEY)

E1EF 330m
WI=176°C
30347%, 5558

1 BERICHGE SN 1| ha OEFARTIZEIC BT U 7RIE. M@t 4.8 cm DL EOBIAZHE L .
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4 AR ETICHBILZDIX 33 ETH -T2
KEDZ DD ZA IR T INT Myrsine
seguinii « AR YA Castanopsis sieboldii + &7 X
F I\ F Ardisia sieboldii + 1 A ./ 3 Distylium
Y U Z W Y ¥ Rhododendron
tashiroi « 777 77 Syzygium buxifolium + )N F
F Elaeocarpus japonicus 7% £ |2 /A B LA LD RETE
BIMICH BT 2R TH D, BABLAICT
L7 WD A Y a Schima wallichii subsp.
noronhae « 7 71 X A & Wendlandia formosana *

< YA/ F Randia canthioides < 7 < /N

racemosum °

Symplocos microcalyx « 77 % X & Y 4 F Eurya
osimensis + In v F % H T llex maximowicziana
vz yvuhraF
Glochidion acuminatum 0 7 DI TH > Iz.
600 m DAHICHBIL7zDIE, 6f (IY~
Y~ X
F — < Vaccinium
wrightii « & 7 2/ 3 Michelia compressa *+ %/
1 X & Neolitsea sericea * RHART /I Schoepfia
jasminodora) THVH, TOHIHBEIVYIEN
ALV IIVRIIEENE (BRUREREU
MM CRILTERHIC D REE NS
MTH 5. [[L < AIREOLTHEZ R0
505 B, NI hF (X ALY HF)

Eurya emarginata « > )N = 7 A Cinnamomum

subsp. kanehirae *

a N A Symplocos confusa *

Trochodendron aralioides *

doederleinii + > 3 2 Ilicium anisatum « Y 3 >/
T FFT AR E
Ligustrum liukivense «+ * 4 ¥ < /< X X
Viburnum tashiroi 1%, 600 m & 330 m £ X T
HomE UCTHIBIL, 330 m a2 X I3 Fii A &
ICH OIS, INTHEEE DR ZF ATV,
—J5, 600 m & 400 m (CH@ L CHILT % 776
(FH1/NT 7 a3 Symplocos hakaharae « ¥ > 3

> 4 Viburnum odoratissimum « )N 1) )N J F

71 Camellia sasanqua *

Litsea acuminata = 3 3 7 N\ 2/ 3 Turpinia

ternata + 35/ )NZ 7 Persea japonica + X 3 AN

A Symplocos glauca « 77 71 A F < 7 Mallotus
Japonicus) D55, 3 ONUNY JF -3
TRV F e RYINRT) BENEHIIZICE
BT AT, 1/ (FANT7aF) FEl
WK HBIT5HTH > Tz,

A& (330 m * 400 m) D AICHBIL D
3 28T, TOS BHigAEX EE MBI L7ZD
1L, 330 m OAMBILTON 45 (>
7 7 F Ardisia quinquegona + X' Y J Meliosma
rigida « >IN 7 7 7 3 Meliosma squamulata +
RYNNTEVHY), 400 m DAMBIL 72D
W3R THo7. 400 m DAHBI LTz 13 FED
55, 8 (O Cyathea spinulosa * ¥ 7377 ™\
K/ 3 Oreocnide
pedunculata « 7715 AW > g 7 Zanthoxylum
ailanthoides + )N 2 > R >+ A4 X ¥ Ficus
erecta + 7YV Clerodendrum trichotomum « X >/
IN)VT T T 3 Meliosma arnottiana) (3R GLKAF
MO TH > 7. (EEREDIHCHBL 7z 28 1
D5, 4ff (74 F Aucuba japonica « A
X+t V) 3 7 Maesa perlarius + SR F 3 7 Y
Psychotoria rubras >3 7 7 F) (ZAEARMRFE T,
DB A XY 3T IND 3 FEIF 600
m A KIC B ERE 4.8 em RiGOMIKNEF L
TV,

REYIREAIZRIC K % &, BERKEDRAE
IRRFRIE, BT 100 ~ 450 m D NZILY X/
% Lasianthus fordii var. pubescens— A X 3 A Bf
%, BR300 ~600mDTRITUFIVIY
Arisaema heterocephalum— A X ¥ A B4, 1LTE
DT A T FEF llex dimorphophylla—
YRS ECTHENS (Hi
1989). AMADRHEXZHZ L, 7NZLY
R F AR ABEOBRESRE T A FE
330 m BXT 400 m HAKICHIBIL, 737
VI YT T AR VA RHEOE IS < T
A1) Lagerstroemia subcostata |3 400 m s 75X

d Cyathea lepifera + 7\
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DML Fiz, 7RIS TFTEF—
VI UNAFHEOEHEDOS B, vy
/81 1F 600 m FAEXDOHCHBIL, Nt
71313 600 m & 330 m A XICHIBIL Tz,
DL ens, RFEORSIINER Ot
ELNFEE FIGE LRW0AY, 1 ha &0 Kifif
WG ORIt 22 RS (PR RS D
HEXICKD) DEEND L WS RN TE S
ME LNV, 2720, 155 100 ~ 450 m D7
NZIW) 2 ) F—AXVATHEOREMIE L T h
% J & Podocarpus nagi 1% 600 m §A7E X % &
T3 AR IANTICHEIT S eh s, 5%
TNZIY) 2 ) F— ARV A FEOEMEE T
DI REHYIEEZENS.
2) FRMkEIE

M WA 1, 330 m T 60.2 cm® m”, 400 m
T57.5em’ m”, 600 m T6l.8cm’m” ThH D,
AN HAL - 7@ Wi - 72, —J5, i
EXH 2O ORI, 330m T 30344, 400 m
T 2652 7K, 600m T38I8 RKTHD, KEH

10000+

1000

100
10000+ EAER
330m

10000

otz 600 m BRAEXKIKILTEBICHIEL, BZ
5 A7z b g eI, FRCREAR LTI
mEME L, INBEARDEIED m R EAMKD K
S sHHBlZ 2 LTz (X 2). 400 m & 600 m
A X DO—EB TR R ZRE Ueh, FoRR e
{3400 m T20.6m, 600m T 145m ThH-olz
330m & 400 m Z th XD &, R E D
400 m DIZ 5 AN DIR L, FeidD L BH
SRR 22 < BEL D00, FHEX 2L
LTIEBRNXOEATERICHZ EZ BN
7z.
KBEAZERZ E, 600 m DARITHBLIZY<
T (e ARMETER 96.8 cm) 2R &, %
FHEX THRE KWOREAX YA THD, »wIih
EWEERE 70 cm ZHZ Tz, JUNRERAS
DEFAENIEBMR TR R5 M A/ F LT
ZIIH U, 400 m TIEXZNFNEERE 60
cm & 70 ecm Z A TW7zhY, 330 m & 600 m
TRZFNZNELRE 60 cm & 40 cm IGELTWR
Mo te. WNTHRIFENISGLARE DO PhaE S D AR

BT
600 m

10+

Log (22 E+1) (ha'))
g

1
100

10

0 20 30 40 50 60 70 80 90 100

2 ARKEBICEOE E N AR EX O & E

10 20 30 40 50 60 70 80 90 100

WEEE (cm)

BEMG (M= 5 cm)
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TEET A 2ld, 400 m TIEESE 50 cm A
WTH-TH, 330 m & 600 m TIXERE 60 cm
M EDOKRKRPEFEE L. YEDX S, HTE
DRBEARDDAHISZ—2F, 330 m & 600 m K
DE 400 m AEXDTTH, K OFELIEBER
fEcH s LZRET 5.

3) &/

Wi RSO _FAT 3 FElE, 330 m TR AXY
A ATaAAX/F, 400m TREAXIA -
AR F | ZFINF, 600m TEARY A -
AR F e BAIVEFNFTH-oT (K3).
BWERKETRAZIA LAY 2 DB EEIE R
BT (K% 20 ~ 50 4F) TR EipthT
KL, EHKTRRA A/ FombED (D
CELRABICBNT) mE2EMNDHS (5F
fifi 1983 5 ¥E7KIZ M 1988). BT, 122
BEBMKICIZEL, “XINRICORAEET 3
(Kubota et al. 2005). A TIE XM TIE A
BIA DEEENED, KT A/ F
DOESED W E<7%% (Aiba etal. 2001). DL
oz s, 330 m & 400 m PFHEX E LD
&, BROETITHED RKICZNARY A -
ATV2DBEHEMEFL, AR /F -5V 0
7 7% & Otk O E O MR8 5 AN
I BMEAD NS, Tz, BICEZNVET X
FINF ERBIICZ WA A I 2 ZFINFOELE

DINZ—2 5, 330 m & 600 m FAEX Tl
R BREE DN S 2 OISR L, 400 m FHEEX
TR ANGREDN AT 5 LA RBENS.
CHUTHIE IR ORER & —HT 5.

—J, AED LA 3R, 330 m TRRAXY
A AXAXF - XA IURFINF, 400 m Tl
ETRFINF - AXTA + A X/ F, 600m T
WFGRAIVRFINF -G TTIYT « AXIA
Thotc (4. RAIA AR/ F AV
DAKIOME IS 3 FE X D T s W A
DFEDX S HTRETENVITASNIEh - 7.

it T ORI KU R PhRE S T DA TIISRIC
XBl, ARIA ATV 2 BAIVEFINS -
ARXIF P IITVYIRERICEZ HBL,
EIRFNFRIBRICE BT S HEANDH S
(Hara et al. 1996 ; Aiba et al. 2001 ; Enoki 2003 ;
Kubota et al. 2004 ; Tsujino et al. 2006 ; Tsujino
and Yumoto 2007). A X/ FIXENAE LIRS
T & B R 1T £ (Enoki 2003 ; Tsujino and
Yumoto 2007) DITH L, WENETERICE
W (Haraetal. 1996). 7z7zL, BAETA A/
FMARIA LHAFT B8, AZIAITRE
e, A A/ FEWICHHL, ChidaEREE
[d C{#E\ T % (Aiba etal. 2001). Lizh > T,
AEOBELSEICL > TS, 330m & 600 m FRE
KX MR R ERBE, 400 m FHE X DA I xRk

Y IA

B v
B

B osoo5e
[ 57+
EO9FISH
SAZYIFIF
[] zot

100

s

il

Ml so

=

i

E

o

oo

*

0

R pic:) =
330m 400 m

BEE
600 m

3 AERKEIWEKICBI S L3y Ionakiy - 27/ FOMx@kiimi
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. 259
| REYE
g =========== 7)) RiBIZZNVE T FINF
ﬁl% o | P SAI VT FINF
E B vosvvy
i B rzex
# [] zo
D anw e BEE
330m 400 m 600 m
M4 A3 WEKICHIT B FA 3 HOAR
LB EWRENT. BEE 1 HELTAY Y LT, HR5E0F
IR S NI BRZNTNOMT 1 & L
. BhinEZE THY YLk, afifizabelniic e
1. )5tk O hEIE, W (e hZFR<) 2909 [,

HAZ STy K BEEEYOLEGRER,
2017 fE1 H27T A5 2018 E2 HTHE T, #8
ERE 2R (W2, HEE) BXUMHEZE?2
i (5, HZ)IHE) Tfiofe. &Hiics
W, JFEAENRMRNICERR 500 m O &2 3
E L, 100 m BEINCHEGH 6 BORIERA B
AZ (Ltl-6210MC 850NM, Ltl Acorn Electronics)
e EA5H 60 em O E Tikig L7z, AR
&, BEMERHE T TESIETIESDOEN %
W& 91T, GIS (ArcMap 10.2.1, ArcGIS) 7 FHUV
THOEMUDREL, HATEEHRERA B
35 (10 m DAN) OBKE FICERIE Lz, &ih
FUC I % RS ORE S TR 400 m, BHE T
590 m, =i{220 m, H.ZJI[{F 470 m TH>7z.
TDSB, BFKAE 2 HUSORERIE, HAHR
BRI LIGMTH 5. wskFie s+
E—RT30MMEL, £ 2=V 55 H
L7
2. FhH

FHEIC BT 2 0 8RS L O HE 2K 5
IR UTe., BogBEIE A AT - HbT2 D Oy
FEE U, [RIFEOBEEUEAD RN IR & Nz

FS¥ 1846 (A1, EHAE S [B], MEHFHEBY) 8 [,
AIH153 B TH > T g BEIFRFERE (
=, S N, iz G, 2
DFWE L, & I FEOEHEEN RN > 7.
e, H2INETIEWABORENE L, o
3D 2 5L ETH o Tz

WELE (e b, A XBRUTRTZERS) €D
W, SHRICET ST & O HEZX 6
WCRULTe. oo Eniciidz® 1 IR,
HzlETE, VavFarva /Y Sus
serofa rivkivanus B3 X O 7RI/ 7Y FD
oo BE N e Ic@Eho Tz (K6). »oIED,
2 FHEICHIFL OB E N @D > I tiE T
&, 7<= b7 R X 2 Tokudaia osimensis D
WHEN e {IcEh oz, VavFauA /v
VEXUOTSI//aUudFiE, WIhoOIC
BOTEINTES GEEBXUHZ)IE OFF
Ml (MEBXUT=50D KO & EHET
g Eniz. FORREICOVWTE, BZEWE
DD, HZJNETA X Canis familiaris 755 7 [A],
ZHTA XD 1R, GIEE T3 Felis catus D
2R E N FESSREYICRES N, &
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FERETHEEDHEREINTVWE TSIV T —
A Herpetes auropunctatus (B2 554 2016) (3 i
mENIEh o T
BHCOVT, izl &5, fF2)iliE) T
&7 F1© 7 Erithacus komadori O g2 5008 W i
tEhole (BEREHED 3HILLE). ik,
BERG PR, BB T, BEEREXZE
EHEETHZIVI T A, XTIV TIE

KUOA—A N oA AT T IhReIniz. &
ICHETIX, A4 TV T IOWEHENE
KD 25 % 2T, BEHBEAHEDY < I
Y UFE 4 DOFRER 2 TICB TR

nr.

YUEDX S, MBI NizFERN
WEEBIRIE, ZHOEER () 23T
- BEOERME > T3 T DRI N

£1 AAT Ty TREECBO TG S N -BYE

SRR R4 24

WA VavFaudf /v Sus scrofa riukiuanus
T/ a gy Pentalagus furnessi
T~ MR XI! Tokudaia osimensis
Ny v N FRAI! Tokudaia tokunoshimensis
v ab ol AN Diplothrix legata
I AR (HEARH) Muridae
MY RXIE (FEARB) Soricidae
avEeVHEE FEAH) Microchiroptera
A X Canis familiaris
= Felis catus

¥ TwIbvwox! Sclopax mira
DZRN Accipiter gularis
F AN T Falco subbuteo
Y 7Y R Urosphena squameiceps
VY A A Garrulus lidthi
INUT NHT A Corvus macrorhynchos
VayXayxI Nk Streptopelia orientalis stimpsoni
75 AN K Columba janthina
AT AT AINK Treron formosae
A=A NAFT IS T Dendrocopos leucotos owstoni
a7 Dendrocopos kizuki
bl A/ Joothera major
NN Zoothera dauma
Thes Erithacus komadori
THEINT Turdus pallidus
AN T Parus ma_jor
Y~H7 Parus varius
== Hypsipetes amaurotis
VayFayivn Jesterops Jjaponicas loochooensis
YA uFay Pitta nympha
R Tarsiger cyanurus

€kt 75—I=ArF~p* Indotyphlops braminus
N Rl NE] Lacertilia

RS EATE (EA )

P A kTR
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Annual Report of Pro Natura Foundation Japan vol. 28 (2019)
28th Pro Natura Fund Domestic Research

Basic study on the forest ecosystems in Amami Islands,
a world natural heritage candidate, Kagoshima, Japan

AIBA Shin-ichiro, FUJITA Shiho, SUZUKI Mariko, UGAWA Shin,
KAWANISHI Motohiro and MIYAMOTO Jyunko

We conducted the vegetation survey by using the tree census plots of old-growth forests on the islands of Amami-
Oshima and Tokunoshima, both of which are world natural heritage candidates, Amami Islands, Kagoshima
Prefecture, Japan. Here we report the outline of two 1-hectare plots established at 400 m and 600 m in the western
part of Amami-Oshima, comparing them with an older plot at 350 m in the central part of the island. The minimum
census size of trees was 4.8 cm diameter at breast height. Our plots showed the lesser dominance of Castanopsis
sieboldii and Schima wallichii and higher dominance of Distylium racemosum and Quercus salicina, which suggests
that our plots are at more advanced stages of vegetation succession. The variation among the three 1-hectare plots
will be explained by altitude, topography and disturbance history. We also studied animals around our tree census
plots on Amami-Oshima and Tokunoshima by using a camera trap method. The results indicated that the old-growth
forests on both islands serve as habitats for mammals and birds including many endemics.

Keywords: Nansei Islands, biodiversity, vegetation, mammals, birds, endemics
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Feeding ecology of resettling sea otters along the coastal area of
eastern Hokkaido

MITANI Yoko, KITANO Yudai and SUZUKI Ippei

Activity budget and prey item identification have been conducted on sea otters in the east coast of Hokkaido as
the first preliminary study to quantify energy budget of individuals to understand their effects on the coastal
ecosystem. Sea otters in Japan had been considered to be extinct except for some groups in the attribution of the
Northern Territories after the fur trade in early 20th century, but some sighting of lactating individuals have been
rumored around 2014 in the east coast of Hokkaido. The 30 minutes of focal sampling on activity track of individual
sea otter has been conducted and the activities were divided into six phases; foraging, swimming, grooming,
socializing, patrolling and resting. In addition, the animal with a calf had two extra phases; lactating and grooming
on the calf. When the animal dove for foraging, dive duration and inter-dive duration were quantified by visual
observation with binoculars and recorded movies. Captured preys were visually identified when the animal surfaced.
Identified preys were bivalves, sea squirts, sea urchins and crabs, in which approximately 70 % of identified preys
were bivalves. Although it is known that the dive time will be longer in an environment with few prey, the average
dive time was about half when compared to the Alaska population with a stable population. Therefore, it can be
inferred that the limit of environmental capacity has not been reached.

Keywords: behavior observation, prey items, behavioral classification, diving

Japan-US Pacific Sea Otter Study Group
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To. EEHEESR, IH 26 HETIKTANTOD
TEARDNTE RIS TN, EEHEDIERICE
BHLTWAZ EMERE NI, 2L, #EiirE
s SMTIHE L T OALE 7 — 2 DS
SNEh o ik E Wz,

—J7, W27 HHOBIRICK D, 20177 H 13
HIC 7 L= )V Fhifiss Tt ez 2545 Lz 2 (A
oS5 1A, 2018 4E 1 F 8 H & Tizhi
BEFE Nz, T OMEKOBHHR 2RO EFE
B, K3IRLiz. COfikiZEIB%, 9
H21 HIZEBEANS 7 L—)VIO LR 10
km HIEICH B, /NS IRINAR IR 2 BAFAE
THILEFICBEI LT HRETHELE (1
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&, TOEHAIZRKDIED ICBNT 3 7 AT ik
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WKEEM TN H O, IKPEFREYORIEINT
WARIAIBTHEND 5. BOREZ 25 5
TR LTz T A, BUMERDHHPICEHET
e L7z DI LEFIC & 5 AL T, Thbo
I TIFETHTH 5 LHERIE Nz (K5).
L7 > T OftkiE, HRES NIKPERERY)
HERE UTAER L TWIZAREED &V, £

Tz, BN T HEE T EA D LEF DR 72 1 &
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28th Pro Natura Fund Domestic Research

GPS tracking of white-tailed eagles to clear the environmental
determinants of migratory routes and stopover habitats for an
appropriate site selection of wind turbines

SHIRAKI Saiko, Vladimir PRONKEVICH and OKUDA Atsushi

Fifty-two white-tailed eagles have been killed by collisions of wind turbines in Hokkaido with the increase of
wind farms. Furthermore, many projects of wind farms are planned and the environment assessments are underway
in Japan. The final goal of this study is to understand important flyways and stopover or wintering habitats of white-
tailed eagles in far east of Russia and in Japan.

As the first step of this study, we captured two and four nestlings at the nest sites of middle basin of Amur river in
2017 summer and at Lake Chukchagirskoye in lower Amur in 2018 summer, respectively. GPS transmitters were
equipped to these nestlings and telemetry trackings were carried out to identify their migration routes and their
habitats after their fledging.

One eagle captured in 2017 had been tracked till 8 January 2018 and this eagle wintered near a dumping ground
probably with fish waste in the coast of primorye. This eagle also stayed at three stopover sites on the way from the
natal site to wintering site and all sites were river basins. The eagle did not migrate to Japan, but some important
data for conservation of this species in Japan and in Russia were acquired. The four eagles with transmitters
equipped in 2018 summer have been currently tracked.

Keywords: GPS transmitter, middle basin of Amur river and lower Amur, Russia, stopover site, juvenile, wintering

site, dumping ground

Hokkaido Bird Conservation Research Group
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FHTO-F bo—F - 77 NBIRL ENEFZEEIR

KERGE S A RERE IO RN 72,
SORIED G- 2 % 5B O IR & il 5 Bl O g L

RAGERREE R T )V —7
PR "« BREBRERET '« 7 ek *

RHGE I3RS & > THE AR IREIOE DV TR S T EAWVRBRENTYS. LML
FATHIZR TR, SRRED Y YA XX T VRAHTT IV Ve ELVOMRBMEEN TV, £
TANIIE NS 2 TS 2 BOMRIAZ HN L UT, A THIENERE Niciid T 2 Mo a it &,
FEATIHIE TA 0 CTd > TeifpfFRRu < ORERFEZ EM Lz, AR TSI RH I8 L TSED
KHGHR L RE D025 B e ZHNE UTREHREZE MLz, £z, KEBEHREROEK
SR DM T2 BN E L CIEZTTo . TORRE, VYA A7 Vi3V OEREZ D E 8T
Wiz, AAYT IV T LVIBBEAANOEII AN o T, AR T IRITEE I8 L TR
EUIe & S HIEEZ LTOAHRENN B > 7. fE N TR EA bV /) I F)VIREIEICRI LIy, 7
VRARABIEEI L o7z, KREGEEOREHMHORRICIIFE B DOFREN LTINS,

F—TO—R 1 Za—FZTVIARVITRALY, YYAFXTY, AHFUIV I CELY, WHEE

. 1EC&IC

epE R (DA%, BERD ERBEIREICZ L
FhD, BEAMEDETDT L, ZORE,
B CEAE LA ERT S, HARmIC
MR &KIREZbICE R, S LE T &
AL RERIEDNH S T LD, #9800 FDREH D
RERINTVS. TR SEE LTS,
A7 S DICAZ B EREEZEETH D, HAR
FXIIKEHDEY FARY v THBEF A B
(Cameron 2016). U A UIAIKEIC, BEHE GG
1500 FELARE, HiBk ECHRE 2 Mg L 72811
DHERTEH S (Lydeard et al. 2004). FFICHE
HEOREHIE, £  OFDHERIC W 2> T 3.
B2, NEEFERESNT A58 % ETE,
Za—FZ7VYV ARV T XL Platydemus
manokwari ¥ Y ¥ A A4 X 7 U Pheidole

megacephala &\ -7 HBMW 2RI HRRIOR A
W, EAPEEACERN G X A= 25.2, -
HPITIBN P> TV B AREEARREN TV S
(Chiba and Cowie 2016 ; Uchida et al. 2016).
MBI O RREE R, INFEFEENNT A 74
SIABCHETER T, EARE - EARFEORERD
RiEkE N, #EEMICE B/ RMEZ RS
74 —)VRTH% (Hirano et al. 2014). KilE
BT B X EF o EFEHMMAERG IR - W/
(1994) I K-> ThHEN, ThCKB L, g
Y TR HIC B A2 ikl T 2 FDTE
7o ZTNLURE, K920 5D ISR IR E N,
NV T EF T A X A Nesiohelix omphalina
omphalina & A4 A 7 77V < A <X A Nesiohelix
omphalina bipyramidalis (LAf&, 7 V<A XA)
23 U & LIS EAEROMEERENE L <3

L BALRPERZEGEMRPEIZERL 20 7 A R REAEYFIERL (Department of Biological Sciences, University of Idaho)
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RT7 =27 75 H DT b DOERINEZ HIY &
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ZORE, WHIEH (2015) FkIC, &L
BEANBD L TWB T & DB R
Ko TRME NIz, Uchida et al. (in preparation)
FERMNAEEREZITV, —a—F=7 vV
AR T9 XL DFENEEIC RGNS L
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RENIEh ot EHiC, MHEMICE SR 2
ZAMREMEDH BRI RE L LTA AT T T Y
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(Gerlach 1998 ; Uchida et al. in preparation).

% T TARMZEE, Uchida etal. (in preparation)
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A 1 ANTHISR S 720 40 7170, HBEHED
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IO RLYRFERLUIGE R LT,

2. KHGERINC B 2 V¥ 44 X7V it

2017 4 11 IS FIE R 31T Uchida et
al. (in preparation) M7 > 7z 7l 25 #h 72 HhFTIC
BOTYVAFXT Y OBLHEZRHE L. &
HIFUTE L ToRT N Fy TR TH F Tz
L7z 15 mL F2—7% 1 m [BIFRIC 10 flH 30 53
MRREL, BINLUFa—T1cB5 Y4t
27V OIEAE 2R LTz,

3. KHGHRESICB I 324 YT F Y e Lyl
ik K Thi IR

2017 4 11 HIC 72 HigdDW, Uchidaetal. (in
preparation) THAAY T ZV 7 & LT DR
ENIEH - e KB OMI S THEA Y TSV
T BLYVOBRZTo Tz, VEEE TR
DO Fx ElRiHaRE 2 & UTERE 20 77
R LTz,

2018 4F 7 HICKHGES TA AT I I U /b
ELYVMRIBHEZREIEL TWVBOM0E 5 72z
S5MMCT 2728, KEOHENMENESNTH S
10 # (FF 0 S HUEL, ANE @5 HiR) Z3ET,
AFROR AT U THEIHEZR T B EER
SN5FMHE (Shinobe et al. 2017) ZXf5 L L
TaART—hfEzZIM LTz, SHliic 25 X
25em DI RT— b2z 15 ERE L, iR
EHERGFEE 1em BEEL, 2mm A v ¥ 2 D
T5%olz. oz BB K OEERER
FICFEBIRD, EOMTY —T 1 VT EITV,
SEIE Oz RlER L Tz,

FHI TSV I ELY EHRRETELHET
BINT A A <A FLHE Achatinellidae spp. (L4
K, /IAAH), FWH2MO7 7€YY
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aveRAYIALY) EMEECHERD, f#
BIBZITo Tz, 6 ADAHYTIY Ze®
Ly 2y )S—CpNc B Lz, 975
V7LV 2T DD 3 T I)V—TInlT,
ZNEND YT )V—T TREBAIEIFD 3 FEFI O
EHRED XI5 AT. S IHNAE—TY
TEVIYSYLAY—aveaRrrydLy—/3
HAFDIET 10 HB EICEHEY 2L LT
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EWNE IS 5 AT 2 K D ICHERF L 72
4 MRABICBI 3 a—F= 7YV AR Y
T AL DA

MHEA B BV CRERMHRE 2 2017 4F 11 H
& 2018 4F 7 AI4T o 2. Kawakatsu et al. (1993)
WCEHTZa—F=ZTYVHRER)ITXLYD
IADHERR E N T 2 A B 3 B S AV
AITON TS D, —EHHMNEFEL TV 5.
ZOHMNS 19 i ZdEE LIz, 1 AT3097
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BUBEHOME —a—F =7 YU NEV 7T X
LY DHEAMEZTRH LT, Y2V A< A
STvYax A4 148
miyakoensis (X 7RI HEN B D HIRIN K TH 5
fe® (BH 2017), (HEMNCY 2V <A< 1 fi
B LT T2,
5. 7 — R fighr

Uchida et al. (in preparation) DT — X & 4G
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NTWB 7l Co—fzZ R EE L
&0 (LK, 7uhe) »Fvy v b T—F R
AV L« A— I =)V EHILIESE L
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2. KBGHISIC B 20X A4 X7V itk
15mL Fa2—7 10 A6 AL Ry v AF
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e 2 < M THEL LTV,
3. RHGAIGICB Y 24 Y TS Y s e Lyl
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FHYT SV 7' LVIFICKEE TIXHER
ENT, MAHED 13 S TOAERE NIz
a R I—FAETIE, 7HOFIE MR E N,
F VTSV e T LT OEHE TR D
o te. BEBTE, AAYTUISU e
LYVEEHH 28 (VY78 VTSY - ave
OX>ALY) ZWBULED, /I A HZH
BLAGNM- .
4. MPRARGICBI =2 —F=T YV A2 Y
T AL DA

Za—FZTVYUARY T Y XLUIE 1 HI
ZRRWz IBME TR E N, ARORERE
NI > T EUITPFBEIC A > T A5 T
Holz (. TR 17 idEkE N,
NI RETH2 AT I ATA
Bradybaena similaris £ 77 7 V) X A4 X A
Achatina fulica, 737 N\ 27 Macrochlamys
sp. ChoTe. EAXAAE/ T T HAELIFE
Succinea cf. lyrata &NV + ) 7 A XA Aegista
margiata IFERRDOBFERLE NI, KFFEETE
fERE NIz 2 ) A A RERHEAEH 18 Mk,
WHOAIHEN S, RUEXFI A< A B
FER DA 5 HiS D 5,
FFFT T T AHT A A Acusta despecta D
Hide 9 tihsEEI Nk
5. 7 — R figthr

Za—FZT7YUARY Y XL (Chi-
square = 4.8, p =0.029) &Y VA4 X7 (Chi-
square = 5.8, p=0.016) ZZNZFNfEH DM
ICHRICADFEZHATWIc(K2a). —a—
FZTVIHRI) I TALETYIIAIAD
ARSI A RIS DT B Z 5 Z T2 (K 2b,

134



Chi-square = 558, p <0.001), ./ < /1 HD(H
REICIARICEEZEA Tk o7z (X
2¢, Chi-square = 1.0, p=031). ¥, VvA
FRXTVRT V<A A DEABICHRKICIED
w5 2 (X 2b, Chi-square =45, p<0.001),
J I AABHOMAREICIIERICEDE R 52
7z (|X] 2¢, Chi-square =2076, p<0.001). —J5
T, AAY TSV I eELVIGEAOME
(Chi-square = 0.46, p =0.50) &7V A< AD
TEABUCIZEEREE % 5 23 (Chi-square =
1.3, p=025), /I HAHOMAKEICIZED
s B 5 Z 7z (Chi-square = 151, p <0.001).
FEH OB IERICADEE 25 AT (K
2d, Chi-square=8.8, p<0.01).
6. BHR N OB DA

ZA b/ IFRIIEE Y =N T DR
BICHII UTe. BEACEN 21T 5 T= e I
OB T 20BN > T, RBAHIVE D

LDTET % EiOENFETOE DX D &7
{ixote.

TR A A OBGMEARIZEG I S HEE
ZIT9 L HOWORRZ S, BEHNHNNTLE
ST ENE otz IOl LG E
KSERLE 7TYRARAIREE FTREMT
ITERICAONZ D0, ZELUTHEINEN
BTENTEREM >, FEINIRELZH D 7Y
DOHICT 2D TR, BED ARG L
B — AR TIrbNiz. —EIC 5~ 151
RIS 2B b o lehy, T TEHZEN
% X2 MR TIE AL, MmNz 5 7%&H
oL T %<, FRINIMmICIET 3
TENRHBELOD, TDIFEAENIEL KR
Mole. TOXIEEHINEGARERIZ 60 %
BETH-> . WL 1 ER TR
AL ole. £, BROEEDEFI TN
IRMERDE AT Nz fERSRZINE DS

a ~ T 2-b °
0" |
# o
& — — ® o |
8 o — =8 .
"é ! I ] @
g ! ! 1 Y o | —
8 < ! L > ¥ :
ﬁ . \I‘: |
~ o _| o
N ! i T Y N °
I I
o L L o [—J __s g
T T T T T T T T
RE/EBSE TE/FEBLHE  FE/ES w/Ba TE/FEBL E/FFESE  TE/BES /'S
34¢C ° ~-d °
ﬁm 7] °
I il
S . e —— :
O m | !
¥ % = © .
1 l
5 S — # |
N & o g
— - ° .
od T/ | | 8 —9o o '
T T T T T T
TE/FEBE E/FFEE  FE/ES £/BS RIE T

X2 SRREHCNT ZHAEDIGE. a, b, ¢ Uchida etal. (in preparation) DFEHDBEE T —RE Z 2 —F 7Y U HZY
T RXLY DEAEE VYA A ZXT D) OB EHAEESICHEDE T IN—T 00" LTW5. d: A AV TV 7T LY DEANE

12 KB H O D@,
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PE:14 X 8 X 10ecm) MBJAWVED (5L : 21
X 14 X 24 cm) ICETB LG ERREA IV
v LE UCHBZ 5 A T80, 2URICRET S
LEhH o7z,

V., E&

WY A A X7 VIFFEEICH L CTEDENR
bntcehs (K2a), VY44 X705k
11W17% (Uchida et al. 2016) [E&E, BEHAMHZS
{bX BT EHRBENT. RSy YA+ T
VDRSBTS S TAFCR L THETH S )T
(K20), KEETHZ7 YA AIIHLT
BOMEII G 2oz (K2b). DT eh
5, WYYAA X7 VIZINEER OB D & &
febEZBENS.

FHTTSY) 7' LVIGFEROREE / 2
HABOMEERE, 7Y ~<A <A DA D
SR NAE L CWish o 12hY, S H OfEEIC
WBEOFEEE5Z Tz (K2d). fiigERIC
BOTEERIC, FWHIEHELED, /34
AHIIHB Loz, chbDT ehs, *
AV TS5V 7 e LYOFERNOEEIT TV E
EZb6N5. EELYOMEIZIERENRE O]
HMUERRKENT DL ENRNETH D
(Mateos and Giribet 2008), A YT ZV) &
Ly RO FEDEEDN TS (Shinobe
etal. 2017). Fef7i%% (Gerlach 1998) THf/)N
FEHZRR L) 7 e B LV KHGEEDA T
YUY TeELVERHEEONE L
V.

VYAAZXTIRT YA A IO R
(K2b) ZA ATV I LD/ IHA
FICIEDORNRE & 725 Lz &0 S bl R 5
HEZBH Lz ThH B EEZ NN ZED
JRANEAHTH 5.

MRS TR KREOHISH T a—F =7 YV
AV 79 XL BRI E N8, ZOwE

ZHOMCT R LENEHTHSM, ik
t, FFFTIAHTIIAIARY 2 VAT
ATEREANDFE I TN EEZLNS. ThbIC
Sy B F =A< AR & Nz
Whiaholz, KEEBICBW IRV EFR
ARA DRI Z a2 —F 7Y HEY I
ALY DWW B U T b > 7z (Uchida et al.
in preparation). TNHDT &MH, Za—F
ZTVUHR) I RALY DFETE L) L
SRS THAMEAETEHZ2DO0E LKA
V. S, TREABICBOLTHEZTT> T<
WENDHD. Za—F2T7YIVHAEIITTXL
VIEMHEA S TIEHEIRICR > T d 1 D
ATHETHH (K1), KEFHEESTIIMEFR
I DU TH X DRI NT, 7IUAYA
LRI NIz, TOTeh b, INEFEREEDOR
2 L [AREIC (Chiba & Cowie 2016), —a—F=
TXVHEZ) T XLV E DN S D
EDENGIICZESE L Db EEZALN
5.

BA ST/ 2 F)VIEETgE G mIE D
2015 ; AfRIZAH> 2017 ; Uchida et al. in preparation)
ZEOMETIE 4R UARE TN TR,
AFEIZ 1990 FRITIE T D 4 gL &3 H o o Hh
MTEEERE N, 2000 FRIC N AN HE
KX TR LIZEEZENTWAAD (EHIZ
m2015), ZOEBNFFERN=Z 2 —F=7 ¥
VARV I XL IEDNY AL X7 ) 735D
A, EEROBERZONMIFFETE b o7z,
fAIicE X, fAE MW CIERIC I
T HAMOBIHGE )1 72 L6l % B 58 KaiGhE
SOREHMIZZITWB EEZ LN, FIKIEH
DIzDDESZLMENRETHA .

XA MY/ IFRVERRD, TYAA
DBEREF XN Lish oz, AFOKAE T
DETEHFEATIEDSH, ZE L THEINT 55
2R HATHT EMNTEEN>TZOLEKTH
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%. Fio, IR LB EERE RO,
R B RO MW T E e o Tz, 3ot
REZ1T 5 12T, BB HMED L ORE
BENTWVEOMNEEEHERIFNIXE ST,
I AL T 1VELL D, B SERE
U7e A U TR 1 EERIfE L Tnwa T e
SIRIETE 2HEL LDOEFEMNDZ EEZ LN
%. BEEREFTIREVOREHRD, RE#
JEMEM S Te T e D, AREOFE IFKEE T
ITHONETHAH. Fle, KHEBIIEEAX
ahBRAETHDID, TIDOEAETHD
AFEIIREES VS T LOBERENZNEEZ D
N%. FEICHEE FTRIREB AL LOED
EZEET % T e hd o Tz MEA DRz T
DBITHEIREAIN ST LOEIRT 5728 T
Bl H %, cnkHic, BEHFLT
EHNCTH LA S ATREMEDFBEEHZUC K DR
INFlcd, BAFHTH S 2~ A~ At
MEET YA A BNGZ B0 EZRET S
e, KRFEETOBSROM, KES - GG
M DIERD Y 2 VA AFERE - 7Y~ A
SAJEDNEE L TO B MK REBE TO TN
HEZITo T, TORE, BELIEREZD, K
FGEEE CREERABAROR 2O 5 LD
BOTBZRIAREEN DS, —/5 T, MKE
HME TR, EROBETR bR 7YYL
A B Uiz, KBER & WIEE L DINE
ZHigd % T EMHRTVRL.
Za—FZTVYUHEY) 7T XL OB
7 - R EE A ELRNED, STV
K, KEGEEET VAR A DI MFEEN
TeflAff e — 2 —F =7 YU AR 7T ALY
KXo THBTN, AR X % THEMED
JEEITED. TOT YA XA IZHDOIRFET
ENFDEAEEYICTEE S Niziz, FEEO
BUFRIDREE R T > TGl idHr B T e TE
2 7E> T LE ol ARDMEZLG < Tzdic

X, INEFEEEORZIAAIBD X S ITITI
FETHIMEREIT> TOWIENENTESS.

. SBOFE
1 R DOBIBEHRIN THS MMT T 5 2 EMNT

DS TLLFOHAEICDWT, §IEREEIE

ZITOTETHS.

D AR EFHNCARIE D CRIER) 1I&->T
1§ 5 NI RSO REHAM 7 — 2 & Uchida
et al. (in preparation), ARBIK T SNTzT—
REME LTI 52 ik b, FEHICkE
FHDRHBEIC K > TR T8 S
MCT %, T OfifMTHERZ & ZfEst O R
MESICRI T ETH S,

2) TYRARADEIFZME LTI, A
AREZIH ST U, Bk O 2 HH5 9.

3) TR A A DEFEEADEERICYIBR L
TWERRFZHWT, BENEERZHS D
L, RERBNOREZITS TETHS.

ST
AWFZATIICH D LLR DS RITIE KA
MEEcE o7, BECHELHRL B2 0 T R
K GRIER ), BB K (ENRARED,
A ORER, HEMAHERK (BARENEE
Z—=), WP S TR GeERFZERD, MIHE—
BREG (BEbid), /MBESC—MIER (LIBERTT), R
KEFZE (BT, EHEAK (EMRY),
R R G, 2k I, (i RGR, &)1
B, BAOCERR, —RTRRRER, FRIRDER K,
THE REK B R BB GRIEK
7).

51 ik
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28th Pro Natura Fund Domestic Research

Understanding effect of introduced species to native land snail fauna
in the Daito Islands, and establishment of breeding methods

for conservation of these endemic snails

UCHIDA Shota, SHINOBE Shotaro and HIRANO Takahiro

Prior studies indicated that the native fauna of land snails in the oceanic Daito Islands has been decreasing since
introducing the alien invasive species. However, the effects of introduced predators Pheidole megacephala and
Geonemertes pelaensis were ignored in such studies. Under these circumstances, to clarify such effects to native
land snails of the islands, we conducted investigation for distribution areas of these two invasive predators in the
islands, including coastal area, which was insufficient in the previous studies. In addition, we also tried breeding of
some endemic land snails of the islands for establishment of breeding methods and keeping the colony in the lab.
Our results indicated that the P. megacephala decreased individual numbers of micro snails. However, the G.
pelaensis did not occur any negative effect to the land snails. Compared with the Daito Islands, these invasive
predators showed similar results to its native fauna of the snails in the continental Okinawa Island. Under the
laboratory condition, we succeeded in breeding Zaptyx daitojimana, but not for the genus Nesiohelix. Further
analyses and development of breeding methods are needed for conservation of terrestrial molluscs fauna of the Daito
Islands.

Keywords: Platydemus manokwari, Pheidole megacephala, Geonemertes pelaensis, oceanic island
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F SACRRE D AR AL B RO T 7 voll. 28 (2019)

FBETO - F o= - TFVFBIAL EXNBAZREIA

BrROBEREEZHIET 200
k7 v DK G A FIRAE D iR

B b e Mo BIREEM RV —T
AREEFDE - femysii® - BIREAT - MAKES

BrIRTIE, FMEEDOFRRDCEDTH B HORBEPRT 3 ol @Rk S NN BT,
YU EEE ORI & LURTZ ) e o NS K BHEH, AF U T b AR DKWL I L T % ATHE
A %. 2001 HEEICRRE S NN D b7 e BORORSRFLHEZ 2018 4F 4 HAR M 5 11 H F THkeEi L,
b & ORBHRIREIC 27 NAF 9 R BRET 2 b CIC BB I O &2 ik 7z, N b o e 2BARK 18
ERICDONT, V=2 —Z2HO TR ZEN Lz, ZOE, BhRificd L c, HER
RRGAIC KB EORENRD O NIz, FRERNERKICDOWTAS L, FFRAOBEREE, B, W
OFFZEE, IMEBICEZTETNVICE > TRLBHATE . 3EALD MY LARARDOERICIE,
HMERE RIS DT 5N A KB HEIEDFAE L THD, Z O Tl mEm OIS X 2 i@/KH

FHRW>TVB T EMRBEENT.

F—U— 8 BREUE, #E, BIEEML bR, R

. ECoIT

By, AOPRERE, KRR =HR
DG FICH L 5 B EIIIROmMEBICALE L T
D, BEEIEAY 1,400 ~ 1,700 m DIEALPERE
USSR TCH D, Z X BN B 5
75 BHERERMINL T B EEIIC & B EAR AR
FRDEENT WS, KE7 R—imld s
RREFEINT N 3 K U EHEE KB 1RSI IR X
ICHREESNTVS. KE7IEICE, E#ts T
3 mP7 h v (Picea jezoensis var. hondoensis)
L5 aET I (dbies homolepis) HE 59 %
A PEEBER RO TR T M8 9 2 1%
I EREM D R e T > T md 5. 22
AR 6.5 COMAHIETH O, FEREK
3,500 mm DA EZRCECT B HAG B O SR H
W CTHBH FREEE 2014). K7 EHERICIE

T BHIEARIETIE, 201741 A5 11 AXTIC
4,100 mm ORERMEIHIE N, FERE 8 HD
510 HiZ M THEPB L, 10 HOREKEIZH
1,500 mm IC3E U7z OKEE AFHE).
fOREEORIE LR E KE 7 Rk, HAICE
5 b D mBORERICH TS, HhDTD
BrETE, b7 ehhiz D JREWETH TR
RICER LTV LHL, 1956 FEDOHEE
BIES 1961 FOH 7 5 R EDO KR D
WENC KD, IEARIRR E OREREBICBWT,
AR LTz b e EORBIARD K EIC mE
UTehER, MRl L7z. cuchna T, J&
FIARZHH Lz EDEHEDOT LDICED, #K
Rz TWzarEhERT2 L e8Iy
a9 (Sasa nipponica) (LLF, ¥49) Do
ZEK U7z (Ando et al. 2006). U8 OHEhNIC

I SEARPREGEMEIR AR 2 B RO @R AR 3 SR v o SRRl R

2019.4. 5%+ 2020. 1. 10 \pd

140



PEV, FNERET B0V N (Cervus
nippon centralis) (LIRS, >71) OABUAE BT
WM U7z (Maeji et al. 1999). > A1id, + v
LR EDORmARDRBKELERET % (Yokoyama et
al. 1996). > AT K BRIEOH LA EK & b
NBMIEADEZ < BD S NIHD, HHROEER
MBEEEINB LIk > 7 (IR £k
1992). 2D &K 5 IR 232, RERICK - T,
71 DEHARCE L OFEESS, AR ORIRZBA 1
Fov b OFKIE, FHEEMORE R & DD fHA D
BRENTE GREH 2014).

IEARIE T 2001 I B EEM AN R 1 & N7z
Z D%, BHEEMINOBIARDH R #1372 < 75>
1eh, BUETHIE L AL ORI CHIRIRE iR
THIENTES. Xz, BHEMOREICK -
TAABMICY AR d 52 &, WTNETY
00— 2 EHAS 2 FRRO T Y Ol |- BIfF E 8
MM L7z (1t6 and Hino 2005, Kisanuki et
al. 2009). At THY OHh EERBIFRA T
2L, YHICKZZABENENT 570, 118
IKDDEAT 2 (HEED 2006). DT b
FEEEMEN ClE, h ok &g LEh ok
EDEPFZH > THELTVD LD LHENE
N5, £, FHFKREIIEFFICZVEDD,
BIARDILEICE > TE LITKDRETH S 6 H
M5 8 AICHIT TOMIR K D B2, BESRK
TR O EE CRENDER T 57289, BIADH]
FARERIK D e d LB B EICHEET 5 LIEIR
57500,

BRI, EKEERED 1| DDIFETH D,
SRR AEBEREE D A2 FIT 09 2 BIAR O/ FH &=
D2t (Williams et al. 2001) >, FIARDEFRE
PEDFHI (G745 2014, Kobayashi et al. 2014)
BIARDEREOF AN GRAS 1991), {HikDZ
By D& EOE =L (Granier et al.
1996a), ZKEXRFIEDFEAM (Tateishi et al. 2010),
HORSDMA O7KFFH s OHEE  (Granier 1987b)
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75 & OB REAIN LTI, TS T
ICHWENTE . 51, Bk, 13
DU E> TR R % 2 & (Luetal. 1995)9,
HERDOEERDHMICK>TEKFTEHT L
(Pataki et al. 1998) DG ENTWVS. LL,
BEARDEBMERZ T 2T LIc &> T, Mk
WZT BB OV TS T Wi,
IEARIEDHEEMAODIE & AL D k7 B AFAK
OIS HIERED RS 5N, HESH Tl
W, BFL 0BT END, MY rAERKRAKI
BOTHKEREEME N L TO2AMRENED S 5.
AWFZE T, BHRGEZIET 22 Lic kD,
MM A5 S % b 7 b BOR OB K HE 2 343
5T exEMNE L. AKX SO
BIAROKBEREDIX F 25 [E T L, LD
EMRENZ EBIRIREME NI 5 & FHlL
o, TOFEMGET 5721, ARMEIEMNE
1192 KE 7 FICER LT b e oK ORI
ISR 52 5ERNEZHEMCT BT e 2H
e L.

Il. FAEHEFHE

1. A

AL, REE EIGLRRE 7 RO EERIC
BT 5 IEAIE(34° 10 N, 136° 6 E, £ 1,640
m) & U7z, IERIEEITIE, FyeZzfune
T BHMROBRNEEDNFHE THhH o e
5, RE7IFICET BHO%E T Lk g]
ICF%M9 % 2001 FRICPLEEMED RRIE S N, £ D
& 5 EEHI N OB D IRz 551 & 2 5 s <
ot DD, 2018 FEHREICEVEIFEAL
DRIARICHBIEN > T £ X THB. [IEAIET
1, 2001 FFOBGEEMORLE D 5 17 FEHFEE L
T2BUE, FEICETIDNERL, MEREERE
Sl TELT, HROFEIGRIHE
ATWEWIRILTH 2. KE 7 FOBARFAIC
BWT, RREHOIDICH EERTTS b



CAERADIRENNETH S

2. ARG

2001 FFIC R E NG EMENIC 40 m X 40
m OFFET Ty M2 rEEEL, Ty b
D b K 18 ik Il sEmE s (LR
DBH) & k&7 5 TN kted o I i R Ol E %
1o7z (RD. HEREHEZZF @S
B 28O FHEICHT % M DR AIEDH]
ael, HEMEEERD 255, TORK
ETHEI Utz Z OfkD#Z R & Uz,
3. BHEIAE DO WE
BHRFDEDOMIEEE LT, BE hL—Y—&
U CTHW % Granier % (Granier 1987a) VA <
M5N%. Granieri£lEd, PL—Y—&LTH
WHEENMETH S (B 5 2003) 728,
MO EMREICHE L TWa. iz, &>
Y—DEEARETLITH B T eh b, BEL

£ 1 FRROHEE. 2015 4 9 HOHIEMHE.

WEEE WS MEE  OHER
s e % (emd)
784 37.6 7.7 40 355.2
841 35.0 7.1 10 235.2
831 34.1 7.1 60 203.6
823 33.7 8.9 60 235.6
826 33.1 8.1 25 235.1
839 31.5 7.7 30 132.9
827 31.2 7.0 45 231.1
842 30.7 7.5 5 162.4
786 30.4 8.1 10 173.4
830 28.0 7.2 10 88.8
828 28.0 6.5 40 101.7
825 27.4 6.1 10 173.9
822 27.3 7.9 30 225.1
843 27.2 7.5 25 140.3
837 25.6 8.5 60 107.0
836 25.6 7.7 0 142.0
824 20.8 6.6 25 157.1
835 19.4 5.6 0 131.9

DY > P )NiEstg b 2 BHkmEORE A T HE
TH%. Granier T, oY —D7o—7
L T 20 E O EBHRTEDNMG 5 N %
(BER 2007). HEEBIOHE, BHEHHHE I F iy
WTRATINCIE S D AIREMMN B 2 1Y, M4
HRTIILLERNIIE TH S, T D7D, Granier
LTI IRINIE S DEDDIRnT—2E56 N
LV EFNH S (FER 2007). T T TARF
¢ ClE, Granier 7% F W CRIR S NNE 2 17
SCckE&lLTe.

ko e 18 EAZ X5, Granier 7% Wz
BHRIROHIE 2 2018 44 H 29 HM 5 10 H 21
H X CHifmIC T > 72, Granier 29—l b —
=Y =BTV T 7 LV ALY =5
552K 1D T —T, JFEAIE U THIES
1.3 m OIS HIE ) 72 ) CHEE W)
WK Isem@fLCREL. WIhOE Y —D
TN—T7EET 20 mm, 2 mm D7 )VI8A
7T, WAV AR YR VEEN N L, i
NOIREZFHT S, e—2—t o —DF
=T IEHRRO T A V2N L TED, HIRE 0.2
WDENNDEGEZENTHEATS. JELE?2
DOTIN—THDIREAEN D, BHRTE (F,;
ms"!) ZROFEERZL (Granier 1987b) % VT
K7z,

F,=1.19{(AT,,— AT) / AT} 1.23%X10"

ATIE 2 DD T )— T DIRE

AT (& 1 HOERRD AT

L HOY A7)V, Pl s Ke 5B AT S
RETE& L.

WEHEZ W THE S NIARM a7 H 5
EREZEZAEL, XOXZ WV TEOREH
ICBT Z0MER (A, ; m®) ZReiz.

A =Loyp X 1 {(Lpgy — 2Lgrn) —Lewp)

Loy ($304 M5

Loy & DBH

Ly, (3R
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4. 54 BHN

WETT Y v S 20 m BN, ZIFEKR
DG SR B2 5 E L, @%E%g e
T, FRHEEE e Uz, e U 7oA & fst
BENSROREFWV TR (V) hPa)
RSBz,

V=£1t) x (1—U,100)
SOIAE t D & X DRIRIKIEATE

U 3
5. 7 — X fiihr

7 ¢ OBHRIEIC 872 NIE T KR BN %
RS B 7=ic, BhREZ ILEAHE L, &
KHGE, &R, KREfEzZSHERET%—
ARG ET IV (LUF, GLMM) Z 5
Uiz, fRATICH Wz 7 — 23 HgH AR LT
mWMEZRTTHIOHMS 7TH26 HEL, %
NZEND 30 MO FIfEZEH Uz, INEE
BT = mcied LGEL, U ¥ 7B
i log ZHWz. iz, T2 X LRIk L
Liz. E51g, LRdoZER ez THWEET IV
(TIWVETIN) DEEBHDOIHDETIVETH

1200

ABNBETODETIVICOWNT, FHtlilEHER~
#£ (Akaike information criteria, LA, AIC) 7%
BHL.

k7 ¢ OBHEIGEIC 872 R I BIARDERE
HERZIH S MM 2728, BRTGEZ INEE
B, B, MR, BXUIM R 2
&9 % GLMM ZHE L7z, IWEEBI AT~
DACHED EAGEL, V> 7 BIEICIX log & H
Wi, £z, SR LR ERE L., &5
KERTDETIVICDWTAIC ZRHI LTz fif
B W7 — 2 & BT A EE L TRV EZ
RSTHIHMS 7TH20 HE LTz,

. #58
PERHSE, K&z, BHRFOEORRZL
TR BT, T—RREDVIZN 2018 4E 5

H1HMS 10 H20 HOHRNCDOWTK 11TR
L7z, boeohkimEOR Ak, 2KH
FrEd XU R ZEDRFMZbIc K < Ha LT
Wiz,

o 1000

£

Z

gLL'ﬂ 400 I ‘ ‘

m zoz ‘.l“\..\m IMHHH\ JM.‘“Mn‘.\”..ﬂh I}.JHHHM. I.IM\.HHIH’“L .“.\HHm ‘m‘m.l AEARRAM, AR ERAARARAC G ERRAAAR AR AR
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1. AR DEE

b b OBHRFGEIC R H &, K&BaED
NIZ T 2%, GLMM Tt L, AIC DfEA
INEWVIEIZ 3 DDETFINVERLE (2). Wi
WNEGBETIVOYTEED R Ih oz
ST DWVWTIE, 2 RKHSEE ORI EWHEE
MRS ENT (RR=0.93, p<0.001, Pearson D
FEEMHBEGRED. X7z, & & KR&EEE L DR
K HERMHENRD 5N (R=0.61, p<
0.001). TD7z%, GLMM DFIAZE N 5%
RZEBRN L, WITNOETIVIEOWTS, &
KHSHR & R BADMBIREIC N L TIEDR
BRI LTz,
2. EREM K 0538

b b ORIl R D A HERY )R 5 A —
R—MNIF T B B T8I, GLMM T
SNZETIVDS B, AIC HV/NEWVIHEIC 5 D%
Uz (383). 3D0HENZR2TELETIVD

LTEFEOMNRE I o7z, BfE & HE R,
WM G BRI A OREE E LTV .
—77, OMERE, BRI U TIEDREE
ZRIFL TV,

V. ER

U e ORRIFGEORFZ kI, 2 RKHHNE
BRURKELADRFHZLIC K RIS L TED
(X 1), GLMM D#fER S Z N2 BT Tz (F
2). TNXT, BWREEMOX T I AT 7—
(Pseudotsuga menziesii) R JLIER DR T A k
* — 27 (Quercus prinus), I\ Y T 2 R 7
(Liriodendron tulipifera) 7% £, A& TBIFEICE
W RBHRIRED A2 b2 — VI R R AN R L
KRBT L T HZ R R — VR d T &
WHRE SN T X7 (Lopushinsky 1986, Granier et
al. 1996b). AFFED K 5 HEMICEF T S b
T RICBEWTEAROEADHERE N .

%2 U OBRRHIICHEE RIETHRERN O —HEAERGET L. “*" P<0.001. NA ZETIVIHRE Nigh > 7224
FZEBOMIEEIFRE. JAICIEEZETIVEETT IV ED AIC #, V2 7BEIE log. BN MIEH V<04, TR L

SNFE A A,
BIZES
TV AAIC H 5o R
1 0 0.531"" 0.606™"
2 1391 NA 0.994™
3 1857 0.933™" NA

%3 MY OBEREICEEE KIETHERBNERO—BHEIZESET L. " P<0.001 5 * P<0.05. SHIHZBOMI 0] (7
B AAICIREZETIVEET IV ED AIC D, NAIZETIVERES N o A8 VY 7B log. ANV

. YA LRIEHICS.

A2 H
TV AAIC ilE] LR R TRIAR
1 0 -0.045" -0.156™ 0.123"
2 3.5 NA -0.155™" 0.111"
3 42.0 -0.043" -0.183" NA
4 42.6 NA -0.224™ NA
5 45.7 -0.111* NA 0.196""

144



ARBNERIO U & DTH 5 0MRIE, Bk
TEICIEOREERIFL T\ (£3). I—
2w /S~ (Picea abies) 3BT, MM
fHE MR mEICE ZRIEOHBENRED 5N, K
S ORSAMEFEDK Z VI TH % 1F Eo37%
WMENELZD T EMNHIENS (Koéstner et al.
2002). AW B\ T EFEERIC, AMmREE
R ks & OMICAH E A IEOHBENRO 5N
e, TOTENS, fAkDOBETERDOIMHL,
AR Uz 2Ic k- T, BHkmED L
HLEDLHRNENS.

B, BhRTHICAORE R KE L T\
(#3). XVEBBARICIENT, BEomoEsk
& EARFRRER MM E W28, K FIN A E <%
% (Yoderetal. 1994) CT&C, KfLarv&# o %
VAMME RIS (Delzon and Loustau 2005). T
DT EMD, BHEOENER TR
TLzEEZBNS.

B, BhEFHEICN L Ca DBz MEL
Tz, DBH ORHRFHNDZEIIED 5
nixhhotz. 8% < OBFEICDWT, DBH &
MR E ORI IEOHBENRE TN TVS
(Cienciala et al. 2000, Roberts et al. 2001, Kumagai
etal. 2005). LA L, AWFFEDIE &AL DK
MR 22T TEHD, R K 2 BKEmE O
INDRESD ENF. TDFz8 DBH X, E/KHRE
ZRTLEKBML TWaERNT &b, feikims
IR 2EBNEDENEM-TceEZLN
2.

HIZHIX, BHFDEICADRER IFL T
fo (£3). HBL 22T 0METlE, WL
9L, KEBEMT 35720, WKNREICRS
(M 2007). 7—%<Y (Pinus taeda) % >
TAEFRIC K B &, BERDREN 45 % 2
&, MdlcBF25fLar &7 22 A0 ERIC
K OBEERORADDHHERTREIZD, HEROR
245 % LA RICT B L, BRETGEDE TR

H5N% (Patakietal. 1998). F7z, fRAIC K>
THEERD 40 % DIEEEL 72 X< X F (Taxodium
distichum) 1Z3BUVT, #7920 % ORI BT HE DAL
TIHENTT ENREETN TS (Oren et
al. 1999). TNHDT ENH, b ALK,
HIRIC K %@/ KR D INC & - T, #Z23%
JBETOERERZHEFFCE Y, ABEN AL
7o T ETRARIEMNME R L7z E D L HEIE N
2.

b e AEFROR DR R EIC 78 e N E 9 A
&, ERHSE R, M, R,
HERTH-T (K2, £3). BhkymdlE, <
NETHMEEINTEBAY A X (Granier et
al. 1996b, Oren et al. 1999, Schifer et al. 2000)
KRB (Lopushinsky 1986, Granier et al. 1996b)
K KB BORIRET, YHCKDHEE N>
T BN OB 22T % T ENH 5 MIC
IEote. AWM D, MEORENRENZE,
BHEREIK N B H 5N, 2D &,
R 72320 7o b U B AEFORIC 81T % iB/KEERE D
KN 2R%Ed 5.

PIEERN D 7 C IR R 72 32 7= DI,
PiEEM A R E B T TH D, BEIC 16 4L
EARHL TV, coTenb, HEICKD
HA—=VF—RM7EE DO TR, BRHICHE-S
THklEd % T & DRHRTUEDBIAI SIS MM
ENTe. BIROBKEEREIZTE T DRI & 7
PCBIR L TH D (Mcdowell etal. 2011), ffA
DA KRR 2 RE S % EEILEHINERE T H
% (Brodribb and Feild 2000, Santiago et al. 2004,
Quentin et al. 2012). L7=H > T, H#EEZD
T AT, EKEEREDAR RAY 10 2L EDE
WS DT> THERET 5728, HIRIZRIARD K
RICA DB RIF Ukl TE o nlREMED &
V. KRBT IHEOBEIREEDTZDITIE, BN
Tl&, b EAFRRDIENCE LU 2T DA
DINNZITS T ET, WKEREDIK L F Y
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L&YY L DEHIKZS < G ZRINT B
CEMEI L. K7z, DML TR, RIR
MMEV S BIC, RIARMEROREZ > 7 OFED
SRS IRIES 2 T EDFERINICIZZNRI T
HBHLEZLND.

Eifs3

BRI S BRE s 75 5 CIC KRG 7 R
CVR—br2—DEET I, MEZITIIC
Hlc> THEEAZK > TWIEE X L. Hbig
BT OFR RN S L f KU =B AR AR
EWNERAIIZERHME T A D AR S, TS 3B
lhds & U7 — X OHEFHB K UTIc VT T
WAV REX L. ZRNERRZRECHET
B ARV EIR A AR 2 ERE AR E D
AN BIHER A S L U7 — 2 EEHC T
inicleEf Lic. cnbo)rkIcE< @l
HL EFET.
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Elucidation of water physiological status of spruce
for natural restoration of declined forest on Mt. Ohdaigahara

KISANUKI Hiromitsu, KUMAGAI Tomoomi, MIYAZAWA Yoshiyuki
and OKAMOTO Haruna

In the deer proof fence of declined forest caused by deer browsing and debarking on Mt. Ohdaigahara, water
consumption by dense Sasa and former debarking by deer before the fence construction would prevent the water
absorption of survived adult trees of spruce (Picea jezoensis var. hondoensis). Sap flows were continuously
measured for 18 survived spruce trees with Granier sensor from the end of April to November in 2018 in the fence
constructed in 2001 in order to clarify the effect of physical environments and ecological factors on sap flow. Sap
flow of trees was positively affected both by radiation and Vapour Pressure Dificit. For the ecological factors, sap
flow of trees was explained well by the model which contains height of trees, ratio of debarked length to the trunk
girth, and sap wood area. It was implied that water uptake was reduced by the reduction of sap area because most of
the survived trees still had debarking scar on the bottom of trunk made by deer before the fence construction.
Keywords: sap flow, debarking, deer proof fence, sapwood area, height of tree
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ETIRERAE D) B B R R 5 3 vol. 28 (2019)

FHTO-F bo—F - 77 NBIRL ENEFZEEIR

KPESRAEM T 5 20V F B X T 5 OFBRTHEFFEC AT 72
A SRFPE D R

R IR ORIEERET AT BREEYIRR

BET - A -

5 - s

HFRCRET BRENREN T 5 D )VF B AT T OMERRZIHS NS 2 72dlc, MEERE LT

HERE NTRAL, Kl R (BEFR - RV Y) BEZEZXVVIIHLLEBIC,

ZNSIcRBE

TELRFEZIHS T Le, 20K, 1D 7V —=2ICB 2 KNETIRAT 80 em FETH > 7ehd, #E
MOMEFICKD 80 em BEX THMISAIRETH >/ T &, 2) RERIREIIHEFLEFTEIIEL, G
B R CIEREIRRE DR ARV TERIICEGFETE /2 &, 3) /KildRm T35 CHRIETH >

7o, RBEHOWIGHEE X 25 CE D E 35 CEME N TREM KT D,

TN S DB T DA IE L

KTH B ARV EZ DNz, —F, TIINVT FATHOEL, BAIK/TE L TREIRICHE
LZEMz2RET 2 X 910x 5, ARREDRWIE AV 2hE, NS DFEGITHVKA F L
ANEC B T & THBEDFEL: LIRS M LTV e C EAVRIRE NI,

F—U—F 1 7U—=7, MIEEN, KNI, JKid,

. FC&IT

ALY XV AEETH 2 RENRAE T 5
JVF R X ZY Hydrocotyle ranunculoides L.f. 13,
T AFRF RA T EDOZEEKERYTH
3. FE~UKEYITH O, EHmdoKm ey
WLUTHET S, 1 DOFIMNS | HhSEIDIE
EEZHOMEH UGN SIEEKICKEL, LIEL
WKz R T e D, fERKAEAEYIC
HRIRs e NE 3720 T/ <, Mot
FPKES T OM/KBH E 2t T S RIR IR &
ENTW% (EPPO 2006, Robert et al. 2013, GHD
2015). 777V LEOBEMELT, I—
0w /3N A—A b Z 1 7HEO MG A E
N, BIETIER 30 METESEDNHER SN T
% (IUCN 2018, Q-bank “Q-bank Invasive Plants
Database” http://www.q-bank.eu/Plants 2018.11.9
M%), HATE, 1998 fFLEHICHRAIRTHID T

REHTIRIL, it

8 S (F3 2000, HREH S 2003), Z D%
R i Li0R, #ERdlR, R (ENZEREEWIIEAT T2
ANEWY T — % X — X | https://www.nies.go.jp/
biodiversity/invasive/DB/detail/81150.html
2018.11.9 B%) 1TEH L, EHFETIETER O
2013), B (EJR2015), ElkFUR CEiRiiR
2017) & ZHER L T2,

FERAVRIC I 2007 FFIC BRI 7V — 7 R O
FURNTHERRE N, 0 ADER Uil T b,
FigHk 7 V) —271%, Z LWKEFRZZIER K <
FIHS % 72 DI FEE U C & Tz g O /K G B
VAT LTHY, fokikhe & HPPKEEREZ (f 2
FFOEERM « KAGIHI KR D AT e /K ES T d
% (hpg 1994). cOZV)—71%, EEMAKE
LTRRITAEL, ATEHEAKOB A HKEIC
FIHENTHL, HiFRICE > TEEZED
ThHs. TIINFRATHECDIV—V7%

2018.12. 1 %ZfF  2020. 1. 10 2B
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FDICER LTS T eh b, BHRTSTHTD
5 ORAFREEMNIER IR <, fbd ARG Sk
FEY A MCHUT 2 HEAURIRRIOEE SN T
W3 (e R VBRI F SABREEAR 2018).

7T I0VF R AT ORARICDOWTIE, I—
0y RNEHIR A=A TV 7 THEEEN TV
(EPPO 2006, Aldridge et al. 2015, GHD 2015). %0
RBhd 2 & ENDERMFRTFIER, FIORE
REMEFZ H O YEBGER (Ruiz-Avila and
Klemm 1996, Kelly 2006) K U 3£ BEH A DBREL
FRIC X 216220958k (Newman and Dawson
1999) TH D, YEINEARR & ALABABRODFH A
&+ (Ruiz-Avila and Klemm 1996) & f7H i
TV, HARICBWTSE, PIEEBFRO I
(fFiRE 2004, [E 2@ E JUN s 846 R 5%
JUENFEFBSFT 75 2V F R AT http//
www.qsr.mlit.go.jp/chikugo/riyokankyo/brazil/
index.html 2018.11.9 B1%E), BABRZNHR D @/
ERROBAFRENM TN TV 2D (Fh 2016),
CNE CICHRMFENE IR <, SRAVBLBR T
DFFENREL 75> T 5.

—75, BUEHR S ) — 7 O—HTiE, EFRIC
KEWAENFET B T D H D, MFEKIC
YIBRIR R 72 FEHT % T & T, JhRIRERERDY
ARETH AT ENHEN ER > TV S CHHIZ
D ARRET—2). LhL, T7IIIVFRRAT
Y ONARIEENRE @D 25 15 35 CT
Ho, VIEDOEHEICHKE EKT % (Hussner and
Losch 2007) & ENTWVWB T eh b, HFRICH
S BHMEAHTH .

HREOMIEICBRLIERE LT, 7U—7D
IKFIFRRFEDBIR L T B ATREMEDE 2 B
3. 7V—2%, FELEMTORERIRICKE
ISR T BT, IKNAE)DKEZEAE
TORFL, BEFTKMMMET LIEE, K
RO FRICEDENZ N TEEING. Th
5Ok, K, REHEIREIC BT 541k,

IKERE L > OCE AT, mimbEsE, 4R
REfRE 2| TR TEHRIILEVR/E I LD
5, 7IV)NF RATHOMIEER & 75> T
LR H S, T T, KETIR, 7TV
JVF RRATHITONT, KNZEE), KiR, *E
BRI R 2 EE R R 2B MMCT 5 L L
IZ, Z7V—=2IZBI%TN5 3 DOEREIEK D
RN b 2B T 52 & T, 7TV F R XA
TH ORBE A} = X L2 AT .

. BAEHZE
1. e

AR, REREFTET 30 129, K
% 130 £330 53) O 2T 7V —2 6
MR CTHML . TS OmBETIE, Fic1 x,
AR, LFEMEEINTOS.

A S U Tz 2018 4RI, FHHARDILET
SMMFREL, RKHEP LI NTFOHED
FAUTe CERC30 427 HSEN). gl
THE6H29HNMH7H6 HOMMIC SR &£ 720,
PTG L WARCKBIHIFT ORdER TR, 1
RF R B /K B WX K T 49.5 mm,  [E/KEAFHE
629 mm TH -7 (KRBT NEEDOKRT—4%
5] http://www.data.jma.go.jp/obd/stats/etrn/
index.php 2018.11.9 H%). T DOEROFEIC X
D, Z)—7 1 HIFIZ DUV TR D Ak IR
Lixo Tz i SR L, I 2 Higd
KOG 7V —7 sHud Ot T TilE 21T 72,
2. Bpht A

FBHEHICHENT, 2018 4 AL 5 9 HIC
WFT, TIVIF RATHOMIEITHEL T
WBEEZLNDKN, K, REEEEICD
WCTEZRY VT fiotk.

D 75 Y)VF R A TY O HRE

FH SRR 30 m K ZFEL, MEEXT
OFIPH A AR E Lz (£ 1. TOHIPHIC
EHFLTWBETIIINF RATHFICONT, |
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FARNC 1 (Bl OBEEE T/ E 72137k RIS TR L
TV B EROmZFHI LTz, ki BRIk
WKHNC % LT3 EHRNIC B o ah o Tz,
2) JKAiL
IKBEOFHANG, 1 ERIC 1 [T 72, kAL,
TIVINWVF RATYOIRILZ 0em & L, IKAL
M ER UARTCAVKHIC S 25510 TT X, IK0L
MME R UARTEAVK RICHH TV B &I A+ R
LGz,

3) JKikt

KL, TIVINNF RATYBREFL TS
KEMETHAIT ST & L L, KD D 10 cm
DALEICT—Z T — (HOBO Water Temp Pro
v2, Onset) 7Za%iE U 30 73 Mb@ CRtll L7z,

¥, Tay b1 RT2IEBWVTIE, 7TAS
RIS T — 2 =0 Lizfz, KED
TFT=REWNBL N TEE Tz,
4) REREE

S, WO 3 KEERD S BERKT
U 2aRGE U, St s 28I 1 mR
7K U T A%E# (total nitrate; T-N) L U422V > (total
phosphorus ; T-P) BEZFHAIL7z (R—2 7))L
iz 2%k - 22V V&t TNP-10 ; Hili DKK).
5) REFENFEA LT BEDREY

MIENED K S HIETHELTVBDNEIHS
MCT BT, EOFRENREZRLE L.
TIINF RATHIE, EDNEMHICHEA NI
NEBERFIRICKEL T &h b, RS
ZHEIRNE ST, 30em X 30 cm DRKEE 2
2 SYIDELD, 2 TOHEICDNT, HEM
DEIRUTKRE, EHNHTWSHONE, HIE
OEfZGER LT, k¥, fofEk, ki
RO, S DEE & UTRiE L 7z,
3. AREG T

7TV IVF R AT ORI K U7k
MABNOEIS S ZHSMCT B2, K
St Y Ry

D) IKNIZEE AN\

TIINF RATHOFETICIE, MEROK
i (E£20 cm X & & 60 cm) 7 2 RO
IKMEDIEIS, KEMIID L% 5 em DFHEET
WEAATZE DRV, TOKIEC, ZEN
740 cm, Hig 10, FEEH 1205 1SKHOT TV
WF RATHEBREL, 5cmBEKkEMFERS
X I GEK AT LT 3 HRRG Uiz, 3500
Uiz &zl Uitk HEZ/KENS 10
em /KT B XD KZMA T, ZFD%, FEMI
K&K RIS LI, EHIkzEAT
10 cm /KB EH, 2 TOENIES % F TR
DTN EREINE Tz, AEDOHIMIE,
aNEGEERaIcEaLlEaE L. £
TOHEICDWT, BH, EMERTEOMESR
TRt U7z, M4 & LTz,

2) TN, T-P OWLIH L

TIVNWF RATHIE, AFa—) Vg K
(24 cm, B 12cm) IPESETHEL
fo. HIEHORBUKIE, AN KRRy 7 X
(N-P-K =6.5-6-19 ; NARXY T AT vIV)
0.300 ¢ 72 3 L D /KFEKICIEN L TIERK L 72
(10,000 fEHHD. RERCHNZT TV IVF R A
Y, ZEMI30em THY, 6 HICHERN
TRV TV B ERZ Wz, BERICDONT,
FERBRBRRGIC, K2 I ST IRERZ
FHAILT7z (7Y 2)VKHE, AJ-2201S; ¥ EET).

TN, T-P WUNIC 31T 5 b 75 ki 5& 11 72 I
SEMCT B0, 3 DDA (EX 90
cm, TR 60 cm, & & 20 cm) IC/K &7z L, IC Y —
E—% (IHC200; Tetra) 7% FAL T 25 °C, 30 °C,
35 COKMMEMZFE Uz, SRR IRICA
Fu—)VATEKEEZ 3 836X, 40 W BT (Wi
YIBR « BVERBIEAZ 7 - B4y 7 X
HG, NEC) Z 44T, 6 K5 20 RFE T
D 14 RIS Lk 217> 7. 799V F R
AT Y OEDONE DR T HEELLE, 200 05
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230 pmol m?sec’ TH-o7z (T4 FA—H—,
LI-250A ; XA T T 4 —A).

TN, T-PIEEOFHHNE, FEERBGHZZD
ToHMTT>7z. Tz, ZHFICKZEE LA
ZWIET 270, KAiZFHIT % C & T/KkE
DA mZHEE LT, FIRESRM N TORER
6 & L7 73, WIENEGM RS NTEAIC
DV TR SBRYF L 7z,

4. et s

T I)WF R XTI ORMIENFEE LR WESE
@5 e6H) LRETZEFE ONBE9H) I
BT, KN, TN, TPREICEND DM %
BHSMICT 2701, 5EDH B t HUE (paired
ttest) ZHWT 70y b T EICTFHE O gz
1ot

ki3t d 2 DRz R 2 7z0ic, —iit
WEET IV Z VTR LTz, £7VIE, ED
MIEDH 2 IGEZEL, T DO TN B HID G
&, EWOEENUOKE, SEHMOLHFH
EHHERE Lz, 700l > 7 BEiio
Vv b, EEMGE2EHAMETEZRIR
T 4w 2 AW, 2 TORAZE O
BDORICEKDETIVZIER L, FRllERIEYE
AIC DIEDVIZNEDZ IVETIVELT, L
P 5 DDETIVERL, ZRUCEENZFHIAZE
Bz & LITHYEDVE U 2 ORI Mt LTz,

fifghTid R version 3.5.1 (R Core Team 2018) 7%

AWz,

. &R

1. 75 I)VF R X 55 Ok ik
REBEEREE, Ty MK > TRELREDR
bNT(E D). WEHEIRE KED>T20I,
Ty b5 THO, mA180m* ThHoTz. —4,
BRENEHh-0E, Ty b4 THY, &K
3.8m’ ThH-o 7.
BRI GAEDN R LTz 7 ey +
6 DATH-z. Ty k6TlE, HEFENLE
FTF TREBE AN I Uil 728, 7 Ak
FNCAESEDFEAZ L, 8 AICid 4 TOMEARDNHIR
L7z

Zofio 7Ty F T, KERRREIE R
L7aho 7DD, KR K B 7KERMISTFIC
X0, BIGUZE U CREM iR O IR BISE
Iz (KD, Yoy hse&day b7 LS
OFIERTIE, FEFDSYIEITHU T HRS
DM RS NI, BRI IR U,
9 H MIcHEToREEmA RSN, —77,
Ty b s KU T, 4 ARERT, $TCIC7 U —
U RRERENES THED, ORI R
WD RED >z, Ty b 5 ORI
BANTOTHNTH D, BISUHRZE U TEuaE
WAL T, Tay 70X, R
DA Uistlr, 9 H NS i & R R DY)

£ FAEHOBE

) A i REBRTIRS (m®)
PlotNo. — H% o () YN
1 RET} eyl 105 0.01 16.5
2 JERER tapl! 300 0.01 99.0
3 B IV—2o 300 0.01 7.5
4 HRTHE TV—27 420 0.02 3.8
5 SIEi e )=z 180 108.00 180.0
6 T J)—7 120 0.10 96.0
7 T T)—27 90 4.50 81.0
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1 TIINNTF RRTY ORERER O &R OBI R, RERERIS ST 350 3 i OR A MEZ 1 & UTRI L.

KAUE T T INF AT ORZ 0em & LTy b L.

Lz
2. Btk 7 V) — 712 B B BB 02k
1) KL

KA, RTOTTy MTBNTAELEH)

Lic (KD, REEAH\EBHIREN > T2DIZT
0w h4THY, BISHRKZEL T 97 em I
ATZ OKNITEIZ—49 D5 48 em). — 1, IR®
IKPIEDNE D> TeDid 7 aw b 5 ThHo, 49
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ecm TH o7 OKAIMEIZ 23 505 72 cm). K7z,
Kiilpclk, 2D 7oy hTRBEKND L
FAMNESNTED, FIRO FAICE EFD, |1
FARLAPIC TEDIKAIC R % B DMHZE & iz
BELEFOKNZ L UTAER, Tay b
2, 4, 6 1%, EFOKMMNEREICEN T2 (K2,
P <0.05, paired t test). 711 b 2 DK,
HFMN 188 cm THZFE46.5cm THD, 27.7 cm
LOEMELN. FC, Tay held, &
ZE31.1em, B2 69.2cm TA2d 38.1ecm 725 /2.
Taw k4O TiE, HFE—105cm, HF
10.1 cm & 20.6 cm DZEDHE S NTzh, BIEH
il 7238 U CKNLI R 5 Tz,

—J, Inbs507ay hEEELT, Yay
k1, 3, 5, 7 OKMZENIHIIT/NE L,

FHMICAREZRIRSNE» o7 (p>0.05,
paired t test).
2) JKifd

BRI 2@ LT, MiliakKiRo ERIZRS
Nixrote (K3). KiEDIRE &ORHRE, 7
HAoas 8 AHAIDRTH D, i THI 35
CTHoie. —F, 7avbsid, oray
k& D EIKEMRRIEL, Fem THRI 33 CTH -
7z.

3) T-N, T-P i

TN, T-PIEEEZ, Tav MCKBENKE
Mot (K4). T-NEEEIID 2 K 6
mgL' THY, 7U—ID2h54mgL' &b
EEmWEmD Do Tz —J7, T-PEEIE T Ty
FsELK I mg L Tholzh, Zofho
Oy RMION505mg L’ THYH, IR
Moz

K7z, TN, T-P IR 72 2 T LU U 7 f 5
EDTry MIBWTEEFLERICHERGE
FRENENST (p>0.05, paired ¢ test).

4) KIEDVE U BEDORHY
AIC IC KB ETIVEIRZTT o TR, Hios

100
80 °
o ° é °
60
40+ * ° é? °
£ o © °
Q
204 ° %
8 2 ﬁ . 4
-
0+ o =
20 4 °
[14-68
-40 1 W 798
0
Plotl Plot2 Plot3 Plot4 Plot5 Plot6 Plot7

B2 RELOFMIRGO L. FOFIE, Firp OB UL,
FAD TURAH— VUL (25 %), FHD _LSihves =Pasz (75 %),
O F OGN EZ BR U T K E R O Ml 2 779

a) ‘F5fE

35

40

KR (°C)
z
]
i}
Tat

O D O D D O ®W © O O N N N - T
T 983 T ¥$0 T 9R -2 % &5 3 ¥
< < n o © © ~ W o o o

3 BN B B KIROHERS

ELEWDEEDNETOET VTV THIHZE
BEeLUTHIRENe (k2. RAMETILD
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AIC L DFAEN 2 KHEDETIVIZ 1 DR THD,
EBELDETIVICEHIOEE LEMOEI N
BTholz. £z, HiOEENUERODEZTD
HEERELE, EB5LEIETH-TzT D,
FiOMENE <, FEMRNEOVEENRIEL T\

TERRTHRTH T
10 a) T-N
J4-68
8_ M 798
6_ B
} i
O 5 &
£ a
w0
" b) T-P
E\E -
) 2.5
ELS
2
1.5
1 A ° °
0.5 E
. é- %; @'} ff é

Plotl Plot2 Plot3 Plot4 Plot5 Plot6 Plot7
X4 SRS O O L.

RO, Hih Ok
A, RO TR — UL (25 %), RO LA
=i (75 %), O OSSN Z R T KR O

3RS FEERIC BT BT T IIIVF R AT Y DL

SBREE DR
1) KNI EHAN DS
TSI F R ATTE, KEZEFHLTE

WIS ZH LTS T EAVRENT: (K5).
FKREED L, EMEEDWTAIMPRE L

W, RS, EROMEEEITEL, 1HYZD
DHERIFEKRKT18ecm Th-o=. iz, XD

el DEEMIE EMEBIHNE L, HEEMAKE
WEmAD R SNz, KON S 3 Hi) OBER
O EHMIEK 4 HRET, FEMmERZ 233
em (fPEEOEIXZ 75 39em) THo. X
O 3 HiOMEMHEIEK 3 HIET, FOhERER
153 em ((PERODIFE 27533 cm) THY,
TSI OEIC BT 2 M EBIMIE 2 HE
T, FHHERIX 102 cm (HEBROEX 1 H
519em) THoTz. —J, WKHTHIIE
HELUTIEDOREMIZ, F6 HIEMPEL, FAOME

ERDRT (em)

o
01 234567 89101112131415

B
K5 FFREZER S BT ROENEOHER. g 4 kO

/MR T Y7z R,

#£2 —AERIEETIVIC X BATHER. £hoOlgREE, H: BioES, L ERORET, W EROKRIZELT. " TOEN

NEZERZ, ThFNOREMERZET. +:1P<0.1, “:P<0.05 **:P<001, “**:P<0.001
. 3 S

)L AIC Y

7/ H L W HiL H:W LW H.L:-W dl
1 201.13 0.367 ** 0.114 *#x —0.007 —4.387%%*
2 201.68 0.183 0.067 *** —3.150%%*
3 203.67 0.183 *#* 0.068 *** —1.023 —3.106%**
4 20377  —0.279 —0.071 —0.931 0.028 0.187 0.050 —0.010+  —1.119
5 205.01 0.182 *#* 0.119 0.353 —0.015 —4.254*
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HlX 418 cm ((HEEDIEIZ 1855 70 cm) &
RbENoT. BE, FEOFEERICENTHK
oL, BXZ 2 MM THIEL 7.

—75, BEROMERE L KT 5 L 2DME
MEEIEE S, HERBIG DRFES % X TIC 4 fi
LhEINEYd, EXE20cmBEETH - -,

2) T-N LU T-P OWIRRF:

T-N MU T-P ORI EE, 7K 25 CX b b,
30 ‘CRU 35 CTREVHAN RSN (X 6).
T-N ORI E X, 25 CZ&MF R T 0.016 mg
g'h', 30 CE&AMFT0.031 mgg'h', 35 C4
T RT0032mgg' ' THo. —F, T-PD
PN R L, 25 CZ&1F T 0.004 mg g' b,
30 CEMF FT0.009 mg g’ h', 35 C&MFC

a) T-N

0.2

—e—25°C
0.16 —4&— 30°C

—a— 35°C

0.12+

0.08

0.04

b) T-P
0.06

0.054

KEEMINE (mg g’ h')

0.044

0.034

0.024

0.014

0 1 2 3 4 5
B

6 JKIRDFENNT & 2 RAEFRINE O L

0.008mgg' h' TH-1z.

V., &R
1LHBCBIZT5VNVF RATHORMEL 3
DR

KL, KR, REREEOE=Z) VTR
ETTIINF R AT Y OEEERHEDO R R A
5, TNG 3R T T VINF RRATIDOEF
DORIEERTH S LIZ V2 Eh o7z,

1) KA

TIINVF RATHE, EROMEDZOM
2 &Y 80 cm FREO/KN_LFNTEISTHETH
BT EMRENT. iz, ERTIEEOMER
WNEDST2EDD, TV F RATH D
ERER 1H20emICEETZEEMETHD
(Newman 2006) Z &h5, BEZEMFICK-T
W ESICEKNE THIGATRETH D L EZ BN
%. IKNOZEE EROIF LA LIZKHICKS
—NEE DO TH- 72 (K1), KEITK
D KFENFED LTV B ATREMEIE RN 725 5.
2) JKik

HRCB sk ERIER S5 NT,
FEAEDT Ty FTIE, KRR 30 °C,
RAIKIRIEHI 35 CTH-Tz. —T5, TIVI
F RA YD TN, T-P DWIREX, 25 CLD
30 CKRU 35 CRMFTmL, KEDEOIE
ELEENGEN S o T e D, ERENICHETE
ZHIERILTVAREIEVWARNWEEZLN
5.

LML, CORRIEEFTIKEDN R ENT
WEHIZV—JIRELIZEDEVZS. Ty
k6 D4 AOKEART K S, KEDERNE
HiiE, BRICEEDS5T 35 CETERLT
b, BETHONENEOOEKRICES LE
Z6N%. 7V)—r7oWclE, EHIBIFSFIC X
DEERPOkE L TOREZFzm ko7
M5, ERZEL TRKEMROIKEED & DB
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BBz, TNHDT VY —TITDVTIEFS%IR
AL BB BIEA .
3) REMIRE

JVU—27DTN, T-PIREE, EIEMKELE
XOEWEUETIEH -T2, 70— TERlE
NTWB—RNEEIETH O BIAIE, B S
2005, S 2008), £THOTH Y BT
BERLEFICHARGEAL AN G T2, 75
DVIVF B R TG ORERERIGHEEE, v (4
A 2006) LRIFRETH O, EWIRINGE
EHLTWS LRI TE, REKLIGEEICE,
MIZD OEDRERZWINT 5 EEZ5N5.
UL, 7V—ZIZRBERKEZT TR, &
TEMEHE K R SERIE K E DA TGN 2 < i
ALTW3 HMIEA 2008) 728, 7TV
F RAT Y OLEEICHER RITT K 5 5RER
IREOMER FADE T ECTOWERNEE R
5N%.

—J, TIVINVF RATFIIERE P
THEEHMCEETT ST ENARETH ST &N
RgENT ABRICHIEZ LsWEE 1 DA
DLEREE LIz T, BEY A XDf]N, FEHD
W, BEOREOLFEDORERD H SN DD
SEICIE DI o Tz, iz, HillZTTH &R
WKKEL, #H Tt CHE LT &h
5, REREEOMEAEIC K DMIEEE T
TNEEZLNS.

2. 7T IIVF F AT Y ORBIBRIEN S RZ T
g0

TIINWF RATIORER, 270 T 10m
ICET B EIERFICIEETH O, KRRV
Alcld~y MROBERHEZTENT 5 L EAD
NTVa (il - wh2017). 71— TldKini
MEEAETRWGFRDNZ N &5, —iRx
HE & LT, BEREY Y MROBEERE 2K
LTW5a. BAERKTIE, EDEHICKAGD
BROEEET em ICETHRET 5728, LEW
DEWENZ L, EEFZESHPICELRLTWS
e ENT.

—J, Wi 7 APRICIEEL TV ED, L
MILEE T 7 H 9 HICHINIHII LTHD, Th
%2 T SR N UK O 27 15 & HIRIRER o
KigZEHEmAHRENTNVS (K3). 75
IWF R RATH OFEE I iRIEZ SRS 25 25
35 ‘CCT&® % (Hussner and Losch, 2007) 7%, 7
Hiah b RE&iE 35 CoBATHBH, M
VKA R LRARZEENTWEEZBNS. #Z
TR TFDT T IINF RATHIE, BOME
HIEZEZ T, EWOMMNERLZRDEE
5T EDREESNTVASN (Hussner and Meyer
2009), WeIKRES) ZMERE L7e £ R2&EZR < T
ETHEISHISL TV A E D EHESENS. D
0, EMBPEVERTESHICEEL TV
XL, RMEZE L TWiEnEEILBNS

£3 HENBIOEITRIC I B ERBEOEE. AUE, KR, FIRRERTE, P EREE 2R S, UKL TN, T-P OfEld, 7H9
AKO 19 HOFHIMEZ RS, PALEISDH % Mgz AV TEI L.

6/30~7/9 7/10~7/19 P
RAIRCC) 29.9+3.9 36.7+0.7 <0.001
R /KIR(CC) 30223 342+0.8 <0.001
H R () 3.5+45 103+ 1.4 <0.001
KL (cm) 66 71
T-N(mg L") 3.28 1.52
T-P(mgL") 0.29 0.22
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728, UK A R L RIS N LIk -> T,
CNSDENMIELTZEERZBDONE Y TH
%.

UL, RUIEHEERIZ 1 Tay hOBHDT—
RTHBHT LMD, MIEEROMAICIZE SR
2T —ZOERNRBERAIRTHD. Fiz, 22
SUPICHERHY U T ZEBEOMBEDS, (AR KX
LTV AHZZXLEARHTH D, SHBOKE
TETH B, TORAHZALOfIHIE, —&
DEBER NAWICHIEES® S C & T, fitkeik
DOIFRZERREICT B T &R L TEY, #i
BB FEORFEICOARN S T AP E N
%.

Eif
PULTHRATKEEICIE, SR HOEEE K U
TLERANDBERICIH I LT Wil2niz., iz,
TIINVF RATHOFEFCONTIE, RIEE
ORFENRAED LTI ONT DA 2 TH
i U7z, BRSSO L LS.

SCHR

Aldridge, D.C., Aldridge, S.L., Mead, A., Scales, H., Smith,
R.K., Zieritz, A. and Sutherland, W.J. 2015. Control of
freshwater invasive species: global evidence for the
effects of selected interventions. The University of
Cambridge, UK.

BITE R - SHI S & - MEFTTH - A R - AUz
2005, KEHEZ U — 71351 BB ERKE
BITEOME,. NN KRR 20
i 60 © 223-231.

EPPO (European and Mediterranean Plant Protection
Organization) 2006. Hydrocotyle ranunculoides. EPPO
Bulletin 36: 3-6.

TR VBRI 1 SRER AR 2018. K R AR (1Y 4 oK U
A I 2018. http:/www.pref.fukuoka.lg.jp/contents/
sinryakugairai.html. 2018.11.9 fi##3.

GHD 2015. Report for Hydrocotyle Weed Management Plan -
For the Middle and Upper Canning River.

R « S - dAms - o ik 2008, AW
HhFE 7V — 7 T D7 ) — 7 KB DFRZEH)
BRUCERETOMIH. A T2 B 28
207 5 © 63-80.

MoAdHE 2013, FRIE (THER) FKICE T 2 5R0K
AREMOIRIL. 26 16 [0l AR HE NI BER =
#% (NORNACI6) FMALff7L - MBI HhIRELRE T 1
75 L« SR 8.

MHEET - i 9 08 B - ik - &R
B 2003. 7 T YV F K AT Y (Hydrocotyle
ranunculoides L. £.) OREARRILIADZA. BAEEH
SRR 2 25 © 7-16.

Hussner, A. and Losch, R. 2007. Growth and photosynthesis
of Hydrocotyle ranunculoides L. fil. in Central Europe.
Flora 202: 653-660.

Hussner, A. and Meyer, C. 2009. The influence of water level
on the growth and photosynthesis of Hydrocotyle
ranunculoides L fil. Flora 204: 755-761.

PHRETE & 2004, 45ih) (RO T 5 2 )V F R A T 94k,
7 5 55-58.

AT~ 2000. AGHMINCEET 5 F R ATV ED—H
Botany 50 : 108-110.

IUCN 2018. The ITUCN Red List of Threatened Species.
Version 2018-1. http://www.iucnredlist.org. 2018.11.9
.

AR 2015, EERNICIST BT T VT R RS
(BURD DEFRIL. (R EREDIZE 20 @ 45-48.

IAEI=26 1994, 2 ) — 2 DD 1D LARE] INk=3E
i TR DIMETE— K BRI D TE K & /K BRI BEAR 4
FUHIRA IR © 1-33.

Kelly, A. 2006. Removal of invasive floating pennywort
Hydrocotyle ranunculoides from Gillingham Marshes,
Suffolk, England. Conservation Evidence 3: 52-53.

BRI 2017, BIFEAN THERE S N TV 5 TARIEIK
E¥). http://www.pref.miyazaki.lg.jp/shizen/kurashi/
shizen/documents/9782 20170707112245-1.pdf.
2018.11.9 fifgiE.

HRISEER - p [ 2017, FRESBREM T S D )LF R
AT ORBEBGERE. AARRIE L A4
543-549.

Newman, J.R. 2006. Natural Environmental Research
Council, Aquatic Plant Management Group. Information

Sheet 24: Floating Pennywort (Hydrocotyle

158



ranunculoides). Centre for Ecology & Hydrology
(CEH): 1-3.

Newman, J.R. and Dawson, F.H. 1999. Ecology, distribution
and chemical control of Hydrocotyle ranunculoides in
the U.K. Hydrobiologia 415: 295-298.

R A 2016. 75 VT R R TS ESSROKE R %)
RINHERKEBEOMIE. BRIV EVIFRR
#2711 38-41.

R Core Team 2018. R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. https://www.R-project.org/.

Robert, H., Lafontaine, R.-M., Beudels-Jamar, R.C. and
Delsinne, T. 2013. Risk analysis of the Water Pennywort

Hydrocotyle ranunculoides (L.F., 1781). - Risk analysis
report of non-native organisms in Belgium from the
Royal Belgian Institute of Natural Sciences for the
Federal Public Service Health, Food chain safety and
Environment.

Ruiz-Avila R.J. and Klemm V.V. 1996. Management of
Hydrocotyle ranunculoides L. f., an aquatic invasive
weed of urban waterways in Western Australia.
Hydrobiologia 340: 187-190.

PERSIESD « REA=— « INUZERT « e 2 ARHE « I
15§ 2006. $F5EIH - NTH DK AREY) D R ARG BR.
EIR RN & > 2 — SRR 24 95 1 111-113.

159



Annual Report of Pro Natura Foundation Japan vol. 28 (2019)

28th Pro Natura Fund Domestic Research

Life history characteristics of invasive alien species Hydrocotyle
ranunculoides with relation to their management

KANEKO Yohei, SUDA Ryuichi, NAKAJIMA Jun and ISHIMA Taeko

We explored the factor of withered and dead for invasive alien species Hydrocotyle ranunculoides in summer,
focusing on the increasing water level, high water temperature, and concentration of T-N and T-P in the creek at
Chikugo region, Fukuoka prefecture, Japan. Our results showed as follows that, 1) water level in the creek were
varied up to 80 c¢m, and floating leaves of H. ranunculoides was able to grow their petiole and stem in rapidly up to
approximately 80 cm, 2) concentrations of T-N and T-P in summer were not significantly different from those in
spring in creek, and H. ranunculoides lived over the months even in the oligotrophic environment under the
experimental condition, 3) maximum water temperature was approximately 35 ‘C, and amount of T-N and T-P
absorption at 35 °C was higher than those at 25 “C. Therefore, we concluded that the factors did not cause death of H.
ranunculoides in summer. On the other hand, we confirmed that stems of H. ranunculoides grow vigorously above
the water surface, and these stems died when extremely hot days continued and then spread throughout the
individual. The phenomenon suggests that the combination of vigorously growth characteristics of H. ranunculoides
and sweltering heat is the factor of death of H. ranunculoides in summer.

Keywords: creek, factor of death, water level, water temperature, nutrient, Fukuoka prefecture

Division of Environmental Biology, Fukuoka Institute of Health and Environmental Sciences
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H AR #EH & TUCN RIS YRR T — X b
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(Shionosaki et al. 2015; Matsuu et al. 2017).
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Annual Report of Pro Natura Foundation Japan vol. 28 (2019)
28th Pro Natura Fund Domestic Activity

Our activities in the second year: support for the countermeasures
against invasive cat problems on islands in Japan and the public

awareness campaign including symposia

ISHII Nobuo, YAMADA Fumio, MOROSAKA Satoshi,
NAGAMINE Takashi and ITO Keiko
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Annual Report of Pro Natura Foundation Japan vol. 28 (2019)
28th Pro Natura Fund Domestic Activity

Forest vegetation of Izu Islands

KAMIJO Takashi, HOSHINO Yoshinobu, YAGI Masanori,
ISHIBASHI Masayuki and KAWAGOE Minami

Keywords: island ecosystem, phytosociology, plant community, endangered species, conservation, sustainable use

Research Group of Vegetation on Izu Islands
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Annual Report of Pro Natura Foundation Japan vol. 28 (2019)
28th Pro Natura Fund Domestic Activity

An appropriate caring of cats will save endangered species in Yanbaru

KINJO Takaya, KURODA Yubi, NAGAMINE Takashi,
NAKACHI Manabu, YAMASHIRO Sugako and KINJO Michio

Keywords: Act on welfare and management of cats, free-ranging cats, predation on endangered species, public
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Annual Report of Pro Natura Foundation Japan vol. 28 (2019)
28th Pro Natura Fund Domestic Activity

Dissemination and enlightenment activities in rare birds and plankton
& fry fish surveys in the Kaminoseki Sea area and the entire

Kaminoseki museum

TAKASHIMA Midori, YAMAMOTO Hisayoshi, SHIMADA Yoshiko,
MORITA Osamu, MIKAMOTO Makoto, UEDA Kengo
and TAKEISHI Masayoshi

Keywords: Japanese murrelet, ancient murrelet, eastern reef heron, streaked shearwater

Kaminoseki Nature Conservation Association
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28th Pro Natura Fund Domestic Activity

Preparation for full opening of “Konbukuro-Ike Nature Park” and
creation of a new handbook and leaflet of the park

OHNUKI Junko, HAGIWARA Hideo, YAMASHITA Michiko,
HASHIMOTODANI Hiroshi, OKAMOTO Noboru,
ICHIKAWA Kiyoshi and UEDA Masae

Keywords: biological research, vegetation management, biodiversity, nature observation, conservation of rare

species, removal of alien species, spring and wetland, growing “Century Forest” with citizens

Specified Nonprofit Corporation KONBUKUROIKE SHIZEN NO MORI
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The education campaign to disseminate and the research
for Kasai Rinkai Marine Park (Sanmai-zu)'s

Ramsar Convention registration

IIDA Nobuya, IMORI Miho, OCHIAI Haruna and KANAI Yutaka

Keywords: Tokyo, preservation, research, CEPA, wise use

Wild Bird Society of Japan Tokyo
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28th Pro Natura Fund Domestic Activity

An attempt of basic research for conservation of mountain wetlands
- The practical development of activities with citizen participation at
Numanodaira Moor

MIKI Noboru, FUJITA Hiroko, MOTOHIRO Haruna, I Ayon,
UCHIDA Akitomo, SHYUTOU Koutarou, OKAZAKI Tuyoshi
and KANEKO Kazuhiro

Keywords: collaboration with researchers, Daisetsuzan National Park, recovery of vegetation, Yonnonuma pond

Activity Group for Conservation of Numanodaira Moor
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Ecological study on exotic phytoplankton, Micrasterias hardyi,
massively bloomed in Lake Biwa

KAWALI Ayane, KUMAGAI Michio, NAKAJIMA Takuo,
AOTA Yasuaki and ICHISE Satoshi

Keywords: Micrasterias hardyi, multi-exciter, morphology, green algae
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Annual Report of Pro Natura Foundation Japan vol. 28 (2019)
28th Pro Natura Fund Domestic Activity —Local NPO Category

Conservation activity of Kyusyu azalea (Rhododendron kiusianum)
for connecting a local organization with a local university
in Tashirobaru grass land, Unzen-Amakusa National Park

KINOSHITA Mitsuko, NAKATA Taeko, SHIBATA Shikayorhi,
IRIGUCHI Hitomi, SUGIMURA Kan and HATTORI Mitsuru

Keywords: grazing grass field, forestry, biological diversity, volunteer, ecosystem services, environmental education
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28th Pro Natura Fund Domestic Activity —Local NGO Category

Urgent measures against feral cats and public awareness raising
activities for the registration of the world natural heritage in
Tokunoshima Island

IKUYAMA Takehisa, IKEMURA Shigeru, TSUNE Kanako,
MINOBE Mutsumi, YAMADA Fumio, SHIONOSAKI Kazumi
and JOGAHARA Takamichi

Keywords: Amami rabbit, environmental education, monitoring of native species, biodiversity

NPO Tokunoshima Niji-no-kai

198



Annual Report of Pro Natura Foundation Japan vol. 28 (2019)

28th Pro Natura Fund Overseas Grant

Geographical variation in vegetative growth, sexual reproduction

and genetic diversity of Pinus krempfii H. Lec.

and Pinus dalatensis Ferré in Tay Nguyen Plateau, Vietnam

The Endemic Pine Conservation Group of Vietnam

Nguyen Khoa Truong', Tran Van Tien', Le Ngoc Trieu',

Nguyen Van Giang', Truong Thi Lan Anh', Nguyen Hoang Nghia®

and Hoang Thanh Truong’

Genetic diversity and population dynamics are studied for two pine species endemic to Vietnam, Pinus dalatensis

and Pinus krempfii. 1t was revealed that the small size of population and a scarce regeneration becoming a major

threat to the survival of P. dalatensis, through the loss of genetic diversity. Genetic diversity at population level was

already in low level in this species. Also in P. krempfii, shifting cultivation, deforestation, land clearances are the

main causes of forest fragmentation, and thus of a decline of natural populations. In both species, the genetic

differentiation and genetic distance between mature trees and seedlings are different among populations in different

areas, Chu Yang Sin and Bidoup. In P. dalatensis, as indicated by scarce seedlings in the understory, and also by the

abundant occurrence of pioneer tree species in the canopy layer of the forest stand, a disturbance of relatively large

scale will be necessary for the regeneration. In P. krempfii, because of stronger shade tolerance of seedlings, the

small scale disturbance such as a small canopy gap formed by single canopy tree would be effective for the

regeneration.

Keywords: endangered species, vegetation, conservation, genetic diversity, Pinus dalatensis, Pinus krempfii

I. INTRODUCTION

Two endemic pines in Vietnam, Pinus dalatensis
and P. krempfii, grow at 900-2,600 m above sea
level, in tropical montane climate. Both species
form forest stands of a few, scattered trees
surrounded by evergreen trees of Lauraceae,
Fagaceae, etc. These tropical pine species can only
grow in restricted habitat at higher altitudes in
limited areas in Vietnam. The pines sometimes
occupy rocky outcrops or ridges and adjacent slopes

where the competition with evergreen broadleaved

trees is less intense. The rarities of these species
have prevented its direct-disappearance by selective
logging in the past. However, the extent of
occurrence of those species has declined by more
than 30 % over the last three generations (150 years)
as a result of deforestation of the area (Thomas et al.
2013). There are evidences of continuing decline in
the quality of habitat in some locations due to the
effects of habitat fragmentation, illegal logging, and
infrastructure development. The exploitation of

these species for its valuable timber has been also

1: Faculty of Biology, Dalat University 2: Vietnamese Academy of Forest Sciences

Received 2018. 11. 29, Published 2020. 1. 10
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made by local people. These two species have been
classified as “Vulnerable” species in [IUCN Red List.
The ex situ conservation has been attempted in
small area in Dalat Province (Nguyen Hoang Nghia
2008), but only a limited amount of research into
the biology and ecology has been made for these
species.

Our former field studies suggested that they have
a localized, sporadic distribution with little seedling
recruitment in its habitat. But, geographical
variations in vegetative growth, sexual reproduction
and genetic diversity have not been clarified. For
conservation and management of those species,
information on geographical variation and genetic
diversity is essential. Genetic diversity, population
structure and historical population dynamics should
be evaluated to improve our understanding of the
protection of threatened and endemic trees with high

conservation value.

II. STUDY AREA AND METHODS
1. Genetic study
1) Field survey

We have made sampling for genetic study in

several areas of Tay Nguyen Plateau, Vietnam, two
areas, Bidoup Nui Ba National Park and Chu Yang
Sin National Park, for P. krempfii, and three areas,
Bidoup Nui Ba National Park, Chu Yang Sin
National Park and Kon Ka Kinh National Park for P.
dalatensis (Fig. 1, Table 1). Climate conditions vary
considerably among the survey areas. Annual mean
temperature is the lowest at Bidoup, but the annual

rainfall is the highest there.

106° 110° 114°

20°} 20°

Cambodia

0 200,0
e e

kilometers 8

110° 14°

Fig. 1. Location map. Refer Table 1 for abbreviations of the area.

Table 1. Research areas and the number of DNA samples for genetic study. Climatic data were obtained from the local meteorological data

sharing service system.

Area Bidoup Chu Yang Sin  Kon Ka Kinh
Abbreviation BD CYS KKK
Province Lam Dong Dak Lak Gia Lai
Latitude 12°11'31"N 12°45'37"N 14°13'20"N
Longitude 108°41'1"E 108°20'16"E 108°1941"E
Altitude (m) 1495 1149 680
Annual mean temperature (°C ) 18.3 23.8 23.5
Annual rainfall (mm) 1866 1789 1532
Humidity (%) 84.5 81.4 82.5
‘Pinus krempfii mature trees 14 12 ST
seedlings 33 5 -
‘Pinus dalatensis mature trees 15 7 12
seedlings 18 11 -
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In each area, we settled 1-10 quadrats of 50 m by
50 m, and measured tree heights and trunk diameters
at 1.3 m height for all pine trees in the quadrat, and
also measured heights of all seedlings shorter than 4
m. We have conducted field surveys at 21- 25
October 2017, 19-27 December 2017, 3-5 January
2018, 22-25 September 2018, in growing and
fruiting season. In total, we took 64 and 63 DNA

samples for each of P. krempfii and P. dalatensis.

2) Genetic analyses

This study employs ISSR/SCoT markers to
address genetic diversity, historical and
contemporary gene flow, population bottlenecks
(inter-population: from mature to seedling and
extra-population). Total genomic DNA was
extracted using CTAB protocol I (Weising et al.
2005) with a modification of adding 10 % SDS to
the extraction buffer which was then dissolved in
water for the subsequent use.

DNA fingerprints of samples were induced by
two techniques, ISSR and SCoT. ISSR primers used
in this study were synthesized by PhuSa Biochem
Ltd. Company (Vietnam), according to the primer
set published by the University of British Columbia
and Zagazig University (Egypt). Twenty ISSR
primers were initially screened, and nine of them,
which yielded bright, clear bands and at least
possessed one polymorphic band in P. krempfii
populations and 7/20 ISSR primers yielded bright,
clear bands and at least possessed one polymorphic
band in P. dalatensis (Appendix 1).

SCoT primers used in this study were synthesized
by PhuSa Biochem Ltd. Company (Vietnam),
according to the primer set published by Collard and
Mackill (2009). Twenty SCoT primers were initially

screened, and seven of them, which yielded bright,

clear bands and at least possessed one polymorphic
band in P. krempii populations and 8/20 initially
screened showed suitable for DNA fingerprinting
with P. dalatensis.

PCRs were performed in 50 pl reactions
containing 25 pul My Red HS Taq mix (Bioline), 0.2
uM primer and approximately 30 ng DNA
templates. The amplifications were performed in a
Eppendorf thermocycler (Eppendorf) with the
following programs. In ISSR techniques: initial
denaturation at 94 °C for 5 min; 10 cycles of 94 °C
for 45 s, annealing temperature + 5 (Ta + 5) °C
(Table 3) for 45 s, decreased 0.5 “C/cycle, 72 °C for
1 min 30 s; 36 cycles of 94 “C for 45 s, annealing
temperature for 45 s, 72 °C for 1 min 30 s; Final
extension at 72 °C for 15 min. In SCoT technique:
initial denaturation at 94 °C for 5 min; 36 cycles of
94 °C for 45 s, 50 °C for 45s, 72 °C for 1 min 30 s;
Final extension at 72 “C for 15 min.

The amplification products were separated in
2.5 % agarose gel, using TBE buffer at 60 V for 3
hours, stained with ethidium bromide (0.5 pg/ml),
and photographed under 254/312 nm wave length
lights using UVP GelStudio Plus System (Analitik
Jena, Germany).

Since ISSR and SCoT markers are dominantly
inherited, each band was assumed to represent the
phenotype at a single biallelic locus (Williams et al.
1990). ISSR bands were scored as presence (1) or
absence (0) characters, to construct the binary data
matrix. Microsoft Office Excel 2007 was used to
estimate genetic diversity parameters: the percentage
of polymorphic bands, PPB (Vicente et al. 2003).

The basic parameters for genetic diversity were
calculated with the POPGENE application (Ferrante
and Yeh 1999). The polymorphism of amplification

products (PPB), mean Nei's gene diversity index
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(He), the Shannon index (I) and the level of gene
flow (Nm) (Slatkin 1985; McDermott and McDonald
1993) and genetic distance between populations (D)
were determined. Inter-populations diversity (HeS),
total gene diversity (HeT) and Nei's coefficient of
gene differentiation (GST) (Nei 1973) were
calculated using the Popgene 32 software: GST = (1
- HS/HT); Nm, estimate of gene flow from GST,
Nm=1/2 X (1 - GST)/GST.

The AMOVA (analysis of molecular variance)
was performed through GenAlEx 6.0 program
(Peakal and Smouse 2006) to describe variance
components and their significance levels for
variation among individuals within and among the
populations.

Similarity coefficient between pair of samples
and UPGMA dendrogram for genetic relationship
among studied samples was calculated and
established by using NTSYSpc 2.1 (Numerical

Taxonomy and Multivariate Analysis System)

software (Rohlf 2000).

2. Vegetation research

For vegetation research, we settled four quadrats
of 20 m by 20 m in Bidoup (Table 2). In each
quadrat, we recorded species name, trunk diameter
at 1.3 m in height, tree height and height of the
lowest branch for trees taller than 1.3 m. We also
measured a height for all seedlings of two pine

species in the quadrat.

II. RESULTS

1. Genetic studies
1) Pinus dalatensis

Genetic diversities of P. dalatensis species are
described in Table 3, indicating that genetic
diversity was rather low.

Analysis the DNA fingerprints induced by ISSR
technique, the genetic differentiation (GST) among

populations was estimated to be 0.1475, indicating

Table 2. Description of four quadrats for vegetation research

Plot No. 1 4 2 3
Plot size 20 mX20 m 20 mX20 m 20 mX20 m 20 mX20 m
Topography flat ridge flat ridge gentle lower slope undulating slope
Inclination 15 10 5 5
Slope direction W-S NNW 335 W 256 SWW 245
Altitude (m) 1490 1493 1494 1490
Latitude 12°10'30"N 12°10'36.5"N 12°11'02,5"N 12°11'01"N
Longitude 108°42'2"E 108°40'57"E 108°41'29.1"E 108°41'26"E
Total BA (m*/ha) 79.2 73.9 75.1 76.9
Pinus dalatensis,
Dominant spp. Pinus krempfii  Pinus krempfii  Pinus dalatensis Pentaphylax
euryoides
Tree layer 30 m, 30 % 35 m, 40 % 30 m, 50 % 30 m, 50 %
Subtree layer 20 m, 70 % 25 m, 80 % 15 m, 60 % 20 m, 60 %
Shrub layer 5m, 30 % 6 m, 40 % 3m, 40 % 5m, 60 %
Herb layer 1.5 m, 40 % 1.5 m, 50 % 2 m, 30 % 1.7 m, 60 %
Species richness
Trees of DBH >=5 cm 24 25 34 31
All trees 37 48 55 46
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Table 3. Genetic diversity of P. dalatensis at population- and species-level

Parameter Population He I PPB (%)
Kon Ka Kinh pop.  0.1283 0.1880 32.43
ISSR Chu Yang Sin pop. 0.1996 0.2996 54.05
Bidoup pop. 0.1750 0.2637 48.65
Species level 0.1959 0.3108 70.27
Kon Ka Kinh pop.  0.2122 0.3090 55.81
SeoT Chu Yang Sin pop.  0.2464 0.3699 65.79
© Bidoup pop. 0.3061  0.4554  83.72
Species level 0.3031 0.4654 95.35
Kon Ka Kinh pop. 0.1734 0.2530 45.00
Combination Chu Yang Sin pop.  0.2247 0.3320 58.75
ombinatio Bidoup pop. 0.2455 0.3667  67.50
Species level 0.2535 0.3939 83.75

that 14.75 % of the genetic variability was
distributed among populations, and 85.25 % of the
variation existed within population. The number of
migrants (Nm) was estimated as 2.8892 individuals
per generation between populations.

In analysis of the DNA fingerprints induced by
SCoT technique, the genetic differentiation (GST)
among populations was estimated to be 0.1178,
indicating that 11.78 % of the genetic variability
was distributed among populations, and 88.22 % of
the variation existed within population. The number
of migrants (Nm) was estimated as 3.746
individuals per generation between populations,
indicating that there is a high migration rate between
populations.

Combining these DNA fingerprints, the genetic
differentiation (Gg;) among populations was
estimated to be 0.1288, indicating that 12.88 % of
the genetic variability was distributed among
populations, and 87.12 % of the variation existed
within population. The number of migrants (Nm)
was estimated as 3.3834 individuals per generation
between populations.

AMOVA analysis revealed remarkable genetic
differences among all three P. dalatensis

populations, with 91 % of total genetic variability

portioned among populations and 91 % of total
genetic variability portioned among individuals
within populations.

Genetic diversities of the mature trees and
seedlings in the Chu Yang Sin and Bidoup
populations are shown in Table 4. The young trees
or seedlings belong to the Kon Ka Kinh population
were not found, thus this population is not included
in the estimation of the genetic variation through
generations. Only Chu Yang Sin population and

Bidoup population were analyzed for this aspect of

Table 4. Genetic diversity of mature trees and seedlings of P.

dalatensis
Parameter He I PPB (%)
Mature group of Chu ) 1995 9855 46,25
Yang Sin popualation
Seedling group of Chu 1417 9040 3375
Yang Sin popualation
Mature group of 1411 09091 37.50
Bidoup popualation
Seedling group of ) 5095 (3334 55,00
Bidoup popualation
Mature group of both
Chu Yang Sin and 0.2157 0.3224 58.75
Bidoup populations
Seedling group of both
Chu Yang Sin and 0.2511 0.3734 67.50

Bidoup populations
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study.

There are two different situations for Chu Yang
Sin and Bidoup populations. In Chu Yang Sin
population, the mature trees possessed the higher
genetic diversity than seedlings. In opposite, in
Bidoup population the seedlings possessed the
higher genetic diversity than mature trees. Genetic
differentiation between mature and seedling groups
in the Chu Yang Sin population was GST = 0.1593
and genetic distance of these two groups was D =
0.0803. Genetic differentiation between mature and
seedling groups in the Bidoup population was GST
= 0.1490 and genetic distance of these two groups
was D = 0.0816. Genetic differentiation between
mature and seedling groups in both Chu Yang Sin
and Bidoup populations was GST = 0.0760 and
genetic distance of these two groups was D = 0.0511.

Levels of genetic similarity among individuals
belonging to mature and seedling groups in the Chu
Yang Sin and Bidoup population are described in
Table 5. Average genetic similarity in young group
is lower than mature group for both population, that
is good signal for P. dalatensis in the investigated
places due to low genetic similarity means high
genetic differentiation. This is the basis for good

adaptability of seedling generation.

Table 5. Genetic similarity among P. dalatensis individuals,
belonging to mature and seedling groups in the Chu Yang Sin and

Bidoup populations

Max. Min. Average
Mature group of Chu 9375 6695 0.8345
Yang Sin popualation
Seedling group of Chu o075 7750 (.8950
Yang Sin popualation
Mature group of 1.0000  0.8000  0.9077
Bidoup popualation
Seedling group of ) g505 6000 0.8502
Bidoup popualation
Mature group of Chu
Yang Sin and Bidoup 1.0000 0.6500 0.8821
populations
Seedling group of Chu
Yang Sin and Bidoup  0.9875 0.5375  0.8478
populations
2) Pinus krempfii

Genetic diversity of P. krempfii is described in
Table 6.

In analysis of the DNA fingerprints induced by
ISSR technique, the genetic differentiation (GST)
among P. krempfii populations was estimated to be
0.065, indicating that 6.50 % of the genetic
variability was distributed among population, and
93.50 % of the variation existed within population.
The number of migrants (Nm) was estimated as
6.1344 individuals per generation between

population, indicating that there is a high migration

Table 6. Genetic diversity of P. krempfii at three populations and species-level

Parameter Population He I PPB (%)
Chu Yang Sin pop. 0.0701 0.1083 24.00
ISSR Bidoup pop. 0.1539 0.2406 50.00
Species level 0.1388 0.2271 56.00
Chu Yang Sin pop. 0.1883 0.2792 50.00
SCoT Bidoup pop. 0.2987 0.4395 77.27
Species level 0.2825 0.4207 81.82
Chu Yang Sin pop. 0.1254 0.1883 36.17
Combination Bidoup pop. 0.2217 0.3337 62.77
Species level 0.2061 0.3207 68.09
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rate between population.

In analysis of the DNA fingerprints induced by
SCoT technique, the genetic differentiation (GST)
among populations was estimated to be 0.0754,
indicating that 7.54 % of the genetic variability was
distributed among populations, and 92.46 % of the
variation existed within population. The number of
migrants (Nm) was estimated as 7.1979 individuals
per generation between populations, indicating that
there is a significantly high migration rate between
populations.

Combining these DNA fingerprints, the genetic
differentiation (GST) among populations was
estimated to be 0.0686, indicating that 6.86 % of the
genetic variability was distributed among
populations, and 93.14 % of the variation existed
within population. The number of migrants (Nm)
was estimated as 6.700 individuals per generation
between populations.

AMOVA analysis revealed a trivial genetic
difference among two P. krempfii populations, with
nearly zero of total genetic variability portioned
among population and 100 % of total genetic
variability portioned among individuals within
population.

Genetic diversities of the mature and seedling
groups in the Chu Yang Sin and Bidoup populations
are listed in Table 7.

There were the two different situations for Chu
Yang Sin and Bidoup population. In Chu Yang Sin
population, the mature group possessed the equal
genetic diversity to seedling group. In opposite, in
Bidoup population the mature group possessed the
significantly higher genetic diversity than seedling
group. This situation for P. krempfii was also very
different when comparing to the species of P.

dalatensis. According to the information from the

Table 7. Genetic diversity of mature trees and seedlings of P.

krempfii
Parameter He I PPB (%)
Mature group of Chu ) 1939 1408 26.60
Yang Sin popualation
Seedling group of Chu 6947 1346 2128
Yang Sin popualation
Mature group of o\ 17 03519 5745
Bidoup popualation
Seedling group of ) hg45 1983 2553
Bidoup popualation
Mature group of Chu
Yang Sin and Bidoup  0.2402 0.3525 61.70
populations
Seedling group of Chu
Yang Sin and Bidoup  0.1132 0.1739 35.11

populations

forest keeper and rangers, the formation of seeds
belonging to these two species has been following
the 4-year cycle (3 years with seeds and 1 year
without seeds). Genetic differentiation between
mature and seedling groups in the Chu Yang Sin
population was GST = 0.1649 and genetic distance
of these two groups was D = 0.0420. Genetic
differentiation between mature and seedling groups
in the Bidoup population was Gy = 0.2122 and
genetic distance of these two groups was D =
0.1075. Genetic differentiation between mature and
seedling groups in both Chu Yang Sin and Bidoup
populations was Gg = 0.1145 and genetic distance
of these two groups was D = 0.0542. The genetic
differentiation and genetic distance between mature
and a seedling group in Chu Yang Sin population
are smaller than Bidoup population. Genetic
differentiation and distance between mature and
seedling groups in Bidoup population are high. This
shows that the young group seems to differentiate to
adapt to some unsuitable condition and the genetic

loss became serious. Thus, Bidoup National Park
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needs to make hard efforts to conserve P. krempfii
here. Chu Yang Sin population has been under less
endangered situation than Bidoup population, but
due to the low genetic distance between the age-

divided groups and the equal genetic diversity of

adaptability of the seedling generation.

Table 8. Genetic similarity among P. krempfii individuals belonging

to mature and seedling groups in the Chu Yang Sin and Bidoup

population
them, Chu Yang Sin National Park also needs to Max. Min.  Average
enhance the genetic diversity.
& Y Mature group of Chu ) - 776596 0.931173
. . Yang Sin popualation
Levels of genetic similarity among individuals
belonging to mature and seedling groups in the Chu i
ging £ group %Zf;gﬁl g;g;ﬁa‘iigg; 0.978723 0.829787 0.904255
Yang Sin and Bidoup populations are described in
Table 8. Average genetic similarity of seedling Mature group of 10 0.638998 0.803445
. . . Bidoup popualation
group is lower than mature group in Chu Yang Sin
population which is good signal for good Seedling group of 10 0.861702 0.946851
. . . . . Bidoup popualation
adaptability of the seedling generation in this
lati hil . imilari £ Mature group of Chu
population, while average genetic similarity o Yang Sin and Bidoup 1.0 0.638298 0.848821
seedling group is higher than mature group in populations
. . . . R Seedling group of Chu
Bidoup population which is the bad signal for Yang Sin and Bidoup 1.0 0.819149 0.940227
populations
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Fig. 2. Diameter - height relationships in research plots. Pine trees are indicated by open squares.
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2. Vegetation studies

In both P. krempfii and P. dalatensis forest, pine
trees are far larger than evergreen broad-leaved trees
and grow as emergent trees of forests (Fig. 2).
Diameters reach more than 80 cm and tree heights
reach 25 — 30 m.

From the viewpoint of floral composition, P.
krempfii and P. dalatensis forests are not clearly
distinguished. Fagaceae and Lauraceae species are
most rich and species belonging to Theaceae,
Juglandaceae, Symplocaceae, Hamamelidaceae,
Araliaceae and Rubiaceae are common. The floristic
composition indicates that the forests have close
affinity to subtropical evergreen broad-leaved
forests that are common in southern China and
neighborhood.

From the stand structure, in P. krempfii forest, the

canopy layer just below emergent pine tree is

P. krempfii forest

composed of Fagaceae species such as Castanopsis
chinensis and Trigonobalanus verticillata.
Engelhardtia roxburghiana (Juglandaceae) and
Dendropanax hainanensis (Araliaceae) are also
common. These evergreen broad-leaved species
share the second or the third of relative basal area
(RBA) of the stand (Fig. 3).

On the other hand, in P. dalatensis forest, the
canopy layer just below emergent pine tree is
composed of conifers such as Dacrycarpus
imbricatus, Dacrydium elatum, and broad-leaved
species of pioneer or seral nature such as
Pentaphylax euryoides, Schima wallichii,
Exbucklandia populnea and Rhodoleia championii.
These species show the higher dominance in RBA
of the stand (Fig. 3).

Two pine species show the different pattern of

occurrence of seedling in the understory. Seedlings

P. dalatensis forest
Plot2

1 Pinus krempfii

2 Dendropanax hainanensis

3 Castanopsis chinensis

4 Polyosma annamensis

5 Dead

6 Engelhardtia
roxburghiana

1 Pinus krempfii

2 Trigonobalanus
verticiliata

3 Magnolia annamensis

4 Engelhardtia
roxburghiana

5 Castanopsis chinensis

6 Syzygium wightianum

1 Pinus dalatensis

2 Pentaphylax euryoides
3 Dacrycarpus imbricatus.
4 Schima wallichii

5 Dead

§ Exbucklandia populnea

1 Pinus dalatensis

2 | Pentaphylax euryoides

3| Engelhardtia
raxburghiana

4| Pinus krempfii

5| Rhodlela championii

6/Dead

Fig. 3. Relative basal area in research plots. Only trees larger than 5.0 cm are included.
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Fig. 4. Height class distributions of pine seedlings in the understory of the plots. Filled bar indicates seedlings of P. krempfii and open bar

indicates those of P. dalatensis.

of P. krempfii were seen in all plots. Its density is
usually very low, but higher in Plot 1 (Fig. 4).
Larger seedlings are also abundant there. Plot 1 was
located just adjacent to a small canopy gap. On the
other hand, seedlings of P. dalatensis were very
scarce and confined to the smallest size class,

indicating the regeneration by seedlings difficult.

IV. CONCLUSIONS
1. Genetic diversity
The forest area of Tay Nguyen Plateau has
remarkably declined as a result of shifting
cultivation, deforestation, and land clearances,
which are the main causes of forest fragmentation,
leading to a decline of populations of Pinus

dalatensis. For example, P. dalatensis population at

Mat Station where we collected DNA sample, is
now almost extinct, although the area is 10 km far
from Dalat City. This study reveals that the small
size of population and scarce regeneration are
becoming a major threat to the survival of the
species, through the loss of genetic diversity.
Genetic diversity at population level was already in
low level.

The genetic differentiation and genetic distance
between mature and seedling groups in Chu Yang
Sin population and in Bidoup population seemed to
be similar but the meaning of these parameters is
very different when the genetic diversity being
considered. The Chu Yang Sin population has been
under endangered situation when the genetic

reduction has happened. In Bidoup population, the
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young generation even possesses the higher genetic
differentiation than the older. This may be the good
signal for P. dalatensis conservation in Bidoup.

Also in Pinus krempfii, shifting cultivation,
deforestation, and land clearances are the main
causes of forest fragmentation, and thus of a decline
of natural populations. The small size of population
and scarce regeneration also become a major threat
to the survival of the species, through the loss of
genetic diversity. Genetic diversity at population
level was already in low level.

The genetic differentiation and genetic distance
between mature and seedling groups in Chu Yang
Sin population and in Bidoup population seemed to
be similar but the meaning of these parameters is
very different when the genetic diversity being
considered. However, Bidoup population has been
under endangered situation when the genetic
reduction has happened. In Chu Yang Sin
population, the young generation retains rather

higher genetic diversity.

2. Regeneration

As indicated by the scarce occurrence of
seedlings, both two pine species need a disturbance
for regeneration. However, the scale of disturbance,
that is necessary for regeneration, would be different
between species. In Pinus dalatensis, as indicated
by scarce seedlings in the understory, and also by
the abundant occurrence of pioneer tree species in
the canopy layer of the forest stand, a disturbance of
relatively large scale will be necessary for the
regeneration. It is necessary to conserve larger area
including larger patches of various developmental
stages for the survival of this species. On the other
hand, in P. krempfii, because of stronger shade

tolerance of seedlings, the small scale disturbance

such as a small canopy gap formed by single canopy
tree would be effective for the regeneration if fertile
seeds are dispersed from surrounding canopy trees.
We might consider a different conservation strategy

to P. dalatensis and P. krempfii.
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Appendix 1. Primer used in the study for DNA fingerprinting

No. Primer code Sequence 3’ to 5’ Ta Target speies Technique
1 UBC 17899  5-(CA)6 A/G G-3' 54 P krempfii ISSR
2 HB 8 5-(GA)6 GG-3' 52 P krempfii ISSR
3 UBC 807 5'-(AG)8 T-3' 54 P krempfii & P. dalatensis ISSR
4 HB12 5-(CAC)3 GC-3° 52 P krempfii & P dalatensis ISSR
5 UBC 808 5' —(AG)8 C-3' 52 P krempfii & P. dalatensis ISSR
6 ISSR 814 5'—(CT)8 TG-3' 51,5 P krempfii & P. dalatensis ISSR
7 UBC842  5-(GABT/C G -3' 51,5 P krempfii & P. dalatensis ISSR
8 UBC856 5'-(AC)8 T/C A-3' 52 P krempfii & P. dalatensis ISSR
9 UBCS873 5'-(GACA)4 -3' 52 P krempfii & P dalatensis ISSR
1 SCoT 12 ACGACATGGCGACCAACG 50 P dalatensis & P. krempfii SCoT
2 SCoT 13 ACGACATGGCGACCATCG 50 P dalatensis & P. krempfii SCoT
3 SCoT 18 ACCATGGCTACCACCGCC 50 P dalatensis & P. krempfii SCoT
4 SCoT 1 CAACAATGGCTACCACCA 50 P dalatensis SCoT
5 SCoT 19 ACCATGGCTACCACCGGC 50 P dalatensis & P. krempfii SCoT
6 SCoT 22 AACCATGGCTACCACCAC 50 P dalatensis & P. krempfii SCoT
7 SCoT 29 CCATGGCTACCACCGGCC 50 P dalatensis & P. krempfii SCoT
8 SCoT 30 CCATGGCTACCACCGGCG 50 P dalatensis & P. krempfii SCoT
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Our study aims to provide scientific data on the effect of human activities on behavior of Macaca fascicularis in

one of ecotourism sites in Telaga Warna, West Java, Indonesia. We observed one troop of the macaques on 42

weekdays, 33 weekend days (including holidays) and 24 Ramadhan days in total 425 hours observation to see if

there were any changes of their daily behavior due to human activities. The average numbers of tourists for

weekdays, weekends and Ramadhan was 103.3, 232.2 and 36.8 respectively. The frequency of moving significantly

increased during Ramadhan compared to weekend and weekday. The frequency of resting decreased in Ramadhan

compared to weekend and weekday. These results imply that the macaques have different strategies to forage during

each type of days. We interviewed 304 people (162 visitors, 131 residents, 11 workers). About 37.5 % of respondents

experienced nuisance problems caused by the macaques. The main cause of the nuisance problems was monkeys

attracted to the food. Seventy percent respondents felt that there was no conflict between human and macaques and

planned to feed the monkey in the future. Most of respondent also did not know about zoonosis. The result indicates

that there will be potentially conflict between human and macaques.

Keywords: Long-tailed-macaque, macaque ecology, interaction, cultural activity

I. INTRODUCTION

Primates showed temporal change of behavior.
Majority of the temporal behavior affected by
differences in dietary availability, quality, and
distribution (Hanya 2004). The same things
happened in macaques that lived in ecotourism site.

The number of tourists (and amount of
provisioning foods) changes seasonally, which in
turn affects activity, diet composition, and degree of
aggressive behavior of the monkeys; semi-

provisioned baboons (Papio cynocephalus) spent

less time for feeding and more for resting than wild
troop (Altmann and Muruthi 1988). It has been
known that intensity of human-macaque-interactions
changes the macaque behavior. However, kind of
aspects, when, and how it affects the macaques for
each area may be different. In order to establish a
way for sustainable tourism, providing scientific
data on the effects of human activity on the
macaques is very urgent. In Indonesia, religious and
cultural factors would affect various aspects of the

macaque population, behavior and ecology. Our

1: Department of Biology, Bogor Agricultural University ~2: Primate Research Institute, Kyoto University
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study tries to confirm this point via behavioral

observation and interview with the people.

II. MATERIALS AND METHODS

1. Study site

The observation was conducted in Telaga Warna
Nature Park (TW), West Java, Indonesia (Fig. 1).
The TW located in sub-district of Cisarua, District
Bogor (6°702’S, 106°996’E). TW is composed of
nature reserve (550 ha) and nature recreational park
(5 ha). There are two troops of long-tailed macaque,

both of which are habituated to human. Recently
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S
Kuala Lumpur

Singapore
[

AAAAAAAAAAAAA

some resorts were built inside the Park. This might
cause the macaques to close to human area and
increase the frequency of human-macaque conflicts.
Subject animal of this study was one troop of long-
tailed macaques, called Group A.

We observed one troop of the macaques on 42
weekdays, 33 weekend days (including holidays)
and 24 Ramadhan days (From December 2017 to
August 2018) in total 425 hours observation to see
if there were any changes of their daily behavior due

to human activities.

Fig. 1. Location and Photos of Telaga Warna, West Java, Indonesia.

2. Activity budget
We employed instantaneous scan sampling
(Altmann 1974) every 10 minute to record activity

budgets of the macaques, and recorded activity of

all visible animals (including infants). The
behavioral categories of the macaques were
classified into moving, resting, feeding, social

activity, and others.
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3. Provisioning and aggressive behavior
We employed ad libitum sampling (Altmann
1974) to record interactions between the macaques
and tourists. We defined the interaction when at least
one macaque and one human oriented toward each
other and exchange behavior (Fuentes et al. 2008).
In this study we recorded all interactions whose
tourist-macaque distance was less than 8 meters. We
classified the interaction into provisioning and three
levels of aggressive behavior, as follow:
a. Provisioning: Tourists gave foods to the
macaques.
b. Aggresive Behavior:

* Level 1: The macaques approached to and/or
taught tourists, but not caused injury.

* Level 2: The macaques demonstrated
threatening or frightening behavior with short
distance (< 3 m), included alarming, showing
canine and lifting their tails

* Level 3: The macaques showed aggressive
behavior, including bitting, chasing, stealing
and damaged tourists’ belongings.

4. Interview

We interviewed 304 people (162 visitors, 131
residents, 11 workers) about their perception toward
macaques in Telaga Warna, such as attitude toward
macaques, experienced nuisance problems caused
by the macaques, kind of nuisance problems, the
existence of conflict between human and macaque
in Telaga Warna, plan about feed monkeys in the

future and knowledge about zoonosis

I11. RESULTS
1. Number of visitor
Numbers of visitor to Telaga Warna were
significantly different across the type of day

(Kruskal test, p < 0.05). The average numbers of
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Ramadhan Weekday Weekend
N=24 N=33 N=42

Fig. 2. Number of visitors of Telaga Warna across type of days

tourist for weekdays, weekend and Ramadhan was
103.3, 232.2 and 36.8 respectively. It implies
religious activity affects human activity (Fig. 2).
2. Daily activity

The highest activity is feeding (28-33 %, across
the day types), followed by moving (21-31 %) and
resting (18-23 %). All daily activities were relatively
stable, except for moving. They tend to move more
in Ramadhan season. Number of tourist affected
percentages of moving. When the number of tourists
increased, percentage of moving decreased.
Previous studies have shown that provisioned long-
tailed macaques spent much time for moving and
feeding, and less time for resting (Son 2004;
Hambali et al. 2012) (Fig. 3).
3. Provisioning and aggressive behavior

The intensity of provisioning is different between
Ramadhan, weekend and weekdays. The highest
intensity of provisioning happened in weekend and
lowest in Ramadhan season. This result may
attribute to high number of visitors in weekend and
low number of visitors in Ramadhan season.
Majority of aggressive behavior was level 1 which
is not harmful to human. But there are tendencies of
increasing level of aggressive behavior as the
number of visitors increases. This implied that the

degree of aggressiveness becomes higher when
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availability of the provisioned foods increases (Fig.
4).
4. Human perception towards macaques

We found that most respondents (visitors,
residents and workers) like the existence of
macaques in Telaga Warna (Fig. 5). About 37.5 % of
respondents experienced nuisance problems caused
by the macaques (Fig. 6). Most of nuisance
problems are macaque stealing stuff from them,
followed or threatened (Fig. 7). Most respondents
think that the main cause of the nuisance problems
was monkeys attracted to the food (Fig. 8).
However, most visitors and residents did not feel
any conflict between human and macaque in Telaga
Warna. This result was different from worker. The

respondent planned to feed the monkey in the

future. Most of visitors and residents did not have
knowledge about zoonosis (Fig. 9). The result
indicates that there will be potentially conflict
between human and macaques.
5. Overview

Our results imply that the macaques in Telaga
Warna could modify their feeding strategies in
response to availability of provisioned foods. There
are consistencies between behavior observation of
macaque and interview's result. The lack of
knowledge of respondents about the macaque and
zoonosis may increase the probability of conflict of
human and macaques in future, thus education to
society is necessary. Collecting these kind of
scientific data is quite important for establishing the

sustainable “monkey ecotourism” in Indonesia.

{ Attitude Toward Macaques J
Visitor Resident Worker
N=162 N=131 N=11

Fig. 5. Respondent perception towards macaques

Experienced nuisance problems caused by the macaques

Visitor
N=162

Resident
MN=131

Worker

M=11

Fig. 6. Percentage of respondents experienced nuisance problem causes by the macaque
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Fig. 8. Respondent opinion about the causes of the nuisance problem
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Knowledge About Zoonosis

Visitor Resident Worker

N=130 N=104 N=5

Fig. 9. Respondent’s knowledge about zoonosis

IV. FUTURE ACTION 1. Made leaflet about the danger of zoonosis
We discussed with the staff of Ministry of (Draft attached, Fig. 10)
Forestry and planning several methods to prevent 2. Made attractive announcement about the effect
conflict of human and macaques in Telaga Warna of provisioning monkeys

"

we should not feed wild animals? e - o

A

Fig. 10. Draft of leaflet about the danger of zoonosis
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Human-Macaque Interaction in Telaga Warna

Fig. 11. Some documentation of human-macaque interaction in Telaga Warna

3. Close the trash bin with some metal so that
monkeys can not open

4. Monitor behavior of macaques

DOCUMENTATIONS

REFERENCES

Altmann, J. 1974. Observational study of behavior: Sampling
methods. Behaviour 49:235-240.

Altmann, J. and Muruthi, E. 1988. Differences in daily life
between semiprovisioned and wild feeding baboons.
American Journal of Primatology 15: 213-221.

Fuentes, A., Kalchik, S., Gettler, L., Kwiatt, A., Konecki, M.

and Jones-Engel, L. 2008. Characterizing human—
macaque interactions in Singapore. American Journal of
Primatology 70: 879-883.

Hanya, G. 2004. Diet of Japanese macaque troop in the
coniferous forest of Yakushima. International Journal of
Primatology 25: 55-71.

Hambali, K., Ismail, A. and Md-Zain, B.M. 2012. Daily
activity budget of long-tailed macaques (Macaca
fascicularis) in Kuala Selangor Nature Park.
International Journal of Basic & Applied Sciences 12:
44-47.

Son, V.D. 2014. Time budgets of Macaca fascicularis in a
mangrove forest, Vietnam. Laboratory Primate

Newsletter 43: 2-4.

231



ETIRERAE D) SR B RS 5 vol. 28 (2019)
FHTO-F bo—F - 77 NBIRL BABIAL

ANEEEN Ty —1 ALY A RO
=0 AP IICE Z 25720 7HTh

iR ERRRE T IV—T
Kanthi Arum Widayati', Puji Rianti', Yamato Tsuji’,

Latif Sofiana Nugrahenil, Sarah Nila',

Muhammad Fadli Rahman' and Sugeng Purnomo'

KR OMBOHME, AV RXITHI YT - 7T A7) FOray—1I XLY A MT, ARBREH)
MW I ERT % 1 =27 A YV (Macaca fascicularis) DFFENCTOITHEEET 2 MM DV T ORZEN T T —
AT B e THD. ABTEHOL NV EES 3 D02 A7 CFEH 42 H, #HE - #iH 33 H,
FAVH 24 H) DFF 425 RIS DTz THIVERIZL, YILVOFTEIA X A1 T TRz 2GR
STz BOEED 1 HM720 OFEBIZFEAD 1033 A, RH-BLHD 2322 N, XM 368 N2
oo IRAVIHE, VIVOBBEIGHMIO X A TICARNGREICE S, MICKREEEMEh . coT
LlE, VILHBBDEROBICIECTHSDITEIEZEZ TVWA T 7R B 5. fTEBIR T LT, 304 A
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