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Annual Report of Pro Natura Foundation Japan vol. 26 (2018)
26th Pro Natura Fund Domestic Research

Analyses of environmental and benthic faunal changes of Ariake Sea
after the construction of dike for the Isahaya Reclamation Project

AZUMA Mikio, SATO Shin'ichi, YAMANAKA Takaki,
SATO Masanori, MATSUO Masatoshi and ICHIKAWA Toshihiro

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) 16 fixed stations inside of the dike in 13 June 2016 and (2) 50 fixed stations around inner
part of Ariake Sea in 15 and 16 June 2016. As a result, 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 2001 to 2003.
However, from 2004 to 2016, 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: Isahaya Bay, Reclamation, Changes of water quality and bottom sediment, Gammaridean amphipods,

Polychaetes, Bivalves

Research Group for Conservation Ecology on the Ariake Sea
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26th Pro Natura Fund Domestic Research

Clarification of the distribution expansion of invasive ant including
Pheidole megacephala in Ogasawara islands, and the impact evaluation

on conventional ecosystems

KOBAYASHI Hirotaka, SHOJI Kazutaka, YAMAMOTO Ayaka,
OGURA Yui, NAKAJIMA Keita, YAMADA Aiki, YAMADA Masako,
YAMAGUCHI Marika, EGUCHI Katsuyuki and OSAWA Takeshi

In the Chichi-jima and Haha-jima islands of the Bonin Islands, (1) environmental preferences and suitable habitats
of invasive ant species are estimated, and (2) their food sources (including symbiosis with honeydew-producing
homopteran insects) are revealed. These knowledge might be indispensable for controlling invasive ant species. We
here report mainly the results concerning environmental preferences of invasive ant species in Chichi-jima. A total
of 25 species belonging to 15 genera of 4 subfamilies were collected from 86 sampling sites of Chichi-jima by 10-
min. Time Unit Sampling. Pheidole megacephala, one of the most famous invasive ant species, prefers open habitats
in the peripheral area of the island, while Pheidole parva species complex, of which life history has not yet been
known, prefers habitats moderately or largely covered by forests. The two species were almost completely allopatric
to each other. Because the latter species seems to be an euryphagous ground-forager, it might have a potential to
negatively impact endemic species.

Ky words: Invasive alien species, Biodiversity conservation, GIS, Ecological niche modelling

Pheidole megacephala group, Systematic Zoology Laboratory of Tokyo Metropolitan University
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WER, X BEE, HI<Y - MIKY T ERE
72 - 7= (Bonfferoni i P<0. 05). A EIC =L
TeDWE, FEHRPEDMEOIEIS, B3 2 RHRE,
Y - A XREE, E - S5 - SRR IE o 7
(Bonfferoni {% P<0. 05). MWTIEEH & o RF}EH
Ji, HEARSEERITEE (ZH IS K o GERED R E

SEAE LTz, WFHERRE A X RERFIE, mE
WNcHz% 1 H2 AlERENT, 91402 A)
LB @GHS ) Ickv@ERE N KHfic
HRREFEEBIE EAIIC K 0BIRE W, WIFIC
TNz
3. LA
NEVHDOERIE, H, kK, KlcENTN 22,
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To. WGREDBCRTE) R & O ERN R TR
NI otz HEV DY MRS 58T
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FEARFHEIZEAEEE LAWY, &FRCH]
FATZ28EBYESCYRaARY AR EDE
TREIERSICIRE S ND. T, HWREBIEERIE
fDFEIC LT, BIARDEEN GO, 1
JERRE D S iz (RS B HEREN D 5 & & X
5Nn%.
INETOAETAOLHFIFICET 2
FIE, 7Y AREN, HRERICEK S
HFHENNL OB Abh, AERHEvE
O ZBBICRIHT 2 2 &, YU RHE 2kt
2T EMRETNTVESD (Nowicki
and Koganezawa 2001, Doko and Chen 2013, [L|&}
1981, f7 HIE A 1993, HEZA « 75 - 2003, ZHIZ
A 2013), 1TEHEIN ORI IR Z DFHIZ(E
REWCDVTIRIEE AW Ia o T (LR
1989). 7z, Th 5D THRMICAHR
TEHAEY WM RICB T iabNic. Rifgkic
X0, @lEFICAERT 2 T OTH)ER]



HBFHRS N, TR R BRI 2 i
FNDIF TV T WD TRENTE.
2. LRSI 5 S A OEREAE
HET DB DN TIE 1980 4ERT A H
SEEAICHIZEN B abhn, WL DHDHIKD
AMEREE CRE R BN S MR > TED,
(F & AL ORISR BV T AT Y HORA
AREI RE R ARARON FHEEAR 2 2 R
RN TSI —THBLEALNTY
% (Akasaka and Maruyama 1977, Takatsuki et al.
1988, Ochiai 1999, Jiang et al. 2008, Kobayashi and
Takatsuki 2012, Asakura et al. 2014). LD L, &
IWEE DAL ADENR, VT3R5
5507 /4 RDNNFEZ@E L TCHETHD,
CNETHEMCEINTELHAMRTEICHIT S
HEVADEEERE LG >TVST LD
ST mUEFRETIE, SMoh'I A
DFELELEY)TH 5 ILEROBEAENE E AL
5L, AEVADOMH AR BYIDO RN 58
BORYYEAXBEATHS. DR, &
RO 77 € 2 71 DFREERRIIARAD & DI L
NCTT LAY —NaEmZ RO EEZ 5N
iz, ZFBHFICK 0T Y PEAFHOF A
MHPRE NS 728, FHIERDEE LS Tz.
DT LEXFORMEDZE LR A Re7x LI
WV EW S @mIEFEICRAOHATH S &
EAibni.
3. 58z < % & OFERIBE
CHADOBMIEFUFEZEBECTTTI /A RN
HETH O, oy IR 9 2 >
HDOBEME X BMBIL Tz (Takatsuki 1986,
Kobayashi and Takatsuki 2012, Takahashi et al.
2013). AETAELTALFARICTTI /AR
WEETHD, WEOBYHRHRE GO WA T
JU—@EELTWE Lirl, VY93I /4K
OFANENGFIEEAEDFHTL ADITHE
Motz NEVHE T HIOEBYRHKDO LRI

-
(@
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WICHES DD EN Tl eh b, HEY
F1DTT M FERFIER 7R ED LRI B /1T
dV—ZzHMHTZOIHL, PhiETII /A
RiclR->T2BMETH AT I DNZS.
NETHE T HOBYHROFLE I EELE
I 70% L EE@EL, BT 40 % LLFETIKRL
fo. BEEBRATV ARV AE T T /4RI
FAF L T e e BLENE <720, FidhE
SHMWKTZES, VAT IT I A RITKIFEL
TVl FMEMEL ToTc b BEZA BN S.
A THER SNz, FEEICBUIZHETH
TV ADEMDOEWELER, 7 EICBT
BEEH (B 1574 %, © © 48.0 %, Kobayashi and
Takatsuki 2012) &L ¥52EDTH> . \7r
EOBHRMIERRICIZ T I OAARFNEEICH S
128, Wi ORI DE N D BV AN
X/ bEZ 5N SN (Kobayashi and Takatsuki
2012), EMLOELIEFEIEZ T Z I /A4 FHK
F2 G2 R BYItETH 572D, BED
HENKREL EoEEZIONS. &z, TOD
TENSHEDORBNDIFICIETTII /A FEKR
RO T MEDRETH B T EHNEZ LN
7. —73, WENC B2 HEhETHD
AMOHLEEIZEIC 84.3% TH Y, AWEL
J\r EORALIE K D & @ EZ 7R U7z (Asakura
etal. 2014). THUIT HDEBEICK D KD
REPIDZARE & /N A A= ZHS i B3I 7 -
etz eEZSNTWVWS. TNbDT ki,
A EHEYHOERRODINA A< A LR
ViDL RN HFED BYIEIRO BRI ET 5
TEERIRET D, SH%IETEVHESHOER
R Z X% L [FERC, ERMONI A< A&
MERREYI D Z R L TRE T 20BN D 5.
4. FEN RS 7 & OFEMIEE

HNET e hDORELERHEEZ 1 m Th
D, FEFIEL T2 EMEESI N, EEN
TS B BRI Rh o7z %51(2009)



1T & 2RISR Lt 35U % EWERE OF5 R
TlE, AETADS Y HITHT B BCRITEINEL
BIBIEREN TV B EE AN THBE S 2.
AHETHRKRIC, YHCEBHESHDE
WA EEEN B ABREIE LA ER0E
DRI NIz, T=72L, BT ORBUEE X
HETHDIFE S DERINCE L, BEERT
3758, YHDFHEICHT B RIEHEL RSN
oo WUTUAE, BEVAZRRICT ZHEIED
EHRETHBNZ ST, coT b, bixl
EEVAKDE ATV DT PHTFOFETEZR
WKLTWA T EMNREBINS.

V. &6

GPS JEfGavic X 217dhBE &Y 5, HRL
OEIERICAERT B HETAE, WFHEEA
A FFRHEARMN S 75 2 i &R 2R
RSN THR D, MEMICIIREREZHSE
X E RS B M 2 BT L Tna T &
DS EEo T, £z, #oOMIC KD, HE
HNCII T EER A 2R EDFA, BTN
FHEEBINEETH B AL ERD, BT
O HDOERERIHIEETRBMC L DEINTVS
TEWNRBINTZ. chbocehb, Th
5ORHE @ RIIRER D T L A mLEEIC
EERTBZNEDHZRE TS LTHEHETHS L
EIbNb.

BIFTENCAER T 5 I BHOEENKE
<, ML IR BIHFEET ST T2
/A RICAFT Bl b o7z, =L, TAh
DMWEO TSI A RIck(zL, hET X
MTIEREIER 1 & LR ki) 2RI 3 B i
ool File, —RICEFRE O NA F
< AR D Z MU HANTEW 8, Bk
TEFBYZDH S Z2HAITFNZERE LGV
LHEERENG. REL, AEVALYADEN
DEBIIMERITHMEI D &ERENVTD, FHPN
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A A ADK TR 2T B Ligian
WML &% e HREINS. OhIFEEREEEED
F LR3I DONT, Bz Altsgs e
MHIENTWS (F 20060). X5, @il
AR HORBIEIC X ZHEEZFRTL,
77 VT A 7% E DL TIRAEA DGR =
EEREY) OB IR T N T2 (5 2015).
Fiz, HEVAHRVAIDFERZSICT ST &
5, A OERBUNEIN L TR > /1 by E
% X9 IIRic iz niE, W'Y R Sk
THRESEE TRICEALND. COkD, &
I ERT 2 e 0L BERE 22T
febicid, v hzs/NEORZEICIZ 5780
BEMZBIEIRENDB1255.

HIEE

AW BT BICHTzD, /INETiAILAERH
EOMBEENKRICIZB AT T2 Kx 5 X
EAETEW:. £, GPSHEEBROEHICHT-
D AT R AR B AT R E OB, K
WL, /NIEREKN B2 KA T 1720z n
Te. BT ORI K Z N DB D EY)AH
D B KA S Y] 75 TR 2 U TRV .
JRAT K22 B A B A e B A B D R IR NI
& NPO — 9 b—L DL T RICITREHE
HIDFRIEDIFEF 7OV R — b &2 U CIHW 2.
TR LT KD EHOZEZRL X T
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26th Pro Natura Fund Domestic Research

Ecological studies on the alpine dwelling Japanese serow
(Capricornis crispus) in Mt. Asama, Central Japan
—focusing on the sika deer (Cervus nippon) expanding to alpine—

TAKADA Hayato, YANO Risako, WATANABE Haruko,
KISHIMOTO Ryosuke and KATSUMATA Ayumi

We investigated the home ranges, habitat selection and dietary composition of alpine dwelling Japanese serows in
Mt. Asama to assess the ecological requirement of it. Moreover, we investigated dietary composition of sika deer
and interaction between deer and serow to reveal those inter-specific relationships. Between December 2015 and Jun
2016, we tracked GPS collared individual (adult female). The home-range size was 28. 4 ha (CP 95 %) and seasonal
movement was not observed. The habitat selection changed in seasonal. In green season, the dicotyledonous
grassland and tallgrass prairie were selected. In winter, the serow selected the evergreen coniferous forest. In the
present study, dwarf bamboo and graminoids were important food plants for the serow, whereas dicotyledonous
leaves were important for forest dwelling serow in many previous studies. In winter, coniferous leaf was important
food plants for the serow, because grassland was covered by snow. The percentage similarity of the fecal
composition between serow and deer in alpine habitat (The PS was 72. 9 % in summer) was higher than in forest
habitat at Mt. Yatsugatake (The PS was 48 % in summer, Kobayashi and Takatsuki 2012). The interactions between
serow and deer were observed 9 times and agonistic interaction was never observed. The occurrence of inter-specific
warning of serow was higher than deer.

Key words: Habitat selection, Inter-specific competition, Food habits Alpine grassland and Resource partitioning

Mt. Asama Japanese serow research group
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F2HTOF bo—F - 77 NBIL BB

LI EE L HNA (ESU) THAHHHERE - e
Va3 a3/ NNZ 7 FAREOBIRIER & B RE

RS AR 2

HRE L 7RIS RERME S

==

=

THREA S DO PEHY 30 km OFREHC AT 2 V2ME L OPTFRBOY 2 U F 2w a /X7 kRS,

{biic BE LA (BSU) TH5. AW,

C DEATHEOBLRIEZ HR & Uiz, 2008 42 & 2016 420D

T THITE T E T2 HIPIC I % LR S0 2008 FORERMEIAZUE 12 ik, 2016 FEICHETE T E 28K
& 15 R TH o 7z, 2008 FEOE/ NG & BRI 2 B EIC AN S EEHABDEIN LIz & EZ BXRET
Fxuv. PR SO 2008 FEOERMAAEIL 15 K, 2016 FE 16 ik Th o7z, FRUBLHVES
T 2012 fEICHIIE L7 &Rt 12 kD 5 B, 2016 I ERDER T E DR PPEREED L AKIZ T TH >
fo. AEMOEGFRIZ 8% T, FAMOMEE LTI TRy, FRAELHERETY avFava/
INAZ I EIBRE AR L TV A DRBARE Y <4 EHRE N FHVOES T IOk
&, VavFava/ NI EREOERZES < T 3 REENH 5.

F—U—RREH, R, BRR A5V, iR,

. FC&IT

Vaud a3 /INAY Ouws elegans 1%, &
Ef20em O/NRDT7 71y THhs (Konig
and Weick 2008). T EL/REIMIE, AT
Sz S5 5EE, EIRESICWZS
FRER S 5, KHGEEE D K E ( Society of
Japan 2012) , BEFMAEEOMIE, XTIV
v EALERD/NEIBIC 73479 % (Gill and Donsker
2013). b EM L U CHEREZGEB O
J BB AT B T L DRI (Takagi et
al. 2015), ZXARdiFHOEKERAE 1,800 km IC 35
KET EIEoTe. AL 4 dFEICTHENT
% (Dickinson 2003). FiERFIEIC /AT % ifi
Y 2 9F 273 /)XY 0. e. elegans, K

EIAT

BRI H2HEX A MY /N O. e
interpositus, V5D HIEIC /S 5 HiffZ > L
Y3 /) INZ Y O. e. boterensis ¥ INZ 2 EINT Y
VBT MRS TV a N O. e
calaensis T 5.

BHE, VavFava/ NA7ICHMT 5%
RERBEIGMEICBI T 2R OERICK D, Z
DPBICITHMFNBRE LN TVS. X7,
Takagi (2011) (FFEdifEY 2 T F 2T /N
DL E R OILHl (ki) &l
(PR THMIC RS EZH5 M LT,
Z0D#%, X ha2 R 7 DNA O COI D/
Tz A TOMKINS, LR E MRAD AR
WHELANIVODENWEFZ %29 %R, Wik

L AGHER AR AR e be 20 LRSS
2017.12.28 321} 2018.5.14 /3B
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HEDIIZIE 100-150 347 & #E5E & 417z (Saitoh
et al. 2014). JAR A OHIBR IS BB 7
EXIGT B T EMMERE N BRI,
JawFawva/NRTonae il 2k
BEL UCHRE L, WRAERIC I3 AERER A5V
BiLiceHEsiansg. LHL, Takagi (2013) &
MRS OILIICAIES 5 6 &, JPFREE, O
Y5S, EERKE, PR, BRI, ACKEO
UawFaya/NAY7DINEFD, FERMHIC
KoENnsezHLM L. S har Ry
77 DNA O COL I D T, TNHD 65
DAEAERHE EICHRIRICE S 5 Z LD S
IC 7% o 7z (Takagi and Saitoh in prepartion).
AU B R e o BRI R EE & U CTREREIC
BT, £, A0 Y T4 MEEKOME
Frig, PRFEE U B OMKRHE, BBk
HEDEDBOFEAEHICELRE LRV L2
77 L7z (Takagi and Saitoh in prepartion). Takagi
(2013) &, BE R Z O 72 R O LI
HET % 6 BICBIT BERMD M2, Wb
LSBT 5 BRI X B LRI A 7 — )L T
DOZHNEBAICE S EDEHE L. Ll
PREER S & OHE A BICERRRICIE C OFNC S
WTRESZV. DEOA 7Y T I 1 Mi
5, PPPRE &SSO MR IR
& FRIRD I U T RIS R B o0k U 72 i
HEECTH Y, BUTHFEORMMER THREEE N TE
TeRTREMED G, DER D, MELAYIC R B BT
(Evolitionally Significant Unit; Ryder 1986, Moritz
1994) LA 5.

MEEY) 2T F 2T AN IHEE L ER
LT 2SO ILE A 55 30 km O B &
< (K1A), fERDRE A A AT REZR Ml # P
ICH B EMSEEIND., ZThCE DS TIHE
DRARIRHEZFFD T L&, FREAMfIE D 5
VavwFayd/NA7IFIERICHEEZEOE S
WA 5. Tz, PPEREEESREOmET

-
(@

34

NZFN 2059 km?, 14.14 km® D/NEBLTH 5.
AHIEHAE R TH 2 T &h 5 ENOERARE
B SIClEEINS. Lo T, ARz
SRR T 2 EAREUT DI, EEIERRNIC X %8
HH bR e ez ke, MEOBGINELE %
FEolc & - T EAREE, LAY R EE T
BB, NGB BT B EARREO Mgz #E A %
&, MHEICBIRD R E N B NETH D, 2T
TAMIETEERE L PEREICEITS ) 2
YTF 2T A NAYEARTEOBLR & US4
FRICOWTIRIAT 52 & ZHMNE Uiz,

. A&

AL, RS OVEICK 30 km DY )
FIichiE T 2025 E (26°56°N, 127°56°E) I
BT (K 1AB), 2008 4E 5 H 20 H, 2012 4E
6 H 2325 H, 2016466 H4-6 H, T =&
(27°02°N, 127°58’E) IcHBWT (X 1AC), 2008
521 H, 2012 4 6 A 2526 H, 2016 4 5
HA31H-6 A2HIcfr>7z.

VavFaoa /N7 NAMCHEESN
72V aUFava/NRATOEFEICHR K
TEHTENHMSENT NS (Takagi 2011, 2013).
JERICHR S KIST 217N, HDIEDNDRA
FTICHRT2EITENEZEZA DN TVS. IBE
Fziid adlE, HEonmzEs %0l
$THB. 2008 FFICKRFEDKITY 2 Fa
TA/NATOREFZHEL, ZORICKIG
LCREFEMNMRCE Gzl B
THEO\EEIICIE, IC L a—4%— (Marantz PMD
660 « 670 solid-state recorders, D&M Holdings Inc.
W) ZRHV, AE—A—ICX DTNk ERIC
L 7z (Toshiba BK-701 portable speaker, Toshiba
Corporation, H5T). U awF a2 /NI 7E
MELHICHELU LR EFZRETEEND B
S, MEZ I Tfuni), Tfunya) EEIC A58 L
FIRICTET A DT, LRI 2T LIFAEST



O
Izena lsland "

\V/Iheya Island

1 A DPERE & HEREONE. B PERBICBI 2HEKE ) 2 U F 273 /N7 O L. C HE
BICBIBHAERE ) 27 F 2973/ NN ORI AL & AT, IREFR G RRIE. RKEIHRIE 2008 41 & 2016 D4
VSR 7217 TR, REIRROD AW SSRIE 2008 45, MW SR 2016 4EDFHETRRER. FIFLIE 2008 4 & 2016 fEDMAEICY 27 F 4
YO NRY 2R LT =13 2008 4R CHER S M. SRALE 2016 4E721) THEER S N7, HUUCHTIE 2008 4F
12V 23 273N\ 2R Ul s, IREANE 2016 ISR Lz s, PPREZTICH 2 KA & B
& 2016 4EIC U > F 5 E AN ERR E Nl

35



H%. 2016 1FF, 2008 FFICHTIRIGRE 21T -
FeHiPAIC BWTIREFRZIAL, HORDIED
IMZZIRE L, A THOKIEKTEMEZTT>
7z,

2012 FEICHED Y 2T F 27 3 /N T 224l
L MEcEEMzZHVE fMEzZiT-
THRFHNI BRI CH 5 728, M2 A faynd
2V aTF 2y /N7 OMEREZTIINRE D
AIIC KON TRETH 5. FEIARICIZER
HRAEDRBRERZEE L, ORI KHd
37— 7 2R ENE NN A G DY
TEHEEXNI . TOT—=71CKD, HHEET
DN TREATRNT 5 2 EMA[RETH 5.
2016 FEITIE, 2012 FFICHGER L 7 AN AR L
TWBME DD ZIENDZTDIT, HEREE L
TG DREATY 2 F 203/ NR T R
Uiz, VauFava/ NA7ik, Tblidoz
1G9 5 LT DO E REBENT S C
L1377z (Iwasaki, Takagi unpublished data). Z
DI DRI T & Z DJEAZRE T 5 T LT,
L7z N DD T EHIEETDH 5.

. #5%

FEREICEBTZ) 2 TFaa /A Y
D47z X 1B TR LTz, 2008 4 & 2016 4E0D
i SN A C & 7 HEPHIC 351 % 2008 A DR
REAEE 2R TH > Tz, [AEEOHIFH T
2016 FEICHfERE T & T AEE 15 ik TH -
Tz. 2008 fRICHERR & NIz niEma ra il o 2 fi{k
1 2016 FEICTIEMERR T NS, W A P TR
N, TR, BRUOMEECE MR EOER
EMANE Do TGN D o Tz B RO
T 2008 FFICHERR & NIz X1 IX, 2016 Il K
R T H-DRENTE o7z, 7235, 2008
IR B 7 VHEIC T T kg B &
AT BHERIT T, TS DSIE
o fe. VY ENSEEICNI T TE K
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SIS BN 5 T, 2016 FE72LF THlA 21T -
TP T, I OFERE T 7 EAD KIS 21372,
F 2B OH BN 5 1& 5 EERD R IEE 1Sz
BHimLodtETiERISIEESNE -T2, 5
BRI DR, FAOINCE 2 XIKTE
SOSE 7R o 7z,

PEZEBICEBITZ) 2 TF 20T /NN TD
A7 X 1C ISR LTz, 2008 4 & 2016 4F 0D
)i Tl T & 2 HiPHIC 351 % 2008 4E DR
HEUZ 15 R TH - 7z, [FIREDHIPAT 2016 4
ICTHRE T E TR EIE 16 il{ATH > 7z, 2016
EDOMETIE, AFF 60 Wi S KL EB .
KEFLE D T OMERREABDN 2 > Tz, KEFIL
S BSOS E R B T E, HEEAD
M LT L TWwa T EH MU, dEfle
PERIDHFERIRO DT 7 < A 7 O AR T & Al
AR U TR S e (K 10).

[ 1BC I CRHANC XK bR S N i 7%
oG TH 5. 202 FEICHHFRE THES
ik, PDHE% K CHET ARz R L 7z, 2012
EICRERZ A LT flitkiE, PREREICEW T
EATZ I MR T & 7. 2016 4EITE, HFrizicpt
PRET 3 ik, HHE5ET 6 (iikZHiiE Ui
LTz,

V. &R

PRERE T, 2008 4 & 2016 72 LIS %
CHERBMEMARAN 36 % N L7z &icx 5. L
A UBBEIC BT 2016 42721 THERR S Nz 2
A A%, 2008 FEHERR LD B OIRED 72D
FUERE NE D o Ter[REMED B D 2008 A DAl A
Bl haHiiE Niehd Lhkwv. 577
1 FG ATEIOWEFEE P, ABMIICH LT
MGE RSN B RISOIME X, A RERBISM
KX THIZA T EMNHISNTVS (Braga and
Motta-Junior 2009, Johnson et al. 1981, Morrell
at al. 1991, Seavy 2004). DX O {EKRE D N



LicbEZEZBNETIERWEAS.
CNETOREICKOPHFREBICBIZ Y 2
Y 2 3 NA IR EEOLE IS IE AR 7%
BRI A TE Tz, BimmiCTHEREE N7z 2 4
WOERT 25mE, TEkiEEEZ SN0
KBRS TOB 0t JEA7E > Tz, £z, Wi
EROWRFR O THERR S Nz 2 ARV ERT
2 BRI TEEAA T, foREED DR E N TV e,
BRI TH S e BRI X DG 4 m
FEICHIRE N TS, INAHTHREDK
BARMIH L Tz, TDX S RERENTHESH
B0V avFaya/NA7OERICHAL &
NZEDTHZN, FEALRBINTERVD
WEIRTH 5. PFREEDOERA TEH SHE
FT, RSN TNAH T NEE UK
MEMENS. FEERE B O KA ORI,
KEROBHHICEHHET 2 2 UFa v/ NR
7 04 BITIdmE X 7w (Akatani et al. 2011).
2016 FEDOFMEN 5 PPF RS TIIEEORET
DWERMZNT DD S, AUIOKRE > Tz
WIS 2 RIBEICKE LB XA V3,
VauFawa/NZA T I EBEED iz 8 DR

2 2008 4EIC Y 2V F 2 O N ORI T R IR
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iR TE 5725 95 (cf Akatani et al. 2011).
2012 FFICHHHE U 7z a 4K, B K OHEFEMIC
2008 FFICHERE CE T2 b AR AEE L TV izl
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BZRETIFEZOD, VavFada/ NV
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Current status and basic ecology of Evolutionally Significant Unit
(ESU), Ryukyu Scops Owls on Theya and Izena Islands.

TAKAGI Masaoki, SAITOH Takema, UEMURA Shingo,
HAMACHI Ayumu and SAWADA Akira

This study was conducted on Izena and lheya Islands located some 30 km off Okinawa Island in the central of
the Ryukyu Archipelago. The Ryukyu Scops Owl population on the islands is an Evolutional Significant Unit. We
conducted our research to reveal the status of the owl population. The number of owls in a restricted area on Theya
Island, 2008 was 12 males, and 15 males were in the same area, 2016. We should not consider that the population
has been increased because of the underestimation in 2008, owl responses against broadcast of hooting call depend
on environmental conditions. The number of owls in a restricted area on Izena Island, 2008 was 15 males, and 16
males were in the same area, 2016. Out of 12 males that we captured in 2012, we captured only one male on Theya
Island. Survival rate was 8 % during the four years. The owls mainly inhabited in the forest of introduced Casuarina
trees. Since wind shelterbelts composed by Casuarina trees have been blighted on Izena and Iheya Islands, it is
possibility in the future that the Ryukyu Scops Owl population is in the critical situation.

Key words: Hoot, Capturing, Banding, Color ring, Resighting, Beafoak tree
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F2HTOF bo—F - 77 NBIL BB

VRN AD SR, R R, (R
B 5, mafEYY~T YO

B ~ 0 2B 7 )V — 7
KR - v 757 - GRS

VIRYIAARNY T VIEAEDOERROTENZ DS, YYROBRERETRARIETHY, TV
BMENETHS. TR EEICHNZHER L TOEM, YYXOFEIHTHIR L. V<3 JOREE

MK TT >V ev< 2 a0BEHITHANET > TWIEH,

VXX DDEERIE 2T 5 RN D 5.

RIHZECREIERIGED /1 L 155 Y < X TR B SHTT T B E LHRIC, ¥R IO HE

FEMFE B HIBC Y % DB, TR Y 7> ORI E ORETI L T2 EHNT.
HNEIATORR, WL & ICHUSE T B ORI Te. ZICZFIIS R Y < 2L

FUTRE TN, ZOMKIERE ST, HICEY < R THRIE 7> i 5 AT B % I

L7ehd, FIHBERROME RIS B EGI3EN > 2.

RV EEZSNS.

L7ehd > THIFE DI 3872 8 < % iR i

WL EEZ DET S L THIEL TS EEA SN, WE LW /NGBS BT 2 @Il asE o
A2 RAld 51cid, BIFEDZ R 2R3 2 0D B 5.
F—TU— N FRBG, E, GXWEE, NS, BRAY

I 1EC&IC

ERENHICE, BOEREROEMIICH
BHY2mAig&EL LTy vr~vxa
(Prionailurus bengalensis euptilurus) < ¥ <
T > (Martes melampus tsuensis) HHEREL TV
%. Wik e B EORIKGIEMICIREEE N, 2015
FICREEEDNNEZLUE MLy RYURX KT
&, VYRV RORMBERIAK, YUY
T UFHEEGIHEICIEE T TV A, HHEIC
BZOEMCBRABELTFavky A 2T
(Mustela sibirica) hV3Aid 20, HERE A A
TN KB EFOWHRIT VIR, BURTIEFHM
FRHTH .

YYxal T VI3 ERNREEN LS.
Tatara and Doi (1994) &, B|EANEYZHNT 2
FoRMZHEL, 7V3RFELFHT HHE
MTHHDICHL, Y<3IFELEARET
HBHT R Llz. L LD SHENEYIDHT
TIRIICFEND AW Y2 D TEMZ i
27D, WSO DOMBERNDS. £7,
fe¥) 7 E ORI DZ W BN <DL
DI N THEBLIY 2 72 DITHEIGHIT E N %
T, ATz ERMIEM DD WEE 7
REDVE/ NG S N B FTREMED T 5N D (eg.
Cleary et al. 2011, Nakanishi and Izawa 2016). &%
Te, BREILTcBRZFHMiET 2 2 L3 LY. £

L BRERAAEL T AREZERE 20 BRERACEHIAE
2016.10.31 ZZfif  2018.5.14 /3B
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TAWZETIEHENAEYZ T 2 O BMHOM
AfZfrofz. BNAYNIERE Uz E% O 7 K
WL, WNAEYOWESPERED SHRE L&
ZHET ST LT, XOERNZEMEOIERZ
15T eMaREcins. £z, UKD
IEREFR T ENTE R0, RO &
Wo B XD BHOBWZIASMNCT S T
ENTES.

R RER RIS A, AR R S B 5.
WEEFE L EHEILCEVWDEDDERE Sk
N, HE THEMM b, 1672 FIC KM BGE
Cet S B Z B2 LR 2010), 1900 41
77 B (IR IR RS ST 1993) MBI E e,
EH 5D EK 200 m OFEAMIT BN, [
FE COME—DHANRRER L 75> T 5. JTBF
oAU BB, Ml FEEMEENS. 7V
FRBICHE > THMZHER L TV 2 DI L,
YRR ADSMFHH R D 5 BT SOOI
N0, FHCTFBOEREIIEIR LTz (HRER
Biwfzet > % —2013). LA L, 2007 FEIE R
BICBWTYY X aDLEEMN 23 ESRDICHT)
B I AT K > THER SN, ZDHROIEYH
i BB A T &k L THEEDHEEE N
T3 (HPREREIZTE > 2 —2013). Thid,
FEOIERD & BRI TY < 32 I DE R
JENEELTWAkETHZ LEZLGNS (H
SREREERE R > &2 — 2013).

=y FOHEET S 2 MAFEFTINC T S Hh
f & — 5 OFEM MR LR\ sz LU U 72 55
IZ, —AOMOF RN LT B &
NH%. Bz —m N3y 1 04 RE
IS D ELLT B <Y T > (M. martes) & A
v7 v (M. foina) WERELTWA. WfEDHE
FrAC B RS 2 i TlE, <Y T IE BRIk
7L, HMIEOT - iz F a8 e UTHIAY
BOICHKL, A>T VIRMD BZRIDHR TS
WKEAERL, REZEILSFMHT S WG

42

INTW5 (Postuszny et al. 2007, Larroque et al.
2015). LW ULBEMEA T Do LIEVE
BUCER T B~y T AR T, AT U
T3S % M LN TR DARFEE MK <,
RIELEILBRZ T EMMEETNTED, Th
ATV R LN &I K> THIFTTRE
WCES T BRZEY T WML TS D &
WO RN H % (Clevenger et al. 1995, Caryl et
al. 2012a, Caryl et al. 2012b). HfEICHBNTL,
FBEDX IV R IDERERENI D TEKL
o T HIIC BT, Y RaAMnFIHT S
ZTUWMHHATZE21CRD, KOHREBHFOIOD
BUZRT KIS EENEND . RICZS
Eo et YR IOERBENEIRIC D
IBKIS, TYEYIRIEED S > THFT
5&91kD, YXADOBERIERT ST
EDDERNEEDGS.
WHFLEADMEALIE I, WA OEFRN
AF LR, LhLEDNSRBEORETIE, #
MBS U723 O Ol i BRI B O BUGI 00
TERMPIHMEEDAFEETDH D, HOBHF
DFEHIRES P DR DD DIFERE NE LT
W3 EEZLND. ZDe, FEEDFHR]
REZXBHMRE S NA ATREMED B O, T hF]
HTEBZ0E S I HER D EA R A9 %
EEZ T, TTTARWZETIE, ¥~ iRk
WP SHTHMELICBNT, ()T x
JOEE R TIE 7 OBMIZAARZR DIk
%, (2) v~ 3 ERIE BRI LN TR S IC
WA RSl 2 B2 A 2R, LnH 2D
DAREZERGET 5 L ZHNE L.

Il.
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. Al

FRIRT IR0 R I3 A b & TN D D L 34
JE 05 53~ 34 Ji 42 53, SHR% 120 [ 10 79~ 129
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I8 U, 2549 30 £ o0 H AR, R 5.7
°C (1 H) h"Hixm204°C 8 H), KKk&ER
P 22352 mm (g @UHIAR)  (GURST 2010)
Th-olz. BOHMIFK 710 km® T, D55
189 % IHMIcBEBbNTWVS (ERIEAE
L 1993).

AIFE TRV~ 2 aDERIRN (HRERESHT
Zit v 2 —2013) Zjic, MNEREEZ3 DD
i Ic K L (K1), Y<XaOWLELT
FERE T LTV 2 BRI (B ST, -
VAN 72 [ e, e isic th %
ERREEIMEN T ENER SN TS LB
i (g, SRNy, SRRSO FEAD 2 4%
JERIEHIE ), A RBENIEFICENEENT
WA TE CEREHTo NEH, mIERD Z2 MK
R & Uz

F R
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X 1YY~ 32 aAOEEEEIC X B HIX

2. B&Mbr

TR A RRIC, YR LTVOGESE
WK DIEZ T T2, Y20V T )IUiE
1999 £EA0 5 2014 4RI EREEE R B AL L YR
2 Z—DEL U TFE A 5, i PR R L H
D LIZBEANEZ Wz 72 0Y v Vg,
1995 4E0 5 2016 FEIC I L, FHAl-GlERZ21T >
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BT B0 21T B, T
B TIVHBESENTERICOWNWT, YR
29 fEfA ( sz pEHis - 19 ik, B3R a11E s
10 fEl{A ), 7> 24 {ftk (R psiiis - 18 fElfk,
HIE G 6 ik ZfRITICHW. TV
ICDWTIE R 2 s s & &, Fk
CEADOBEMZ 3 MR T Le (R @
s 18 ik, AR I 6 Ak, (R
ik 8 flElfk, £ R 8 Ak, HEERIE
sl 7 A, R R 6 {E (k). FEANICELY
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JVEIMG B TR OD 1 FEE it dek, & %85 [l 6 e
AT, Yt Q1K) &Rt 8
A ) ZRATICHW . T D0 TIRT I X
T & [R] URROD i R e & 25 1 [mlfR sk B0
T T OBEYED FLI A ATREZZEHAEDME 51
o Telz®, FRORE G hnZ 72 3 il
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Hrm S FR Tz,
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FRBEM S 2 O CRI%E, [AE U, KRt
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AHHEYIE, B9, AHROE, RHHO 13 IH
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DOHEMNSHBIT 514 XREARICDONTIE, fHE
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Lz, BHEAE D H1 o > N DSATREZR A (e.g.
WFLEE AR, W EEE O E, B
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B HHRERIE, LR D 4 DOFRET/RLUTE.
HBBE = (BB AZGATEOR " §
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xR EEE G = (TXNTOENSHBI L8
DHREA OIREROGE/ ITXTOHENSH
BUBHOEEROAED * 100
FEHEAEE G = (TXTOE NS B U6
ITRRE A DR DGR TRXTOENS H
B U T BH DAL D EET) % 100

fEIE, HEKMER 005 L, LLRORE
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SIEREDHIBI LT E 2050, o )bas Ay
DNENTFIRE Z VTR Lz, 7Y OB AR
Yo7z 3 s CHuid B BRIC iR, HIBUEE 2
XFRAC Fisher O (EREREFRMUE 2 W TREMT L,
Holm J£IC X 2 #fiiZzZ171- 7z.
3. e
VXDV TIE, RzHWzE XA
AT (Nakanishi et al. 2009) 1€ & - CHiE
EZITo Tz, AWIZETIE, B BN LziEk
THRNRIETH S 2dIc, B CTHEHHEST
2 BRI SZ D 2 T RENED B 2 Hi R ER 2 0 Hr D
W& % 1z, MiERDERIE KA MIC IR
T3, REHRIRILADHEHL ThianEi &
Z L EAROMA] & LT, iizEiT-o7z.
T DWVTIE, TRARICER > TV B,
REHRZELDEH L Ty, & U IEHEL
THEEWBIBKE VRO MEA] 7 i pEk
CEF L. WOHEE DRI, KEREOH
B8y DS DFEE P IEE (Leach 1981), F X
TIEBEBOEE (Marshall 1951), X ATl
FLEADIRAEZx £ DI RERRF 2 IV T2 ORI
RFER).

. #ER
1. FNIC I 2 Pk Mk LEe

TREY TSN /GRS, Y
FAL T UENTNO BN da s & %
[EfEHE ORI TR LIz L T A, WifiE &ICE
PRICHIBEGEZRRD B Nah o Tz, T RTORES
FERFO MBI ICIX, Wifl & & s TiEuvid
ool (GRE, p>005). X7z, [t
EATREZS O E M Sl cHm U TR L 7z
BHORRE (v~ Wi, Eesy, 7o
HiEEY) OfnERE & IIARICE, Mk T
WERSNGh o T (T 43 s A ONERIHT
T , p>0.05).

T T DWW T D 2 s RS s & i



Z, EeZOEMs 3 il L. Wiz
fied, XTOMIIARED HBUHEIC |3 i
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FE 2 VT2 B, p > 0.05). 72BTAN
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gk irh 7o 7z,
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Wit iz.

2. FNIC BT 5 BAPEOm b

YA DOWTIE, HRATRER Y > 7L
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gzt o 7. ZORRETE B Z R U7
RIS, HRERD DB RN THERICE
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Diet comparison between the Tsushima leopard cat and
the Tsushima marten in the high-density, recovering,
and low-density areas of leopard cats

OKAWARA Yoko, NAKANISHI Nozomi and IZAWA, Masako

The Tsushima leopard cat and the Tsushima marten are top predators in Tsushima islands. Leopard cat is strict
carnivorous, and marten is omnivorous. Although martens have been distributed throughout the islands, the number
of endangered leopard cats drastically decreased especially in the south island. If marten is a competitor of leopard
cat for prey items in the low-density area of leopard cats, marten could be one of the restraints against the recovery
of the number of leopard cats. In this study, we investigate the degree of dietary overlap between martens and adult/
subadult leopard cats in the high-density, recovering, and low-density area of leopard cats in autumn and winter
when subadult leopard cats become independent.

Stomach contents analyses showed that there were no dietary differences between areas for both species. In winter,
food items were highly overlapped between leopard cats and martens, but the proportions of food items were
different between two species. In autumn, though both martens and subadult leopard cats foraged arthropods, the
proportion to the total wet weight of all food items were low. Therefore, it is suggested that there is not a strong
dietary interspecific competition between leopard cats and martens.

It is considered that the food resource partitioning enable leopard cats and martens to coexist in these small islands.
For the conservation of these top predators in Tsushima islands, the diversity of food items should be maintained.

Key words: Interspecific relationships, Age, Top predator, Tsushima islands, Stomach contents

Wild cats research group, University of the Ryukyus
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Conservation of evergreen forest in Kozaki Peninsula,
Tsushima Island, by installation of deer fence

SUZUKI-AZUMA Hiroshi, FUKUHARA Tatsundo, ITO Asako
and NAKANISHI Hiroki

Tsushima Island is located in the Tsushima Strait between the Kyusyu and Korean peninsula. The island is
considered to be one of hot-spots for Japanese biodiversity, because several endemic or rare plant and animal
species are found there. Recent years, severe grazing by deer has caused extinction of several populations of some
rare herbaceous species in the island. Therefore, we establish preventing fence for deer to conserve forest floor
plant population from deer-grazing at Kozaki peninsula, southernmost part of Tsushima Island, where is covered by
evergreen forest, main wood species are Castanopsis sieboldii, Distylium racemosum, and Osmanthus zentaroanus.
By establishing the preventing fence, all area of the Kozaki peninsula (ca. 47 ha) is potentially regarded as a
protected area for deer grazing. We will continue to investigate change of vegetation in this area.

Key words: Rare plant species, evergreen forest, ecosystem restoration, herbaceous plant, conservation
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The factors of extinction of island bat populations on Nansei Islands

—implication for conservation—

FUKUI Dai, KAWADA Shin-ichiro, KIMURA Yuri
and YOSHIYUKI Mizuko

It is known that Daito Flying Fox is only native mammal species on Daito islands which are oceanic islands.
However, in recent years, our research group received information about cave sediments of insectivorous bats.
In this project, we visited to Minami-Daito island in January 2016 and conducted field survey to collect the cave
sediments. As a result, we collected many cave sediments of insectivorous bats from two caves. These samples
include at least 2 species of insectivorous bats. Because local people had observed small bats when they are
children, it is possible these 2 species extinct several ten years ago. On Minami-Daito island, first immigrants came
at 1900, and almost forested area was converted to sugarcane farm rapidly. It is possible that this anthropogenic
forest disturbance seriously affected on insectivorous bat populations on the island.

Key words: Cave sediments, Minami-Daito island, Forested area, Insectivorous bats

Daito Islands Bat Research Group
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| . Introduction
Island flying foxes

Flying foxes have been known to be key
pollinators and seed dispersers on islands, where
they are critical for the regeneration of native forests
and hence indirectly important for the conservation
of the fauna that depends on them (Cox et al. 1991;
Fujita and Tuttle 1991). Through these services, they
also contribute significantly to the local economy
of the Asia-Pacific region (Fujita and Tuttle 1991).
Climatic events, such as heatwaves (Welbergen et
al. 2008) and typhoons (Craig et al. 1994; Esselstyn
et al. 2006), as well as anthropogenic disturbances,

especially poaching (ibid.), have proven to impact

strongly the demographics of these k-selected
species, especially on tropical islands. They should
therefore be the focus of careful monitoring and

responsive conservation measures.

The Ryukyu flying fox

The Ryukyu flying fox Pteropus dasymallus is a
medium-sized solitary fruit bat (140 mm forearm
length, ~430 g). Four allopatric subspecies are
peculiar to the Ryukyu archipelago in Japan (Fig.
1), while the fifth one (Pd. formosus) is endemic to
Taiwan (where it has been brought to near extinction
by hunting; Mickleburgh et al. 1992) and allegedly
to the islands of Batan, Dalupiri, and Fuga in the

1 USRS
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Fig. 1. Map of the Yaeyama islands. The Yaeyama island group is part of the Ryukyu archipelago (located between Japan and Taiwan) and

includes our study site, Ishigaki island (24°20°26”N 124°9°20”E).

Philippines (Heaney et al. 2008).

In Japan, P. dasymallus is one of only two megabat
species (the other one being the Bonin flying fox,
Pteropus pselaphon, which is known only from the
remote Ogasawara islands in the Pacific ocean) and
has been protected by both national and prefectural
regulations. The Daito subspecies, P. d. daitoensis,
and the Erabu subspecies, P. d. dasymallus, are
considered endangered in both the National Red
Data Book and the prefectural list, and have even
been elevated to the status of Natural Monument
(RDB 2012). P. d. inopinatus and P. d. yayeyamae,
on the other hand, are not considered as threatened
in the National RDB, and have been listed as NT in
prefectural assessments only (Okinawa Prefecture
2005). However, to date, outside of initiatives
to protect P. d. daitoensis, no real conservation
program has been implemented for P. dasymallus
in general, and an important lack of knowledge
persists about this species (e.g. no estimate of the
size of populations). In 1992 already, the [IUCN
SSC-BSG Action Plan for Old World Fruit Bats
called for an assessment of the state of populations

of Ryukyu flying fox and the start of conservation
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planning (Mickleburgh et al. 1992). The IUCN has
listed the species “Near-Threatened” (NT) in 2008
and observed that factors of endangerment in Japan
would be attributable to electrocution on power
cables, accidental entanglement in nets, and largely
habitat destruction (Heaney et al. 2008). The latter
being the most important factor, further studies that
show the relation between P. dasymallus and its

habitat are needed.

P. dasymallus is solitary, forages mainly at night,

Project goal

and lives in mountainous areas covered with
dense tropical forest. These characteristics make it
challenging to study, and explain the current scarcity
of information on its spatial behavior. The spatial
activity of solitary flying foxes remains even more
cryptic than their colonial counterparts. Besides, this
species is threatened and many native tree species
depend on it, so any data collected could serve large
environmental conservation purposes.

This project consisted in collecting high-resolution
information on short-range spatial behavior of fruit

bats. We endeavored to use a tracking method to



understand where/when/why P. dasymallus moves.
Moreover, it would allow discovering important
locations where fruit bats rest (i.e. roosts) and
estimate more precisely their home range, which
would make population monitoring programs
possible in the future. The data that we collected
here will be very precious to help protect the
endangered native Ryukyu flying fox in Japan
by learning about its lifestyle. Indirectly, it will
contribute to preserving native flora (e.g. Deigo) and

dependent fauna.

lll. Method

To support such high-resolution study, we relied
on a biologging solution based on GPS technology.
During the first months of this project, we designed
a 15 g tracker that would be able to function in the
challenging conditions of temperature and humidity
encountered in the Ryukyu region. We performed
first tests and could assess its reliability as well
as expected battery autonomy in the first months
of this project. We then selected Ishigaki island
(Fig. 1) as study area for tracking campaigns. The
reason for this choice was that Ishigaki hosts one of
the largest population of P. dasymallus and spans
over a significant area (229 km?), which makes it
interesting to study spatial behavior. Moreover,
Ishigaki exhibits a large spectrum of landscapes
that summarize well the type of habitat encountered
over the Ryukyu islands (including urban areas,
agricultural fields, and forests). Also, it also features
mountainous areas, which were suitable to test the
tracker technology that we wished to deploy.

The results presented hereafter include data about
the first tracking campaign only, which was financed
by the Pro Natura Japan research grant. We have

performed a further final campaign but have not yet

processed the data and recovered all loggers.

This first tracking campaign was performed
in June 2016. Using mistnets, we captured 5
flying fox individuals in total. After taking usual
morphometrics measurements and checking the
good health of the animals, we equipped them with
trackers. After a period of observation to verify
that the logger was properly attached and was
not disturbing the animals, they were released.
We tried to minimize the restraint time, to avoid
stressing the animals, and provided rehydration
on a regular basis. All individuals were above 375
g. Our logger was therefore well below the 5 %
limit weight generally considered as not impacting
animal mobility and welfare (Aldridge and Brigham
1988) (Fig. 2). Loggers were glued on the back of
captured individuals, and were expected to detach
naturally within a few days. Fallen loggers were in

this manner later recovered on foraging sites.
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Fig. 2.

Preliminary observation prior to logger attachment. This
deployment was performed on a captured male flying fox (F.A. 135
mm, weight 375 g) on June 10, 2016.

IV. Preliminary results and Discussion
Logging efficiency

Our goal during this first campaign was to establish
the tracking methodology. For this purpose, we
had to develop both the attachment method as

well as verify how well our GPS logging system
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Fig. 3. Test of the logger’s ability to get positioning fixes in due time. We tested here several regime cycles. Upon deployment on June 20, the

logger was configured to request positioning at high frequency (1 fix every 5 minutes). Then, from June 21 (midday) to June 26, it switched

to 1 fix/hour, which normally increases the TTF. From June 27 to July 5 and from July 5 to July 12, the logger switched to two phases duty

cycles with no fixes at day and 12 fixes/night and 6 fixes/night respectively, which was expected to further impact the TTF. Note that logger

detachment took place on July 6, so within the timeframe of these observations, which may have impacted the last period of the experiment.

was performing. While we had already performed
preliminary tests of the logging units to assess
battery lifetime and positioning accuracy, these
tests were not done in real use conditions (i.e.
attached on the back of a flying fox and enduring
field conditions during several days). Our first result
in this aspect was that loggers were prone to being
chewed by animals upon progressive detachment.
Some of our loggers were therefore in critical
condition when recovered. Moreover, we could
confirm that our logging system was managing to
obtain regular fixes, despite the detrimental effect
of forest canopy and flying fox activity. This is
important as much to maintain stable experimental
conditions as for battery life expectancy. We tested
for this effect during a first tracking experiment,
in which the logger’s duty cycle was configured to
change with time, to test for the effect of different

settings (Fig. 3). On the whole, this demonstrated
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that the logger was able to maintain its sampling
frequency, and that longer sampling intervals, which
are expected to degrade the time to fix (TTF), has
limited effect. They mainly increased the time to
first fix (TTFF) upon wake-up of the GPS unit
and did not seem to affect the dilution of precision
(DOP). As a consequence, we could conclude that
logging interval would not affect the quality of our

results.

Mobility of P. dasymallus

A previous radiotracking study suggested that P.
dasymallus regularly commutes between roosting
and foraging site, and sometimes changes foraging
site (Nakamoto et al. 2012). Our results support
these observations. P. dasymallus proved to be
highly mobile and to frequently change foraging
sites (about once a week for most individuals).

For instance, Fig. 4 shows all the observations
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Fig. 5. Tllustration of a roost change in P. dasymallus. This figure was obtained by selecting only coherent daytime fixes. In the present case,

the roost change was definitive, meaning that the individual kept returning to the new roost in the following days. The distance between the

consecutive roosts was 3.8 km.

gathered about the last individual released, as well
as the latter’s home range (expressed as Minimum
Convex Polygon including 95 % and 100 % of the
observations). While this individual foraged in a
relatively constant manner on the same foraging
site, in the last days before logger detachment, he
commuted to a distant foraging location. Several
things are interesting to note. First, some significant
individual variability was visible, with flying

foxes exhibiting a highly contrasted home range,
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commuting frequency, and foraging site change
rate. Furthermore, roost changes were also observed
here. For instance, Fig. 5 shows how another
individual changed his roosting site after 10 days of
observation. While P. dasymallus proved to return
to a given roost most of the time, such changes
in roosting sites occurred relatively frequently
and were in some cases semi-permanent (i.e. the
individual did not return to their previous roost in

the following days) and in others only temporary (i.e.



the individual just spent one day at the new roost).

Importance of the environment

The results gathered during this campaign (and
currently close to being confirmed on a larger
sample) show how environmental conditions clearly
impact the viability of P. dasymallus populations.
First, P. dasymallus obviously needs fruiting trees to
forage on. Luckily, as a generalist forager, it is able
to cope to some extent with habitat destruction and
forest clearance by changing food source. However,
this ability is limited and should not be relied on
to insure the survival of this species. Moreover,
studies on other flying foxes have shown that a
reduction in flying fox density can strongly impact
the native vegetation by a disruption of ecosystem
services (pollination and most important seed
dispersal) provided by this species, and that this
effect occurs long before the flying fox becomes
rare (McConkey and Drake 2006). Second, the large
majority of foraging sites present in the dataset are
located in areas of medium to high tree density.
Foraging on isolated trees was much less common.
This clearly calls for protection of forest patches. A
final argument for the latter is the location of roosts.
All the roosts were in dense and most importantly
inaccessible forest patches. Furthermore, the few
roosts located close to habitations were temporary
roosts only. Thus, forest clearance can have a
serious impact on P. dasymallus population. The
observation that this flying fox does not mind
foraging in residential areas may lead to think that
it is not much impacted by human activity and that
planting appropriate trees, even close to inhabited
areas, may support the flying fox population by
providing food. This would be a mistake as such

action would probably be of little use to provide

roosting sites and would therefore in fine not be a
sufficient protection measure.

We particularly stress the need of preserving large
contiguous zones of forest as well as wetlands,
as they serve as refuge for these bats. This was
conspicuous in our dataset, as all bats except one
were at some point during the tracking periods
either roosting or foraging in Banna Park, a spacious
nature reserve located in a mountainous area north
of Ishigaki town.

Finally, the reliance of P. dasymallus on some
fruiting trees located within populated areas
commands care. Such behavior might first be
indicative of fruit depletion in the forests, although
such conclusions should be drawn with caution.
But more certainly, flying fox raids in town expose
them to both human interference (e.g. persecution
or road kills), and most importantly to predation by
feral or semiferal cats and dogs (Fig. 6) (Vincenot et

al. 2015; 2017). Such statement is supported by our

Fig. 6. Flying fox foraging on a palm tree in wintertime in an urban

area densely populated by semi-feral cats.



data, as we could frequently observe therein trees in
urban area routinely visited by tracked individuals,
and also the fact that, by chance, we rescued during
one trapping session one flying fox who was being
attacked and severely injured by a cat. Feral cat
populations are booming in the Yaeyama, and their
effect on flying fox populations has been neglected

so far.

Further work

As already mentioned, we have been running a
sequel tracking campaign to increase our sample
size and statistical significance to be able to comfort
our findings and publish them in the very near
future. We were therefore not in a position here to
disclose all of our results, because (i) some loggers
have not yet been recovered, (ii) some logger data
have not yet been analyzed, and (iii) an increase in
sample size is required to make sure that some of
our observations are solid. We therefore expect to
be able to report soon further results relevant for
conservation, such as precise habitat use and criteria

dictating roost site selection especially.
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Elucidation of spatial behavior in the Ryukyu flying fox
(Pteropus dasymallus) and implications for conservation

VINCENOT, Christian E.

Fruit bats are essential seed dispersers in island ecosystems and are of significant importance in the regeneration
of native forests. Vice versa, they are strongly reliant on the availability of forest patches providing appropriate
resource for their survival. This interdependency calls for studies on spatial behavior in flying foxes. Understanding
activity patterns and habitat use by these elusive species is indeed necessary to design appropriate conservation
actions for both flying foxes as well as the native flora that relies on them. Here, we studied particularly the Ryukyu
flying fox Pteropus dasymallus on Ishigaki island, Japan. We designed a customized GPS-based tracking device,
and, in a first capture campaign, equipped five flying foxes with tracking units. The latter recorded their movements
with a fine spatial resolution and high sampling frequency. This initial biologging session confirmed high mobility
in this species, which travels significant distances at night and covers a relatively large homerange. It also revealed
individual variability in this aspect, and further demonstrated that changes in both foraging spots and roosting sites
often take place. Finally, the observed foraging habits underlined the critical importance of protecting contiguous
forest patches to sustain flying fox populations. A further larger tracking campaign is currently ongoing to confirm
these findings and disclose more thorough results in the very near future.

Key words: Bat, Pollination, Seed dispersal, Forest regeneration, Movement
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26th Pro Natura Fund Domestic Research

The influence of invading alien species on aquatic insects
and removal of the invaders

OHBA Shin-ya, OGUSHI Shuntarou, TANAKA Ryuma,
YAMAMOTO Ken, YOSHIMURA Aina, NOINE Mitsuru
and ICHIKAWA Noritaka

Aquatic insects on the endangered list in Japan inhabit rice ecosystems including rice fields, ponds, and fallow fields,
and their population size declined because of several anthropogenic factors. It is necessary to eliminate these factors
for conservation of aquatic insects. The anthropogenic effects such as residual pesticides and habitat destruction
by development during high economic growth have been well known to date, but dispersal of some invasive alien
species such as crayfish (Procambarus clarkii), bullfrog (Rana catesbeiana), and largemouth bass (Micropterus
salmoides) is the current threat to rare aquatic insects. In this study, we removed crayfish or mosquitofish (Gambusia
affinis) from three hotspots (Hyogo, Fukue Island, and wetlands in southern Nagasaki) in western Japan, and studied
the effect of the removal on native aquatic insects (Kirkaldyia deyrolli, Cybister beetles, and whirligig beetle). In
addition, we tried to develop a new method for removal of G. affinis. Most ponds invaded by P. clarkii had fewer
aquatic insect species than those not invaded. We removed 1,700 crayfishes and 5 bullfrogs in Hyogo, 13,000
crayfishes on Fukue Island, and 500 mosquitofishes in wetlands in southern Nagasaki for 1 year. The removal of the
alien species should be continued for conservation of aquatic insects.

Key words: rare species, specific alien species, attention alien species, Conservation Ecology, exotic crayfish,

mosquitofish

Team of Conservation Ecology in Rice Ecosystems

84



H RO AL AR R i 3 vol. 26 (2018)

F2HTOF bo—F - 77 NBIL BB

IINFIRFEINC 31T B ENISRIEY Y A4 X7 VU DR AR &
TERAEWIRFERIC MU I 0

VXA KT B N — T
K AU + BV - RBISE - BAGERILT
ORI © « FERFREGE: © - SRHLTTIA - RIBFRIAR S - AR o

SEREOHRTE, 7 VR EERICHT 54 >/37 EAREW. 9 TI/MFERESICIBIRAIRE &
WHONTWEYVAFZXTUMNEELTEHD, MR RS 2/ VG EAA RO 7 U S E A REE
Rz EOMEMERE NS, AR TR/INEFICET 2 Y VAL X7 V) 02 HiZ B e L, 504k
TLORERR L TREIE DL, W22 B AIRENED D 2 EVIRHEDNE, BRUIEKT Y ORIGNE & BE
N2 LEZS5N5EMEFHIITINC OV THHEZTT> 7. MR, ERRVICBT %Y YA+ X7
DOHFTHEHIRNETICBREE N TV, BNC K > T ETE Y v AF X7 VIRE# L TED,
U REEFI L TV e TAEH o7z, BIRWVICIET 77 LY EOHBRPHIERMNVER L TED, HE
HOT7UDFHL T e, i SEEN TG TRV OA AT T 5447V OEEDHRT E
fo. YYAAZXT7VOaA0Z—ICGERENTDH SN, MG an S —RRRIAREN D 5T T
NoOTEMNS, YYAAZXTVOREMEAFHICDOWT, ABMNGHETELERRICIEENTIESH 55, BLEK
TR IEDEENTOS. SRIETHDIREYHDERT 2B RIERAE E AWV &K S IS keI Bl

BT BRENB 5.
Fog—F

|. &S
YImoOFEEE, VD AREEF D Rz 2
TeBE R L, MRS TR EZ S |
TEILTWVS. FEkfEE L TREICENTY
LZIRYORTE, 7VIRELRERRICBL
THF—Ar—VHEELUTHEELTWSD, *
DB IZII DD, f@EE, Fheolt
A BIRRERIC K B REENE, 1RO EEY>
Rtk H SO S S JEIC £ T8 e T 9 4R
RWHEENUZ S HEINTV S (Holway et
al. 2002).

PR, HERPEHED, BPRRERAITE, HETREE, S

INFIREEEE, BARSIEDN S 1000 km /70D
HEICHT 400 km I > THET % 30 RD DEBA
THE N, B - BT OXIRICET 5. —
FEE KPEE HIFE ZIC TR > 72T & DIRWIBEE D
728, MEOEISHECEREEMEIC K D 2D
HRENET 2 BEAERE I NS, 2011 4
IKIE R A 2O HIREFEICERR SN, ERE
REROMENROENTVS. LhL, 20D
SHERICHA WS 2T BT e THIENS
RIEEINRIED 1 FY VA4 X7 1 (Wetterer
2007) DEENME TN TE O (FFil - 7%

I ENTERESEIIZE 2 THERE - MR NA A D AT Lige v 2 — 30 BIRKEREAE 4 ENTRPAEIAN 50 KRNI

FEER 6 T IR LRI
2016.11.08 B2 2018 /B

7. ASREEII > R —



2014), TOT7)BNEEEICILN > 725 E, b
NREGEHETH DA AT TS Z7 R EEH
DEEHGEDHIELTLE S T eHEHEI N
5. WMNEFEEBZZHOBEEREZIZ % 2Rk
ARER L VO Rz R —75, BIEERED 541
KHEOREE M ZFPTVHIZRD. ZThic
A CHEEN « B SR D/ NS JRRER IR T
U DNEEBIHATEETH O, i eI A
RIS AT RAERER O RS E D & Tl
N5. LW LAEDNDS, INEFFEBICBEOTIER
EomEadlic L 850, RALTOYVAAX
7 OEEREREANDEFMICBE I 5 8=
a7 — 2370,

Sk V3R, ZHRME, 2%, B
RO RN K 72K, HE@gHER RO
FIH, 1EEEHE O EMkR E DO DL
BHMRALN, TNSOBEMIMEMELBEL T
W3 EL#EZ 5N TW5 (Tsutsui and Suarez 2003,
Ness and Bronstein 2004) . iz 11X, HoOHPICHE
BOLENIAET B2 FMER, RAERICE
JBau—0ffEREES D LRI, an
DIETEA Y — Rz LIF 5810 hH 5 & E 2
bNTWa. Xz, BPEREERITEIOMK X
ERIE, BMABEOIXANMETT ST &I
Ko THEBRPICBWTENICEZD, SRR
Mz ETHLEILNTNS.

Sk U AVRIRIEMEER, AUz & 5 %54t
ZAEYIEENBERICGER Lz 0T <, il
ITBAREDIRAE L [FIRE, KR, &= F
FIH, BELERSC TR & OERBERIZ & DR
BEHIEHE LTV % (Facon et al. 2006). Z D7z
B, HRFEDREE X = X L ORISR RE
BNDFEFICIE, CN B ERZ TE 5721
HARERNICTAE L, RS L ICEBRERNZHEE
THRENDS.

E 7R, RIEINCBE U 2 BB O —i8
W, RAFRFOBARINAE) & B ZGERIC K 2 20

86

IRHIGBIS T H 2 MHEMEDMER S NIRD TV S
(Sax et al. 2007). THHVIE LI HUSRIEEINIC
BD 2 E ORI, RAFIHICE E T\ zn]
BEMED DB, UL Lah S kEDOMIZHER A
%h 7z D R & ROE U 7@ AR 2 & B UL i
M2V, ZA - EEEOEGRICE S
B7T—RFT AL,

INFIRFEEBICB T 2 YA+ X7 VI, &5
e 5 10 U4F & HIRHYHT LTz, 1R AY]
OB EGEEEROFEDAIGETH S EEA
5NB. FRENICIZY VAF TV DRI
2R & GITAERRE & ZEMNC TR L T B flk
BNMAET ST D, ThE 2 DOEKE %
g 5 C eic kb, 1ok & 07 L PRz
S BEROHEMEFRETH B EEZS.

Z T AT, SkFEDRE 22T d
W T 5/ NERFEBICER L, =ZIETED
BWEETNZYYAAZXT VDRI E TV
A DR ABRBEOFHEZ1TS L & vic, H
FTHEH R R & O AIERH, 1HBIRERA, B
AAATED & 0o T RBS RIS B9 % A RESE AR
ZHLMCL, RAEEICEDZEREITDONT
g A, A TYVYAAXT7 VIR
EONZUHENDH 2 /NGB OE A A A
YIIAFT VR AT T 7 AL 7 D4
R OMEERZ HinE Uiz,

. #RERZE

1. REICBIFZ VYA A7V O
2015 4 11 AIC/NERFE R R EOEIR N T
fiofz (K. AEKRA > &, BHNOERE
i3 K ClEE A KT 500 m [EB& T 73 4 i
RELZ (K2). 7YOREICEIXRA Ty
TRV, —HOMERA > b TldY HITHE
FlENZ 7V 7% 30 7MEEsR L7z, 6 em U5 D
TIVIRAIIE, VI EEE B X FEREY
EDO0SgZBENVTRA NIy T LK



i30°0'0"
{ 140°0'0 "

NEREERE

[X 2

e \
oy x

; ¥
B 1 NGRS DN,

DARHERA > b (273 7).

87

M3 M ERAR T,

(K3)., ATy T ZFREL TS 30 ~
60 DBICF v v I =Z— L RBIC Sy ST
E7 V2R L Tz, BN U 7277 V4 2 IR
BUEICVE UEHLEE 2 Lizobic, 7V 7RG
%99.5% TR ) —)VICK LIRISEEARZVER L
To. BORIGFEBIRD, S2EREN TR SZAEHN
B2 HWT, FMOREBKCEEBDOA Y >+
i1tz
2. 7V o Pl & BRESEK OB

BB OME LI, DNFRARERYE >
Z—WNNBLTWS GIS fitE 57— & (N5
FSRIE Rt > %2 — 2003 4 3 He®) ZHWT
1otz DB ZIT> 2 TORERA > b
WKHBWT, FES0m OMOHICEEN S HEE
B RS, FERA > MRS H B EEOA
MR A—2ty e L. Bobniz
REEMEE, B XFNF—TUNaATHIEE
LV XYNFHRE, LD XYNF
—OTHVEHESR NV YO U HiRE, Lok
AVNF—aATHIBEA AT TSEI LAY
MR Y VR OBRE, O ThTY—U<
AR FRE, AN THTY =LV T AT
VEREE, LV XYNF-OaT AR
AIITSET LA VHERHES YA R/ FLRE
B, NAIN\FY) -2 FEEL, THYY
oy —2a/FpE, EEAYTRRE, Y



JUNTFRESE (CRINRESY), F R LR, Y o
TEaTVEE, VFANVTREE, BEUXA
TR (M2 EE), ERABER LA, A
VRVBEE (TN AREEETL), AV
R—TSCRHE, RUFIREL, TA VoY
YT U - S ATIVT IR, AR TR
W% VETRIEED, RFAVUREE, AXA
JACT =Y RAAA/ CIREE (VRF AT
UNBEE AR A ) A TR BT, 28
MM RS (A ANT 2V RV T REER E),
MHMEEERES (f X CABEE R ), AT HiH,
NEZEE (WA - 2475 E), EFH - T
BHthR E, av oV — M GiEER G L),
N LM GEplc - REEGERKR L), HAR
(Wi, AR L), BARUKEO 31 @M% T
Hotz. FLUT, IYAA X7V HEEDLERE
WIKBWTHERLRTVONE S h, nTadRdx
1otz B3O LERAERA VM &, D
BN TYYAA X7V BHBHE N 9 HHTD
PERA > MITBWT, REIEEOHEIS DK
oy TIMETITo . Fi, EHHEBEOR
AR R BERE R E TV 10 m Ay ¥ a7
WTCHARA 2 MRS TV RO S 28 R A
YEOEEREMEE L, DfaRE RT3 AT
DOERERA Y~ &, HERBDZ o7z 9
BT 5, TNEFNOHBARA Y MIBWVT,
HIEE DBV ZRH T %7289, Steel-Dwass
Mg Z T Tz

3. B ETVHERERB XA AT 5447 Y

Do ATERR
2016 F 6 AICRKREDEIRVWTANA N T v
T HMEREMUTZ. FAERLIV ML, B

DHRERIC D ZIEIRND 5 7 i T (K4 DAL,
ZTNENSmLL FEEL TS, OXN25{HD
Ty T eFELE. S0mlOMEED T T A
Fw BRI, VI LR 2B X THERIEET
LEDOR05gZANTARA M Iy TE LK

88

e
@ @ o0
o 50e
®

®

X4 fERERA YN, BROHEEIEOTERL > .
kit FiiEE (0 +O : 22 16 RAa >V b)) BROHEEHIERAR
AV (O 21LKRLVP).

5 BERA Ty T

5. XA Ty TZHELTHS 30 ~ 60 7)
BICEZ LTIy S TETYEEINLUZ. EH
U 7277 VIE#) 2 e R I RS U RRIFEALEE
ELIzOBIL, 7URZFE 995 % X/ —)b
IR LIIREEAZER LTz, AR B D,
FEhRE N CAHRSZRESAM 2 - ¢, FO[AE
BXUOMEAEBDO Y > N etiote.
4. HEEEME

2015 4E 11 HOAETHOMI K>V YA



F X7V Otz 5 s, REOTEMI DR
IV OBEIRIT BT, 2016 4 6 FI 24 BRI D
7 OIGEEOREZFM LTz, BXE 500 m~1
km AT 11 7 FrOF#E R A > bzl (K4
D), 19FELSEHD 17 KHTMHMIF T2
RS L7V ZRRE L. 7V OFELICIEH
RSP TTBXUOB ERA N Ty TR
Az,

5. HEPHLER E OB

2015 4F 11 HIC, #91 km [5BRT 29 7 RO
HRA > b2dEL (K6), 10 KNS 16 KED
MICHEIC K &2 T e, #ERA VD
JE3D 10 m OEIRWVICBWT, WA EoH
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BHEDOEKWIED? S R a7 1 2170, 30 57
DOHT—HFEHNMEEZZDOXT OWEZ AT &I
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Y7 VU—th (CENFN AN THoTz T
Mg 75 & OBELERBE OSHE 2 5 &,
PR RIA T 24 % DI L, Y YA A4
TUMWRDENTEBET 56 % ThH-o7z (K9)
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16 7 i Cld HEBEPHL BRI D > 7243,
VIFFHL T > 2 Bt LTz Vi,
Toae s 77N T AR (5B 1 7FIT
e F AT AL T A AT T AT,
VYA FZXT N2y CHo Tz ELITYY
FAZXTVHRNBICEILDET, HEHHE
BEFHLTOEWGRE 2 riidb o7, X4
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1), BERICBOTIE, MAHrDO XX EDITE)
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SHhoarhAHS LY Planococcus citri 4 4 0 FOAESTLTY
SRYDBHAHS LY Pulvinaria psidii 3 3 0 FLOAESTLTY
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SHDORIGITHT BTV ORFHMHETIE, Y
YAA X7 UM T3 rEiHIC 9 r i CHRDM 5
7o, FAUIIEE OB 2 iR E K UTERRIRWIC
RSN TV, 2016 4E 3 Hictrb Nz BRkES
OMEETE YV AL TV ORI DOV TH
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5, B i A & TEBIEP T &H 5 AlReED
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<R ETHRIERICIEE L T3 /28, 2 FTE
BN AR E S HEE LERZ O 2HHMEL
RFTNEEZLND. HE, YVAAZXTUN
RALIEMARKEETIRRAICIB LEEEZ SN
TWBEA MIAZ TV O AHEEDEER
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5 201D, AHYTIAZXTVICERKD ) X
IMEZBNG. RRAWKANT IS4 4TI D
FEIR AR R L, VYA AT D5y
HOBEIRNEN S ZOWEEHET S L LE
2, MSDDIRENFZE A 0 ENDH 5.
2. RBICBIBIYYAA ATV DASE
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FERIC 3513 5 EIREF Okl I E TS5 4 e
HOIERRE, BHOFERBES, 7V FYU—DFfF
Ie7s SAERREIK, BRI =y FOHEEED
s 5 B R A4 SIS O 221,
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HENT B OFEABESIO F L— FATICfE I N
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INZ— 2 DEVITEER U 7RI = v F ) EIC
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W, VYA F X7V OIFAEIC K > THHEIHE
B Z % LS HEER L L TOmENZ N
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PHEMEZS5NS. TNIX Tanaka et al.(2011) I
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Biology and distribution pattern of Pheidole megacephala
in the Chichijima Island, Ogasawara, Japan.

OHNISHI Hitoshi, KIKUCHI Tomonori, TANAKA Hirotaka,
SUGITA Masanori, SUWABE Mayuko, TAKEMURA Akihiro,
TAZAKI Honami, SYURI Yuji, OKANO Tomoki
and MORI Hideaki

The disturbance in native ecosystems and exclusion of native species by the alien species are major threats to the
loss of biodiversity in the world. Pheidole megacephala, which has large biomass and various interactions with
other species in many ecosystems, is considered to be likely to have serious impact on native community as alien ant
species. In both Chichijima and Hahajima islands in Ogasawara, the distribution of Pmegacephala has been already
confirmed in several areas but the effects on native ecosystem and their biology in both Islands remain unknown. In
order to understand the present habitat area and the mechanisms of invasion of P.megacephala in Chichijima Island,
we investigated their distribution pattern and several traits considered as the key characteristics for invasiveness.
As a result, in Chichijima Island, there were many of exotic ant species including P. megacephala discovered in
the roadside habitat. Out of them, P. megacephala tended to favor more human-mediated disturbed environments
such as urban area. Also, Pmegacephala populations in Chichijima islands showed low hostility towards non-
nestamtes, contiguous activity through all day and all night time and weak aggregation for honeydew produced
insects such as aphids and scale insects. These results suggest this population potentially have high competitive
ability by unicoloniality and the superior searching and defensing abilities for resources based on contiguous activity
of workers. Therefore, by periodic monitoring for distribution pattern of P.megacephala it can be necessarily for
conservation of Chichijima’s ecosystem to confirm if their distribution is expanded or not and if the abundance and
species number of native ants are diminished or not.

Key words: Chichijima Island, Honey-dew producer, Nestmate discrimination, Daily activity, World Heritage Site

Impact assessment team for Pheidole megacephala
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Basic study on the forest ecosystems in Amami Islands,
a World Natural Heritage candidate, Kagoshima, Japan

AIBA Shin-ichiro, UGAWA Shin, KAWANISHI Motohiro,
NAGATA Takafumi, SUZUKI Eizi and YONEDA Tsuyoshi

We conducted the fieldwork in 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.
We newly established a 1-ha plot at 400 m altitude on Amami Oshima, and conducted tree census for trees > 4.8
cm diameter at breast height (DBH). The dominant species included Castanopsis sieboldii, Distylium racemosum,
Ardisia sieboldii, Schima wallichii and Quercus salicina, but Q. miyagii was absent. We also utilized the data of
trees > 4.8 cm DBH of a 4-ha plot already established at 200 m altitude on Tokunoshima. The dominant species
included Q. miyagii, C. sieboldii and D. racemosum, but S. wallichii and Q. salicina were absent. We compared the
above two plots with other plots in Amami Oshima and Okinawa Island, and concluded that the forests sampled by
our plots are at the relatively advanced stages of vegetation succession.

Key words: Nansei Islands, Vegetation, Biodiversity, Plant ecology

Kagoshima University Satsunan Islands Forest Ecosystem Research Group
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F2HTOF bo—F - 77 NBIL BB

—RVIhomEImc X b H{b Ut

RE
I

ZD

R4« FAIC LT T BRI E

R IR BT
N - AR AR

RESEETER OG5 IS B 2 RMERRROERGHED D ThH 2. HRERRZ HMYNHER: -
EHLTWL BT, AVREOERRIRE LB 2 05 25T % T LIZREATRTH 5.
Z T, AWZETIE, FRAVREOMZ % BUUH S D2/ RE L, DRI HDOEEELICHT S
SO B0 B EREINRHEZ IS NC g 2 T e 2 HINE L7e, SR OREE, oA DEEERIC & D BHER
WIS 2 LEASNSHIF) LVHBRUREHE, ha®mElicdLIEDOSZRLE. Th
WL, AREEE U IZEERICOWT MEHEIKTFEL TV EEASNBFIR - IOREMEDHKH,

YLV, YT LVEIR, YhmEElcs LADRISE R L.

Lich>T, BIEORMERKT R

JEREAEANDARAFEDN, FRI OIS I 2 G2 IRET 2 EHD O LD THB EEXALNS. AT,
ARWROMRD 5, FRER O INIEARMERRRO YRR ZIIEL S 85 T LAVRB E Nz

F—7—F:

. FC&IT

KBS (UF, SR &, fas -
RSB DA, XZOEBORAIZEDTD,
JEFEBRZ2 HuoiT 20 THERDR D B ZIC E RS
Zhn (BUF, ##Ehn) E8TE7% (Rooney
2001, Cote et al. 2004, Uno et al. 2009, Apollonio
etal. 2010). T 5 L7cEEEOD@EHINL, @R
BRI ENC K B T R AL 0D T 2 O FIA B
DAL, HEOEBRZG|E# U (Akashi and
Nakashizuka 1999, Rooney 2009, Nuttle et al. 2011,
Suzuki et al. 2013), ZTh 5 ZFIH T B MDA
FHC X CRABD IR T 5 T & (I AT — R

HHEEN TS (Allombert et al. 2005, Martin
et al. 2010, Bressette et al. 2012). iz (E, K

AHEMRRE, EVIREROEE L, EREREM, BdUH, AXT— FoiR

MEHHDOZ < IFEEE & BYIEEZ D < 55
FEIRICH 728, @REIC K AR O
R EEIICZT D (Gomez and Gonzalez-Megias
2002, Teichman et al. 2013). F 7z, WEHFEIC X
2 MEMAEDOREIRIE, FEMEZER - SREIC
FIH 2 SHICHENTAOEZ 525 L
HERE XN TS (Martin et al. 2010, Teichman
etal. 2013). THL/zT &b, BHEL Ol
I TR A OIS R RER O KA
MEZEN TS (Fullier and Gill 2001, Perrins
and Overall 2001, Co6té et al. 2004, Martin et al.
2010).

DX 7RI FIC B TR RER 2 5 Y]
ICHERE - HHEIL T 72icid, HRE O

I R TRERAA
2016.10.27 Z2{+  2018.5.14 23
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MINERERICH A % 50872 i ICI B Ic
3T EHMETHS (Coté et al. 2004). HFIC,
ED XD RARRNKH 2R DAY, EDX
IR AT Z A LIT KD EEE DR LT
BURICKIGT 2O ZIALMNCT B i, '
BELOBIEINT S 24, BIUERESR
DIEE 2 7T % L CHBOFEEL %5 (cf
Ribera et al. 2001, Ockinger et al. 2010). LA L
BW5, TNETYRMR TN TEEL
OEHED HIx BB OEYE - RS E
L, TIN5 DINEz g UTmoedHilidm £ i
WOMNENIRTH % (e.g. Brousseau et al. 2013).

EHIC, MAERERZ R TIRBICIRD S A T,
ARERFRBEDHEF I IR TH % (Reiss et al.
2009, Wright et al. 2009). T E T, FHERKE
RElE Tz 4H S YRR OFSRER R 2 AR & B
FRAGRVY, 977D B EEREINTEE DAY AW
T EERERBRENZE L THER S b & ENT
¥ 7z (Chapin Il et al. 1997, Manning et al. 2016).
TD—)3T, I, BERIETIEAL, BEREICH
9% 1 BB 72D OEEREED YIRS E L
DEAE ERBRIEREDHERHIC B W TEHET
HBHENVHITLEFREINTNS (Larsen et al.
2005, Gaston and Fuller 2008, Winfree et al. 2015).
BIZIE, B ERRE 2 S BRI AR LY
A (Scarabaeidae, Geotrupidae) (DT, ) 1,
71 DB K O EADEING 2 T & AV
5N T3 (Kandaetal 2005). LHLAEMNS,
ITRFEREIC AT B EHHRE D E AT 7 XD K E
IEHIEHELICN I B e s e b, v
1 DREIC K B FHEMEDTIRIE T NS DRELC
BDOFERENIFTLUTWBAREENH S (Negro
etal. 2011, Slade et al. 2011). & 5, Bk
Do iR 0 S > 7 I B HUE (Silphidae)
IZDWTE, FMITWHEZEOREELICN UK
FEOBURICKIGT 52 BN TED, &~
A DEEREBIC DN T EFBRDOATREEDNE Z 51

% (Gibbs and Stanton 2001). ¥R X UEI
RO EkRES, HFEa EDOEIER &
KD o TV B T8, ThDDREERED IS
BERRRZDEDDE(LICENZR—NDDH S
(Aarons et al. 2004, Barton et al. 2013, Yoshitake et
al. 2014).

Z T T, RWFRTIE =K YA Cervus
nippon (LT, >71) OE#HED 5 DORH
BUTERHC R T HBZIEMCT BT L, K
7o, TNHDRISH RS - BERERFRI T E D &K
ICHEZ DL, ¥ ADmEmELixt
9% RSB B LR EZ I 5 0 9% C
EZ1DHOENE Uiz, BHREEIE, HEE - 74
I &1 L 2% (Cerambycidae, Disteniidae) « 3
HUR - MU RDEME B Ao R 5 L R R
(Carabidae) *« ¥ F LRI HSE) (LIF, HisR
PEHHRED Zi5e Uiz, AWIZETIE, W
K7L, WREZ N L CTHBZ2T 5 0850 -
WHERE, b BLEAR - EAKZ Y &
% BE K ORI S AL D REZ RS D
WAL, ERELNOERZ T L THEZRZT
20 HERE - BERERE, TARDBAITY LUH
FERBUIHD T ADRISHNE WD, B LS
FIEDEZETRY EARGE LTz,

TBIS, YAHDEREENRE BB,
T, ] T LVERMER XU INDGICE S
>3 - BYER O RREZ AL, A0t
BB OZALAH BT K % > A3 - Bk
DIRHEREIC ME T B2 EMNCT BT L%
2DOHDOHME L.

. A&
1. i
AL, JbEEREITEYIE T o —IV R
Bt 2 — BB A 7 — 3 3 > BN FE R
(42° 40’ N, 141°36'E) THEHE L7z, ARUFFEH
IZIE, 2003 £EICRRE &Nz 16.4 ha D
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JEALBEX (LR, = 7ua—Y%) &, 15
ha O AHBRUBLX. (DL, T/ A 70— %)
WHd. TD2DO0YA MIEE 2m OHFCH
bNTHYL, YHOBEIZHT TS, Ak
FZD2008 A e, ZORMIXE (DLF,
avho—)) ZRHELE.

2. BB

BHREORAER, =>vr/a—Yx - avb
O—)b« T A0 =Y v DFNFNT 6 DD
Tay bREL, HFHENGE T 2B
LTz oy TR TIT>72 (K1),
HIFY LVBEEFENERA N Ty TBXT
SRL—XbTw TEHOVTRI L. 355 1E%2
XETy TR RER, 6 7, 7~8 Al
#I3IHMTD, SL—XbT v T EAVERE
36 H, 7~8HIC& 4 HEDHEMi L7z,
OB, KT (2002) Z2BEITERK
L4 b oy TAVTITo . O
B3, 6 H,7~8 H,9 HICH 1 g™ DM L7z,
HERE - MR RRE, Ev T —V b
Ty TEHAVTRELE. Ev T 4+—)L b
Zw 7, FELlAlE UTHBEEEIR O &
W Uz, 308 R ORI,
5H, 6 H, 9 HIC# 3 HEd DI L7z,

IZAyA—2y

\
N N
TusO—3 o
>y g T
o e o
£
I o o .
N
©
<
o
° o °
o [ o L] o L]
avkOo—Jb

ca 500m
X1 RIS K OEESEEE 70y MMEX.
o, e: RHEFIOFA T 1w b ; o BREIGMRA 1y b
MomoENE, FHERHOEN (%) Z&KT.

3. BRBESAFaA

BY A FOBEESEMEE LT, Y hHORAEEN
O FEfYE ENS 1.5 m), HAE (1.5m
~3.0m), @AE G.0m~) OWHERL TE
fiAz, REABHOZARME, U 2 —HEREE, b
ZefE, IR - IAARZIRANT.

4. SrfRdgans

HEX, WEXOHmZEEL T 70—
Vytarra—)VOARTITok (K2). #
i3 8, 9 HIZATW, FHICDE T 10w M 2Hi
BT THMEL Tz,

T h O EREREL, FAAHINORIRIC 17
Oy hHD S0RDY AR 1 EARMREL,
REBR DR FHIS % T & TRMHiiZ1T-
= Ghlo7my b YA b ®2). #RE,
NE TS50 % L EDRE L8 Dz 0 fENn
febE#E L.

BYNERO D IRIEEER, /Y % X S Dk
& U< IE 2 2 XDFEFDOIRIC K 0 R %217 -
e (RXI-IIRKI0TaY T A b
X2). 2 AIO@EKICONTIE, FAEHIANOD
MRS NY 1 32 XX Ok 7z 3 HEREE L, &%
EHiROERZ LT S T & TiMEiZ T 7.
IR 1Ty bHED 10HEZRBEL, &%

A R
- e- M-t -t-06-1-
| | | | | | |
- O-O0-4-+t-m-e-
| | | | | | |

K2 ofRFERT Ty MEX.
m iR A, BEVAM o PRI I A, BV e
PE A, BRI on iy A, %R A
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B S 2 HiEZ 12 KB IS, TO®IE 1 H
BEICHEH 1 EBHRL, 108HELXTOMH
W7z srfifne I ofetR & LTl L7z,

5. fihi

1) o

EHHOMNTIE, Sokaled U ISFERERED
EAE U IOEZR, SN2 A e Lic—
LA ET IV (GLM) ZHWTiTo 2.

BRI DV TIE A E 20 mm DL R ORI/
L L, BTSN L. £z, YYUH
1%} (Galleriinae) 2 fAY 7 ~ 8 F D% DR
HTORHIFFICLEENDH, TO2 M
fiEghr i SRR Uiz, BRREREIC DV T BN (&
ARE EARZBRSARAIH (LU, @SAK) OH
ZREREMET S, K BEAR EAELL
BEAB DA Z BEREY) &5 5) RN Rt 25
i LTz, @AM AR 2 & IR &
%59 M, MABHEEABESL S L RHMEY L
LTW5% 3fE, EOMBERICEZOEN T,
HEARIIBAEREICEA L T3 AT 1 X CNVEEFE -
AR 10 mm A, KRB @ (KR 10 mm DL |)
N gt 217> Tz,

A LIRS (LR, AV L8 3y
A X ONEIFE KR 10 mm K3, HHBFE : 10
mm D/ _F 20 mm A §i, KHFE 20 mm DL F),
W (F38 BB D 5, A HAN )
RN figtfr 2 R Uz, @RI DOWT, fifkic &
D BN FEET B 5G LIRME T 2550 H 55
B L TEAR DN SR LTz, /NRIREIC
U HMEN IS (AN T FHIAILY
Pterostichus microcephalus) LU 155 1750 -5
felz s, INRIFRIC DWW TR 21 Th e o 7z
VTLYRREER (LN, YTLVE) 4
LB LAk, BEEREC DOV Tk Y 1 Xk
WRBNC RN Z R LTz, A4 eI 2T A
< Eusilpha japonica \31&MH & % & D OIRFRHI
MHDGHELMOGEEDND B8, BRI LTz (

and Sota 2011). KRB KU 2 DDO@AEC
B L CREREBED V7L, =2 rma—Y v Tl
ETOTOY MTBWTHEBEMENE SN
Molz. FDlzh, TNSOREEERIC DOV T
FrgEe 7 )Lz v, B#REICONWTIET
JAu—Yx bary ha—)LEOADLLERE
L.
2) BREGSRAT

BB, SFENRTHRONEOE
FHEICDWT, 2THYRAMHICHS BDE L
Spearman D IEALHHBIREZZ HWT, T A4ER
L OMHBIOARZ T, HENRD 5N
o Tz & DICBI L TIE, Kruskal-Walis U I
X0, VA FMHUTHEEGEDDZDE S il
7z,
3) RS

DIRFERICDOWVTIE, FHEEZY A, IS
BRI RIS T & OFLERIHE & UTe—fi%
ftREAGET IV (LLF, GLMM) I XD fi
Wiztiofe. AREKER, WINOHEE 5%
L.

. %R

1. BREZSF

NIRRT K OMEARE OREHERIE > H A B
JE L DB H SN, AEREED FRICHE
WA U7z, U Z—HERICOWTE U A4 R
EELEOMENS D, HERBED FRICHE
WAL Tz, AR EIZ S HEREHE L O
HEDRH - 7=h, LD 3HEEEIXEED U A
ODHEBBED FRICE-> THEInL TV, i
5L OEEICOWTI, v AHEREE L OM
B3RS sNEh otz FDo, FAELIZER
BEMPEBIC BT, VA DOBBZEL L3N
LTEH L TWAHEEENC LWV o Tz,
2. R

AT - IR Z@E LT, 18,589 BEA
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Bon, BITORNREEoTE DI 14,663 T
ThHote. HIFV LVEE, A7 1R ST v
TTO6M34TH, XL—A KT v T 14 48
EME SN, FEIZ, 343 1 14,084 THAE 5
N, ZD 5B I) H iR} 2 ORI 3,926
BHTHY, TO2HZFRINT S L 341 f 10,158
WHTH- Tz BEEERERNC R B &, BABED
122 8 2,621 5, A « {LAREHED 54 Ff 856 HH
THote. HEFZ 4H 1,316 HABR SN, /)
RURETEAS 3 292 BH, AMURHEEAY 1 f 1,024 55
ThHhole. FH LB 16 3,010 MG DS
Nz, WEERERNIC A% &, /INVEIFEREDS 1 76 8 U
FRRIRR DY 8 i 2,880 BH, KEUREREAY 7 fE 122
VHTH O, HMBIEEA S FE 336 Ud, MBI
M SSEHTH >z, VT LVHHIE S 97
EMES NI, BEERFNICH B &, kYA X T
W HRIERED 4 i 62 5H, KRAUFEERFIEA A S
AT LYDORT IS THTH > 2. N
BHCM T 2 MIE S Nah Tz, BRITIE,
HIMBIN 3 Ff 10 56, ARIN e S 2T LY
Silpha perforata venatoria DFAT1FES2EHTH >

DAIFULIVHE

L= LT I THRLNIZAIFU LV
X, Tvruo—yyicBuyncary ha—ickt
NEREDZ N EARENT (p=0.001; X
3a). —75, #glEZEAX Ty TTRENA
SFYLVHEITOWT, ARSI MO
RSB LNEN- Tz (p>0.1; X 3b).

2)

B OBMEAEIE, Ty r7ua—YvichBn
Tay Fa—)U kAR DI T &
RENTz (p<0.001; K 3c). BEREREL LT
X, BARHTRI/AZ7a—YyicB\Ta
¥ b ua— VI AR D e o Te—77, B
AAERBH TRV 7o—YyicBhTay
=)V el D RN T EAVRENT
(RIARERE : p =0.03; FA « {ARRHE: p=0.02
X 4a).

3) #hA

HAHOREAENE, Ty r7a—Yy KU
JATA—=IXICBNTAY ha—) LRSS
WZ EMRENT (p<0.01; X 3d). FERERFL
ANV, ANVEFERRHC OW TR YA MREIOZER

a) HEFYLVE NIEYLLE
(TL—X ~35 v TRED (FEsIERR ~ 5 v THRID c) #h#E
*k N E 1 -
- 5 : . == W =275 8 5%
& M= O arka—u
& —r
i - o - ° mIvyo—Sv
' 3
- r . ) ! ﬁ
|:| - g a
'
o == =L - — 2
= == : g =
£ - = 2
hs3 Exclosure  Control  Enclosure Exclosure  Control  Enclosure Exclosure  Control  Enclosure
| p . 3 iy
@ d) g e)AH Ll f) T LUE
R 7 - ] -
& _ H 2
1= - -] = =
9 o o ——
= 1.
o —t
. ©
o 2 W Eh
3 —
: = = T =
~ (=}
= bl S [ —
24 - [ o —
T T T = T T T
Exch':sure Curl\trul Ench;sure Exclosure Gontrol Enclosure Exclosure Control Enclosure

3 3 bOHBIC K DHEEE NS EREOMAEL HE i,
Uiz (%*:p<0.05. a AIFVLIH (KL= LT v THRIO ;b AIFY LM GEIIHZEX ST THRIO ;5 o M d:

U e AV LV VT LU

$4 b
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RboNEhote—7, KREEHTEZY Y
O—Yy QO A=Y v lBNTIYV b
O — VI ERAREDZ N T EAVRENTZ Uh
TURETE - p> 0.1; KRIBUFERE : p<0.001; [X] 4b).
4) A Y LR
BB, Ty -y RUTET7AY
O—YviZBNTay ba—)Uct~biane
EAURENTE (p<0.001; K 3e). (kYA I
BIL Tk, HhEURERECIERRAAL & ARk > 7
O—Y vy KUGLY A 70— v TEESN D
WZ EAURENTD, KREERTEY 1 M
DEFRDSNIsh > fz (HRIERE - p < 0.001;
KAFERE : p>0.1; X 4¢). RN DWTIE, &
R TCIE I 7a—YyicBoncay ha—
IS EEREARE N DI EARE Nz (p=
0.001). ZHUCHK U, H@REFOIIARIZT Y
27—V ¥IcBVTaY ba—)VictRE
Motz (p=0.02; X 4c).
5) VT LUH
WEEEE, 70—V vyBRUZIZR”
O—YxicBVCay ha—)lclEXRDimnc
EAREN (p <005 K30, DERELA)L

T, WS KU IRARIERC DOV TR Y
Ia—Y I BTy ha—)Uic @R EL
WY Te—7 (hBIRERE : p < 0.001; fiE#
TURE: p=0.003), KEURERES K OCEARIRE T,
YA MEOEREG RS NEh - 7o CREIRER -
p=0.06; F#EIF : p=0.08; [X] 4d).
3. fRIEER
1) > A fiRbRE
AL, 8 HTREHEX T, mEmEXIC
HRZ LI AfRENT (p<0.001; X 52). 9 HiE
YA MEHOZTR SN A -> 7 (p=0.08; X
5b).
2) B ARG fikhE
FAIOBKICONT, 8H 9 AnTNnd
YA T3 HETONMROAZR SN
hoiz 8H:p=0.76;9 H :p=0.48; X 5¢c, d).
AR, S I AOEHICBELTE8H - 9HE
BT 10 B RIT B U RIS 2 I3 R & s
otz (8H:p=0.20;9 A :p=0.36; X Se, f).
LA LEDS, WINOEES EEEX THR
HENHENMEARMD RSN,

a) #8 b) B R 2 o) A LU d) S FAVE D zrrzo—on
70— 10— B 1 O aryka—i
50_‘ E W Ir9A—%
IR 8 P 0.5
& 50 - |
¥ 40l 6+ 0.6-]
= ]
H = 44 0.4
E 20- B T [ % Ll
b 2 - 0.2
10+ | I-‘ ]
° 5 e T e 3
L N N g & &
& & & & F & F
é,’?
HERE
K4 391 FOHKIC KD HEE E NS BEERFOMMALL HEEMIX, AT ORIIR S NIZET VORI GRS B HH
L7z (**:p<0.05). a: ;b U oo AV LI & T LV
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a) Yhik 8A) b) »hiE 9A)
= & *k 81 TR
& 5 j & !
& N 5
E- N
"
R | o 2
\ EA o E : —
# E © —_ E
aroY A — - T —
azra—n IuoR—Uk EPT Ioon—Sx
¢) *X3 (8A) d) *X3 9A)
0
2 2
P —_ —_
0 o | ' '
i ]
mlml E )
L ICN _
n ¥ —_ ' -
ol I - [
& —_
R - 2 —_—
~
3y Fa— Iuon—Ue EPT Ivon—sx
e) 23X 8A) f) 33X A
=
= o]
i % - - ° "8
i ; 3 —_
W] !
3w o I
'EM 1
1 XA ! 3 —
— —_ o
#< I
AL N4 i 21
i —_
o T — T —
— arvhkE—L Ivon—=I% ==L IvoR—S%

$A R
K5 VHEEEX L mEER ORI X D HEE S N80
RSO I IR TERE. HEEMHIE, MFTORSFRENZET
JVOARBN CHEERGE N BRI U7z (% p < 0.05).
aVHHE B H) ;b A OH) ;e A 8H) ;d: %
X2 O ;e IIXBH)EIIXOH)

V. ER

LT ER O S0 A SR A IS IE S B WES,
TNEMNERERICE 2 22 - THlT
5T ENEROFEL T > TWVB (Coté et al.
2004). ARWIZEAERD S, A OB kg
2 BHHDKIGIE, 7 FERER - BERERER TG
DBERST UM RKRESALTDZ T LIREN
Jz. BRI, AIFULVHE-BHE - 5
Sz BRIREY) &5 2 MBI 2 1 D& I Rt
U CIEDRISERUTDITH U, itk i g
REAR AXABOMH CRADKIGZRL TV
7z.

1. EENGES AT X288 82T L Ib
AWFETIE, BA - EAKZ B 92

X > 70— v I B TR D R
MR E NI, B - [RARBOWMAMEE R
BRHEAMEBYEREZ O < 2HBHHERICH S
(Stewart 2001, Gémez and Gonzéalez-Megias 2002,
Herder et al. 2004). Z D78, EHEELICHT
ZAEAK « EAEHEHOMEAEIIINE, D
B & 2 EREOBYIEIROADDIFEKTH %
LEZBND. EBRITAMIETIX, O
AN RREREZE - (AR OREHERDRE
HLTWV .

M R A - (AR R & 9
LA L AR, T a—Yx TEESD D
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Fundamental research for conservation of forest ecosystem
degraded by sika deer overabundance

KOIKE Shinsuke and IIDA Taichi

There is increasing concern over the ecological impact of large herbivore overabundance on forest ecosystems. To
maintain and manage forest ecosystems appropriately, it is first necessary to understand how biological communities
respond to large herbivore overabundance. Here, we examined the relationships between the life history traits of
5 insect taxonomic groups (moths, dung beetles, longicorn beetles, carabid beetles, and carrion beetles) and their
responses to deer overabundance in Hokkaido, northern Japan. The different taxonomic and functional insect species
differed in their response to deer overabundance. The abundance (number of individuals) of longicorn beetles, dung
beetles, and arbor-feeding moths responded positively to deer overabundance, whereas that of carabid beetles,
carrion beetles, and herb- or shrub-feeding moths responded negatively. These results suggest that the type of food
and the level of dependence on the understory are key traits determining insect sensitivity to deer overabundance.
Furthermore, this study demonstrated a significant change in insect communities following experimental deer
overabundance, suggesting that large herbivore overabundance leads to the homogenization of biological
communities.

Key words: Ecological traits, Biotic homogenization, Ecosystem management, Insects, Cascading effects
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26th Pro Natura Fund Domestic Activity

Restoration project of Minami Sanriku fire prevention belt:
Bringing back the traditional grassland environment and building the
maintanance system

NISHIZAWA Makiko

Osaka Natural History Center
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26th Pro Natura Fund Domestic Activity

The survey to measure the impact of the reclamation, aiming
the conservation and understanding of biodiversity of
Henoko and Oura Bay

SHIMURA Tomoko, ABE Mariko, TSUJIMURA Chihiro,
IWAHASHI Daigo, MAKISHI Osamu, SUZUKI Masako
and TASHIRO Yutaka

Key words: Coral reef ecosystem, Okinawa, Reclamation, Reef Check, Monitoring survey, Dugong

The Nature Conservation Society of Japan
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26th Pro Natura Fund Domestic Activity

Feral cat distribution in the southern Mikura Island

with sensor cameras

OKA Nariko, KOGI Kazunobu
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Yamashina Institute for Ornithology

140



H RO AL AR R i 3 vol. 26 (2018)

EAWTO S b= TV RBIE ERNESIBIR

PEREEICEHIT B4 & Z DIREICEET %35 S iG# D 7= D
IRV T Ly FOTFT

D Rh SR ZE 7 )V —T
AR - REPRIE - JUKIERE - GREEST " - IR TR

F—U— B RIS, WA, BRI,

| . REEBBEMEYIV—TDES
PEFERETE 5 LIChiE 9 2 kLS
ThHY, [EH6H2WVIHERS O ERZ 2 8HE
5. NIFEIC X > T, B BBEBSON
VIBEEDMFET 5 — /5T, RRMEADOEE S
ZFTOWIRWVEHMKE R EN TS, £, &
FE T, JE, EE, AEINCX D, M
TEREMYIBEENHOIL TS, DX
I, EESHEECHYIZRET S, TOR
TEERL & 73 B A GRS ELTH D, T
NS ZAWEMTOE RIFHNERE L 75 5.
KT N—T1%, (D) FEHEEOMEDER
BT TER L LTI L Z O AR D
Filfr, Q) BIEERNHY YRV LEELUKL
PEFEE DO ARREDLE 2B H E LTy
5. F2THEXTIC, PHEHEED 8 BIZDWV
THEAICET /M- 23170, Y2 RYTL
LA LU, ChCK O PEEREDS
TS COTES 2 RBL L Tz

Il. AFEEDEHEN
AEEDIEH T, CNETORRESFTZ

MRS, AL, BER

T, FUEROMEDI T Ly F2FATL,
KK BR, BAVHR, BARERM R IR A -
fERd %2 LT, RO BRREICET S
g2 TS ke HE L.

. FFF LI/ T Ly MEDWT

N7 Ly ORI, THEREREOR L
JR—AEREEOREN A R —1 &Lz (K D.
ARIA A, 2T FERM, EFEAMN
(X2), EAQJRE AR, R ATERHEAR
W, AT XTI, e hF - NFTg
T ARAFEAM, HIT VA TRAHET
T IOV AMEAMN, ARV A R, 2T F
KK, A4 YT S A AT T F K,
FANY v TR, RET YRR, AKX
TEEG, ME SR, NFYIaURAAF - AVF
TR, KILFRERD 17 2 A T O & FiFIC
DNTC, BELMBHIIEIOFNLTVS (p2
M5 pll). BRSOV TIE, WA ET Tk
<, ottd, AN ELHAANTATRE T
5T ET, MBS LLBEWATE D S 1E
AAX=IMEL KD BFIIICEZ XS ICBD

L FEARSE - AEMBREE R 20 GUR TR « BARise
2016. 11. 08 ZZfyf  2018.5.14 /3B

3 BRUR TR « AR

K

4 CEEDZ S IR



fe. EBIT, TNTNDEREDA A—V 2
WORT KD L. T AR, AXIAHIAM
TR, TS TRERE VIIRER. BEA
DR WM. | LS FERZMA . TD—
7T, WA OMRZIEES BTcoHIc, Pt
AR 2RI L. Tee R, A
XIA AT, TRHgH A A< A A
T—AXIARE L L. &E, ThHORE
BEHICOVTE, RERIUAEAEN GREEAE
SREREE R 2016) D PLHNC AIREZR IR O #EHL 9™ 2
TETH—LTWV3. TOBFRERICDNT
&, REHAARREROR—LX—YCHE
T2 N TED (http://www.biodic.go.jp/
kiso/vg/vg_kiso.html), BEF&E L TDOILMDICD
WTIEAR—LR—YDOR% 2@ U Chigadd % C
EWHHETH 5.

REDE R A T TR, ZOHHRMOTL
FN O R OMfg et s 2570, fafEEE
X1 PERESOR L R — RS OME AT A FOLR. AR, MR OB, AER (K 3),

BEEAH B Tt TNEES NS S P o%
PEEBOWOTHLLI=HDH. RELHMAIZL>
TRILTZREOHK. SOMPLNERT SR\E.
AXUN—FIITLIBE

ik AR MRS /\XE
NFTAVARVTEE
KB N\XE
SEHUEATREL, S SCEC U 2 & B 500m 1%
BGOSR S ALET, B

(NFTIIARE—AH /3%

B NFUAVAIE Y =AY
VB, SVARESY—NF FARTINTBR)
TRV BERE)

Hi (@10, 1) Tl 3
ZONARVEAOR fEo T o BT
LLTH, aXU i n—Fw7/A<fih (0 12) L
FIa ARV FREE (13) S LET.

(A SIAIRS
(A4 RTI/H—FFDT JRBE) AHTABE)
FOSHE?)

B 47 KLBBOBRKE
BT, BEFELIHER S SALLTOETH MEOBEF TIE. BREAH(ZIN—YITLIHE)
LBYET.

§7e 20 X0 g
HiLEF, AFa A
10 BFRERHLE) e E XYY ERRERD 5 4

BESHDAYYr L/ THBRLBEES>TUVET, THEENET) VLS L MR,

RETABRI

AR -
ATTABE (R ®ig @
BEORE

iR HFBEE

RESAZ R RS SAGF B

48 RESAHOHFBEOMAR

11 avvars/TOLR). B13 NFavARVTBEKSE)

M2 EHEAMIC R 3 < — . M3 KGR & 2291 ORI T B RFR—

142



AR A MOWIFFA (K 3) 1ZDWT, fiFfdi
Zzl (p13h 5 pl6). i, WESIHD
BN ZE5 LT, PUFEREORMKPEED
RGN DE I IC Uiz, RIBICHBEDRHMM
IR EHFTITDOWT, BT e OffFEiZmA T
(p.16 » 5 p.20).

V. BEefR&SBDERICDOVT

ISV T Ly MITDWWTIE, #1000 #5722 /15—
HIRl U7z, s o—E0iE, HEEICBT 550
SkfEY VR E MR B HRATA RO
RETHA LTz, 5%, PEdEERBICHMT

%5 YETH%. £z, PDF iz TIZ/ERL
ThH, P NV —T DR —LR—
< (http://www.izushotoshokusei.com/index.html)
MHRTU—RTELXIICTEH LD
TW5.

WL Twa /ST Ly bOFEHOENT &
LT, () EToARESE, 2) BOASE
LK 5 ERREHE, Q) BN EDARERE
HHEFHE, ) BOEYREZ#ED S L TOR
ARG EZREL TV, £, ThbZf
#TB7DIC, SHEATIV—THRKERSE
FRNCABR ZRNEH L T PETH 5.

143



Annual Report of Pro Natura Foundation Japan vol. 26 (2018)

26th Pro Natura Fund Domestic Activity

Outreach activity for vegetation study and conservation by publication
of pamphlets about vegetation in the Izu islands

KAMIJO Takashi, HOSHINO Yoshonobu, YAGI Masanori,
ISHIBASHI Masayuki and MINAMI Kawagoe

Key words: Plant community, Flora, Conservation vegetation magazine, Volcanic island, Islander
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715 ARG 2 B

MmERETIN—7
KARER 7' - Harry Carter® » Hiff 13

F—TD—RINYTIHSA, NIRYKHTA, HEE, BERh=%

. EC&IC

2013 FELUOK, WRHRET V-7, R
KDAY L)Y I AX A (Synthliboramphus
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26th Pro Natura Fund Domestic Activity

Preliminary studies of crows, the main predators of Japanese Murrelets,
at Birojima, Miyazaki-ken

OTSUKI Kuniko, CARTER, R. Harry, NAKAMURA Yutaka
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26th Pro Natura Fund Domestic Activity

The search and protection for endangered rare birds(Japanese
Murreltes, Streaked Sharewater) in Kaminoseki Seto Island Sea

TAKASHIMA Midori, TAMAMOTO Hisayoshi, OKANO Tomoki,
SHIMADA Yoshiko, MIKAMOTO Makoto, MORITA Osamu,
KOHAMA Harumi, WATANABE Shinichi and TAKEISHI Masayoshi

Key words: Year-round occurence of Japanese Murreltes, Molting of Japanese Murreltes, Family groups of
Japanese Murreltes, The effect inhibiting the breed of Streaked Shearwater, The breeding of Swifts
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26th Pro Natura Fund Domestic Activity

Spread of knowledge of effects by wind farms on birds

and impact assessment for cumulative impact

URA Tatsuya

Key words: Wind farm, Bird/Avian, Impact assessment, Cumulative impact, Spread, Documents collection

Wild Bird Society of Japan
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Annual Report of Pro Natura Foundation Japan vol. 26 (2018)

26th Pro Natura Fund Domestic Activity

Captive breeding of Japanese domestic rare species, striped bitterling
(Acheilognathus cyanostigma) and environmental education of regional
residents for the purpose of re-introduction

TANAKA Masayuki, WADA Seitaro, KAMANARU Hiroe,
TAKAGI Naoko and MATSUNAGA Masayuki

Key words: Striped bitterling, Japanese domestic rare species, Captive breeding, Environmental

education, Regional residents

Kyoto City Zoo
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Annual Report of Pro Natura Foundation Japan vol. 26 (2018)

26th Pro Natura Fund Domestic Activity

Tamagawa tideland Symposium

SUZUKI Shigeya, ISHII Takashi and BABA Junko

Key words: Consensus building, Environmental protection social system, Strategic assessment, Civic participation,

Snipe plover

Wild Bird Society of Japan Kanagawa Branch
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Annual Report of Pro Natura Foundation Japan vol. 26 (2018)

26th Pro Natura Fund Domestic Activity

Preservation of luminous moss (Schistostega pennata)
in Makkausu Cave

WAKUSAKA Syuichi, AMAGATA Hiroaki, TAGUCHI Goro,
KANDA Hiroshi and MARUYAMA, Ryuichi

Key words: Natural monument, Bryophytes cultivation, Habitat, Community restoration, Tourism

resources

Luminous moss Preservation Society of Rausu
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Annual Report of Pro Natura Foundation Japan vol. 26 (2018)

26th Pro Natura Fund Overseas Grant

Veterinary care and conservation for wild living African Grey Parrots
confiscated from poachers in northern Republic of Congo

NISHIHARA Tomoaki

African grey parrots are familiar as pets since they are intelligent enough imitating human languages. However,
due to insufficient technique of breeding for those parrots, hundreds of these wild birds have been sucked out to
satisfy worldwide demand of pets, and many of them are dead during capture and transport because of diseases and
stress. The Congolese government along with WCS where the author is working has been making great efforts to
arrest parrot poachers as well as those trafficking, and WCS field veterinarians have been trying to release those
confiscated parrots to the wild after the medical cares, while most of them are dead. To inform wild status of African
grey parrots to Japanese, the author had made conservation education on these birds, especially toward Japanese
zoos and using their network. Finally, the grey parrots were listed in Appendix I at CITES COP17 with supports
of huge number of countries, but we have to continue watching poaching and illegal trades of those birds due to
continuous strong demand for pets.

Key words: African Grey Parrots, Pet, Conservation, Zoo, CITES

WCS (Wildlife Conservation Society)
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Monitoring and conservation of Malayan tapir (Tapirus indicus)
in wildlife reserves in West Sumatra
—toward coexistence of wildlife with human

Wilson Novarino

Monitoring of Malayan tapir population have been carried out on three conservation areas in West Sumatra,
namely Rimbo Panti Nature Reserve (RPNR), Malampah Wildlife reserve (MWR), and Lembah Anai Nature
Reserve (LANR). The study began by installation of camera traps in RPNR which deployed purposively at 1 x
1 km” grid observation. Five grid were located in swamp area, and another five grid were located in hilly area.
Although some old report said Malayan tapir were observed in this area, after three month camera operation,
we did not have any encountered of Malayan tapir in this area. It is a confirmation for the previous studies
(Novarino et al. 2010) that also did not record the occurrence of Malayan tapir in this areas. Current project
listed nine species that did not recorded previously such as banded linsang, small clawed otter and javan
badger. Sumatran tiger, golden cat and marbled cat that listed in previous studies were did not recorded during
this survey period.

Activities in the second areas were slightly late due the weather condition. Hard rain, landslide and flood
happened on the way to MWR area. Hence our activity must delayed for almost one month. In the MWR we
also deployed camera on ten location and record the occurrence of malayan tapir. Video image were shown
the occurrence of adult and young malayan tapir in one frame. We identified three individual of malayan tapir
in our study area. Other mammals which listed in this area such as sunda clouded leopard, golden cat, sun bear,
and argus pheasant. As the consequence of delayed survey in second area the activities in the third location
were impacted. We are still running the camera traps in the third location. Malayan tapir were observed during
previous study in 2010 and late 2015, and we hope still recorded their occurrence in this project.

Field observation indicate that forest cover in the study areas not change drastically. Although we record
some logged and gap, however the condition of forest still remain in good condition. The problem that we
record were the high intensity of human activities into the forest interior. Based on interview to the forest
ranger, local people and evidence from image taken by camera trap, majority of people that enter the forest
were to caught the birds.

Three students of Biology Department of Andalas University were encouraged to involve during the project
implementation. One student has got bachelor degree, another two students still work with her paper and
progress in the fieldwork.

Received 2016. 12. 04. Published 2018.5.14
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INTRODUCTION

Malayan tapir (Zapirus indicus) is the only tapir
distribute in Asian, another three tapir species (7.
pinchague, T teristris and T. bairdi) were distribute
in central and southern part of America. All of tapir
were listed in [UCN Red List as threatened species,
T. bairdi listed as Vulnerable and other three species
listed as Endangered. Habitat loss and population
declining identified as major threats.

Among all tapir species Malayan tapir has the
largest and also has distinguish coloration with
dominated by white in the body and black in head
and back. Even though there are several projects
focused on this species in Sumatra (Santiapilai and
Ramono 1990; O'Brien et al. 2003; Holden et al.
2003; Novarino et al. 2004, 2005 and 2007; Linkie
et al. 2013), there is still limited information on
their ecology which is crucial for its conservation.
Among all, the response of Malayan tapir to human
activities are less understood.

Due to rapid conversion of forest to plantations or
agricultural cropland in Sumatra, there is an urgent
need to understand the effect of human disturbance
on Malayan tapir population. As a browser, Malayan
tapir prefer secondary and mosaic habitat rather
than primary tall forest; therefore, human activities
in the forest edge can affect its existence. By using
Geographical Information System, we analyze
the response of malayan tapir in conservation
areas with the human activities such as distance
from agroforestry areas, road and village. We then
delineate their distribution and occupation for
identification of key habitat areas, along with the
possible intensities of human activities.

Our goal is to understand the current status and
advance the conservation of Malayan tapir in West

Sumatra. Achieving the following three objectives

will allow us to accomplish the goal:

1) Scientific Research: Monitoring of tapir

population by camera trapping and analyze the

response of tapir to human activities.

2) Threats and Conservation Analysis: Use results
from scientific research, result from interview with
conservation managers to design specific strategies
to mitigate the threat and develop conservation
action.

3) Public Awareness: Preparing informative book
regarding malayan tapir conservation and hold a

local workshop.

MATERIAL AND METHODS

This project have three main program;
1. Scientific Research
1.1 Camera trap

In order to evaluate tapir population, distribution,
habitat used and daily activity, camera trapping
method has been used. Camera traps deployed
systematically on study areas which is divided
into 1 x 1 km grid cells; a pair of camera trap were
set up in each grid cell. The camera trap operated
for three months in each study areas. Camera trap
checked every month for image downloading and
batteries changing. Image captured during this study
identified by using Mammals of Borneo (Payne et
al. 2000). Data analysis were conducted by using
Renamer (Sanderson and Harris 2013).
1.2 Observation

During the camera trap round (setting, checking
and removing), we also conduct occupation survey
by recording any evidence of Malayan tapir by
using occupancy method. Along the trail, the
occurrence of Malayan tapir will be recorded by
GPS and mapped by using GIS software.

1.3 Analysis on the responses to human activity
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Proximity to human activities as agricultural land,
road and villages are analyzed by using Quantum
GIS software.

2. Threats and Conservation Analysis

Any potential threat to the occurrence of Malayan
tapir will be recorded during the fieldwork.
Information also will be gained by interview with
local people, forest rangers, and local stakeholders.
Data will be linked with the distribution of Malayan
tapir and analyzed by using GIS software.

3. Public Awareness

Information of Malayan tapir that will be obtained
during the project will be used to produce brochure
and poster of Malayan tapir conservation. We also
will prepare an informative book focused on this
species in Bahasa Indonesia. The book will be
print and distributed free to the local stakeholders,
local people, schools and universities After we got

another support, or will distribute as a soft-copy.

The proposed project will be conducted in West
Sumatra, Indonesia. Sumatra is the only one
island in Indonesia archipelago where Malayan
tapir is distributed. Sumatra is a large island in the
west part of Indonesia. Up to 80 % of Sumatra’s
rainforest has degradated for agriculture, mining
and settlement (Anwar et al. 1984), so what remains
is of crucial conservation importance. West Sumatra
laid on middle part of Sumatra at the west coast. The
topography dominated by mountainous area called
Barisan Mountain. A dry, hot period occurs from
July to October, when average temperatures are 24-
30 °C. The rainy season is typically from November
to May, with temperatures lower at this time of year.
Average annual rainfall is 2,300 mm. West Sumatra
is home to a exceptionally diverse range of flora and

fauna, including rafflesia and nepenthes species, and

many of mammal species such as Sumatran tiger,
Temminck’s golden cat, sun bear, Sumatran serow.
The distribution of malayan tapir in Sumatra
also only occur on southern part below the Toba
crater. Specifically the project will conducted at
three conservation areas in West Sumatra; Rimbo
Panti Nature Reserve (2,550 ha), Malampah Nature
Reserve (14.555 ha) and Lembah Anai and Tandikek
Nature Reserve (211 ha)(Fig. 1). Previous studies
(2008/2009) have recorded the occurrence of

Malayan tapir on this areas.

Fig. 1. Project area.

- Rimbo Panti Nature Reserve; Located 180 km

from Padang, the capital city of West Sumatra
province. This reserve have various environments,
from swamp to the hilly areas. It is crossed by main
road from West to North Sumatra province. The
vegetation type is also varied and dominated by
disturbed forest.

- Malampah Nature Reserve; Located 150 km from

Padang. This hilly and mountainous areas have
varied vegetation type and dominated by disturbed

forest. Forest encroachment and converted to small
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scale agricultural is major problem in this area.

- Lembah Anai Nature Reserve: Located 70 km from
Padang, famous known by the waterfall and their
location that laid on main roadside from Padang to

Bukittinggi.

PROJECT IMPLEMENTATION AND
RESULTS

1. Project Implementation

This project were start by arrange the research
permit from Local bureau for Nature Conservation
of Ministry and Environmental Department of
Indonesia (BKSDA). We continuing by review
reference (publication and report) regarding the
biodiversity of study area. Fieldwork were start
from Rimbo Panti Nature Reserve (RPNR), which
well known as one of old nature reserve in West
Sumatra (Fig. 2). This area declared as protected
area since dutch colonial in Indonesia due to the
unique ecosystem that laid from 270-930 m.asl. This
Nature reserve has varied habitat; from freshwater
swamp, several hot-spring, lowland tropical rain
forest and and hilly area. The area of RPNR were
separated by main road from West to North Sumatra.
Ten cameras were deployed purposively in RPNR

based on track condition and evidence of mammals

Fig. 2. Area of Rimbo Panti Nature Reserve.

(track, dung, wallow, scracth). Five camera position
were laid in the hilly area and another five position
were located in swamp areas.

Two students were involved during this periods,
the students were come from Biology Department
of Andalas University and Faculty of Forestry of
Muhamadyah University in Padang. Both student
were defend their bachelor project and graduated
from their university.

Project continued by deployed camera traps in
Malampah Wildlife Reserve (MWR)(Fig. 3). Due to
weather condition which dominated by hard rain that
cause flood and landslide in this location, project
implementation were postponed to July 2016.
Moreover We also need to replaced some camera
that were stolen and broken at the previous location.
The area of MWR dominated by secondary tropical
rain forest at the hilly area and surrounded by
traditional agricultural land. This conservation area
has been declared since dutch colonial too, which
total area cover around 28.836 ha. This area also
separated by small road that used by local people for
their daily transportation activity. Ten camera traps
were also deployed in this area and were set in both

area. During this period we encourage another one

student to for finishing her bachelor degree by using

Fig. 3. Area of Malampah Nature Reserve.
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the data that we got during this project. Recently she
is still preparing her paper for final examination.

The last location of camera placement were
Lembah Anai Nature Reserve (LANR)(Fig. 4),
which well known with the famous waterfall. This
conservation area were also dominated by hilly area
with the steep topography. The camera placement
were started in mid of October 2016 and will ended
at December 2016.
2. Project Results

During the camera operation in Rimbo Panti
Nature Rserve (RPNR), 330 image with 109
independent picture were taken. Meanwhile in

Malampah Wildlife Reserve (MWR), were also

e BN R
Fig. 4. Area of Lembah Anai Nature Reserve, Anai waterfall, old

and big Ficus tree, water stream inside the forest that will come as

waterfall.

taken 173 image with 142 independent picture.
Recently camera still operated in Lembah Anai
Nature Reserve (LANR), and we will add the
number of image and results soon after finished.
Malayan tapir

During the studies Malayan tapir were observed
in Malampah wildlife reserve (MWR)(Fig. 5.). At
least three individual were identified in MWR.
Individual identification were based on size which
indicate one individual is sub-adult, and mark on
head and body which indicate the adult were come
from different individual. We are still conducting
fieldwork in LANR, and will come with the fix
individual number once we finished the fieldwork.
Although several reports (BKSDA 2008), inform the
occurrence of Malayan tapir in Rimbo Panti Nature
Reserve (RPNR), unfortunately, there is no single
image of malayan tapir were recorded during this
study. Previous study (Novarino et al. 2010) which
also conducted by using camera trap in RPNR, also
did not recorded the occurrence of Malayan tapir on
this area.
Human activities and Impacts

Even though has been declared as conservation

areas which mean human activities were limited or

Fig. 5. Malayan tapir image captured in Malampah Wildlife Reserve.
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prohibited, however we recorded the activities of
human inside all of the study areas. We found the
snared that seem set for deer and land bird. Camera
trap also recorded several people that come to

caught bird or fish (Fig. 6)

Species List Recorded During the Study

Based on image captured, twenty mammals
and two land birds species images were recorded
during the studies. List of species captured were

described in Table 1. Eight species that recorded

'HCO Scouttuard SR

Fig. 6. Human activities inside the nature reserve.

Table 1. List of species captured by camera trap.

Location IUCN
No Scientific name Common name
RPNR MWR Status

1 \Aonyx cinerea* Small-clawed otter X Vu
2 Catopuma temminckii Asiatic golden-cat X Nt
3 Echinosorex sp.* Moon rat X

4 Helacrtos malayanus Malayan sun-bear X Vu
5 Herpestes sp* Mongoose X

6 Hystrix brachyura Malayan porcupine X X Lc
7 Leopoldamys sabanus Long-tailed giant rat X Lc
8 Macaca fascicularis Long-tailed macaque X Lc
9 Macaca nemestrina Pig-tailed macaque X X Vu
10 Muntiacus muntjak Muntjak deer X X Lc
11 Mydaus javanensis* Badger X Lc
12 Neofelis diardi Sunda clouded-leopard X Vu
13 Paguma larvata Masked palm-chivet X X Lc
14 Pardofelis marmorata Marbled cat X Nt
15 Prionodon linsang* Banded palm-chivet X X Lc
16 ISundamys sp* Giant rat X

17  |Sus scrofa Wild boar X X Lc
18 Tapirus indicus Malayan tapir X En
19 Trachypithecus cristatus* Silvery leaf-monkey X Nt
20 Tragulus napu Javan mouse-deer X X Lc
21 \Argusianus argus Great argus X Nt
22 Rollulus rouloul* Crested partridge X Nt
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during this project were not recorded yet on
previous study. Moreover recent study did not
recorded the occurrence of Sumatran tiger in this
two conservation areas, which were recorded in
previous study (Novarino et al 2010) even in this
three conservation areas.

CONCLUSSIONS
1. Three individual of malayan tapir were recorded
in Malampah Wildlife Reserve, none of malayan
tapir recorded in Rimbo Panti Nature Reserve, and
we are still continuing camera trapping in Lembah
Anai Nature Reserve
2. Human activities were recorded in all
conservation areas, although there is no evidence
of illegal logging, however the fish and bird
trapping are also illegal to be conducted inside the
conservation areas
3. We need to conduct public awareness regarding
the bird and fish trapping inside the conservation

areas.
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Monitoring the western flyway of migratory white-naped cranes
(Grus vipio) and hooded cranes (G. monacha) in eastern China

Su Liying

Since September of 2015, we have coordinated: (1) six synchronized counts on cranes and waterbirds along the flyway in
eastern China in autumn of 2015 and spring of 2016 during migration periods in northeast of China; there are 65-75 people
involved and 23-31 wetlands were covered from Hulunbeier, Inner Mongolia to Sanjiang Plain (Heilongjiang), Laohe Plain
(Liaoning), Bohai Bay, and to Yellow River Delta (Shandong). Based on our counts and other information, we believe currently
two of the most important staging sites for hooded cranes are Zhalong and Tumuji. The cranes staged at each of the two sites
more than 20 days. In Tumuji in spring, the staging population was about 300 cranes and in Zhalong was more than 1000 birds
in spring. (2) conducted field surveys on the wintering populations of the white-naped crane and other cranes in Poyang Lake;
we surveyed about 1300 km® (about 1/3 of the Poyang), 142 sites, among them14 sites recorded the white-naped cranes. We
totally recorded 303 white-naped cranes, the biggest flock with 206 birds at Wucheng (Poyang Lake NNR). (3) During mid-
April and May, we conducted field surveys in the wetlands of Hulunbeier and Songnen Plain including parts of Zhalong,
Halahai, Momoge, Tumuji, and Xianghai. We recorded 84 cranes during our three days field surveys in Hui River. We estimated
the breeding population is about 20 pairs. In Zhalong from 35 km’, field survey we recorded 4 breeding pairs, and estimated
< 20 pairs in Zhalong. We did not find breeding pairs from other wetlands. (4) through our e-newsletters and attending

professional meeting, we shared our results with other people.

We have mainly coordinated: (1) synchronized We have worked with volunteers at different

counts on cranes and waterbirds along the flyway in
eastern China during autumn and spring migration
periods; (2) conducted field surveys on the wintering
populations of the white-naped crane in Poyang
Lake; and (3) completed surveys in breeding areas

in Songnen Plain and Hulunbeier.

Coordinate synchronized counts of cranes and
waterbirds at multiple locations along the crane

flyway in eastern China

locations along the eastern Asia flyway to monitor
the migratory cranes and waterbirds in eastern China
(Fig. 1). These wetlands covered the major stopover
sites for migratory birds in eastern China.

In autumn of 2015, we coordinated three
synchronized counts for cranes and waterbirds:
September 28, October 17, and October 31. Over
sixty people participated these counts. Our counts
covered the wetlands from Hulunbeier, Inner

Mongolia to Sanjiang Plain (Heilongjiang), Laohe

Received 2016. 10. 31, Published 2018
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Fig. 1. Synchronized Counts surveyed wetlands in eastern China in 2015-16.

Plain (Liaoning), Bohai Bay, and to Yellow River
Delta (Shandong) — in total we surveyed 105 sites in
31 wetlands. We recorded 133 species in 13 orders,
33 families. Among the waterbirds, there were 81
white-naped and 1915 hooded cranes.

In spring of 2016, we completed three
synchronized counts, the dates were: March 26,
April 16, and May 7. There were over seventy
people participated in these counts. Our counts
covered nineteen wetlands from Yellow River Delta
to Hulunbeier and Sanjiang Plain — in total 109
survey sites. We recorded 112 species in 8 orders,
22 families. There were 96 white-naped and 646
hooded cranes recorded during the counts.

Based on our counts and other information, we
believe currently two of the most important staging
sites for hooded cranes are Zhalong and Tumuji.
The cranes staged at each of the two sites more than

20 days. In Tumuji in spring, the staging population

was about 300 cranes and in Zhalong was more
than 1000 birds in spring. There were other sites
where we recorded hooded crane stopping during
migration season; the populations are small (<100
birds) and the staging period (<two weeks) was
short.

From the counts, we connected people along the
flyway, exchanging information and encouraging
each other to make migratory crane and waterbird
observations. This effort increased awareness of
cranes and wetland conservation. Also through the
counts, we started to learn the migration pattern
of the birds. For example, we observed the red-
crowned and white-naped cranes had fewer staging
areas, where are with large flock and stag longer
than two weeks; the hooded, Siberian, and Eurasian

cranes has large staging areas during their migration.

Conduct field surveys in winter area — Poyang
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Lake for white-naped and hooded cranes

Poyang Lake is the largest fresh water lake in
China, 115°49'~116°46'E~28°11'~29°51". It is
located on the lower reaches of Yangtze River and
covers 4,000 km®. Poyang is characterized by a
broad, flat landscape that is dominated by gradual
slopes typical of floodplain areas. Within Poyang
Lake, however, a variety of slopes still occur that
range from a relatively steep 1:1 ratio of natural
levees or river cut banks to the more gradual
slopes of 1:100 that typify flat floodplain basins.
The climate is very hot and humid in summer and
cold and damp in winter. It is a dynamic wetland
ecosystem — a vast open water area in summer but
most of the bottom of the lake basin emerges in
winter and provides critical and suitable habitat to a
variety of waterbirds, many of which are threatened.
It is one of the most important wintering areas in
Asia, and the cranes include the white-naped and
hooded (Li et al 2012).

For the winter of 2015-16, on 18-24 January of

2016, we coordinated different people to conduct
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whole Poyang Lake Basin surveys mainly focused
on the white-naped crane population and its
habitats. The survey team included: Professor Ding
Changqing and three of his students from Beijing
Forestry University, two staff of International
Crane Foundation, staff of Poyang and Nanjishan
National Nature Reserves as well as Baishazhou and
Duchang Nature Reserves.

The surveys covered wetlands across the entire
Poyang Lake Basin, about 1,300 km’. The surveyed
area included Jiangxi Poyang Lake National Nature
Reserve (NNR), Jiangxi Poyang Lake Nanjishan
NNR, Jiangxi Duchang Migratory Birds Nature
Reserve (NR), Poyang County Baishazhou NR,
lake shore area in Jiujiang District, and surrounding
areas near by the reserves (Fig. 1). According to
previous studies (Wu et al. 2010, Zhu et al. 2011,
Liu et al. 2012, Shao et al. 2014) and knowledge of
the nature reserve staff about the cranes, this survey
covered most of known distribution sites of the
cranes and their habitats.

Our team surveyed 142 sites, among them14
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Fig. 2. Winter survey area in Poyang Lake Basin. The red lines are survey routs.
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sites recorded the white-naped cranes. We totally
recorded 303 white-naped cranes, the biggest flock
with 206 birds at Wucheng (Poyang Lake NNR).
Most of the cranes we saw in Poyang Lake NNR (99
%), with a few in Nanji NNR (1 %). We did not see
white-naped cranes in Duchang and Baisha NRs,
nor at other places.

Also we kept contacts and encouraged people at
other locations to count cranes along Yangtze River
during the winter period. The results on cranes from
lower reaches of the Yangtze River during winter of
2015-16 are in Table. 1.

Comparing our survey results with previous
studies, we concluded the population of the white-
naped crane on the west flyway has declined.
Estimated population size for the west flyway of the
white-naped crane is about 1,000 birds according to
all sighting information at the winter grounds and
during migration along the flyway in recent years.
During the 1990s and early 2000s, several counts
of 2,500+ white-naped cranes were recorded from

Poyang Lake alone (Li et al. 2012).

Coordinated field surveys on breeding white-

naped crane in Songnen Plain

During mid-April and May, we conducted field
surveys in the wetlands of Hulunbeier and Songnen
Plain including parts of Zhalong, Halahai, Momoge,
Tumuji, and Xianghai. All these wetlands had
breeding records of the white-naped cranes in the
past.

In Hulunbeier, we cooperated with Huihe National
Nature Reserve to complete field surveys along Hui
River, Morigele River, and Maogai River in May
of 2016. Hui River wetland is only the place where
we observed the white-naped cranes. We recorded
84 cranes during our three days field survey in Hui
River. We estimated the breeding population is
about 20 pairs. In previous years, we observed the
white-naped cranes in both Morigele and Maogai
Rivers wetlands, but not this time.

From our survey results in Songnen Plain, only
Zhalong Marsh still has a breeding population of the
white-naped crane. The part covered by our survey
included about 35 km* of Zhalong Marsh, about
16.7 % of the total area. We recorded 4 breeding
pairs of the cranes. It is similar with results of our

surveys in previous years. We estimate the breeding

Table 1. Wintering populations of the white-naped and hooded cranes in China in 2016.

Site white-naped hooded source

Poyang Lake NNR 300 101

Nanjishan NNR 3 0
Poyang Lake Duchang NR 0 0

poyang County Baishazhou

NR 0

Jiujiang District 0
East Dongting Lake 0 0
Longgan Lake 8 125 Longan NR
Caizi Lake 0 168 Yu Chao
Shengjin Lake 0 195 Yu Chao
Hongze Lake 0 0 Yu Chao
Chongming Dongtan 0 74 Bo Shungi
total 311 663
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population of the white-naped cranes is less than 20
pairs in Zhalong.

In other wetlands -- Halahai, Momoge, Tumuji, and
Xianghai -- we did not find breeding white-naped
cranes. Among these wetlands, Tumuji had three
breeding pairs in the previous 2 years. We do not
know why we could not find the pairs this year. We
will keep in touch with local staff and continue to
search for the birds.

In conclusion, the breeding population of the
white-naped crane has decreased in both Hulunbeier
and Songnen Plain this year compared to previous
years. We do not know whether the reduction in
numbers is a temporary phenomenon (population
fluctuations), or true population decline. For
either reason, we need to pay close attention to the

breeding population in the future.

Publishing Cranes and Waterbirds Migration
Briefs to share our results with more people

We published all our synchronized count results
in our newsletter Cranes and Waterbirds Migration
Briefs. We released three issues in autumn of
2015 and five issues in spring of 2016. We shared
these Migration Briefs with our network members,
International Hooded and White-naped Crane
Network members, and experts on waterbirds
research communities in China and abroad.

In summer of 2016, we posted all our Migration
Briefs from 2014 to the most current issues on the
web site of the China Ornithological Society to
ensure easy access for people who are interested in
the data (http://www.chinabird.org/news/Cranes%20
and%20Waterbirds%20Migration%20Briefs.htm).

Disseminating results at the International White-

naped Crane Workshop

From August 12-16, 2016 over 50 crane specialists
and governmental representatives from China,
Democratic People’s Republic of Korea (DPRK),
Japan, Mongolia, Republic of Korea (ROK), and
Russia gathered on the Mongolian steppe — the first
such gathering for white-naped cranes from all of
its range countries. The participants presented the
latest research findings, including results of this
project. The group refined and approved a White-
naped Crane Species Assessment as part of a global
Crane Conservation Strategy being prepared by the
TUCN SSC Crane Specialist Group. They evaluated
threats along the western and eastern flyways and
identified a series of measurable and specific actions

to be taken in the next five years.

REFERENCES

Li, F., Wu, J., Harris, J. and Burnham, J. 2012. Number and
distribution of cranes wintering at Poyang Lake, China
during 2011-12. Chinese Birds 3:180-190.

Liu, G., Jin, J., Li, F., Xiao, H. and Huang, Y. 2012.
Population and distribution of wintering waterbirds in
Poyang Lake in 2012. Jiangxi Forestry Science and
Technology. 1: 39-43, 51.

Shao, M., Jiang, J., Dai, N. and Liao, Z. 2014. Population and
flocking characteristics of the wintering Eurasian and
white-naped cranes in Poyang Lake. Journal of Ecology
and Rural Environment. 4: 464-469.

Wu, J., Ji, W, Liu, G., Wu, X., Xi, L., Wang. S., Gao, Y.,
Zou, N., Zhan, H., Luo, H., Gao, X., Guo, Y., Wang, X.
and Yang, Y. 2010. Aerial survey results on wintering
waterbirds in Poyang Lake. Jiangxi Forestry Science
and Technology. 1: 23-28.

Zhu, Q., Zhan, Y., Liu, G., Wu, J., Zhan, H., Huang, Y.,
Huang, J., Zhang, B., Hu, B. and Li Y. 2011. Population
and distribution of wintering waterbirds in Poyang Lake
in 2011. Jiangxi Forestry Science and Technology. 3:
1-9.

205



Annual Report of Pro Natura Foundation Japan vol. 26 (2018)

26th Pro Natura Fund Overseas Grant

HEETIC BT 2V — b 23 <)V (Grus vipio) &
F IV (Grus monacha) DE=_R1) 2757

LIYING Su

SEIOBK AL LT 20154 9 HLELL ROHEZFEE L 7.

(1) HEAEHTEST 2015 4EFK & 2016 EFEOWE D ORHAIC, REHFONE O )V— b LIS T, VILEIEIK
BORKAY Y N6 . HESINEE 65 A— 75 A, EFIZNE> TN, TIVURA IV DB
TAZILVE, BEE AR, @iEs, STV E T 23 — 310 A2 MEREZotho
Wiz Rad 5 e, BEEFXYIVORE BEERHEY—n> Y LY Thb e BbNns. TO2i
T, VIVHIE 20 HRLEIRHEL, Y LY TIEE, #3000, ¥'—a > Tidd, 1000 KL EAFIH L.
Q) R=Y Viic B %< F VIV LMoY VOB BFHE 217> 1. FHEHPIEH 1300 km® (R—¥ >
ORI 3). AR 142 5T, <YV B 4T TSN kL=< YL
BPHUE 303 . ZOHRTFRE AL, R—YUMERGEEXADOY v F > Trlkk L7z 206
ThHotz.

3) 4 AHEDS 5 HITHhIT T, BIhTH 2 T IV KAV EZTTFR (F—ay, NINA, &Y
VLY, MO—iEEE) THMAERITo. TANITIE 3 HREIOFHE T VIV 84 it L.
HEE BHPIBUEH 20 DA, £ 35 km® Y—m VT, BHEONV A HELEKLIZDT, TTTO
FHAPIE 20 DDWLLTF EHEE Uiz, o Tld~ V)V OB HEER T E ah o Tz,

) BFY =2 — AL A—EHBESHTHES R EREL, WA/, (M - m@lgsm 30

206



H RO AL AR R i 3 vol. 26 (2018)

F2HTO-F bo—F - 77 NBIRL BABIAL

Genetic variation and identification of traded bears and bear parts
using mitochondrial DNA cluster and microsatellite analysis of
Asiatic black bears (Ursus thibetanus) in Thailand forest complexes

Dusit Ngoprasert

Genetic information of wild Asiatic black bears (Ursus thibetanus) in Thailand is currently limited; in particular
genetic variation of wild bear species has never been evaluated. This study focuses on the genetic variation of wild
Asiatic black bears in the continuous evergreen forest of north, northeastern, and western Thailand at Phu Khieo-
Nam Nao forest complexes and Western forest complexes. In this study, the genetic analysis is performed for 2
kinds of purposes: One is to know genetic variation of wild bear to contribute to the Asiatic black bear conservation
in Thailand. Another is to identify bear origin to manage illegally-trading bears and bear parts. The hair samples
were collected by the rub tree trap method. The set of hair trap contained 20 spikes of coiled wires on the tree. The
designed traps were distributed to 3 study sites: 46 trap stations in Phu Khieo wildlife sanctuary (WS), 16 stations
in Tabo Huay Yai WS, and 40 stations in Salak Pra WS. The trap stations were based on the information of ranger
survey trails and created new route in the deep forest where possible. All traps were baited with fish oil and were
set up 2 km interval each station. Some trap stations were hang rotten meat to lure bear into trap areas. We also
obtained 4 samples of captive Asiatic black bears in Phu Khieo wildlife breeding center as a standard DNA of bear
in Phu Khieo-Nam Nao forest complexes. A total 442 hair samples came from nine collected sessions including
decayed bear in the wild. After checking hair quantity, DNA was extracted using DNA extraction kit. Hair with no
root or less than 5 hairs per sample were discarded. The 103 hair samples from 36 varying trap stations were used
for extraction and these extracted DNA was stored at -20 °C. DNA extraction from decayed bear was not successful
even after twofold hair root of standard process was added. Unfortunately, a good quality of PCR products from
hair DNA had limited amounts then we tested mtDNA primer with Cb-z, D4, and BED-1. That gave poor signals
of sequencing due to low DNA concentration or PCR products amplified from diploid templates with heterozygous
regions. However, haplotypes in Thai black bears could classified to 5 groups. Preliminary bear individual from hair
trap at PKWS were identified with 7 microsatellite loci. We found 4 males and 4 females were visited trap stations
during December 2015 — February 2016.

INTRODUCTION
Thailand is the residence of 2 bear species: Asiatic
black bears (Ursus thibetanus) and Malayan sun
bears (Helarctos malayanus). Asiatic black bear is
listed as vulnerable in TUCN red lists, appendix I

of CITES, and has been designated as a protected

species in Thailand. Habitat fragmentation and
illegal bear trading have directly caused bear
population decreases. Two other threats are wildlife
poaching and smuggling (Vinitpornsawan et al.
2006).

It is believed the major route in animal smuggling
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trade to China is through Southeast Asia including
Thailand. In particularly, Bangkok is regarded as
one of the biggest wild animal smuggling centers
in the world. Genetic studies using DNA hair
sampling method are common particularly in bears.
Moreover, studying the wild bear genetic status is
not only important in estimating population size and
phylogenetic relationships (Andreassen et al. 2012,
Kim et al. 2011), but also proved advantageous in
forensic veterinary medicine (Saito et al. 2008) as an
important role relating to wildlife crime (Andreassen
et al. 2012). The officials of Department of National
Park, Wildlife and Plant Conservation of Thailand
seize illegal bear parts and live cubs every year. The
origins of seized bears and possible routes of illegal
bear smuggling are not yet clarified by scientific
methods. They have never used genetic analysis to
track origins of seized bears and bear parts, hence,
the origins of illegally traded bears and bear parts
should be investigated.

This study investigated wild Asiatic black bear
genetic variation using the DNA hair sampling

technique to identify where each bear came from

as well as phylogenetic relationships among the
wild Asiatic black bear population. The findings
from this study can be used in wild bear population
management and to create a DNA profile of Asiatic
black bears in Thailand. Furthermore, when illegal
bear parts are seized, we can consider whether
or not the particular bear originated from within

Thailand’s borders.

MATERIALS AND METHODS

1. Study area

This study was conducted within 3 wildlife
sanctuaries (WS) which located in Phu Khieo-Nam
Nao forest complexes and Western forest complexes
of Thailand. Those areas are important forest
complexes in northern, northeastern and western
Thailand. The selected study sites were Phu Khieo
WS (PKWS), Tabo-Huay Yai WS (TBWS), and
Salakpra WS (SPWS) (Fig. 1).

PKWS are in Chaiyaphoom province and covers
an area of approximately 1,560 km’. TBWS located
in northern Thailand, Phetchaboon province and

covered 653.93 km’. Those sanctuaries are a part

&)

= &
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Fig. 1. Study site. (A) Salakpra wildlife sanctuary in Kanchanaburi province: a part of Western forest complex, Thailand. (B) Phu Khieo and

Tabo Huay Yai wildlife sanctuaries in Phu Khieo-Nam Nao forest complexes, Chaiyaphoom and Phetchaburi provinces.
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of Phu Khieo-Nam Nao forest complexes. The
SPWS was established in 1965 and was Thailand's
first wildlife sanctuary that created to protect a
rich forest fauna in Western forest complex. There
are close to Bangkok and the famous River Kwai,
Kanchanaburi province. The grid cell was designed
with a size related to the minimum home range of
Asiatic black bears. Bear’s home range is about 30-
150 km® (Steinmetz and Garshelis 2010).

However, the grid cell size which was previously
used in Thailand Asiatic black bear studies was 1.5-
2 km (Ngoprosert et al. 2012.). Consequently, cell
size in this study was determined as 2 km. distances.
In total, 40-46 trap stations were set in virgin forest

that covered each study area.

2. Hair trapping process and sample collection

A set of rub tree hair trap consisted of twenty
V-shaped wires that nailed into the tree. Each wire
length was one inch in size and had a 0.5-inch spike
at the end. All 20 wires were divided into 4 rows (1-
4) and 5 columns (A-E) on a tree that was invented
by Ngoprasert et al (2015). Food-graded fish oil was
painted on each wire stalk as a scent bait (Fig. 2).

In addition, the camera trap was set up at the

opposite site of one station to observe bear behavior.

b 2

All trap stations were checked for hair samples
every 3-4 weeks and were left for 3 months in
the dry season. The hair samples collected from
each barb were classified as one sample. Hair
samples were collected with sterile technique and
temporarily stored in a labeled paper envelope with
silica gel to keep samples dry. Collected samples
were stored at room temperature and protected
from heat and sunlight during transportation to the
laboratory. In addition, we collected hair samples
of captive bears in the wildlife breeding center to
obtain genetic information on the wild Asiatic black
bear in Phu Khieo-Nam Nao forest complexes.
Those captive bears were seized from bear poachers
that were arrested in Phu Khieo-Nam Nao forest
complex areas. Hair samples were collected at least

30 guard hairs from bear’s shoulders.

3. Genetic analysis

All hair samples were frozen at -20 °C prior to
DNA extraction at Faculty of Veterinary Medicine,
Kasetsart University, Kampheng Saen campus and
Mahanakorn University, Thailand. Hair samples
were extracted using commercial DNA extraction
kit (Wako® DNA Extractor FM Kit, Japan) then

amplification screening was tested with multiplex

5

Fig. 2. Rub tree trapping. (A) One set of trapping contained with 20 V-shaped wires with 4 rows and 5 columns. (B) Tuft of hair was trapped

on wire.
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PCR primers: MU23, G10B, and MUS50 for
microsatellite analysis and Cb-z, D4, and BED-1 for
mtDNA.

RESULTS
The camera traps were set up from November
2015 to June 2016 at Phu Khieo wildlife sanctuary
and showed various wild animals were visit trap
stations. Both of Asiatic black bear and Malayan
sun bear’s photo were captured a few photos (Fig.
3.). Total photo of bears in different period could

be encountered 7 of Asiatic black bears and 3 of

7 ¥
L] & comeraname 73F21C @

Malayan sun bears.

1. Quantity of hair samples

From 9 sessions of sample collection: Nov 2015 to
Jul 2016. We got 442 hair samples from 3 different
areas: Northeast, North, and Western. We collected
a total of 415 hair trappings and 26 hair on trees
nearby the trap stations (Fig. 4.). We found the
group of hair less than 5 hairs, there has more than
30 percentages in trap station and raise up to 80

percentages in sample from tree.

We inspected 415 hair samples from trap station

05-15-20%6 19:28:35

Fig. 3. Bears were visited hair trap stations sometimes at Phu Khieo wildlife sanctuary. (A, B) Asiatic black bears. (C, D) Malayan sun bears
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Fig. 4. Quantity of hair numbers. Hair trapping was
mainly sample source while hair samples on tree nearby
trap station were alternative and 1 decayed hair was not

shown in this figure.



and 26 samples of tree nearby the trap (Table 1).
Of these numbers, 40.5 % of hair trap and 88.5 %
of hair on tree were discarded due to no hair root,
broken hair, and non-guarded hair. In the group
of remaining hair samples, 107 were successfully
amplified at 3 loci (MUS50, G10B, MU23). In
the other hand, only decayed bear hair could not
amplify even after twofold hair roots of standard

process were added.

2. Hair DNA amplification results

The preliminary study of mtDNA of Asiatic black
bear hairs was aligned with Bioedit software and
comparative nucleotide with Ursus thibetanus
thibetanus, U.t. japonicus, U.t. formasanus and used
Ursus americanus for out group. Total 20 samples
were assigned group of Thai Asiatic black bears
haplotypes in Table 2. Then, a phylogenetic tree
was created using MEGAG. The neighbor-joining

tree showed mtDNA sequences of wild and captive

Table 1. Preliminary results of microsatellite amplification. A good quality of PCR products from hair DNA had limited amounts in the group

of hair on tree nearby trap stations.

DNA
Number of Type of DNA amplification
Sources 3 .
samples sample extraction using
microsatellite
Trapping 415 hair 247 105/247
Tree nearby 26 hair 3 23
trap
- Hair
Captive bear blood 7 7/7
Decayed .
besr 1 hair 1 0/1
Table 2. Groups of haplotypes in Thai bears (16 samples).

Title 1D Sample Zone/Source
UT Thaiol ABB1, ABBO2, 2 PKWS, PK
UT Thaio2 PK45-1, P3, P4, P5, P6 5 PKWS, PK
UT Thaio3 P1, Pk6B4, PK23C4, PK23A3, PK36E4 5 PKWS
UT Thaio4 PK1#TREE, PK11, PK14 3 PKWS
UT Thaios SP36A3 1 SPWS

Note: PKWS=Phu Khieo wildlife sanctuary, PK= Phu Khieo wildlife breeding center, SPWS= Salakpra

wildlife sanctuary
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76, JF6B1ZA Ursus thibetanus NothKorea

PKd51 C5
EU264496 Ursus thebelanus ussuncus
EFI76773 Ursus thibetanus fwmosanus
HM135178 Urses thibetanues NodhKoea

5P 3603

EF587265 Ursus_thibetanus thibetanus Chna

\L PK" tiree
sl pK23 A3

100 ABB63014_Ursus thibetanus_japonicus
—{; AF303108_Ursus_amesicanus
— FMI77759 Ursus thibetanus in USA

100 4{ EF196661_Ursus thibetanus YunanfChana
100 | NC 9971 Ursus thibetanus YunnanfChna

Fig. 5. Tablenetic relationship among Asiatic black bears by the neighbor-joining tree of mitochondrial D-loop sequences.

Table 3. Preliminary 27 microsatellite primers screening in 12 Thai bears.

SOURCE NO. OF SEXING REMARKS
SAMPLES

TRAPPING Z M3, F4 2 individuals came from same
trapping

TREE BRANCHES 1 M1

CAPTIVE 1 F1 Control

RESCUED BEAR 3 M3 Control

bears form in 5 clade numbers (Fig. 5). DISCUSSION
Bear individuals were identified with 7 At first, we expected to collect hair samples from

microsatellite loci (MUS50, G10B, MU23, G10X, 5 wildlife sanctuaries of North, Northeast, and
G10C, MU26 and G10L). We identified 8 Western Thailand forests. In 2 out of 5 wildlife
individuals from PKWS: 4 males and 4 females sanctuaries, we were not successful in collecting
(Table 3). hair samples due to degraded fragmentation forests

and few bear present in annual record of those study
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sites.

Tabo Huay Yai WS and Salak Pra WS had the
fewest hair samples. It might be due to less bear
population, large home range of bear, or unstable
scent baits. Tabo Huay Yai WS used to be forest
concession and agriculture area before declared to
be a protected area in 1991. We designed to set hair
trapping along the old fruit plantation during dry and
fruit season. At that point, ripened fruits might be
had more attractive than scent bait at trap stations.
Furthermore, Salakpra WS is a part of western forest
complex where is connected to Myanmar forest. It
might possible to across at border between Thailand
and Myanmar.

In total 442 hair samples were collected but only
103 (36 %) gave yielded successful DNA extraction
to date. We hire rangers in wildlife sanctuaries
to work in this project that assisted to collect the
samples at the same time. The experience of team
staffs to set trapping, sample collecting and storage
method might affect to decreased quality samples.
Additional genetic analysis is conducting at
Hokkaido University. Genotyping of good amplified

samples will be tested with 12 microsatellite loci.
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Conservation of last remaining Indian willow (Salix tetrasperma)
wetland forest recently discovered in the lowland limestone hills of
Dechiling in the Southern Bhutan Himalaya

Pema Wangda', Dorji Gyaltshen', Kaka',
Rebecca Pradhan’ and Kelzang Jurmey’

Wetlands in the Bhutan Himalayas play an important role as habitat for several species such as black-necked
crane and serves as reservoirs. The low-altitude wetlands are equally important as mid and high altitude wetlands.
However, these wetlands are least studied. The three objectives of the study are: 1. conduct vegetation inventory
of the wetland ecosystem; 2. Identify threats and assess the traditional farming practices; and 3. to propose
recommendation to protect the wetland ecosystem.

The study area falls within the sub-tropical warm broad-leaved forests of the Bhutan Himalaya with an annual
mean temperature of 18.4 °C and annual rainfall of 3922.0 mm. As a results of this study, 55 species, 38 families
were recorded and also found 4 new records for Bhutan such as Salix tetrasperma, Michelia kingii, Eriobotrya
bengalensis and Goniothalamus sesquipedalis. It was found that wetland harbors diverse habitats for plants, animals
and aquatic diversity. The three distinct vegetation types were defined as; (1) Deciduous broad-leaved forest (Salix
wetland), (2) Evergreen broad-leaved forest (secondary and natural) and (3) Early successional (agricultural field).
The core wetland covers a total area of ca. 40 hectares dominated by deciduous Salix forest. It is surrounded by
slope covered by natural evergreen broad-leaved forest, secondary forest and series of fallow vegetation types.

The stakeholder of wetland includes three sub-blocks (Chiwogs), namely 1; Gonpawoong, 2; Shingchongri and
3; Kholomri and has a total population of 2,793. The wetland plays an important role as water reservoir for the
communities and surrounding forest act to help in recharging the wetland. The farmers adopted mixed farming
system consisting of dryland cultivation, orange orchard and livestock rearing. It was found that 89 % of the
land-use practices are under dryland cultivation on the surrounding slope. The change in land-use practice from
traditional to conventional type and other developmental activities including construction of farm road are seen as
some of the threats that affects the management of wetland. For example, increase of cattle grazing may disturb
forest regeneration after abandonment of cultivated field.

The present study was timely to intervene and propose for sustainable management of the wetland. The study
recommends high priority for the conservation of surrounding forest particularly natural forest as a buffer (natural
infrastructure) in order to manage the wetland ecosystem sustainably and recommends for declaration of wetland for
livelihood importance including diverse life-forms.

Keywords: Groundwater, Recharge, Monsoon, Land-use practices, Buffer-forest
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Received 2016. 10. 31, Published 2018.5.14

215



INTRODUCTION

Bhutan is located in the humid eastern part of the
Himalaya between China in the north and India
to the east, south and west (Fig. 1a). Climatically,
Bhutan is located between two contrasting regions
of dry high land of Tibet Autonomous Region of
China in the North having low rainfall of less than
300 mm and Indian plans in the south with over
4,000 mm rainfall annually. This creates a diverse
ecosystem along a short span of altitudinal distance
of over 150 m from south to north with an altitudinal
range between 100 m a.s.l. to over 7000 m a.s.l. In
such topographical features, the vegetation cover
is indispensable and need to give high priority
for protection of the nature and indeed Bhutan is
lucky to be guided by far sighted leaderships of
Monarchs who puts conservation in the forefront
over other developmental activities. The vast forest
coverage is also responsible for the existence of
important wetland in the Bhutan Himalaya. Bhutan
has rich composition of wetlands in the form of
lakes, marshes and wetland with vegetation cover
mainly in the lowland which are found disappearing
in the wake of agriculture commercialization,
infrastructure development and climate change.

Wetlands in the Bhutan Himalayas play an
important role as habitat for several species. High
altitude wetland above 3,000 m a.s.l. serves as
source for clean perennial water. Wetlands in the
mid-altitude Bhutan Himalaya (2,000-2,900 m
a.s.l.) serves as winter roosting habitat for black
necked cranes and important water source for
domestic use and irrigation besides contributing
to the hydropower generation. Similarly, lowland
wetlands serve as an important water reservoirs and
habitats for variety of lifeforms. Recognizing, the

importance of wetland at the international and at the

national level, Bhutan has declared three RAMSAR
sites viz, (1) Bumdeling and (2) Khotokha in the
year 2012 and (3) Gangtey-Phobji in 2016 (MoAF
website, 2016). These three sites are important
winter roosting site of black-necked crane (Grus
nigricollis) in Bhutan.

However, the low-altitude wetlands are equally
important and need to be protected. These wetlands
are the least studied in the Bhutan Himalaya and
need to be managed sustainably for future.

Considering the limited scientific knowledge of
low-altitude wetland and its management, it was
felt necessary to conduct basic ecological research
to understand the wetland ecosystem dynamics
for sustainable management and conservation.
Therefore, the present study focuses on the
following three objectives:

1. Conduct vegetation inventory of the wetland
ecosystem including the forests of the surrounding
hills,

2. Assess the traditional farming practices of the
local communities and to,

3. Propose declaration of wetland ecosystem for

national.

STUDY AREA

The study area is located in the southern lowland
limestone hills of the Bhutan Himalaya. Specifically,
the site is located in Peling-tso (wetland),
Decheling, Pemagatsel district (26° 55'N, 91° 13'E)
at 950 m a.s.l. (Fig. 1b, c). Three series of research
plots were established; (1) plots along the natural
forest, (2) plots in the wetland and plots along
the buffer forest and previously practiced shifting
cultivation sites (Fig. 1d). The wetland is dominated
by Salix tetrasperma and is surrounded by lowland

hills of Dechiling Geog (block) from all sides. The

216



PN
~

D)
(s

3 )

] wetiana
| [ Avandoned fielas

\ | — Centour
Farm road

®  Structures
| | Jo= = s Survey route

3000 1 Phobjikha wetland @
(Phobjikha)
2500 ~
2000 -
e Buli-tso (Buli)
2 1500 - °
2
< ]
1000 °
Peling-tso
500 (Dechiling)
0 T T 1
26.4 26.7 27.0 27.3
Latitude (N)
(c) (d)

Fig. 1. Map of the study area; (a) location of Bhutan in South Asia, (b) map of Bhutan showing the location of study site, (c) latitudinal

location of study site (lowland wetland) and (d) map of study area showing the research sites and wetland. AM is the location of meteorology

station.

surrounding lowland hills were mainly dominated
by Lithocarpus-Castanopsis forest. Location of the
important religious monuments and centers were

also shown in the map (Fig. 1d).

MATERIALS AND METHODS

1. Meteorological data

The data logger was enclosed in the solar radiation
shield (Onset Computer Co. MA, USA) and
mounted on a pole about 1.3 m above ground.
HOBO Onset data logger was installed near the
wetland and protected by barbed wire fence (Fig.
Ic). Data recordings for temperature and relative

humidity were set at one-hour interval and were

downloaded after every three to six months using
a data collector (BoxCar Pro for Windows, Version
4.3 Onset Computer Co.). The rainfall data was
measured using manual type rain gauge maintained
by the school near the wetland (2009-2015). The
tipping-bucket type rain gauge (HOBO Pendant
Event Data Logger, RG3-M) having measurement

resolution of 0.2 mm was installed last June 2016.

2. Vegetation survey

A total of 25 vegetation plots were established
in three sites of the wetland area; (1) wetland
series (F1-F10), (2) secondary and natural forest

series (W1-W9), and (3) Secondary (past shifting
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cultivation) series (TS1-TS7) (Fig. 1d). All the tree
individuals occurring within the quadrat attaining
a height greater than 1.3 m (H > 1.3 m) were
identified, measured and recorded for total height
(m) and diameter at breast height (DBH, at 1.3 m
above ground).

For the past sifting cultivation series, ground
vegetation was measured for all the species with
its tallest natural height (H, cm) and coverage
(%) under different fallow periods (current year
cultivation to 7 years of abandonment. Fieldworks
were conducted in , March 2015, June 2016, August
2016 and September 2016. Plant samples were
identified following “Flora of Bhutan” (Grierson
and Long 1983-2000), “Flowers of the Himalaya”
(Polunin and Stainton 1984), Flowers of the
Himalaya: A supplement (Stainton 1988), “Flora of
Bhutan” (Noltie 1994-2000); “Weeds of Bhutan”
(Parker 1992) and “Field guide to Forest Trees of
Northern Thailand (Simon et al. 2000).

3. Socio-economic survey

A stakeholder meeting was organized in February
and June 2016. About 7 percent of the total
households were interviewed using structured
questioners in May-June 2016 to understand their
views and management of the wetland. These
households were directly depended on the wetland

for their daily activities.

DATA ANALYSIS
1. Climate data analysis
Climate data recorded were analyzed using
thermal and humidity indices by the following
methods; Climate diagram was drawn by Walter and
Lieth’s method (Walter & Lieth 1961-1967; Lieth
et al. 1999); Warmth index (WI: Kira (1991)) was

calculated as; WI=X (¢ - 5); where, t=monthly mean
temperatures above 5 oC. PER (Holdridge 1967)
method was calculated as; PER = (4BT * 58.93) /
PPT where, ABT (annual bio-temperature, = Xt/12
(t: mean month temperature with t < 0 < 30 °C) and

PPT=annual precipitation (mm).

2. Vegetation data analysis

The basal area (BA) for each species was
calculated from DBH data of tree individuals and
relative proportion of each species’ BA (RBA %)
was used as indicator. The dominant species of
the altitudinal plots were determined based on the
dominance analysis (Ohsawa 1984; Kikvidze &
Ohsawa 2002). The RBA of each species data was
analyzed by PC-ORD version 5.1 (McCune and
Mefford 1999) and cluster analysis was performed
using distance measure of Sorensen (Bray-Curtis
method). Correlation and regression analyses were

performed by SPSS version 16.

RESULTS

1. Climatic conditions

Climatically, the study area falls in the sub-tropical
type. The annual mean temperature was 18.4 °C
with a maximum monthly mean temperature of
23.6 °C (August) and a coldest monthly mean
temperature of 9.8 °C (January) (Fig. 2a,b). The
total mean rainfall was 3922.0 mm anually and
about 73 % of the total rainfall occurred during
the monsoon (June-September) (Fig. la,c). Based
on the tempearture sum (WI) and potential evapo-
transpiration ratio (PER), the study corresponds to
sub-tropical rain forest type (Kira 1945, Holdridge
1967). The climate diagram clearly depicts dry spell
of about two months (November-December) where

the temperature curve exceeds the precipitation
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Fig. 2. Climatic condition of Dechiling (wetland); (a) climatic indices, (b) temperature conditions and (c) climate diagram.
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Fig. 3. Life-form distribution; (a) tree canopy life-form and (b) herbaceous life-form of shifting cultivation series.

curve (Fig. 2c¢).

2. Life-form distribution pattern and Vegetation
types
2.1. Life-form distribution

Based on the quantitative vegetation data analysis
of the tree canopy, two major life-forms were
identified as evergreen broad-leaved and deciduous
broad-leaved (Fig. 3a). It is clearly distinguished
between the wetland vegetation as defined by
deciduous broad-leaved species and natural forest
including secondary forest as dominated by the

evergreen broad-leaved (Fig. 3a). Along the past

shifting cultivation series, ground vegetation survey
was conducted by setting 1 m by 10 m plot further
subdivided into 10 subplots of 1 m x 1 m sub-plot in
each stage of shifting cultivation sites. A total of 7
plots (7 stages of fallow period) were selected. The
result revealed three life-from types as (1) annual, (2)
perennial and (3) ferns along the shifting cultivation
series based on their fallow period (Fig. 3b).
2.2. Vegetation types

The wetland and its surrounding land-use of
Dechiling can be classified into three distinctive
functional types at 25 % similarity by cluster

dendrogram and defined by dominant species (Fig.
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Similarity (%)

100 PLOTS DOMINANT SPECIES VEGETATION TYPES

F1 Salix tetrasperma, Phoebe lanceolata, Viburnum

F5 S. tetrasperma, P. lanceolata, Rapanea capitellata

F8 . tetrasperma, P. lanceolata, Myrica, R. capitellata
1 F2 8. tetrasperma, Eriobotrya bengalensis

'

|

1

1

1
F9 . tetrasperma, E. bengalensis, R. capitellat ' DECIDUOUS

1

|

1

1

1

1

1

1

BROAD- LEAVED
FOREST

F3 §. tetrasperma, L. benglensis
F6 S. tetrasperma, Bischofia javanica, Aesculus assamica
F7 S. tetrasperma, Syzygium. kurzii, Persea minutiflora
F10 S. tetrasperma, Michelia kingii, E. bengalensis
F4 S. kurzii, Terminalia myriocarpa
W1 Schima, Lithocarpus elegans, Castanopsis tribuloides .
W7 S. wallichii, C. tribuloides, P. lanceolata, Eurya acuminata 1
— W2 . wallichii, C. tribuloides |
I W5 S. wallichii, E. acuminata, L. elegans, C. tribolides :
W8 S. wallichii, L. eleg E. ac , Meliosma simplicifolia ! EVERGREEN
1
1
1
1
1
1

. W3 S. wallichii, L. fenestratus, Helicia nilagrica BROAD-LEAVED
' W4 8. wallicchii, L. fenestratus FOREST
WO L. eleg E. acumi Antide sp.
W6 Altingia excelsa, L. fenestratus, P. fructifera
TS1 Pteridium revolutum, Setaria italic (fox tailed millet)
TS2 P. revolutum, S. italica,
111 TS3 P. revolutum
TS6 Cynodon dactylon, P. revolutum, Solanum viarum,
TS7 Ar ia verlotiorum, P. revolutum, Hedychium sp.
TS4 Elsholtzia blanda, P. revolutum

EARLY

Fig. 4. Different types of vegetation based on cluster analysis; (I) Wetland type vegetation (Salix dominants), (I) Secondary and buffer (Natural

forest), (IIT) Traditional cultivation sites (early succession).

SECONDARY FOREST VILLAGE

NATURAL FOREST

WETLAND SALIX FOREST: -

Photo 1. Ideal management (traditional practice) of wetland ecosystem and its co-existence between surrounding natural forest, secondary

forest and village communities. Data logger also shown which records temperature, relative humidity and rainfall.

4). The three vegetation types were, (1) Deciduous  of Aesculus assamica are found in the wetland

Broad-leaved Forest Type; (2) Evergreen Broad-
leaved Forest Type and (3) Early Successional Type
respectively (Fig. 4, Photo 1). Salix tetrasperma,
a new record to Bhutan, is the most dominant

deciduous species including a few individual trees

vegetation with associated evergreen broad-leaved
species of Phoebe lanceolata, Persea minutiflora,
Rapanea capitellata, Michlea kingii (new record),
Bischofia javanica and Syzygium kurzii (Fig. 4).

Evergreen board-leaved forests are mainly
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dominated by Schima wallichii and Altingia excelsa
(primitive species) along the lower slopes of the
surrounding mountains of wetland and forms
the natural buffer forest (natural infrastructure).
Interestingly, upper slopes of the surrounding
forests of the wetland are dominated by early seral
stage (Eurya acuminata, Antidesma sp., Meliosma
simplicifolia, Helicia nilagrica) to late seral stage
(Castanopsis tribuloides, Lithocarpus elegans, L.
fenestratus) along the past shifting cultivation sites.
The vegetation composition in the early successional
type are composed of herbaceous species. The
vegetation succession starts from annual herbs
(Setaria, Perscaria nepalensis, Sonlonum viarum,
Bidens etc.) in the current cultivation fields,
followed by perennial herbs (Pteridium revolutum,
Cynondon dactylon, Hedychium sp.) in the
abandoned fallow field (2-3 years) to woody shrubs
(Artemisia verlotiorum, Elsholtzia blanda, Eurya
acuminata, Maesa) in the fallow field (4-7 years).
Floristically, the study area has diverse ecosystem
with farmers practicing different types of agriculture
farming including livestock rearing and managing
orange orchard. Tropical/sub-tropical fruits grown

by farmers include papaya, orange, guava, pine

2000 A

1500 +

S 1000

500 A

Population (Nos. per chiwog)
7

0 T T
Gonpawoong Shingchonhri

Sub-blocks (Chiwo;
( a) ( 2)

Kholomri

apple, banana among others.

3. Socio-economic status of the study area
3.1. Demography

The main beneficiaries of Peling-tso (wetland)
are the three surrounding villages of Kholomri,
Gongpawong and Shingchongri. These three
villages comprise of 2,793 people under 351
households with an average family size of 8 (Fig.
Sa). The village is also surrounded by religious
sites and structures. Along the survey routes, a total
of 15 stupas (Choetens), a monastic school, and a
monastery were recorded besides many prayer flags.
They also regard the wetland as a sacred site.

Socio-economic survey was conducted to
understand the land-use practices and its relation
to wetland management. The stakeholder meeting
of all the households were conducted during which
research findings were presented and draw their
involvement in managing the wetland. About 7 %
of the households whose livelihoods were directly
linked to the wetland and its management were
interviewed. Gender equalities were considered
while selecting the candidates for interview (Fig. 5
b).

R L
LG

(b)

Fig. 5. Demographic status of the three villages; (a) wetland dependence of three villages and (b) gender ratio of individuals interviewed for

the study.
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3.2. Land-use practice and livestock rearing

It is important to understand the land-use types
and their management practices (Fig. 6 a.). It was
found that 89 % of the land-use practices are under
dryland cultivation. The main crops cultivated in
dry land are maize, foxtail millet and mustard. Their
main cash crop is from selling of oranges. Farmers
have raised orange orchard constituting about 9%
of the total area. They have only 1.4 % of paddy
field (wetland cultivation) and 0.4 % of cardamom
(Fig. 6 a.). Since farmers do mix farming, they rear
livestock mainly cattle and horses. Cattle are used
for milk, butter, cheese while bullocks are being
used in power draught. Horses are important and
being used in transportation. The farm road has
recently reached Dechiling and this may change
the life style of the communities from subsistence
farming to economy in the near future. Therefore,
it is important to understand and predict the impact
on wetland. The population of horses might decline
and number of motor vehicle may increase in future.
Thereby, farmers will tend to increase their area
of cultivation which will have direct impact on the

wetland.

Cardamom (0.4) %

Orchard (9%) —

* Dry land (89%)

(a)

cattle (cow) and horse.

CONCLUSION

The core wetland area of about 40 hectares was
dominated by Salix tertrasperma, a deciduous
broad-leaved species. This wetland forest was
formed as a result of active orogenic movement
creating island surrounded by contrasting evergreen
broad-leaved forest.

The surrounding evergreen broad-leaved forest
plays an important role as a buffer forest (natural
infrastructure) to help in recharging the wetland
during the rainy season by slowly filtering (root
systems, fallen leaves and organic matter on the
forest floor) the surface runoff rainwater that
flows from the hills into the wetland. The wetland
gets saturated during the monsoon and releases
continuous water in the form of streams during
the lean season. This management practices of
the watershed results in the formation of diverse
life-forms (endemic and rare species) and ensures
improved water quality, reduced water scarcity and
reduced flash floods.

The three sub-blocks of Shingchongri, Gongawong
and Kholomri has a total population of 2,793 people
practicing mixed farming including agriculture

farming and livestock rearing. It was observed that

Wetland (1.4 %)

(b)

Fig. 6. Farmers livelihood; (a) land-use practice (wetland refers to paddy field) and (b) livestock population showing two dominant types as
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the subtle human interventions such as rotational
cropping pattern similar to shifting cultivation and
cattle grazing forms as an integral part of wetland
management.

It is found necessary to take into consideration
of all the stakeholders in managing the wetland
ecosystem particularly looking at the traditional
farming practices which forms as an important
component of holistic wetland management.

The lowland wetlands are found as important
source of water and habitats for variety of life-forms
and recommended to be declare as a wetland of

national importance.

ACKNOWLEDGEMENT
We would like to extend our sincere thanks to the
dedicated team of field enumerators (Ugyen Touchu,
Ugyen Phuntsho, Kezang, Pema Tenzin, Tshering
Penjor, Sonam Wangmo, Phub Pem, Ugyen Tashi,
Dawa Tshering) and other extension staffs during

the conduct of the fieldwork.

REFERENCES

Kikvidze, Z. and Ohsawa, M. 2002. Measuring the number of co-
dominants in ecological communities. Ecological Research
17: 519-525.

Kira, T. 1945. A new classification of climate in eastern Asia as the
basis for agricultural geography. Horticultural Institute, Kyoto

Univ. Kyoto, Japan. 23p.

Lieth, H., Berlekamp, J., Fuest, S. and Riediger, S. 1999. Climate
Diagram World Atlas. Backhuys publishers, Leiden

McCune, B. and Mefford, M.J. 1999. PC-ORD: Multivariate
Analysis of Ecological Data, Version 4. MjM Software
Design, Gleneden Beach, Oregon.

Nakao, S. and Nishioka, K. 1984. Flowers of Bhutan. Tokyo: Asahi
Shimbun Publishing Company.

Grierson, A. J. C. and Long, D. G. 1983-2000. Flora of Bhutan Vol.
L. Part 1,2,3. Vol. II. Part 1,2,3 & Vol. III. Part 1,2. Edinburgh,
UK.

Hara, H. 1968. Photo-album of plants of Eastern Himalaya. Tokyo:
Inoue Book Company.

Holdridge, L. R. 1947. Determination of world plant formations
from simple climatic data. Science. 105: 367-369

Holdridge, L. R. 1967. Life Zone Ecology. Tropical Science Centre,
San Jose, Costa Rica.

Noltie, H. J. 1994-2000. Flora of Bhutan: Part 1 & 2, vol. 3. Royal
Botanic Garden, Edinburgh.

Ohsawa, M. 1984. Differentiation of vegetation zones and species
strategies in the subalpine region of Mt. Fuji. Vegetatio. 57:
15-52.

Parker, C 1992. Weeds of Bhutan. National Plant Protection Centre
Simtokha, Roral Government of Bhutan, Department of
agriculture, Thimphu, Essen and Exeter.

Polunin, O. and Stainton, A. 1984. Flowers of the Himalaya. Oxford
Univ. Press. New Delhi.

Pradhan, R. 1998. Wild Rhododendrons of Bhutan. Quality Printers,
Kanthmandu, 53 pp.

Stainton, A. 1988. Flowers of the Himalaya. A supplement. Oxford
Univ. Press. New Delhi.

Simon, G., Sitthisunthon, P. and Anusansunthon, V. 2000. A
Field Guide to Forest Trees of Northern Thailand. Kobfai
Publishing Project. Chulalongkorn University Book Centre,
Bangkok.

Walter, H. and Lieth, H. 1961-1967. Climate Diagram World Atlas,

Jena, Fischer Verlag.

223



Annual Report of Pro Natura Foundation Japan vol. 26 (2018)

26th Pro Natura Fund Overseas Grant

7' —& > e Z Vgl Dechiling 15 ORI P it
Y179 B ME—D Indian willow (Salix tetrasperma) {ZIAR D4

WANGDA Pema, GYALTSHEN Dorji, KAKA,
PRADHAN Rebecca and JURMEY Kelzang

T—2 eI YOMEA Ty )Vix EEBOBONE 2y b & UTEEREHZHS TV, L

MU, BEEHOEMIAEOEEN ZRBHEINZIRNETHIICELNDLT, TNE TN
ATWIR, AFEOENE, 1) i EER OKOMEIRTH 2 JEA O HM 2 ZT) OREEAL X
YRUDIERK, 2) B—A)V a3 2 =7 1 IS B 2N EERRXORM (BROWM Lz &), 3)
HAEREROBEEEICPIT LS FTH 5.
AT T — 2 < TV QBT ATE U, 454G 184 °C, AERMIBE/KE 3922 mm TH -
7o, THBEOE, 55 G8SF) Mid&kEn, 5 B 4§ (Salix tetrasperma, Michelia kingii, Eriobotrya
bengalensis and Goniothalamus sesquipedalis) (XENYIFLERTdH >z, T OIRMII 2RI EREY), KELEY)
&> TODEMIZNE Ry FEHFFL TV T EMHL MR 5Tz, SAEHIOMAE (1) EIELEEEK
(Salix ¥ FFH), () HRILEERIR (0 - B, Q) EBVIHREE (B O3 DD% 17
Koy E iz, WHiLE O K Z 40ha (G IEELEEBIMR (Salix Y FH) e, ZFOEMHOREICH
FRILGERS D MK & 00k, BRAIRRE (REHEED DHO FIA TUV e,

2 AIC X D, Gonpawoong, Shingchongri, Kholomri 0 3 DDEE MO X7 — 7 KL Z—& L
THREEN, 2193 HWESLTWA T b ol WIECNSEDII 2 =7 1 DKBSH L LTOH
e D, FAOHMIIEHOMELZTZZ TVD. BRI, ME, ALY oREHE, FEEkzeH

BHLEIERZIT> TS, THIFIFHD 89 % WRHEICITONAMIETH B T EMHEMC A>T 1R
FAR R 20 S TR HHR AN ORRHSS,  EHEERE &V o TeFFEMNES., [ A 5 D D52
MHZ T EMERING. B2, KEOTL—YVFTHEOEKIZ, #HEREERIC B % R ELE 2
filT2THA.

T 9 LRI 2 M AR EHICH R THD, T TIREHOF R EHICHT 2R %217>
fo. MR RER 2 R n RE A IRARICE TR I 2 1o odic, AU OBEME Ny 77— (RIRDA VT F)
ELTRET AR L, SR ZEATZED LOBEENZ 5 OOBME S 2175 T & Z2H#Etd
5. (Heps - du=En 30

224



H RO AL AR R i 3 vol. 26 (2018)

F2HTO-F bo—F - 77 NBIRL BABIAL

An irrigation strategy to exterminate apple snails
(Pomacea canaliculata) eggs in Taiwan paddy fields

Yu-Chuan Chang' and Kunihiko Yoshino®

Water submersion is of particular importance because apple snails lay egg masses on trunks or stems of plants or
on walls above the water 150 mm-200 mm not only to avoid aquatic predators, but also to avoid negative effects
of the water itself on hatchling success of their eggs. These effects may include altering the permeability of the egg
capsule, reducing oxygen availability due to low levels of dissolved oxygen, or lower incubation temperatures in
water as compared to air temperatures.

In paddy field, ponding water management may cause water levels to rise quickly and remain elevated for hours
to days. Therefore, eggs which are laid above the water level on a stationary object such as bunds or stems may
become submerged. In this study, we applied different last time of water sub-mersion on the various ages of snail
eggs. Base on a field survey, an irrigation strategy was introduced to decrease the hatchling rate of apple snail eggs
in paddy field.

Our results demonstrated that water submersion could dramatically decrease the hatching rates to maximal 8.0 %
on P. canaliculata. Water sub-mersion that began in 6 hours after the eggs were laid or lasted for more than 24 hours
will significantly decrease the snails’ hatching rate to 25 %. This breeding characteristic of P. canaliculata makes
the physical control by water treatment feasible. Considering that there exists a set of limited ponding depth during
the rice growth stage which will cause flooding damage when the water level is higher than 40 % of plant height, it
is suggested to apply an irrigation strategy according to upward principle, accompanied by deep-water intermittent
irrigation and field ditch to decrease the hatching rate of P. canaliculata. This technique would have no negative

effects on rice yield, neither on ecological environment.

INTRODUCTION

The P. canaliculata originates from Argentina was
first introduced to Taiwan in 1980 for aquaculture
(Naylor 1996). After losing commercial value, the
snails become a dangerous pest which has got great
attention all over the world in recent decades. This
species of freshwater snail was either deliberately or
accidentally spread into local aquatic habitats such
as rivers, ponds, canals, or paddy fields, and it eats

many crops, especially young rice shoots. It causes

large amount of crop loss all over Asia and North
and Central Americas.

Current methods to control P. canaliculata in
paddy fields include draining or keeping water
low while rice is young and susceptible to feeding,
hand picking snails, and applying pesticides (Yusa
and Wada 1999). However, these methods are
impossible or ineffective when fields are poorly-
drained or flooded. Biological control may have

potential not only in paddy fields (Halwart 1995)
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but also in canals and ponds (Yusa and Wada 1999).
Ducks, carp or Nile tilapia (Halwart 1995) have
been released in paddy fields for snail control as
well for as meat production. They are often effective
in reducing snail density, but require a special care.

From the longterm field investigation, the surface
of newly laid eggs contains colloid, which will be
solidified after a certain amount of time. The colloid
protects the eggs and can help them to achieve
normal hatching progress. Some studies have
examined some factors influencing the hatching
rates such as water submersion (Turner 1998, Pizani
et al. 2005) and inbreeding (Fujio et al. 1997). Water
submersion is of particular importance because
apple snails lay egg masses on trunks or stems
of plants or on walls above the water 150 mm-
200 mm (Turner 1996) not only to avoid aquatic
predators, but also to avoid negative effects of the
water itself on hatching success of their eggs. These
negative effects on hatching success may include
altering the permeability of egg capsules (Pizani et
al. 2005), reducing oxygen availability due to low
level of dissolved oxygen (Turner 1998), and lower
incubation temperature in water compared to air
temperatures (Turner 1998).

In paddy fields, ponding water management raises
water level quickly and keep high water level for
hours to days. Therefore, eggs which were laid
above the water level on a stationary object such
as bunds or stems could be submerged. In this
study, we applied the different duration of water
submersion on the various ages of snail eggs.
Based on a field survey, an irrigation strategy was
introduced to decrease the hatching rate of apple

snail eggs in paddy fields.

MATERIALS AND METHODS

The P. canaliculata was collected from the paddy
fields (23°22°29” N, 120°23°25” E) in the Chianan
plain from October to December 2015 (Fig.1).
These paddy fields are under the jurisdiction of the
Chianan Irrigation Association in Taiwan. Field
survey was conducted to record the eggs’ position
and the water depth to understand the eggs’ position

in different water regimes.

N23° 22° 29.28”
E120° 23’ 24.81”

Field observation block ~ ® Well and flow gauge

3 © Rain gauge
[ Paddy fields Il Drainage weir

==

=

= APan

Residential area — Irrigation ditch

Farm pond — - Drainage ditch L—L— 80m

Fig. 1. Location of the experimental area.

1. The preparation of indoor rearing observation

The collected snails of which height were 25 mm
to 40 mm were brought to the laboratory. They
were reared in three 60 L aquaria (60 cm x 25
cm x 40 cm) and fed with lettuce leaves, cabbage
and duckweed in room temperature and natural
photoperiod (Fig. 2).

Tap water was replaced every other day. Thirty
pairs of female and male snails were randomly
selected in each aquarium. When the snails began to

lay the eggs, the initial time was recorded (usually

Fig. 2. Snail breeding boxes.
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at night).

2. Estimate of the number eggs

The number of eggs is estimated through weighting
a single egg by using electronic analytical balance
and weighting the total mass of all eggs (Fig. 3). The

ratio of total mass and single mass was considered

as egg quantity.

Fig. 3. Estimate of the

number eggs.

3. Hatching rate tests with water submersion

In hatching rate tests with water submersion, we
hanged the starting time of submersion with 6 cases
(0, 1, 6, 12, 24, 48 hours later after eggs were laid),
and for each case, duration of submersion was
changed in 6 runs (12, 24, 48, 96, 144, 192 hours).

The starting time of submersion was recorded as
“A”, and the eggs were divided into six groups,
numbered as Al, A2, A3, A4, A5, A6. For Al,
eggs were submerged at 0 hour. For A2, eggs
were submerged 1 hour later. For A3, eggs were
submerged 6 hours later. For A4, eggs were
submerged 12 hours later. For AS, eggs were
submerged 24 hours later. For A6, eggs were
submerged 48 hours later.

Water submersion duration was recorded as
“B”, and the eggs were divided into six groups,
numbered as B1, B2, B3, B4, B5, B6. For Bl,
eggs were submersed for 12 hours. For B2, eggs
were submersed for 24 hours. For B3, eggs were
submersed for 48 hours. For B4, eggs were
submersed for 96 hours. For B5, eggs were
submersed for 144 hours. For B6, eggs were

submersed for 192 hours. Each group had three

replicates. These eggs were placed separately into
petri dishes and pure water was slowly poured
into the dishes until the eggs were completely
submerged. All dishes were also put into the
Artificial Weather Educates Box with the same
operating settings as test A. The hatching rate were

recorded as Table 1.

Table. 1. Hatching rate with water submersion

Egg age
. Al1(0h) A2(1h) A3(6h) A4(12h) A5(24h) A6(48h)
Duration
B1(12h) A1B1 A28B1 A3B1 A4B1 A5B1 A6B1
B2(24h) A1B2 A2B2 A3B2 A4B2 A5B2 A6B2
B3(48h) A1B3 A2B3 A3B3* A4B3 A5B3 A6B3
B4(96h) AlB4 A2B4 A3B4 A4B4 A5B4 A6B4
B5(144h) A1BS A2B5 A3B5 A4B5 A5B5 A6B5
B6(192h) A1B6 A2B6 A3B6 A4B6 A5B6 A6B6

*For example, A3B3 means the average hatching rate that the eggs

were submersed for 48 hours after the eggs were laid for 6 hours.

RESULTS AND DISCUSSIONS

1. Field investigation

After field investigation, we had a group discussion
(Fig.4). Through the discussion, we found out
some of the farmers could control the apple snail
and weed by early transplant in the first crop
season, because the tolerance of low temperature
are between 8 and 20 °C for rice seedling and apple
snail respectively. The farmer usually transplant rice
at the beginning of March when the air temperature
is between 8 and 20 °C.

In addition, about 90 % of apple snail eggs are

found on the wall of bunds and canals as shown

Fig. 4. Group discussion.
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in Fig. 5, and less than 10 % are found on the rice
straw or leaf as shown in Fig. 6. Considering the
material of the bunds, about 85 % are found on the
concrete bunds in Fig. 5, and only 15 % are found
on earth bunds. The material of concrete has coarse
surface to hold the eggs.

In order to develop an irrigation strategy to reduce

the apple snail eggs in paddy fields, the water

Fig. 6. Eggs on

rice straw.
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Fig. 7. Water depth and egg masses position of two types of water

management.
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depths of two types of water management, shallow
intermittent irrigation (SII) and conventional
practice (CP), were measured as shown in Fig. 7 to
determine the frequency and position of egg masses
in different growth stage.

In Fig. 7, the egg masses were mainly found after
the fields were flooded for a few days. The number
of egg masses in the plot with CP was 2.8 times
higher than that of the plot with SII, and the average
position of egg masses in CP was higher than that of
SII, too. The average weight of egg mass was 91.8 g
in CP and 82.5 g in SII, respectively. The weight of
an egg was 0.7 g in both types. The average number
of one egg mass was 133 eggs in CP and 120 eggs
in SII, respectively.

In shallow intermittent irrigation (SII), irrigation
water is applied to obtain flooded conditions
a certain number of days after ponded water
disappears. The number of days before applying
irrigation water can vary from 1 to more than 10
days, and is very likely to be the critical point in
reducing the frequency and position that the egg
masses appeared. Meanwhile, the number of egg
and egg masses were inhibited in the paddy field.

2. The influences of the water submersion

In order to conduct the indoor rearing observation,
the apple snails are collected and selected from the
canals which offer a safety habitat for snails during

the fallow periods of paddy fields by keeping fresh

water flow as seen in Fig. 8.

Fig. 8. Canals offer a
safety habitat during
the fallow periods of
paddy field



By draining the water from the canal and
decreasing the wet zone in the canal, we can gather
the apple snail more easily. The approach may be
helpful for farmers to remove the apple snail from
the canals before apple snails inhabit the fields
during crop season.

The water submersion is an effective measure to
control the snails’ hatching rates and time. Herein,
we studied how the water submersed duration and
the beginning time affected the hatching rates and
hatching time of P. canaliculata. The ANOVA
results demonstrated that both the submersion
beginning time (factor A) and the duration (factor
B) were significantly affected the hatching rates (p <
0.001) as shown in Table 2.

By plotting the average hatching rates along with
these two factors in Fig.9 and Fig. 10, respectively,
it was obvious that the earlier beginning time and
longer submersion would dramatically reduce the
hatching rates.

In Fig. 9, groups A1-A3, in which submersing
the eggs began within 6 hours, showed significant
decrease of the hatching rate to less than 30 %.
As the duration became longer, the hatching
rate decreased to less than 25 % after 24 hours.
Meanwhile, groups A4—AS, in which submersing
the eggs began between 12 hours and 48 hours
later, the hatching rate is still higher than 35 % and
decrease to less than 30 % after being submersed
for 48 hours. However, for the eggs which were
submerged after 48 hours of egg-laying, the
hatching rate is difficult to be reduced to under 30 %

0.50
—a-A1{0h)  —x—A2(1h)
4 e —o-A3(6h)  —+A4(1Zh)
, 040 : —o—A5(24h)  —%— A6(48h)
8 N
3 030
o
£
= 0.20
]
i)
I 010
0.00

12h 24h 48h 96h  144h
Submersion duration

192h

Fig. 9. Hatching rates of eggs with water sub-mersion in different

duration at different beginning time.

0.50
0.40
g
© 030
oo
1=
= 020 -
5 -
] %7 —a-B1(12h)  —%—B2(24h)
T 010 —o—B3(48h) ——B4(96h)
—o-B5(144h) —*—B6(192h)
0.00
oh 1h 6h 12h  24h  48h

The beginning time of water submersion
Fig. 10. Hatching rates of eggs with water and Submersion at

different beginning time with different duration

even if they are submerged for 144 hours.

In Fig. 10, groups B1-B6, in which the eggs
are submersed for more than 12 hours, would
significantly decrease the hatching rate to below
20 %. As the beginning time is postponed for more
than 24 hours, the hatchling rate will be higher than
25 %. However, the hatching rate is difficult to be
controlled under 25 % when the eggs are submersed
for less than 12 h.

Considering the normal hatching rate was 80 % in
the control group for 15 days, our results indicate

that the water submersion that began 6 hours after

Table 2. ANOVA of egg hatching rates with water submersion.

Sum of squares Df Mean Square F Signification
A factor 0.0912 5 0.0182 37.763 <0.001
B factor 0.0901 5 0.0180 37.297 <0.001
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the eggs were laid and lasted at least 24 h will
dramatically decrease the snails’ hatching rates.
Group A1B6 and A2B6 had the least hatching rate
of 8 %, indicating water submersion for 8 days after
the eggs were laid within 1 hour would effectively
inhibit the development of snails.

3. Discussions

Rice is grown under continuous submergence
or intermittent or variable ponding conditions
depending on the farmer's choice and also on the
water resources. Typical water management in
paddy fields, with submergence only for required
periods and under water ponding depth control
in a paddy lot, is based on a sufficient supply of
water, improvement of the drainage system, and
land consolidation. Otherwise, paddy rice is still
grown in level basins which are flooded with water
throughout most of the growing season which is
suitable for apple snails to infest the paddy field.

In traditional irrigation measures involve the
drying of soil surface until it cracks, such as
midseason drainage and inter-mittent irrigation,
are used to prevent roots from rotting, reduce
nonproductive tillers and improve lodging tolerance
for controlling rice growth and achieving high
yields. Meanwhile, frequently drying the fields has
a determinant effect on apple snails. Although apple
snails can survive under dry conditions for several
months, their reproduction is interrupted as long as
the environment is dry, and all eggs die immediately
upon drying. Thus two or three periods a year will
make many habitats unsuitable for apple snails in
the long run. Rotating dry and wet periods, e.g.,
intermittent irrigation, crop rotation and fallow
management, also inhibit snail population.

One farmer in the Philippines has worked out a

water management schedule to control the apple

snails (Porte et al. 2006). The paddy soil is kept just
flooded enough to keep snail eggs from hatching
until the young seedlings are 20 days old. Then the
field is dried so that the snail eggs hatch and the
snails feed on young weeds as they emerge. By this
time, the plants are enough older and tougher so that
snails prefer to eat the tender new weeds. With these
practices, the farmer can get the snails to do his
weed control for him.

In our indoor rearing observation, it is also inferred
that the hatching rate of eggs can be controlled to
below 25 % by submerging for 24 hours after eggs
were laid within 6 hours. In paddy fields, ponding
water management rises water levels quickly and
to sustain the high water levels for hours to days.
Therefore, eggs which were laid above water level
on a stationary object such as bunds or stems may
be submerged.

However, excessive ponding water conditions
inhibit air exchange between soil and the
atmosphere, resulting in oxygen deficiency (IRRI
1979). The degree of crop susceptibility depends
on plant species, plant development stage, soil
and air temperature and duration of water logging
(Tabuchi 1992). Recently, effects of deeper ponding
water depth on plant growth have received renewed
attention.

Most of farmers believe the increase of the
ponding depth will result in better weed control.
Some researches advise that the best ponding depth
is 20 cm for weed control (Bhagat, Bhuiyan, and
Moody, 1996) and the ponding depth shouldn’t
surpass the plant height after the productive tiller
stage, but there is no significant drop in yield
when the depth is between 40 % and 70 % of plant
height (Shih 1977). As shown in Fig. 11, a deep-

water irrigation regime has been adopted by some
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farmers in Japan with the objective of mitigating
damage induced by cool summer, controlling weeds,
saving labor, achieving high yields and serving as
reservoirs (Goto 1996, Ohe 2005, Ishibashi et al.
2009). Water management before the initiation of
deep-water irrigation in the water storage-type deep
irrigation was the same as in the case of standard.
It is advisable to keep the third leaf blade above the
surface of the water for better rooting (Kiyochika
1994),

Under the above-mentioned conditions, an
irrigation strategy to exterminate apple snail’s eggs
based on field survey and indoor rearing observation
is proposed in our research as shown in Fig. 12.

(1) Preparation of the rice fields
*Tillage - Soil in the field is tilled deeply and

"""" Standard irrigation

30 o Water storage-type

E 25 deep irrigation
=20
[=5
315
&C; 10 N
Z 5 N X
0 P N hY
May : X Aug. Sep.

Fig. 11. Water storage-type deep irrigation and standard irrigation in

Japan (Ishibashi et al, 2009)
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Fig. 12. An irrigation strategy to exterminate apple snail’s eggs in

paddy field

Field Capacity

uniformly to a depth of about 15 cm. Exploring the
snail in fields into the sunlight.
*Constructing field ditches - These are constructed
in a fishbone pattern across the field to dry out the
soil surface and constrain the movement of apple
snail by shallow ponding water in the ditch.
(2) Water control
*Rooting - Providing just a thin layer of water on the
soil surface initially can protect the root from water-
deficit stress and will support the root growing
into deeper soil. If the leveling is good enough, the
soil can be maintained thereafter with minimum
moisture, without a thin layer of water, and this
will be better for controlling the apple snail. Some
farmers apply dry trans-planting to decrease the
moving ability of snails at the beginning 15 DATSs
when is easy to explore the tender stem of seeding
under the risk of snail.
*After tilling stage - Intermittent irrigation, with
drying for several days between each interval,
maintains more favorable soil conditions for rice
plant growth. Drain the field occasionally to limit
snail mobility and feeding activity, and let the snail
lay eggs on low position during unflooded condition
and be submerged by water level on next deep
ponding period in Fig. 12.

The water level shouldn’t higher than 25 cm or 40
% of plant height and the number of dry days can be

determined by the following formula:

(SC—FC)x A, xd
100x(ET,, +P)

crop

Dry days =

where, SC is the saturation moisture content of the
soil; FC is the field capacity of soil moisture content;
and As is the bulk specific gravity of the soil; d is
the depth of the root zone, P is the percolation of

the soil, and ETcrop is the evapotranspiration of
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rice plants. According to the field survey in Chianan
plain in Taiwan, the optimum length of time for dry
days is 2 days in silty loam, somewhat shorter in
sandy loam, and somewhat longer in clay loam (Tsai,
1964).

*Maximum tilling - Continuous drying of the soil
by the sun for controlling the movement of snail
is recommended until cracks start to develop in its
surface. Beyond this, there will be more growth
of ineffective tillers and elongation of rice plants
according to aerobic conditions in the root zone.
*Panicle formation phase - Deep intermittent
irrigation and dry several days in each interval,
drainage before panicle fertilizer, weedicide and
pesticide.

*Flowering phase - shallow water without dry.
A continue irrigation in system operation is
recommended for Irrigation Association in case of
farmer conflicts resulted from water shortage.
*Ripening phase - Deep intermittent irrigation and
dry several days in each interval. In order to prevent
the rice blast damage during hot summer, applying
flush irrigation to decrease the temperature of the
soil is acceptable.

*Harvest - Dry for at least one week before
harvesting in order for the soil to bear the weight of
a combine harvester.

Although there is abundant literature with studies
supporting that irrigated rice do respond to ponding
depth (Anbumozhi et al, 1998; Zwart et al., 2004;
Talpur et al,, 2013), yet the variation in yield may
be merely due to variations in timing and the level
of ponding depth. In this study, a suitable ponding
water depth developed from deepwater irrigation
regime and intermittent irrigation, which may cause
a nonsignificant yield response to ponding water,

was drafted to control the apple snails.

CONCLUSIONS

After months of field investigation and group
discussion, we find out the shallow intermittent
irrigation is very likely to be the critical point in
decreasing frequency and position of egg masses.
Meanwhile, the number of egg and egg masses
were inhibited in the paddy field. However, in our
indoor rearing observation, the water submersion
can significantly affect the development of snail
eggs. Our results demonstrated that the hatching
rate of eggs can be controlled to below 25 % by
submerging for 24 hours after eggs were laid within
6 hours.

In paddy fields, ponding water management may
raise water levels quickly and keep high water level
for hours to days. Therefore, eggs which were laid
above water level on a stationary object such as
bunds or stems may be submerged. Based on field
survey and in-door rearing observation, a suitable
ponding water depth developing from deep-water
irrigation regime and inter-mittent irrigation which
may cause a non-significant yield response to
ponding water was proposed to control the apple
snails.

It is recommended that a study should be
conducted in the open field by upward ponding
depths management and observes its impact on snail

population and rice yield.
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BOKHICEB TS Y v ViRZ = (Pomacea canaliculata) 0
SO BRERD 7z & D REPEHINE

CHANG Yu-Chuan and YOSHINO Kunihiko

Vv VIRZ = (Pomacea canaliculata) 7S, KO, A0 /KEEOEEDIKIH 150 mm ~ 200 mm D & T
AN FEATF TN B DI, IIAVKICTIES C EDNEREEMRZRONL TH 5. ZHE, KIEOHIE
WYz ZEd 2 & [HRFC, INORMLICIRKT 2 T & BROADRE ; HlZIE, INOBNICTIKMNRIET %
T ERKFTIIIMEICHE U 7= A F I RIS RIS AL L TRW T &, Rl 572 TEH %
WoThb.

FEROKHIC BT, KIS X D M OIKN 2 2080 FF72 0, o7k 2 BORER 2 5 B0H R
DT EWARETHD. TR, MINLENZED (FOKRE) O RICEAMITENTZY vy VR
SOINEIRIKEE BT ENHRETH 5. ARUIZETIE, B4 ZUNE GEIID 5 OB DY v VKR AZ
=T DN R ZWEE, GERINCIRIKE S TIMER O (b 2RI 27z o7z, £ LT, Bithaisk
FERICH DWWz BIHIOIKHDREY S AT L2BR L) Vv VR A=Y ORI L2 RS 57K
HH DOREREEIS 2 B 5 LTz,

EERIC KL, VX VARRAZVOINRIRIKEIE DT EIIRAS %, WMEREETEES. £z, FEU
% 6 RERILAN OIN 72 24 IELL IRk S g5 2 ic kD, Wbz 25 % IK NSz,

Plb&y, Vv rREZo v OREEREERT S L, KEMICK > TYRIMICE iz Y ba—Ld
LT EDARETH S, FHFEFHHAPIC, BIOHLOEED 40 % LLEOKFETKELIZLELTE, i
IKWGEZZF . ZD7D, REBHERDRET ST v VRV OIIORKADIMEZEZ % &, K
FH KIS TEROIKIE TWIEINCOK M Z1T 5 &0 5 KIS DR R TE 5. O L, KEE
R UTHSADFEL 5201, £, FHIARRICEEE LTV, (HEE - HEHE 30
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